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FOREWORD

In the preparation of this history, the information for the period from post World
War | through World War 11 was based largely on three unpublished volumes available in
typed manuseript form and the personal involvement of the author in the later days of
that period. These unpublished volumes were prepared by the Historieal Staff of the
Engineer Board at the close of World War 1. For the period from World War 11 to the
establishment of the U.S. Army Geodesy Intelligenee and Mapping Ageney (GIMRADA)
m 1960, the historieal information was based largely on eonsolidated, annual project
reports of the U8, Army Engincer Research and Development Laboratories (ERDL)
whieh arc available for most of the period. The anthor was alsv personally involved in
the research and development aetivity tiiroughout that period. For the period since
the establishment of GIMRADA, the author relied primarily on historical summaries of
the period’s major programs, which were prepared hy present Engincer Topographic
Lahoratories (ETL) personnel, supplemented by information contained in teelinical
reports prepared during the peried. Organizational and inanagement information was
obtained from the files of the Administrative Serviees Department of ETL and the old
records retained in the management office of the Mohility Rescarch and Development
Command.

This history contains no information concerning classified research and develop-
ment activity althongly significant classified programs were accomplished, particularly
in the 1960 te 1970 period. '
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HISTORY OF THE U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES

I. INTRODUCTION

The U.S. Army Engincer Topographic Laboratories (ETL) is the principal field
activity of the Army for research and development of topographic science equipment,
proeedures, and techniques. These include mapping, geodesy, and military geographic
information. Work is assigned to the laboratories under research and des=lopment pro-
jects utilizing rescarch, development, 1est and evaluation (RDTE) funds or other appro-
priate funds.

At the close of the period covered by this history, ETL’s internal organization
compriscd a Research Institute, a Computer Sciences Lahoratory, and five operating
divisions: the Topographie Engincering Division, the Automated Mapping Division,
the Photographic Interpretation Rescarch Division, the Geographic Sciences Division,
and the Surveying and Geodesy Division. The organization also included 2 field office
at Wright-Patterson Air Foree Base. The total staff was 7 military and 205 civilian
personnel.

The U.S. Army Engineer Topographic Laboratories as a separate viass Il activity
under the Chief of Enginecrs actually dates from 1 August 1960. At that time, the
U.S. Army Engincer Geodesy, Intelligence and Mapping Research and Development
Ageney (GIMRADA) was cstablished. (The naine of the organization was changed to
the U.S. Army Engincer Topographie Laboratories by General Order No. 13, Office of
the Chief of Engineers, 31 July 1967.) ilowever, the organization actually resuled
from an evolution over the years beginning with a small research and development
activity in the topographic ficld in pre-World War I days. A history of the organization
would not be complete without reviewing these early heginnings and the work accom-
plished in the pioncering days. This period covers almost 50 years. It was an cra in
witicit surveying practice advanced from the transit and tape traverse and the invar steel
tape for baseline incasurement to the application of sophisticated electronic and optical
distance-measuring deviees and systems which, with the use of artificial carth satellites.
perniit precise geodetie measurements over long distances. The art of mapping has ad-
vanced from the plane table to automated and computer-controled instrumentation
for processing photographic and radar sensor information at high rates,

The development of mapping in the carly days of this period through World War I
is detailed it three unpublished volnmes prepared by the Historical Staff of the Engincer
Hoard at the close of World War 11, These volumes are: MP-1, Photomapping, 17 July
1946; MP-2, Map Reproduction, 29 October 1946; and MP-3, Surveying and Navigaiion,
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27 January 1947. For the period from World War 11 to the establishment of GIMRADA
in 1960, the research and development activities are snmmarized in the consolidated an.
nual project reports of the U. S. Army Engincer Re-earch and Develop.uent Laboratories
(ERDL), which are available for inost of the period.

In addition 1o these souree documents, the personal involvement ol the author
was heavily relied on for teehnical information eoneerning research and development
activity through 1960. For the period t960 to 1970, the present staff of ETL provided
snmmaries of the major programs which served as a basis [or the historical und technical
information. Organization charts are located in Appendix A.

1 I1. BACKGROUND

1.  Organization Through World War I1. Iu Aprd 1920, Major Jumes W. Bagiey,
Corps of Engincers, was assigned 1o cooperate with the Army Air Service in carrying out
t tests of aerial photographs for topographic mapping. Major Bagley invented the tri-tens
camera used hy the United States Army in World War 1. His arrival at Dayton, Ohio,
where the Air Service (which later became the U. 8. Army Air Corps) had its largest test-
ing facility, marked the origin of the Engineer Detachment which was destined to con-

i duct most of the Corps of Engincers photogrammetric rescarch until 1943,

The Detachment, which was originally ealled the Aerial Mapping Detachment
and operated under funds provideu by the Air Service, consisted until 1935 of one or
two officers and from three to five enlisted men. Since the men were temporarily as-
signed fiom various engineer units, personnel turnovers were frequent, In October 1935,
the War Department approved a permanent detachment of one master sergeant, one tech-
nical sergeant, one sergeant, and vne corporal. Two officers and four civilians complcled
the roster, The limited research and development work in the surveying and map repro-
duction areas of the topographie field before the mid- 1930’ was assigned for the most
part to the Engineer Board or its predecessor, the Board on Engineer Equipment, with
headquart .5 at Fort Betvoir. The Army Map Service did additional research in the field
hoth on “ts own initiative and at the request of other agencies,

By AR 100-30, Fngineer Board, dated 26 Junuary 1933. the Engineer Board
was granted authority for technical snpervision over the development of engineer egnip-
men! by the Engincer Detachment. In practice, however, the Detachment continued to
operate autonomonsly under the same general directives as those received by the Board.
After the Engineer Board began active photomapping work in 1933. a joint eonfervnce
of representatives from the Office. Chief of Engineers, the Engineer Board, and the De-
tachment decided to coordinate the efforty of the two developing agencices by restricting
the Detachment aetivities. From that time, the Detachment was to investigate only spe-
cific technical sabjects recommended by the Enginec; Board or the Detachment itself

[ 2]
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and assigned by the Chief of Engincers. The Engineer Board was to consider the general
doctrine of mapping, to suggest subjeets for investigation, and to consider the technical
reports prepared by the Detachment.

Following this conference, the Engineer Baard’s mapping work inereased con-
siderably, Heowever, it was not until the Enginecr Board reorganization of 30 june 1941
that the mapping seetion of the Board was raised to the status ol a Branch. The Braneh
was placed in Technical Division | some time before 1 July 1942, Major Fredrick J. Dau
was the first Branch Chicf. le was succeeded by taptain William C. Cude on | juty 1942,

A Research Section was established in the Reproduction Division of the Engi-
neer Reprodaction Plant (later the Ariny Map Serviee) in September 1940 to investigate
new technignes and equipment for the duplication and printingof maps. The authority
to exercise technical sipervision over the development ol engineer equipment by the En-
gincer Reproduction Plant was given to the Engineer Baard hy AR 100-30. However.
this anthority was not exereised in practice,

To take advantage of new facilities being bnilt at Fort Belvoir in 1941 and 1o
coneentrate the research and deselopment activity in the mapping field. the Engineer
Detachment recommencled in Mareh 1941 that it be transterred 1o Fort Belvoir, 1t fur-
ther cecommended its replacement at Wright Field with a small detatl to be known as the
Aerial Photograpl’e Branch of the Board. On 4 December 1942, this arrangement was
approved with the provision that the Aerial Photographic Branch maintain haison with
the Air Foree on mapping eqnipment ol all types as well as on camera equipment.

Accordingly. on 19 Febmary 1943, the Engineer Detachment terminated its
independent exisience and beeame a part ol the Engineer Board. The Commanding Of.
licer of the Detachment, Captain Gilbert G, Lorenz, remained at Davton und became
the first Chief of the Aerial Photographic Branch,

2. Evolution ol the Organizatian to 1960. Approxunately | April 1946, a
general reorganization of the Engineer Board. the Mapping Brimeh was elevated to the
status of @ iPepartinent and desigmated Technical Department ¥ At this time, the an-
thorized nmmber of personnel tor wapping research and deselopment wis inereased 1o
abont 51, although only 310 were on the staff. Foor branches were established within
the Department: the Gronnd Control Braneh. the Phote and Lithographic Branch, the
Photogrammetriec Branch, and the Aerial Photographie Branch at Wraght Field. The
Photo and Lithographic Branch. inaddition toits research and development program.
provided technical phestographic sersiee for the entize Engineer Board.

This organization remained essentially intaet throngh the carly post-war years,
The ne i change on any sygmificanee ocenered in 1951 when Technicat beopantment ¥V owas




redesignated the Topographic Engineering Department of ERDL. (The Engineer Board
was redesignated ERDL in 1947.) At this time (1951), the Ground Control Branch was
redesignated the Surveying Branch:; the Photogrammetric Branch was redesignated the
Map Compilation Branch with Cartography, Photogrammetry, and Map Compilation
Techniques Scctions; and the Photo and Lithographic Branch was redesignatcd the Map
Reproduction Braneh. The changes ir. the section alignment in the Map Compilation
Branch were due in part to change in work emphasis. The change resulted from the ex-
pansion of the reseurch and development responsibilities of the Chief of Engineers in the
field of materials for cartographic drafting and reproduction to include responsibilities
within the Department of Defense.®

In 1956, the Survcying Branch was reorganized and redesignated the Survey
and Geodesy Branch. It included four seevions: Eleetrenic Survey, Air and Ground
Technignes, Geodetic and Astronomic, and Application Engineering to better manage
cxpanding research and development programs in these fields. At this time, develop-
ment of Ground Survey Electronic Equipment by the Signal Corps (which had been
ass. mned this task in 1947 on the recomniendation of the Chief of Engineers) was termi-
nated. Further development in this area was assumed by the Corps of Engineers. Up to
this time, research activity of the Corps of Engineers in this area had been limited to the
development of methods for using snch equipinent.

In addition, there was considerable activity in the mid-195Q% in the applica-
tion of airborne clect: onic wpipment for long-range and geodetic surveying applications,
This oceurred because of advanees in the state-o{-the-art in these areas and regnirenients
lor more rapid and longer-range surveying technigues to provide position data for the
newly developed long-rang: missiles.

The Map Compilation Braneh was reorganized in 1936 when the Analytical
and Autamatic Mapping Section was el np in recognition of the inereasing importanee
and expansion of programs in these areax, At this time, the Cartography Section was
macle a part of the Map Reprodnetion Branch. An Applications Engineering Seclion
was adided to ezeh of the teetmical branches in 1957, "These 2;:phications engieering
sevtions were set up to manage development projects from the engineer test phase
throngh serviee test and item elassification in an effort to expedite these phases of item
development projects,

The next signilicant change in organization ocenrred 5 1959 when a Topo-
graphic Svstems Branch was fornued in ree ugmtmn of the necessity for an overall system
approach to the solution of topographic mapping problems and the nerd for more basic
research for fature and longervange development programs. This branch was staffed by

*RIDB Memo 244/2, subject: Amignment of Respongibibily 16 the Deparimend of the Army for Rescarch in the Field
of Malerials (or Carlographie Drafling and Hepraduclion, 3 January 1950,
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personnel transferred from the Map Compilation Branch and the former Map Reproduc-
tion Braneh. The Map Reproduction Branch pecame a section in the new Topographic
Systems Branch. The branch also included a Systems Analysis Section which was
charged with the respe ibility for research studies nn topographic mapping and posi-
tion detcrmination systems and the formulation and analysis of proposed systems. A
Research Section wasresponsible for basic and applied research for new surveying, reod-

" esy, mapping. position dctermination, cartographic drafting, and map reproduction prin-

ciples and techniques, This actnally marked the beginning of the devclopment of the
organizational eoncept separating basic research elements and programs from the devel-
opment elements and programs. Later, in the 1960’s this separation resulted in the for-
mation of the Research Institute in the Engineer Topographic Laboratorics.

By the end of 1959, the stoff of the Topographic Enginessing Department
which was assigned 1o topographic research and development had approximately dou-
bled as compared to the numher of personnel at the closc of World War 11, The total re-
scarch and development staf{ comprised 9 military and 98 civilian personnel. Technical
personnel responsible for development through World War 11 are listed (n Appendix B,
and those responsible for the development from World War II to 1960 arc listed in Ap-
pendix C. Technical reports on development are listed in Apperdix D.

M. ESTABLISHMENT OF THE U, S. ARMY ENGINEER
GEODESY. INTELLIGENCE ANT MAPPING RESEARCH
AND DEVELOPMENT AGENTY (GIMRADA)

3. Rationale for GIMRADA. By thc end of 1959, there was ample evidence that
the rescarch and development activities would have 1o be greatly increased to fully meet
Army rescarch and development responsibilities in the techmical field of mapping and
geodesy. This expansion was the incvitable ontgrowth of two technological cdvances
vhich were ereating a revolution in our ability to prodnce geodetic data and maps—the
application of automation and digital computers in the compilation and the reduction
of datic; and the nse of missiles and satellites as vehicles with which raw data could be

Army research and developmend activities i sipport of mapping and geodesy
since World War 11 hid been coneentrated primarily upon combat mapping and survey
systems and itenis and compouents for issue to Army tactical unitx, These requirements
were still considered vitally important. However, the envolvement of the missile and sat-
cllite era, confirmation of Army world-wide military napping and geodetic responsibility
by the Department of Defense, and marked advanees in the state-of-the-art for future
grodetic and mapping operations, highlighted a aeed tor greatly increased emphasis and
major effort by the Army on global or strategie mapping and geodetic systems to provide
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basic map coverage and geodetic control for common use by all efements ol the Armed
Forees.

4. Authorization. In recognition af the need for greatly inereased emphasis and
miajor cfTort in these areas and bhecause a substantial research program and staff not
properly coordinated with the ERDL program and staff, were being developed at the
Army Map Service, the Chiel of Engineers established the U. 5. Army Engineer Geodesy,
Intelligence and Mapping Rescarch and Development Ageney.' Effective I August 1960,
it became a weparace Class 1L activity nnder the direct command of the Chief of Engineers,
with headgnarters at Fort Belvoir, Virginia,

The arder estabhshing the ageney directed that all rescareh and development
cffort end projects in the field of topographic engineering being performed at the time
by the Topographic Engineering Department. ERDL, and all research and development
effort in the ficlds of geodesy, intelligence. and mapping being performed at the time by
the technical developments staff, Ariny Map Service, be assigned to the U. S, Army En-
gineer Geodesy Intelligence and Mapping Research and Bevelopment Ageney. Further,
the Connanding General, U. S, Army Enmneer Center and Fort Belvoir, the Command-
ing Officer. ERDL., and the Commanding Oflicer, Army Map Scrvice, were directed to
petform the necessary administrative and support functions for the elements of
GIMRADA at their respective stations, Colonel L. L. Haseman was designated the first
Director of GEMRADA,

5. Mission. The mission statcment for the newly desipnated agency was as fol-
lows:

“The U, S, Army Engineer Geodesy, Intelligenee and Mapping Research and
Development Ageney (GIMRADA) is a Clags 1T activity under the Chief of Engineers,
It is the principal field ageney of the Corps of Engineers for the accomplishment of re-
search and development of equipnient, procednres, and technignes i the speeific fields
of geodesy. engineer inteliigence. and mapping for application hoth to troop and base-
nlant operation. The Chiof of Engineers may :xign wark to this ameney under recearch

and development projects utilizing ¢ ther RDT&Y. funds or other appropriate funds,”
IV, ORGANIZATION AND FUNCTI(ONS

6.  Original Organization of GIMRADA, The [lirst published organization ehart
lor GIMRAD A is dated 1 May 1961, The Agency was organized into six operating divi-
sions under a military director, a civilian assistant director, a civilian technieal director,
and a military executive officer. At the stafl level and reporting to the directorate, the

l(‘.rnrral Order No, 22,00 dguarters, Department of the Army, Office of The Chief of Enginecrs, 2 Augusi 1960,
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organization inclnded a Systems Control Offiec, an AMS Liaison Office, and a USAF
Liaison Office located at Wright-P-tterson Air Foree Base (the former Aerial Photo-
graphic Branch of the Topographic Engineering Department, ERDL). The USASRDL
Liaison Office located at Fort Monmouth. New Jersey, w as established to provide co-
ordination between the Corps of Engineers and the Signal Corps—particularly the U, 8.
Army Signal Research and Development Agency and the U. S. Army Electronic Proving
Ground at Fort Huachuca, Arizonz. This office was responsible for coordination on
matters of joint interest pertaining to geodesy, engineer intelligence, and mapping, in-
cluding photographic and radar sensors being developed for Army aircraft and systems.

The AMS Liatson Office was never stafi:d. It was intended that the personnel
of the Tecknical Development Staff of AMS be transferred to the new agency as were
all of the personnel of the Topographic Engineering Department of ERDL, However, no
transfer was ever effected, and the personnel were assimilated into various capacities in
the AMS operation.

The six operating divisions of GIMRADA and their functional statements
were as follows:

a. Research and Analysis Division. The Research and Analysis D ivision
conduets basie and applied research in varivus scientific disciplines as required for new
principles and techniques pertinent to surveying, geodesy, mapping, position determina-
tion. targeting. cartozraphic drafting, information display and dissemination, and map
reproduction tv meet both tactical and strategic requirements for geodelic and mapping:
data.

b. Intelligence Division. The Intelligence Division eonducts rescarch, deve!-
opment, design, and tests of new and improved methods, technigues, equipment, and
systems in support of engineer combat and strategic imtelligence in acquisition, process-
ing, analysis. evaluation. preseutation, dissemination, storage, retrieval, and updating of
engineer intelligence data ad information.

c.  Strategic Systems Division. The Strategic Systems Division conducts sp-
plied rescarch. development, design, and testing of topographie mapping gystems involv-
ing aircrafl, missile, or satellite-horne data acquisiiion and ground-based dsta reduction
snbsystems. The Division’s responsibilities incladed feasibility studies and tests to -:tab-
lish system concepts aud component regnirements, system engiieering, system invesiiga-
tion, and sy=stems/eomponents eompatibility. In addition, the Strategie Systems Division
provided assistance to the Direetor in the management of topographie systems
development,




d.  Photogrammetry Division. The Photogrammetry Division eonduets ap-
plied researeh, develapment, design, and testing of photogrammetric data reduetion sys.
tems, equipmeitt, ana techniques for topographic mapping, control, and position deter-
mination in snpport of Army weapons and general military applications. It also provides
compnter and statistical support for the Agency.

e, Surveying and Geodesy Division. The Surveying and Geodesy Division
condnets applied rescarch, development, design, and testing of surveying and geodetic
systems and 7 -lated grodetic control requirements including satellite-tracking equipment
for geodetie purposes, for military mapping, and for combat operations,

f.  Graphics Diviston. The graphics Division conducts applied rescarch, de-
velopiment, design, and testing of cartographic, map reproduction and display systems,
equipment, and technigues including terrain model and other related requirements, for
the ¢ollection, preparation, dissemination, and display of topographie information.

7. Evolution of the GIMRADA Organization. In 1962, under the leadership of
Colonel W. . Yan Atta, the directorate of the agency was reorganized to provide i mili-
tary Depnty Director, an advisory staff of a Seientific Advisor and a Teehnical Advisor,
an executive office headed hy a civilian excentive officer, a Direetor of Global Systems,
and a Director of Tactical Systems, The positions of Director of Global Systems and
Dircctor of Tactical Systems were established to assist the Director in the management
of the Corps of Engineers and the Army Materiel Command programs, respectively.

The reorganization of the Army i the carly 1960’ placed the responsibility
for research and development of Army materiel with the Army Materiel Command. To
avoid duplication and overlap of facilities and functions between the Corps of Engineers,
with itx base plant mapping facility and global operations, and the Army Materiel Con.
mand, » memorandum of understanding between the Commanding General. Army Ma-
tericl Coinmand, and the Chief of Engincers was developed which provided, in part. the
following:*

The Chief of Engincers wil! retain primary responsibility for
research and development of mapping and geodetic equipment,
systems. and technigues m support of global systems and for op.
crational mapping and geodesy.

The Commanding General. Army Materiel Command, will
have primary responsibility for research and development neeessary

2Mt-n'nor-mdul'r‘. ol ,nderdanding belween Commanding General, Army Malerwl Command and the Chief of Engi-
neers on the support 1o he provided AMU by Office, Chief of FEnginesrs, pertaining lo research and development
of mapping and surveying equipmend for the field armies, 1 August 1962




to pravide mappirg and surveying eqnipment for the field
armies,

To provide lor coordination of the technical overlap, Army
Materiel Command will have direct liaison with the U. 8. Army
Geodesy, Intelligener and Mapping Rescarch and Developm nt
Agency and with the Office, Chief of Engineers.

The U. S. Ariny Grodesy, Intelligence and Mapping Re-
search and Drvelopment Agency will canduct the rescarch and
deveiopment necessary to provide Army Materiel Command
with the technical data required for initial specifications. Army
Materiel Command will assist. .

Army Materiel Command will have primary responsibility
for preparation of the final procurement packages. The U, S,
Army Geodesy, Intelligence and Mapping Research and Devel-
opment Ageney will assist,

The Army Materiel Command will have responsibifity for
funding its portion, Officr, Cluef of Engineers, will have re-
sponsibility for funding its program.

The organization established in 1962 uader the leadership of Colonel Yan
Atta remained in foree without significant ehange until 1965, By this time, the annual
budget and the perseneel strength were nearly double what they had heen at the estab:
lishinent of GIMRADA in 1960. The total personnel complement was approximately
200, and the annual hndget was in the vieinity - f $12,000.000.

Studies made in 1965 ander the direetion of Calanel L. L. Rall and his depmty
thrector Lt Colonel M.V Jonah indicated a need for strengthening the organization in
the area of central programming control and seheduling, Alsa, the concept of the scpa-
ralion of the “R™ Trom the D™ (that & the separation of eacandcd Tuaciions from devel-

opinent fmnetions in the organizational alignment) was proposed.

At the saine time, diseussions were ander way with the National Acronantics
and Space Administration (NASA) coneerning a Techuieal Application Center for Geo-
graphy which NASA was planning, possibly io fall under the direction of GIMRADA,

After e disenssion withinn GEMR AD A and niiner<os revisions, a plan far
reonramzation was finally snbmitted to the Oifice, Chiel of Eiggineers, for approval,
This plan called for a reorganization in twa phases: the first to be implemented on ap-
proval by OCE. and the seeond to be further develaped and implenented after some
expenienee with the first phase.

Y




Phase I ealled Tor a realignment of the direclorate and the administrative
offices of the Ageney. The operating elements were gronped into two organizational
segmentx — a Research Institnte for Geodelie Sciences, and a Development Laboratlories
for Mapping and Geodetic Systems, thns separating rescarch from development. Tech-
nical Plans and Svstems Analysis Division was established witién the Development Lab-
oralorics (o perform dnal funetions as coordinating and staff agent for the Director ol
the Development Laboratories and as a line funetion in system development. By this
time, the NASA Technical Applications Center for Geography had been dropped from
further consideration by GIMRADA. Phage 1 was to Le a further reorganizavion of the
line funetions withio the Pevelopment Laboratories.

Phase 1ol the proposed plan was approved by OCE with sowr e modilication
and was iplemented in November 1963, The Directorate was realigned, elimivating
the Saientific Advisor and Teehnical Advisor positions armi the positiors of Director of
Global Systems and Director of Tactical Sysiems. New dithes of Conarandivy Gifice
and Depuly Comnumding Officer replaced the - dd titles of Director and Gepoty Diree-
tor. A Technical Direetor position was established with responsibility for the Plans and
Frograms Office and the field office at Wright-Patterson Air Foree Base. An office ol
Administrative Servteesc headed by the Exeentive OTieer, was also established.

After a timited trint period. Phase 1 proved to e unsatisfactory i several re-
speets, Thns, imder the firection of Cojonel 51 W. Fish. the Phase 1l reorgan! saiion plan
inchuded recontmendations to vorreet the delteiencizs, Proposed changes inelnded the
climination of the Fecbnical Director position as establehed. The position had actually
heen neither teelmicat wor direetive, These daties were to be assnmed in dual roles by
U Director of the Development Laboratories as Teehineal Advisor and the Direetor of
the Researels institute as Seientifoe Advisor. ‘The Depnty Commanding Oflicer was to
seeve ina dual role a= Progrom Adminisiratar supervising both the Program and Analyse
Otlice and the Procarement Oflice The Teehaieal Plans and Systems Analysis Division
wits aiso Climinated. “Phis fatter change was mide beeanse the older arrangement simply
did not work breanse ol unnecessary Ln)u ring resnbting in confuzion as o sreas of re.
spedbilite, The Ploisc 3 plhao o ineiided o nigor reaiignment o' the opershng divi-
stons o7 the Development Laboratories and the addition of a planming staff to the Offiee
ol the: Directar o the Deselopment Laboratories, The operating divisions re commended
for the Desetopment Labosatories were an Advaneed Mapping Division with Antomated
Cartography. Automated Compilation. Compntational Systems. and Special Projects
Branele=. a Geographic Seiences Division with Geographie Applications. Geographie In:
fornration Systems_and Geography Branehes: s Sorvesing and Geodesy Drivision with
Aztro-Geodetic, Electronivs Snnveyis Svstems. Geodene Sateltite. and Inertial Snrvey-
ing Branches: s a Topogaphae Engineering Division with Elecirogrammetrie Systems,
Enginecring, Mechanies and Optlics, ami Reprodoction Branehes,
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The Phase 11 plan was approved by OCE and implemented in November 1966,
i year after the Phase 1 reorganization.

8.  Redesignation as the U. 8. Army Engineer Topcgraphi~ Laboratories (ETL).
The name, U, S, Army Engineer Geodesy, Intelligence and Mappii g Research and De-
velopment Agency, given to the agency at its inceplion had never Leen completely satis-
factory. First, it was too long, apparently trying to describe the entire operation of the
Agency in the title. Second, and more imperiantly. the word “Intelligence™ proved to
be a problem in dealing with foreign nationals and in particivatitg in infernational
organizations.

Despile its shorteomings, the name had quickly become very well known,
Consequently, therc was not only a reluetance to change but also there was no con.
sensus concerning a new name. Finally in early 1967, the Commanding Officer of the
Ageney submitted several suggested new names 1o OCE with a recommendation that
one of them be adopted. On 7 April 1967, after rejeeting all of the suggested names,
the Chief ot Engincers selecied the new title: U, S. Army Enginecr Topographic Labo.
ratories (ETL). The redesignation was to be effeetive on 28 July 19673

9. Reor anization of 1.68. In Angust 1967, an ad hoc gronp from the Army
Scientific Advi: ory Panel was formed ai the direction of the Assistant Secretary of the
Army (R&D)) to make a stndy of the Enginecr Topographic Laboratories and the direc.
tion of the Army’: efforts in research and development for mapping. geodesy. and mili-
tary geographic intelligence. The group was chaired by a former Assistant Seerctary of
the Army for Research and Development, Mr. Hawkins. Their report® was submitted 1o
the Chicf of Stafl of the Army in Septeinber 1967, 1t ontlined the scope, content, anc
dircction of Army mapping and geodelic research and developinent as condneted by the
U. 8. Army Topographic Laboratories, It identified the need for a systems approach in
mapping, geodexy, and inilitary geographic intelligenee proiects: the need for inereased
participation by educational instilntions in ETL aclivilics: and the need for a realign-
ment o ETLs techmical manpower resonrees meluding angmentation il reguired.

The report also pointed onl the need for a reexamination by the Army and
the Department ol Defense of requiremierts for inapping. geodery, and military geo-
graphic intelligenes projecis in the hight of compnter tedinology and optimally ob-
tained sonree data. The report Musther noted that the Army was still operating on the
outmoded philosophy that a hine wap iz alway = the best or nnly maneer o portray to-
pographic information and that the Army had falea to recognize and properly exploit

:‘{;I'I’N ral Order Mo, 13 Offiee, Cheef of Engineers, 31 laly 67,

4“:'\-1('\»‘ of Ardvilies and Plane, Eogineer Topogruphic Labnratorwes, daled Sept 1967 by Ad Hoe Grou)od dhe
Arany Seientilie Adveors Papel,
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the full potendials of modern computer technology ir providing terrain data to the com-
mander in the field within responsive time periods and in new and more useful formats.

Consequently. the report recommended the establishment of a computer
sciences capability within the U. 8. Army Tepographic Laboratories. Ouly in this man
ner could proper advantage of computer technology be tzken i futnre developments
and in the solution oi unique topographic science problems using mathe matical model-
ing and simulation techniques.

The report of the ad hoc group and internal studies of the organization strue-
ture led to the conelnsion that the Phase 1 reorganization in Noveinber 1966 had not
provided the optimum structure for efficiont management and had to some degree cre-
ated layering aud overlapping of functions Thus, a reorganization of ETL was devel-
oped and recommended to the Chiel of Enginecrs on 9 February 1968.°

A major recommendation was to revise the mission statement. A more en-
compassing phrase ‘‘topographie sciences to inelude mapping, geodesy, and military geo-
graphic information™ would better describe the area of interest of the Laboratories and
would indicate that inapping, geodesy, and geographic information are merely parts of
a larger concept of fully describing, portraying, and measuring the ground on v hich the
Army operates.

OCE Regulation No. 10-1-13, 7 May 1968, assigned the newly stated mission
and established the newly constituted organization of USAETL and rescinded ER 13-1-
[3, 15 September 1965. The following statements are extracted from that regulation.

Kstablishment. The U. S. Army Engincer Topographic Labo-
ratories, a Class 11 activity under the Chief of Engineers, was cstah-
lished as the U. 8. Army Engincer Geodesy, Intelligence, and Map-
ping Rescarch and Development Ageney by General Order No. 22,
(Mfice of the Chief of Engineers, 2 August 1960. and continued in
that status by General Order No. 29, Office of the Chief ol Engi-
neers, 3 October T9G1, 1t was redesignated the U. 8. Army Engi-
neer Topographic Laboratories by General Order No. 13, Office
of the Chief of Engineers, 31 July 1967.

Mission. The U. S, Army Engineer Topographic Laboratories
is the principal ficld activity of the Army for accomplishing re-
search and development of equipment, procedures, and lw:hniqucs
applicable to the topographic scienees to include mapping, geodesy,

S"Rrorpni.ution of 1he 1. 5. Army Engineer Tapographic Laboralories,” Leller, CO ETL 1o Chief of Engineers,
9 Felwuary 1968,
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and military geographic information. The Chief of Engineers may
assign work to these laboratories under researeh and development
projects utilizing either RDTE funds or other appropriate funds,

The organization approved by ER 10-1-13 is shown on the chart dated 22
April 1968 in Appendix A. Several highly significant changes in organization werc ef-
fected by this reorganization. First, the position of Technical Director was re-established.
The Technical Director reported directly to the Commanding Officer and had line re-
sponsibility for the technical operations of the entire organization. This position, whieh
had not been provided since the reorganization of 1962, was needed to develop and
maintain a coherency of the laboratory effort and to tie together the technical efforts
of the Researrh Institute, the Field Office, the technieal divisions, and the new Com-
puter Seienees Laboratory.

Second, the management strueture was strengthened and laycering was redueed
by consolidating all planning, programming, and teehnical operations performed by sev.
eral elements in the old organization into a single Plans and Operation Offie. Included
in the responsibilities of this office were the development and maintenanee of a long:
range technical plan covering the entire mission of the Laboratories and the roordina-
tion of interageney activities including liaison with other agencies within the mapping
community and with user ageneies,

Third, the new organization provided for a scientific advisory panel reporting
directly to the Commanding Officer as recommended by the ad hoc group report.

Finally, to correct the defiviency noted in the ad hoc group report that the
Army had failed 1o properly exploit the full potential of computer technology in the so-
lution of terrain data problems, 2 Computer Sciences Laboratory was established. The
mission of the Computer Sciences Laboratory was to condu. ! research and development
oriented toward the solution of topographie seience problems using mathematieal mod-
cling, computer technology, and systems analysis. The luhoratory was to incorporate
these advances into future topograpiic systems, to condnet research and develepment
in the disciplines of applied mathematics and computer sciencies for topographie appli:
cations, and to provide support and services to other clements of the Laboratories in
computer applications and programming, The 1968 organization remained essentially
iract except for the addition of a Photographic Interpretation Research Division by
ransier from the U. 8. Army Cold Regions Research and Engineering Laboratories in
June 1970. The autborized strength at the close of FY 71 was 239 civilian<a.d 15
military personnel.

10. Integration Into the U. S. Army Topographic Command. The U. S. Army
Engineer Topographic Laboratories became a subordinate command of the U, §. Army
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Topographic Command vhen it was established 1 September 1968 as a Class 11 activity
under the Chicf of Engineers. Other subordinate commands of the U. S. Army Topo-
graphic Command were U. 8. Army Engineer Topographic Production Center, U. S,
Army Engineer Topographic Data Center, and U. S, Army Engineer To7 . graphic Troop
Command.

V. ADMINISTRATIVE ACTIVITIES

11. Commanders of GIMRADA — ETL through FY71, The command of
GIMRADA and ETL shows frequent changes through FY71:

COMMANDING OFFICERS
Colonel L. L.. Haseman First Director, GIMRADA 1 Aug 60 to 23 Jul 61
Colonel W, H, Van Atta Second Director, GIMRADA 24 Jul 61 to 30 Jun 64
Colonel Lloyd L. Rall Third Director and First Com- 1 Jul 64 to 9 Jan 66

manding Officer, GIMRADA
. Colonel Hamilton W. Fish Second Commanding Officer, 10 Jar 66 to 31 Jul 67
i GIMRADA, and First
Commanding Officer, ETL

; Colonel E. G. And..son Second Commanding Officer, 1 Aug 67 to 30 Jun 68
ETL
] Colonel John R. Oswait, Jr.  Tkird Commanding Officer, 1Jul 68 to 31 Jul 71
ETL
3
; Colonel John E. Wagner Fourth Commanding Officer, 1 Aug 71 to
ETL

DEPUTY COMMANDERS

Mr. William B. Taylor Scptember 1960 to December 1961

LTC Robert P. Graves December 1961 to January 1965

LTC Maxwall V. Juial Januacy 1965 1o June 1966

LTC William R. Cordova June 1966 10 December 1967

Colorel Colin M. Carter December 1967 to December 1967 (2 weeks)
Major William R. Revell January 1968 to February 1968 (2 weeks)
Major Alan L. Lauhscher March 1968 to June 1968

LTC George N. Simcox June 1968

12. Key Civilian Positions, GIMRADA—ETL. Key civilian positions in GIMRADA
and ETL during the 1960 to 1970 period are shown below. (Technieal personnel re-
sponsible for development d ring this period are listed in Appendix E.)
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E. A. Bjerhammer
Bela J. Bodnar
William .. Cude

Robert E. Dudley
Randell D. Esten

Stephen W. Gibson
James E. Gillis, Jr.

Dounald R. Handberg
Robbins G, Hickson

Kenueth R. Kothe

Robert G. Livingston

Gilbert G, Lorenz

Robert Macchia

Charles R. Manor

Howard 0. MeComas

Frank A. McFarland

Desmond €. O'Connor

I

Ditector, Researeh Institute
Acting Director, Research Institute

Technical Direetor, GIMRADA
Technical Advisor, GIMRADA

Acting Chief, Photogrammetry Division

Chicl, Photogrammetry Division
Chief, Photogrammetry and Mapping Division

Chief, Graphics Division

Chief, Intelligence Division

Chief, Geographic Intelligence Division
Associate Technical Director, ETL,

Acting Director, Computer Sciences Laboratory

Executive Officer

Chief, Systems Control Office
Divector, Taetical Systems
Acting Associate Director, Development Laboratories

Chief, Geographic Sciences Division

Chicf, USAF Liaisou Office
Chief, Field Offlice, W-PAFB
Chicef, Strategic Systems Division
Director, Global Systems

Director, Development Laboratories
Technical Director, ETL

Chief. Advanced Mapping i¥ivision
Chief, Antomated Mapping Division

Chief, Surveying & Geodesy Division

Chicf, Strategic Systems Division
Chicf, Technical Plans & Systems Analysis Division
Chicf. Topographic Engincering Division

Chief, Graphics Division

bire ctor, Research Institute
Scientific Advisor, ETL
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John T. Penmington —  Chief, Research and Analysis Division
Techmeal Advisor, GIMRADA
Technical Director, GIMRADA

John R. Richardson - Associate Technical Director, ETI,
Chief, Plans & Operations Office

Hellmut Schmid - Seientific Advisor, GIMRADA

Melvin C. Shetler ~  Chief, Surveying & Geodesy Division

13. Cost of Development. Available records indicate that the cost of develop-
ment up to FY 40 was minimal: about $37.000. Beginningin FY 40 with the United
States involvement in World War I, sudden inereases in expenditures veeurred for map-
ping rescarch aud development to field and equip military topographic units for war-
time operations. From FY 40 through FY 44, the largest expenditures oceurred in the
map reproduction area to provide mobile reproduction facilities for the Army Topo-
graphic Battahon and Corps Topographic Companies. In FY 44 expenditures on ploto-
mapping inercased markedly and expenditurex on map reproduction were reauced in
comparison with the previons war years,

Following World War I, there was anather marked increase in funding for
mapping and geodesy rescarch and development in a deliberate program to re-eqnip
army nirits which had been equipped primarily with commercial eqnipment during
World War 11. Emphasis was placed on rugged, lightweight, mobile equipment designed
to meet established nilitary characteristics and regnirements.

Another chiage in expenditure levels came at the outbreak of the Korean
War with a better appreciation within the Army and the Department of Defense of the
mnportance of the availability of aceurate topographic data for military operations.
They recognized the need 1o inerease markedly the speed and rate at which these data
were produced,

From FY 31 until FY 37, expewditures remained at approximately the sane
level. Starting in FY 38, there was a steady inerease in expenditares dne to the develop-
ment of the long-range missile and the snecessfol launcling of an carth satellite, These
developments and the associated teehnology not only changed the patterns and con-
cepts of military operations, thux affeeting the requirements for fopographie and geo-
detic data, bt also provided the basic tools, whieh, it properly exploited, conld provide
the means for satisfying these reguirenonts,
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Research and development furding for FY 40 through FY 70, with the ex-
ception of FY 46, is shown in Table 1.5 ‘Y'wo sources of funding are shown for FY 63
and beyond. (As noted previously, the 1463 reorganization of the Army placed the re-
sponsibility for research and development »f military equipment with the Army Mate-
rial (.ommand.)

Table 1. R&D Funding, FY40 through FY7T0

Fiscal Y ear OCE AMC TOTAL
1940 $ 87400 $ 87400
1941 267,344
1942 257,732
1943 256,476
1944 158,964
1945 147.246
1946 -

1947 411,047
1948 362,983
1949 427,106
1950 530,530
1951 F,172,225
1952 1,351,009
1953 1,279,202
1954 1,245,219
1953 1,141,955
1956 1.315,500
1957 1,717,800
1958 2,763,873
1939 3.746,691
1960 5,701,178
1961 4504,52]
1962 6.838.000
1962 7,621,492 $3.257 000 $10 408,492
1964 10,576,071 3,254,885 13,830.956
1965 8.350.000 3,268 000 11,618,000
1966 6.993.945 2,238,338 9,252,203
1967 6.573.988 3,458,255 10,032.243
1968 4,153,001 1.050.000 5,205,001
1969 7,689,000 1,728,000 9,417,000
1970 6,379,084 5,431,000 12,010,984

(’l)ata through FY45 from History of Development, MP-1 Pholomapping 1946, MP.2 Map Reproduction 1946, and
MP.3, Surveying & Navigation 1947, Data for FY4T ibrough FY 70 from the filex of Plans and Operations Office,
ETH..
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14. Fadilities. Asthe number of personnel engaged in research and development
in the topographic sciences and thc expenditure of funds have increased over the years,
3 30 has the requirement for building space and laboratory facilities. Present facilities are
far from adequate, and planning has been under way for a number of years to provide a
4 better facility. Approval for the facility was firally included in the FY 72 construction
program, with completion scheduled for approximately July 1974,

When the Engineer Board occupicd the new facility at Fort Belvoir in 1942
(now known as the Mobility Equipment Research and Development Center), space in
Building 320 and four small offices in Building 316 were allocated to the Mapping
Branch of Technical Division 1. A little over ha'® of Building 320 was designated as the
Mapping Branch Laboratory area and the remainder was a photographie lahoratory pro-
viding duplicating and general photographic services for the Engineer Board. The space
was more than adeqnate at the time. However, with the acquisition of equipment and
the increase in staff in the immcdiate post-war years, a nced developed for additional
space. This space was provided when a new Materials Laboratory building was complet.
ed and occupicd. The old Materials Laboratory building, Building 318, was refurbished
and assigned to the Topographic Engineering Department, thus more than doubling the
laboratory and office space for mapping and gevdetic research and development,

Together with some additional office space provided in Building 316, these
facilities were adequate until ihe carly 1960%s when there was further increase in staff.
At this time, it was also necessary to have extensive clean-room facilitics installed in
Building 318 to accommodate the highly sophisticated precision equipment then under
development. Since additional building space within the ERDY, compound was not
available, it was necessary to lock elsewhere for space. For a short perioil in the carly
1960’s. one of the classrooms on the third floor of the Wheeler building was madc avail-
able by the Engineer School for the Research and Analysis Division. For additional
space, it was neu ssary to resort to leased office trailers parked within the compound in
the areas around *be permanent laboratory bnildings. Later in 1966, through the Gen-
cral Services Admaistration, approximately 9000 square fect of leased space in 2 build.
ing at the corner of Washington and Prince Strect in Alexandria, Virginia, became avail-
able to house the Research Institute.

Early in the 1960°s a building was designed for construction in the parking lot
area adjarent to Building 320 to house a part of the GIMRADA complement. With the
reorganization of the Armny in 1962, however, there was some doubt that GIMRADA
would continuc to be located in the ERDL complex at Fort Belvoir. At the time, in
fact, some consideration was being given to rehabilitating the Fremont Building at the
Army Map Service for a GIMRADA facility. It was therefore decided, practically on
the eve of start of construction, to locate the new building at the Army Map Service. Tt
was intended that the newly constructed huilding, designated the Emory Building, wonld
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be occupied by GIMRADA personnel. Although desk space was provided for
GIMRADA, for a while the building really never proved useful for its intended purpose
and soon reverted to total use by the Army Map Service.

At the close of FY 70, ET] occupied 33,260 squarc feet of laboratory space
at Fort Belvoir on loan from the U.S. Army Mobility Equipment Research and Develop-
ment Center, 27 leased office trailers, and 9000 square fect of leascd space in Alexan-
dria, Virginia. Plans were heing developed for the construction of a 100,000 square foot
facility on a site at Fort Belvoir, Virginia, known as the “Protective Struetures Sitc.”
This area will also provide sites for the Coastal Engincering Research Center (CFRO),
Board of Engineers for Rivers and Harhors (BERH), Water Resources nstitute (WR1),
and Eugineer Reactor Gronp (USAIRG).

15. Education and Training Program.” Programs of study for cngineers and
scientists of GIMRADA were started in 1961. The stated objectives of the programs
were to improve the overall teclinical capabiiity to meet increasingly eomplex engineer-
ing reguirements, to improve the professional and technical capability of individual em-
ployees, to provide an increasingly strong incentive for young engineers and scientists to
remain with the agency on a career basis, and to assist in the recruitinent of college
graduates for carcers with the ageney. The program included two major arcas: a gradu-
ate resident study program at both the master’s and doetorate level, and a program of
parttime training in government and non-government facilitics. Through the years, the
Ageney has also given strong snpport to employece participation in other training oppor-
tunities available outside the regular ageney programs. Table 2 is a listing of personnel
who have participated in these programs since their inception.

16. Awards Program. Awards programs to recognize special acts and services in
the Department of the Army, the Corps of Engineers, and the ETL. were limited in
scope and number until the late 1950’ and carly 196C’s. Until that time, the major rec-
ognition awards were the Exeeptional Civilian Service Award and the Meritorions Civil-
ian Service Award — hoth of whick date from World War 1. o laler years, both the
Army Research and Development Achievement and the Secretary of the Army's Re-
search and Study Fellowship Awards programs were established. The establishment of
the Army Science Conferences offered another means of reeognition of significant sci-
entific achievement by Army Research und Development Laboratory personnel. A num-
ber of ETL perscnnel have carned speeial recognition in these awards programs,

In 1968, the Commander’s Awards for Scientifie and Technological Achieve-
ment and for Leadership® were established within ET1., and the awards have been niade

TUSAETI. Memo 350-1,

BETA. Regulation Number 672.1.
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Table 2. Training Program Participants

Full Time Graduate Training Under ETL Program

Name Date Sehiool Training Level
llonald R. Barnes Sep 1961 to Aug 1962 Ohio State Photogrammetry  Masters
Walter E. Boge Sep 1962 to Aug 1963 Syracuse Photogrammetss  Masters

Geodesy
Reuben 13, Cook Sep 1962 to Jun 1963 Syracuse Photogrammetry ~ Masters
Completed
James B. Skidmore  Sep 1962 to Jul 1963 Syracuse Photogrammetry  Masters
James E. Stilwell Sep 1963 1o Aug 1964 lllinois Photogrammetry  Masters
Geodesy
James W, Gladden, Jr. Sep 1964 1o Aug 1505 Georgetown Che mistry Masters
Carl R. Friberg, Jr. Jan 1965 to Jan 1966 Ohio State Geodesy Masters
Desmond C. 0'Connor Aug 1965 to Aug 1966  1llinois Photogrammetry/  Doctorate
Optics Completed
Andrew J. Bondvrant  Sep 1965 to Aug 1966 Syracuse Photogrammetry  Masters
F. Raye Norvelle Sep 1965 tn Aug 1966 Syracuse Photogrammetry  Masters
Armando Mancini Sep 195610 Sep 1967 Georgetown As:ronomy Doctorate
Completed
Allan Kiisk Sep 1966 to Mar 1968 Stanford Electronics Masters
Donald J. Skala Sep 1966 to Scp 1967 American Mathematics Masters
George S. Barber Sep 1967 to Sep 1968 Ohio State Photogramm.iry  Masters
Wesley E. Sanburn Sep 1967 to Aug 1968  George Mathematics Masters
Washington
Val E. Sellers Scp 1968 to Aug 1969 Purdue Photogrammetry  Masters
Completed
Victor E. Shely Sep 1968 1o Aug 1969 Midwestern Mathematics Masters
Richard Maiose Sep 1908 to Aug 1969  John llopkins  Space Technology Masters
Completed
Joseph F. Hannigan  Sep 1969 to Aug 1970 Catholic U. Physics Doctorate
Bruce Zimmerman Sep 1909 1o Aug 1970 Virginia Poly-  Mechanical Masters
technic Institute  Engineering
Kent T Yaritomo Sep 1070 to Aup 1071 Courpe Esgincering Masters
Washington Adminitration
Marvin Gast Sep 1970 to Aug 1971 Maryland Geography Doctorate
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Table 2 (cont’d)
Othser Full Time Geaduate Training
Name _ Date School Level
Robert P. Macchia Sep 1963 to Jun 1904  Vieginia Certificate as Fellow, Mational
Institute of Public Affairs
Randall D. Esten Sep 1964 to Jun 1965  Princeton Certificate as Fellow, National
lnstitute of Public Affairs
Lawrence F. Ayers  Sep 1965 te [un1966  Indiana Master of Public Administration
James E. Gillis, Jr. Aug 19650 Jun 1966 Judustrial Diploma-Management of
College of National Security Resources
Armed Forces
George Master of Sciences Degree in
Washington Management and Business
Administration
M. Stromberg Sep 1967 t0 Jun 1908  Maryland Master of Arts in Economics

annually since that time. In 1969, the ETL established the Gallery of Distinguished Ci-
vilian Employeec? in which outstanding civilian employees are recognized by the display
of their portraits in the gallery.

Recipients of the various awards in the 1960 to 1970 period werc as follows:
2.  Exceptional Civilian Service Award

Gilhert G. Lorenz, 1968-1970. For exceptional performance of duty as
Technical Direclor, ETL, from 1 April 1968 to 31 January 1970. His extraordinary
leadership, judgment, administrative ability, and professional skill were instrumental in
effecting a major redirection of programs to take the greatest possible advantage of ad-
vances in technology and system analysis.

b.  Meritorirus Civilian Service Award

(1) John T, Pennington'?, 1960-1966. Fur »xceptional lcadership in
accomplishing high priority programs in lhe mapping and geodetic fields including ile-
velopment of a highb complex mapping system.

(2) Melvin C. Shetler, 1961-1964. For exceptional leadership and ad-
ministrative capabilitics in accomplishing the develspment of high priority mapping
programs including SECOR and the long-range surveying system.

9ET[. Reguiadion Number 690.6.

0 his was the second Merilorious Civilian Service Award presenied 10 Mr. Pennington.  Fhe first was presenied in
1944 for work on development of phol omapping equipment.
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(3) John G. Armistead, 1962-1964. Through his technical knowledge
and leadership abilities, he accomplihsed the first successful operation of SECOR.

(4) C. Edward Westerman, 1947-1971. As Assistant Chiei of the Sur-
veying and Geodesy Division, he has shown comnendable capability as a Senior Project
Engineer and a supervisor in earrying out successful research and development programs
of highest priority throughout the scientific disciplines in the surveying and geodesy
tields.

c.  Army Research & Development Achievement Awards

(1) 1967-M. Stromberg, ]. D. Mayer, E. R. DeMeter, K. T. Yoritomo,
E. F. Burzynski. Development of the Universal Automatie Map Compilativn Equin.
ment (UNAMACE). This revolutionary automated high speed sterco-compilation equip-
ment provides the Army with an unprecedented superiority in the field of mapping and
automatic photographic data reduction.

(2} 1968-K.T. Yoritomo. For planning, exccuting, and directing a se-
ries of seicntific and enginecring studies and investigations leading to the establishment
of a comprchensive R&D program to provide a military all-weather mapping capability .

(3) 1969—Dr. Angel A. Baldini. Development of the Baldini theory to
solve the problem of determming ground station positioning with respect to the center
of the earth’s mass leading to the World Geocentric Geodetic System and a mathemati-
<l figure of the earth hased only on astrogeodetic methods.

(4) 1969—Mr. John G. Armistead, Mr. G. W. Bunch, Mr. Frederick
Gloeckler, Mr. Richard T. Malone, Mr. Robert Nichols, Mr. Walter Simpson. Five year
multimillion dollar R&1) achievement culminating in opcrational satellites and minia-
turized ground stations for the Geodetie SECOR System.

(5) 1970—Mr. Maurits Roos. Development and implementation of a
means to automalte precise point measuring on aerial photography.

(6) 1970—Dr. Desmond O'Connor, Dr. Pi-Fuay Chan. For rescarch on
one-dimensior 4, high-resolution array systems using mechanical and electronic pertur-
bation.

d.  Secretary of the Army’s Research and Study Fellowship Award

(1) 1969-1970-A. B. Scheps. (Conduet a study in the area of terrain
and topographic data processing.
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(2) 1964-1965—B. ). Bodnar. Determine the state-of-the-art in the
field of physical geodcesy.

e. Army Science Conference Papers

(1) 1966—L. A, Gambino. A peconietric simultaneous multistation de-
termination with constraints using data from geodetic satellites.

{2) 1968—L. A. Gambino. Second order regression progress in geome-
tric satellite data reduction.

f. Commander's Award for Scientific and Technological Achievement

(1) 1968—Kenneth D. Robertson. For dcvelopment of highly advanced
surveying instruments and techniques which promise radicai changes in present geodetic
surveying practices.

(2) 1969—Ernest M. Stiffler. For his contribution to an Advanccd
Automatic Compilation Systcm.

(3) 1970—Pi-Fuay Chan. For planning and executing systems for more
accuratc position anid velocity det: cting systcms hy perturbating the input image signals
on an array sensor. llis work opened the way for replacement of film in astronomical
cam ras to vicld real time values for stellar and satellite coordinates.

g. Commanders Award for Leadership

(1) 1968—W. Howard Carr. For his exeellent performance in planning,
organizing, and dirceting his Branch’s nrogram for development of a Semi-Automatic
Cartograplic System,

{2} 1969—Donaid G. Orr. For lus work in planning, organizing, and
executing Project Sand, a projeet to locate suitable sand and gravel in the Mekong Delta
arca.

(3) 1970—Oscar W. Bowker. For outstanding supervisory and manager-
ial capabilities in cfficicntly directing the research and development programs for several
top priority tasks in the Surveying and Geodesy Division. Particularly fer the cxception.
al work accomplished under his lcadership on the lightweight gyro azimuth theodolite
and the Position and Azimuth Determining Systems.
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. Gallery of Distinguished Civilian Employees
(1) 1970-William 1, Cude, John T. Pennington.
(2) 1971-Randall D. Esten.
VIL RESEAREL ANE DEVELOPMENT PROGRAMS

17. Research and Development Programs Through World War II. Most of the
researeli amd developnient work in mapping tHirongh World War 11 was carried on under
projects assigned to the Engineer Board orits predecessor, the Board on Engineer Egnip-
went, by the Chief of Engineers.

The Army Map Serviee did additional research, particularly in the map repro-
dnetion field both on its own initiative and at the request of other agencies such as the
Army Air Forees, This research was not carried nnder specifie project numbers,

The work on photomapping or photogrammetrie research was accomplished
printarify by the Engineer Detachment at Wright Field,

The prineipal projects assigned by the Chiel of Engineers, in order of their
opening dates and grouped s areas of general projects, phatomapping, map reprodne-
tion, and surveyving and in order of their anthorization, were as follows:

a.  General Projects

(1) 1-235. Opened 25 July 1935: Organization. Photogrammetric and
Reproduction Equipment of a Topograplucat Battalion. To define the function and
draw 1:p a Table of Organization and a Table of Basic AHowances for the Engineer Topo-
graphic Battation, Aniny, and the Engineer Topographic Battation, GHQ. Closed 6
Septenber 1944,

(2) SP205G. Opened 5 May 1939: General Doctrine for Mapping in
Enemy Territory. To study the general docetrine of mapping in enemy territory, Be.
came inaetive | June 1934,

(3)  SP286. Opened 19 Inly 1939: Organization and Equipment for
Corps Engineer Mapping Unit, To define the funetion and draw up a Table of Organ-
ization and a Table of Baxie Allowances for an engineer mapping unit to be attached fo
Corps Engineer Headquarters (later know s as the Engineer Tonographic Company,
Corps). Closed 1 Felbrnary 1943,
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(4) EBI39, Opened 19 March 1942, Organization and Equipment of
Topographice Units Assigned to Army Air Force. To assist in the preparation of a Table
of Organization and a Table of Basic Allowances for cngineer mapping units assigned to
the Army Air Force. Closed 14 February 1943,

b. Photomapping Projects

(1) 1-205, Opened 30 June 1933; Mapping in Enemy Territory by the
Use of Aerial Photographs. To consider all possible methods of mapping in eneniy terri.
tory with cmphasis on speed; the use of the aerocartograph or similar instruments was
contemplated. In December 1935, the directive for this project was modified to include
the determination of the equipment necded.

(2} 1-209, Opened 30 June 1933; Miscellaneous Engineer Equipment

Required for \erial Mapping. To investigate miscellaneous equipment used for aerial
mapping.

(3) £-216, Opened 26 February 1434 Portable Stereoscope. To develop
a portable stereoscope suitable for tield use.

(4) SP-205C, Opened 5 May 1939; Improvements in the Battle Map.
To improve the accuracy and reduce the time of production of the 1:20,000 battle map.

(5) SP-205D, Opened 5 May 1939; Map Substitutes Fromn Contoured
Wide-Angle Photographs. To investigate methods of preparing a eontonred wide-angle

photograph for use as a hasty map substitute and of preparing mosaies from such photo-
graphs as substitites for the T3A composite,

(6) SP-205F, Opened 5 May 1939; Wide-Angle Mapping Equipment.
To develop photogrammietric cynipment for use with the TS eamera.

(¥) SP205F, Opcned 5 May 1939: Miscellaneous. To mvestizate sub-
jects refated to aerial mapping not covered by other projeets.

(8) SP216-1, Opened 5 May 1939: Portable Pocket Size Magnifying
Stereoscope. To develop a magnifyiag pocket spectacle-type stereoscope as recommend-
ed in Infantry Board Report 1017, 12 Jannary 1939.

(Y) SP216-2, Opened 5 May 1939 General-Purpose Mirror Stereoscope
for Use by Other Areas. To develop a portable magnifying mirror ty pe stercoseope.




(10) MP205C(3), Vertical Control for Aeronautical Charting. To find
means of determining elevations on acrial photographs by devices installed in the photo-
graphic airplane.

(11) MPS408, Opened 17 April 1943; Investigation and Modification of
Photomapping Equipment and Technique. To investigate photomapping equipment
and technigues. (This was a general service project on photomapping.)

(12) MP488, Opcned 30 March 1944; Rectifying Camera. To develop
a rectifying camera capalle of rectifying the obliques produced by the tri-inetrogon
mount and the split vertical installation and suitable for mounting in a truck with van-
type body.

(13) MP593, Opened 17 July 1945; High Obligque Multiplex Projectors.
To develop a multiplex projector for use in preparing topographic maps from high
oblique photography such as that obtained by the iri-metrogon system.

(14) MPS 673, Opened 13 Angust 1945; Application of SIIORAN to
Mapping. To expedite the application of SHHORAN to map contrel. (SHORAN iz an
clectronic navigation deviee developed for the Army Air Forces to facilitate bombing
through overcast.)

¢.  Mzp Reproduction Projects.

(1) 14, Opened 12 March 1923; Mobile Map Reproduction Plant. To
develop a mobile reproduction plant as required by the Army Topographic Battalion.

(2) P-89, Opened Noven br: 1925; Map Reproduction Equipment
Regimental. To consider all map reproduction equipment necded by the Engineer Com-
bat Regimen..

(3) 1.61,0pencd 15 May 1930: Improved Dictzgen Printing Frame.
To determine the suitability of a curved printiny frame newly designed by the Eugene
Dictzgen Company as a substitute for the eurrent blue printing frame.

(4) S-109, Opened 5 Octe 1 r 1932; Fluorigraph Sereens. To study the
Fluorigraph sercen, invented by Mr. Eddy ™ | of the Netherlands, to permit photo-
stating without claborate equipment.

(5) 1-75,0pcned 14 November 1932; Ozalid Developing Tubes. To
develop a larger Ozalid developing tube as requested by the 3rd Enginecrs.
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(6) S-114, Opened 30 June 1933; Bromidc Reproduction Process. To
develop the bromide reproduction process — a simplified photostatic process,

(7) 1-210, Opened 16 November 1939; Mobile Copying Camcera, To

develop a truek- or trailerinounted copying camera capable of producing copy nega-
tives up 1o°24 by 24 inches.

(8) SP309, Opened 22 January 1940; Offset Reproduction of Acrial

Photographs, To mvestigate promising methods of lithographie offsct reproduetion of
acrial photographs.

(9) SP319, Opened 5 June 1940; Mobile Map Reproduction Train,
Topographic Battalion, To develop a mobile map reproduction train for the Army
Topographic Battalion.

(10) SP210B, Gpened 24 July 1941; Development of Mierofilming in
Conjunction with Map Reproduction. To investigate, in cooperation with the Engineer

Reproduction Plant, the use of film miniaturrs prepared by mierofilming in the field of
map reproduction,

(11) MP286C, Opened 14 July 1942; Map Distribution Trucks, To
design a map distribution truck to facilitate sorting, packaging, and adldressing maps.

(12) MP304C, Opened 14 July 1942; Mobile Projection Printer (20 by
20 inches). To develop a mobile rapid projection printer capable of enlarging from 9 by
9 ineh wide-angle negatives up to 20 by 20 inches,

(13) MP363, Opeued 15 September 1942 Litkographic Printing Inks.

To prepare specifications for lithographic printing ink« for fieid map reproduction amd
evobve methods of testing the inks » veured.

(i4) MP404, Opened 16 Apnl 1943:; Portable Reproduetion Equipment
for Task Forces, To develop portable reprodnction equipment for Task Forees smaller
than those with a Gorps Topographic Company. This equipment is to inchude a copy -
ing camera, a plate processing apparatus, and an offset press.

(15) MPS309, Opened 17 April 1943: Investigation and modification of
Map Reproduction Equipment and Techniques. To investigate teebnigques and equip-
ment for map reproduction.
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(16) MP5C0, Opened 20 July 1945; Airborne Camera, 24 Ly 30 inch,
and Plate Prscessing Equipment. To develop an airhorne 24- by 30-inch copying camera
and airborne plate processing equipment,

(17) MP581, Opencd 20 July 1945. Airborne Press, Lithographic Offset,
222 by 29-ineh. To develop a lightweight, compaet, airborne 22%. by 29.inch litho-
graphic press.

d.  Surveying Projects

(1) 5-33, Gpened 21 March 1928, Prismatic Compasses. To develop a
new prismalic compass for the infantry as proposed by the Infantry Board. Closed 1]
March 1929,

(2) 5-86, Opened 24 February 1930 infaniry Compass. To modify the
Standard Engincer Prismatic compass into a lensatic ty pe in accordance with the recom-
mendations of Infantry Board Report 503. Closed 30 September 1932,

(3) SP-280, Opened 21 October 1938: Marching Compass. To find a
commercial magnetic compass, with characteristics as specilied by the Infaniry Board,
toreplace the standard watch compass. Closed 23 March 1043,

(4) SP-321, Opened 25 July 1940; Military Theodolites, To dever o
American | -second reading theodolite similar to known Enropean instruments for .
by Engincer Froops engaged in sneveying, Project still open at end of WWII.

(5) SP333, Opened 25 April 1941: Map Board. To develop a map
hoard conforming to military characteristies presented by the Field Artillery. Closed
13 March 1943,

(6) SP349, Opened 17 February 1942 Navigation in Mobile Warfare.
To investigate the nethods and equipment of colestial navigation and dead reckoning
for nse in desert warfare, Closed 23 Maceh 10433,

(7)  ME354, Opened 4 Apgasl 19 12: Triangle Slide Role (Short Base),
Fo develop a slide role, gradnated inwils, Tor nse by the Field Artillery in the solation
of short base triangle problems, Closed 13 Mucelo FO-R3.

(%) A36T, Opened | i October F942: Climometer for Monntain Troops,
To develop a suevey g elinometer satable for mountain troops. Closed B3 Mareh 1943,




(9) MP349B, Opencd 23 November 1942. Land Sextant. To develop
5 a land sextant 1o replace the standard A12 octanl in navigation equipment Set No. 1.
‘ Closed 23 March 1943.

(10} MP387, Opened 15 February 1943; Lighting Equipment for One-
Minule Transit. To develop suitable night illumination llor the standard 1-minute read-
ing transit. Closed 30 August 1943.

(11) MP379, Opened 9 March 1943, Distance Finder. To develop an
instrument similar 10 the German gap mcasurer. Closed 23 March 1743,

(12) MPS410, Opened 17 April 1943; Investigation and Modification of
Surveying Equipment and Techniques. To investigate surveying techniques and equip-

{ ment. A general service projeet on surveying. Projeet slill open at the end of WWII,
(13) MP415, Opened 7 June 1943, Comparator (Measuring Engine). To
develop a comparator suitable fos inea. ring the distances of stars on plates cxposed in
a zenith camera, Closed 21 June 1945,

E (14) MP475, Opened 3 November 1943; Simplified Zenith Camera. To
develop a compact, lighiweight zenith camera of approxinately 12-inch foeal tength for
astrononic position finding for use by the Ariny Air Forces and Engineer Mapping Units.
Closed 21 July 1945,

18. Research and Developnient Progress Through World War 11,
| a.  General. Most of the rescareh anl development activity through the
] 1930°s coneerned the role of aerial photography in military mapping. The Engineer

Detachinent began its investigations in the 1920°s by cooperating with the Air Serviee
in efforts to perfeet the acrial napping camera.

Based on Major Bagley's tri-lens camera developed in World War 1, a
series of multiple lens cameras was developed, enlminating in the five-bens T3A. This
camera remained the precision mapping camera of the United Stales Army unlil 1940
when the wide-angle lens was introdoced. The T3A camera lrad five 6-inch focal length,
F/AL8 aperture lenses, cach exposing a 5.5-inch hy 6-inch negative. The lenses were
vinstered, vith the central Jens aimed vertically and the other four spaced at 90° inter-
vals around the central lens and tilted al 43° 1o the vertical. A tandem conlignration
with two of these cameris, one erabbed 459 with respecet to the other, prodoeed a com-

posite photograph (after reetification and assemhly) covering an angmlar fichl of about
1409,




] Preparation of map prodiets from aerial photographs was investigated
during the 1930°s through a series of mapping tests conducted to establish suitable
methods and equipment. The produets required were a mosaie at photographic scales;
a planimetric tactical map at 1:62,500; and a planinictrie fire-control data shect, called
a provisional battle map, at photographic seale. These tests and other investigations ler
to the development of the progressive mapping seheme. This scheme more than ful-
filled the original objectives. By nsing stereoscopie plotting devices, topographic as well
as plamimetric maps could be prodneed. Furthermore. control conld be extended by
photogrammetric methods into “enemy™ territory from a strip of “occupied™ territory
to provide fire control data. The progressi.. . npiag scheme called for the prepora-
tion in sequences of: (1) a composite at 1:40,0( ¢ made by tandem T3A photography;
(2) a planimetric provisional battle map at 1:20,000 compiled by tracing from t-ndem
T3A photography; and (3) a topographic battle map at 1: 20,000 with a contour inter-
val of 50 feet, compiled from single T3A camera photography.

From studies of the organization and equipment needed for topographic
mapping, it was concluded that ordinary mapping needs of combat units should be sup-
! ) plied by the Army Topographic Battalion—a fickl organization. The GHQ Topographic
4 Battalion shenld be used to supplement fickd work, reproduce large quantity orders, and
; supply the needs of the communieation zo' ¢ and of GHQ units.!! Both battalions
should be orgasized into fonr companies: Headquarters and Service Coinpany, Survey-
ing Company, Protogrammetric Company, and Reoroduction Company. lLater in 1939,
tke Engineer Board suggested the need for a mapping unit to be attached 1o Corps Engj-
neer lleadquarters to prepare large-scale aerial photographs, mosaics, contoured maps
of small areas and overprints, Therefore, Tables of Organization and Equipment for
the Engincer Topographic Company, Corps were developed. 12

T P

Soon after the United States entered World War 11, it hecame evident
that the Air Forces would require assistance in compiling and reproducing their acro-
nautical charts. Consequently, two additional types of enginecr mapping units, the
Engincer Topographie Company, Aviation, and the E:.gineer Air Foree lleadquarters
Company, were organized and assigned to the Air Force.

While the progressive mapping scheme and the techniques and equip-
ment used in tests of the schermne more than fulfilled the original objectives set forth in
1933, the products did not fully satisfy the needs of the Artillery and the Infantry.
The accuracy achievable in the topographic battle map was not adequate for the Artil-
lery requirement for 60 pereent effective artillery fire of 33 y irds horizontally and 25

“"()rganjulion and Equipmeni of Topographical Batlalion," Engineer Board Repart 531, 18 April 1938,

|2"(;orp« Mapping Unit,” Engineer Board Report 583, 27 Seplembrr 1939,
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feet ver jcally. The time requirenent for production was exeessive—2 1o 3 weeks after
receipt of photography. More realistically, there was an urgent need for a map to be
available in 12 to 24 hours. The T3A compasitc photography had failed 10 meet this
need partly because of the poor quality of reproduction.

While the investigations and tests from 1933 to 1939 were based almost
cntircly on the use of the T3A composite photography and normal angle multiplex
equipmeut, the Enginecr Detachment beeame interested in single-lens, wide-angle pho-
tography'® in 1935, In that year, Heinz Gruner, a German national employed by the
Engincer Detachment, returned from Gerinany with word that the Zeiss firm was using
such a camera in conjunction with a wide-angle, muhiplex projector. This equipment
was procured from Carl Zeiss, Inc., for testing in 1936. The Air Corps procured the
cantera and the Corps of Enginecrs procured two seis of wide-angle multiplex projee-
tors and a reduction printer. The Zeiss camera was (ried out in the mapping 1csis of
1937, hut it failed mechanically. 1t was tricd again in 1938, but the photographs eould
not be used because the multiplex equipment was not suitable. The reduction printer
did not compensate for lens distortion in the camera.

In spite of these failures, inicrest in wide-angle photography remained
high. In the meantime, the Bausch and Lomb Gptical Company had designed a wide-
angle lens called the metrogon, a lens of 6-inch focal length based on the Zeiss topogon
tens design. The Air Corps began proeurcment of these lenses in 1938 and also started
the development of the T wide-angle mapping camera.

In view of these developments, and following a Military Mapping Ser.
vice Test by the 29th Engineers in 1939 employing the T3A camera, the Chicf of En-
giucers set up a meeting in Washington to discuss the best mapping procedures and the
best type of equipment. This mapping conferenee was held in Washington from 4 to 7
March 1940. Two rather surprising yet erucial decisions resutted from the conference.
The first decision was to cease procurement of normal-angle mapping equipnient. This
meant abandoning the T3A which had been the standard mapping camera since the mid-
1920s. The second decision was to accept the K3B' camera equipped with a widc-
angh: metrogon leus as a suitable camera for precise mapping. Thicse decisions werce
made even though the wide angle mappirg equipment had not been tested in this coun-
try. The conference did, however, request the eontinued development of a precision
wide-angle mapping camera.

I3The term “ wide ungle"" applica to lerses with a total fickd of more than 60°.

I‘s]'ha-. K3B was designed originally as a generat-purpose camera. It had interchangeable lines of 6-inch, 8.25-inch,
[ 2-inch and 24-inch focal lengths, between the lens shutter, a vacuwn hack, and produced negatives of 7 by 9-1/8
inchea or 9 by 9 inches a5 desired. While buill ar a precision instrument, it lacked provision for exactly eeliimating
the {ilm and the laking lens and thus did not meet requiremenis for a precision mapping camera.
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Ancther development which was destined te have a inajor impact on
both military mapping operations and R&D programs throughont World War 11 and for
some years following was the adoption of the tri-metrogon method for acronautical
charting by the Air Corps cxrly in 1941, This method employed three K17 wide-angle
reconnaissance cameras intereonneeted to make exposures simullancously. With one
camera pomting vertically downward and the other two inclined at an angle of 60
from the vertical on cach side, horizoa to horizon coverage was provided.

Since thi greatly reduced the amount of flying time, the use of the tri-
metrogon system for ph tographic coverage of operation areas beecame the mle rather
than the exception as the war progressed. Thus, it was necessary to develop specifiea.

connaissance maps with this photography. In February 1943, the Chief of Engineers di-
rected the Engineer Board to develop methods and equipinent to use the tri-metrogon
photographs to the best advantage and, specifically, to make contouring possible. Only
planimetric compilation at small scale was possible with the techniques and equipment
then emploved. Since it was realized that the la ge-scalc battle map with its customary
50-foot contonr interval was out ot the question tur the time being, the goal was sel for
seronautical charts and strategic topographic map a1 approximately 1:500.000 with
1000-foot eontours.

b. Photomapping Accomplishments Through World War 11

(1) Development of Multiplex Equipment. A number of intricate
stereoscopic plotters were developed in Europe before and during World War 1. After
the war, these were slowly introduced into the United States. In the carly 1930, the
Engineer Detachriont obtained a Zeiss Aerocartograph, and early in 1935 it obtained
the use of multiplex equipment owned by the Pittshurgh District for tests in connec-
tion with their investigations of the role of aerial photography in military mapping.
Instruments such as the Acrocartograph or the Zeiss Stereoplanigraph were intended
tor use in the extension of ground control into nnsnrveved areas,  The multiplex was
to he used for detail compilation, This idea, however, was gradually abandoncd in
favor of the use of the multiplex equipment for both extension of control and detail
comptilation even though aerotriangnlation with the Aerocartograph or Stercoplanigraph
was nore acenrate. The principal reason for nsing the multiplex equipment was that
the Acrocartograph and similar instruments were expensive, nonportable, and time-con.
suming. Further, a domestic source of supply for this type of instrunent would be
both expensive and difficnlt to develop: whereas, by 1937, the Bansch and Lomb Op-
tical Company had already begun manufacturing multiplex equipment in the United
States on Corps of Engineers Specifieation TH51, dated 3 Angust 1936.
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After extensive testing in the late 1930's, the multiplex was finally
recommended for standardization by the Corps of Engincers in October 1939. It was
noted that the sele source of supply was the Banseh and Lomb Company which con.
trolted the American patent rights. However, this equipment was designed to use the
photographs taken with the inoltiple-lens T3A camera. Both vertical and oblique pro-
jectors were developed.

When the T3A camera was replaced by the single-lens, widc-angle
camiera as the standard mapping camera in Mareh 1940, it became neeessary to provide
a different type of multiplex equipment. Actually, the development of the wide-angle
multiplex was already underway by the Bausel and Lomb Optical Company which was
redesigning and improving the German cquipment which had been imported for tests
by the Engineer Detachment. The Corps of Engincers had vn order £5 experimental
projectors and all necessary supplemental equipment based vn Corps of Engineers Speci-
fication T-896, dated 206 September 1938 (Fig. 1). The delivery of this equipment was
not completed untit May 1941 after the first large produetion order for 243 projectors
and all necessary supplencntal equipment (ineluding four wide-angle reduction printers)
had been placed with the Bansch and Lomb Optical Company.

| e 43
‘2 'l"' eaE.

Fig. I. Wide-angle multiplex equipment: the fiesh 15 projeciors mannfartored by the Bausch
and Lomb Optical Company set np for acrotriangnlation tests (1941).
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Engineering tests of the widc-angle multiplex equipirent were con-
d..-ted in 1941 to 1942 using photography at a 23,000-foot altitude with a K3B camera
in the vicinity of Dayton, Ohio. With these photographs, the Engineer Detachment
extended control for 70,000 yards and produced a complete battle map of the area.

Ty

Both in accuracy and spced, the wide-angle photography and plot-
ting instruments proved themselves superior to the normal-angle types. In accuracy,
the following results were indicated:

35,000 Yards 70,000 Yards
Extension Extension
Mean horizontal error 15 yards 19 yards
Mean error of distances 0.1929% 0.275%
! Mean error of azimuths 1.9 mils 3.1 mils
Mean vertical error 24 feet 28 feet

The Artillery requirements for position aceuracy (no greater than
_ 33 yards) were practically mct in this test, but the requirement for elevation accuracy
4 (no greater than 25 feet) was not quite satisfied. It was estimated that, with thc wide-
] angle multiplex, the first map shect should be available 6 days after photography and
that, thereafter, 600 square miles per day could be produced by a Photomapping Com-
pany of the GHQ Engineer Topographic Battalion.

It should be noted that during the course of these investigations

3 leading to the final development and adoption of the wide-angle multiplex, two other
stercoscopie plotting instruments designed in the United Staics were investigated and
rejected. One of these was the acrostereograph invented by Mr. Erncst R. Swanson,
Junior Engincer, uSs. Engincer Office, St. Louis, Missouri which was investigated in
1936 and was rejected beeausc it was more complex than the multiy. :x and would be
costly to develop. The other was the stereoscopic ploticer designed by Mr. O. M, Miller
of the American Geographieal Socicty and investigated in 1942. This instrument, the
resuil of a 10-year project of the soeiety, was designed tor both vertical and oblique
photography. It was rejeeted because it was in the initial stage of devclopment, and,
although it appearcd somewhat simpler than comparable European instruments, the
rcasons for selection of the multiplex over this type of instrumentation were even more
valid with a war in progress.

(2) The Stereocomparagraph. While the multiplex was suitable for
hasc operation, a much smaller and more portable device was desired for the mobile
mapping units. Such a device, the Stercocomparagraph, was invented by Caplain Ben-
jamin B. Talley of the Engineer Detachment and was reporicd io the Chief of Engineers
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Fig. 2. The Stereocomparagraph.

in June 1936. Asshown in Fig. 2, the Stereocomparagraph consisted essentially of a
small mirror sterevscope, a parallax measuring micrometer with floating marks, and a
peneil arm cxtension mounted on a parallel motion drafting machine. No provisions
were made in the device to compensate for tilt or relief displacement in the photography.
However, it was possible to skeich contours from near-vertical photography with a fair
degree of accuraey. The deviec was service tested in 1937 and 1938 and was reeom-
mended for adoption as a standard item, However, final adoption and classifieation
were delayed for several years while a Zeiss sketehing stercoscope was investigated. In
addition, the development by the 291h Engineers of a relief-compensating attachment
devised by Captain Talley was anticipated. In the meantime, quantity procarement
was initiated based on Speeification T-1305 dated 9 May 1939, The item was finally
standardized 27 March 1942 without the relief-compensating attachment,

(3) Stereoscopes. The development of stereoscopes for viewing over-
lapping acrial photographs received considerzble attention in the 1930 as an accessory
item Lo faeilitate the interpretation of photographie detail. The only item in the inven.
tory was a heavy, intrieate, tahle model lens-prism stercoseope developed by the Keuffel
and Esser Co. (Fig.3). It had been standardized in 1932 and remained standard throngh
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Fig. 3. Keuffet and Esser Lens-Prism Stervoscope.

World War 1. llowever. it was not portabie enough for issue to lower eehelons and
field nnits.

After several years of investigation, various cheap spectacle-type
stercoscopes, anaglyphies spectaeles, and mirror stereoscopes had been discarded from
consideration. Finally, development was pursued on two parallel courses. The first
approach was the development of a folding poeket stereoseope (Fig. 4) models of which
were developed by Bausch and Lomb Optical Company. The other approaeh involved
a magnifying mirror stereoseope (Fig. 5) whieh was produeed by the Fairchild Aerial
Camera Corporation. These items were finally perfected and adopted as standard arti-
elesin July 1940. The designs of both were based on German models,

(4) Hasty Maps from Wide-Angle Photos. The introduction of wide-
angle photography in 1940 revived interest in other types of hasty maps that might
satisly needs of the Field Artillery for fire-control applications. During the years 1940
to 1944, varions experiments and tests were eonducted in preparation and nse of con-
toured and uncontoured reetified photographs and controlled, semicentrolled, and
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Fig. 4. Folding Pocket Stereoscope.

Fig. 5. Magnifying Mirror Stereoscope.
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uncontrolled mosaics. The photo rectifications for these investigations were made with
a Zeiss SEG 1 Rectifier procured from Germany by the Engineer Detachment.

None of these fully satisfied the Ficld Artillery accuracy require-
ments. The rectified photographs, contoured with the Stercocomparagraph, took too
long to prepare and the Field Artillery School concluded that single photographs could
best be used as contact prints. It took as long to prepare controlled mosaics (which in-
cluded slotted tempolet controi net ¢xpansion and photo rectification to the control net)
as tu prepare a complete topographic map. The semicontrolled mosaic assembled from
contact prints did show some promise. The recommendations of the Engineer Board'®
resulting fvom these investigations were that mosaic should be further de.eloped but
should be considered only as an cmergency expedient. The other possibilities of block
plots (skeletonized planimetric maps) should be explored to provide a more suitable me-
dium for firc control. llasty maps were used successfully in the Mediterranean theater
to satisfy Ficld Artillery demands for firing data because they were available well in ad-
vance of the complete battle map. They were prepared for the area north of Rome'® by
the 30th Engineer Topographic Battalion, GHQ, at the request of the 5th Army.

(5) Mappinig with Minimum Ground Control. In July 1943, the Com-
manding General, Army Air Forces, dirccted the attention of the Chief of Engii.zers to
SHORAN,' a device for determining horizontal positions over inaccessible areas. He
requested that an officer be designated to represent the Chicf of Engineers in the devel-
opment of SHORAN. Major Gilbert G. Lorenz, Chief of the Aerial Photographic
Branch, was authorized to cooperate with the Air Foree in this program.

Prelininary tests were held in the vicinity of Boca Raton, Florida,
from January to June 1944. These tests were so successful that the Engineer Board
concluded that SHORAN was dcfinitely applicable to the establishment of horizontal
control fur lioth multiplex mapping and mosaic makiag. The Board recommended
immediate allotment of sufficient SHORAN equipment for mapping purposes pending
further tests. SHORAN was founil applic:blc to the navigation ot precise flight lines
a» wedl as Lo pusition determination.

Devclopment and test of the system continued in 1944 and 1943,
and in Aungust 1445 an Engincer Board Scrvice Project (MPS 673) was set up to expe-
dite the application of SIIORAN to map control.

ls"Mouics for Field Artil'~y,” Engincer Board Repor) 843, 21 July 1944.

1604 ue of Muitiplex Equipmeul for Block Plols,” Leller Report from Survey Dircelorale, Allied Force HQ, APO
512, US Army Jo OCE, 2 March 1944.

l7SH0RAN is )he acronym for Shor) Range Navigalion. ) was deveioped by Radio Corporalion ol America for the
Air Force Jo facilitale bombing through overcas).
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The Air Force and Corps of Engineers jointly conducted investiga-
tions into the establishment of vertical control for mapping with airborne instrumenta-
tion in 1942 and 1943. These experiments involved the use of a precise barometric
altimeter to record the altituoe above sea level and a radio altimeter to record the dis-
tance from the aircraft to the ground. Analysis of flight test data demonstrated that
the mcthod was suitablce over flat or moderately rolling terrain but was not suitable
over mountainous terrain except for small-scalc aeronautical charting. The Aerial Photo-
graphic Branch found that in the tests eonducted the errors were too great to permit
the compilation of satisfactory large-scalc maps. However, the report'® did conclude
that the radio altimcter could be used in the absence of horizontal eontro] to more
accurately determine the scale of a photograph, or photomap. The method was not rec.
ommended for use in making topographic maps. The radio altimcter was recommended
for use in conjunction with the barometric altimeter for that purposc.

(6) Tri-M:trogon Equipment. With the sudden adoption of the tri-
inetrogon method for acronautical charting carly in 1941, it became clear that Engi-
neer mapping units in the field wonld have to use high obligue photographs in mapping
whether they wished to or not. In view of the urgency of the situation, the Engincer
Board recommended the adestion of three instruments that had been developed by the
United States Geological Survey: the vertical sketchmaster (Fig. 6), the oblique sketch-
master (Fig. 7). and the angulator. The angnlator was designed to plot horizontal diree-
tion from the nadir to images on the oblique photographs. The skelchimasters were

devices based on the cam. »ra tucida principle to plot planimetric detail from the photo-
graphs.

lir February 1943, the Chief of Engincers direeted the Engincer
Board to develop miethods and equipment to use the tri-metrogon photographs to the
best possible advantage and, specifically, to make contouring possible. The first Engi-
neer Board report on this investigation, submitted in October 1943,'? discussed two
approaches: (1) adapting the vertical, wide-angle multiplex projeetor so that it may be
tilted to accommodate obligne phutugrapll_\'. and (2) rectifving uhlique pholograrhs,
A rectifier (Fig. 8} to investigate the latter approach was designed by Mapping Branch
|-ersonnel and was constrncted in the Engineer Board Shops.?® 1t was designed to accom.
i date 9- by 18-inch photography at various tilts, siice at that time the Air Foree was
experimenting with other multiple-camera arrangements including 9- by 18-inch photo.
eraphs with 24-inch focal length lens.

I&'Vrﬂical Control for Aecronautiral Charling and Mapping.” Engineer Roard Heport 973, 27 February 1946,
lq"lrnpfovrmﬂll of Tri-Metrogon Plotting Equipmenl and Methods,” Engncer Roard Repurl, 19 Oclober 1943

20““1‘(.'|ifjillg Projeclion Camera Construcied al the Enginer Board,™ Eigineer Hoard Reporl, 17 December 1943
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Fig. 0. Vertical Shetehmaster,

Fig. 7. Oblique Shetehmaster,
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Fig. 8. Universal Rectifier designed by Engneer Board Mapping Branch: personnel and fabri-
cated in Engineer Board Shops (194:3).

This instrumentation served as a valuable testbed for photo rectifica-
tion and other studies, The rectifier was still being used occasionally in the early 1970%,
In 1968. it was used by the Autometric Operation of the Raytheon Company to rectify
photographs of Peru taken from a Gemini spaceceaft. It was the only instrument that
could be lonated that would accommodate the unusual tilts and formats. A small scale
photomap of the entire conntry of Pery was prepared from the Gemini photographs.

Further investigation and test of the two approaches led to the
adoption of an adjnstable it bar which allowed vertical waltiplex projeciors to be used
in obligue phota compilation (Fig. 9). To expedite introduction in the field, a number
of these tilt bars were fabricated in the Engineer Board shops pending completion of
specifications and drawings. Work with the rectified photographs?! led to the establish:
ment of project MP 488, Reetifying Camera, in March 1944 and also to the design of a
new slot eutter to accommodate the reetificd phatos (Fig. 10). A pilot nrodel of the
slot entter was also built in ihe Engineer Board shops,

2"‘\Iili|ar_\ Mapping from Tri-Mel rogon Acnal Pholography Using Reetified Photographs,” Engineer Board Report
pi
A3, 17 June 1944,
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Fig. 9. Wide-Angle Mutliplex Projectors adapted fur tri-metrogon oblique photo compilation
with the adjustabile tilt bar support.

|

]

Fig. 10. Universal 3lot Cutter designed to 2 commodate rectified tri-metrogon oblique photos
as well as vertical photos.
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The requirements were so urgent that experimental models of the
rectifier were ordered from three firms in May and June 1944: Bausch and Lomb Op-
tical Company, Aero Service Corporation, and Rutherford Machinery Corporation. In
July 1944, a quotatio:. was requested from Photogrammetrie Instruments, Ine., Pasa-
dena, California, for modification of a commercial rectifying printer known as the Fair-
chitd Model RPI. Subsequently, 14 of these rectifiers, designated the RP2, were pro-
cured. They were delivered in May 1945, In the meantime, the development of the
improved reetifier by the threc companies lagged. The Aero Service Corporation model
(Fig. 11) was dclivered in October 1945 after the problem of a suitable lens was finally
solved when the National Defense Research Committee supplied a **hypergon™ lens of
4%-inch focal length. The Rutherford contract was cancelled in September 1945, and

the Bausch and Lomb rectifier (Fig, 12’) was not delivered until after the end of World
War 11

Fig. 11. Iligh Oblique Rectifier—Aero Service Corporation Model.
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Fig. 12. High Oblique Rectifier-Bausch and Lomb Model.

Fig. 13. lligh Oblique Multiplex Projector.
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Another wartime development of tri-metrogon plotting equipment
was a = ‘ecially designed oblique multiplex projector (Fig. 13). Two experimental pro-
;ectors were supplied by the Bausch and Lomb Optical Company in April 1945. These
were submitted to the Engineer Board for test to determine if a development project
should be set up. Such a project, MP593 High Oblique Multiplex Projector, was estab-
lished in July 1945. Eightecn units with modifications found desirable in tests of the
experimental models were ordered from Bausch and Lomb in January 1946,

(7) Miscellaneous Investigations. In addition to the more important
work in the photomapping area outlined above, a number of miscellaneous investiga-
tions should be noted.

(a) Veetographs. The Vectograph process, developed by the
Polaroid Corporation, Cambridge, Massachusetts, for viewing stereascopic imagery by
application of the principles of polarized light, was investigated in 1941 and 1942,
The repert? on these investigations coneluded that vectopraphs were practicable but
they required over twice as long to prepare as prints, Furthermore, the report noted
that vectograple did not present as clear a view as prints viewed through a stercoscope.
It was reccommended that the use of veetograplis be confined to training and that they
not be adopted for issne, .

(b) Fairchild Detail Sketcher. Tlhe Fairchild Detail Sketcher was

a device based on the camera lueida prineiple designed for sketching from vertical photo-

graplis at either redueed or enlarged scale. 1t was not adopted because at the time it
was preferable to use a vertical reflecting projector for this purpose,

(e) Polaroid Projector. The development of a polaroid stereo-
scopic projector to enable a group of persons to simultancously view aerial photography
stercoscopieally was aidertaken in 941, Two experimental models were prodnesd by
Fairchild Aerial Surveys, Inc., Los Angeles, California. These proved to be inferior to a
similar and less expensive device made by the Motion Picture Engineering Company,
ietroit, Michgan, Fte project was dropped in 1942 when it appeared there was no
lenger a requirement.

(d) Stable Cartographic Bases. In 1941, at the instigation of the
Engincer Detaclunent, the Fostman Kodak Company hegan work on a stable medinm
for cartographie purposes to replace their matte acetate sheeting, Althougl it had fay-
orable dimensional stability characteristies, the sheeting was not satisfactory beeanse
it woulll only take soft peneil tlat had a tendeney to smear, Fastman Kodak was sor-
cessful in producing an acetate sheeting with improved surface characteristios in 1942,

22 Yeclographs,” Engineer Board Report 693. 10 July 1942,
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The Engineer Board also investigated an acetate sheeting manufactured by the Celanese
Celiuloid Corporation, New York City, which proved to be too expansible for mapping
purposes. The improved material of Eastman Kodak Company was adopted and pro-
eured in quantity during the remainder of the war. Shortly before the end of the war,
vinylite sheeting was tested in comparison with the icetate sheeting and was found to
give better results with both pencil and ink drafting. Ti:e Engineer Board recommended
vinylite sheeting for adoption in November 1945.

(e) Mapping from Relief Models. Late in 1942, the Enginecr
Board investigated a method devised by Professor 11, |.. Cooke of Princeton University
for making topographic maps from models carved in plaster of paris under multiplex
projectors. 1t was conecluded that the Cooke method required an expensive and hulky
camera and special training in carving, and it was probably lcss accurate than the con-
ventional method. The method was not recommended for military use.

(f) Tangential Distortion. During triangulation tests with the
wide-angle multiplex equipment in 1941 and 1942, a rather large and consistent azi-
muth error in single-strip extension was noted. The cause for this was traced to a tan-
gential distortion in both the mapping camera and in the multiplex reduction printer.
This work was the basis for the inelusion of tangential distortion limitations in map-
ping camera lens specifications and also for the development of parallelism toleranees
for camera filters and windows.

(g} 12-inch Focal Length Wide-Angle Camera. In 1939, the
Chief of the Army Air Corps ealled attention te a eamera recently perfeeted by Fair-
child Acrial Surveys, Inc., Los Angeles, California, for its own nse. 1t was fitted with
a | 2-ineh focal length, wide-angle metrogon lens. An experimental eamera designated
the XT-6 was procured by the Air Corps at the urging of the Chief of Engineers.

The Corps of Engineers proeured a special reduction printer
fromn the Bansel and Lomb Optical Company for preparation of multiplex diapositives
(Fig. i4).

In September 1940, after an experimental TS camera (9x9
inclt, 6-inch focal length) had been defivered to the Air Corps, comparative tests were
made by the Engincer Detachment. The tests demonstrated that photographs taken
with the XT-6 camera were of better gqnality than enlargements of TS photographs hut
not sufficiently hetter to justify the continned procurement of such a large eamera.
Aceordingly, the Chief of Engincers recommended that the development be suspended.

(h) Portable Plotters. In the period 1940 to 1945, several deviees
were investigated for possible replacement of the stereoeomparagraph for contoue
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Fig. 14. Experimentat Multiplex Redaction Printer for 12-inch
fucal length, t8- by 18-inch format photogra phy with metrogon

lens.

majping by the @ organizations not equipped with the multiplex. The first of these
was the Abrams Contour Finder—a deviee similar in principle to the stercocomparagraph.
Hawever, it was not suitable for use with 9- by 9-inch photographs and was rejected.
Other deviees investigated were the KEK plotter (Fig. 15), designed by Messrs Jasper E.
King. John W, Elliot, and Philip 3. Kail, investigated in 1941; the SCS plotter, designed
by Mr. Charies Cook of the Soil Conservation Service, investigated in 1943 and carly
9L an illlpl‘ll\"(’ll inodel of the KEK !ll(ill(‘l’ iuw‘sligﬂind in 1044; an imi;ru';cd modc!
of the SCS Plotter called the stereotopograph ordered from the Fairchild Aviation Cor-
poration in 1944 hut not delivered until Januaiy 1946; and the stercograph, invented
ky Mr. Andrew Beadixen of the Army Map Serviee. All of these deviees emploved a mir-
ror stereascope arrangement for viewing and compiling from conlact prints. They dif-
fered in the manner in which the floating marks were introduced in the stercoscopic
mudel and the means provided for compensation for tilt in the photography,

The investigation of the Bendixen Stereograph was completed
in 1245, The Bendixen Stereograph was rejected because two prineiples of stereoscopic
vision were violated. thereby causing eyestrain, Investigations of the KEK Plotter and
the stereotopagraph were still not completed at the end of the war,
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Fig. 15. The KEK Plotter manufactured by Philip B. Kail Associates, Denver, Colorado.

(i) Multiplex Inspection. Throughout World War II, the respon-
sibility for the factory inspection of all items of multiplex equipment was vested in the
Engineer Detachment and later the Mapping Branch of the Engineer Board because of
their special nature. This required temporary duty of Corps of Engineers personnel at
the Bausch and Lomb Optical Company before each shipment. Later, personnel of the
Army Ma) Service were trained to perform the factory inspection. and they inspected
equipment procured for the Army Map Service.

(j) Camera Calibration. After adoption ui the single-lens, wide-
angle camera and during the early part of World War 11, the calibration ot mapping
cameras was performed by the Engincer Detachment using a field range set up at Wright
Field. At first, this range was the guardrail on an earth-filled dam near Wright Field.
Later, a camera calibration rangc was set up on the base with an array of specially de.
signed targets along one of the boundary fences of the fictd.

This was the principal calibration facility for the military until
a multicollimator facility was built at the Fairchild Camera and Instrument Corporation,
Long Island, New York. Up to that time, camera calibrations for both civil and military
agencies were made on reguest by the National Bureau of Standards.

48




¢.  Map Reproduction Accomplishments Through World War I

(1) General. 1n World War 1, the nap reproduction cquipment of the
Army was rather limited. As late as 1928, when development work began in earnest, the
items in use included only a blueprinting set, a small heetograph duplicator, slow speed
bthographic apparatus with a flatbed hand press, and an experimental mobile reprodue-
tion train containing eclaborate and bulky letterpress equipment mounted on Maek trucks.
Some consideration was given at the time to mounting the latter in railroad ears.

Work in the late 1920's and well into the 1930°s was directed priinar-
ily toward investigations of duplicating processes to provide something better than the
blueprinting equipment and the heetograph duplicator for issue at the regiment and divi-
sion levels. The ammonia process (vzalid), the Bruning black and white process, the bro-
mide process, the mimeograph, the spirit duplicator, and the gelatin roll duplicator were
investigated. In the mid-1930', the problem of reproducing photomaps in quantity gained
considerable attention. Both phiotographic and lithographic processes were investigated;
the lithographic process had been adopted as more suitable for map reproduetion in the
Army than the other basie printing techniques.

By the eve of World War 11, the Corps of Engineers was not prepared
for the unprecedented demand for maps which was ahead and which required the supple-
mentation of the basic mapping plant, the Army Map Service, by « large number of ficld
Army units. (Army Map Service operations were supplemented during the war by 4
G11Q Topographic Battalions, 12 Army Topographic Battalions, 27 Corps Topographie
Companies, and 33 Engineer Air Force Companies.) A erash program of development
and equipment procurement and assembly was therefore required, and the program was
placed under the eognizance of the Engineer Board.

(2) Development of the Corps Company Mohile Reproduction Plant.
A mobile reproduction plant for use at the Corps level bad been developed in 1937 but
had noi been serviee tested, The plant consisted of a tractor-truck and 2-ton trailer
(Fig. 16) fitted with two multilith presses (Models 2066 and 40), a plate whirler, avac-
unm printing frame, an arc lamp, and other accessorics, and a ’2-ton truck fitted with
a 5-kva generator set, drafting and surveying equipment , « black and white developing
machine, and a Model LW New Proeess Duplieator. After a series of service tests, modi-
fication, and changes in components, the set eventually evolved in 1941 into an assem.
blage of equipment mounted in a single, vantype semitrailer and a 5-kw generator set.
The following items of equipinent were included:

(a) 10inch by 10 ir.ch vertieal projection camera

(b} Temperaturecontrolled photographic processing tray
(+) 133-line glass halftone sensor
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(d) 300-line eontaet halftone sensor

(e) Table-mounted plate whirler

(f) Wall-mounted vacoom printing frame
() Eleetronie arc lamp

(h)} 20ineh by 22% inch offset press

(i) Gasoline heater

(j) Air conditioning onit

(k) Pressure water system.

This mobile plant was classified limited standard by the Services of
Supply, and the Corps of Engineers was requested to redesign it immediately for troek
mounting. This was accomplished eventoally by using trock-mounted eqoipment sec-
tions developed for the Arimy Battalion Map Reproduction Train for the Corps Company
Mobile Plant Requirement.

Fig. 16. Pre World War Il map reproduction trailez.

{3) Deveiopment of ihe Army Topugraphic Battalion Mobiie Reprodoc-
tion Train. Although a scrics of studies and investigatious of what should be done aboot
a mobile map reproduction train for the Army Topographic Battalion had been made
by the Board of Engineer Eqoipment, the Engineer Reprodoction Plant, and the Engi-
neer Board starting in about 1923, it was not until June 1940 that the specific problem
of redesigning the mobile train was seriously attacked. Before this. individual items of
lithographie equipment had been developeil for the GIIQ Battalion and the Corps Com-
pany, and valuable experience had been gained by the design of the Corps Company mo-
bile plant.

On 5 Jone 1940, project SP319, Mobile Map Reproduetion Train,
Topographic Battalion, was assigned to the Engineer Board by the Chief of Engineers,
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and the Chief of Engineers requested a list of equipment and an estimate of costs as
soon as possible. The Engineer Board replied promptly to this request on 22 June 1940
by descrihing an cight-trailer train which was estimated to cost $125,000 and would b
equipped with:

(a) Trailers 1, 2, and 3 — 22-inch by 29-inch Webendorfer *'Big
Chief” offset press.

(b) Trailer 4 — Onc vacuum printing frame, one 25-ampere, 110-
volt arc I2mp, and one vertical nlate whirler.

(c) Trailer 5 — One 24-inch by 30-inch copymg camera, one 120-
linc and one 133-line glass screen.

{d) Trailer 6 — O1r.2 10-inch by 10-inch contact printer and pro-
cessing equipment.

(e} Traiker 7 — One or two platc grainers,
(N Trailer 8 — Laboratory equipment and supplies,

In September 1940, a semitrailer hiain was ordercd from the Frue.
hauf Trailer Company, The instzlled equipment was ordered separately and shipped to
Detrait where it was assembled under Engineer Board supervision. The first completed
re production train was delivercd to the 30th Enginecr Topographie Battalion at Fort
Belvoir, Virginia, in April 1941 (Fig. 17).

Fig. 15, Map reproduction train developed in World War 11,
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Despite the magnitude of the job and thie speed with which it was accomplished, this

E experimental model proved satisfactory with one exception: movement of the grainer
trailcr during operations prevented thal machine from functioning properly. This was
readily corrected by providing portable supports for the trailer,

A second train was ordered in December 1941 incorporating scver.
al changes including the installation of the newly developed 20-inch by 22.5-inch light.
weight Harris Press and facilities for using the newly developed 300-line contact screen
process. Shortly after this proeurement in March 1942, the Engincer Board proposed to
redesign the tiain to use van-type trucks instead of semitrilers of seven different types:

Four press trucks, 4-ton.

Oue camera truck, 4-ton.

One plate-process truck, 2.5-ton.
Oue plate-grainer truck, 2.5-ton.
One laboratory truck, 2.5-10n,
One photographic truck, 2.5-ton,
One map fayout truck, 2.5-ton.

The first order for the new Lype Army Battalion mobile train was
placed with Peter Wendel and Souns, Ine., Irvington, New Jersey, in June 1942, The
first complete truck-mounted reproduetion traing were delivered to the field in January

1943 (Fig. 18).

by = 75

Fie. 18, Map reproduction unit with van type body on 2.5-t0n trek chassiy; - lahoratory section —

developed in World War i1,




(4) Portable Task Force Equipment. As World War II progressed, task
forees of divisional size would be detached at times from larger units. It was desirable
for these forecs to provide their own maps, cspecially those that were reproduetions of
acrial photographs. The Engineer Board proposed lithographie printing to meet this
necd, and in November 1942 it began to develop a portablc copying eamera and plate
processing set to accomp ny the Model 40 Multilith. The set weighed only 168 pounds.
Eight manufacturers were contacted, and hy March 1943 three of them had agreed to
eonstruet experimental models. Projeet MP404 was thereforc established. In the mean-
time, the requirement was so urgent that the Chief of Engineers procu.2d 20 Beattie
ficld process eameras and accessories, manufactured by the Progressive Promotions Com-
pany, Summit, New Jersey. The Model 221 Davidson duplieator, which wcighed 726
por.~ s, was supplied witlﬂthis scl. This equipment proved unsatisfactory in the field,
largery becausc it could not withstand field usage.

Both tlie Huebner Laboratories, New York City, and the Ruther-
ford Machinery Company Division of the General Printing Ink Corporation, New York
City, delivered experimental models to the Engineer Board in April 1943. At approxi-
matcly the same time, projeet approval was obtained from the Army Scrvice Forces.
Tie experimental nodels were promptly tested by the Engineer Board and returncd to
the manufacturers for some suggested modifications. During Joly, the third modei man.
ufactured by Amerizan Type Founders, Inc., Elizabeth, New Jersey, was delivered to
the Enginecr Board. By September, three sets of equipment, including modified Huch-
ner aind Rutherford sets, were submitted to the 665th Enginecr Topographic Company
Corps for service test (Figs. 19, 20, and 21).

Fig, 19, Portaige task foree cquipment developed in World War 11, plate whirler und processor.
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The model 40 multitith was foind unsatisfactory in these tests. Of
the three portable eamcras and plate proeess sets, the one manufactured by the Ruther-
ford Machinery Comnpany was the most satisfactory, primarify because it was lighter
and more portable and required the least modification. The sct was finally elassified
standard in May 1944, with a modificd model 221 Davidson duplicator that had been
emptoyed in Lests by the Engineer Board.

The projeet was closed in June 1944 oniy about 14 months after
its approval by the Army Service Forces and barely 18 months after initial contacts
with manufacturers regarding eqnipment development.

(5) Lithographic Press Development. Lithographie press development
through World War 11 consisted primarily of investigating and testing lithographie press
cquipment on the commereial market for specifie field Army applications. 1n some in-
staners, the equipment was modified to better suit Army needs. In 1934, several multi.
fith machines manufactured by the Addressograph-Multigraph Corporation, Cleveland,
Ohio, were tested for application at the regiment or division levels, and of these the
model 200 was favored and recommended for service 1esl. This was a small, hand-oper-
ated machinc giving a 9-inch by 12%-ineh impression. Although the machine proved
generally acceptable in service test in 1936, the Engineer Board recommended its reiec
tion in October 1937 beeause a larger multilith, electrically operated and capable of
printing a 12:inch by 19-inch map, was then being 1ested.

The larger press, originally model 216 and later model 2066, had
been obtained in February 1936 and was slightly modified in the Engineer Board shops.
1t weighed 1200 pounds and produced 4000 copies per hour. This press, together with
another smaller multibth machine, the model 40, was included in the original trailer-
mounted Corps Company map reproduction plant developed for serviee testing in 1937,
(The model 40 was also eonsidered later for the Portable Task Foree Reproduetion Set.)

Later, the Davidson model 221 duplicator was tested by the Engi-
neer Board. it was uitimatety adopted n 1944 in lieu of the model 40 multilith for the
Portable Task Forcee Equipment.

Although the Modcl 2066 Muitilith had been successfully service
tested twice, it was still not completely satisfactory. lleavier offsct presses were simpler
to operate and gave better results particularly for fine-screen halftones. This was becom:
ing an overriding consideration in the late §930°s with the introduetion of the photomape.

In August 1939, the 6th Engineer Topographic Battalion suggested
the replacement of the Model 2066 Multilith with a ncwly developed 17-inch hy 22-inch
press manufactured by the Harris Seybold Potter Company, Cleveland, Ohio. This
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suggestion was rejected by the Engineer Board on the basis that the press, which wei zhed
4750 pounds, was too heavy for mobile units, By mid- 1941, however, the manufac turer
had redesigned the press for Engineer Corps Company uses. The new machine, designat-
ed the niode! LTE, weighed anly 2264 pounds, A later change in design enabhod the
press to accommodate a 20-inch by 22%-inch sheet (Fig. 22).

i

i

}

i

Fig. 22. The Model LTE Harris Press- 20 by 22%inch sheet size,

After a representative of the Engineer Board examined this press at
the factory. it was recommended for immeduate proeerement, The ficst aidie fon 38
unite was placed in October 1941, The pilot model was delivered in November. and «
number of changes were made betore the production models were fabricated. The model
LTE Narris press was standardized on 30 July 1942,

In September 1944, the Army Air Forees called a conference in
Washington, ). €., to discuss the application of the portable task forec equipment to
Air Foree needs. The conference was attended by representatives of the Air Forees;
the Office, Chiet of Engineers; the Engineer Board; the Army Map Serviee; the Office,
Quartermaster General; and G-2 section of the War Department General Staf . 1t was
decided at this conference that all foture development and procurement of map
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reproduction equipment should he of items readity transported by air in standard cargo
pManes. The Army Air Forces Board was directed to determine the military requirements
for reproduction equipment, The board filed its report on 28 November 19447° and
among other things recommended that the Army Air Forces and the Corps of Engincers
open a joint development project on an air-portable reproduction unit consisting of a
22-inch by 29-iuch press, 24-inch by 36-inch copying camera, and related equipment.
This report was finally approved by the Commanding General, Army Air Forees, on 30
May 1945: hat, in the meantime. the Engineer Board had been working on a plan for
the proposed joint development. 1t was decided that the most feasible approach was to
divide the project into two parts: one on the airborne camera and plate processing
cquipment; and the other on the aithorne press, Approval from the Army Service
Forces was obtained in Tuly 1945 after coordination with the Army Air Forces and
Army Ground Forces, Projects MP 580, Airborne Camera and Plate Process Equipment,
and MP 581, Airborne Press, Lithographie Offset were approved on 18 July 19435,

Development work on these items was delayed when the war ended.
ln Angnzt 1945, the Engineer Board ordered an ¢xperimental model airborne press from
the Webendorfer-Wills Division, American Type Founders, Ine., Mt. Vernon. Mew York.
Produnction was delayed ny plant reconversions, Abso, in August 1945, the Litho Equip-
ment and Supply Company of Chicago, lllinois, submitted a promising bid for the air-
borne camera, hut negotiation of the contract was held up by plant reconversion and
eventialty lapsed, In March 1946, the Zarkin Machine Company, New York City, con-
tracted to boild the experimental camera and 3 months later agreed fo snpply the plate-
processing equipinent. The airborne press was still not in produetion at this time.

(6) Copy Camera Development. The service tests of the original Corps
Company mobile reprodeetion plant in 1938 and 1939 disclosed the need for a mabile
copying camera, In November 1939, the Engineer Board requested anthority to open
Project SP2Z1GA for a mobile camera capable of prodneing negatives with a imaximom
size of 24 uches by 24 inches, On 12 Jannary 1940, a development contraet was award-
cid 1o the Rntherford Machinery Company Division, General Printing tuk Corporation,
The experimental Ratherfonl camera was delivered in March 194,

In the meantime. the Engineer Boared forwarded a draft specifica-
tion for the 2-kinch Iy 24ineh camera carly in Marelh 1940 and the Chief of Enginecrs
mmediately issued ivitation for bids so that maobile vameras conld be supplicd to the
29th and the 30th Fngineers in tioe for Aray manenvers in Angost. Asacresnlt of this
invitation, a contract tor three caneras was awarded to the Lanston Monoty pe Machine
Company. Philadelphia. Pennsybania. L July and Augnst 1940, the Engineer Board

2.'1"|'.quipmt‘m. Reproduction. Poelable, for Task Forces (Figineer Roard Modeh) and feguirements for Reproduc.
tion Facllines for AAF Tuclical Operations,” AAF Bd, Reporl, 28 Novesnber 1944,
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fitted out and shipped four trailer-mounted copying cameras, two to the 30th Engineers.
and one cach to the 20th and 64th Engineers. After brief tests in the field, quantity
procurement of the 24-inch by 24-inch camera was initiated in December 1940 by an
order to the Lanston Monotype Machine Company. The camera was finally standard-
ized on 30 July 1942,

it

Fig. 23. Huebier vertica. progection camera, 10 by 10 inch,

The 10-inch by 10 rrlival projection camera (Fig, 23) was
alse developed during the war to provide s camera unit within the combination semi-
trailer reproduction plant developed for the Corps Company so thal a separate vehicle
as required for the 24-inch by 24-ineh camera (Fig. 24) wanld not be necessary. An
experimental madel of this camera was ordered from Haebner Laboralories, New York
City. in January 1942 and was delivered 1o the Engineer Board in the same month, A
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Fig. 24. Mobite process camera—24 by 24 inch.

few corrections were made after tests by the Engineer Board, and 30 production units
were orderca for the fiest fot of Corps Compuny Reproduction Plants,

The Services of Supply wounld not classify the trailer-monnted re-
production sets as standard, and in Getobwr 1942, asked that they be redesigned for
tenek inonnting, 1t proved preferable to provide a separate truck with the 24-inch by

:
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process seetions,

(7) Rapid Photographic Printers. in the late 1930°s and carly 1940%,
the quality of lithographed reproduction of phoetomaps was so low that fickd organiza-
tious atway s preferred contaet prints, Tnerefore, in 1939, the Engineer Board directed
itx efforts toward development of rapid photographic printers and proeessors to repro-
dnee the T3A compasite photagraphs which weee then the aceepted type of hasty
photomaps.

tnitially, the Engineer Board was direeted to develop two types of
contact printers: a mebite machine for reproducing prints np to 20 inches by 24 inches
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in size at the rate of al least 600 per hour, aud a larger machine for base plant use. This
was later modified at the request of the Engincer Board to the development of a semi-
permanent type eapable of haudling prints np 10 20 inches by 24 inches and a trnck- or
trailer-mounted unit for pricts up to 10 inches by 15 inches.

Work oun the two types proceeded simultancously, and Mr. Garra-
way of the Garraway Company of Rutherford, New Jersey, was engaged to design the
equipmenl and to supervise assembly of the experimental models at Fort Belvoir. De-
signs were completed by February 1940, The larger printer was assembled by Septem-
ber, and the molile unit was completed in November.

Neither of these developinents was satisfactory. The large unit vas
too bnlky for truck mounting, and in Novemher 1942 it was suggesied that it be trans-
ferred to Army Map Service. Since the Army Map Service did not want it, the Chiel
of Engincers authorized its salvage in April 1943, The mobile unit was installed in a
van-lype scmitrailer and was shipped to the 64th Engineers for service ' st On 27 june
1941, the 64th Engineers issued an adverse report noting thal the printer should not be
added to the reproduetion plant ol the Corps Company because it had eertain mechani.
cal defeets and the printing arca was limited to 10 inches by 15 inches whici was too
small to efl. avely use the new wide-angle photographs.

In November 1940 after the introduction of wide-angle photogra-
phy. work had begun on a mobile machine for enlarging the 9-inch by 9-inch negai «
to as mueh as 20 inckes by 20 inches, with a production rate of 600 per hour. The
jose of the enlargement was to produce a phalomap at a scale of 1:20,000 from plo.
graphs taken with the 6-inch metrogon lens. In those days, the pholographs weré nsi..
ly at a scale af about 1:40,000.

The experimental model of this machine was completed in Febru-
ary 1942, It was mounted in a van-lype semilrailer and shipved to the 665th Engincer
Tepegraphie Battalion for service tesi in Orciober 1942 (Fig. 25).

The trailer-mounted Garraway projection printer was lested exten.
sively in the summer of 1943 during the Secand Army mancuvers in Tennessee. In
Augnst 1943, the 665th Engineers reportedd that it wonkd be a valnable addition to the
mobile reproduction equipment with certain vivnges, including provision for production
of [.rints of the same size as the original negati.¢ and tenck mannting for better mobility.

The wnit in a truck-mounted versior was standardized in March
1944, The experimental madel was eventnally shipped to the 660th Engineer Topo-
graphic Battalion, GHQ. in the Eoropean Theater, In June 1944, this unil suggested
the addition of a contact-printing attachment. This was accomplished by a change in
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Fig. 25. Garraway Rapid Photographic Projection Printer.

specifications. At the same time, a 1:25,000 grid assembly was added. 1o May 1946,
the Army Ground Forces requesied the addition of a printing attaclunent that would
handle roll film. This development was authorized in July 1940.

Only limited procurement of the Garraway printer occurred. he-
cause, in February 1944, the Army Ground Forees decided that the standard photo-
graphic section of the Army Battalion's mobile train, with its A-14 contact printers
and Edward enlarger, should be issued to the Corps Company instead of the Garraway
printer.

(8) Miscellaneous Investigations. In addition to the above outlined
major azcomplishments of this period, a number of other investigations are significant
in terms of the overall problem and development of map reproduction equipment and
technigues. Sone of the most important of these developments will be noted in the
following paragraphs,

(a) Bloom Process. In the period 1934 to 1936, Master Sergeant
Fred 11, Bloom, who had been assigned to the Engineer Board ta work ou map reproduc-

tion problemns, developed a method of making fulltone lithogranhi: paies direct from
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continuous-tone photographic negatives without the usc of a copy camera or halftone
screen. The Engineer Board issued a pamphlet—Full Tone Reproduction—on the Bloom
process around 1936, and a patent was granted in 1938.

This development was particularly significant at the time since
the quantity reproduction of continuous tone imagery without loss of detail was a ma-
jur problem and halftone techniques had not proved entirely satisfactory.

The Bloom process was used expcrimentally for a few years
but was never adopted primarily because it was not consistently satisfactory in the field.
in addition, the devclopment of the halftone process became more profitable with the
introduction of a 300-line contact screen.

(b) Halftone Screens. in 1939, the Engineer Reproduction Plant
and the Eastman Kodak Cuinpany, Rochester, New York, began joint investigations
with an acetate-film contact screen. This led to the successful development of 300-line
and 150-linc magenta contact screcns by the end of 1942—a significant advance in the
field of lithography. This development overcame to some extent the widespread preju-
dice against lithographed maps,

(c) Map Paper. In l'cbruary 1940, the Chicf of Enginecrs assigned
project SP 3098 jointly to the Engincer Board and the Enginecr Reproduction Plant to
couduct investigations to improve the 50 percent rag stock map paper which had been
used up to that ime. Thc assistance and advice of the Government Printing Office and
the National Bureau of Standards were obtained, and working closely with leading paper
mills, by mid-1943 a 48-pound paper that was highly resistant to water and oil and was
considerably stronger than either sulphitc or rag stocks was developed. This paper,
called high wet strength paper, had remarkable characteristics well suited to military
applications.

(d) Microfilming. Thc possibility of microfilming maps and photo-
maps on 35-mm film transparencics with safficicnt quality that such miniatures could
subsequently be used to make lithographic press platcs or maps by enlargement was in-
vestigated in 1941 and 1942, The work was done primarily by the Engineer Reproduc-
tion Plant using the Hucbner vertical camera as a test vehicle. 1t was concluded thai it
was impossible to achieve thc necessary resolution in either black and white or color
film and the project was abandoned.

(e) Printing Plates. Early in 1943, the Army Map Scrvice tested
a number of Plastolith (paper base) lithographic print plates produced by the Plastolith
Company, Boston, Massachusetts. The tests showed that these plates had a uumher of
advantages over the zine plate then in use: They reqnired no graining and thus climinated
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the need for a plate grainer; they could be coated manually, which made it possible to
dispense with the plate whirler; they conserved critical 2inc; their use resulted in lower
costs; and their weight was anly one-eighth that of zinc plates,

Further tests by the Engineer Board and the 654th Engineer
Topographic Battalion in May and June 1943 confirmed the findings of the Army Map
Service, and procurement of large numbers began in September 1943, Unfortunately,
many of the piates procured proved defective due to poor packaging which permitted
fungus to attack the plates. This was discovered ahout the time that the Engincer Board
and the Ariny Map Scrvice were lesting two types of paper plates, the Lithomat and the
Photomat, manufactured by the Lithomat Corporation, Cambridge, Massachusetts. Fur-
ther, it was found that these plates were incapable of producing cither halftone or line
subjeets to any degree of satisfaction, thercfore, by March 1945, it was recommended
that authorizalion for use of paper plates by topographic units be rescinded.

d. Surveying Accomplishiments Through World War 11.

(1) General. Befare World War 11, there was little or no research and
development activity within the Army in the general field of surveying, Since survey-
ing is an aneient art and the major survey ing instruments had existed for many years,
they were adopted and issued to the Army long hefore World War 11

In September 1939, the official report on the Military Mapping Ser-
vice Test held in Sonthern California camplained that the standard field surveying instru-
ments wer - antiquated and unduly heavy and reconmended that they be replaced Ly
inodern, lightweight, and more finely graduated instruments that would permit ficld
work to be accompdished more rapidly. The researeh and development efforts through
World War I1 were dirceted taward this end.

(2) Tive 1-Second Direciion Theodolite, To cstablish a domestie sonrce
of supply and at the same time provide a superior theodolite for military troup nse, the
Engineer Board on 6 Octoher 1939 recominended that a 1-second reading directian
theadalite Le developed. The Clhiel ail Engineers, after sorveying the possihility of de-
velojment with several damestic sneveying instroment contpanies, approved and assigned
Project SP321. Military Theadolites, on 25 July 1940.

This project was beset with diffienlties and exasperating defays
from the ontset. A development contract for two cxperimental models was awarded to
W. & L.E. Gurley in September 1948, but the first experimental model was not shipped
mitil Novewmber 194, This instriiment was nnsatisfactory in hoth iés optical reading
and viewing systems and was retorned to the manofacturer. The seeand experimental
model. eqnipped with steel eireles in fiea of the aliwnnmn ones on the first moded, was
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mspected in June 1942 and was found still defective. 1t too was returi. 110 the manu-
faeturer and was remodeled and resubmitted in September 1942,

In the meantimie the Burean of Standards began work in December
1941 to devise methods of constructing glass circles like those used in European Theod-
olites. 1t reported some suceess in the projeet in mid-1942. In addition, the National
Defense Research Committee was working on a new short teleseope design for the theod-
olite, Therefore, in September 1942, the Engincer Board recommended® that. pending
the incorporation of glass cireles and an improved telescope., the Gurley theodolite be
classified as substitute standard and procured ouly to meet urgent requirements.  Also.
in September 1942, a second development centract was awarded to the Keuffel and
Essey Company to ohtain an additional source.

A limited quantity procurement order (25 instruments) was placed
with the W. & L. E. Gurley Company in October 1942, Int preduction was delayed
pending fabrication of an iniproved experimental model. An acceptable model was not
completed nutil March 1944, 1t weorporated the newly desigued telescope bat still had
steel rather than glass vircles (Fig. 26). Nevertheless. the manufactorer was instructed
to proceed with production.

Fig. 20 Gurles Lseeond Direclion Theodolite, tO-14,

Z‘L'llm- Second Theodohte."” Engineer Board Repaorl 72249 September 14942
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By the end of the war, only 15 units had been delivered on the
W. & L.E. Gurley production order, and the Keullel and Esser Company had not yei
delivered experiniental models under its development contract.

(3) Military Level, The development of a new military level was autho-
rized in March 1941 1o provide an instrument more ef{icient than the stam'ard issue
diwapy level and lighter inw tzht than the precision level, On 30 April 1941, the Engi-
neer Board awarded a developinent contract ~ C, L. Berger and Sons, Ine., Boston,
Massachnsetts, for a new military level which was to be a modification of their tilting
level, The experitiiental model was tested in Deecember 1941, and a seeond improved
mnodel was orderedd. This improved model was tested in the summer of 1942, was fonnd
satisfactory, and was subsequently adopted to supersede tie preeision level entirely and
the dumpy level for issue to mapping units,

(+) Surveying Altimeters. The wartime role of the Engineer Board on
sunveving altimeters was principathy one of testiog surveying altimeters marketed by
Wallace & Tiernan Prodoets, Ine., Belleville, New Jersey ., working with the mannfacturer
to imprave the design for military application. and preparing procorement specifications.
This work began in March 1942.25 and both the 2000-Toot and the 15.000-Toot sltime-
ters were standardized on 31 March 1943 (Figs. 27 and 28).

Uiz 270 Sunvevng \ometer OO0 feet,

25

Mosurveying Allmeters . Frgmerer Board Bepont 723, § Vwevember F912,
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Fig. 28, Surveying Altimeter — £5.000 feer.

{3) Survey Computer. The first aitempt to develop a compnter for sur-
veving application began in 1940 when Captain Louis J. Rumagg. then Commanding
Officer of the 30th Engineers, proposed that a computer be developed to speed the re.
duction of surves data to provide eontrol for photogramraetric mapping. A machine
that would calenlate latitudes and departures to an aceuracy of 1 part in 30,000, given
range and azimnth survey data was reqrired,

tn September 1940, a development contract for such a device was
negotiated with the W, L. Maxou Corporation, New York City. It scon became evident
that the contractor lad undertaken more than he conld accomplish, and it was not until
April 1943 that the experimental model was ready for examination.

This device was a mechanical computer similar to those produced
at that time with sine and cosine cams ineluded for the solntion of the survey problem.
It was noisy, Trequently jammed, and did not mect the accuracy required even when it
operated smootbly. Sice the item was unaeceptable and could not be corrected. the
contract was cancelled: and no further attenmipt to develop a sirvey computer was made
until after the war.

(6) Astronomical Pueiiion Finding Equipment. On the eve of World
War L1, an urgent reguirement developed for a more accurale and rapid metbod and
equipment [or astronomie position location than the Navigation Equipment Set No., |
v-hicl was then available. (This set comsisted of an o-tant and a navigation wateh.) The
astronomical position finding cquipment was needed orinarily to establish reliable posi-
tion for hasie map amd chart control,

Gh




Y T i) Aol Sl dlld S b )

This requirement had becn anticipated by the Engineer Board, and
the development of a suitable astronomical position sct had begun in December 1940,

The first approach to this problem was the development of an astro-
labe. or equiangulator, an instrument for determining the position of the obuerver by
obscrving the passage of stars across a circle of cqual altitude. During the 1941 to 1943
period. the Tollowing types were procured for comparative testing (all were experimental
models with the exeeption of the one manufactured in London):

(s) 45° pentagonai-prim astrolabe — Cooke, Troughton & Simms,
Ltd., London (weight 11 pounds).

(b) Type Al 60° prismatic astrolabe — Eastman Kodak Company,
Roches‘er, New York (weight 56 pounds).

(c) Type Al2, the Al rebuiit by David Manu, Lincoln, Massz *hu.
sctts (weight 83 pounds).

(d) United States Naval Observatory model — the A1l redesigned
by the Naval Observatory (wceight 1012 poun.s).

(e} Gacrtner Model — the Al redesigned, in part, by Dr. 1.C.
Gard.icr, National Bureau of Standards, and built by the
Gaertner Scicntific Corporation, Chicago, Ulinois (weight 84Y
pounds).

) 609 split-telescope astrolabe, — designed by J. E. Willis, astron-
omer, U. 8. Naval Observatory, and built by the Observatory
(weight 75 pounds).

(g} First experimental model of the 60° pendutum astrolabe, a
new type invented by ]. E. Willis in 1942 to 1943 and bnilt
by the Naval Observatory (weight 74% pounds).

(h)  Second experinental model of the 60° pendulum astrolahe
built by the David White Company, Milwankee, Wisconsin
(v ight 34 pounds) (Fig, 29).

These investigations resulted ultimately 1 the seleetion of the pen-
dulum astrolabe, and the Engineer Board recominended in February 194426 that tf -

200 At b (¥ quiangulalors),” Engineer Board Report 791, 5 February 1944
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Fig, 29. 00" pendulum astrolabe manufactured by David White Company,

pendulimn astrolabe be standardized and procured for issue in place of the 20-inch tran-
sit in the astronomieal position sel.

While the astrolabe was hemy, developed, the Army Air Forees be-

came interested in the Zenith camera approach to astronomic pesition location. The
Army Air Forees, in conjunction with the Kastman Kodak Company, had designed a
24inch focal length Zenith camera in 1941,

A pilot model of the Air Foree-Eastman design, delivered on an

Engineer Board contract in Augnst 1943, was tested at the Naval Observatory and fonnd
quite accurate. However, it weighed about 180 pounds. Therefore, it was decided L
develop a more «oonpact ard simplified camera with approximately 12-inch focal fength.

Military characteristics for the simplificd Zenith camera (Fig, 30)

were prepared by the Air Foree, 1 Janvary and February 1944, the Engineer Board
ardered experimental models from the Eastman Kodak Company and from David W,
Mann, These models were delivered in Angost 1944 and were immediately tested by
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Fig, 30, Zenith camers sequipatend,

the Engineer Board. tie Naval Obzervatory, and the 311th Photo Wing, Testing result-
ed in the decizion ta adopt the Mann camera. Althongh hoth cameras we  sufficiently
accurate, the Yomn camera weighed less than 30 pounds and was considered mere snit-
able Tor field use, A final report?” on this development was submitted by the Fnpineer
Baard in May 1915 recammending that the project he elased,

Along with the Zenith camera development. the Fagineer Board
also developed a small contparator for ineasuring the star plates. Sis ol these compara-
tors were ordered fram the David W, Aann Company in Jane 1933, The Tirst was ex-
amined by representatives of the Engineer Board in Angnst 1943 andd was tater tested
wilh Tavorable resudts by the National Burean of Standards and the 311th Photo Wing.
The project, MP S, was closed i June 1945,

Mo in the periad FRES ta 195, the Engineer Board spent consid.
crahle effort on the investigabion of timepicees for nse inastronomical position location

27,

Invextigaton and Test af Zenth Cameras,” Engineer Reard Report 032 Final Kepoe?, 11 May 1945,
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and radur reeeiving sets for ealibration of the thnepieces against tiine signals broadcast
by the Naval Observatory. As aresnlt of investigations, a hreak-eircuit marine ckronom-
cter?® was adopted and an Engineer Board Manual on timepieees was prevared.?® The

investigations of radio receivers resulted ultimately in the recommendation thal the
standard AN/PRK-1 be adupted,

(7) Compasses. Although the compass iz not strictly a surveying instru-
ment, considerable effort was expended by the Mapping Braneh of the Engincer Board
in the World War 1] period on the development of small compasses for Infantry and
other arms.

The work started in 1938 when the Infantry requested that an in-
expensive, comniercial-type eompass be found to replace the murching compass then
issued heeause the marching compuss was too large, elaborate, and costly. This investi-
gation was assigned to the Engincer Board, and *t was soon found that no suitabie com-
mercial compass was uvailable. The W, & L.E. Guiley and the Taylor Instrument Com-
panies, however, were willing to make a suitable compass bascd on a new design; and
cach company made six samples in 1939 as ordered from the Engineer Board,

After testing by both the Infantry and Cavalry and some modifiea-
tion by the mannfaetnrers, in November 1940 the Engineer Board recommended pro-
curement of the eheap lensatic compass from bhoth mannfactorers.

Sinee the mechanical dampening arrangement in all compasses
availuble np to that time had not been entirely satislactory, the Engineer Board scaried
investigations of liquid dampening in December 1941, Compasses of hoth the lensatic
and the wrist type with lignid dampening were developed, tested, and adopted in the
1942 to 1944 period: and it was thonght for a time that the compass problen had been
solved. However, it was discovered that, with temperatore changes, an 2ir bubble often
developed in the compass capsule wlieh mpeded the free movement of the compass
needle and alfected the acenracy.

i fniy i 944, ife Snperior Magneiie Corporaiion, one of tive figod-
filled- compass suppliers. solved the lignid dampening problem by applying the indoetion
dampening prineiple, The compass hody was imade of copper which set npan eddy enr-
rent snd nagnetis Deld as the compass needle rotated, thos acting as a drag to dampen
the needle oseillation Samples were immediately proenred and tested. A= g eesalt, the
nndnetion dampened wrist compazs was stamlaedized i April 1935 and the induction
dampened lensatie compass was standardized in Vi 1945,

3“-1“,(.‘“@“"" of Tumepieces for Astro Fixes,” Eiganeer Boasd Beproet 020, Final Yeport, 24 March 1945,
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(8) Miscellaneous Investigations. In addition to the above major pro-
grams, there were a number of other investigations, the more significant of which are
noted in the following paragraphs.

(a) Military Slide Rule. In June 1942, the Field Artillery Board
requestcd that a slide rule be developed to solve base triangle problems, and this develop-
ment was assigned to th > Engineer Board, Working closely with the Field Artillery, the
Engineer Board developed and recommended for adoption in Oetober 1942 a 20-inch
slide rule graduated in mils, Later, i 1944, this design was replaced by a 10-inch
engine-divided rule mannfactured by the Keuffel and Esser Company for the Field Ar-
tilleny School.

(b) Special Navigation Equipment. In February 1942, the Chief
of Engincers approved a program for providing navigation aids for desert fighting which
had been proposed by ihe Engineer Board, Under this program, the Engineer Board
recommended two navigation sets (Set No. 1, Celestial, and Set N, 2, Dead Reekoning)
in May 1942, These were standardized in September 1942, and tentative field manuals
to accompany the scts were prepared by the Engineer Board.

An interesting part of this investigation was the developinent
of the land sextant, invented by Captain William 8. Litile of the Mapping Branch, Engi-
neer Board. Essentially a climometer that had a low-power teleseope with cross hairs
and illumination for night operations, it was designed for making rough astro-fixes. 1t
was developed beeanse of the fear that bubble octants wonld not be available in suffi-

3 cient quantities. The land sextant weighed only 5 ponnds. Models of the land sextant
were built by the Engineer Depot, Columbus, Ohio, in September 1942 and by the

| Naval Observatory in December 1942, The project was dropped in 1943 since the short-
age of bnbble octants did not develop as anticipated.

{c) Subtense Method. In the subtense method of distanee mea-
surement, the distance is calenlated fram the horizontal angle subtended at the survey-
inig istrioneni by a botizanial bar of {ixed length ai i disiani point. This method
was investigated in 1940 by both the 29th and the 30th Engineers. Althongh satisfac-
tory resnlts were obtained sing a Wild T2 theodalite, no further ar2iow was taken antil
December 1943 when the matter was reopened by the Chief of Engineers. Comparaiive
tests were then condueted of the salitense method and a shorl-hase triangulation
ncthod by the 6515t Engineer Topographic Battalion, These tests shawed the snb-
tense inethad the more snitable, and as a result the Fngineer Board recominended that

3"“Navi;ralirm for Gronnd Feorees; Part |, Celeslial Mavigalion; Part 1L, Dead Reckoning,™ K1 Tenlalive FM,
11 March 1943,




a subtense bar be developed Tor nnits equipped with the 1-second theodolite.®' No for-
ther action was taken on this recommendation throngh Workd War 11,

(d) Plotting Boards. In June 1944, the North Alrican Theater
Headgnarters snggested the development of a wight-illumiated plastie yrid table to pro-
vide a more snitable means for plotting snrvey data for artitlery fire control. At that
", paper fining charts thomb-tacked to wooden plotiing boards were heing used, The
problem was assigned to tw Engineer Board, and experimentsl models in the two sizes
requested. 28 inches by 28 inches and 38 inches by 38 inches, were built in the Fng-
neer Board Shops. These were approved by representatives of the Apny Gronnil Forees
and were standardized in Febriary 1935 less than 8 months after the suggestion was
made by the North African Theater.

19. Research and Development Programis, World War 11 to 1960.

a.  Introduction. By the close of World War 1. there were only 15 active

rescarch and deselopment projects in the topographic enginecring Tield with an annnal
eapenditure of approximately $150.000. The active projects at V] day were:

PP 321

MP 321A

\IP 188

P 5380

WP 581

\IP 593

\IPS 205
MPS 2030 (2)
MIPS 2050 (3)
M 203F,
MPS 205F (1)
IS 106

MPS 409
MES O

MPS 453

Militury Theodolite

Military Theodolite

Rectifying Camera

Arrhorne Camera and Photo Process Equipment

Airborne Press, Lithographic Oflse

High Obligne Multiplex Projector

lmprovements in Map Technigne

Inspection ol Moltiplex Equipment

Vertical Control for Aeronantical Charting

Wide Angle Mapping Equipment

Camera Calibrations

Investigation and Modification of Photomapping
Fajuipment and eciimigne

Investigation and Modification of Map Beprodoe-
tion Egquipment and Techmgues

lovestigation and Modilication ol Surveying Eqnigr

minlt

Relief Maps

Closed

Sep 46

24 Jnl 46
24 Jul 46
24 ol 46
12 Sep 47
12 Sep 47
12 e 47

12 Dee 47
12 Dee 47

12 Dee 38

l‘”"led Tests of Short-Base Trangulalion and Sublense Bars,” Engineer Board Reporl 870, 22 September 1944
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After V] day, the funding level for topographie rescareh and develop-
ment was greatly inereased, with a conenrerent increase in persoanel strength in the Topo-

graphic Engincering Departinent. Programs were implemented to re-cquip topograplhice
troop units with items properly designed for ficld application (o replace items adopted

i haste during World War 11, Most of the research and development projeets active at

V] day were cither closed or superseded by new projects in the 1946 to 1947 period

because new military characteristies were developed based on wo rtire experience and

advances in materials and methods.

In Septeqaber 1947 the system for mimbering projects was changed. In

the period from 15 August 1945 to 30 hine 1950, the projects approved and worked

1 were:

#-31-05.003
8-34-05-004
8-34-05-005
8-34-05-006
8-35-01-001
8-35-01-002

8-35.02.001
(I MP 745)
8-35-02.002
8-35-02-003
8-35-03-001
8-35-03-002
8-35-03-003
(Old MP 742)
8-35-03-004
(Old NIP 747)
8-35-03-005
(Old MP 751)
8-35-05-660
(Old MP 802)
8-35-03-007

8-35-03-004
8-35-03-009
§-35-03-010
B-353-03-011

*Projecis aclive ag of 30 June 1950,

Compass, Lensatic

Compass, Sun, Universal

Azimuth Determination Methods

Compass, Wrist

Anthorized Investigations, Mapping, Charting and G eodesy

Authorized Investigations, Aerial Photographic Fquipment
for Mapping

Field Artillery Plotting Equipment*

Cartographic Bases, Stable*

Range Deflection Instruments and Aceesvories*
Rectifying Camcra®

High Obhque Multiplex Projector®

Projector, Reflecting, Portable*

Camera, Reetifying, Tilts to 20 degrees, Autofocus, 9 by 9
inch*
Photomapping Equipment Motorized*

Siereoscnpe, Magnifying, Mirror, Foiding w/Dctachabie
Binocnlars and Case ®

Instenmuents, Plotting, Steveoscopic, Multiplex, Set No. 7
Short Frame*

Stereoplotter, Topographic, Portable*

Templet, Slotted, Mechanical, Set*

Height Finder, Obhque, Topographic*

Skelchmaster, Obligue®



8-35-03-012
8-35-03-013
8-35.03-014
8-35.04-001 (MP 799)
8-35-04-002 (MP 831)
8-35-05-001 (MP 828)
8-35-05-002 (MP 868)

8-35-05-003
8-35-07-001
8-35.07-002
8-35-08-001 (MP 800)

8-35-08-602 (MP 804)
835.09-001
8-35-09-002
8-35-09-003
8-35.09-004 (MP 735)

8-35-09-005 (MP 739)
8-35-09-006 (MP 760)
8-35.09-007 (MP 790)

8.35-09-008 (MP 791)
8.35-09-009

8-35.09-010

8.35.10-001
8-35-10-002 (MP 577)
8-35-10-003 (MP 798)
g 33 10.004
8.35.10.005
8-35.10-G06
8-35-10-007
8.35-10-008 (MP 867)
8-35-10-009
8-35 10-012
8-35.10-013
8-35-10-014

*Projecls aclive a<of 30 June 1950,

- —— i

Photoangulator, Topographic*

Multiplex Equipment Motorized*

Mapping with Minimum Ground Contro*

Computer Survey Electronic*

Geodesy for Navigation of Long Range Guided Missiles*

Utilization of SHORAN for Mapping*

Utilizaticn of Ground Survey Eleetronie Equipment for
Mapping*

Utilization of Radar Presentations for Topographic Mapping*

Terrain Model Produetion Methods*

Terrain Model Making Equipinent, Mobile

Application and Utilization of Very High Altitude Aerial
Photography for Mapping*

Color Photography Applied to Mapping*

Camera, Copying, Mobile, Process, 24 by 30 Inch*

Press, Lithogrephic, Offset, 22.5 by 29 Inch*

22- by 29.-1nch Spirit Duplicator*

Cutter, Paper, Hand and Power Operated, Lightweight,
30.5 Inch*

Reproduction Equipment, Ammonia Process*

Infrared Light Sources for Lithographic Process*

Reproduction Equipment, Topographie, Motorized Map
Layout Section, Set No. 2*

Photo Lettering Machine* ’

Rapid Production of Photographic Prints for Ground Foree
Use*

Lithographic Rescarch Applied to Map Reprodaction in the
Ficld*

Theodolite, 1 Seecond*

Theodolite, 10 Sccoml*

Tower. Triangulation, Lightweight*

Altlincte, Sw \rt'_\rill;:"L

Helicopter Survey Method for Mapping®

Tribrach, Universal*

Tripo? Universal*

Sneveving Equipmaent, Mobile Control Seetion*

Themlolite, 1 Minute

Comparator, Radio Time®

Astronomic Orientation Attachiment®

Pedumeter, Striche Registering®
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I the period from 1950 10 1960, many of these projects were success-

flly completed, resnlting in cither standardization of an item of eqnipment, substitu-
tion or addition of the iten to appropriate sets of equipment. or the pubhication of a

formal report.

Again, around 1950, the annnal funding level almost tripled 1o approxi-

malely a nine-fold increase over the last year of World War I, The program continued
1o concentrate on solving problems of fickl topographic troop s, although a number
of exploratory programs were conducted, These formed a solid foundation on #hich
to binld the research and development prograin of the 1960%. There was also greater
emphasis given to basic and apphied rescarch, particularly in the late 1950', in varions
scientific disciplines for new principles and technignes pertinent 1o surveying, geodesy,
mapping, pesilion delerminalion, largeling, cartographie drafting, information display
and dissimination, and map reproduction for application to meeting both tactical and
strategir requirements for geodetic and mapping data.

8-35-02-104

4-35-03-122
8.35-03.215

8-35-03-216

B-35-03-217

d-35-03-218
4-315.03-220

8-35-03-221

8-35-03-222
8-35-103.521)
#-35-03. 111
8.55-03-118
8-35-03-121A
B-33-0.3- 460

B-35-03-540

New projeets initiated doring the 1950% were:

Cartograpliic Drafting Methods and Equipment — Approved 7 Sep
1951

Precision Globes and Spherical Map Sections — Approved 7 Nov 1952

Stereoplotter, Topographic, Projeetion Type, High Precision —
Approved 12 Jan 1951

Rectifier, Photogrammetric, for 9-Inch by 18-In¢h Photography, 12.
and 24-Inch Focal Lengths, Autofocusing — Approved 3 Aug 1951

I'rinter, Photographic Reduction, Multiplex, Variable Ratio, for
6-lnch Photography With Planigon or Metrogon Lens - Approved
4 Jan 1952

Photodelineator, Oblique — Approved 7 Nov 1952

Convergent Photography in Mapping, Equipment and Teclmiques for
Utilization of

Processing Equipment Hapositive tor Stereophologranmetric Map-
ping Requireinents — Approved 5 Dee 1952

Map Hevision Techniques and Eqguipment = Approved 3 Ang 1956

Orthographic, Phologrammetric Printer — Approved 6 Sep 1957

Fundamental Factors for Map Compikition and Control

Basic Frror Factors in Stercophologrammelry — Approved 7 Mar 1952

Basic Research tor Topographic Mapping

wonveraent Phe” graphy in Mapping, Faquipment miud Technignes Tor-

Lorvergent Phe” graphy in Mapping, Equipment and Techmigoes Tor
Approved 2 Apr 1951

Army Phole: Tmagery Interpreters Kit = Approved 2 Dee 1959
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8-35-09-112
8-35-09-113

8-35-09-114

8-35-09-115
8-35-09-116

8-35-09-117
8-35-10-115
8-35-10-116

8-35-10-117
8-35-10-118
8-35-10-119
8-35-10-120
8-35-10-121
8-35-10.122
8-35-10-123

8-35-10-124
8.35-10-125
8-35-10-126
8-35-10-580
8-35-10-600
8-35-10-620
8-15-18-105
8-35-11-106
8-35-11.05-40

8-35-11-580
8-35-12.400
#-35-12-100
8-35-12-440

b.

Modification of Motorized Map Reproduction Sections — Approved
6 Oct 1950

Xerograplty, Application to Map Reproduction — Approved 4 Jan 1952

Press, Lithographic Offset, Web-Fed, for Map Reproduetion — Ap-
proved 7 Mar 1952

Acrial Photo Reproduction Equipment Motorized — Approved 12 Sep
1952

Separator, Color Scaming Topographic Map — Approved 1 Jul 1955

Press. Offset, Lithographic, Two Color 22%- by 30-Inch — Approved
i Feb 1957

Target Map Coordinate Locator Equipment — Approved 28 Mar 1958

Tripod, Ranging Pole — Approved 4 Ang 1950

Geodimeter for Measuring Distairees by Lightwaves — Approved 2
Feb 1951

Turget, Light, Pole, Ranging — Approved 5 Oct 1951

Triangulation Traverse Equipment — Approved 1 Fely 1952

Indirect Distance Measurement - Approved 5 Dee 1952

Use of Army Aircraft in Survey Operations — Approved 5 Dee 1952

Computer, Survey, Eleetric - Approved 7 Aug 1953

Compnter, Traverse, Portable — Appraved 2 Feb 1951

Utilization of Ground Survey Electronie Equipnent for Mapping —
Approved 5 Sep 1947

Automatic Position Survey Equipment — Approved 7 Dec 1956

Geodimeter, 3-Kilometer Range — Approved 2 Aug 1957

Geodimeter, 30-Kilometer Range

Theodolite Antomaiic Tracking — Approved 5 Sep 1958

Arlillery Snrvey System — Approved 5 Sep 1958

Inertial Survey Egnipment — Approved 3 Oct 1958

Target Location for Army Surface-to-Surface Missile

Analytical Photogrammetry — Approved 5 Oct 1956

Automatic Map Compilation Techmigaes and Equipment — Approve
6 Sep 1957

Uttra Wide Angle Photography in Mapping, Eanipntent and Technigues
Tor the Utilization of — Approved 6 Nov 1959

Research for Surveving and Geodesy

Rescareh for Map Compitation

Heseareh for Map Reprodnetion

Photomapping Accomnplishments, World War 11 to 1960.

(1} Tri-metrogon Fquipment, At the close of World War 11, wark was

in progress to bprove meicts for expdoiting the trisietrogon ptotagraploy, particularty
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for contouring. Two approaches were being pursued by the Engincer Board, One of
these was 1o rectify the oblique photographs as a step in map compilation. Expeniment-
al model rectifiers were ordered — one from the Aero Serviee Corporation, Philadelphia,
Peunsylvania, and the other from the Bausch and Lomb Optical Company. The otter
appruach was nsing specially designed high oblique moltiplex projectors. Eghteon of
these projectors were procnred from the Bausch and Lomb Opticat Company for test
purposes,

Neither of the experimental moded rectificrs vas satisfactory, so a
contract was awi rded 10 Fred P, Wilcox, Bethesda, Maryland, to modify the Bausch
and Lomb model to provide an improved light source, increased rigidity for van mount.
ing, and a more satisfactory method for setimg and locking the motions (Fig. 31). This
was completed in 1948 and engineering tests were made in 1948 and 1949.92 This
instrament was a horizontal projecting 1y pe. with cireles and scales for mechanicalty
setting computed angles as well as negative to lens and lens to casel distances. 1t was
designed 1o rectify 6-inch Tocal length photography with tilts up 10 70 and 12-inch
focal length photography with tilts np 10 30, Service test of this itlem was waived by
the Army Field Forees, and it was classificd standard in April 1954,

Fig. 31, High Obligue Beetifier Banseb and Lomb made! modified and eelmilt by Fred P, Wileox,

32“?riu!rr‘ Photyraphic, Horizoutal Prajection, Reetifying, Tits Under TD for 9% Inch Acrial Roll Filin,” ERIY
Report No, LLat, 3 Mareh 1950,




The oblique multiplex projectors were tested Ly the Engineer
Board and also by the Army Map Service in 19500 1t was fonnd that although the
oblique multiplex progectors met all requirements of the adopted military characteris-
ties, they were not sufficiently superior to the converted vertical projector developed
during the War 1o warrant classification as a standard item,

Other items of tri-metrogon equipment were worked oncin the
post-World War 1l period under projeets designed 1o provide stems aceeptable for com-
mon use by the Air Foree, Corps of Engineers. and the Army Ground Forees, These
were a pliotoangulator (Fig. 32). 2 mechanieal slotted templet set (Fig. 33). an oblique
l shetehmaster, and an oblique hieight Tinder for measuring clevations on confacl prints
of tri-metrogon acrial photography (Fig.33). The photoangulator vias completed in
1950.* and the Hem was classified standard in April 1931, The deselopment of the

T e,
——

Fig. 32. Photoangulalor for ase with th-metrogon oblique sholography

:‘:"‘I)cvr]opmml of Projector, Muliiplex )blique, Wide Angle,” ERDL Leport 12041, Final Report, 31 May 1951,

ephotoangulator,” ERDE. Report 1185, 18 October 1950,
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Fig. 33. Mechanical Slotted Temple: Set.

Fig. 34, Experimental Oblique Neisht Finder,
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inechanical slotted templet set was completed in 195125 and the item v as classified
standard in September 1952, The Oblique Sketchmaster development was completed
in 1952.%% The development of the Oblique Height Finder was not completed until
1955°7 when the item was classified standard.

Fig, 35, Oblujue Photodelhovator,

The Obligne Photodelineator was another item of tri-metrogen
cquipment worked on in the mid 1950° (IFig. 35). This item. approve:d T Novenber
1952, was intended to provide a simple shetching instrument to facilitate coripiling
mapz from obligne tri-metrogon aerial photography and to overcome operational defi.
ciencies of the Obligne Sketehmaster. An engineering lest model was developed under
comlract by the Scientifie Enginecring Company. As a result of engineeriog lests of
this moalel, it was concluded that, althonge the design principles were theoretically
sound, the aims of the project coald not be seivieved with a simple mechanical device

35"Slollrd Teinplel Set With Radial Stainless Sieel Anns and Plywood Chesl,” ERDL Report 1208, 25 July 1951,
Y- ()blique Sketchmasier,” ERDL. Reporl 1274, 14 December 1952,

37“”!‘"‘]0[}1’“!‘"! of Lieghl Finder, Obligue, Topographie,” ERDL Report 1383, 8 November 1954

80

Rk b

Rt




and that further development of the instrument would result in a large precizion instru-
ment both difficult and cxpensive to produce. 1t was further concluded that develop-
ment of sketching equipment of this ty pc would offer only marginai iniprovemnent over
present cquipment. This project was cancelled in October 1957.

{2) Photogrammetric Rectifier. While a horizon:al projecting rectifier
was under development in the late 1940’s, primarily for the rectification of the oblique
tri-metrogon photographs as noted previously, another rectificr devilopment was initi-
ated in November 1946 to provide an automatic focusing, vertical prejecting rectifier
suitable for installation in a mobile mapping van and capable of rectifying 9-inch by
9-inch photography of either 6-inch or 12-inch focal length with tilts up to 20° (Fig. 36).
This device was to be applied primarily to the production of controlled mosaics as a
topographic map substitute. Up to this time, only European inanufacturers produced
cquipment of this typc, and it was not designed for installation in mobile mapping vans.

Fig. 36. Automatic Focusing Vertical Projecting Rectifier.

This development procecded smoothly without any nnusual com.
plications or delays. A devclopment contract was negotiated with the Bausch and Lomh
Optical Company, Rochestet, New York, and au experimental model was delivered (o
ERDL in January 1948. Two service test modzls were ordered in June 1949, and the
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contract was modified shortly thereafter for three additional instruments for the Aero-
nautical Chart Scrvice, the Corps of Engineers, and the Navy, Before delivery of these
instruments began, another contract was awarded for seven additional instruments in
May 1950. By 1952, service tests by the Air Force and the 656th Engineer Topograph.
ic Battalion were completed,” the item was classified standard, and the project was
closed in September of that year.

Fig. 37. Autofocusing Rectifier, 9 by 18 inch.

In the meantime, intcrest had developed in the use of long focal
length photography with 9-inch by 18-inch format in multiple camera installations to
supplement basic mapping coverage and to provide sufficient scale and image quality
to identify topographie map detail. Consequently, in August 1951, a project was initi-
ated to develop an autofocusing rectifier (Fig. 37) for this photugraphy so that it could
be uscd for mosaic construction. The military characteristics called for the rectification
of 6-inch focal length photography with tilts to 10°, 12:inch focal length photography
with tilts to 20", and 24-inch focal Jength photography with tilis to 30°. 1t was also
to be suitable for mobilc van installation.

m"[)evclopmcnl Servire Tests, and Production Model Tests and Autofocusing Rectifier,” ERDL Reporl 1307,
7 July 1953,

82




The Kargy! Company, San Antonio, Texas, was contracted for an
experimentai model, and the Bausch and Lomb Optical Company was contracted to
develop a special 14-inch focal length, wide-angle projcction lens for the rectificr.

Engineering tests of the experimental model were completed in
1956, % and the experimental item was modified by Reed Rcsearch Inc., Washington,
D.C., to provide a model for service test by the 66th Engineer Topographic Company.
By 1959, all development and test work on this item had been completed.

The design of this rectifier was unigue; the optical path was bent
through $0° so that the ncgative plane was nominally vertical and the easel was nomi-
nally horizontal. This design provided an instrument sufficienily compact for van
mounting and, with the nominally horizontal easel, trial and error rectification to con-
trol was conveniently accomplished.

(3) Motorized Photomapping Equipment. During World War 11, photo-
mapping facilities were not mounted in trucks as were the map reproduction facilitics,
s0 a development program to correct this deficiency and consequently to increase the
operational efficiency of the topographiv service available to the Field Army was initi-
atcd in January 1947. This development was destired to pursue a long course, and it
was not completed until 1958,

Initial studies indicated the need for 12 or 13 van-type trucks for
the Photomapping Company of the Army Topographic Battalion and 3 or 4 vans for
the Photomapping Platoon of the Corps Topographic Company. It was intended that
the experimental ordnance T-1 van*® with expansible sides be used, However, engineer-
ing tests concludcd that the van was not suitable, primarily because of the impractica-
bility of expansion and retraction, the lack of structural ri_’ ty, and inadequace
weatherproofing.

In the meantime, an investigation was made of thc practicability of
using multiplex equipment mounted in a van-type truck in Army Topographic Rattalions.
These investigations included service testing by the 62nd Engincering Topographic Com-
pany *! of a standard frame and tablc with nine widc-angle multiplex projectors, a stand-
ard reduction printer, and a darkroom facility mounted in a reproduction-type van. As

39"1':5! and Evalualion of 9 by 18 Rectifier for 12. and 24-Inch Focai Length Photography,” ERDL Report 1460.TR,
7 September 1956.

40844y Expansible, T-1," ERDL Report 1187, 24 Octaber 1950.

4L.Tegt of Motorized Multiplex Equipmenl,” Army Field Forces Board No. 2, Projecl No. P.11 7+, 14 December
1950,
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a result of these tests, it was concluded that motorized multipiex equipment was suita-
ble for use by Field Army Topographic Units.*?

Because of the urgent necd for a suitable expansible-ty pe van, the
Corps of Engineers was authorized in May 1951 to develop an expansible van body
along a different approach.®® * In the interim, because of the uncertain world situation
in 1951, plans were developed for an interim system based on placing hcavy tcchnical
squipment in two 17-foot solid wall map-reproduction-type vans and using prefabricat-
ed buildings as sheltered work space for the remaining technical operations. The two
vans were designated the Rectificr Van** and the Copy Van.

When a suitable expansible van body was developed hy the Corps
of Engineers, development and testing proceeded for the final motorized sets of cquip-
ment (Fig. 38). The motorized train consisted of six hasic van sections: cartograp hic,*

Fig. 38, Expansible van developed by the Corps of Engineers for the photomapping train.

42.Muhiplex Equipmenl, Molorized,” ERDL Report 1233, 29 May 1952,
43 Expanible Van Body (Engineer),” ERDL Report 1264, 14 November 1952,

“'Engincdl'ng Tests of lhe Cartogruphic Yan of lhe Army Topographic Ballation and the Coepa Topographic Com.
pany and the Supply Van of the Army Topographic Battalion,” ERDL Report 1267, | December 1952,

‘s"lnlerim Soh-lion Rectifier Van,"” ERDL Revort 1355, 15 June 1954,
“’"Engineering Testa of the Cartographic Yan Section of the Molorized Pholomapping Train,” ERDL Report 1373,
3 Seplember 1954,
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rectifier, multiplex, compilation,*” copy and supply,” and map revision.*®> The Bat.
talion train cousisted of 11 vans: one rectifier, one multiplex, one copy and supply, two
cartographic, two map revision, and four compilation. The Corps train consisted of five
vans: one copy and supply, one cartographic, two eompilation, and one rectifier. Final
drawings and specificaticns and proposed set listings were completed in 1958,

(4) Mapping from High Altitude Photography. Current and anticipat-
) ed trends toward highe: altitudes in aircraft and antiaircraft defenses at the close of
World War 11 led to a program in April 1947 to determine ways and means to make
satisfactory topographic maps from very high altitudc photography, Up to that time,
the nominal aititude for mapping photography was around 20,000 feet, and an alti-
tude above 30,000 feet was considered very high.

Early in these investigations, a test map was made with the multi-
plex cquipment using photography flown at a 40,000-foc ¢ altitude. This test demon-
strated the inadequacy of the multiplex;*? the accuracy requirements for large scalc
maps were not met. This along with othcr investigations indicated that reliable identi-

fication of cultural detail for a large-scale map would require photography at a mini-
mum scale of 1:30,000.5!

To meet this requircment, the concept of simultaneous supple-
mental coverage with a long focal length camera assemblage along with the basic map-
ping coverage with the 6-inch focal length, wide-angle camera developed.

r i Accuracy of compilation, particularly contouring, was another
facet of the problem. Aceuricy investigations included an evaluation of the Kelsh
Plotter 5* and comparative tests and cvaluation of the Multiplex, Kclsh Plotter, Stereo-
planigraph, Wild Autograph, and Wild Stereoplottcr.5 5%

g / ""l"nm‘_-':.-:ed Enginiciiing wad Scevice Tew of the Photomapping Van Seclion of the Motorized Pholomapping

Trin,” ERDL Report 1428, 27 September 1955,

43 Combined Er.gineering and serviee Test of the Copy and Supply Van Seclion of the Molorized Photomapping
Trin,” ERDL Report 1444, 27 April 1956.

FS 4q"(}omb’mecl Engineering and Serviee Test of the Map Revision Van Section of the Motorized Photomapping
Trin,” ERDL Reporl 1447, 23 May 1955,

m“&mpihiion and Evaluation of Topographic Mape and Controlied Mosaica Prepared from 40,000 F ool Altitude
Phatography of Fort Sill, Oklshoma,” CRDL Report 1173, /8 June 1950.

51"lmrelti’lim-a of Photographic Requirements for Mapping from High Altitude Photography,” ERDL Report 1205,
4 June 1951,

52"lnvca|iption and Evaluation of the Kelsh Plotter,” ERDL Report 1191, 10 April 1951,

sa"OOmparltive Teats and Evalualion of Multiplex, Kelsh Plotter, Stereoplanignph, Wild Aulograph Model A-5 and
and Wild Stereoplotier Mode A6," ERDL Report 1235, 30 May 1952,

54"(‘.ompmiive Acrotriangulation Tests of the Multiplex, Kelsh Plotter, Stereoplanigraph, Wild Auloplanigraph
Model A.5, and Wild Stereoplotter Model A.7," ERDL Report 1349, 23 April 1954,
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Studies were also madc of the effects of earth curvature and atmo-
spheric refraction.®® In addition, an investigation was made of stereophotogrammetric
mapping sy#'~ms, including multiple-camera convergent systems,® to determine the po-
tential advantages and limitations for the production of military topographic maps from
high-altitude photography. These investigations led to a project to develop equipment
and techniques for convergent photography use.

Investigations up to the mid-1950’s were primarily orientcd toward
mapping with photography in the altitude range of 40,000 to 50,000 feet since test pho-
tography could be obtained in this range. Mapping photography of excellent quality
was then successfully obtained from a balloon at about 89,000 feet. This removed the
vonjecture in tome quarters that atmospheric haze would severely limit the quality of
photography at these altitudes and higher, and studies were initiated to determine ways
to prepare large-scale maps from photography taken at altitudes up to 100,000 feet.
These studies result !in the proposal of a system using 18-inch convergent cameras and
a corresponding projection-type stereoplotter.’? To test the system, 12-inch cameras
were modified to simulate very high-altitude photography, and a projection plotter was
modified to accommodate the 12-inch photography for test compilation.

(5) Autofocusitg Reflecting Projector. Experience in World War I1
showed that the vertical reflecting projector, which projected photographs onte a map
manuscript to transfer and compile detail, was a valuable item in the complermient of
compilation equipment. The commercial projectors then available were large and heavy
and suitable only for a base plant installation. At the close of the War, development of
a portable refleciing projector suitable for installation and operation in a truck or trailer
was initiated,

This develooment pursued a normal course without major difficulty
or delay and rezulted in the development of the Autofocusing Refiecting Projecior™®
which was standardized in September 1951 (Fig. 39).

The experimental model of this instrument was constructed by
Reed Research, Inc., Washington, D. C., and was delivered to ERDL in March 1948.

ss"Effecll of Easth Curvalure and Atmospherie Refraction Upon Meamiremenls Made in Siereoscopiec Models of
High Altitude Photography,” ERDL Report 1242, 9 Jiy 1952,

5("'Slmly of Stereophotogrammetric Syatema for Topographic Mapping With Yery High Altitude Pholography,”
ERDL Report 1352, 14 June 1954,

57uy Proposed Stereophotogrammetrie System for Topographic Mapping From Photography Taken sl Altiludes up
10 100,003 Feet,” ERDL Report 1518-TR, 1 April 1958,

58 D weiopment of Portable Autofocus Reflecting Projector,” ERDI, Report 1212, Finel R eport, 24 August 1951
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Fig. 39. Autclocusing Reflecting Projector.

Serviee tests were conducted by the 656th Topographie Battalion, Fort Belvoir, Vir-
ginia, and by the Air Force at Eglin Air Force Base, Florida.

(6) Mirror Steeoscope. An unsuceessful project was the development
of a new mirror stercoscope with magnifying attachments designed for general stereo-
scopic viewing of 9-inch hy 9-inch photographs, The project was initiated by the Army
Air Forces who requested that the Corps of Enginecrs develop a new stereoscope incor-
porating the better features of other instruments ar.d eliminating the undcsirablc fea-
tures of the present inodel.

A contraet was awarded to Harrison C. Ryker, Inc., in December
1947 for the design and fahrication of a stereoscope with interchangeable binocular mag-
nifying attachments for 2- and 3-power magnific .tion. After repeated delay s by the
contractor, whe was having difficulty in designing the optical systems, the contract was
eancelled at no eost to the Government.
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Fig. 40. Experimental improved mirror stereoscape s.ith binoculars,

In December 1950, a contract was awarded to the Fairchild Camera
and Instrument Corporation to design and fabricate enginecr and service test models
(Fig. 40). The engineer test model conformed to the military characteristics when tested
by ERDL in Ociober 1952.5% The service test models were shinped to service test agen-
cies ir january and February 1953 as follows: Air Proving Ground. Eglin Air Forcc
Base, Florida; Photographic Reconnaissance Laboratory, Wright-Pattcrson Air Force
Basc, Dayton, Ohio; Marine Corps Supply Depot, Camp Lejeunc, North Carolina; U.S.
Naval Photographic Interpretation Center; AFF Board 2, Fort Knox, Kentucky; AFF
Board I, Fort Bragg, North Carolina; and Army General School, Fort Riley, Kansas.
The scrvice test agencies almost universally rejected the mirror stereoscope as not opcra-
tionally suitable or not a suitable replacement for the present stereoscope.

The Chief of Army Ficld Forces requested a comparativc evaluation
of the O1d Delft stereoscope manufactured by the Otd Delft Company, Netherlands.

Four of tliese instruments were procured for evaluation, and the ERDL test® concluded
that the Old Delft stereoscope had some highly desirable fcatures but that it did not con-
form to the military characteristics of the project. The project was closed in 1954,

(7) Portable Plotter. Efforts began during World War 11 to find a suit-
able portable stereoscopic plotting instrument which would be superior to and replace
the stercocomparagraph in field unit cquipment scts and continued in the post-war peri-
od. In February 1948, a project was approved to dcvelop such an instrument.

In this program, various stereoplotters were testcd which werc con-
sidercd to be in the portable stcreoplotter class: a Soil Conservation Service map plotter,

59“Enginecrin¢ Test of Mirror Siercoscope,” ERDL Repar 1260, 8 December 1952,
60..inal Report Developmen of Mirror Siereoscope,” ERDL Report 1382-TR, November 1954,
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a KEK plottcr, a stereotopograph developed by Fairchild Camera and Instrument Corpo-

ration, and the Ryker PL-3 Plotter produced by Harrison C. Ryker, Inc., Oakland, Cali-
fornia.®! 2 6 Of these, the Ryker PL-3 Plotter was found to be more accurate and to
conform to the military characteristics with minor exceptions. Service tests by the U.S.
Air Force, the Army Field Forces, and the U.S. Marine Corps were begun early in 1953.
Both the Marine Corps and the Air Force found the Ryker Plotter satisfactory and suit-
able for their use. The CONARC service test®® however, concluded that the portable
plotter was not suitable as a replacement for the stereocomparagraph and that further
research was required to supplement the nonportable stereopiotter.

Fig. 41, The Model P1-3 Ryker Plotter — Wernstedt-Mahon type.

ERDL continued the research by testing an improved version of
the Ryker Plotter, called thc Wernstedt-Mahon Stereoplotter (Fig. 41), and a pilot mod-
el stereotope developed in Germany. However, by this time, efferts to motorize the
multiplex equipment had progressed to the point wherc a multiplex van section had
been developed for the motorized nhotomapping equinment train snd a nortahie nlot
ter was no longer needed. Therefore, in February 1957, a final technical report®® on
this project was published. It noted the suitability of the Wernstedt-Mahon Typc Plot-
ter for the Marines and the Air Force but that CONARC did not consider the plotter a
suitable replacement for the stereocomparagraph. The report concluded that no further

615411 Conservation Service Topographic Map Plotter,” Engineer Board Report. 15 February 1944,

62+ Comparison of the Stereotopograph and the KEK Plotter,” ERDL Report 1014, 15 September 1947,

63 nveatigation of the Ryker PL-3 Plotter," ERDL Report 1129, 17 Junc 1949.

64+Stereoplotter Topographie Portable,” CONARC Report 1728, Report of Preject No. 1728, 17 May 19SS.

65T est and Evaluation of the Direct Viewing Stereoplotter Wernstedt-Mahon Type, ERDL Report 1471-TR,
27 February 1957.
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attempts should be made to develop a portable stereoplotter for mapping from near-
vertical photography. The project was cancelled in July 1957.

(8) High Precision Siereoplotter. The project on the high precision
stereoplotter was approved in January 1951 to provide suitable equipment to compile
topographic maps from photography taken at all practicable mapping altitudes up to
50,000 feet. The first phase objective was to determine which commercially available
equipment most nearly met the military characteristics and was suitable for bas: plant
use for immediate emergency procurement.

Both the Instruments Corporation Model 5000 Kelsh Stereoplotter®®
and the Bausch and Lomb Optical Company Model 720 Stereoplotter®” were tested
(Fig.42). It was concluded that the Model 5000, with correction of some deficiencies

Fig. 42. The Bausch and Lomb 720 Stervoplotter.

60.y, t and Evaluation of the Kelsh Plotter, Modcl 5000, Manufsclured by the Instrurnent Corporation.” ERDL
r Report 1311,

677 st snd Evaluation of the 720 Plotter Manufachured by the Bausch and Lomb Optical Company,” ERDL
Report 1348, 23 April 1954.
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found in the tests, would be suitable for interim emergency procurement. The model
720 was not considered as an interim itcm since it was not commercially available. A
military specification, MIL-S-12623A, *Stereoplottcr, Projection Type, Topographic.
with Table and Cases,” was prepared for emergency procurement.

A development contract wus awarded to the Kelsh instrument Com-
pany ir September 1954 to develop an instrument .5 be called the Stercoplotter, Conver-
gent, Vertical. This was to be the military model of the high-precision stercoplotter and
was designed to use both vertical and convergent phoiography at high altitudea, While
this instrument was being developed, an interim stereoplotter conforming to MIL-S-
12623A was procured for test by ERDL.®* In addition, the Balplex equipment manu-
factured by the Bausch and Lomb Optical Company was procured on loan for test and
evaluation. (This was the same item as the U.S. Geological Survey ER-35 Stereoplotting

Equipment.)

Fig 43. High-Precision Stereoplotter.

ERDL Report 1493-TR concluded that the plotter conforming to
MIL-8-12623A most nearly met the military characteristics and was suitable for base
plant use (Fig. 43). The accuracy ratio of the interim plotter to the mulliplex was

68 e 5t and Evahaation of Interim Stercopiolter, Topographic, Projecticn Type High Precison,” ERDL Report
1493, 8 August 1957,
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approximately the same as the ratio of the view.ng scales of the two instruments. Ona
equare-mile basis, the time required for compilation and aerotriangulation wes approxi-
mately the same for both the interim stereoplotter and the multiplex, and that no clas-
sification action should be taken pending the development of the high-precision military
topographic plotter.

It was not until 1959 that engineering tests of the high-precision
stereoplotter®® developed under the Kelsh Instrument Company contract were complet-
ed, and it was recommended that type-classification action be taken without service
testing.

£9) Utilization of SHORAN for Mapping. Latc in World War II, inves-
tigations of the possibility of adapting SHORAN (Short Rz~ze Navigation) to establish
horizontal control, thus eliminating much of the ground survey required for mapping,
were initiated. In 1945 and 1946, the first SHORAN-controlled photographic tests
were flown using equipment designed for bombardn:ent operations --ut with a photo-
graphic distance recorder replacing the bombing computer. These early tests showed
that even this bombing equipment would be suitable for es:ablishing control in remote
areas.’® 7!

Between 1947 and 1950, data-reduction techniques and simple
photogrammetric aids to application of the procedure (nadirscope, 35-mm film holder,
floating stud holder) were developed’® 7 4 and in 1950, instructions for SH **
photogrammetric mapping were issued,”*

Investigations continued into the 1950’s with the development o*
mathematical aids to SHORAN operational planning’®in 1951. Fuvther, in the early
1950%. the 11.S. Air Foree modified several bembardment-type ir : . uments to improve
precision. The modified equipment was called HIRAN to designate high precision.
Additional testing and improvement of techniques were accomplished between 1953

w"Staeophua, 3 Jpographie, Projection Type, High Precision,” ERDL Repori 1627.TR, April 1960.
70"Appliuibn of SHORAN to Mapping,” ERDL Report 587, 29 August 1946.
"“An Investigation of Control Point Photography in SHORAN Mapping,” ERDL Report 1012, 1 September 1947,

2. Derivation of Stmplified Formulas for Computng SHORAN Range and Path Height,” ERDL Report 1106,
11 February 1949,

73 A uxiliary Equipmenl for SHORAN Photogrammetric Mapping,” ERDL Report 1110, 8 April 1949,
T4 An Investigation of Slotted Templet Methoda in SHOR AN Mapping,” ERDL Report 1133,
754SHOR AN Photogrammetrie Mapping Instructions,” ERDL Report 1168, 15 May 1950,
76"Mathelmﬂal Aide 10 SHORAN Operatiors| Planning,” ERDL Report 1218, 28 September 1951,
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and 1957. In June 1957, ERDL Report 1484-TR77 concluded that maps compiied by
multiplex methods using HIRAN. controlled photography met <:.iergency map accuracy
standards for 1:25,000 scale maps and national map accuracy standards for 1:50,000
scale maps.

(10) Equipment and Techniques for Conve:gent Photography. As pre-
viously noted, investigations of the problem of mapping with very high-altitude photog:
raphy led to the concept of using convergent phocography taken with a two-camera
installation consisting of two 6-inch focal length, wide-angle precision mapping cameras
tited approximately 20° from thz= vertical, fore and aft, in the line of flight. Therefore,
in 1954 a pruject was approved to devel::p equipment and {echniques for convergent

¢+ otography.

Over the next 5-year period, a number of items (Figs. 44 through 47)
were developed and tested at ERDL, including he stereopontometer method of aero-
triangulation using convergent photography and a projection type stereoplotter,”® a
transforming printer for restitution of the tilted phntographs,’ and graphical methods
of mapping with convergent photography, Two attempts were made to develop a scan-
ning-type stereoscope for viewing the transformed prints. The first, developed under
contract by Reed Research Inc., proved tou heavy. In addition, the mechanical scanning
system was overly complex and did not achieve the desired simplicity.*® Following this
attempt, a contract was awarded to Maryland Precision Instruments Company for the
manufacture of four improved scanning stereoscopes for service testing. They experi-
enced considerable difficulty with optical subcontrectors and were unahle to deliver a
satisfactory stereoscope.

By this time, interest in the use of convergent photogranhy of this
type, particularly by topographic field units, began to wane, so the service testing of the
scannirg stercoscope was cancelled.

Fi ally, ERDL Report 1583-TR®! was published. This report con-
cluded that convergeni photography had a higher vertical accurac:’ potential and about
the same horizontal accuracy as vertical photograpliy and it was suitable for base plaut

779 valuation of High Precision SHORAN Conlrolled Pholography,” ERDL Report 1484.TR, 13 June 1957.

78Test and Evatualion of the Sierevponlomeler With Kelth Type Stereoplotiers,” ERDL Report 1425, 7 Septem-
ber 1955,

m"Em_.inediu Tests and Evaluation of the Phologrammelri¢ Transforming Prinler With 20.Degree Convergenl
Phologsiv;:y,” ERDL Repert 1 487.TR, 28 August 1957,

m“Enuimu-ing Tesl of Scanning Slereoscope,” ERDL Report 1491.TR, 7 A ugusl 1957,

8'“Fquipntnt and Techniques for The Ulilizslion of Convergent Pholography in Mapping,” ERDL Report 1583.TR,
%0 August 1959,
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r‘ Fig. 44. Adapted multipie equipment with the stereopontometer for convergent photo
aerottiangulation.

=]
gt

Fig, 45. Experimental multiplex setur for convergent photo compilation using the adjustable
l tift bar.

9




Fig 46. Experimental transforming printer for 20° convergent photography.

Fig. 47. Experimental scanning stereoscope designed for viewing transformed
20° convergent photos,




operations and should be fully exploited at the Army Map Service, especially during

peacetime. However, field topographic units can seldom realize the inherent benefits
of convergent photography. It was recotnsmended that the project be terminated. It

was terminated in 1960.

(11) Radar Mapping. A program of research and study into the use of
radar presentations for topographic mapping was approved in August 1949. Such pro-
cedures wovid permit mapping from data gathered at night or through an cvercast.

Initial studies®? of airborne search radar application to mapping in-
dicated that equipment available at the time would be suitable only for small-scale map-
ping because of limitations of position accuracy and map detail in radar scope photog-
raphy. Research continued in the early 1950’ on radar relief displacement, parallax,
tilt displacement, etc. associated with PP1 (plan position indicator) radar.®? An insiru-
ment (Fig. 48) was designed and constructed to correct geometric distortions in the PPI

Fig. 48. PPl Radar Restitutor.

82.Myppiag From Radar Presentation,” ERDL Report 1209, 14 Interim Report, 24 July 1951.
83 Radar Relief Displacemend and Rudar Paraltax ” ERDL Report 1294, 12 May 1953,
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presentation. The pilot model was constructed by Paul Rosenberg Associates under
ERDL contract and was delivered in Scptemacr 1952. Two engineering test model
Radar Preseniation Restitutors were developed by Fairchild Controls Corporation and
delvered in December 1955. These instrumcnts were capable of providing corrections
to an accuracy of 4 parts pcr 1000 of the rangc of the PPI photograplis.®

The status of radar mapping devclopment in 1955 was reviewed in
ERDL Report 1397.25 At about this time, intercst shifted to the use of side-looking
radar. After tests with AN/APQ-45 and AN/APQ-56 radar photography and further in-
vestigation of these radars which indicated lack of geometric fidelity, it was determined
that instrumentation necessary for converting geometry in side-looking radar presenta-
tions was feasible, provided the necessary anxiliary data was available.

Studies then hegan under contract with Northrop Aircraft, Inc., to
determine equipment requirements and procedurcs for mapping and target location
from radar scope presentations and to establish thc requirements for an optimum system
to use such presentations under combat conditions.

In 1958, concepts for the development of a radar sketchmaster
were formulated; but, more significantly, coordination between the Corps of Engineers
and the Signal Corps for a joint radar test program was initiated. By the end of 1959,
plans for joint Corps of Engineers and Signal Corps radar tests were almost complete,
and the initial requirements for developing an airborne radar mapping system had been
coordinated with the U.S. Army Signal Research and Development Laboratories. ite-
quirements for the development of a side-looking radar restitutor were also completed,

a research contract was awarded to the Goodyear Aircraft Corporation for investigation
of terrain elevation data from airborne radar, and the design of radar mapping test ranges
had been completed under contract by the Aero Service Corporation.

(12) Analytical Photogrammetry. The development of analytical photo-
grammetric procedures for field and base plant use began in the mid 1950'. At that
time, studies of mapping with minimum ground control indicated that analytieal photo
gaiinciry can be used under conditions of adjustment where there was an abundance
of ground control as well as minimum ground control. Further, with the development
of electronic data processing equipment, 11:¢ formerly cumbersomce and time consuming
mathematical solutions could be completed quickly and accurately.

845 obert P. Macchia, “Engineering Testa of the PP Radar Presentation Restilulor,” EKDL 1629.TR, May 1960,
P a"'“llapp'n. From Radar Presentation,” ERDL Repert 1397, Second Interim Report, 25 April 1955,
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Initial efforts to develop analytical photogrammetric procedures
were made under contracts with Cornei! University and Mr. Robert Zurtinden.®® Under
the Cornell contracts, programs were developed for the AMS Univac I and for the IBM
650 which included a generalized procedure for block adjustment using all applicable
arborne and ground rontrol in a rimultaneous adjustment. Under the Zurlinden con-
tract, the basie designs of a combined analog-analytical method of aerial triangulation,
adaptable for use with convergent photography as well as nearly vertical were developed.
Unlike the Cornell methods, which required a large scale computer, the method of Mr.
Zurlinden was adaptable to a general-purpose, small-scale computer. The Zurlinden
method was an overall system approach to ana:ytical triangulation and included the de-
sign of three instrumcuis for determining photographic coordinates—an enlarging camera,
a pass point selecting and marking instrument, and a measuring instrument (Fig. 49).
These were subsequently built for test.

- T

Fig. 49. Zurlinden equipment for analytical photogrammetric procedures: enlarging camezra,
pass point selecting and marking instrument, measuring instrument.

Point marking and coordinate meamrament for znalyticai irianguis-
ticn weic serious limitations to successful application of these procedures in the late
1950's, even to the extent that ERDL reconditioned an old foreign made Stienheil steren-
comparator for test purposes. Following an extensive search for a commercial stereo-
comparator, a Nistri Model TA-3, manufactured in Italy, was procured. The Mann mono-
comparator was also used in triangulation experiments.

By 1960, an optimized program for the general solution of anaivt.
ical aerial triangulation was ncaring completion, and a program for small computer

B6.. A nalytical Acriad Trimgulation,” ERDL Report 1510-TR, 13 March 1958,
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application was ready for test and evaluation. Plans were being raade for the design
and construction of a semiautomatic electronic pass point measuring, marking, and
recording instrument.

(13) Automatic Map Compilation. ERDL began development of auto-
matic map compilation in 1950 under a project for the development of terrain model
production methods. In May 1950, a contract for basic research on a scanning device
was awarded to the Bausch and Lomb Optical Company, Rochester, New York. This
research was to determine and demonstrate, if practicable, whether an instrument could
be built to locate automatically and rapidly the consecutive positions of terrain points
in a three-dimensional optical model. It was also to determine if the position of these
terrain prints could be trarsmitted to a machine that would use this information to pro-
duce a three-dimensional terrain model, a contour map, a point-to-point scale corrected
mosaic, or a combination (Fig. 50). By April 1952, this contract was completed and the
possibility of developing instrumentation for automatically producing three-dimensional
maps was successfully established.

AMPLIFIERS
(TEMPORARY)

PHASE
METER

CONTROL
PANEL

XY AND 2
ORIVES
D.C. MALTIPLEX
LAMP SUPPLY ' TIT & SWING
TMENTS
FILTER AND
LIMITER

Fig 50. Experimental sutomatic profile carving equipment developed under Bausch and
Lomb Optical Company contract, 1951,

The baric engincering problems involved appearcd to be clectronic,
concerncd with correlation meth: < and oplical-to-electrical transducers suitable for de-
teriniming the ir tersection of conjugate rayr in an optical stercoscopic model. A contract
was awarded to Pickard and Burns in June 1952 to investigate these problems (Fig. 51).
Progress on this contract was rather discouragng, but finally in late 1954 the wor': had
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Fig. 51. Experimental sutomatic profile carving equipment s modified
by Pickerd and Burns, t954.

progressed so that scaining the multiplex stereo model of an artificial cone produced a

Fln' of p'“"'“ of indicated csﬂ,bbau‘ ay santerstation i whick'the fnlu p-n oo ofcon:

tour lines could be distinguished,

Based on the analysis of the equipment developed by Pickard and
Burns, negotiations were initiated in 1955 to devclop an instrument to contour auto-
matically models projected by a Kelsh-type stereoplotting instrument. This negotiation
resultcd in the award of a contract to Hycon Manufacturing Company for the delivery
of an Automatic Contour "lotter, Hycon Model 545, which was developed by that com-
pany (Fig. 52). The effort proved to be totally unsuccessful. The {{ycon instrument
failed to perform us requircd cnd the contract was closed. The government purchased
the haraware and retuined a roya'ty free license to any patent that may be grantcd for
the instrumentation.
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Fig. 52. Hycon Automatic Contour Plotter, 1957.

This effort was eontinued by a contract to Hogan Laboratories for
the design and construetion of equipment to traverse the model and to sean the two
stereo projected images meehanically using the llycon equipment as a basis. The assem.
bly bnilt by Hogan Laboratories was eventually delivered to ERDL in June 1959, and
when tested it fajled to perform as required. However, modification and improvements
were made in-house at ERDL, aud this modified equipment did indieate: the feasibility
of an automalie stereomapping system based on a meehanical seanner. Therefore, at the
beginning of the 1960%s, after almost 10 years of development effort, detailed specifica-
tions had heen developed for an automatie mapping system based on a mechanieal scan-

vy cerebnees  mer] s o B e e bt o SR WO TR I .t
Hiig oy O:I.I.II, lllll.: pPiopai ativiig Wil woing inaug tu Cuilliadt fui s cutdiuctivu.

While the mecharical scanning appreael was proving to be the most
satisfactory in ERDL efforts to autoraic ihe tocation of eonjugate imagery, another
approach was under development ai the Photographie Survey Corporation of Canada by
Mr. Gilbert G. llobrough who automated the eontouring function of a Kelsh plotter in
1958. In this equipment, initially called the * Auscor for automatic scanning and eor-
relation and later the “'Stereomat,” the electronic image scanning of the projected dia-
positives was accomplished hy a flying spot scanner located in the position of the stand.
ard tracing table platen (Fig. 53). Rights to this development were obtained hy the
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Fig. 53. Automatic stereomapping system: employing the Hobrough elecironic image scanning,
1959.

Benson Lemer Corporation, Los Angeles, California; and in May 1959, ERDL contract-
ed with Benscr: Lerner Corporation for a prototype Stereomat. This instrument. using
a Nistri photomapper as the projection stereoplotter, would automatically deterntine
the components of parallax in a projected stcreo mode! and in this manner provided for
the automatic orientation of the stereoscopic model and automatic contouring by the
line-drop techniques.

Research in automatic mapping concerned with applying informa-
tion and s7stems theorv to the flow of data through a photogrammetric mapping pre-
cess was started with a contract awarded to Paul Rosenberg Associates in 1953. Under
this and subsequent research contracts with Paul Rosenberg Associates, several concepts
for automatic mapping were formulated. One of these concepts used conventional acrial
negativer and co~trol information to output a contoured orthophotograph. In opera.
tion, the syste:n would scan the negatives, determine the correct elevation of all ground
points, and com,-:!c the correct photocoordinates. This data would be recorded on
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tape which would subsequently control the operations of an automatic orthophoto
printout unit. Another concept would perform all the functions of the one described
above and also provide an automatic control bridging solution for the aerial flight strip.
The most sophisticated of the concepts formulated would be the most completely auto-
matic, In this systcm, the conventional aerial photography would be bypassed by a di-
1ect terrain line scan system, converting the terrain information to an electrical signal

or magnetic tape with subsequent processing to produc- a contoured orthophotograph.
The first of these concepts was obviously the easiest to implement and was consequent-
ly the approach pursued in subsequent developments, based upon integrating flying spot
scanners and electronic correlation with a digital computer for computation and control.

While automatic mapping developments were beginmng to provide
practicable production instrumentation in the late 1950, the Army Map Service, with-
out waiting for these developments to mature, came up with a requirement for a semi.
automatic map compilation system. Under the direction of the Office Chief of Engi-
neers, in 1958 a contract for this “Integrated Mapping System™ was awarded to the
Fairchild Camera and Instrument Company, Syosset, New York. This equipment, sub-
sequently modified under contract with the Atlantic Research Corporation, Alexandria,
Virginia, waz eventually completed for tust in the early 1960's, 1t used a Nistri Photo-
mapper and required an operator to raise and lower the tracing table manually while the
instrument was driven at a selectable speed, transversing the model. Each profile was
temporarily recorded on magnetic tape. This tapz would then be checked «nd recorded
in three forms multaneously or independently: line-drop contour manuscript, ortho.
photograph, and a permanent tape recording. During each subsequent profile, the tem-
porarily stored profile information was used to position approximately the height of the
tracing table platen, thus providing an operator assist in following the new profile.

While this equipment was not economical or efficient, it did serve
as a convenient testbed for procedures independent of electronic correlation. It first
demonstrated the feasibility of the line-drop technique for contouring, the feasibility « ¥
producing an orthophotograph eleci-onically, the digital recording of profile informa.
tion, and the applicability of the previous profile assist.®”

(14) Mapping with Minimwua Ground Control. Throughout the 1950’
and into the 1960's, the development of technigues and photographic requ .ements for
mapping inaccessible areas with little or no ground control held a relatively high priority
in the Corps of Engii~ers research and development program. While the post World War
11 development of SHORAN and related techniques provided an approach to the estab-
lishment of horizontal positi-:n and ecale, the vertical was still a problem.*

57 Reuben D, Cook, "Fegineering Test Report of the Integraled Mapping System,™ GIMRADA TR.7, July 1962.
sa"melc:m:lm Inaccessible Aress Having Limited Vertical Control,” ERDL Report 1107, 4 March 1949,
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Initial investigations in the early 1950's with the photogrammetric
tests and development performed by the Army Map Service concerned the use of record-
ed barometric altimetcr data alone and in combination with radio altimeter data for
scaling and leveling. These investigations resultcd in the development by 1952 of multi-
plex procedures to use airhorne altimeter recordings. Further tests made under contract
by the Photographic Survey Corporation, Ltd, Canada, in 1952 confirmed the value of
applying aneroid and airlisrize profile recordings.

Later, interest developed in the application of simultaneous aerial
photography and airborne profile recording data. Extensive investigations and tests
were made under contract by Lockwood, Kessler, and Bartlett, Inc., in 1955 and 1956
and also by the National Research Council of Canada in 1957. The Lockwood, Kessler,
and Bartlett investigation indicated appreciable accuracy deficiencies when the method
was applicd in an area of approximately 1000 square miles. 1t also indicated that the
procedures were to» complex for use by field topographic units. ERDL therefore
worked to further simplify the procedures and improve the accuracy of results.*’

The next major phase in this development was an investigation of
long-distance aerotriangulation with the award of a contract to jack Ammann, photo-
gramnetric engineer, in late 1957 to perform 100 model triangulation tests with a first-
order precision instrument. This contract was modified in 1959 to include triangulation
tests using convergent photography. Early in the test program, after the first of three
100 model triangulations were completed, the gz=neral conclugion was drawn that bridge
solution would yield more reliable results than the cantilever and that the use of 10
me-els as a basis for a 90-model cantilever extension would not result in a reliable
extengon.

In 1958, investigations began on the use of two aircraft on adjacent
flight lines to obtain pairs of simultaneons stereophotographs with the airbase of each
sterec pair determined by a radar measurement of the aircraft separation at the instant
of ¢xposure. The known airbase would provide direct information for establishment of
scale and the vertical datum would be estaklished from airborie profile recorded data
obtained by each aircraft. 1n 1959, a contract was awarded to Fairchild Aerial Surveys,
Inc., for test and evaluation of this approach. In 1958 a contract was also awarded to
Abrams Azrial Survey Corporation for an investigation of the Santoni solar method of
aerial triangulation. In 1939, a ~ontract was awarded to the Autometric Corporation
for an analysis of the accuracy of area matching with aerial photography, au »pproach
that accomplishes acrotriangulation by measuring between aerial photographa through
matching their images electronically. 1t is based on the hypothesis that ail displace-
ments in the photograph, such as those due to tilt and ground relief, are random and

89..Ma pping With Minimum Gronnd Control,” ERDL Report 1483-TR, 13 June 1957,
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therefore their mean positions determined statistically are more accurate than those ob-
tained from individual photographs,

At the close of the 1950's, 1he development of techniques for map-
ping in areas with little or no ground control was still active and the program included
at that time the investigation of the dual aircraft system, the Santoni solar methods of
acrial triangulation, the long distance triangulation, and the area matching techniques.

(15) Research for Map Compilation. In the early 1950's use of very high-
altitude photography was being investigated anl work had begun on equipment and
techniques for the use of convergent photography in mapping. It became apparent that
there was a latk of knowledge concerning the basic “actors which contributed to or *
limited the accuracy of measurement in stereopliotogrammetric processes. A research
program was therefore implemented to devclop a better understanding of these basic
factors to determine where research and development effort should be concentrated to
provide adequate maps from high-altitude phctography.

The first efforts under this program, started in 1952 and continuing
into 1953. were a series of studics by the Ohio State University Kesearch Foundation.
These included the influence of errors of interior and relative orientation, the effects of
crrors in calibration of the mapping camera, the influence of errors of absolute orienta-
tion, methods of determining primary observational errors, and the theory of errors for
rclative orientation of convergent photcgraphe.

Research continued at the Ohio State University Research Founda-
tion in 1955 and 1956 with investigations of least-squares methods of aero*riangulation
adjustment as comparcd to instrument triangulation with conventional methods oi ad-
justment. Surprisingly, the least-squares mcthod was found to be less accuratc and more
time-consuming than the conventional method when appied * o strips of verticai pnotog-
raphy with terminal control and one intermediate control band.

In 1954, a stndy of visual stereoscopic acuity under a wide range of
viewing conditions was initiated under contract with the University of Rochester. In
adZition, a cantract was awarded to Fairchild Camera and Instrument Corporation to
detcrmine the repeatability of calibrating equipment and operating techniques then em-
ployed by this contractor in calibrating mapping cameras for the Air Ferce. These in-
vestigations continued through 1957 and provided experimeatal data 0. “ich to hase
luture equipment and technique devclopment.

In 1957, with thc imminent availability of aircraft operating at super-
sonic flight speeds, an investigation began on the effects of environmental conditions

caused by supersonic flight speeds upon the geometric characteristics of aerial photography.
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In 1958, after the first artificial earth satellite was launched and in
view of military operational concepts involving missiles with increased capahilities and
molility, accurate topographic niaps of extensive areas and rapid means for locating po-
sitions of targets became increasingly important. Since existing methods required ex-es-
sive time and -ould handicap strategic and tactical planning when unexpected operation-
al changes occurred, a greatly expanded research program was implemented. It had
supplemental funding to determine new criteria, phenomena, facts, principles, or tech-
niques applicable to mapping methods or equipment. Under this expanded program, a
study was contracted to Vidya, Inc. in 1959 to study the deleterious effects on mapping
photography caused by environmental conditions of supersonic speed, This study pro-
vided a theoretical analysis of the problem, including the parameters of aircraft config-
uratiou and location of camera in the aircraft. More important, a study contract was
awarded to New York University to research instrumentation and techniques for precise
surveying, mapping, and target location using satellite data as well as data obiained with
other vehicles — both supersonic and hypersonic. This study continued into 1960 and
produced a series of quarterly reports in which various problems associated with satellite
supersonic and hypersonic vehiclcs were analyzed and techniques for exploitation were
suggested. For this program and other research programs in the surveying and geodesy
field which .,ill be described later, arrangements were made vrith the University of Mary-
land to furnish an advisory team to assist ERDL in periodic review of the research and
guidance of the effort. The advisory team included Dr. Sanford Goldman of Syracuse
University, an expert on electronics, Dr. Paul Herget, Director of the Cincinnatti Obser-
vatory, an asttonomer and specialist in celestial mechanics and developer of the Herget
method of aerotriangulation, and Professor Fredcrick J. Doyle of Ohio State University,
a specialist in photogrammetry, surveying, and grodesy.

(16) Miscellaneous Investigations.

(a) Precision Globes and Spherical Map Sections. Of historical
interest is a project on precision globes and spherical map sections which was condacted
in 1952 by the Committee on Construction and Use of Precise Globes and Spherical

e . - .r [ 1 -1
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Council. 1t was assigned to the Corps of Engineers by the Rescarch and Licvclopmein
Division of the Office of the Assistant Chvicf of Staff, G-4, on the basis that a gap cxisted
in the area of basic rescarch of undistorted maps of the earth surface (possibly on a
spherical surfacc).

At the outset of the rrogram, a contract was awarded to the
National Academy of Science to provide technical and program guidance to the project
and for threc 1cchnical investigations: (a) a study of basic map sources and related data
availahle for the compiletion of accurate globes, (b) determination of present day
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methods of fabrication and study of all pertinent data for producing globes and spheri-
cal map sections, and (c) & study of present and potential user remirements.

In 1653, funds were transferred to the Rock. Island Arsenal for
the desig:: and construction of two &.+45-inch diameter accuratc spheres and maps
(1:15,60€,000 scalc). At ERDL. cight prototype spherical sections of reinforced poly-
ester resin were prouuced. These sections were nearly equdateral spherical quadrilaterals,
about 30 squarc fect 1 area, representing any section from a 1:1,000,060 sphere.

In 1955, a 1:1,000,000 map of the world from southern and
western South America was mosaicked on .ne p.ototype spherical map sections. The
Army Mag Service and the Rock Island Arsenal detcrmined that it would be cxtren-cly
difficult and expensive to apply multicolor cartographic data to the precise spheres hy
any method other than hand scribing and etching. Th:: . .ded the devclopment effort
and the project was terminated in 1956 in view of the Ja< ot = .nilitary requirement and
the estimated expense of production of accurate glove: *~

(b) Multiplex Short Frame. In the [ ci.vd *om 1948 to :652,
including a 2-year suspension of the project from 9 February 1949 to 2 February 1951,
a short-frame multiplex sct (Fig. 54) was developed by the Engineer Board.®" This set
provided a way to plot individual multiplex models which was smaller, lighter, less costly,
and required less spacc for operation than the standard, single-frame set.

(c) Multiplex Reduction Priater. With the development of the
nominally distortion-frce Planigon wide-angle camera lens by the Air Force in the early
1950, it bccame necessary to dcvelop a multiplex reduction printer suitable for prepar-
ing diapositive plates from photography with either the 6-inch Mctrogon or the 6-inch
Planigon lens (Fig. 55). This was accomplished by the devclopment of a disturtion-frec
projection lens for the multiplex reduction printer and a negative hold down or pressure
plate with an aspheric surface to be nsed when making diapositives from Metrogon lens
photography. This was the first known application of the aspheric distortion compensa-
tion plate in cquipment of U.S. manufacture. The development was approved 4 January
1952 and was completed in 1956.

(d) Diapositive Processing Equipment. A project was approved oil
5 December 1952 to develop equipment suitable for troop use for the quantity produc-
tion of high-quality diapositives for both the multiplex equipment and the high-preci-
sion stcreoplotter then under development. Three items were develoved under contract

90"Developmcni of Spherical Map Scclions and Transparent Conforming (ve'sva,” ERDL Report 1440, 5 March

1956.
91"lmlmmnnu. Plotting, Stereoncopic, Multiplex, Set No, 7, Shorl Frame," ERLL heport 1243, 15 July 1932,
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Fig. 54. Short-Frame Multiplex Set.

Fig. 55. Multiplex Reduction Printer with interchangeable hes " “w
metrogon and planigon lens photography, developed in the mid - * -0,
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in 1953: (a) diapositive processing unit, (b) exposure and doging control equipment
for the multiplex reduction printcr, and (c) a contact printer (point light source type)
for 9%-inch aerial roll film with exposure and dodging control.

The first diapositive processing unit produced under contract
(Fig. 56) failed in test, and it was necessary to contract for a second 110del, thus delay-
ing completion of this project until the early 1960's.%

Fig. 56. Diapositive Plate Processor for "2 by %s-inch plates.

1t is historically significant that work on the contact printer
with exposure and doging control led to the development of the all-electronic sy stem
of exposure and dodging control known as the Log E equipment. Under the contract
for the point light source printer, the contractor Reed Research, Inc., Washington, D.C.,
first demonstrated the electronic dodging concept to ERDL personnel and submitted a
report recommending its development under the contract. Both the point light sottrce
printer (Fig. 57) and the all-electronic contact printer (Fig. 58) were constructed hy

924 ngineering Test of Diapositive Processing Unit,” ERDL Report 1628-TR, May 1960.
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Reed Research, Irc. for engineer tests.® Following this, the electronic printers were
developed commercially, and a commercial model 9-inch by 18-inch printer was pro-
cured and tested.

{e) Field Artillery Plotting Equipment. In 1946, a project was ap-
proved for the development of range and deflection protractors, coordinate scales, and
gridded plotting sheets for the field artillery to provide equipment with better accuracy
than items then available in consonance with the demands of improved weapons with
good firing accuracy. This program resulted in the development of a family of aluminum
range deflection protractors (Fig. 59), aluminum coordinate scale, and j.aper-aluminum
foil laminate plotting sheets which were standardized in 1952. Following this, the
Quartermaster Corps developed canvas carrying cases for the fire direction center equip-
ment sets; and, in 1955, equipment specifications wcre revised to call for graduation in
meters instead of yards at the request of the Continental Army Command. A final rc-
port™ on the project was published in 1955, and the project was officially closed in
1956.
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Fig. 59. Aluminum range and deflection protractor developed for field artillery in eady 1950's.

qa‘Enmeering Test s and Evaluation of Printers for Lhe Preparation of 9% x 9% Inch Diapositives for Lhe Precision
Fioller,”” ERDL Repurl 1538 TR, 28 July 1958,

94Ficld Artillery Plolling Equipment,” R DL Repor1 1421, Final Reporl on Project 8.35.02.001.
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Fig. 60. Range and Deflection lnstrument.

It is of historical interest that in 1948 the field artillery re-
quested the development of a range-deflection inctrument (Fig. 60) to determine graph-
ically and simultaneously ranges and deilections from any combination of three battery
positions to a target to implement a newly devcloped observer fire-direction center pro-
cedure. Such equipment was developed under contract by the Union Inatrument Com.
pany, Plainfield, New Jersey, and service test models were produced by September 1950.
The U. S. Marine Corps, as a result of service tests in early 1951, indicated that with
certain modifications the instrument was satisfactory for the intended use. The Army
Field Forces, who had requested the development, concluded that the instrument was
unnecessary since other types of data computers showed promise of being superior to
the range-deflection instrument. The development was therefore suspended in July 1951,

¢ Cartographic Drafting Accomplishment — World War II to 1960. Al-
though responsibility for research in the ficld of materials for cartographic drafting was
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assigned to the Department of the Army in January 1950% and, subsequently, by the
Department of the Army to the Chief of Engineers in the same month,* it was not un-
til 7 September 1951 that a formal project on cartographic drafting methods and equip-
ment was approved by GSUSA. In the meantime, there had been some activity in this
field under other approved projccts, most notably the work on stable cartographic bases
and some work on plastic scribing. Significant progress was made in both of these areas
in the 1950’ but the drafting phase still remained a critical factor in the late 1950's, lim-
iting the speed of map production. Serious efforts then began to automate the carto-
graphic proccss.

(1) Stable Cartographic Bases. The development of both translucent
and opaque dimensionally stable cartographic bases was started in 1948 to provide ma-
terial to overcome the deficiencies of paper bases, subject to intolerable: dimensional
rhanges, and plastic hases which would distort in high-temperature storage and had nn.
satisfactory drafting surfaces.

After initial investigation of commercially available bases,”” a series
of development contracts was awarded to discover better bases than those available com-
mercialiy. The Keuffel and Esser Company worked on the improvement of glass cloth,
but the project failed to meet dimensional stability requirements. The U.S. Rubber Com-
pany was unsuccessfol in producing :« suitable paper-glass cloth laminate, Laboratory
samples of translucent materials with exceptional dimensional stability characteristics
were produced by Bjorksten Laboratories using plastic materials, glass fibers, finishes,
and resins. However, the effort was unsuccessful in developing manufacturing procedurcs
for commercial production. A research study by Reynolds Metals Company did develop
paper aluminum foil laminates sufficiently improved to me_t all military characteristics
except the dimensional stability requirement.?® In service test, however, the Army Map
Service, the Air Force, and the Navy llydrographic office all repcrted difficulty in using
the matcrial for their purposes. On the other hand, CONARC concluded that the paper
aluminum foil laminatc was suitable for Ficld Army usc and recommended that it be
adopted as standard in lieu of Bristol Board. A final report® on opaquc bases was pre-

parced in 1956 indicating the superiority of paper aluminum foil laminate over any other
materials invesligaled

9"-’RDB Memo 244/2, subjecl: Amignmenl of Responmbility 1o the Department of the Army for Research in 1he
Fiel of Malerials for Cartographie Drafling and Reproduetion, 3 January 1950,

96'M(-mo from GSUSA for Chief of Engineers, subject: Assignment of Resrarch and Developmeni Cognizance in the
Ficl of Malerials for Cartographic Drafling and Reproduction File CSGLD/¥1-4891, 3 January 1950,

9 Test of Cartogrephic Bases,” ERDI, Report 1182, Interim Report, 4 October 1950,
%"Enginctring Test of Opaque Cartographie Bases,” ERDL Repocl 1190, 30 April 1953,
%“Dimeu.-hmlly Stable Opaque Cartographic Bases,” FERDL Report 1 469-TR, 2 November 195¢.
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In the meantime, investigations continued on commercial and ex-
perimental translucent materials including polystyrene, polyfluorc thene, other synthet-
ics in sheet form, and also synthetic fiber papers and glass-reinforced plastics. These
investigations resulted in the finding that coated and mechamically grained polyethylene
terephthalate polyester sheeting (“Mylar") was sufficiently stable and offered a satis-
factory drafting surface.'® After service testing which generally indicated the superior-
ity of this material over vinylite sheeting, which had been in use as an interim item, a

final report'® on this development was prepared. The report recommended that Mylar

with a drafting surface replace the vinyl acetate supplied as a base in five engineer sets
and that the project be closed almost 10 years after its inception in 1948,

(2) Plastic Scribing. When the cartographic draiting methods and equip-
ment project began in 1951, a survey was made of cartographic drafting methods and
equipment employed by other governmental and civilian organizations to form a base
froin which to chart the development program. As a result of this survey,'® it was con-
cluded that the project should be directed toward mechanizing grid layout and paint
plotting; improving compilation methods, color separation drafting, map symbolization,
and design; the development of tools and procedures suitable for the plastic scribing
process to be adopted by field mapping units; and continued study and development in
the field of plastic scribing to provide methods for proceeding directly from scribed
manuscript to the press plate. Between 1952 and 1957, plastic scribing was one of the
major development activities of ERDL.'® 1% This work resulted in the development
of a set of tools for plastic scribing — Drafting Equipment Set No. 13 Plastic Scribing —
with novel scribing instruments employing a spring-loading principle to control point
pressure, permanent ty pe scribing points, symbol template, measuring magnifier, \nd a
correction pencil (Fig. 61). Considerable progress was also made in the development of
dye-coated plastic sheeting. Later in 1958 and 1959, investigations of photomechanical
methods of etching dye-coated and opaque scribing materials resulted in the. develop-
ment of suitable resist coatings and etchants. New techniques for applying blueline coat-
ing by a simple hand rub-on method was developed by ERDL, thus obviating the need

for presensitized seribe material,

One unsuccessful effort was the development of a scribing instru-
ment employing ultrasonics to produce dashed and dotted lines, clear large open areas

100w 1 cineering Teat of Transhicent Cartographic Basea,” ERDL Report 1461.TR, 17 Seplember 1956,
10Lupingl Report on Stable Cartographic Bases,” ERDL Report 1542-TR, 3 September 1958.
1024, tographic Drafting Methods and Equipmend,” ERDL Report 1305, Firat Interim Regort, 7 July 1953,

103 ¢, rtographic Drafling Methods and Equipmeni (Plastic Scribing Process),” ERDL Report 1339, Second
Inlerim Report, 12 January 1934

104 pipntic Seribing Color Sepanation,” ERDL Reporl 1483-TR, 13 June 19587,
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Fig. 61. Drafting Equipment Set No. 13 — Plastic Scribing.

on the scribe sheet, and seribe symhols such as railroad and dipression contour ticks
(Fig. 62). Howevcr, the work did demonstrate that the basic principles of ultrasonics
may be applicable in the development of completely automatic equipment.'%%

{3) Grid Ruling and Point Plotting. Initial efforts in the early 1950's
to provide better means for grid ruling and point plotting resulted in the development of
a grid-ruling machine based on the isosceles sliding block principle. This had been aug-
gested hy Reed Research, Inc., as a result of their contracted research in this arca. This
itcm, developed under contract with the Umon insirument Company, had limited appli-
cation during service tests and further development was discontinued.'® Further work
ou grid ruling during the 1950's was limited to the investigation and test of commercially

1050y, 4 and Evalustion of Ultrasonic Scribing Equipment,” ERDL Report 1641.TR, June 1960.

1064 g ngineering Testa of Lhe Cartographic Grid Kuler,” ERDL Report 1486-TR, 17 June 1957.
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Fig. 62. The Ultrasonic Scriber — control panel, transducer, and commutators in holder.

available coordinatographs'® to provide portable models s+i.able for field use and larg-
er models for base-plant use.

(4) Automation of Cartographic Operations. The first organized effort
to automate cartographic operations came in 1958 when a contract was awarded to the
Benson Lerner Corporation, Los Angeles, California, to conduct studies to improve or
automate cartographic operations. As a result of this study, recommendations were made
to develop autoinatic instruments for point plotting and grid ruling for scribing and for
map lettering. 1t was also rccommended that automatic line-following equipment for
use in cartographic drafting be developed. Following this study, the requirements for a
completely automatic, high-precision, point plotter and grid ruling device were developed
by ERDL, and contract nvgotiations were initiated in 1959 to develop such an insuument.

d. Map Reproduction Accomplishments — World War 11 to 1960.

(1) Research for Map Reproduction. Research for map reproduction
in the period from World War 11 to the establishment of GIMRADA in 1960 primarily
concerned the development and simplification of lithographic equipment and techniques
for map reproduction in the field. The need for greater efficiency was revealed in many
situations in World War 11 where field conditions introduced problems not normally en-
countered in commercial practice. A need also developed to improve the quality of

107 T epte and Evalusiion of Precision Coordinstographa,” GIMRADA Repor 1-TR, July 1961.
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lithographic reproduction of photomaps and mosaics so that they would more nearly
equai full-tone photographic rzproductions. One of the earliest accomplishments in this
area was the first presensitized lithographic plate produced in the United States. This
development was actually a byproduct of work on the ammonia process for the repro-
duction of photographs, when a plate coated with a diazo type compound was produced
which merely required exposure and gumming thus eliminating the inking, developing,
and etching steps of the conventional albumin lithographic plates. Engineer Boad tests
early in 1949 showed that reproductions obtained from diazo-sensitized acetate plates
were superior to reproductions from conventional grained metal plates. Following this,
the development of presensitized lithographic plates was pursued by a number of litho-
graphic rwopliers; and, in 1952 and 1953, the Lithographic Technical Foundation, under
contract wish ERDL, evaluated a number of these plates procured on the commercial
market. The information developed in these evaluations was used to prepare a specifica-
tion for presensitized plate procurement: Specification MIL-P-13692(CE), ‘'Plates Litho-
graphic, Printing, Presensitized, with Processing Chemicals,” and a Technical Bulletin

TB Eng 159, " Presensitized Lithographic Plates.™

During 1951 to 1952, an air ductor dampening system designed to
replace the conventional molletin roller dampening system on the lithographic offsct
press was tested by ERDL. The tests showed that the system would work satisfactorily
but that a simplified method to apply moisture to the lithographic plate had not been
achieved. Therefore, the process was not adopted. Paper dampener covers were also
investigated, and a testing program carried out with the cooperation of the Map Repro-
duction Branch of the Engineer School revealed that excellent results could be obtained
by skilled operators. However, roller settings were too critical for trainecs and, there:
fore, the process could not be recommended for field applications.

In an effort to provide better quality lithographic reproduction of
continuous-tone imagery, the investigation of an unscreened, simnlated, continuous-tone
process called “‘~ollotype™ was initiated in 1952 by conwract with Triton Press, Inc. The
objectives here were similar to those of the Bloom process developed by Sergeant Bloom
before World War 11, Under this contract, controls were: established, procedures and
techniques were adapted to the lithographic offset press, and inks and humectants and
their effects on the lithographic process were investigated. Further development and
test of the process by ERDL brought it to the point where an experienced platemaker
could produve satisfactory plates. However, a comparison of results obtained with a
photograph and a conventional 300-line offset lithographic reproduction'® showed no
great improveraent in the amount of detail in the reproduction as compared to the 300-
line screen. The photograph was far superior to the other method of reproduction in

108.g . biation of Offset Collotype Printing for the Ficid Reproduction of Aerial Pholographs.” ERDL Report

1465-TR, 5 Oclobee 1956.
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tcrms of quality. Here, again, as with the dampening systems :nvestigated, the process
was found to be too critical for field application.

Lithographic plates, platemaking matcrials, and platemaking tech-
niques were major areaa of investigation in the mid-1950'. Tl e Lithographic Technical
Foundation wis contracted in 1952 to evaluate both standard and experimental litho-
graphic platemaking techniquea and materizls. This work co'itinued into 1954, and re-
sulted in a recommendation for a considerable rewrite of the Army Technical Manual on
Map Reproduction, TM 5-245, to bring the manual up to date. Under contract to the
Harris-Seybold Company in 1955 to 1956, three casein plate coating formulations which
met most of the requirementa were produced. However, the best development was the
discovery of 2 synthetic colloid (PYM/MA), the copolymer of mzthyl vinyl ether and
maleic auhydride, which showed excellent promise both aa a plate coating and as a plate
desensitizer. Evaluation by the Lithographic Technical Foundation and ERDL dcmon-
strated, however, that the synthetic material was somewhat slower in exposure time and
did not prodi.ce as tough an image as the conventional colloids used in lithographic plate-
making. These deficiencies were largely overcome by a blend of PYM/MA and casein
developed by the Army Map Scrvice.

‘t'he moat aignificant accomplichmenta of ERDL in lithographic
platemaking in the mid-195(Vs were the deve!~~m«nt of techniqoes for uging aluminvm
plates inateud of zinc, the development of the brush plate aurfacing method, ard the
development of wipe-on techniquea for applying plate coatings to the base plate (Fig. 63).

Fig. 63. Experimental brush plate surfacing equipment, 1955.
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The brush plate surfacing technique!® allowed elimination of the large, heavy marble

plate graining machine from the map reproduction train, and the wipe-cn technique
permitted elimination of the plate whitler,!10

Improvement of nulitary map psper was investigated from 1953 to
1957. An earlier atteiispt had been made by the 8. D. Warren Com pany to produce dur-
able, lightweight map paper with a pigmented printing surface and wet-strength proper-
ties. The work in the 1953 to 1957 period, done largely by the National Bureau of
Standards, incluucd a study of the reaction of the paper fibers and the resin used to give
paper its wet strength; investigation of paper-plastic laminates; the use of synthetic fibers
such as Nylon, Dacron, and Orlon; and the use of combinations of synthetic and natural
fibers. Some evaluation of experimental papers, manufactured by commercial organiza-
tions was performed to determine suitability for map printing. None of the papers de-
veloped and tested showed sufficient improvement or reduction in manufacturing costs
to warrant changes in specifications for map paper.

The investigation of the so-called “dry offset’ printing process in
1956 and 1957, by which the press dampenirg system would be eliminated, was also
noteworthy. As practiced commercially, the lithographic plate was prepared by photo-
engraving techniques (the nonimage areas being etched to a depth of 0.010 to 0.012inch).
ERDL rendered the nonimage areas of the lithographic plate ink-repellent by a surface
treatment or by the use of additives in the press ink. Although varying degrees of suc-
czss were achieved with the process, it was not considered adaptable to field Army use.

Iu the late 1950’s, research work on lithographic reproduction was
de-emphasized, and the program on research for map reproduction was oriented toward
the n.ore fundamental quection of the proper output media for effective communica-
tion of topographic and related data to the military uscr. In 1959, a purchase descriy
tion was written and negotiations were initiated for & contract study designed to deter-
mine the types of topographic and relaied data that would be required by the Armv in

the time period 1065 and 1075 and 1o formulate a family of output media for their ef-

/ fective communication. lt is of historical interest to note that this negotiation resulted
in a contract with Aeronutronics, a division of the Ford Motor Company, and an effort
was made to establish the basic requirements o1 the foot soldicr for topographic data.

While the objectives werc limited and the approach taken and the results achieved were
questionable, the effort ware so maligned that the program was h0t continued. However,
the Ad Hoe Committee of the Army Scientific -1dvisory Panel found in its investigation
of ETL in 1967 that this typc of progr.m was badly needed. Therefore, GIANT-75 end
GIANT-85 studies werc implemented by the Combat Developments Command in 1968.

109110 Surfaced Lithographic Pres Plates,” ERDL Report 1452.TR, 28 June 1956,

“o“EnIu-lion and Test of u Modlfied Platc Process Section, A Pruposed New Photomechanical Process Seetion
and a Redesigned Brush-Surfaeing Machine,” ERDL Reporl 1560.TR, 6 January 1939,
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(2) Rapid Procduction of i*:otographic Prints for Ground Forces. In the
immediate post World War 1l period, both the ¥illiamson and the Garraway rapid photo-
graphic printers were being tested by the Army Field Forces for the quantity reproduc-
tion of photographs and photomaps in the field for the Army. The Garraway printer
was developed by the Engineer Board, and the Williamson printer had been developed in
England during World War 11. These tests were completed in 1950. Neither machine
was considered satisfactory, and il was recommended that the new ammonia process and
equipment be developed for this application. Ammonia process equipment had becn
under development by ERDL since 1947 when a development project was initiated. The
primary objective was Lo reproduce line tracings and drawings. and a secondary objective
was to reproduce lim‘ted quantities of aerial photographs and mosaics in continuous
tone.''! By 1950, a 42-inch printer-devcloper had been developed.''? In 1950, the pro-
ject was revised to place the primary emphasis on reproduction of continuous-tone photo-
maps and aerial contact prints fro: cut or roll film up to 22 inches in width and to devel-
op or perfect the process to improve diazo type materials. Under the revised project,
various commercial ammonia process printer-developers were investigated includling 24-
inch machines manufactured by the Ozalid Corporatic n and the Faragon-Revolute Cor-
poration''? and the “Ozomatic™ manufactured by the Ozalid Corporation in 16-inch
and 30-inch size (Fig. 64). Considerahle work was done on the development of improved
diazo papers under contract with the Keuffel and Esser Corporation, resulting in plastic
coated papers of good color and color constancy. Work at ERDL concentrated on the
production of the ammonia process intermediate''* required for the process since it is
a positive working one, that is, a positive is produced through contact exposurc with a
positive.

By 1956, the development was highly advanced. The process did
not require the liquid chemicals and large quantities of water required for the photo-
graphic process; development was achieved simply by exposure to ainmonia vapors,
This was a distinct advantage. The disadvantage was the need for an intermediate trans.
parency, and there was some objection to the color of the image — it was not - solid
black on white.

This development was suspended in 1956, and the Continental
Army Command indicated that no further work on aerial photo reproduction was

111ep ight Sensitive Diasotype Paper for Tropicat Use,” ERDL Report 1109, 8 April 1949.
“Sendilizens for Ihe Production, by the Diaso-Ammonis Process of Non-Photographie Blue Line Drafting
.~ 'da,” ERDL Peport 1122, 6 May 1949,

”:‘Endneerin' Teats of Experimental Ammonia Process Priter-Developer,” ERDL Report 1174, 6 July 1950,

n "“Endmcrin( Tests of Two Frinter-Developer, Ammenia Process, 24-lach,” ERDL Report 1292, 12 May 1953.

“‘"Preplu!ion of Inlermedialea for 1he Quantity Reproduction of Arrial Contael Prints by the Ammonia Proces,’
ERDL Reporl 1253, 12 September 1952,
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rig. 64. Ammonia process machine developed for quantity produc-
tion of continvous tone photography by the Diazo process.

required by the Corps of Engineers since the responsibility for quantity aerial photo re-
production had been assigned to the Signal Corps.

In the meantime, in the period from 1952 to 1956, ERDL devel-
oped a motorized Ae-ial Photo Reproduction Equipment Train to provide a better facil-
ity for the Aerisl Photo Reproduction Company. The assemblage included five expanai-
ble van sections on semitrailers and was designed to produce 25,000 10-inch by 20-inch
prints per 8-hour operational period. The unit was accepted by the 67th Fngineer Aerial
Photo Reproduction Company for service test in November 1953. However, the project
was cancelled in January 1956 hefore the service test report was published when respons-
ibility for quantity reproduction was assigncd to the Signal Corps.

(3) Mobile Copy Camera. One of the first projects to be implemented
at the clnge of World War IJ was the development uf a completely new darkroom-tvpe
24-inch by 30-inch procer ;s copying camera suitable for the reproduction of military
maps und charts by v« organizations of the Army and Air Force (Fig. 65). Experience
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Fig. 65. The 24- by 30-inch mobile process camera.

during the war had proved the necessity for items specially designed for military appli-
cation to obtain the required simple rugged, compact and lightweight feat:res.

The engineering test model camera was developed by the Zarkin
Machine Company and was delivered to ERDL in July 1948.!*S A service test model
was procured in 1950, and service tests were conducted by the Engineer Test Unit ot
Fort Belvoir, Virginia, between 20 February and 7 August 1951.1% The item was even-
tually standardized and the project was closed in February 1954 after additional testing
had been conducted in 1952 and 1953 dealing with tropicalization of the canera and
safe storage during extremes of temperature.

(4) Lithographic Uttset Premes. Between Worid War Ii and 1560, there
was a series of lithographic offset press '~ clop.ment projects. The first of these imple-
mented in July 1945 was the development ¢ " a rotary offset lithographic press specially
designed with lightweight frame and low center of gravity for air transport and mounting
in mobile mapping vans (Fig. 66). This development pursued a normal course without

lls"Developnnnl and Testing of Camers, Copying, Mobile, Process, 24 by 3i-inch,” ERDL Report 1194, Interim
Report, 6 April 1951,

16D eyelopment of 24 by 30.Inch Mobile Process Copying Camers,” ERDL Report 1229.L, 6 May 1952,
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major difficulty or delay. The engineering test model was developed by Webendorfer
Division, American Type Founders, Inc., in 1949."'7 A service test model was procured
and delivered to the Engineer Test Unit, Fort Belvoir, Virginia, in 1951. Testing was
completed in August 1951. 1n the meantime, the U. S. Air Force proposed a change in
sheet size requirement from 22 inches by 29 inches to 22%2 inches by 30 inches. This
was accomplished simply by a change in procurcment specifications. The item''® was
classified standard in February 1952 and the project was officially closed by Corps of
Engineer Technical Committee action lac.t that ycar.

Fig. 66. Lightweighl lithographic offsct press — 22.5 by 30 inch.

In March 1952, development of a web-fed (roll-f~d) lithographic

offs. t prcss began. The objective was to provide equipment for hign-speed map priniing
in emergency situations to complement sheet-fed presses. A contract was awarded to

3 the Michle Printing Press and Manufacturing Company in 1952 for a design study, This

; l”"l)ﬂrlopmrnl of Lithographic Uffscl Press, 22. hy 29.Ineh Sheet Size,” ER1IL Report 1172, Inlerim Report,
16 June 1950,

} lls"lkvelopmenl of Lithographic Offse] Press, Mobuke, 22.5 by 30-Inch Maximum Sheel Size,” ERIIL Report
1247, Fina! Report, | August 1952,
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study was completed in October 1953, and it was concluded that a multiunit, web-fed
press which prints after sheeting was best suited to the requirement. After evaluating
the Miehle report, however, it was concluded that the requirements for sueh a press and
the potential savings offered were not sufficient to warrant development at the time.
The projeet was cancelled in November 1955.

In February 1957, a projeet was initiated to develop a lightweight,
two-eolor offset press to increasc the efficiency of the field map reproduetion units. Cn
solicitation of proposals from industry, only two proposals were reezived — one only for
a feasibility study, and the other for the design and fabrication of a press in Europe. The
development was then dropped from further consideration because of laek of funds.

(5) Spirit Duplicator. As a result of the unsatisfactory performance of
the gelatin duplicator in tropical climates in World War I1, a project was approved by the
Army Service Forees in November 1945 to develop a lightweight, compact, dependable
duplicator in the 22-inch by 29-inch size which would operate satisfactorily under ail
field conditions. This type of equipment was required in the field for rapid reproduetion
of overlays, map overprints, etc., required in such small quantities and on sueh short no-
tice that lithographic reproduction was impracticable or unjustified.

To meet this requirement, ERDL developed a rotary, sheet-fed,
hand-operated duplicator based on the spirit process of duplication (Fig. 67).

Fig. 67. Spirit Duplicator.
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An experimental model spirit duplicator was procured from the
Rex-0-Graph Company and was service tested by Army Field Forces Board No. 2 in
1947 to 1948. As a result of these tests, the spirit duplicator was redesigned by ERDL,
engincering drawings were prepared, and a revised duplicator was fabricated in the ERD1,
shops. This was one of the rare cases where the final test model vcas produced in this
fashion.

The development of the spirit duplicator and all testing including
tests in temperature extremes and the final report on the development were pubiished
in 1952.'1?

(6) Lightweight Paper Cutter. Another of the early post-World War 11
projects was the development of a lightweight, compact, hand- and power-operated paper
cutter capable of trimming 22-inch by 29-inch map paper on both dimensions. The cut-
ter was requircd to replace a 23-inch, hand-operated paper cutter that was inadequate
because of changes in standard field press and map size. This project was approved on
8 November 1946 by the War Department General Staff.

Anr enginecring test model was constructed by the Zarkin Machinc
Company, New York Cit, , and was delivercd to ERDL in June 1949. This was a bench
model portable unit that measured 41 inches by 41 inches by 25 inches and weighed
approximately 100 pounds.

After testing, the Zarkin Machine Company was contracted to con-
struct a service test model, but the contractor expericnecd considerable difficnlty in
consummation of the contract, It was eventually cancelled by mutual agrecment and
at no cost to the government in 1951.

In the meantime, it was found that the larris-Seybold Company
mannfacturcd for the commercial market a 26%-inch paper cutter which very nearly
met the military requirements. A contract was negotiated with Harris-Seybold for a
30%:-inch cutter crubodying the principles of their 26%-inch cutter but also fulfilling all
military requirements, Thie cutter was delivaced w ERDL in july 1952 (Fig, 68). After
service test by the Engineer Test Unit at Fort Belvoir, Virginia, in 1953 and some fur-
ther maodification to overcome deficiencies noted in these tests (specifically, the replace-
ment of the cast aluminum alloy knife assembly by a stecl assembly), the item was class-
ificd standard in November 1954 and the project was closed,

(7) Light Sources for Photolithography. Thc projcct for the develop-
ment of an improved light source for photolithographic processes, which was initiated

19 tyevelopment of 22- by 29.Inch Spiril Duplicalor,” ERDL Report 1227, 28 April 1952,
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Fig. 68. Lightwe . nt paper cutter.

in October 1946, turiied out to be an abortive attempt to replace the arc lamps which
were considered unsatisfactory because of the excessive heat, smoke, and noxious fumes,
high power consumption, and nonuniform illumination. After almost 9 ycars of effort,
it was finally concludeil that the carbon arc lanip was still the best means of illuminating
the copy board of a copy camera. The investigation did determine that the motor-driven
carbon are lamp was superior to the solenuid-operated lamps, and military specifications
were rovised accordingly. The project was cancelled in April 1955,

The initial approach in this projecct was to devclop an clectrical
discharge light source, and an cxperimental model was designed and produced under con-
tract by the American Speedlight Corporation. This light source was found unsatisfact-
ory primarily because of complex electronic circuits requiring irequeni servicing, ihe
excessive bulk and weight of the unit, iength of required exposure, and the necd for an
auxiliary light source for focusing and centering copy in the film planc.'?

(8) Photolettering Machines. Pliotolettering machines were investigated
starting in Fcbruary 1947 and continuing through the 1950's and beyond. The objective

120w 4 e1runic Flash Light Souree for a Process Copying Camera,” ERDL Re port 1246, 28 July 1952,
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Fig. 69. The Hadego photo compositor.

was to providc a suitable machine to replace the letter press equipment used in World
War II to produce marginal data, titles, place names, etc

Numerous commercial lettering machines were tested under the
project, including a modified commercial Fotosetter Photolettering machine,'?' the
Fairchild Lithotype,'? a desk model Fotosetter,'?* an ATF-Hadego Photo Compositor
(Fig. 69),'* the Coxhead Liner, the Typro Composer,'** and the Photonymograph'2¢
manufactured in England (Fig. 70). None of these proved to he satisfactory, but the
operational tests of the Photonymograph in 1958 indicated that thir machine met the

121epo10actier (FS-4) Phololettering Machine,” ERDi. Rerort 1259, 28 Oetober 1952,

122.F yirehild Litholype Composing Machine,” ERDL Report 1241, 7 July 1952.

123Desk Model Fotosetter Photo-Lettering Machine,” ERDL Report 1329, 6 November 1953,
124. A TF.Hadego Photocompositor Photoleticring Machine,” ERDL Report 1414, 22 July 1955.
1257y pro Composer Photolettering Machine,” ER DL Report 'S04TR, 16 October 1957,

126.7 0 and Investigation of 1he Photonymograph (PN-4),” ERDL Report 1537.TR, 24 July 1958,
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Fig. 70. The Photonymograph.

military characteristics more closely than any tested up to that time. Minor dcficiencies
were noted, and three instruments incorporating the recommended changes were re-
quested from the British for user tests.

In the meantime, an instrument calied the Headliner (Fig. 71),
manufactured by the Varitype Corporation, became available in this country. This was
an improved ersion of the Coxhead Liner which had been investigated earlier. Tests of
this machine indicated that it was superior to the Photonymograph from the standpoint
of economy and efficiency of operation.'? Three of these instruments, with modifica-
tion to meet military requirements, were procured in 1959 for user tests. One of the
three Photonymographs was received from the British in 1959. Concurrent tests were
conducted, and eventually the Headliner instrument was adopted.

(9) Motorized Map Reproductior Sections. 1n 1950, a project was ini-
tiated to modify and modernize the seven standard engineer mobile map reproduction
sections, to adapt the van body dimensions to the new ordnance chassis, and to revise

the interior layouts to accommodate new map reproduction equipment developed since
World War I1.

127.Teqt and Evaluation of the Headliner Mode) 400, ERDL Report 1568-.TR, 29 April 1959.
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Fig. 71. The Headliner.

The first step was to develop a new van body with Army-wide stand-
ard heating and air conditioning equipment. The design included a new type of floor
with radiant heating and a eompartment interchangeable with the rear van body doors
10 extend the body 3 feet 1o provide darkrosm spaee for the eamera seetion.!?*

Development and all tests were completed in 1959.12% The new sec-
tion ineorporated the newly developed brush plate surfaeing equipment in lien of the
plate graining machine and a uew photomechanieal negative processing section? de-
signed 1o provide better facilities for handling plastic scribing materials and color proving

(Fig. 72).

128 mbination Map Reproduction Van Bedy.” ERDL Report 1536.TR, 23 July 1956

1294k valuation and Teal of A Modified Plate Procers Seclion, a Proposed New Pholomechanical Process Seclioa
and a Redesigned Brush Surfacing Machine,”” ERDL Repori 1560-TR, 6 January 1939,

lw"l'lnginemhg Tests of a Temperature Controlled Processing Unit, Decp Tank, for Photomechanical Film,”
ERDL Repc:1 1599.TR, 1 Oclober 1959.
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Fig. 72. Photomechanical film processing unit.

(10) Electrostatic Printing. The development of electrostatic printing
by the Corps of Engineers actually began in 1952 when a project was approved by the
General Staff, U. S. Army, to investigate and appraise current developments in xerngra-
phy. In addition, the project was to determine the possibilitics of the process for field
production of lithographic plates and to evaluate the report on the long-range possibili-
ties of a complete xerographic printing process for the reproduction of maps.

This investigation was pursued in the mid-1950’s through a series of
contraets with the Haloid Company (now the Xerox Corporation). The investigations
under these contracts were performed by the Battelle Memorial Institute, Columbus,
Ohio. The initial work included investigations of cascade and powder clond develop-
nient of clectrostatic images on selenium xerographic plates and subsequent transfer by
heat, pressure, and electrical discharge 1o a lithograph press plate. Later, a magnetic
brush image development technique was developed, and still later a procedure was de-
vised for reproducing 300-line halftoncs of good image quality on a zinc oxide-silicone
plate coating using magnetic brush development. This work by Battelle for the Haloid
Company under ERDI. contract furnished much of the technology suhsequently applied
in the famous Xerox copying machines. As a part of this research, an experimental
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Xerographie-Lithographie plate processing and transfer machine was produced and eval-
uated by ERDL in 1955.13!

Further work at Battelle Memorial Institute resulted in develop-
ment of the process to make nonimage areas of a zinc-oxide silicone coated plate water
receptive and ink repellent. Thus, the plate could be used directly on the press as a litho-
graphie printing plate.'** This led to the development of the experimental eleetrostatie
platemaking equipment in 1958 under contraet with Photo-Devices Inc. (Fig. 73). The
equipment was dclivered to ERDL in November 1958. It did a creditable job of pro-
ducing quality lithographic press plates but was somcwhat inconsistent. Nevertheless,
it was never adopted for field or other application because presensitized plates or brush
surface plates with wipe-on coating were considered more suitable approaches.

Fig. 73. Experimental electrostatic plate making equipment, t958.

By the late 1950°, progress in the development of Xerography had
reached the point where the process could be seriously considered for a complete printing

la]“l{valmtion of Experimental Xerogaphic Process for Lithographic Platemaking,” ERDL Report 1417, 28 July
1955,

192k valuation of 4 Xerographic Process Preparing Zinc-Oxide Silicone, Binder-Type Lithographic Plales,” ERDL
Repor1 1545-TR, 28 December 1958,
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system to reproduce maps. In 1958, a contract was awarded to the Haloid Company to
design an electrostatic printing machine. This contract, completed in July 1959, pro-
duced a design based on a “touchdown” development system. However, work contin-
ued after the close of the contract at the contractor’s expense. In October 1959, a re-
port was submitted by Haloid recommending a selenium transfer system using a selenium
drum in conjunction with high-speed cascade developing, electrostatic transfer from
drum to paper, and heat-image fusion.

In the meantime, the Defense Standards Laboratories, Woodville.
South Australia, aunounced their work on the use of liquid-immersion development of
electrostatic latent images which produced images of outstanding quality. Also, the
Radio Corpuration of Anierica Laboratories, where work on this process had been
underway for several years, submitted an unsolicited proposal to dcsign and construet a
dcmonstration .nodel electrostatic printing machine using a 22%-inch web of zinc oxide-
binder coated paper and uiquid development. This machine would print from 70-mm
microfilm sepzration positives and would, thercfore, be ideally suited to the then emerg-
ing concept of field map reproduction. Under this concept, maps would be produced
in the field on demand rather than by advanced reproduction, storage, and distribution
of the large quantities of maps required in an Army operation.

A contract was awarded to RCA Laboratories in January 1959 for
the demonstration model which was delivered in December 1959 (Fig. 74). In December
1959, contract negotiations were initiated with three commercial organizations for the
design and construction of an experimental multicolor electrostatic printing machine.
Ther~fore, by early 1960 the development of a multicolor electrostatic printing machine
had been launched, but a decision concerning the basic process to be used in the system —

sclenium transfer or liquid-emersion development of zinc oxide-silicone coated paper —
had not been made.

(11) Target Map Coordinate Locator. The concepts of military operation
in the late 1950’s employing long-range, surface-to-surface missiles led to the requircment
for equipment and facilitics to enable rapid access to map information and the determi-
nation of map coordinates of potential targets or for other military purposes throughout
the areas commanded by these modern missile systems. As a potential solution to this
problem, a project for the development of the Targct Map Coordinate Locator was ap-
proved in March 1958 by GSUSA. A contract was awarded to the Fairchild Camerz and
Instrument Corporation in 1958 for the design and fabrication of the Locator and the
essential equipment for the preparation of color micromaps. The design was approved
in 1959 and fabrication was started (Fig. 75).

(12) Color Separation. ERDL work on electronic color separation began
in the early 1¥50's. A contracted investigation by Edward Stern and Company in 1952
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Fig. 74. Demonstration model electrostatic printing machine by RCA (19565,

and 1953, followed by further in-house work in 1954 and 1955,'3 concluded that a
suitable scanning machine could be developed adopting design featurcs from commercial
experience put embodying new concept: for color recognition.

In July 1955, a project was approved by GSUSA to develop such a
machine. This project was 1o provide a scanning device, based on clectronic color reeog-
nition principles, which would be suitable for use in base or field topographic units to
prepare color separation media from multicolorcd printed maps or map manuseripts
such as capturcd maps or a stugle tibrary copy map.

A development contract for this item was awardcd to Outlook Engi-

neering Company, Alexardria, Virginia, in January 1956. The design and fabrication of
an experimental model was completed carly in 1958.

133E ahution of Color Recognilion Device for Making Color Separalion From Multi Color Maps and Charts,”
ERDL Repor) 1401, 10 May 1955,
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Fig. 75. Experimental model target map coordinate locator, Fairchild
Camera and Instrument Corporation {(1v60).

The equipment produced was a flatbed scanning device with elec-
tronic color recognition which was rather successful in recognizing and printing major
map cclors, but the cquipment had extensive mechanical and clectronic deficiencies

aud ihe coniraci was fnally toiinatcd.

In the meaniime, in-house tcsts were initiated using a modified pro-
cess color separation technique which shawed promise of meeting the basic requircment
more simply and dircctly. This process used standard photographic filtcrs te produce
separations on stable base films to be printed by cyan, magenta, and yellow proccss
color inks. In view of this, the development of the clectronic scanning color separator
cquipment was terminaied.
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{15) Terrain Model Making. During World War 11, the terrain model and
the plastic relief map proved to be valuable and desirable methods of presenting terrain
infurmation for use in both opcrations and operational planning. While troop units were
provided with equipment for the production of terrain models, they were poorly
equipped since no standard set of model making equipinent was available. Special ship-
ments of improvised material, mostly nonstandard and not available from normal sup-
ply channels, wer= necessary. Furthcr, the techniques of construction and reproduction
then available did not adcquately meet requirements for fast, initial construction and
large output of duplicates in a short time.,

Two programs were implemented in Dccember 1947 to overcome
these limitations. One program was the develupment of a mobile terrain model making
equipment set. By 1951, the terrain model-making equipment, portable, set My, ! gen-
eral puipose,’* had been engineer and service tested. Further actiun un the projeet to
mevnt the equipment in motorized sections was held in abeyance pending a re-evaluation
of the requirement, and work was finally terminated in 1958. The other program was
designed to develop more efficient methods to produce terrain models in the field and in
base facilities of the Army.

Under the terrain model production methods program in the latc
1940’s, investigations led to the adoption of a German pantograph machiie and a colli-
mating shudow projector for base plant application. Bakelite VU 5801 was selected as
th.e matcrial for .elief niaps for both base and field plant opcrations.

A little latcr a reliefograph machine was procured and tested and a
developcd surface cutter was designed at ERDL and tested.!3* Neither of these proved
suitable; the -eliefograph machine was not sufficicntly accurate and the developed sur-
face cutter requircd extensive redesign which was not warranted.

In 1959, a contract was awardcd to the Bausch and Lomb Optical
Company ior basic research on an automatic topographic scanning device. This con-
tract, completed in 1952, demonstrated the feasibility of automatically locating the con-
secutive pusition of terrain points in a high-contrast, three-dimensional model formed by
a pair of overlapping aerial photographs oricnted in multiplex projectors. A breadboard
model, devcloped under this contract, transmitted the positions of these terrain points
to a plastic cutter which produced profiles of the terrain. The uriginal concept was that
this approach would he applicable to the automatic productiun of terrain models, As it

134T errain Model Making Equipmenl, Partalile, Set No. |, General Purpose,” ERDL Report 1:92, 20 January

1951,
135 Retiefouraph Machine,” ERDL Report 1169, 19 December 1950.
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turned out, this was a.tually the beginning of the development of automatic mapping
cquipment.

In 1956, after investigation and rejection of a servomechanical model
making instrument based on the profilc lamination system in 1953 (Douglas Tool Com-
pany contract) and the design of a semiautoinatic model making machine by Reed Re-
search in 1955, a contract was awardexi to the Kaiser Aircraft and Electronics Corpora
tion for a prototype, semiautomatic, model-carving machine (Fig. 76). Fabrication of
this machine was completed in 1958, It was designed to automatically sense contour
lines as it scanncd a contour transparency which was irum mounted immediately in front
of an operator and thus control and drive a cutting tool which carved the profile in a
block of wax. An operator was rcquired to monitor the operation and to indicate to the
device by pushbutton control if the contour sensor was traversing uphill or downhill.
This instrument was subsequently ‘ested by the Army Map Service and was rejected as
unsuitable for their operations.

Fig. 76. Semi-automatic model makn., machine, Kaiser Aircraft and Flectronics Corporation (1958).

During the course of this development, the coneept of a fully auto-
matic, terrain model-making machine hased on a voltage-coded equivalent map source
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was advanced by the Kaiser Aircraft and Electronics Corporation. Although military
characteristics for such a device were drawn up in coordination with CONARC, develop-
ment was not of sufficient priority and the ERDL program for development of terrain,
model-making methods was terminated.

e. Surveying and Geodesy Accomplishments — World War II to 1960.

(1) ‘Theodolites, At the clox f World War H, work was still in prog-
ress on the development of a 1-second theodulite of domestic manufacture. During the
carly post Werld Wai 11 period, two other theodolite developmente were tnitiated. The
development of a 10-second, directional-type theodolite to reolace the conventional,
20-second, repeating type 2nd the establishment of a domestic source of supply were
approved in October 1945. In October 1947, a project was approved to develop a
1-minute theodolite, which was to be a compact, light weight, dust-proof, night-
illuminated optical-reading instrument for use in general-purpose military survey work
to replace the 1-minute transit then in use.

Inspection and tests of the 1-second theodolites produced by the
W. & L.E. Gurley Company and the Keuffel and Esser Company in the closing days of
World War 1l sltowed that the theodolites produced by the W. & L.E. Gurley Company
were generally nnsatisfactory, hut the instruments produced by the Keuffel and Esser
Company met the basic requircments and were considered satisfactory (Fig 77). How-
ever, the Keuffil and Esser Conipany, because of the difficulties encountered and the
cxpense involved, was no longer interested in producing a 1-seeond theodolite. There-
forc, the W. & L.E. Gurley Company was contractcd in 1947 to produce an additional
e perimental model and five service test models in accordance with revised specifications.
Tle National Bureau of Standards was engaged to produce the graduated glass circles.

Acceptance and eagineering tests of the experimental theodolite
were completed in September 1950'¢ and the five service test instruments were accepted
later that year (Fig. 78). During the period from 1951 to 1953, cold weather tests'*? 38
were conaucied ai Fori Churchiil, Canada, and the 1-second theodolite was service tested
under the supervision of Army Field Forces Board No. 2.

Although this program did eventually develop a domestically pro-
duced 1-second theodolite. the cost of production could not compcte with cost of

136-Theadolite, 01 Second,” ERDL Report 1207, 13 June 1951.

l37“Co|d Weather Testing of 1-Second Disection Theodolite, 10-Second Direction Theodolite, Universal Tripod

and Atronomical Attachment,” ERDL Report 1223, 5 January 1952,
138+(51d Weather Testing of 10Second Direction Theodotite, 1-Minute Dieection Theodulite, 1 Second Direetion

Theodolite (Foreign Model) A stronomical A ttachment and Winterization Kit,” ERDL Report 1288, 29 April
1951
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procurement frum European manufacturers. Therefore, on 2 July 1954 almost 14 years
after initiation of the development of the 1-second theodolite on 25 July 1940, the de-

velopment project was officially cancelled by Corps of Engineers Technical Committee
action.

The devefopment of the 10-sccond theodofite pursued a relatively
normal and uneventful course, drawing initially on the technology developed in the pro-
gram on the 1-second theodolite and finally on technology developed in the concurrent
1-minute theodolite development. The Keuffel and Fsser Company, Hoboken, New Jer-
sey, pruduced an cxperimental model which was delivered to ERDL for test in May 1947
(Fig. 79). After some modifications to pruvide a more scrviccable instrument, engincer-
ing tests were completed in 1949'3% and Keuffel and Esser Company was contracted to
pruduce six service test models. Since the Keuffel and Esser Cumpany was also wurking
on the 1-minute theodolite development by this time, it was possible to incorpuratc ap-
plicable features of the 1-minute instrument design into the service test mudels and thus
provide desirable modifications.

iy

Fig. 79. Keuffel and Fseer 10-second theodolite
experimental model (1947).

13%Theodolite, 10-Sccond,” ERDL Report 1100, 28 January 1949,
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All development and test work on the 10-second direction theodo-
lite was completed in 1953. Aretic winter tests at Fort Churchill, Canada'® in January
1951, desert summer tests at Yuma Test Station in Yuma, Arizona, in August 1952,'4!
and service tests by the Army Fteld Forces had been done.

The development of the 1-minute theodolite was destined to pursuc
a rather rocky course as did the 1-second theodolite development. After the production
of an experimental model by the Keuffel and Esser Company (Fig. 80) and completion
of engineering tests"*? in 1950, a contract was awarded to *ite David White Company in
May 1950 for two service test models. A short time later, the contract was modified to

Fig. 80. Keuffel and Esser 1-minute direction theodolite, experimental
mode| (1949).

lw"(iold Weather Testing of 1-Second Direction Theodolite, 10-Sccond Direction Theodolite, Universal Tripod,
and Astronomics Attachimenl,” ERDL R=poet 1223, § January 1952.

14Lesio1 Weather Testing of 10-Second Direction Theodolite With Universal Tribrach and Univerasl Tripod, Astro-
nomical Altachmenl, Universal Lens Compass, Lensatic Compasm, snd Wrist Compess,” ERDL Report 1289,
29 April 1953,

142 Theodolite, :-Minute,” ERDL Report 1197, 1 May 1951.
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call for circle graduation in the mil system for one of the instruments on order. The
completion of this contract was delayed due to difficulty encountered by the contractor
in graduating the circles. Therefore, in January 1953, the Keuffel and Esser Company
was contracted to furnish glass circles graduated in the mil system; and, in February
1953, a supplemental sgreement was negotiated with the David White Company to fur-
nish glass circles for the mil theodolite. Subsequently, in June 1953, a supplemental
agreement was negotiated with the David White Company to deliver the mil-reading the-
odolite complete exccpt for the glass horizontal and vertical circles.

In the meantime, pre-acceptance inspection and test of the
I-minute theodolite indicated that the David White Company could meet the accuracy
requirement of the instrument center only with considerable difficulty and that quan-
tity production problems were inevitable. To avoid this, ERDL negotiated with the
Brunson Instrument Company to fabricate a new type ball-bearing center for both the
mil reading and degree reading theodolites.

One service test model 1-minute theodolite with the new type hall
bearing center and Government furnished glass circles was finally shipped to Army Ficld
Furees Board No. 1, Fort Bragg, North Carolina, for service testing on 9 june 1954. The
second service test model theodolite with mil graduations was ehipped to CONARC
Board No. 2, Fort Sill, Oklahoma, for service testing on | February 1955. Scrvice test-
ing was completed in November 1955. After evaluation of service test reports, OCE re-
qucsted ERDL to investigate the feasibility of providing a telcscope with an erecting op-
tical system. This investigation revealed that a complete redesign would be necessary to
provide an erecting telescope that would transit the full 360° and that this would be
very costly and time-consuming. The results of this investigation were discussed with
rcpresentatives of the Continental Army Command and OCE on | May 1957, Asare-
sult of information developed at this conference, it was concluded that further modifi-
cation and tests of the service test mode] theodolites with a view to their eventual pro-
duction by American industry wonld not be the most expeditious, economieal, and pro-
ductive approach to meeting Army troop user requirements. Therefore, it appeared ad-
visable to consider procuremert of a suitable forcign built surveving instrnment.

Eventually, after testing of moulificd Wild T-16 theodolites cqnipped
witl il circles, the Wild T-16 Theodolite (Theodolite Directional, 0.2 Mil, 5.0-Inch
Long Telescope) was type classified standard in Scptember 1958, Type classification of
Theodolite, Dircctional, 1-Minute, 5.9-Inch Long Telescope, was accomplishied early in
1960 and the project was closed.

It shonld be noted hicre that, in the carly 1960’ thie Brunson Iustru-
ment Conipany, Kansas City, Missouri, was the successful bidder on a quantity
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procurement of 1-minute theodolites thus providing a domestic source for this instru-
ment in compliance with Corps of Engineers specifications (Fig. 81).

Fig. Bt. The Brunson t-minute theodolite.

(2) Survey Computers. The effort to develop a survey computer con-
tinued in the post World War 11 period and throughout most of the 1950s. In 1957,
Army Regulation AR 1-250 assigned R &D responsibility for electronic data proressing
and computing equipment required for Army use to the Chicf Signal Officer. However,
the Chief of Ordnance was assig=cd the same responsibility for such eqnipment devel-
oped for and intcgral to weapons fire control systems. A fter this, specific development
of computing equipment by ERD L was discootinued; however, the problem of select-
ing and developing software for computing cquipment for surveying and mapping appli-
cations still remaincd.

As previously noted, a survey compnter was first attempted in
World War 11 and was unsuccessful, resulting in termination of a contract with the W, 1,
Maxon Corporation in January 1944. It is interesting to note that a similar development
was again attempted in 1951 with like results. This cffort was to develop a light weight,
hand-operated computer suitahle for use by a traverse party to compute susvey coordi-
nates as measurements are completed. A development eontract was awarded to Industrial
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Research Institute, University of Chattanooga, Chattannoga, Tennessee, in December
1951 for an experimental model. The contract ra. into mechanical malfunction diffi-
culties and was subsequently cancelled. Following this, several manufacturers indicated
an interest in developing a transistorized portable computer, but this approach was
never pursued since CONARC did not re-affirm its requirement for development by this
approach and the project was cancelled in December 1957,

The development of an electric survey computer was initiated in
March 1947. International Business Machines Corporation developed an experimental
model which was delivered tc ERDL in January 1949 (Fig. 82). Engineering'®* and
service tests'* of this computer indicated a need for a more versatile computer, and as
a result revised requirements were prepared.

Fig. 82. Experimental electric survey computer, International Businesa
Machines Corporation (1949).

143w omputer Survey Elecirie (IBM),” ERDL Report 1146, 3 Septemnber 1949,

M4 Teat of Computer, Survey, Electric and Surveying Equipment, Mobile Conlrol Section,” CONARC Board 2
Report P-1434, 8 January 1951,
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In February 1952, Monroe Calculating Machine Company under-
took the development of an experimental service test computer under the new require-
ments and the computer was delivered in February 1955 (Fig. 83). After engineering
and service tests, this computer was transferred to the Army Map Service in January
1957 at their request.

Fig. 83, Experimental electrie survey computer, Monroe Calculating
Machine Company (1955).

Following the testing of the Monroe Computer in August 1956,
ERDL recommended adoption of revised military characteristics to reflect the current
military requirement for an electronic computer. A service test model with characteris-
tics gimilar to the RECOMP |, developed for the U.S. Air Force by Autonetics, a division
of North Amcrican Aviation, was procured. The procurement was initiated by transfer
of funds to Rome Air Development Center in June 1957 and subsequent contract by
Rome Air Development Center with AVCO Manufacturing Corporation, Lawrence,
Massachusetts, This effort aborted in February 1959 when the Rome Air Development
Center terminated its contract with AVCQ for the CP-266 compauter, thus cssentially
ending ERDL efforts in the computer development field.

(3) Compames. The development of compasses, both the wrist and the
lensatic types, was rcopened in 1947 to provide instruments which would overeome the
deficiences noted in those developed during World War 11. Experimental models of the
lensatic compass were produced by Taylor Instrument Company, Rochester, New York
(Fig. 84), and the Brunson Instrunment Company, Kansas City, Missouri. Both were
found to conform to the military charactcristics, but the Brunson model was considered
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Fig. 84. Experimental model lensatic compass, Fig. 85. Wrist compass, induction
induction damped, Taylot Instrument Company demped, 1949 model.
(1948).

superior.’*  Experimental modcls of the wrist compass werc produccd by the Brunson
Instrument Company, Kansas City, Missouri (Fig. 85), and werc delivered to ERDL in
January 1950.'4¢ Cold weather tests of the lensatic compass’*” were conducted at Fort
Churchill, Canada, and in January 1951 service test mod:is were procured and shipped
to service test agencies. Herc again, as with the compass development during World War
11, emergency procurement of large quantities of both compasses was madc before all
testing and development had been completed.

Development of both compasses was completed in 1952.'*% The
lensatic compass was classificd as standard type, and the project was closed in June 1952

The wrist compass was classified as standard type, and the project was closed in Novem-
ber 1952,

{4) Mobile Survey Control Section. As a result of wartime cxpericnce
which indicated that time would be saved and cfficiency increased by providing a mobile
survey control headquartcrs, a project was initiated in 1947 to develop such an item. It
was to consist of a van-type truck or trucks containing the drafting and computing

1454Compam, Lenmtic,” ERDL Report 1154, 6 January 1950.
145Compas Wrist,” ERDL Report 1183, S October 1950.
LY Wealher Test of the Sun Compas and Lenaatic Compams,” ERDL Report 11811, 22 Seplember 1950,

148{ ¢ raatic Compass.” ERDL Report 1250, 2 September 1952.
“Compam, Wrist,” ERDL Report 1266-L, 28 November 1952,
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facilities and the communication and control center of the survey elements of Engineer
Topographic companies and battalions.

Although engineering and user tests of the mobile survey control
section were completed by 1956, it was not until 1960 that type classification action
was completed and the project was closed. In part, the delay was caused by diffi.ulties
encountered in the development of a computer for the section. The final result of the
development was a single, van-type truck mounted on a standard ordnarze truck chassis
and incorporating standard air conditioner and heating equipment. 1t contained the
nccessary office furniture, computing and drafting equipment, supplies, and radio com-
munication equipment to operate a field computing section of a survey platoon.

(53) Electronic Distance Measuring Equipment. Work on the develop-
ment of methods and technigues for the best use of ground survey electronic equipment
in establishing control for mapping started in 1947. At that time, the Director of Re-
search and Development, WDGS, directed the Chief of Engineers tc prepare military
characteristics and a plan of development for “Ground Survey Electronic Surveying
Equipment and Methods.” The Chief of Engineers forwarded military characteristics to
the Director of Research and Development in June 1947 and recommended that the
Signal Corps undertake the development of ground electronic surveying equipment and
the Corps of Engineers initiate a project to provide methods for the use of such equip-
ment.

The Signal Corps development resulted in ‘he design and fabrica-
tion of an expcrimental model AN/PPN-13 electronic distance measuring equipment,
two models of which were completed in January 1952 (Fig, 86). These were tested on
the bench and in the field in 1952. 1n May of that year, the Signal Corps Engineering
Laboratories contracted with Motorola, Inc. for 14 sets of the equipment. This system
was based on a pulse technique wherein a distanc: was measured by the elapsed travel
time of a large number of pulses of electromagnetic energy from masici iv remote sta-

tion and seiurn,

Over the next few years, the Signal Corps Engineering Laboratories
continued to modify circuitry on the experimental models to produce suitable results,
until in April 1955, after almost 3 years of effort, it was agreed that a change in approach
was necessary to expedite the delivery of service test models. Not until December 1958
was one AN/PPN-13 system delivered to ERDL. In the meantime, developments in the
phase-comparison systcm area had overtaken the Signal Corps development. The AN/
PPN.13 was tested in Northern Virginia. Since the equipment was considerably heavier,
bulkier, and less accurate than the phase-comparison systems which had become avail-
able by this time, further work on the development of the pulse system was dropped.
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Fig. 86. AN/PPN.13 clectronic distance nieasuring equipment, Motorola, Inc. (1956).

During this time, ERDL was investigating other rarging systems for
possible military application. In 1954, the “Raydist System Type O” of the Raydist
Navigation Corporation was tested in the Caribbean over distances ranging from 65 to
175 miles. After these (28ts, a program was set up to evaluate radio continuous wave
phase comparison systems as a mcans of mcasuring long distances up to 500 miles. These
investigations znd field tests were made by the Lorac Service Corporation in ihe 1935
to 1957 period.

In March 1957, a contract was awarded to the Lorae Service Cor-
poration extending the scope of previous contract wors und requiring optical and radio-
optical azimuth and distance determination in a test net in Arizona where ranges were
70 to 86 miles. In this work, some experiments also took place in positioning ground
and air vehicles using the Lorac gystem as a radio locating system.
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In December 1957, a contract was awarded to Seismograph Corpor-
ation for studies, reconnaissance, and tests involving distances and azimuth ove.: water
for ranges from 100 to 500 miles. The contract also included the development of an
clectronic azimuth indicator. By 1959, this work and all m:nuals on tne Radio Cor:tin-
uous Wave Phase Comparison System (LORAC) were complcted. Three special long:
range transmitters and an experimental azimuth measuring system had also been finished.

The development of the Tellurometer, a phase-comparison, micro-
wave, distance-measuring system, in the Union of South Africa came to the attention of
ERDL in the mid-1950s. After initia} investigation, sets werc ordered from the develop-
er, Tellurometer, Union of South Africa, for ERDL, Army Map Scrvice, U.S. Geological
Cuzvey, and the U.S. Coast and Geodetic Survey in December 1956 (Fig. 87). These were
delivered to ERDL in March and April 1957 and were immediately tested in combined
engincerirg and service tests at Leesburg, Virginia, and Yuma, Arizona, in thc period
April through June 1957. The final result was the adoption and type classification of
the M/RA-1 Tellurometcr System in June 1958.

Although the Tellurometer was type classified in 1958, efforts con-
tinued to provide militarized and miniaturized equipment. in March 1958, a coniract
was awarded to Teilurometcr Ltd to develop an Airborne Telluroinetcr System, and in
June 1958 a contract was awarded to Telurometer Ltd for modified M/RA-1 systems
to be of rugged, moisturcproof, and dustproof construction an< with an almost exclu-
sive use of American made components. In October 1958, the contract was modified to

- &

P Fig. 87. Tellurometer, master set and auxiliary equipmeni, 1957.

!
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include a dual, master-remote function for each unit. Tellurometer was also contracted
in December 1958 to develap portable, short-range clectronic positioning equipment.
The airborne equipment was delivered for test in 1959, and the portable equipment was
successfully demonstrated in August 1959,

To develop a domestic source for the electronic ranging equipment,
a contract was awarded to Cubic Corporation, San Diego, California, in June 1958. 1n
1959, Cubic Corporation was contracted for miniaturized electronic ranging equipment
(Fig. £8). Engineerir 3 tests of the Cubic equipment in 1959 showed it to be a suitable
domestic equivalent to the Tellurometer system (Fig. 89).

Fig. 88. Micro-dist equipment, Cubic Corporation (1959).
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ELECTROTAPE TELLUROMETER

Fig. 89. Advanced models of the Electrotape produced by the Cubic Corporation and the
Tellurometer produced by Tellurometer, Ltd.

(6) Geodimeters. While the development of electronic distance-
measuring surveying instruments was in progress in the 1950s, parallel investigations
were being made of another distance-measuring system, the Geodimeter (inver:ted in
Sweden). This equipment, designed to operate in the visible frequency range, employs
a light transmitter-receiver at one end of the line to be measured and a retrodirective
mirror or prism system at the other.

ERDL had been following the development of the Geodimeter in

Sweden hefore approval of a Geodimeter develonment nroject in February 1951

e
viualy L1701 w0

adapt the system to military field use for precise baseline measurement for triangulation.

When the Geodimeter, manufactured by the AGA Svenska. AB.
Gasaccumulator, Stockholm, Sweden, became available commercially, fize instruinents
were procured by ERDL in 1953 and were distributed to the U. S. Coast and Geodetic
Survey, the Ballistics Research Laboratories, and the Army Map Sesvice for test. Two
were retained at ERDL. These five instruments were designated Geodimeter Model 1.

During the nert several ycars, modification and iinprovements were
made in the Geodimcter system, including the devel opment of a retrodirective prism
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system by ERDL which was superior to the system which was supplicd by the AGA
Company. In addition, the AGA Company produced an improved version, the Model

Il (Fig. 90), later designated the 50-kilometer Geodimeter."*® In 1954, a Model 111 light-
weight Geodimeter of lesser accuracy was demonstrated by the AGA Company, and in
December arrangements were made to purchase four of these for test. This was later
designated the 30-kilometer Geodimeter, Finally, to provide a man-portable device for
quickly and accurately measuring distances up to 3 kilomcters in length, the AGA Com-
pany developed the Model 1V Geodimeter. A eontract was awarded to Rerg Hedstrom
Company, New York, for four of these instruments in May 1957, One was delivcred in
November 1957, one in January 1958, and two in July 1958.

e

Fig. 90. Geodimeters: Models II, III, and IV (1957).

T / The major advantag: of the Geodimeter over other distanee-
measuring systems was the precision and aceuracy of measurement. A major disadvant-
age foi indiiary application was iis limitations jor dayiight use, depenaing as it did on
frequencies in the visible range. Type classification aetion on the 50-kilometer Geodim-
etcr was taken in 1958. Later work on the 30-kilometer Geodimeter was suspended, as

was work on the 3-kilometer Geodimeter, pending final evaluation of the miniaturized
telluronieter as discussed earlier.

140-Geodimeter Models | and i1, ERDL Report 1495.TR, 21 August 1957,
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Through these programs, the Corps of Engineers played a key role
in the development of advanced precision distance mcasuring instrumentation which was

cestined to revolutionize surveying practices in many and diverse applications in the
ycars to come,

(7) Use of Aircraft in Survey Operations, The use of aircraft to facili-
tatc survey operations and provide mcthods and techniques to substantially increase the
rate of extending ground survey control over difficult terrain or long distance was a sub-
ject for specific investigation beginning in the immediate post World War Il period and
cxtending through the 1950,

Initial investigations concerned use of a helicoptcr as a visible signal
for horizontal and vertical direction observations. First tests of thieae techniques in co-
operation with the Air Force started in September 1946 and continued through August
1947.'5% These tests demonstrated feasibility. Further tests with more suitable helicop-
ters were planned but were delayed because of unavailability of aircraft until 1952 when
tests were conducted to detcrmine the feasibility of extending horizontal control by
flare triangulation using an L-20 type aircraft for transporting the signal and flares. Major
items in these tests were modified Wild T-3 Theodolites, robot cameras, SCR #624
radio sets, 2.5-kva generators, a special target light, and M-8-A/1 parachute flares, It was
concluded from these tests!S! that the procedures and applications used were generally
suitablc for use by topographic survey units for establishing third-order trianguiation
extensions and provided material advantagea over conventional methoda when operations
werc conducted over difficult terrain. Subsequently, Army helicopters and light aircraft
werc authorized as organic equipment for certain survey units, primarily for transport
and reconnaissance applieations.

Further tests of the helicopter as an elevated target for intersection
and resection triangulation were conducted in Arizona in 1953 using an H-19-C Army
Hclicopter. Tests were also conducted using an H-13 Helicopter. Investigations of a
light-beam controlled helicopter for use as a stabilized elcvated target also took place
in i mid-1550% iliough a contract with Koman Aircraft Corporation. Thrangh a con.
tract with Altoscan Company, Inc., an engineering study of means for stabilized tether-
ing of helicopters was conducted. Later in 1957, through a Navy contract with Altoscan
Cempany, ERDL participated in research for an elevated target or relay station for elec-
tronic surveying cguipment.

By 1959, investigation of the use of aircraft in survey operations
was associated principally with other development projects such as the Artillery Survey

ls‘)“Ilelicoplﬂ' Survey Melhode for Mapping,” ERDL Report 1044, 15 March 1948,

151t licopter Survey Melbods for Mapping (Flate-Signal Triangulation Test),” ERDL Report 1230, 19 May 1952,
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System, Airborne Tellurometer, Antomatic Tracking Theodolitc, the LORAC project,
etc. Therefore, no other specific investigations of helicopter applications were made.

(8) Automatic Position Survey Equipment. 1n an cffort 10 increase the
speed of determination of a first-order geographic position, a project was approved in
December 1956 to develop automatic position survey equipment. 1n June 1957, a con-
tract was awarded to the Mechanical Division of General Mills, Inc., Minneapolis, Minne-
sofa, to: (a) conduct prcliminary studies and modifications of existing astrononic equip-
ment for interim use, (b) provide manuals and engineering services in connection with
testing, operating, and maintaining the intcrim equipment, and (c) prepare detailed de-
sign drawings of the final equipment.

The contractor sclected the 60° pendulum astrolabe for the interim
iterm and developed plans to modify the instrument to provide an automatic leveling
system, an inertial reference system, and an elecironic star transit system. After repeat-
ed delays and cost overruns finally amonnling to about 64 percent over the original esti-
mate, the equipment was fabricated and delivered to ERDL in July 1959 just before the
demonstration of the Interim Artillery Survey System (Fig. 91). Initial testing, limited
to eight observations in 5 weeks duc to inclement weather, yiclded unsatisfactory results.

Fig. 91. Automatic Position Survey Fquipment Gbservation Instrument.
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Fig. 92. Automatic Position Survey Equipment Computer and Typewriter.

lowever, after some minor modifications and further tests at the contractor’s facility
in October 1959, the equipment was acccpted (Fig. 92). llowever, Phase 111, the design
of a finat first-order cquipment, was eliminated from the contract.

(9) Automatic Tracking Theodoiite. Another effort to increase the
specd of survey operations in the ficld and to provide for implementation of advanced
methods of illuminated aerial target and artificial satellite triangulation was the develop-
ment of an automatic tracking thcodolite approved by GSUSA in February 1958. Two
parallct study contracts were awarded to Gencral Electric and Gencral Mills, Ine., to de-
sign an zutomalic tracking theodolite. Before these contracts could be completed, the
responsibility for the Artillery Survey System was assigned to the Corps of Engineers
for expedited development  These sludies wers broadened to includc a systein of auio-

matic tracking theodolites suitable for artillery survey operations.

After evatuation of the ¢ studies in the last quarter of 1958, a con-
tract was awarded to General Mills, Inc., 1ur a survey system for artillery using Auto-
matic Tracking Theodolites (Fig. 93). This capability was to be the cxtension of geode-
tic control to 12 unknown stations in an area 40 milcs square to an accuracy of 1:5000.
Automatic Tracking Theodolitcs were fabricated under this contract in 1959 and were
tested in 1960. After these limited tests in which the technical feasibility of the
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Fig. 93. Automatic Tracking Theodolite.

automatie tracking theodolite was established, further development for artillery surveys
was dropped in favor of the electronic ranging approach.

(10) Artillery Survey System. 1n May 1958, the Chief of Research and
Development, Department of the Army, assigned to the Chief of Engineers overall devel-
opment eognizance of the Artillery Survey System and requested expeditious develop-
ment of the projects eomprising the system under priority 1A. At the same time, the
Chief of Ordnanee was officially advised of this assignment of responsibility and was re-
quested to establish baison with the Chief of Engineers to describe the extent of work
done on the project and to make available information, records, or equipment relating
to the project as desired by the Chief or Engineers. The Chief Signal Ofiicer was also
advised of this assignment of responsibility and was requested 1o -vork with the Chief of
Engineers as required in connection with the data transmission. The project for this
devclopment was approved in September 1958. This was the first use of an organized
effort to apply an overall systems approach to the solution of a surveying problem as
opposed to the individual item development approach.

The objective of the project w P P y system
as fully automatic in operation as possible to fulfill field artillery requirements in all-
weather, day and night operations. An immediate objective was to demonstrate an ex-
perimental system employing the maximum number of components envisioned for the
ecomplete system by 1 August 1959.

An Artillery Survey System demonstration was held on 4 August
1959 at Clark Mountain, Orange Connty. Virginia. All related items of the system were
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presented in virious stages of completion from mockups to models ready for type clas.
sification. The interim system as demonstrated included the Survey Control Center,
Jukebox Computer, T-2 Theodolite, Tellurometer, Orienter, Recom 11 Computer, Short
Ranee Electronic Positicing Equipment, Airborne Tellurometer, 3-km Geodimeter,
Automatic Position Survey Equipment, and Automatic Tracking Theodolite (Fig. 94).

Fig. 94. Artillery Survey Svstem.

(11) Inertial Survey Equipment. The development of inertial survey
equipment by the Corps of Engineers was started in 1958 when, as a rcsult of assign-
cnt of development responsibility for the Artillery Survey System to the Chief of En.
gincers, the Ordnance Corps on 12 August 1958 transferred to ERDL an Ordnance con-
tract for the ABLE gyro-orienter. The orienter was being developed by the Autonetics

Division of North Armerican Aviation, Ine.

The project for inertial survey equipment development was ap-
proved in October 1958, and in November 1958 the ABLE orienter was delivered to
ERDL. After user testing at Fort Sill, Oklahoma, the orienter was classified standard
by CETC on 6 November 1959,
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In August 1959, the Corps of Engineers was assigned fuii respon-
sibility for the development of all gyro-orienting devices except that required by the
Pershing missile system. Prior to this, in April 1959, a contract was awarded to Kear-
fott Company, Clifton, New Jersey, for a gyro-azimuth theodolite for Engincer use.

In June 1959, ERDL had contracted with the Missiles and Space
Vehicies Department of General Electric Company for preliminary design of inertial
survey equipment, and late in 1959 negotiations were initiated with General Elcctric for
the fabrication of this equipment. Late in 1959, ncgotiations were initiated for a light-
weight, reconnaissance, gyro-orienting device,

(12) Miscellaneous Developments. Numerous other items were developed
or worked on in the fate 1940’s and through the mid-1950'. The more signifi-ant of
these are discussed in the following paragraphs.

(2) Astronomic Orientation Attachment. During the development
of an astronomic orientation attachment by the W. & L.E. Gurley Company, Troy, New
York (which was delivered to ERDL in 1945), a new device (Shattuck) was discovered
which indicated advantages over the W. & L.E. Gurley device. An experimental modet
of this new device was constructed by the U.S. Naval Observatory, Washington, D.C.,
and delivered to ERDL in 1945. Engineer tests of both models indicated marked advan-
tages for'the ncw model. Some new principles were also discovered during testing, and
and a third model was constructed by the David White Company, Milwaukee, Wisconsin
(Fig. 95),and delivered to ERDL in June 1948.'%? Later, service test models were pro-
cured and tested by Army Field Forces and the Marine Corps in 1950 to 1952. Aiter
Arctic'®® and desert tests'** in 1952 and incorporation of required modifications in
specifications and drawings, the item was classified standard type 4 in June 1954 and the
project was closed,'s$

(b} Radio Time Comparator. In 1946, an #xperimental model
Radie Timc Comparator was fabricated; and after engineering tests, 42 of the units were

1521 5 sronomical Attachment, Azimuth Delermination, Reflecting, for Transil and Theodolile,” ERDL ieport
1120. 13 May 1940

153014 Wealher Testing of 01Second Direclion Theodolile, 10-Second Direction Theodolite, Universal Tripod
and Astronomical Allachment,” ERCL Reporl 1223, 5 January 1952.
“Cold Wealher Tesling of 10-Second Direction Theodolile, 1-Minule Direclion Theodolile, 1-Second Direclion
Theodolile (Foreign Model), Astronomical A ttachmenl, and Winlerization Kil,” ERDL Report 1288, 29 April
1953.

15441151 Wealher Testing of 10-Second Direction Theodok1e With Universal Tribeach and Universal Tripod,
Astronomicel Attachmenl, Universel Sun Compass on Wrist Compass,” ER DL Report 1289, 29 April 1953,

lss“Anronorriul Allachmenl, Azimulh Delerminalion, Refleeting, for Transl or Theodolile,” ERDL Report
1374, 3 Seplernber 1954,
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Fig. 95. Astronomic Orientation Attachment, David White Company, 1948,

procured from the W. M, Welch Company, Chicago, Illinois, for use in the Post Hostiti-
tics Mapping Program. The item was tcsted by the topographic units participating in
that mapping program and also by the Air Forces and the Army Field Forces. ERDL
performed additional tests for final evaluation. After all tests were complcted, it was
finally concluded that: (1) the Radio Time Comparator, although basically sound in
principle, was not suitable for universal field use; (2) an electromechanical means of
determining chrononieter error was not warranted in the standard astronomic position
cquipment set ENG-6 120-01; and (3) the manual method of deterinining chronometer
error with an automatic timer was more dependable and more consistently accurate in
timing star transits than an electromcchanical time comparator when used with the ob-
serving equipment.'!3® The project was cancelied 6 July 1951.

yarrarmnrion Alsiasada A nt o itinbnd d nnlnbn— ll’l/l'?

fak

v’ LrAsl '\4’ lllb IRARMIIC L. f8 rlujv\al WAS NIGATG N WIS
to develop a surveying altimeter of greater accuracy and range than those developed in
World War 11. 1t was to have sufficient range for leveling up to 15,000 fcet altitude
(4500 meters) (Fig. 96). Experimental models were fabricated by Wallace and Tiernan
Products, Inc., Belleville, New Jersey, and werc delivercd to ERDL in June 1949.157
Aftcr service testing of 21 service test models procured in 1950, modifications were in-

corporated as recommended, including graduation in the metric system. Five additional

1564 4dio Time Comparator,”” ERDL Report 1193, 19 March 1951.
157. & timeter, Surveying, 15.000-Foot, 5-Foot Divisions,” ERDL Regort 1152, 6 December 1949,
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models were produced by Wallace and Tiernan for test.'*® The project was finally com-
pleted in May 1954 when Altimeter, 4500 Meter, 2-Meter Divisions, was classified
standard type and the project was closed.

LIGHT DIFFUSOR
SPANNER WRENCH T WPLASTIC RING)
FOR TIGHTENING
SCREW PLUGS

FLASH LIGHT LAMP
SCAEW TYPE 2§ VOLT)

WIRING i RHEOSTAT

40 SOREW PLS

Fig. 96. Surveying Altinicter, 4500 Meter.

(d) Universal Sun Compass. In 1947, a project was approved to
develop an improved sun compass that could be used in all latitudes, as opposed to the
instrument suitable only between latitudes 45 north and south. Experimental and ser-
vice test models were made by the Brunson Instrument Company, Kansas City, Missouri
(Fig. 97)."*® Arctic winter tests were conducted at Fort Churchill, Canada, in February
1950.' Desert tests were conducted at Yuma Test Station, Yuma, Arizcna, in August
1952,'®! and the project was closed 4 June 1954.

158.. Altimeter, Surveying, 4500 Meters, 2Meter Divisions,” ERDL Report 1350-L, 2 June 1954,

lsg"Compnu. Sun, Universal, 0-90 Degrees North and South Latitudes, With Casen,” ERDL Report 1153,
6 January 1950.

160..c 014 Weather Tests of the Sun Compass and Lensatic Compass,” ERDL Report 1181-L, 22 September 1950.

161.c)101 Weather Teniing of 10-Second Direction Theodolite, With Universai Tribrach and Universal Tripod, Astro-
nomical Atlachment, Universzl Sun Compuss, Lensetic Compass, and Wrist Compass,” ERDL Report 1289, 29
April 1953,
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Fig. 97. Universal Sun Compass, 0° to 90° north and south latitudes.

(e) Tripods and Tribrachs. On 3 October 1947, projects were ap-
proved by General Staff, U. 8. Ammy, to develop 2 universal tripod and a universal tri.
brach to standardize the mounting of surveying instruments which use tripods thus stm.
plifying operations and the supply problem. Experimental and service test models of
the universal iripod'®? were fabricated by the Kenffel and Fsser Company. Experiment-
al and service test models of the universal tribrach'®® were fabricated by the W. & L. E.
Gurley Company. Cold weather tests of the tripod were conducted at Furt Churchill,
Canada, in January to February 1951.}% Hot weather tests of both the tripod and the
tribrach were eonducted at Yuma Test Station, Yuma, Arizona. in July to August 19526
Neither item attained sepaiate claseification status, but detatled drawings and sperifica-
tions were prepared. Both projects were elosed by CETC action on 7 jasuary 1955

162y i d Universal,” ERDL, Keport 1202, 21 May 1951,

163 T ribeach Univerml,” ERDL Report 1112, 8 April 1949,

168 (0id Weather Tenting of | Second Direclion Theodolile, 10-Second Direction Theodolile, Unversal Tripod,
and Adronomical Attachment,” ERDL Report 1223, 5 January 1952,

165101 Weather Testing of 10Second Direction Theodolile With Universal Tribrach and Univerasl Tripod,
Antronomical Altachment, Universsl 1.ena Compass, Leasatic Compane, Wrisl Compans,” £.R1DL. Report 1289,
29 April 1953.

160




(f) Ranging Pole Tripod. The Ranging Pole Tripod was developed,
tested, and adopted in the period from 1950 to 1952'% tc provide a lightweight, adjust-
able tripod for setting and plumbing range poles in combat survey operations. The tri-
pods were needed because survey parties are frequently required to place and plumb
ranging poles rapidly and the to take cover while observations are being made. Experi-
mental and service test modcls were fabricated in the ERDL shops. The item was includ-
ed as a component iz 2pplicable sets of equipment, and the project was closcd by CETC
action on 5 December 1952,

(g) Triangulation Tower. Another of the early post World War 11'%7
projects was the development of a lightweight triangulation tower to replace the Bilby
Tower which was tuo heavy to meet many operational requirements. This project was
approved in February 1947,

An experimental model was designed and fabricated by the
Aerometer Company, Chicago, Illinois (Fig. 98)¢® Service test models were fabricated
by Wind Turbine Company, West Chester, Pennsylvania. Three of these madels were
shipped to the Inter-Amcrican Geodetic Survey for test and three were s.nt to enginecr
units on the west coast for test. All development and test work was completed in 1952'%°
and the tower was included in Surveying Set, Signal and Tower, in lieu of the steel Bilby
Tower.

{h) Indirect Distance Measuring. In 1952, a project was initiated
to investigate and evaluate for military use methods and equipment to indirectly deter-
mine the length of survey traverse courses by optical surveying instruments and auxiliary
devices. Very little progress in this project occured although teste were conducted using
available foreign and domestic equipment at ERDL. In 1953, a Wild Tachymeter was
procured for test. This project was overtaken by devclopments in the electronie distance
measuring arca, and it was terminated 3 August 1956.

(13} Research for Surveying and Geodesy. In 1938, it was recognized
that although some advances were being madc in surveying and geodetic equipments and
methods; these equipments and methoos would not peovide aceeptable survey controd
and geodetic data for use with missiles or in the production of topographic maps becaus
of exccssive lead time and new problems introduced under current concepts of military
opcrations. Thercfore, intensive research was required to discover new phenomena and

1667 1inod, Ranging Polc.” ERDL Report 1199, Interim Report, 11 May 1951,

167 T ripod, Ranging Pole,” ERDL Report 1238-L, Final Report, 10 June 1952.
lb&"fowrr. Trianguiction, Lighiweighl,” ERDL Rep.rt 1145, 30 Seplember 1949,
169 Tower, Triangulation, Lightweighs,” ERDL Report 1239, 26 June 1952.
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Fig. 98. Triangulsiion Tower, Lightweight.

principles to advance the state-of -the-art in the field of surveying and geodesy to over-
come these limitations. A project was approved on } August 1958 to research various
scientific fields to determine, establish, or develop new criteria, phenoinena, facts, prin-
ciples, or techniques to apply in the development of new or improved incthicds or equin-
ment for surveying in military operations, including cmployment of Army missiles. A
supplemental allocation of funds was made available to ERDL to implement this program.

Three contracts were awarded in 1958. One was to the University
of Maryland to provide consultant services for the program.'™ Under this contract, a

1M s deam also provided consullanl services for research on map compilation as previously noled,
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tcam comprised of Professor Frederick J. Doyle of Ohio State University; Dr. Paul
Herget, Director of the Cincinnati Observatery, Cincinnati, Chio; and Dr. Sanford
Goldman of Syracuse University met periodically with ERDL and contract personnel
to provide advice and guidanee on the conduct of individual research programs.

Another contract was awarded to the Frankliin Institutc, Philadel-
phia, Pcnnsylvania, for studies of extraterrestrial data as an aid to mapping and position
determination. The third contract was awarded to Midwest Research institute to study
the cffect of natural electromagnetic and geomagnetic forces on advanced methods of
target location, precise surveying, »nd mapping,

The Franklin Institut: Studies included sighting gcometry and error
propagation in satellite observations including the simultaneous case, the almost simul-
taneous case, and the nonsimultaneous case. The geometry for 16 hasic nonredundant
cases fir simultaneous satellite sighting for geodetic purposes together with a set of
equaticrsfc  vur analysis for one of the 16 cases, target objects, observing instruments
and techniques, and the geodetic potential of existing satellite tracking data were also
studied. The program further considered studics that would lead to choice of specific
locations for satellite observation stations for geodetic ties; error propagation for the
specific case of the 12 Baker-Nunn camera stations; study of value of a multipath satel-
lite; optimum brightness and color in a satellite; photoelectric occultation of siare;
and the use of geodetic satellite procedurcs to improve star catalogs.

The Midwest Research Institute studies included analysis of inertial
navigation errors caused by gravitation anomalics; the influence of the earth’s curvaturc
o2 radio wave propagation; and the 2ffect of the troposphere on use of electromagnetic
waves in geedesy. Effects of the ionosphere on Doppler signals froun satellites, and
ionosphere cross modulation were also studied. A basic study of space mensuration to
deiermine the applicable and proper statistical theorics and methods for geodetic measure-
ment ;s using ariificial earth satellites; interaction of electromagnctic waves in the iono-
sphere; experimental proof of Dopoler satellite tracking methods for geodetic operations;
and analytical investeations of satellite orbit perturbations also were considered.

T.iese research studies continued through 1959 and into the 1960s.
20. Research and Development Progress 1960 to 1970.
a. Introduction. Ati ¢ beginning of the 1960, the mapping and geodesy
research and development program of the Topographic Engineering Department of

ERDL comprised five. basic projects with 36 subprojects. A number of these subprojects
were in the iinal stages of comgletion. The project structure at tnat time was as follows:
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8T35-03-001

8T35-09-00]

8T35-10-00]

Map Compilation

Engineering Studies and Investigations, Map Compilation
Stereoplotter, Topographic, Projection Type, High Precision
Rectifier, Photogrammetric, 9 by 18-inch Photography

Processing Equipment, Diaposilive, for Stereophotogrammetric Map-
ping Requirements

Map Revision Techniques
Orthographic Photogrammetric Printer
Army Photo Imagery Interpreters Kit

Map Reproduction

Engiueering Studies and Investigations, Map Reproduction
Xerography, Application to Map Reproduction

Scparator, Color, Scanning, Topographic Map

Target Map Coordinate Locator Equipment

Cartographic Drafting Methods and Equipment

Photo Lettering Machine

Surveying and Geodesy

ES&I, Surveying and Geodesy

Surveying Equipment, Mobile Control Section
Theadolite, I minute

Use of Army Aircraft in Survey Operations
Computer, Survey, Electric
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8T35:11-001

8T35-12-001

Utilization of Ground Survey Electronie Equipment for Mapping
Automatic Position Survey Equipment

Geodimeter, 3-Kilometar Range, for Measuring Distances by Light
Waves

Theodolite, Automatic Tracking
Artillery Survey System
Inertial Survey Equipment

Combat Mapping and Geodetic Systems

ES&i, Combat Mapping and Gceodctic Systems
Liaison with Air Force on Aerial Mapping Systems
Target Location for Army Surface-to-Surface Missiles
Mapping with Minimum Ground Control

Analytical Photogrammetry

Utilization of High Altitude Photography for Mapping
Automatic Map Compilation

Ultra Wide Angle Photography in Mapping, Equipracnt and
Technigues for the Utilization of

Utilization of Radar Presentations for Topographic Mapping

Mapping and Geodetic Rescarch

Research for Surveying and Geodesy
Research for Map Compilation

Research for Map Reproduction
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At the beginning of the 1960’ the technology in the topographic sei-
ences area was at the point in the surveying and geodcesy area, where clectronic distance
measorement was well csiablished as a working tool. The feasibility of the application
of inertial techniques to the solution of surveying problems had been fairly w2l estab-
lished, and the potential in the applcation of satellites for the solution of geodetie prob-
lems had been cvaluated. A variety of techniques fev satellite exploitation had been
proposed. In the map compilation area, the feasibility of automatic compilation of con-
toured orthophotomaps from overlapping stercoscopic aerial photography had heen dem-
onstrated, precision opticsl stercoscopic plotting instrumentation was in advanced stages
of development, the techniques were available for the analytical adjustment of large
blocks of photographs in acrotriangulation, and the development of computcr programs
and the instrumentation required for expl. .ation of these techniques was in progress.
Development cffort dirceted toward the automation of cartographic operaticn was just
beginning as was the development of systems for mapping from radar presentations. In
the map reproduction and presentation arcas, the feasibility of the electrostatie repro-
duction of topographic maps had been demonstrated. As a result, the eoneept of inap
reproduction at point of use and on demand in licu of advanced quantity map reproduc-
tion for areas of predicted military operations was formulated.

Increased interest in and funding for research and development in the
mapping and geodesy arcas began in the late 1950's because of advanees in missile and
carth sateilite technology which placed greater demands for speed and acenracy in the
production of geodetic and mapping data. Expanded programs of research were imple-
mented and, while programs for the development of equipment and teehniques for appli-
cation by ficld Army units which had been the main thrust of programs through the
1950's continucd, the effort was expanded to explore and advance development in the
strategic systems arca toward base plant application. Some programs were directed
specifically toward the provision of specialized equipment for the new Army P'reeision
Photogrammetric Laboratory constructed at Army Map Scrvice.

After the estahlishment of GIMRADA in August 1960, programs were
formulated in the geographic scicnces area to solve problems of acquisition and to pro-
cess and disseminate terrain intelligence information in advance of and during muitary

In the early 1960%, there was a general restructuring and renumbering of
Department of Defense rescarch and development programs. Programs were classificd
in four stages of development: Research (6.11), Exploratory Development (6.21), Ad-
vanced Development (6.31), and Equipment Development (6.41). As a result cf this
restructuring, the shifts in emphasis, and the implementation of new programs during
the 1960, the program strueture and the projects undertaken during the mid- to late
1960’ were as follows.
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R&D PROGRAM FOR OFFICE, CHIEF OF ENGINEERS

4A061101A91D
4A061102B52C

-01
3 -02

4A061102B52D

4A623501A852

L"’) 01

3 0:
03
04

4A623501A853
-01

-02
04
-05
’ / -06
-07
-10
-11
-12
-13
-14

RESEARCH: 6.11
In-House L.aborutory Initiated Research and Development
Mapping and Geodetic Research

Cartography
Geodery

Research ‘' Geographic Sciences

EXPLORATORY DEVELOPMENT: 6.21
Mapping and Geodetic Rescarch

R csearch for Surveying ard Geodesy

Research for Map Compilation

Research for Map Reproduction

Uiilization of Computer Seiences for Mapping and Geodesy
{Initiated in FY 71)

Mapping and Geodesy Development

Engincering Studies and Investigations, Global Mapping and
Geodesy®

Liaison With Air Force on Aerial Mapping Systems

Utilization of Sateilite Data for Geodesy

Utilization of Satellite Data for Mapping*

Analytical Photogrammetry

Automatic Map Compilation

Utilization of Advanced Sensors for Mapping

Utihzation of Auxiiiary Airbozne Daia fui Mappiag®

Mapping From Reconnaissunce Photography *

Digitized Tcrrain lata®

Micromap System for Display Systems*

*Project complrted, suspended, or rerumbered during the decade 1960-1970.
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-15
-16
-17
-18

4A062112A854
01
-02
-03

-04
-05

4A663712D855

03

04

05

-08

09

-10
4A663712D860

-03

-04
4A663712D861
4A663712D863

4A663712D864

4A664716D866

Automatic Cartography

Utilization of Color Photography for Mapping
Automatic Pattern Recognition

Classified

Military Geographic Analysis (start date 07/65)
Analysis of MG1 Requirements and Definition of Systems
Concept
MGI Data Collection (start date 07/66)
MGI Data Reduction (start date 07/66)
MGI1 Product and Analysis Definition (start date 07/66)
MGI1 Data Handling (start date 07/66)
ADVANCED DEVELOPMENT: 6.31
Global Mapping and Gcodesy
Digitized Terrain Data Equipmrnt
Geodetic Satellite System
Reconnaissiance Photo i?ata Reduction Equipment
Map Reproduction from Mimiaturized Material (start date 07/67)
Map Compilation System (start date 07/67)
Analytical Triangulation Programs
Military Geographic Systems (start date 07/68)
Military Geographic lutelligence (MGI) Products, Displays and
Readcuts (start date 07/68)
Military Geographic Intelligence Data Basc (start date 07/68)
Worldwide Topographic System Data Bank (starl date 07/70)
Topographic Ali-Weather Mapping System (start date 06/68)
Semi-Automalic Cartographic System (start date 07/67)
EQUIPMENT DEVELOPMENT: 6.41

Tepographic All-Weather Mapping System (start datc 07/69)
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R&D PROGRAM FOR ARMY MATERIEL COMMAND

1J662707A576
-01

05
-06

1J663712D673

-01
-05

156643315D577
01
-03
05
-07
156433151578

-01

EXPLORATORY DEVELOPMENT: 6.21
Field Army Mapping and Surveying

Fugineering Studies and Investigations, Field Army Mapping and
Surveying

Distance and Angle Measuring F.quipment {start date 07/67)

Imaging Materials Studies

ADVANCED DEVELOPMENT: 6.31
Field Army Surveying

Miniaturized Gyro Compass
Position and Azimuth Determining Systein

ADVANCED DEVELOPMENT: 6.41
Field Army Map Reproduction Equipment*

Engineering Studies and Investigations, Ficid Army Map Repro-
duetion Equipment*

Xerography, Application to Map Reproduction®

Target Map Coordinate Loeator Equipment*

Ficld Army Map Reproduction and Distribution System*

Surveying Equipment for the Ficld Army*

Engineering Studies and Investigations, Surveying Equipment for
the Fieid Army*

Automatic Position Survey Equipment
Miniaturized Gyroeompass

Augle Measuring System Flectronic
Inertial Surveying System

FADAC Programs for Surveying Problems

*Projecl wmpiclczsuupendcd. or renumbered during the decade 1960.1970.
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12 Long Range Survey System, Light Weight*

Long Range Survey Equipment
Surveying Instrument, Gyro Azimuth, Light Weight

-13 Elevatior: Determining Systemi, All-Wea .ner®

.14 Angle Measuring System, All-Weather®

-15 Quaser Surveying System*®

-23 Miniaturized Gyro Compass®

-2% Inertial Surveying Svstems®

-27 Distance and Azimuth Determining System*®
1]664716D578 Surveying Equipment for the Field Army

-12 L.ong Range Position Determining System (start datc 03/61)

-23 Miniaturized Gyro Compass (start date 06/71)
15643315D579 Field Army Mapping Systems*

-01 Enginecring Studies and Investigations, Field Army Mapping

Systems*

-03 Rapid Combat Mapping System*

-11 Multipower Army Stereoscope*
1J664716D579 Field Army Mapping Systems

-03 Rapid Comhat Mapping System (RACOMS)

Under these research and development programs, some rather remarkable
technological advances were made in the mapping and geodesy area, the most significant
of which will be described in the remaining sections of this history. However, it should
be noted that while the research and development programs of the 1960’s continued to
address the problem of survcying and mapping in the field by troop units under combat
of the collection, processing, and dissemination of topographic data on a global basis.
Up to the 1960, the controlling requirements for topographic information were general-
ly based on the needs of so-called conventional artillery which required relatively high
accurecy over short distances. The advent of long-range missiles and airborne vehicles
of various sorts brought the additional requirement for accuracy over intercontinentat
distances. Better knowledge of the size and shape of the earth, *he position of points
thereon, and of the earth’s gravity iield was required to providc missile guidance. New

*Projecl compleled, svspended, or renumbered during the decade 1960-1970.
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concepts of military operation developed unprecedented demands for processing and dis-
seminating large volumes of topographic and geographic information for almost any part
of the world.

b. Basic and Exploratory Research. At the beginning of the 1960, there
was virtually no basic research program in the topographic mapping and geodesy area.
The major effort in the exploratory research area was embodied in thrce contracted re-
search efforts: (1) investigations in fields of science relating to mapping, gcodesy, and
position dstermination by the Franklin Institute, Philadelphia, Pennsylvania; (2) re-
search on instrumentation of satellites and other hypersonic vehicles for precise survey-
ing, mapping, and target location by thc New York University Research Division; and
(3) research to determine the effects of natural phenomena on present and conte .aplat-
ed methods of precise surveying, mapping, and target location and where possible to de-
velop new concepts for topographic operations by the Midwest Research Institute, Kan-
sas City, Missouri.

With the establishment of GIMRADA in August 1960, a rescarch and an-
alysis division was set up as one of the six operating divisions of that organization. This
division was responsible for developing a viable rescarch program and organizing a com-
petent staff to carry out that program. The concept at that time was to establish within
the organization a compctent staff of senior .cicniists of recognized stature in several dis-
ciplines such as physics, astronomy, mathematics. gcodesy, and gecophysics. Each scien
tist would pursue research tasks within the general overall arez of interest of GIMRADA
for which he was specially qualified and in which he had a particular interest. He would
be supported in these cfforts with outside contractual efforts by universities or other
research establishmer:ts as the situation required.

While recruitment of personnel was in progress and in view of the short
supply of available manpower, a program of basic research by competent scientists in Eu-
rope was actively pursucd, implemented, and supported through the U.S. Army European
Research Office. Under this program, rcsearch contracts werc let to Professor K. B. P.
Hallert, Royal Institute of Technolegy, Stockholm, Sweden; Professor A. Bjcrhammer,
Hcad of the Department of Geodesy, Royal Institute of Technology, Stockholm, Sweden;
Dr. C. Morelli, Bari University, Director of Geophysical Laboratory, Trieste, 1taly; Pro-
fessor K. Ledersteger, Technical University, Vienna, Austria; and Professor W. Grossman
Techiiical Universily, Hanover, Gerinany. Later, the research of Professor K. Kinner,
Technical University, Graz, Austria, was supported through the U.S. Army European Re-
search Officc.

The research cffort of Professor flallert was on the theory of errors in
photogrammctry. Thie research for the most part was carried out while Professor Hallert
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was in residence at GIMRADA for about | year starting in October 1961. The research
produced seven GINNRADA research notes.'”'"'77

The research of Dr. Moreili, supported to the mid-1960's, was on the re-
finement and interpretation of gravity anomaly computation.'”® The research of Pro-
fessor Grossman was on the propagation problems of clectronic distance measurement
specifically with the electrotape equipment to understand better the corrections to be
applied to measurements made under adverse conditions.!”® The research program of
Professor Ledersteger was concerned with the development of new methods for deter-
mination of the earth ellipsoid based on additional parameters of densities and interior
stiucture, or model figures of equilibrium that most closely fit the structures and the
shape of the earth. This research which was aimed at increasing our knowledge of the
earth’s constants and internal structure through effe_ic on satellite orbits and the appli
cation of laws of rotating fluids in equilibrium continued to the latr 1960's and was fund-
ed in part by the U.S. Army European Research Officc. 1t produced a series of techni-
cal reports on the development of the Ledersteger theory.'® 181 182

The research of Professor Bjerhammer (including a 6-month period in
residence at GIMRADA from June to December 1963 and, in 1966, a brief tour as Di-
rector of the Rescarch Institute of Geodetic Sciences, GIMRADA) was aimed at better

”lRN-I. “Practical Tests of 1he Theoretical Accuracy of Aerial Triangulalion,” May 1962,

l72RN-3. “Determination of the Geomelric Qualily of Comparators for Image Coordinate Measuremenls,” August
1962,

l73RN-4, “Investigation of Basic Geomelric Qualily of Acrisl Photographs and Some Relaled Problems,”’ Augusl
1962,

l-"‘tﬂl\l-.'fo. “Test of Basic Geometric Qualities of Pholognmmetric Plolting Instraments,” August 1962,

l75RN-6. “Investigalions of 1he Geometric Quality of Relative and Absolule Grientalion Procedures and 1he Final
Results of the Phologrammetric Procedure,” August 1962,

l“'(’RN-?, “Some Relations Between the Geomelric Quality of Topographic Mapping and Acrial Photogrammelry
Augual 1962,

177 RN9, “Geometric Qualily uf Lunar Mapping by Photogrammetric Methods,” September 1962,

l"ml"im\l Report, “Research on Refinement and Interpretalion of Gravily Anomaly Compulalions,"” Correzzo, M. T.,
and Morrelb, C., July 1967,

179 Final Rezsit “invesiigation of the Elect-onic Distance Measuring Equipmenl Elecirotape,” Gromman, W.,

December 1964,
18001 Reporl, “Multi.Parametric Figures of Equilibrium; Curvature of the Plumb Line,” Mazcl: 1964.

18l Report, “Mulli.Paramelric Theory of Spheroidal Equilibrinm Figures and 1he Normal Spheroids of Earth
and Moon,” June 1966,

182 ina) Reporl, “Equilibrium Figures and the Normal Spheroid of the Earth Mass Functions and Inoslacy,” April
1968,
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gravity data reduction and the development of a figure of the =arth based only on hori-
zontal distances between observational points, gravity, and potential differences. The
results of this research are recorded in several research papers published by Professor
Bjerhammer, GIMRADA, and the Royal Institute, Stockholm, Sweden.!®" 187 Also,
while Professor Bjerhammer was Director of the Research Institute he formulated the

cuncept for an automatic electro-optical satellite triangulation system.'®

The research of Professor Rinner of the Technical University, Graz, Aus-
tria, which was initiated in 1964 and continucd into 1967, was concerned with geodetic
networks in space. This included a study in error propagation in space tviangulation and
space trilatera’ion systems and combination of angle and distance measurements applied
over large areas.'® This work gave irsight into the behavior of a global trilateration as
accomplished by the SECOR program. Other research efforts in th~ early 1960%, while
the staff of the Research and Analysis Division was being developed, included the devel-
opment of a photo flash triangulation concept under contract with Geonautics, Inc.,
Washington, D. C.' and a continuation of work started in 1959 on the theoretical an-
alysis of the efiects of supersonic and hypersonic aircraft speed upon aerial photography
by Vidya Inc., Palo Alto, California.® Also, the research program of New York Univer.
sity on the instrumentation of satellite and other hypersonic vehicles for precise survey-
ing and target location'%? and another study on space photogrammetry'®® were completed.

]asFinll Report, “*On an Explieit Solution of the Gravimetric Boundary Value Problem for an Ellipoidal Surface of
Reference,” A, Bjerhammer, F ebruary 1963.

1B43N.12, “Gravimetric Geodesy Free of Density Estimates Through Analysis of Discrete Gravily Data,"
A. Bjerhammer, December 1963,

185“0)‘][ Inslitute of Technology, Slockholm, Final Report, "Investigation of Bjerhammer's New Gravity Reduclion
Method," W. Forstner, Novermber 1964,

]%Royll Institute of Technology, Stockholm, Final Report, “Sludics of Gravity in Space Aceording to Bjerhammer,”
B. G. Reils, April 1966.

187 s merican Geophysical Union, Washington, D. C., “A New Geoid,” A, Bjerhammer, April 1967,

lssHN—23. “An Automatic Electro-Qptical Satellite Triangulation System,’ A. Bjerhammer, April 1967.

18n 2 . . .~ . g . [ H
*““K. Hinner, “Systematic invemigation of Gevuciic Neimwhs i Space,” Finz! Report, Mareh 1067

]%IL Eichorn, *Photogrammetric Flash Triangulation for Corps of Engincers Field Use,” Final Reporl, August 1961.

lg]“E"ecls of Supersonic and Hypersonic Aircraft Speed Upon Aerial Photography," Inkerim Report, August 1959,
July 1960, October 1960,

192 Repearch on Instrumentation of Setellite and Other Hypersonic Vehiclea for Precise Surveying, Mapping, and
Target Location,” Final Report, New York Universily, February 1961,

lqs"chuch in Space Phologrammetry,” Final Report, New York University, October 1961.

173




The Midwest Research Institute contract'™ was extended into the mid-

193605 10 include techniques to determine the integrated vefraction index of the atmo-
sphere between two points and ultimately to design an experimunt to verify the inverse
scattering theory developed in this research.'%

The Franklin Institute contract implemented in late 1958 was converted
to a longevity funded effor! in the early 1960's and included studies in scveral and varied
areas of intcrest until contract termination in the mid-1960's. The final report was sub.
mitted in October 1960.'% Under the longevity funded cffort, series of studies and re-
ports were submitted from 1960 through 1965. These studies included the evaluation of
components for some elevation-determining system,'?” application of advanced acccler-
ometers to surveying and geodesy !** atmospheric refraction,'” a piiot program of lunar
photography?® in which photographs of the earth-lit moon were taken at selected obscr-
vation points around the world in an effort to provide bettcr sensor data for lunar map-
ping than the few photographs in current use, lunar mapping from a high altitude balloon,
and the application of the coriolis f rrce to geodetic ricasurement.??'

With the addition of specialists in geodesy, physics, astronomy, and math.
ematics to the Research and Analysis Division staff in the carly 1960, research activity
began to be oriented around the individual scientist’s skills and intcrests as they related
to the overall GIMRADA mission. The earliest results of this approach were two studies
relating to atmospheric refraction, a problem which had been addressed both by the
Franklin Institute and *he Midwest Research Institute in previous research studies. The
results of these studies were published in separate GIMRADA research notes. 2 29

194 Reearch Siudies Related o Mapping. Geodesy, and Position Determination,” Midweat Research Institule,
Interim Reports Decemnber 1960, December 1961, June 1961, September 1961, March 1962, June 1962,
October 1962, Final Report January 1963.

]95"The Design of a Laser Experiment for 1he Verificalion of the Inverse Scatlering Theory,” Midwest Rescarch
Institule,

19648 epearch in Surveying, Mapping, and Geodesy,” Final Report, Yolume L, Parts 1 and 2, October 1960,

lq?"Enlualion of Components for Some Elevation Delermining Systems,” Inlerim Report, Franklin Institule,
May 1963,

lqs"Application of Advanced Accelerometers 1o Susveying sid Geodesy  Inlerim R=porta, Franklin Instilule,
Yolume 1, November 1963, Yolume 11, March 1964

l”“Refudion in Selected Model Almoapheres,” Interim Report, Franklin Instilute, February 1964,

004 pital Program of Lunar Photography for Precise Selenodesy,” Interim Report, Franklin 1nstitule, October
1764

Rl pelication of Coriolia Force 10 Geodetic Mesairemenla,” Inlezim Report, Franklin Instilute, December 1965.

ZOZA. A, Baldini, RNB, “Fornw-'as for Computing A imospheric Refractiun for Objects lnside or Oulside the
Almosphire,” January 196,

203H. H. Sct.mid, RN-10, "T!.e Influence of Almospheric Refraclion on Directions Measured To and From a
Satellile,” February 1963,
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By 1962, Dr. Baldini had begun his research on Theary of World Geocen-
tric Gecdetic System, commonly referred to as the Baldini Theory. Work on this theory
continued throughout the decade of the 1960’. It provides a hasis for expressing the po-
sitions of points around the earili in a common system referred to the center of mass of
the earth, based on new thcoretical concepts for defining astronomical position of ground
points with respect to satellite positions against a star background. The absolute deflec-
tion of the vertical is also obtained independently of gravity data. A special lunar-stellar
camera on an equatorisl mount was developed under contract by the Autometric Cor-
poration in 1963 to be used in field verification of certain aspects of this theory. The
results of this research have been reported in a number of GIMRADA research notes?™ 2%
and a series of technical papers presented at various technical conferences over the decade.
The most significant of these papers were “‘Determination of Center of Mass and Mathe-
matical Figure of the Earth Using Solely Astro-Geodetic Methods™ presented at the
1UGG, Switzerland meeting, 1967, and “*Determination of Latitude and Longitude of
Unknown Station from Photographs of a Satellite Against Stellar Background Indepen-
dent of any Distance™ presented at the Army Scicnce Conference at West Point, New
York, June 1970.

The only outside support to Dr, Baldini’s research were a contract inves-
tigation and a test by Autometric Corporation in 1963 of a proposed method of geocen-
tric position determination with star satellite photography from a single camera station,*®
und an evaluation of the stellar-moon camera system by the Ohio State University Depart-

ment of Geodetic Sciences?® in the 1966 to 1963 period.

Anotier in-house research program implemented in the early 1960's dealt
with computation of leng-line geodesics, geodetic trilateration, and triangulation intersec-
tion, and long-line azimuth and distance det=rmination between non-intervisible points
by E. M. Sodano. Mr. Sodano is known internationally for the development of the line-
crossing method of long-line azimuth deiermination. Certain aspects of this research are

204N.2, "New Formulas Useful When Changing Ellipoidal Pararceter or Orientation,” July 1962.

205 0N-17, “New M+ihod for Determining Azim.th and Latitude Independent of Time and Zenith Distance,”

Febevary 1966.

2058 N.19, “Determination of Direct and Inverse Azimuth, Zenith Distance Hour Angle, Deeliration and Distance
Beiween Two Mointa on Normal Seelion,™ February 1967.

2mHN-ZO. “$Slar Fosition Determined by Combining Mici omelrie Obgervalion With an Observed Known Star in a
Vertical Plane Close t0 the Meridian,” February 1967,

mRN-M. “Satellite Geodesy Based on Stellar Orientation of Linca Between Unl. aown Stations,” November 1969.

209“-'}czt:mentrie Position and/or Orbital Parametets wita Star-Sate!lite Pholography from a Single Camera Station,”

Autometrie Corp., November 1963,

210"An Evaluation of the Stellar-Moon Camera System,” Uhio State University Department of Geodetie Sciencea,
June 1958,
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reported in a GIMRADA research note?!! and in a number of technical papers presented
at various meetings. This research has produccd a new formulaion of a geometric field
method, improved and refined over the years, for obiaining the distances and vertical
and horizontal directions of the earth chord joining distant ground stations using a com-
hination of electronic ranging and optical observation of either one or two moving or
stalionary aerial targcts. The most significant of the technical papers on this subject are:
“Optical Flectronic Azimuth and Range Between Non-Intervisible Distant Ground Sta:
tions,” Army Science Conference 1964; **Supplement to Inverse Solution of Long Geode-
sis,” Second International Symposium on Geodetic Calculation, Brussels, Belgium, June
1966; “Data Reduction for Long Aerial Lines of Reiatively Low Elevation,” Second
International Symposium on Geodetic Calculations, Brussels, Belgium, June 1966;
*“Three-Dimensional Station Coordinates of Increasing Vertical Rigidity From Lower
Airborne Target,” ASP-ACSM Convention 1967; and “Optimum Three-Dimensional
Geodetic Formulations and Applications,” 1969.

in the physical scicnce areas, the most significant research programs start-
ed in the carly 1960's were the investigation of lasers for geodstic application, the study
of atmospheric effects on electronic pointing and angle measurement, studies of Doppler
tracking of artificial satellites for field army applications, and invcstigations of atmospher-
ic effccts on light waves; i.e., lascr radiation,

The first continuous-wave laser obtained for lsberatory investigation was
procured from the Raytheon Company in January 1963. Initial research was concerned
with techniques of modulation and demodulation of laser radiation and studies of coher-
ency over various path lengths ana types of terrain. Later, in June 1564, a low-power,
continuous-wave gas laser with outputs in the visible (0.63 u) and infrared (1.15 and
3.39 u) was procured from Spectra-Physics, inc. These early investigations formed the
groundwork for later formulation of several highly significant applications of laser tech-
nology to problems of geodetic measurement.

The first of these was the applicatior of the laser in an instrument de-
signed for measuring the absolute acceleration of gravity,’'? a laser gravimeter, conceived
in 1964. A feasibility model was constrected in-house in 1965; in May 1966, a contract
was awarded to Barkley and Dextev Laboratories, Fitchburg, Massachusetts, for a high
performance instrument. This instrument was successfully completed by 1970 und
achicved a precision of better than one part in 1 million. 1t has a potentia! accuracy vl
0.2 milligal. The instrument consists of a laser interferometer in which the measuring
arm is vertical. The reflector terminating the measuring arm is dropped in a vacuum

2LIR N 11, “General Non-lleralive Solution of the Inveree and Direct Geodetic Problems,” A peil 1963.
212K ), Robertson, RN-18, “Instrument for Meesuring Absolate A eceleralior of Gravity,” June 1966,
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chamber and the interferometer fringes gencrated as it falls are counted for precise time
periods. Another was the development of techniques for very precise surveying. A eon-
tract for an experimental model laser distanee-measuring instrument was awarded to
Speetra-Physics, Inc., in November 1965 and the instrument was delivered to GIMRADA
in June 1967. As a result of intensive in-house field studies with this equipment of at-
mospheric parameters whieh pose a limit to surveying accuracy, techniques evolved dur-
ing 1969 and 1970 have produced results as great as five times the accuracy previcusly
obtainable.

Research in laser techinology also led to the formulation of a concept for
an ultra-precise geodetie baseline*® which was proposed in 1967, and eould lead to a
redetermination of the velocity of light; and the production in-house in 1969 to 1970
for the Civil Works Division of the Office, Chief of Engincers, of instrumentation con-
sisting of a laser projector and a novel centering detector which permitted the precise
measurement of alignment both on top of and in the galleries of concrete dams.

To support the researeh on electronic angle measurement, GIMRADA
funded a study by the National Bureau of Standards (NBS) at Boulder, Colorado, of
various mierowave techniques for measuring angles with emphasis on accuraey and eom-
patibility with conventional microwave distance measuring instruments including atmo-
spherie limitations and their dependence on antenna size. A report on these investiga-
tions, which started in September 1961, titled, **Atmospheric Errors in Microwave Range
and Short-Baseline Azimuth Measuremcnts” was submitted by NBS in April 1964. These
studies under Dr. M. C, Thompson provided background information used by the Survey-
ing and Geodcsy Division in their development program on eleetronic angle measuring
equipment. Work on atmospherie effects on electromagnetie radiation eontinued at
NBS, Boulder, under GIMRADA sponsorship to mid-1965; the final report was submitted
in December of that year. In mid-1965, GIMRADA and the U.S. Coast and Gendetic
Survey implemented a joint program of sponsorship of - 'rch at NBS, Boulder, con-
centrating primarily on eorreetion for atmospherie efforts on optical and electronic dis-
tance measureinent. The research was primar:ly on the dual optical technique for refrae-
tion index correction to distanee mcasurement.

Rescarch and Analysis Division personnel became intercsted in and start-
ed investigations of the applieation of the U.S. Navy Doppler Satellite Navigation System,
Transit, to field army survey prohlems early in 1961, and started to asseinble compouents
to put together a set of doppler tracking instrumentation for ¢experimental purposes.

This construction of a tracking station was latcr abandoned. Little progress was made in
this investigation until May 1964 when a contract was awarded to Westinghouse Electric
Corporatiun, Baltimore, Maryland, for an experimental feasibility study using data

213¢ D, Robertson, RN-24, Concepl for an Ultra-Precise Geodutic Baseline,” November 1967.
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obtained with U.S. Navy equipment on a noninterference basis. These investigations
were completed and a report was submitted by Westinghouse in May 1965. The results
were sufficiently encouraging that the procurement of backpack Donpler tracking equip-
ment being developed at the time by the U.S. Navy was authorized for further experi-
mentation, and this program moved frnm research to exploratory development by the
Surveying and Geodesy Division,

In the midst of concerted efforts to build a viable research program and
staff in the early 1960, the Research and Analysis Division was called upon to make
two special investigations in the satellite geodesy area for the Office, Chief of Engineers.
Woile these special studies diverted attention from the planned research and develop-
ment activity and in that sense were disruptive, they did familiarize the staff more inti-
mately with some of the basic and realistic problems of satellite tracking applications to
geodesy. In January 1962, the Chief of the Research and Analysis Division was called
upon to form a special investigative team to evaluate the current Corps of Engineers Geo-
detic Satellite program which was embodied primarily in the Army Map Scrvice program
with the Sequential Collation of Range (SECOR) System and to advise as to futurc plans.
This system, which had been under procurement by the Army Map Service from the
Cubic Corporation, San Diego, California, had run into difficuity in the first efforts to
track a sarellite transponder, and there was some question as to the vaudity of the ap-
proach and the future role if any it should play in Corps of Engineers geodetic programs.
An expedited investigation was requested. The team formecd for this investigation con-
sisted of personnel of the Research and Analysis Division: Dr. Frederick Rohde, Mr.
Joseph Hannigan, and Mr. Emmanuel Sodano with Mr. John Pennington as head of the
team; two electronic experts from the Ballistics Research Laboratories, Aberdcen Prov-
ing Grounds, Maryland: Dr. Keates Pullen and Mr. Richard Viteck; and an expert on
elcetromagnetic radiation from the National Bureau of Standards at Beulder, Colorado:
Dr. M. C. Thompson.

This special study was completed in 6 wecks, and a special report “Rcview
and Analysis of U.S. Army Geodctic SECOR Development” was submitted to Office,
Chief of Engineers. The rcport established the validity of the SECOR approach, analyzed
the problems of devclopment, and recommendcd a program for continued development
by the Corps of Engincers. As a rcsult, development responsibility was assigned to
CIMRADA, and the evaluation team was retained in a technical advisory capacity in
further development of the system.

A second special investigation came immediatcly on the heels of the
SECOR invesligation when, in March 1962, GIMRADA was rcquested to make a special
cxpedited study of the Corps of Enginecrs minitrack activities and to determine an effcc-
tive satellitc geodesy program. The same SECOR team personnel augmented by Dr.
Angel Baldini of the Rescarch and Analysis Division staff comprised the new working

178

a™, wre




; group formed for this investigation. The report of this group, “Tracking Systems for
Geodetic Purposes,” was submitted to Office, Chief of Engineers, in May 1962. It in-
cluded analyses of various tracking systems including moon dual camera (Markowitz)

1 and positioning of satellites against a star background and mathematics and data reduc-
' tion for orbital analysis, theodeolite tracking, occulations, ano electronic systems appli-
calile to geodetic position determination,

With furthcr augmentation of the Research and Analysis Division staff
in the mid-196('s, several new programs of investigation and research were implemented.
These new programs were generally in the areas of photogrammetric metrology and
1 image evaluation, data reduction and analysis of geodetic satellite tracking data, calibra-
tion of both photographic and clectronic data acquisition systems, research in solid state
UHF amplificrs in support of the SECOR development, and studies of the geodetic ap-
plications of the torsion balance and gravity studies.

In the area of photogrammetric metrology and iinage evaluation, a study
d had heen madc in 1962 under contract with General Precision, Inc., Pleasantville, New

i York, on “*Automatic Stereo Perception of Aerial Photography by Means of Optical

1 Correlation.”*' In 1963, a comprehensive in-house program of investigation of visual

{ factors involved in pointing precision and measurement was implemented under Mr.

; Desmond O’Connor. This research involved the in-house construction of special labora-
tory apparatus for measuring and recording visual performance data and also special ap-

paratus for the controlled generation of cdge gradients required for these and other
investigations.

The visual factor investigations were augmented b <tudies of fusion and
disparity limits for photograntmetry at Purdue University under Professor S. A, Veres,?!®
studies of mono versus sterco analytical photogrammetry at the University of lllinois
under Proressor Il. M. Karara,2'® studies of the rolc of foeal length in image generation
at Ohio State University, studies of pointing to a sharp cdge at Washington University !

and studic: of the effccts of nonhomogeneous backgrounds on coordinate measurcment
at Purdue Uriversity.?!®

4 & Automatic Stereo Perception of Actial Pholography by Mcans of Optical Correlalion,” Final Report, Generai
Precision 1nic., December 1962,

A3, A. Veres, “Investigalion of Fusion and Fixation Disparity Limils for Photogrammetry,” Final Report, August
1965,

216”. M., Karara, “Mono Versus Sterco Analytical Photogrammetry,” Final Reporl, Part |, February 1967.
IL M, Karara ar.d G. W, Marks, Part 11, February 1968,

217K Lund and J. E. Colcord, "Evaluation of Pointing to a Sharp Edge,” A pril 1968,

218n E. Roger and E. M. Mikhail, “Study of the Effecls of Nonhomogenroua Targel Backgrounds on Photagram-

melric Coordinate Measurement,” Final Reporl, August 1969.
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The research on pointing and measuring precision as related to circular
targets was virtually completed with the publication of Desmond O’Conuor’s Doctorate
Dissertation, from the University of lllinois, as a GIMRADA research note in January
1967.2'® But thc longer range objective of this overall research area was to relate measure-
ment precision to image quality paramcters such as resolution, modulation transfer func-
tion, focal length, etc. The connccting link was through the edgc gradient generator
studies.

Concurrently with the resea=_{ on visual factors and since this research
had shown limitations in cxisting photogrammetric instruments, a prototype polar co-
ordiante comparator was designed to increase the sensitivity of reading. This instrument,
using a laser interferometer and an inductocyn encoder, was designed and fabricated in-
house without the nccessity tor delicate craftsmanship.

In the area of data reduction and analysis of gcodetic satellite data, re-
search activity was implemented in 1964 with the additions of Messrs. Armando Mancini
and L. A. Gambino to the Research and Analysis Division staff. Two research notcs con-
cerning analysis of gcodetic satellite tracking data were published in 1265,22° 22! and,
in November of that year, a research note was published on the satellite angulateration

concept,*?? combining optical and electronic ranging observation, as formulated by Mr.
Mancini.

In late 1964 and in 1965, work started on thc development of several
computcr programs required to reduce and analyze geodctic satellite tracking data. In
December 1964, a contract was awarded to Wolf Rcsearch and Development Corporation,
Bladensburg, Maryland, for programs for a computation of Combined Gravity Coeffi-
cients and Geocentric Datum Shafts (GEOPS) which was completed in March 1966.22* A
research note on GEOPS was published in Mareh 1967.*%* In May 1965, a contract was
awarded to International Business Machines Corporation, Cambridge, Massachusetts, for

2190. D. 0'Connor, RN-21, “Yisual Faclora Affecling the Precision of Coordinale Measuremenl in A erolriangu'a-
lion,” January 1967,

ZZGA. Mancini and L, A, Gambino, RN.13, **Results of Space Triangulalion Adjustmenls from Salellile Dala,"
September 1965.

221 RN.14, "Reduction Procedures for Absolule Direclion and Geodelie Azinuths from Optical Obmervalion of
Zalelliles.”

222A. Maneini, RN-16, *'Salellite Angulaleralion,” November 1965, Nole: An allempl was made to employ and

evaluaie the angulateralion conerpl in 1965 employing Baker-Nunn Camera and SECOR obaervalions on lhe

West Coast and Hawail. The sttempt failed becaune insufficient dala was obtained.

223y nified Geodelie Parameter Program (GEOPS)." Volume I, "Mathematica) Analysis”" Volurse 11, *Pragram
Description,” t inal Report, Wolf Developmenl Cotporation, March 1966,

224, Mancini, RN-25, “GEOPS,” March 1967.
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~ program for geoid studics from satellite determined gravitational coefficients. This
contract was also eompleted in March 1966.%% in October 1965, a contract was award-
cd to Raytheon Company, Autometrics Operation, for a three-dimensional surface tri-
angulation adjustment computer program. This contract was successfully completed in
April 1966.¢ During this time, work was completed in-house on a Simultaneous, An-
gulateration, Triangulation, Trilateration Program (SMAT1).

Thesc efforts and additional in-house development of mathematical analy-
sis preecdures and programs provided the tools later used in accuracy studies and simu-
lations related to the GEOS-PAGEOS geodetic satellite programs, geoid and gravitational
model studies, analyses of SECOR obscrvational data, and studies to develop methods
for combining gravity data obtained at the surface of the earth with gecpotential av.! geo-
metric data derived from satellite observations.??7 22® 22 Preliminary findings on the
latter were reported in a paper by Dr. Bjerhammer, “On a Coalescent World Geodetic
System, Part 1,” July 1967. This paper was presented at the International Association
of Geodesy meeting, Lucerne, Switzerland, during September and October 1967. Mr.
Mancini, while successfully completing 12 months’ resident study at Georgetown Uni-
versity in 1967 under the ETL Graduate Study Program, submitted his doetoral disserta-
tion on the development of a gravitational model of the earth from a union of optieal,
Doppler, and surface gravity data.

Although, by November 1968, all available satellite observations and all
surlace gravity data had been combined into a single solution to derive the earth’s gravi-
tation field model with all zonal and territorial harmonic coefficients up to the degree
and order 14, 14, efforts continued in the late 1960's to refine this model and to provide
the best possihle representation of the external gravity field of the earth and t:c best
possible earth geoid for direct application to the world geodetic system. in 1970, it was
planncd to make a combincd solution using transit data on six satzitites and optical data
from the Smithsonian Astro-Physical Observatory on five satellites. 1t was also planned
to use 10° by 10° surface gravity data for the integrated solution. As a part of this over-
all rcsearch effort to refine the world geodetic system (hrough combining various types
of geodetic data, a study of advancced correlation methods bet: een gravity, geophysics,

225 Geo0id Representation from Satellite Determined Coefficients,” Final Report, 1BM, Cambridge, March 1966.

226"Modea of Satellile Triangulation Adjusiment,” Yolume | and Velume 11, Final Report, Raytheon Cerporation,
Alexandnia, Virginia, April 1966.

22?[-{[\'-22. “A Geomelric Simullaneous MultiStation Determination, With Constraints Using Dala From Geodelic
Satellites”

228, Mancini, RN.30, "The Earth's Gravitalion Field From Observations of Near Earth Satellites and Terrealrial
Gr vity Measurements,” November 1968,

2295 Mancini and Others, RN-31. ETL-211 0D, "Gravilational Medels, A Union Solulion of O ptical and Doppler
Satellite D=t~ mination,” September 1968,
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tidal motion, heat flow, and polar motions as **ey aifect the gravitation field of the
earth was made in 1969 under contract by Geonautics Operztion, Compuier Sciences
Corporation, Falls Church, Virgnia.%

Al in 1969, a new concept of space adjustment was introduced using
satcllite data with equations of condition. In addition, a new system of geo-grav coordi-
nates and a new concept in defining the astronomic station position were introduced.

The Research Institute Staff continucusly supported the Army SECOR
program through the latc 1960's. Many contributions were made to overcome operation-
al bottlenecks, to improve software and hardware, and to provide for the introduction
of advanced concepts. The SECOR redurtion program was used in 1968 for simulations
of various satellite orbit configurations to determine the orbital accuracy to be expected
under certain tracking conditions. Advanced techniques for the reduction of geodetic
SECOR observations were developed in 1966 under contract by D. Brown Associates,
Eau Gallie, Florida.?*! Analyses of SECOR data were made under contract by DBA Sys-
tems, Inc., Lanham, Maryl. 1d, in 1968 and 1969.23 In 1966, ir. connection with
SECOR calibration operations, it was shown that by modcling the bias of a ranging sys-
tem, ionospheric corrections can be recovered anzlytically without the need of two-fre-
quency instrumentation. It was also shown that the application of SECOR in a short-
arc, dynamic mode would provide better geodetic results than using the system in its
gcometric trilateration mode. In the hardware area, the in-house program of investiga-
tion of solid state UHF amplificrs and satellite transponder investigations resultad in sig:
nificant contributions to the SECOR System development program of the Surveying
and Geodesy Division.

Several other significant accomplishments in the surveying and geodesy
arca in the late 1960°s should be nolcd here. These are investigations of the shimmer
cffect on optical observalions, an advanccd satellite instrumentation study, a study on
an ideal world geocentric geodetic system, an investigation of the geodetic application
of the eotvos torsion balance, the concept of the application of cesium beam frequency-
standards or “‘atomic clocks” for an clectronic measuring device, a ncw angle measuring
concept, and an instrumcut to correct for atmospheric refraction.

Studics of the shimmer efiect on optical observation began in 1965
through analysis of two PC.1000 camera platcs of the ECHO satellite. This work was

230"Crzvity Correlation Studien for Determination of the Gravity FieM of the Earlh,” Final Report, Computer
aciences Corporation, Geonautics Operation, January 1970.

23)"Adunted Techniques for the Reduclion of Geodelic SECOR Observation,” Final Report, D. Brown Associstes,
July 1966.

232 A natyses of SECOR Data,” Final Report, DBA Systems Inc., Volume 1, Seplember 1968, Volume 11, October
1969,
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continuing in 1969 to 1970 using a 12-inch reflecting cassegrain telescope at the Re-
search Institute Observatory at the North Area Engineer Proving Ground, Fort Belvoir.
Virginia. The objective was to determine the magnitude and the frequency of motion
of stellar images for short exposure of optical satellites.

The Advanced Satellite Instrumentation Study was performed under con-
tract by Ryan Aeronautics Company, San Diego, California, in the 1967 to 1968 period.
The final report was submitted in June 196%.2%

A contract was awarded to Ohio State University Research Foundation
in 1967, to begin in October of that year, for establishing an ideal error budge: for each
of the components and defining an ideal world geodetic system. The final report was
submitted in June 196923

In 1964, a contract was awarded to the Ohio Statc University Depart-
ment of Geodetic Sciences 10 investigate the geodetic application of the eotvos tersion
balance and gravity studies. This work was delayed somewhat by difficulties in procure-
ment of a torsion balance from Yugoslavia but was finally completed in December 1967.

Four significant technical reports on this subject were submitted during the investiga-
tion 235 - 238

The concept of one-way distance measuring using two cesium-beam fre-
quency standards or atomic clocks was under investigation in 1969 and 1970. By this
technique. the frequency standards would be nscd as modulation frequencics for an elec-
tronie distance measuring device; the distance would be determincd by phase comparison
over a one-way path. The efficicncy of the system lies in the f:.:t that it is nonsaturable
since any number of ground stations can rcceive at any one time. Possible applications
would include ground-to-satellite, ground-to-aireraft, and ground-to-ground measurcment.

A prototype instrument was eompleted in-housc in 1969 to investigate
a new technique for measuring angles by determining the time it takes a rotating disk to

2334 p dvanced Satellite Tracking Instrumentations Study,” Final Report, Ryan Acronauties Cu . San Diego,
California, June 1968,

234"|nvcsligalion Related to the Estzblishment of a World Greodelic System,” Final Report, Ohio State Universily
Renearch Foundation, June 1969,

235 The lorizontal Gradicnts of Gravity in Geodesy,” January 1964,
236-p, Horizontal Gradients of Gravity in South West Dhio,” Septembe- 1967,
237"|nterpolalion of Deflections from llorizontal Gravity Gradients,” De smber 1967,

238 ;eodetic Control by Mrans of Astronomir and Torsion Balance Observations and the Gravimetric Reductions
of Levelling,” December 1967,
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sweep out an angle, Investigations indicated that precision m.inufaciuring is not required
to achievc high accuracy and that precision greater than 1 second of are is possible,

In the period 1966 1o 1968, a prototype instrument was produced to
mecet a specific requirement in the Airhorne Control System (ABC) to correct for errors
causrrd by atmosphcric refraction. The tnstrument provided for correction of the atmo-
spheric refraction effeci on vertical angles by measuring the difference in angle of arrival
of light of two different wavelengths. It had the capability of measuring refraction errors
of abont 2 seconds of are.

Although the research activity in the mid. to late 1960's was greatest in
those areas associatcd with surveying and geodesy, there were several additional programs
in areas associated with map compilation and data acquisition which should be noted.

In the aerial triangulation area, a eontraet was awarded to the Ohio State
University Research Foundations in Qetober 1963 for a comprchensive analysis of photo-
grammetrie model orientation methods.?*® Later, in February 1964, a contraet was
awarded to the Ohio State University Department of Geodetic Scienues for studies on
ady1stment of aerial triangulation to be performed at Ohio State by Major Maxwell Jonah
in connection with his Doctoral Dissertation.?® Also, in 196 1, a contract was awarded
to Cornell University, Ithaca, New York, to study the eoncept of using triplets as opposed
to thc use of stereo pairs in analytical aerotriangulation to increase aecuracy. The final
report on this investigation was submitted by Cornell University in September 1965.2%!

In 1967, thc feasibility of in-flight analytical calibration of ar ial mapping
camcras was established by a flight test over the McClurc test range in Ohio «o a part of
the U.S. Air Force Catcgory Il tests of the USQ-28 system. This in-house projcct re-
quirell the selection and installation of target lights and ballistic cameras on the McClure
range, management of the test operation, and snbseqnent rednetion of the data. It was
supported by contract studics by PBA Systems, Inc., which continued into 1969 and
in:ludeil dynamic in-1light testing and evaluation of the SHORAN System as well as ad-
vancell methods for the calibration of mapping camrras. 2

230"|nvesligatinns Into the Problems of Helalive Orienlalion in Stereo-Aerial Photogrammetry,” Final Report, Qhic
Slale Universily Research Foundalion, Augusl 1964,

2Wnpye Syrlematic Correclion and Weighling of Analogue Aerial Triangulalion Observalions and Their Vlse in Sirip
and lllock Adjustments,” Final Report, Ohio Slate Universily Dept. of Geodetic Sciences, September 1965,

2"“"Armlvlical Aerolriangulation: Triplets and Subblocks Including Use of Auxilisry Dala,” Cornell University, De-
pariment of Surveying. Seplember 1965,

2424 4 dvanced Methods for The Calibralion of Melric £ameras.” Final Report, DBA Systems Inc., Dscember 1068

283, Tealing and Evalualion of the SIHORAN System by Advanced Data Reduction Methods,” Final Report,
()ctober 1969,
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Since the problem of aircraft altitude ¢ :termination for application in
photogrammetric mapping and zerotriangulation processes had always been a major
limitation, a coniract was awarded to Hughes Aircraft in 1966 to determine a method
1o replace barometric sensors and isobaric slope techniques to determine the absolute
height of an aircraft above datum for altitudes ranging from 500 to 100,000 feet and
with operational flight lines of 300 to 400 miles. Accuracies of $2 feet were a design
goal. The final report on this study was submitted in April 1968.*

In the color photography area, there was a requircment for means to
measure objectively the color of objects in the field as well as the image on color film
for quantitative comparison of ficld ohject and photo image. This requirement was ad-
dressed as carly as 1965 by Mr. K. D. Robertson of the Research and Analysis Division
staff; two approaches for a portable color-measuring system were advanced **  Further
work in this area, principally in-house by Mr. Robertson, produced  ficld instrument in
1969. It consisted of a telescope with a fiber-optic in its focal plane, by which 1i.c image
of a point whose spectral distribution is required is directed through an adjustable filter
so that reflectance at the various wavelcngths can be measured.?*® The laboratory instru-
ment is a microscopic version of this and uscs many of the parts of the field instrument.

Research on laser holography began as early as 1965 and by 1969 Lad
progressed to the point where a hologram production and measuring system was designed
and assembled using a 2-watt argon-ion laser. Two supporting contract cfforts were inj-
tiated. The objective of the research was to examine the process of recording and mea-
suring the hologram to optimize measurcment accuracy and to find the roles for holog-
raphy in mapping. The in-house work which se1 the pace in this area up to 1970 was
concerined with accuracy of stereoscopic depth measurements ou hologram images nnder
varying reeconsirnction conditions, including various light wavelengths and reduced
“speckle,” a grainy appearance of holograms which may affect measurements. The sup-
porting contraet work which was underway in FY 70 included a study of potential ap-
plication of holographic techniques to mapping by the Purdue University Rescareh Foun-
dation and a study of the parameters involved in the production of holograms for photo-
grammetric purposes hy the California Institute of Technology.

The fundamental studies of visnal metrology in the mid-1960's led to the
study of substitutes for film as a recording »ad information system. More specifieally. it
led to the study of sensor arrays, which simulated seme aspecets of the human visna) sys.
tem, for the aceurate measurement of position, velocity. area, and ohjeet identification,

284 A llitude Deviation Study.” Final Report, Hughes Aircrafi Co., April 1968, CONFIDENTIAL.

245!(. 1. Robertson, RN-15, “Two Approaches to 2 Porlable Color-Measuring System,” January 1966,

246]\'. ). Robuartson, ETL-RN-70.1, *|nslrumentation for Color Aerial Photography,”™ Mav 1970,
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The sensors would convert optical information into electrical signals convenicnt for
processing, storing, and display.

Theoretical studies in the area werc supported in the late 1960". by the
University of Virginia under prcject THEMIS and by a contract study in FY 70.2%7 In
FY 69 Dr. P. F. Chen, a rerrat addition to the Resrarch Institute staff, implemented an
expcrimental program. Under this program, a prototype system for linear mcasuremcnt
was completed in FY 70, and an original method was discovered to overcome the accu-
racy liniitation of available commercial arrays by oscillating the input images on the
array either mechanically or electronically. The outputs of the array are summed elec-
trically and averaged to give a much better resolution than thuse which result without
image oscillation.

The results of this rescarch program by the end of FY 70 suggested the
possibility of the application of array techniques to a wide range of military problems
3 such as: a substitutc for film on astronomical cameras enabling real-time measurement
of coordinatcs; application to fine measurement in automatic mapping equipment and
survey ing instruments; objcct dctection, identification, and tracking; and scanning and
digitizing of topographic information from maps and photograpls.

Another study in the area of film substitutcs for recording and informa-
tion systems ir the late 1960 v-as a contract study by Illinois University, Department
of Civil Engir.ering, on television display of topographic information.?4®

Research for map reproduction was extremely limited during the 1960's.
The Development Division of GIMRADA and subsequently the Development Labora-
torics of the ETL with Research Institute funding, accomplished what little was done
since the Institute had no staff in this arca.

The most significant accomplishments in map reproduction rescare  were:
(1) A study of the principles of continuons tone clectrophotography #°
(2) An enhanced photomnap study?*?

247“1'[:2 Applicslion of Imay- Sensing Arrays 1o Melre. . ! tection and Instrumentation,” Final Report, Univer.
sity of Vieginia, May 1970,

2481 elevision Display of Topographic Inforxalion,” Final Reporl, U niversily of Illinois, Depariment of Civil Engi-
neering, November 1970.

2"’q"l’relimimnr Siudy Inlo The Principles of Continuous Tone Eleclropholography.” Final Ry por:, American Zinc
Lead and Smelling Co., NDecember 1962,

250"Enhnnccd Pholomap Evaluation Study,” Final Report, American Instilnle for Researck:, April 1967,
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(3) Astudy of lithographic fountain solntions?*!

(4) A color separetion investigations?

(5) A map eoating concept study?*?

(6) Zinc v.ide photo ronductivity studies?5*

In the later years of the decade, in-house studies on the properties of
zine oxide were started as were studies on miero-clectrostatic analysis and the zine oxide
photo-oxidation process. At the close of the decade, plans were being implemented to
empliasize the cartographic aspects of map reproduction since those areas constitute the
most scrious bottleneck in mapping operations,

A program of basic research in geography v:as implemented in 1968 to
gain deeper knowledge and understanding of the field and to create improved and new
theories, coneepts, methods, and techniques with the greatest potential for supporting
Army capabilities in area analvsis and military geography cssential to ihe planning and
condnet of military operations. Dr. Roger Leestma was transferred to the Research In-
stitite 1o head this research arca.

The program was set up to provide a more precise understanding of theo-
retical geography and to examine potential applications of geographie methodology and
techniques to military prohlems in three interconnected areas. The first area was the
study of concepts of distribution of geographic phenomena in space and time. This work
was 1o include continuation of a study of geographie spatial patterns and relationships of
natural and man-made features of the environment and theories of regionality. The sec-
ond area of research was to examine geographic methodology. including standards of
measurement and scale problems in geographic research. The third area included mathe-
matical and statistical techniques in geography, sampling methods for acquiring data, and
mathematiea! formulas for regions.

In FY 70, three contracts in batic geography were established: The
Theory of Quantitative Geography with the University of lowa: Sampling: a Technique
in Acquisition of Geographie Data From Aerial Photographs and Maps with the Regional

251 s Siudy of Lithographic Fountain Solulions,” Finsl Report, Graphic Arts 1. ~hnical Foundation, September
1967.

Bk \veLiolor Separalion Investigalion.” Final Repuit, General Technologics Corpor lic a, November 1957,
253"Map Coating Coneepl Sludics,” Fins Report. General Tew.nologies Corponalion, Uclober 1968,

254"Studirs in Zinc Uxide Photocondurlivily,” (;ulf Geners. Alomic, Ine., August 1968,
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Rescarch Associates at Ann Arbor, Michigan; and Scale: A Problem in Geographic Tic-
search with the University of Denvey.

¢.  Analytical Photogrammetry. Both the sofiware and hardware aspects of
analvtical photogrammetry, sprcifically analytical aerotriangulation, were areas of major
1esearch and deveropment activity in the decade of the 1960's. Software development
progressed through a series of steps resulting in the eventual formation of highly sophis-
ticated and advanecd trchniques and computer programs. In the hardware development
arez, advanced icehniques, whicli are basic to analytical proccdures, were developed for
marking and measi-ing photographic coordinates.

(1) Analytical Photogrammetry Software Development. Investigations
of analytiezl aerial trianguiation and its application to field use emploving a smzll com-
puter had progressed to the point in the early 1960’s where (wo independent methods
had been developed: (1) the llerget method, which had been devcloped by Cornell Uni-
versity nnder an ERDL contract** and further modified in-bouse by ERDL and pro-
grammed for the IBM 650 computcr; and (2) the Zuriinden method devetoped under a
scries of personal service contracts with Mr, Robert Zurlindeu and coded under contract
Iy the Royal MeBec Corporation for the Royal MeBee LGP-30 computcr.

Paralleling these investigations by ERDL, the U.S. Air Foree had
also developed the llerget method through contracts with Chio State University resulting
in a group of piograms eoded for the IBM 650, later recoded for the RECOMP It com-
puter by Autoneties, Inc., under a contract from: the Aeronautical Chart and Infori.a-
tion Service. Also, the National Research Council of Canada, ilirough the efforts of :lr.
G. H. Schut, developed a method of analytical aerial triangulation coded ior the 1BM 6510,

In the early 1960%s,in order to arrive at = decision as to the inost
practicable approach for Ariay ficld application, a compr=nensive comparai: - analysis
of these four methods was made by GIMRADA.?% it was concluded that the Schut
method developed by the National Rescarch Council of Canada was iapid cnough and
had sufficient freedom to be the most practicaliie method tested for field appiication
and that it should v» refined for inclusion in an Army Field System of anatytical acrial
triangulation with s;na;l computer. Furiher refinement of the Schut approach resulted
in the development of the Sequential independent Model Block Analytical Triangulation
Program (SIMBAT) in 1966.257 This program was originally intended to be for the

FADAC computer for use in the RACOMS System; however, this idca was abandoned

3554 Solution of the General Analylical Aerolriangulation Problem,” Final Reporl, Comeli Universily, May 1958,
25“3. A. Matos, 13TR, “Analytics] Triangulation with Small Compuler,” Muy 1993.

257"quumliat Independent Mcdel Block A nalylical Triangulation Program (SIMRAT),” Final Report, Raytheon
Company, Anlemelric Opaalion, June 1760, Supplemen 1o Final, Oclober 1966.
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and SIMBAT was programmed in FORTRAN for the IBM 7074 and the Honey well
800 computer.

It became clear during initial testing of the Cornell program, coded
for the IBM 650 to handle up to six photographs, that the capacitv of the program must
be =nlarged for it to be of any practical value. However, because of the limited speed
and storage capacity of the IBM 650, it was found to be impracticable to expand that
program further. Since a 100-photograph block was considcred a minimnm requirement,
it was decided to recode the method fur a large-scale computer using the basic Cornell
University Formulation as revised and reported by Hugh Dodge?*® in 1959.

Tn the 1960 to 1962 period, the prograri was coded and refined
through a series of contracted efforts resulting in five programs for simultaneous friangu-
lation and adjustment of a strip or a block of aerial photographs, These prog.ams were:

(a) Program 1 (Completed in March 1960): This program was
coded by General Kinetics, Inc., for the IBM 704 computer and included the Stiefel
method for solving the large system ol equations generated Ly th. program.?®

(b) Program 2 (Completed in April 1961): This program was a re-
visior: of Program 1 in which the Stiefel methud was r.placed by a sabstitution and elimi-
nation method developed and codcd for the IBM 704 computer by Mrs. Verna Walters
of General Kinetics, Inc,?%?

(¢} Program 3 (Completed in June 1962): This program was a re-
vision of Program 1 made by the Massachusetts Institute of Technology.?®' The revision
consisted of recoding for the IBM 7090 comuter and adding to the program to provide
for weighting the input parameters based on the known or predicted accuracy of the data.

(d) Program 4 (Completed in June 1962): This program, also code
by the Massachusctts Institute of Technology, was c¢ssentially the same as Program 3 ex-
ccpt that the Jordan direct diagonalization method replaced the Stiese{ iterative method.
Use of the Jordan method greatly speeded up the block solution hut limited the solution
to a maximum of 26 photographs,

2581y Geomelrical Foundation for Aciotriangulation,” Progress Report 3, U. S. Geological Survey, December 1959

259"Dig'ta] Computer Program for the Solution of a Photogrammetric Net (Preparation of Maps from Aerial Pholo-
graphs).” Final Report, General Kinelic:, March 1960,

260"|‘i£:1'al Computer Program for the Solulion of a Photogrammetric Net (Preparalion of Maps from Aenal Photo-
graplin),” Revised Final Report, General Kinetics Ine., Apeil 1961,

26]“Am]ytical Aerial Triangulation Error Analysis and A pplication of Comparing Fquations to the Generai Block
Triangulstion and Adjustinent Program,” Final Report, Massachusetts | natitute of Technolog ', Fehruary 1962,
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(¢) Program 5 (Completed in December 1962): This program
was a revision of Program 4 in which the Jordan method was replaced with a double-
precision square root method which would handle up to 28 photographs in a single-
block solution. This revision was coded at the National Bureau of Standards in an ef-
fort to test the square root method for direct solution of a large system of equations.

As a resuli of a test and evaluation of these programs,®? it was con-
cluded that the programs provided a practical tool for obtaining first-order acenracy in
photogrammetric application but that additional study was required in the arez of crror
propagation and in developing practical techniques for weighting the observed variables.
Also, the technique should he reprogrammed for widespread application on large-scale
digital computers.

Further refinement and development of the analytical acrial triangu-
lation techniquc was accomplished in the 1960’ through a series of contracts with the
Autometric Operation, Raytheon Company, Alexandria, Virginia.

The first of these contracts, completed in December 1965, resulted
in a computer program in FORTRAN 1V for ¢ peration on the 1BM 7090-94. This vork
includec further refinement of colnpensatic .« for errors in ground and cameia positional
control data and image coordinates which liad been initiated by the Massackusetts Insti-
tute of Technology. This program was given the designation “Multiple Station Analytical
Triangulation Program” (MUSAT).?** 1n June 1968, MUSAT I1 was completed employ -
ing the coplanarity condition cquations for the intersection of conjugate rays. In Febru-
ary 1969, MUSAT Il was completed using the colliniarity condition which assumes that
the object point, image point, and exposure station lic on the same straight linc, This
version also included blunder elimination, data edit. and the technigue called Auto Ray
for the rapid solution and inversion of large systems of normal equations. Finally, in
November 1970, an ¢xpanded MUSAT program designated MUSAT IV was completed.?®
In this program, coded in FORTRAN IV for the IBM 7094 and UNIVAC 1109, the geo-
mctrical and physical conditions were enforeed simultancously with known data influenc-
ing the solution in accordance with preassigned weiglits in a massive least-squares solution.
Provisions were made for the following: (1) preprocessing the initial photogaphic ob-
servation data Lo climinate systemaltic errors: (2) climination of blunders; (3) simultan-
conts block triangulation and adjustment: and (4) comprechensive data edit of image data
to remove any remaining less obvious errors. The program also provided for result

%2Rnbrﬂ A. Matos, TR-34, “Analylical Aerial Triangulation with Lerge Compuler (Analytical Simullaneous Block
Teehnique),” Ocloler 1966,

263“.\1u]lip]r Station Analylical Triangulation Programs,” ¥inal Reporl, Ravlheon Company, Aulomelri¢ Operalion,
December 1965,

2w"l"inal Heporl, Yolume 1, Yolune 11, Volume 11, "MUSAT 1V.” Raylleon Company, Aulomelric Operalion,
November 1970,
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analysis, error propagatioi1, and output of absolute or relative position and photograph-
ic orientation data. As a minimum, the required input data was estimated exposure sta-
tion position and orientation, survey ground control, and measured photo coordinates
of well-defined image points for which horizontal and vertical positions were to be com-
puted. The program would accept position data input in Geographic, UTM, Geocentric,
Local, or Rectangular Coordinate systeins. The primary outputs were the orientation
matrix for each camera, the camera station and ground positions, and the plate residuals
for each measured image point,

These highly sophisticated programs provided a major tool for topo-
graphic map production at the U.S. Army Topographic Production Center and also a
valuable research tool for further technique refinement and extended photogrammetric
applications. 1n 1970, plans werc being made to refinc and modify the program further
to include functional restraints of baseline measurement ard direction and azimuth mea-
surements, and also input-output routines for a wide range of descriptive data for ad-
vanced mapping applications.

While thc MUSAT program was being developed in the late 1960°s
for wide application to the solution of analytical triangulation problems, it becaine neces-
sary to develop another program for use in the RACOMS System. By thc mid-196C",
developments in analytical photogrammetry had overtaken the Zurlinden System, and
further consideration of this approach for application in RACUMS was abandoned. 1t
was decided to use the BR-133 computer in the RACOMS since this computer was being
used for the Automatic "hotomapper (APE). The RACOMS System would be required
to map arcas with little or no ground control. The requirement to provide input to the
APE nccessitated the development of a speeial program for this application, The develop-
mcnt, also under contract by the Raytheon Company, Autometric Opcration, produced
the Relative Mapping Trianguiation Program (RELMAP).?* The program was codcd
in FORTRAN 11 for thc BR-133 and was limitcd to 25 photographs.

Othcr software deveiypments and investigations in analytical photo-
grammetry in the 1960’ included the in-house development of the Emergency Target
Location Funetion in 1964,%*¢ the development of the Fictitious Data Generator by ihe
Raythcon Company, Antomctrie Operation, in 1963,%7 and thc Data Weighting Analy-
sis,2®® also by the Raythcon Company, Autometric Operation, in 1968,

2650 tative Mapping Triangulalion Program,” Final Report, Volume |, Volume 2, Yolume 3, Volume 4, Raytheon
Company, Autometric Operation, June 1969.
266514 T. Blackbum. GIMRADA TR-21, “Emergency Targel Location Function,” January 1965.

267"P'icti|'|oun Dala Generator for Analytical Aerotriangulalion,” Firal Repoit, Raythcon Company, Automelric

Operation, Septe mber 1965.

zm‘liata Weighiing Analysia” Final Report, Raytheon Coinpany, Aulemetric Operation, June 1968,
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(2) Analytical Photogrammetry Hardware Development.

(a) Zurlinden Equipment. The fabrication of a prototype set of
pass-point measuring instruments as conceived by Mr. Robert Zurlinden for field appli-
cation of analytical aerial triangulation was completed in the early 1960's. This set in-
cluded a pass point area-selecting instrument, a pass point seleeting and marking instru-
ment, and a pass point measuring instrument. The area.sclecting instrument was a pre-
cision enlarger in which the eoordinator of a reference point in the enlargement of an
area in the vicinity of caeh pass point was precisely determined in the photo ecordinate
system, and a 10X enlargement of a small scgment of the photo around each pass point
was made. The point sclceting and marking instrument was a special stereoscope to view
three stereopairs in the enlargements and accurately mark the selected point on cach en-
largement., The measuring instrument was a small monocomparator for measuring the
X and Y eoordinates of the inarked points in the small 10X enlarged scgment. These
added to the reference-point coordinates of the enlarged photo segment gave the ecordi-
nate of the point in the coordinaic system of the original negative.

As noted previously, other developments in the area of analyti-
cal photogrammetry overtock this development. While it was planncd in the early 1960’
to develop this system for field nse, mounted in a van-type truck along with a small elee-
tronie eomputer, it was eventually abandoned for this application, and there was no fur-
ther development of the system.

(b) Automatic Point Transfer Instrument. Since one of the major
problem areas in analytical photogrammetrie proeedures was aecurate ard rapid marking,
mcasuring, and recording of photo image eoordinates, GIMRADA. in the carly 1960,
embarked on a program to automate this operation and thus inerease the speed of the
operation and improve the preeision and aceuraey over the manual stereo and mono
marking and measuring approaches then available.

In 1964, the Link Group of Singer, Ine., at Binghamton, New
York, produeed a prototype instrument which was called the Automatie Point Marking,
Mcasuring, and Reeording Instrument (APMMRI) (Fig. 99).2%° This instrument incorpo-
rated in onc assembly precision tables with avtomatic readont to measure photo points,
a marking system to mark selected points, and an elecironic seanning and correlation sys-
tem to select conjugate image points automatically. 11 was the fiest of its Kind ever pro-
duced and demonstrated the feasibility of electronie image matehing, 1t also demon-
strated the advantage of doing all operations on one instroment instead of nsing separate

2694 4 iomatic Point Marking, Measuring, and Recording Instrument,” Final Report, General Precision, Inr.. Link
Division, Derember 1964,




Fig. 99. Automatic Point Marking, Measuring, and Recording Instrument (APMMRI).

marking and mieasuring instruments as in the Znrlinden Sy<tem. since it reduced blunders
and impros ed speed of operation.

The APMMRI1 was limited in that it eould only accept nominal-
Iv equal seale vertical phoiographs as input. Therefore. in 1965 work started on the
automatic point transfer instrument (APTI), a sophisticated version of the APMMRI
(Fig. 100}, to provide universal capabilities for all types of photography with variations
in scale, tilt, and format ineluding panoramie photography. This instnumynt was also
built by the Link Gronp of Singer, Ine., and was delivered to GIMRADA in 1967.27° It
was basically a three-stage clectronic stereocomparator with a marking capability. The
major charaeteristics of the instrument were highly precise air-bearing iables. indepiend-
ent variahle magnification, heated die marking system, and eleetronic scanning aml cor-
relation. It had automatic readout on the typewriter and eard punch and read-in <vsiem
tu pusitivn the ables to predetermined coordinates,

This instrument was installed at ETL in a specially deagmed
white room with controlled environmental conditions; extensive engineering tests were
conducted heginning carly in 1968 and continuing to the fall of 1970.2™ During 1hi-
period, some speeial tasks were performed with the instrument and an operation and

270“Aulomalic Poinl Transfer Insltotnenl,” Final Report, Genetal Precisior, Inc., Fe e 1ary 1968.

27 Maurils Roos, “Texl Resulls of The Aulownalic Poinl Trander Insirumeni,” presented al Annual AP ACSM
Convenlion, Wushington, ). {_,, March 1971.
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Fig 100. Automatic Point Transfer Instrument {APTT).

maintenance familiarization program was conducted for U.S. Army Topographic Com-
mand Personnel to aid in preparing the transition of the instiument into production at
TOPOCOM - scheduled for the beginning of 1971.

Thiz rquipment is one of the most complex items developed
by ETL in terms of complex electronic logic and mechanical design while maintaining
high precision, yet downtime experienced duting engineer tests was within acceptable
limits, The instrument should provide a valuable tool for analytical triangulation and
other applications when the usual operating problems associated with the introduction
of a new and complex item into production operations are solved.

(¢) Variscale Stereo Point Marking Instrument. While exploratory
investigations for the automation of the process point marking, measuring, and recording
of photo pass points had been implemented in the carly 1960, it was apparent that this
was a long-term development, In 1963, an urgent requirement developed for a variable
sterco point marking instrument in connection with the developmenti of the Universal
Photogrammetric Data Reduction and Mapping System (UPDRAMS) at the Army Map
Service. Satisfaction of this requirement could not be deferred pending the automatic
equipment development. An accurate marking instrument which could place a variety
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of high quality marks on one or two photographs which may have large differences in
scale and format was regnired.

To meet this requirement, detailed technical characteristics
were prepared in 1963. In April 1964. a eontract was awarded to Bansch and Lomb,
Inc., Rochester, New York, to design, develep, and fabricate two instruments (Fig.
101).2™ The first of these was completed and delivered to Army Map Service in Scp-
tember 1965, and the second was delivered to GIMRADA in March 1966. After engi.
neer tests at GIMRADA, the second instmment was transferred to Army Map Service
in Mareli 1967,

Fig. 101. Variscale Steceu Point Marking Instrunwent,

This instrument iehnded two photo carriages with vacimm-
tye plate and film hoklers foi sizes up to 10 inches by 19 inches two independent op-
tiral trains vhich had continnoosly variable magnification from 2X to 32X, and a
choter of reticles ard two photo displan s with pointers to hokd referenee prints of the
photos being marked. The tablex were inotor driven by jovstick ecntrol and had a

&i 2“[Irw-l.npmr-nt of Yariseale Stereo Point Marking Instruteent.” Fual Report. Bausch and Lomb, [nc., Seplember
9%,
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coarse readout displayed on the console with nixie tuhes. A card punch unit was pro-
vided with the instrument to record point identification and coordinate data. The
marking of the photo emulsion was by a capacitor-discharge heated die with a choice
of sevcral sizes and shapes of marks. This was specially developed for this instrument
after extensive investigation of other marking approaches which were not satisfactory.
Engineer tests?™ indicated a precision 2nd accuracy of better
than 2 micromcters standard deviation. High quality marks were produced by the heated
die technique.

While no further procurement of this particular item was made
to meet production requirements, it did provide valuable information in the development
uf technical characteristics for subsequent instrument procurement by the Production
Center, TOPOCOM,

(d) Semiautomatic Coordinate Reader. Another development of
photo-coordinatc measuring equipment, initiatcd in the early 1960's, was the Semiauto-
matic Cooru natc Reader (SACR) (Fig. 102). This instrument was to provide a mean for
measuring marked phoio points, reseau points, and star platcs at relatively high rates of
speed and to include a means for automatic centering on these photo images.

A purchase description for this item was developed in August
1962. As a result of contract negotiations in late 1962 and early 1963, a fixed-pricc
contract to design and produce one instrument was awarded to Nuclear Research Instru-
ments, Berkeley, California, a Division of Houston Fecrless Corporation, in February
1963. Almost cxactly 1 year later, this contract was modified to include a card punch
and conivol unit, a format viewer, and a government-furnished comput~r — the SDS 910 —
for p-orrammed control of scquential, image-courdinate ineasurement. In September
1964 beforc the first modcl had been completed, a contract was negotiated with Nuclear
Rescarch instruments for a second instrument, and in April 1965 this contract was modi-
fird to add a third instrument to mect urgent reguircments of thc Army Map Service.

This development was fraught with cxasperating delays due to
varied mechanical and electronic problems, and it was not until May 1966 that the first
of the three units undcr contract, SACR 1, was delivered. This unit was delivered direct-
ly to the Army Map Scrvice where it was installed and adjusted by the contractor. Accep-
tance testing was completed in Junc 1906; however, it was necessary to relax the auto-
matic pull-in radius and size of target requirements of the original specifications,

273\'[. Roos, E1.. W.TR, “Variscale Slereo Painl Marking Instrument,” April 1968,
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Fig. 102, Semi-Automatic Coordinate Reader (SACR).

The second unit, SACR II, was delivered to GIMRA DA in
August 1966. Aftcr many probleins with the computer. ii..: air compressor for opcra-
tion of air bearings of the instrument, ete., acceptance tests were completed in Netober
1966. SACR III was delivered to the Army Map Service in November 1966, and accept.:
ance testing was completed by December 1966,

While SACR 1 and SACR 11 were placed in praduction at the
Army Map Service, the engineer test of SACR I by GIMRADA was plagued with a serics
of electronic and mechanical failures including proklems with the air conditioning sys-
ten of the portable white room installed for the SACR. The instrument deterioratec to
the point where it was concluded in the fall of 1968 that a major overhaul by Nuclear
Research Instruments would be necessary to put it in suitable operating condition to
provide nicaningful performanee data. This major overhaul could only be justifie] if the
instenment would eventually be needed by the Produetion Center, TOPOCOM. Since it
was determined that the instrument was not needed there, the overhaul was not made,
Rather, engineer testing to develop performance data for the SACR was performed with
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SACR III at the Production Center, and SACR 11 was declared excess, However, these
tests were not performed us:til mid-1970.

While this development was plagued with many problems, the
equipment did eventually perform in the manner originally intended and with a sufficient
degree of accuracy and reliability.

d. Map Compilation Systems. Building on the technology developed during
the 1950’s and the concurrent advancement of technology in the digital computer field,
the work on map compilation systemis in the 1960’ proceeded along several related and
parallel courses to meet a rather wide variety of requirements. Basically, it can be said
that these requirements called for greater precision and greater speed in the map compil-
ation process and the utilization of a wide variety of scusor information, including radar,
to produce useful topographic products,

Developments through the 1950's and into the 1960's can be character-
ized as being strictly toward mannally operated analogue instruvaents, although research
on automation was started in the carly 1950’s. The first attempts to autoinate the com-
pilation process were through modification of conventional analogue stereoplotters by
adding electronic correlation devires whereby the registration or misregistration of ho-
mologous images on overlapping stereoscopic photographs eould be precisely :aeasured
and control the plotter operation automatically. Sirce these approaches were rather
limited to a specific range of camera focal length, camera format, camera lens distortion,
etc., development of the computer-controlled instrument approach was the next logical
step to handle the wide varicty of sensor input information. Through the computer.
controlled instrument approach, the mathematical function describing the relationships
betwcen the phato coordinates and ground coordinates is solved in a continuous opera-
tion by the digital computer which also controls the scanning of both the input imagery
and the cutput. Thcse mathematical functions may include the parameters of film
shrinkage, earth curvature, lens distortion, atmospheric refraction, and other systematic
distortions and permit unlimited flexibility in terms of foeal length, type of camera, etc.
‘the dcvelopment of computer controlled approach employing electronic correlation of
imagery was one of the major accomplishments of the 1960’

Paralleling the development of the computer-controlled instrument ap-
proach, considerable work was done on the all-digital approach to automation of map
compilation. Conjugate images are located by digital correlation; that is, staiistical
matching of spot densities, by a programmed digital computer which also solves the
mathematical function exorcssing the relationship between photo coordinates and
ground coordinates as in the digital controlled plotter. This approach could use a gen-
eral purpose computer with sppropriatc input eqguipment to convert the input photo-
graphic images, spot by spot, i..20 digital values representing gray scale lcvels and an
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appropr.ate output device to print out the photo imagery and contours from the com-
puter output after analysis and manipulation. This could be the approach that will be
followed in the next generation of automation map compilation equipment.

While automation, as exemplificd by the Universal Automatic Map Com-
pilation Equipment (UNAMACE) and the APE, was a highly significant accomplishment
of the 1960's, theve were other major programs in the map compilation area in this time
period. These included a series of unique developments iu the radar data veduction area,
continuing developments in the analogue stereoplotter area to accommodate specia
caincra configuration, a major effort to proivde means for accommodating reconnais-
sance photography in a base plant operation, and most significantly the d=velopment
of RACOMS, The RACOMS development brought together the latest technology in
the photogrammetric compilation, cartographic, and map reproduction areas to provide
a totally integrated map roduction facility.

(1) Ultra Wide Angle Mapping Equipment. As interest in the develop-
ment and application of the convergent 6-inch focal length, 9- by 9-inch, wide-angle
photography and applical i« compilation equipment waned in the late 1950, interest
revived in the potential of nltra-wide-angle systems for military mapping when Wild
Heerbrugg Ltd., Heerb, Swiizerland, announced the development of an ultra-wide-angle
ramerd, the RC.9, and also the Wild A-9 autograph and the U3-A diapositive printer.
Thi¢ system not only provided the inherent advantage of the large base-to-height ratio
as in the convergent camera approach but also provided wider coverage per flight strip
with near-vertical photography; thus, there were fewer models to handle with the sim-
plification of near-vertical photography. interest in an ultra-wide-angle system by the
Corps of Engineers dates to World War 11 days when 1t war indicated that an ultra-wide-
angle systcm would be a valuatle approach to military mapping. Efforts were made to
develop an ulira-wide-anglc camera lens in the World War il period through a program
set up in the National Research Council, but the program was unsuccessful and the
devel~pment was ahandened in the mid-1940’s.

Both the Army Map Scrvice and the Topographic Engineering De-
partment, ERDL, implemented exp>:imental investigations of ultra-wide-angle mapping
in the late 1950%. The Topographic Engineering Department, ERDL, procured the
Wild cquipment for test, and the Army Map Service procured a set of ultra-wide-angle
multipiex cquipment from Zciss-Jena of East Germany for test. Concurrently, the Air
Force procured the Wild RC.9 Automatic Film Camera.

As a result of these experiments, it was concluded that an ultra-
widc-angle mapping system was practical for military mapping: it provided a ground
coverage advantage of about douhle that of the then standard mapping systems, 6-inch
focal length and 9- by 9-inch format. The advantage in grounu coverage would provide
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faster and more cconomical mapping through reduction in flying time, reduction in
field control, and more efficicnt stcreo plotting 2™

Following thcse tests, the development of an ultra-wide-angle stereo-
plotter was initiated. A development contract was awarded to the Belfort Instrument
Company, Baltimore, Maryland, in 1962 for a projection-typc stereoplotter. A separate
contract was awarded to Fairchild Camera and Instrument Corporation for six ultra.
wide-angle projection lenses to be governmient-furnished equipment for the stereoplottcr.
Originally, it was planned to nse these lenses to modify both the high _vecision military
plotter and the Army Map Service M-2 plotier to accommodate 1’ iia-wide- ngle photoy:-
raphy. Concurrently, the Air Force modified two KC-1 cameras by mounting 88-mm
focal length Wild Super-Aviogon Lenses of the Wild RC-9 camera in KC-1 type camera
bodies thus providing a camera designatcd the KC-3 which produced 120° ultra-wide-
angle coverage along the diagonals on a 9- by 9-inch format. At the requcst of the Corps
of Engineers, the U.S. Army Signal Research and Development Laboratories initiated
the devclopment of an ultra-wide-angle precision inapping camera.

The Cnrtis Division of Fairchild Camera and Instrument Company
encountered considerable difficulty in producing suitable ultra-wide-angle projection
lenses, and it was not until mid-1964 that acceptable lenses were {iaally produced. in
tl:e meantime, the plotter development had been delayed, and it was not until Septem-

ber 1965 that final acceptance of the plotter was completed and contract termination
was begun (Fig. 103).

Further work on the ultra-wide-angle plotter was suspended on
acceplance of the prototype plotter. As the result of an ultra-wide-angle n.apping re-
view directed by OCE, it was noted that while there werc many oceas’:ns where the use
of ultra-wide-angle photography would be advantageous, there was no uitra-widc-angle
camera produccd in the United States. In reply to OCE on this study CIMRADA rec-
ommendcd that the Air Force be requested to develop a suitable camera.

{2) Interim High Altitude Mapping System. Anothcr mapping system
development of the early 1960’s was the Interim lligh Altitude Mapping System. gen-
crally known as the JALCON Mapping System. This development was actually imple-
ment~d in 1958 as the result of a study on the probiem of producing standard topo-
gray ... maps from photography at altitudes up to 100,000 fcet. This study proposed
a convergent, 18-inch foeal length, 9-inch by 9-inch format camera with an optical pre-
jection plotter to match. It was estimated that such a system could produce 20-foot

2”’0. (. DeAngelis, GIMRALA 6-TR, “*Tests and Evaiualion of Ulirs-Wide-Angle Mapping Pholography, * June
1962,
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Fig. 103. Ultra-Wide-Angle Stereoplotter.

contours approaching national map accuracy siandards from 100,000-foot altitude
photography.?”

To test the feasibility of such a system, it was proposed that a trial
be made with 12-inch reconnaissance-type cameras and a Kelsh-type plotter—boih
modified to meet the requirements of the system. Two K-17, 12-inch focal length
acrial cameras were obtained. A contract was awarded to {'.e Kargyl Company, Inc.,
San Antonio, Texas. in June 1958 to modify the cameras to mcet established standards
for precision acrial mapping cameras, to fabricate a twin camera mount to hold the two
cameras in a 50 ~onvergent configuration, aiid to ohtain 12-inch focai lengta and
<-imuHaneous 6-inch focal length aerial photography of a controlled area.

Concurrently with the camera modification, a companion projce-
tion type stercoplotter wis developed under contract with the Fairchiid Aerial Surveys,

273), W, Halbrook, ERDL. ISI&TR, “A Proposed SicreophologrammeIric Syslem for Topographic Ma pping from
Pholography Taken al Aliludes up 1o 100,000 Feel,” March 1958,
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Inc., Pasadena, Califormia, alsv awarded in June 1958, and subsequently subcontracted
to Boller and Chiners, Inc . South Pasadena, Califocnia. This instrument, calied the
HALCON plotter, was delivered to ERDL in December 1959 (Fig. 104). This plotter
was of the anaglyphic prejection type capable of accepting distortion-free. 12-inch
focal length and dis. ortion-free or metrogon 6-inch focal length photography. Three
matched pairs of cones and projection lenses were provided; one for projection of 12-
inch focal length photography at 5-diameter magnification; one for projection of 6-inch
focal length nhotography at 5-diameter magnification; «.nd one for the projection of
6-inch fccal length photography at a 10-diameter magnific.tion. The projector support-
ing frame was adjustable in he.ght as required for the various configurations, and pro-
vision was made for vertical or convorgent, 12-inch or 6-inch photogiank:  *nd also
transverse 6-inch focai length photog, iy to « maximum oblique angle of 50°.

Fig. 104. Interim [IALCON Stercoplotier, 12-inch focal length.

Fests with this equipment in 1960 and 1961 confirmed that the
cstimated capabilities of the proposed system as set forth in ERDL Report 1518-TR
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were valid, and ti:e HALCON systems could provide a capability for increased contour-
ing accuracy from high altitude photography.

This HALCON equipment proved to be very useful in solving an
Advanced Research Projects Agency (ARPA) problem of measuring the subsidence at
underground nuclear test sites. GIMRAD A participated in a series of these svents in the
1962 to 1964 period using pre- and post-shot photography of the paneled test areas.
Photography was obtained by the U.S. Air Force, 1370th Photo Reconnaissance Wing,
and the photogrammetric reduction was done at Fort Belvoir.

Eariy in 1963, it was decided to explore further the application of
the convergent, long-focal-length camnera system approach to mapping from extremely
high altitudes through cxperimentation with 12-inch focal length photography on a
9-inch by 18-inch format. In Junc 1963, a coniract was awarded o ihc Aero Service
Corporation, Philadclpkia, Pennsylvania, to: (1) modify a K-33 rec ;nnaissance cames
by equipping it with a high-quality. 12-inch focal lengih, wide-angle lens and making
other changes to mect cartographic camcra rcquirements, (2) design and fabricate pew
projectors for the HALCON plotter to accommeodate 9-inch by 18-inch photography,
and (3) design and construct a one-to-one projection printer with an aspheric distortion
corrcctor plate for making diapositives for the new HALCON plotter (Fig. 105).

Fig. 105. Diapositive Comrection Printer for interim
HALCON mapping system.
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The modified K-38 camera was delivered to GIMRADA in June
1964 but had te be returncd (o the contractor in Fe'sruary 1965 to correct de.’viencies
found in flight testing. 1t was returncd to GIMRADA in July 1965 but again had to be
returned to correct malfunctioning fiducia! mark illumination. All items of the contract
were finally completed and delivered to GIMRADA by Octob:: 1965.

With the delivery and acceptance of the updated HALCON equip-
ment, this development program was terminated since there was no companion map-
ping camera of U.S. manufacture for the system. By this time, it was also apparent
that the UNAMACE would be applicabie for the reduction of the type of photography
for which this systcm was desirned. The equipment, however, was usefui as a labora-
tory tool. 1n 1968, the plotter was loaned to Raythcon Corporation, Autometric Oper-
ation, for use on a special research project Zor the Advanced Research Projects Agency,
Department of Defense, and later in 1970 it was transferred to the U.S. Geological Sur-
vey for use as a rescarch tool.

(3) Automatic Mosaicking System. The concept of an automatic mo-
saicking system originatcd in 1959 in conncction with studies of the problems of target
location for Army surface-to-surface missiies. In these stulies, it was determined that a
gridded phuto mosaic would be uscful for target location if it could be produced at a
greatcr spced than the manual cut and pastc method of mosaic assembly. Further, de-
velopments in airborne navigation and aircraft positioning systems indicated that posi-
tion and attitude information could be recorded sitnultancously with the aerial photog-
raphy, thus providing the control which could be used as input to automatic cquip-
ment for photo rectification and positioning of the photo images on a grid system.

In April 1959, a contract for the design and fabrication of an auto-
matic mosaicker was awarded to the Union Instrument Company, Plainfield, New Jersey.
Part of the equipment was delivered to GIMRADA in March 1961, but the balance of
the contract was not completed until March 1962. Thc principal requirements were
that vertical aerial photography, 6-inch focal length, taken at altitudes from 10,000 to
50,000 feet, with residual tilts up to 10°, be mosaicked into a controlled gridded photo
map at 100,000 scale with 2 physical dimension of 24 by 24 inchces (Fig. 106).

Whilc the original concept had envisio-ied a singlc unit consisting
basically of a rectifying projcctor, an casel, a supporting structurc, and the nccessary
photographic proccssing equipment, it was found in the carly stages of the contracet that
this was not fcasiblc within the specified range of magnification and tilt. The system
produced, therefore, was a two-stage system, with two basic pieces of cquipment. In
the first stage, the photos were rectifieé +itomatically at a small reduction in scale;
and, in the second stage, the final scale adjustmoent and positioning of the control grid
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Fig. 106. Automatic Mosaicking System.

was accomplished. The autofoeusing rectifier unit was actually a modified Zeiss auto-
matic focusing rectifier with controls added for automatic uperations.

Engireering and operational tests of this «.;+ipment were conduct-
ed in 1962 and 1963.27® 1t was concluded that the system was capable of producing
controlled gridded mosaics and that the time required for the operation in producing a
1:100,000 scale musaic was approximately one-seventh uf that required for completely
normal operation. The accuraey of the niosaie produced in the test was satisfactory;
however, the aceuracy was dependent on the nature of the orientation data available.

In the test compilation, these data were determined from stereoscopic model setups in
a Wild A-7 autograph.

This development was never pursued beyond the prototype stage
because developments in orthophotomap proauction equipment overtook this develop-
ment and it was decided eventually to equip the RACOMS with the automatic photo-
mapping equipment.

276

Abraham Anson, GIMRADA 17-TR, “Prelolype Automatic Mosaicking Syslem,” November 1963.
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(4) Automatic Map Compilation. At the beginning of the 1960, de-
velopments in the automatic map compilation area had progressed to the point where
ERDL had successfully demonstrated the feasibility of an automatic stereomapping
system based on mechanical scanning utilizing a Nipkow disc. The feasibility of et~«-
tronic image seanning by a flying spot scarner had been demonstrated in an automa-
tion of the contouring function of the Kelsh plotter by Gilbert L. Hobrough of the
Photographic Survey Corporation of Canada. Paul R osenberg Associates, under an
ERDL contract, had breadboarded a pieee of hardware which was based uporn integrat.
ing flying spot scanners and elcctronic correlation with a digital computer for compu-
tation and control.

While GIMRADA continued tests and evaluations of the stereo-
mat approach of adapting projection-type stereoplotters to automation in the early
1960's.277 it was realized that these approaches had fundamental limitations in terms
of universal application. Therefore, in 1960, a contract was negotiated with Ramo-
Wooldridge Corporation, Canoga Park, California, to develop the Automatic Map Com-
pilation Systcin. This system was designed from the start as a completely automatic in-
strument for high-speed compilation in a coinputer-controlled operation with eleetronic
scanning and correlation along the lines suggested and demonstrated by Paul Rosenberg
Associates.

The prototype equipment was delivered to GIMRADA in Recem-
ber 1963. The principal clements of this equipment were a PB 250 digital computer,
a singlc seanning and print table, and clectronie correlation «ircuitry. The scanning
and print table provided for scanning the diapositive pair with two CRTs and for the
prircout of the orthophotograph and the linc drop contour: by two additioual CRTs.
These four units were assembled on one t.ble.?78 279 280

This development proved to be highly successful as a prototype
demonstration of a computer-controlled system (Fig. 107). Therefore, in February
1963, cven before the prototype Automatic Map Compilation System was delivered to
GIMRADA, a contract was awarded to Ramo-Wooldridge Corporation (later Bunker-
Ramo Corporation) for the Universal Automatic Map Compilation Equipment
(UNAMACE). This cquipment included a number of advanced fcatures designed to
enhonce its utility in a production cnvironment and increase the speed and accuracy of
its operation as compared to the prototype Automatic Map Compilation System. 1t

277Kml T. Yorileino, GIMRADA 4 TR, “Prototype Stereomat System,” March 1962,
2."c‘"}\ummatic Map Compilation Syslem,” Final Reporl, Phase 1, Ty ompson Ramo Wooldridge, Ine., January 1962,
279+ g tomatic Map Compilation System,” Fual Repor. Phase 11, Thompson Ramo Wooldridge, Inc., Muy 1962,

280"lmp|'ovrmrnt Program Automatic Map Compifalion Sysiem,” Final Repart, TRW Computers Co., January 1964
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was designed to accept universal inputs, including a large range of camera focai tengths
and tilts, 9- by 18-inch input diapositives, and all known photographic camera configu-
rations including convergent frame and panoramic pairs.?®

Fig. 107, Prototype Automatic Map Compilation Svstem.

The major elements of the UNAMACE were four identical 9- by
18-inch precision comparator tables for scanning the input and printing the output, a
TRW-133 digital computer with associated input-outpui equipment to vontrol the anto-
matic operation, a eontrol console for monitoring and manual control of the operation,
and «w magaelie tape roearder and its aesociated controller (Fig, 108).

Two UNAMACE svstems were produeed under the Bunker-Ramo
contract and these v ere defivered, one tacthe Army Map Serviee and the other to
GIMRADA, in September 1965, Subsequently. twn more UNAMACEs were procured
for the Ariny Map Service. In the period from January 1966 to March 1969, the cquip-
neent went throngh a shakedown in which considerable computer reprograniming, addi-
tional pragramming. and minor equipment modifications were necessary: and complete

2“"'[-’11ivrrnl Automutic Map Compilalion Equipmenl,” Final Reporl, Binker Ramo Corporalion, October 1965,

207




Fig. 108. Universal Automatic Map Compilation Equipment (UNAMACE).

engineer design test and evafuation were eonducted. In March 1969, the UNAMACE
at ETL was relocated to the Production Center, TOPOCOM.

The engineer design tests®? demonstrated the capability of the
cquipineut to produce single model, 7%-minute and 15-minute quadrangle contoured
orthophotomaps with contouring accnracy ranging from C.-factor values of 1150 to
2300 and compilation speeds of | hour for a 4.5 by 9-inch single model at input-
output ratio of 1:1, 5% hours for a 7%-minnte quadrangle at 1:1 input-output ratio,
and 4% hours for a | 5-minnte quadrangle at a 2: | input-ontput ratio {1: 100,000 scale).
This development produced the first operationally feasible automatic mapping system.

While development of the UNAMACE was in progress in the mid-
1960%.a ficld version of this cquipment called the Automatic Photomapper Equipment
{APE) was developed under GIMRADA eontract to the Bunker-Ramo Corporation and
was delivered to GIMRADA in November 1966 (Tig. 109). 1t was & iuggedized, van-
mounted mapping system capable of producing high-quality orthophotos and contours
to a desired scale for rapid mapping operations for ficld topographic nnits, This unit
was incorporated in the experimental Rapid Combat Mapping System (RACOMS) (Fig,
110). 1t was designed to accept similar input photography to the UNAMACE up to 10
by 10 iuches in size.

By dward F. Burzyneki and George Ference, ETL S1-TR. “Universat Automatic Map Compilalion Equipment,”
December 1969,




Fig. 109. Automatic Photomapper: Input/Output Printer, Scanning/
Printing Tahle, Computer, Controlier,

Fig. 110. Antoinatic Photomapper: Controller, Electronie Racks,
Control Console, Input/Ontput Printer.
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Another development of the late 1960 associated with the
UNAMACF. development was the High Resolution Orthophoto Output Tahle (HIROOT)
under enmi-act to Singer-General Precision, Link Division, Suunyvale, California. 283
The cquipment was designed to provide orthophoto output from the UNAMACE Sys-.
tem up to 24 by 30 inches in size and with 100-line per millimeter resolution.

As the development of the UNAMACE was coming to a successful
conclusion in the late 1960's, in-house work started on a follow-on Advanced Automa-
tic Compilation System (AACS). This system would use a calibrated, all-elcctronic
scanning system in lieu of the mechanical X and Y tahles to provide greater speed and
flexibility of operation, reduction in size and weight in comparison to the UNAMACE,
and probably a reduction in cost. The output will be a magnetic tape recording of the
X, Y, Z coordinates of incremental, scanned areas. The magnetic tape output will be
used to control a plotter for the production of contours or an optical high resolution
printer for printing color or black and white orthophotographs. 1t will also provide a
permanent record of terrain elevation data for a digital data bank and other applications.

(5) Analytical Stereoplotier. While the Corps of Engineers was pur-
suing the development of automatic compilation cquipment, the U.S. Air Force in the
late 1950’s undertook a parallel development of the analylical stereoplotter. The prime
eontractor for this development was Ottico Meccanica Italian (OM!) Corporalion of
America. OMI of Rome, ltaly, fabricated the mechanical and optical systcms in the
instrument, and the subcontractor, Bendix Corporation, Southfield, Michigan, fabri-
cated the control computer and associated electronic systems.

The first analytical plotter, the AP-1, was delivered to the Air
Force in 1961. Subsequently, improved models, the AP-2 and the AS.11A, were
developed by OM1 under Air Force contract; and in 1962, action was initiated by
GIMRADA to procurc one of these instruments for test. Later, in August 1963 another
in trumenl was procured for the Army Map Service. The first instrument was delivered
lo thc Army Map Service in August 1964. Delivery and final acceptance of the sccond
instrument were completed 2t GIMRADA in April 1965, and an exhaustive and detailed
engincer lest program was implemented. This testing continued somewhat intermitt:nt-
iy over the next 3-year period, and a report of these tests wus published in November
1969.2%

The AS-11A tested consisted of a relatively simple, highly accurate,
mechanical-optical stereoscopic viewing instrument, which was controlled by 2 stored-

283"”'@- Resolulion Orthopholo Oulpul Table (HIROOT),” Final Report, Singer-General Precision, Link Division,
July 1969,

284}". Raye Norvelle, ETL 50.TR, "Tests and Evalualion of the AS-11A Stereoplotter ™ Sovember 1969,
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program digital computer, and an output coordinatograph. 1i was automatic only to
the extent that interior, rrlative and absolute ortentation were accomplistied by com-
puter assist. Operation of the instrument was manual with X and Y handwheels and
Z footwheels as in conventional stereoplotters. The computer solved the photogram-
metric ¢quations, controlled the motions of the instrament, could be programmed to
accommodate any two photographs that could he geometrically defined, and could
provide corrcctions for earth curvature, aimospheric refraction, lens distortion, film
shrinkage, and other systematic distortion.

As a result of tests and evaluation, it was concluded that the accur-
acy of the AS-11A analytical plotter was equal to or better than the geomctric fidelity
of most precision cartographic cameras; given adequate 6-inch focal length, frame pho-
tography, 20-foot contours could be drawn from 60,000-foot photos. The AS-11A was
also mor. versatile than previously developed analogue stereoplotters, and the concept
of the c-.aputer-controlled stcreocomparator provided a satisfactory instrument for ac-
commodating frame and .panoramic photography or any othcr type photography for
which the computer can be programmed.

Further development of the analytical plotter ultimatcly produced
the AST1B/C system, This system provided an electronic orthophotoscope capability
as an auromatic image correlation system to perform automatic compilation of ortho-
photographs and form line contour chart: and record on magnetic tape terrain-surface
coordingtes during the orthopnhoto compilation—capabilities similar to those provided
in the UNAMACE and the APE.

(6) Digital Mapping System. The exploratory development of a com-
plctely digital approach for automatic map compilation, whercin the pictorial informa-
tion is digitized, spot by spot, into values representing grey scale levels, and this digitized
information is analyzcd and manipulated in a gencral-purpose compnter and subsequent-
ly output through appropriate recording means to produce orthophotographs and con-
tours, was started by the Topographic Engineering Department, ERDL, in the late 1950's.
In the period tYo1 to 1964, under successive contracts of GIMRADA, the International
Business Machines Corporation, Kingston, New York, conducted cxperiments using the
IBM 7094 computer and an experimental digital scanner printer modification of a gov-
ernraent furnished Wild STK.-1 stereocomparator. The experiments conducted under
thiese investigations?®® 286 produccd orthophotos and contours of sufficient quality to
prove the technical feasibility of automatic mapping by digital technigues.

M50 Digital Automatic Map Compilation System,” Final Reporl, Intemalional Business Machines Corporslian,
July 1962,

266“0plimized Digital Aulomatie Map Compilstion System.” Final Report, Internalional Business Machines Cor-
poraliun, July 1964,
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A contract to continue this exploratory development was awarded
to the ITEK Corporation in 1965 to produce the data processing techniques and pro-
grams and the associatcd precision input-output instrumentation. This proved to be an
overly ambitious program within the then state.of-the-art, and the contract was eventual-
ly terminated.

After this nnfortunate experience, the digital mapping program re-
maincd in limbo for the next fcw years until 1969 when in-house investigations were re-
sumed, and the onerations to be performed with such a system were studied in .omc de-
tail. As aresult, it was propcrly decided that the best approach was to investigate data
processing concepts in depth and to develop mathematical algorithms which v:ould pe.-
mit optimum computcr processing for correlation.

To pursue this course and to ensure that diversified approaches
would be investigated, two separate contracts with idcnticai vhiectives were awarde ! in
October 1970, one with. the Wolf Research and Development Corporation and one with
4 : the Kcuffel and Esser Company. In-house investigations were implemented to investi-
gate the micro-characteristics of aerial photography which is fundamental to determine
the best element or spot size and optimum number of shades of grey required to define
1 the pictorial content adecuately.

It was planncd to pursue this development actively in the 1970's in
view of the projected potential of this approach for increasing the speed of compilation
and the quality. It was considered in 1970 that the digital approach could providc the
basis for the next generation of automatic map compilation equipment.

(7) Radar Mapping. Although studies and investigations of radar map-
ping had been on a continuing basis through the 1950, it was not until the beginning of
the 1960's that radar sensor techneiogy had advanced to the point where new design
concepts and techmques were producing high-resolution radars capable of producing
radar imagery with increased geometric fidelity, and the potential application of radar
to military mapping became more realistic. Research and developinent efforts in this
arca werc thercfore intensified. A series of significant in-house and contractual pro-
grams was conductcd not only to determine the feasibility of various approaches to
radar mapping but also to develop concepts for the radar ground data reduction system.
These studies and investigations also provided the basis for establishing requirements for
radar sensor systcms suitable for mapping applications. These requirements were pro-
vided to the U.S. Signal Research and Development Laboratories and the U.S. Air Force
through established liaison channels as guidance in advanced radar sensor development.

The major in-house and eontractual studies of the 1960 to 1970
period in chronological order of their complction were:
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(a) 1961 —Extraction of Mapping Detail from Radar
Photography 27

(b) 1962—-Radar Network Adjustment?®®

(¢) 1963--Evaluation of Cohcrent Radar Photography?%®
(d) +963-Planimetric Radar Mapping System %

(¢) 1964—Feasibility Test «.f 3-D Radar?®

(f) 1965-All Weather Mapping System Study 2%

(g, 1966-Fvaluation of the AN/APQ-97 as a Radar Mapping
Syeietn??

(h) 1966—Stereo Radar Techniques Study?*

(i) 1968—Radar Mapping of Panama?®

() 1968—Topographic Radar Mapping Svstem Design Study**
(h) 1968—Interferometer Data Reduction Study???

() 1970-Sterco Radar Analysis of New AN/APQ-102(XA-2)
Side: Looking Radar, Ray theon Company/Autometric Operation

287“l'lxlrarliun of Mapping Delail from Radar Photography,” Goodyear Aircraft Corporation, Phase |, December
1960, Phase I, November 19461,

2H’“"Radar Network Adjustmen,™ Final Keport, Northrop Corporation Speoe Labs, October 1962,

89y ¥, Avers, Jr., GIMRADA 18.TR, “Evaluation of Cohervnl Radar Photography,” November 1963,
CONFIDENTIAL.,

20 pianimelric Radar Mappig System,” Goodyvar Aerospace Corporation, 9 Monthly Progress Reports, Januvary
Through September 1963, CONFITDENTIAL.

291 "Frasbility Test of a Proposed 3. 1) Radar System,” Final Report, Goodvear Aerospace Corporation. February
19b4,

2t)2";\ll-\\'t'alh1'r Mapping Sydem Analyvsiz apd Equipment Study,” Final Report, Goodyear Corporation, December
1965, CONFIDENTIAL.

23y, a. Hevenor, GIMR.ADA 31-TR, “Evaluation of the ANJAPY.9T awa Radar Mapping Svslem,” Avguat 1966,
CONFIDENTIAL,

294".‘5"‘"'0 Radar Techniques Study,” Phase |, Yolnme 1. Analysis, Raytheon Corporation/ Autometeic Operalion,
Interim June 1966, Supplement June 1966, SECRET.

295“.\Iapping from Side-Looking Radar,” Fipal Keporl, Raytheon Corporation, Antometric Operation, July 1968,

2‘)ﬁ'"]'opo'.;;:uphir Radat Mapping Systenn Desgn Sy, Final Reporl, Goodyear Arrospace Corporation,
December 19048,

297"|nh'rfrm||1c-tl-r Data Reduction Studs " Final Report, Wrslinghouse Defense and Space Center, 1969, SECRET.
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Some of these investigations used real radar imagery. Notable are
in-house studies of the AN/APQ-97 side-looking radar reported in GIMRAD A Teehnical
Report 31 TR. These studies established the basic feasibility of stereo ~adar mapping.

To cvaluate further the AN/APQ-97 radar and to determine tae
overall feasibility of produeing topographie maps and radar photo mosaics from side-
looking radar presentations, an experimental program, “Radar Mapping of Panarus™
("*Project Ramp"), was condueted in 1967 and 1968. The data acquisition portion of
the project was contracted to Westinghouse Aerospace Corporation and the data reduc-
tion and compilation portion of the project was contracted to Raytheon Company,
Automctrie Operation. The produets of this project were an original map of the Darien
Province of Panama, compuier programs used in the data reiunetion, and teehniques of
data reduction useful in radar mapping. This project dramatieally demonstrated the
feasibility of producing topographie maps from radar data.

The stereo radar analvsis of the vew AN/APQ-102 (XA-2) radar
utilized real radar data and the speciiie applicability to 1:50,000 and 1:250,000 scale
topographic mapping was tested. The twe basic stereo eonfigurations, opposite side and
same side, were tested under varions eonditions relating to the data-reduction teclnigue,
eontrol, and image evordinate weighting. The results indicated that this radar, using
sterco teeliniques, had much promise for all-weather, day-nigh* —~oping at 1:50,000
and 1:250,000 scales.

These studics progrussed through the decade of the 1960’s: and, as
& dircet result scveral prototype items of data reduction 2quipment were developed. 1n
the carly 1960's, three items were produced; a Radar Sketehmaster (Fig. 111),2% devel-
oped under contract by Aero Service Corporation in 1960 and 1961, a Radar Presen-
tation Resitutor (Fig. 112)2° developed under contraet by Belock Instrument Corpora-
tion, College Park, New York, in 1960 and 1962, and a Radar Presentation Viewing and
Measuring Instrument, (Fig. 113) 2 developed under eontract by Boller and Chivens,
Iuc.. South Pasadena, California, in 1960 ta 1063, In 1he mid-1960°s, 2 Radar Tmage
Mapper was designed and constructed under contract by Singer-General Precision, Ine.,
Link Division, Sunnyvale, California (Fig. 114). This instrument was developed specifi-
cally for the RACOMS. These developments served to advanec the state-of -the-art in
radar mapping, but they were all soon superseded by much improved and highly sophis-
ticated items of radar data reduetion equipment developed in the late 1960%. These

298(-1ittord ). Crandall, GIMRADA 20.TR, “Radar Skelching Device,” January 1965.

299 jifford . Crandsll, GIMRADA 29.TR. “Tesl and Evalualion of the Protolype Sidr-Looking Radar Restitutor.”
April 1966.

mcufford J. Crandall, GIMRADA 22-TR, **Side-l.ooking Radar Prerentation Yiewing and Measuring Inslrument,”
January 1965,
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Fig. 111. Radar Sketchmaster.

items wore the Uniiversal Radar Signal Processor (Fig. 115) biilt by Goodyear Aerospace
Corporation, Litchfield Park, Arizona; the Ort'wagraphic Radar Restitutor (Fig. 116)
built by Singer-General Precision, Ine.. Link Division, Sunnyvale, California: and Radar

Slereo Equipmen. (Fig. 117), also built by the Goodyear Aerospace Corporalion, Liteh-
ficld Park, Arizona.

The Universal Radar Signal Processor (correlator) was designed to
process acenrately all existing and anticipated coherent radar signal film to produce un-
restituted radar imagery film suitable for map compilation at 1:50,000 and 1:250,000
scales. The Orthographic Radar Restitutor was designed to remove all the distortions
inherent ia radar imagery | including displaceincnts due to relief, to produce a radar
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Fig- 113. Side-Looking Radar Presencation Vic wing and Measuring Instrument.
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Fig. 115. Universal Radar Signal Processor.
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orthophotograph. The Radar Stereo Equipment was designed to provide a stereo men-

suration capability to compile elevation informaiion from a radar stereo model. It em-

ployed the analytical approach where the steren-geometry was modeled mathematically
under the control of a small computer.

Based on experience with these developments, a conzentrated ef-
fort was planned for the early 1970's to develop an operational radar mapping system
to be implemented at the Production Center, TOPOCOM,

(8) Mapping from Reconnaissance PLotography. Equipment and tech-
niques for using high-resolution reconnaissance photography for map compilation and
map revision became a particularly acute problem in the 16€0’s. In many instances,
rcconnais