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FOREWORD

This report was prepared under the authority of Project 446627071853, Mapping
and Geodesy.

The report was prepared by 1LT Richard E. Schneck, Rescarch and Development
Coordinator, assigned to the Surveying and Geodesy Division, under the direction of
Mr. Melvin Crowell, jr., Chairman, ETL STANO Working Group, and under the general
direction of Mr. Gilbert G. Lorenz, Technical Director, Engineer Tepographic Labors-
tories, U. S. Army Topographic Command, Fort Belvoir, Virginia.

Testing activities reported in this document were coordinated with Mr. Gary L.
Horley, Aberdeen Research and Development Center (ARDC), Human Engineering
Laboratorics (HEL), Aberdeen Proving Ground, Marvland.

During the conduct of HELBAT 11, the equipment system was operated by SP5
Warren E. Smith and SP4 Alan F. Chamberlain, 30th Engineer Battalion. Base Topo.
LTC J. R. Lund, Commanding.

Configuration and acquisition of the system cquipment were accomplished primar-
ily through the efforts of Mr. F. R. Norvellc, a member of the STANO Working Group.
Engineer Topographic Laboratories (ETL).

Personnel using the graphic materials during the conduct of the HELBAT Il Tests

were provided by the First Armored Division Artillery, Colonel R. G. Trefry, Commanding.
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SUMMARY

This report covers tests of the capability of photogrammetric equipment and tech-
niques to provide positional data required by Field Artillery operations. Commercial-
grade photogrammetric equipment was assembled and installed by the U. S. Army Engi-
neer Topographic Laboratories and was operated by enlisted personnel from the 20th
Engineer Battalion (BT). The test was designed and implemented by the Human Engi-
neen ; Laboratories, Aberdeen Research and Development Center, in concert with an
organizational readiness training test involving the First Armored Division Artillery at
Fort Hood, Texas, during February 1971. Results of the total testing effort, Human
Engincering Laboratories Battalion Artillery Test Number Two (HELBAT 1I), are re-
ported in a s>parate document by the Human Engineering Laboratories, Abeideen,
Maryland.

The high visibility given the concept, equipment, and operations of the Photogram-
metric Facility (PF) during HELBAT II resulted in subjective evaluation at all levels of
command which was significant in the general acceptance of the PF’s potential for mili-
tary support. Sufficient data for numerical analysis were gathered only for [ orward Ob-
server and target positioning exercises, but other potential applications were examined.
Test data indicate a 30% improvement in the capability to locate Forward Observers as
compared with the doctrinal map-shot techniques, but a degradation in the ability to
position argets was noted.
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UTILIZATION OF A PHOTOGRAMMETRIC FACILITY (PF)
IN HUMAN ENGINEERING LABORATORIES BATTALION ARTILLERY
TEST NUMBER TWO (HELBAT II)

I. INTRODUCTION

1. Purpose. This report examines the results of the utilization of a Photogram-
metric Facility (PF) supplied by the U. S. Army Engineer Topographic Laboratories
(ETL) for the Human Engineering Laboratories Battalion Artillery Test Number Two
(HELBAT II) which was conducted at Fort Hood, Texas, during February 1971. The
primary purpose of ETL’s participation in HELBAT II was to determine whether photo-
grammetric techniques and equipment could be effectively used to improve the position-
ing capabilities of the Field Artillery.

2. Background. The U. S. Army Topographic Command (TOPOCOM), in the
course of meeting the mission to provide positional and other topographic support to
the Field Army, has become involved in the creation of new concepts for the generation
of modern topographic materials. The new concepts permit a time-phased topographic
readiness capability according to world-wide threat analyses and base-plant production
capacity. Implementation of these concepts is predicated upon the availability and pro-
cessing of select imagery, known as data base materials, used in CONUS based facilities.

a. Photogrammetric Facility Concept. It occurred to TOPOGCOM that
there was an opportunity to exploit these same data base materials and related base
plant operational technology for direct application to Field Army requirements. The
generalized concept is contained in ETL Technical Report 56-TR, ‘“‘Photogrammetric
Applications to Field Artillery,” by Messrs. Eugene P. Griffin, Donald R. Barnes, and
James E. Stillwell, dated March 1970. The theme of this concept stresses the points
that data-base materials, available by virtue of the TOPOCOM mapping missions, can
be made available to Field Army users; that data-base materials can be used in the field
employing standard photogrammetric techniques developed in conjunction with base
plant production procedures; that commercial-grade photogrammetric equipments are
available and suitable for accommodating the data-base materials; that the data-base
materials are of such scale and resolution characteristics that when used with the com-
mercial equipment and standard photogrammetric techniques an entire Division area of
responsibility can be attended in a single ““model” setup; that present CONARC train-
ing exists for teaching the skills necessary to operate the photogrammetric equipment
and, in fact, is employed in the standard training of Engineer Topo Units; that the sta‘e
of commercial-grade mini-computers is such as to enable a reasonable dimensional con-
figuration, memory size, and operating speed compatible with Field Army operational
objectives; and that such data-base materials, photogrammetric equipment, computers,
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techmigues. and operator skills can be used in a svstem to provide positional and other
topographic imformation to meet nuny of the aceuraey ard response-time needs in sup-
port of Freld Army operational coneepts. The concepl has appeal and near-time oper-
ational availability because of its innovative characteristies: i.c.. il exploits current and
planmed datae-base materials, existing technology . commereially available components.
existing MOS <Kills,and existing Field Army sensor and communications facilities and
applics these without modification to achieve entively dilferent objectives in addition
to hasie justification for the above.

h.  Concept Development and Testing. 1n August 1970, ETL, the rescarch
anid developmentactivity of TOPOCOM, formed a Working Group to provide contral-
ized control of all rescarch and development efforts associated with Surveillance. Target
Vequisition. and Night Observation (STANO). One coneept which appeared to have
considerabie potential in this avea was the PF coneept. Aetivities of the Working Group
e welbas TOPOCOM briefings and demonstrations surfaced the coneept for considera-
ton by Army requirements and foree structuring ageneies. In this context, the Army
Rescarch Office acted os Lroker by way of introducing the concepl as a candidate for
esabnation during tests being conducted by HEL, ARDC, Aberdeen Proving Ground,
Marybandlin February 1971 at Port Hood, Texas. The Human Engincering Laborator-
ws Battalion Artilery Test (HELBAT ) tock place at Fort Hood in 1970, The purpose
ot HELBAT was to determine the capability of a Battalion of M-109. sl f-propetled
E35anm howitzers to deliver aceurate mass fire without adjustment, One of the objee-
tves wis to determine what portion of the total svstem error was human ervor and to
solate that error in cach of the functional seetions of the fire-delivery operations. The
test~ coneluded that wignificant portion of the errors was associated with Forward Ob.-
~erver (FOY operations: e the FOs ability to locute his position (by comentional
tap-spol teehniques) and his ability to measure range and azimuth 1o a Larget (by con-
ventional map and compass and range estimation techniques). (See Technical Memo-
randum 20700 Human Enginecring Laboratories Battalion Avtillery Test.” by Messrs.
Horley and Grordano, dated September 19700) 1t was recommended that additional
fest= (HELBAT D) be undertaken .. L “to examine cquipment and_procedural methods
for Forward Observers that sould improve the FOs ability to locate himself .. .5,
HELBATH was conducted in February 1971 at Fort Hood with the First Armored Di-
vision \rtilery acting as the Test Unit, Asin HELBAT 1, M-109 set-propelled P55-mm
hositzers were employed tor all firing. and standard Field Artillery pmvmh!r('s were
n=ed Tor Artillery survevs, Fire Direction Center operations, and Firing Battery activities,
Forward Ohservers weredivided into three types depending on the equipment and tech-
icques they were Lo nxer “Comentional™ Forward Observers had a 1/30.000 scale line
map and an M2 compass to use for positioning themselves and all largets, “*Laser™ For-
ward Observers emoployed a Laser Rangefinder and speeial techniques to determine their
own locations and target Tocations. “Super Laser™ Observers were ixsued a Gyro-Azimuth
Deviee inaddition to a Laser Rangefinder. Super Laser and Laser Forward Observers also
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estimated their locations and targel locations for all missions using a map and compass,
Fach of the fonr Battalions tested was in the field about 2% days, and the Forward Ob.
servers moved (o new positions three times during this period.

Through collaboration between HEL and FTL, a PI' was subjected to
evaluation during HELBAT 11 for its potential Field Artillery applications and, specific-
ally. for its potential to reduee the errors in the FO’s ability to locate himself, thereby
improving the effectiveness of Artillery fire,

IL INVESTIGATION
3. Test Site. HELBA'T I was conducted on the firing range al Forl Hood, Texas,
Al fiving during the test was conducted in the western hatf of the range with the F()’s
oceupying observation posts located on hills surrounding the Impaet Zone. The total
arca of operations covered approximately 10 by 14 kilometers, The PF was positioned
on Manning Mountain at the western edge of the Impaet Zone,

Afbacearaey analyses for HELBAT I operations were hased upon fourth-
order f\riill('r)‘ SUTVEVS,

4. Equipment Description. The PF was comprised of non-militarized, commer-
cially available components consisting ol a 525 Balplex Stercoplotter interfaced with a
digitizing system sold commereially by Keuffel and Esser Company (K&E) under the
tradename “Traversean™ System. The “Praversean” System consists of a-Bendix Data
Oridoa Nova Computer with aceompanying software, and a Teletypewriter (Fig. 1).
The system was installed inan M-109 Van (Fig. 2). Inside dimensions of the van are
approximately 16 by 7 by 6.5 feet.

a. 925 Balplex Stereoplotter. The Balplex Stercoplotier consists of three
precision projectors, a support Far and frame, a tracing surface, and a tracing table. The
mstrument oceupies an arca approximately 56 by 42 inches and is less than 70 inches
i hieighil

The Balplex Stercoplotter is designed for map compilation using over-
Fapping acrial photographs taken with a 6-ineh-focal length, cartographic-camera having
a0 by 9 inch format. These photographs must be redueed to TT0 Dy TTO millimeters
and printed on glass pluh:s by a special printer. A plate-centering deviee is used 1o posi-
tion the glass plates within their holders hefore the plates.and holders are put into the
projectors, The projectors cach have six degrees of freedom, or modes of movement.
which enable the operator to orient the projectors so that they have the same relative
position with vespeel to each other and the plotter table that the aerial camera had with
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respeet (o the ground when the photographs were taken. The projected imagery from
the overlapping photographs can then form a 3-dimensional stercomodel of the original
photographs.

The operator achieves a stereo view of the terrain photographed by us-
ing a special viewing system called the Stereo Image Alternator (SIA). The effect of
the SIA is to permit only vne eye to see an image from only one projector at any instant.
This is accomplished by using synchronous motors to rotate slotted cylinders. By alter-
nating the images viewed n this manner, the operator is provided a stereoscopic view of
the terrain photographed.

The operator uses a tracing table for making 3-dimensional measurements
in the stereomodel. The table contains a horizontal surface (platen) on which the pro-
jected imagery is viewed and which has at its center a small hole that is illuminated from
below to serve as a reference dot for measuring the stereomodel. The reference dot can
be moved horizontally by moving the entire tracing table, and the dot can be moved
vertically by means of a knob on the back of the tracing table which causes the platen
to be raised or lowered. Horizontal positions can be recorded on the tracing surface by
means of a pencil lead which is located directly below the reference dot.

b. Traverscan System. The Traverscan System consists of a Bendix Data
Grid, a Nova Computer, a Teletypewriter, and accompanying software. It is, for the
most part, mechanically independent of the stercoplotter. There are two items which
are attached directly to the tracing table. One is a Z-shaft encoder which mcasures the
clevation of the tracing table platen. This value corresponds directly to sea level eleva-
tions in the stereomodel. The other item is a cursor which is mounted at the base of
the tracing table and is centered on the reference-light dot on the platen. This cursor
emits an oscillating signal which is picked up by the Bendix Data Grid.

The Bendix Data Grid is used to replace the conventonal table-top sur-
face of the stercoplotter. and its function is to sense horizontal coordinates taken from
the stereoplotter. As the cursor, which is mounted on the tracing table, moves across
the top of the tracing surface, the signal which it is emitting is picked up by a matrix of
wires which is embedded in the Data Grid. The position of the cursor with respect to
the Data Grid is digitized to a precision of 0.001 inch, and these values correspond to
horizontal positions in the terrain model.

The X, Y, and Z digitizcd signals are supplied to a Nova Computer which
provides a 2-dimensional rotation, a translation, and a scaling operation to express Data
Grid coordinates from the Stereomodel in terms of UTM coordinates and sea level eleva-
tions. The software also provides a polar mode of operation where the operator can de-
termine the range and azimuth between any two points in the stereomodel.
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The Teletypewriter will print out all resultant data, and, if desired, it
will punch out all data on paper tape. These data are also displayed on a digital read-
out device. The teletype is also used to enter into the computer data which determines
the rotation, translation, and scaling that the computer is to perform. The Nova Com-
puter has a nonvolatile memory; but, should the need arise, it can be r¢programmed
using punched tape read by the Teletypewriter.

The equipment requires about 30 square feet of floor space and about
6 feet of headroom. The total weight of all of the equipment is approximatcly 600
pounds.

The equipment was operated using military, 10-kw generators or a truck-
mounted, 6-KW commercial generator. The equipment requires about 4 KW of power
for normal operation.

5. Data Base. The term “Data Base” is used to define the topographic materials
and data that are needed for the operation of the PF. In the case of HELBAT II, the
Data Base consisted of ““Giant Scale photographic coverage of Fort Hood, Texas, and
the ground coordinates of points required to establish the stereomodels in the Balplex
Stereoplotter. Copies of the original photography were made by the Topographic Pro-
duction Center (TPC) of TOPOCOM on glass plates suitable for use with the stereo-
plotter. Three plates were required because the HELBAT II area fell in the center of
one photograph and, therefore, on the edge of two stereomodels.

It was originally planned that the TPC would establish the ground control
needed to orient the stereomodels in the plotter. In this process, TPC marked and mea-
sured the photographic images of survey control points that could be identified on the
photographs and also other points for which ground coordinates were desired. These
data were uscd in a block triangulation computation to determine the UTM coordinates
and elevations of well-defined terrain features threughout an area covered by six Giant
Scale photographs. The initial results of the triangulation were not as accurate as could
normally be expected and were, therefore, not used. The data from later triangulation
attempts proved more accurate but were not available prior to HELBAT II.

Only two stereomodels were required to cover the HELBAT II area; and
normally, survey control in the vicinity could be used for orienting the siereomodels in
the Balplex stereoplotter. Stercomodels formed in the Balplex using Giant Scale photo-
graphs are, however, at a small viewing scale; and positive identification of survey con-
trol points is very difficult. Also, the control at Fort Hood is primarily concentrated
along the southern boundary of the reservation and, therefore, is not adequately dis-
persed to be suitable for model orientation in a second-order stereoploiter such as the
Balplex.
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As an expedient, it was decided to triangulate the necessary control data us-
ing the AS-11A stereoplotter. The AS-11A is a first-order instrument and it has a zoom
optical system which permits large scale viewing to aid in the point identification pro-
cess. The two stereomodels that covered the HELBAT II test area were oritnted in the
instrument to survey control points that could be identified on the photographs; and
with this accomplished, the instrumental coordinates of other well-defined and well-
dispersed terrain features (road intersections primarily) were read and recorded. The
instrumental coordinates of the survey control points were compared with their known
values to determine the transformation required to convert instrument coordinates to
UTM valies. This transformation was then applied to the othe. unknown points (15 in
all) to determine their UTM coordinates. These data were used during HELBAT 1l to
control the sterecomodels in the Balplex Stereoplotter.

6.  Graphic Materials. The graphic materials used in HELBAT I represented a
hasty design of a graphic aid for use in conjunction with the PF. These graphic materials,
called Photopacs, were prepared from the same aerial photography (data base) used to
make the glass plates for the Balpiex projectors. Each Photopac consisted of 21 photo-
graphs, one film overlay, and a cover sheet. There was one index photograph of about
1/60,000 scale which included all the forward observer positions and the target area.
The index photograph was covered by a 4-centimeter grid which had its lines running
approximately North-South and East-West. Each grid square had a letter designation
on the film overlay (Fig. 3). For each of the labeled grid squares o. the index photo-
graph, there was an enlargement of about 1/16,000 scale. These enlargements also had
a 4-centimeter grid on them with the North-South lines designated by a number (1, 2,
3. ..,etc.) and the East-West lines designated by a letter (A, B, C.. . ., etc.) (Fig. 4).
The 4-centimeter grid size was chosen because it is the standard size grid for a 1/25,000
scale map, and this made it possible to use standard map coordinate scales for determin-
ing coordinates. One sample point is indicated on Figs. 3 and 4. The resulting product
was a small book of photographs. The photographs were on a substance called Chrona-
pague—a tough, film-based type of printing paper. Each page was 10 by 10 inches, and
the beok vvas approximately Y-inch thick  Chronapaque was used rather than regular
photographic printing paper because of the extremes of weather and the hard usage the
photographs would probably be exposed to.

7. Training. Two different types of training werc required for the HELBAT 11
operations. The first type of training was that which was provided for the men who
were to actually operate the PF during HELBAT I, and the other type was given to the
Focvzard Observers who were to provide input data to the PF through the use of the
Photopac.

a.  PF Operators. 'The men who were to operate the PF during the test were
able to spene about 6% days actually working with the equipment at Fort Belvoir before
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it was shipped to Fort Hood. Four enlisted men from the 30th Engineer Battalion
(Base Topo) arrived at ETL on 11 January 1971 to begin training on the PF. All of
these men had previous military training and éxperience with stercoplotting techniques
and equipment. Their initial training consisted of a general introduction to the PF con-
cept, HELBAT II, and related background information. Their work on tae actual
equipmient was also preceded by some training in radio procedures and familiarization
with the Photopac.

The training on the PF equipinent covered all phases of the operation
including setting up and orientation of the stercomodel. entering computer contrul
values for the model, and reading in computer program tapes. Several day= vwere spent
practicing the image matching technique and becoming zencrally familiar with the area
covered by the stereomodel. The procedure used during this period was similar to that
which was expected to be used during the actual test. One man would choose any puint
in one of the enlargements in the Photopac and scale off its coordinates. These coordi-
nates were then told to the cther man who replotted the points in their own Photopacs.
Aftter plotting the points on their photos, the men went to the stereomodsd and deter-
mined the coordinates of the ;.int which they had plotted, These UTM coordinates
and the visual location of the points were then compared to the location as determined
by the person who originally picked the point.

At the end of the training period, two of the four men who had heen
trained were sclected to actually participate in HELBAT 1l at Fort Hood.

b. Forward Obeerver Training. The FO's received difierent amnounts of
training depending on whether they were “Conventional™ FO's. “*Laser™ ¥O's or “Super
Laser” FO's. The “Conventional™ FO's were those whe had only a 1/50.000 scale topo-
graphic line map and an M-2 Compas= to use for determining locations. The “Laser™
FO’s used a Laser Kangefinder along with their map and compass. The “Super Laser™
FO’s had an ARK-1 Gyrocompass as well as a Laser Rangefinder. map. and compass.
The “Conventional™ FO’s were inadvertently excluded from about 3/4 of the training
given to the other FO’s because they did not need to receive any special training from
the HEL pereonnel before the test.

The Laser and Super Laser FO's received a total of about 1 hour of irain-
ing. This was split into three sessions. The first session, which lasted about ¥%2-hour,
consisted of an introduction to the PF concept, the equipment. and the associated graph-
ic aids. The Super and Laser FO’s were shown the PF equipment. and the procedure for
its use was expiained to them. They were told how to extract coordinates from the
Photopacs and how to use the stereograms which they had been given. Photopacs. co-
ordinatc scales, grease pencils, stercograms, and glasses were issued to the Super and
Laser FO’s during this veriod.

1




The second training period, which lasted about 15 minules, also includ-
cd ondy the Super and Laser FOs, it consisted, primarily, of a cheek to see if they
understood how to seale coordinates from the photographs in the Photopac.

The thied training session lasted abont 15 minutes and ineluded all of
the FOS from each Battalion. One of these sessions was condueted for cach Battalion’s
FOs just helore they moved out to their observation posts. This period constituted the
only training reccived by the Conventional FO's, and it was during this session that they
saw the Photopae and the stercogram for the first time. This was primarily a general re-
view of the procedure for sealing coordinates from the Photopaes.

& Operational Procedures. The PV was employed principally for determining
obxervation posts and target coordinates: but the determination of Battery Centers
through the use of Polaroid phiotographs taken from a helicopter and the image-match
teehnique and selting up cheek-points for use with the Improved Position Locator (1P1,)
were also examined,

2. Observation Post and Target Location. The operational procedure which
wis employed to determine Forward Observer/Ohservation Post Localions or target loca-
Hons was essentially the same. The procedure was as follows:

(1) Forward observer plotted his position or larget position on what he
believed was the correct enlargement in his Photopac. '

(2)  Forward Observer then scaled off the photo coordinates of the
point plotted as his position or targel position using normal procedure for deter- '
mining map coordinates by measuring {1 the Fasting and then the Northing,

(3)  HELBAT controller then recorded the photo coordinates on the
data card for that mission,

(1) Data cards were collected when controllers came in from the field
and the photo data was copied..

(5) Points were then plotted in Photopacs at the P,
(0)  Usingan image matching technique, point in photograph image
was found in stercomodel.

() Computer then gave printout of UTM coordinates and clevation of
point.
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his procedure was repeated for each data sample which was recorded,

b.  Location of Battery Centers. Another procedure which was tried was to
se the image-mateh technique in conjunction with Polaroid phiotographs taken from a
helicopter to locate battery centers, The procedure was as follows:

(1) A Polaroid picture was taken of a Firing Battery from a helicopter
aban altitude of approximately 500 feet and an angle of 45 to 60 degrees from the
vertical,

(2) The prints were returncd to the PI.

(3) The approximate Battery location was found in the stercomodel
and the location of the Battery Center was estimated,

4) A cuiapuler printout of the UTM coordinates and the elevation of
i
the estimated Battery Center were obtained.

¢.  IPL Checkpoints. Several checkpoints were extablished along an Im-
proved Position Locator (IPL) route as references inan altempt to evaluate the offeel
ol varying types of terrain on the accuracy of the {PL. These cheekpoints could be ex-
peeted to be aceurate within 20 meters.

L DISCUSSION

9. General. The principal benelit resulting from utilization of the PV in HELBAT
Heame in the form ol exposure of the system and coneept Lo a large namber of Field
Artillery personnel. Ty general, the visitors to the PEF during HELBAT I were very en-
thusiastic about its potential applications. This interest was expressed by men at all
fevels of command. and the primary point of discussion wax not whether a capability
such as that demonstrated by the PI should be made available to the Field Artiflery, ot
rather, the organizational level at which this capability should be deployed. ’

Asatest for the PEF concept and equipment, HELBAT 11 was of somewhat less
value heeanse the PFwas considered for HELBAT 11 only a short time before the test,
Becausze of this, the PEF had to be aceommodated in an estabhished Test Plan. Conse-
quently. the PF was not an integral part of HELBAT T bat was given a role for subjective
evaluation rather thar a rigorous operational test. Data for the PF was gathered primarily
on a noninterference basis, which meant that at some Umes the FO's were able 1o tihe
their time and do a careful job and at other times they had to rush so that they could

start planning their next mission. The near total laek of training of some FO's in the
13
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utilization of aerial photographs with the point designation coordinates in conjunetion
with the pressure (o work rapidly undoubtedly compromised performance. One result
of the general lack of cmphasis on the PE during the training period preceding the test

was that muny of the FOs seemed to feel that the PF and their data for it was the least
tportant part of their imobvement in HELBAT H.

L. Data Analysis. HELBAT I produced the first data which can be used to
evaluate the PES potential applications within the Field Artillerv. There were two Ly pes
of missions for which =ufficient data were colleeted for numerical analysis: (1) where
the FO determined his own locations using the Photopacs and (2) where the FO deter-
mined target loeations in the same manner. Although these exereises did require use of
the image-matehing technique by the PE operators, the primary result was an indication
of the capability of the FO Lo use aerial photographs (Photopaes) to determine locations
in the field, Becanse the primary emphasis in these Forward Observer missions was on
the PO capability te deicrmine locations using acrial photographic imagery, an attempt
wias made to determine whether any of the - sulting errors were caused by carelessness
i scaling and recording coordinates or other human errors rather than an inahility to
accarately pmpointalocation within the imagery,

a Analysis Procedure. The same general procedure was used in the evalua-
tion of data for both Feeward Observer and target ocation missions. As was previousty
mentioncd. the phote coordinates which the FOs had recorded in the field were taken
to the PEoand TPV coordinates were determined through the image-mateh process and
the compuater readont. These UTM coordinates of observation posts and targets were
then compared with fourth-order extillery surveys which had been run to all observation
postsand tarcets. The sirvey data was used as the basis for all error analvses. The varia-
dons in Fast weand Northing were converted to radial errors, and then individual stand-
ard deviations were catealated using all of the data for cach of the two tyvpes of missions.
Those data samipies whicho were found to be greater than three times the standard devia-
ton were considered to be outliers and were exeluded from the calenlation of the mean
radial crror and the RVIS,

bh.  Forward Observer Location. The forward observer location errors of the

FO Toeation missions are as follows:
" Number of Missions _ 37
SoDL (A 119m
3 Samples > 3 x 8. D.

NMEAN RADIAL ERROR RMS

67Tm 93m
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The data from fow missions were discounted becavse they were proven
to contain errors which reaulted from carclessness in scaling and recording coordinates
rather than from an inability to determine the C.P. location on the photograph. In
three cases, these errors were the product of a combination of carelessness and the con-
figuration of one enlargement in the Photopie. Three of the data samples, found to he
greater thaz three times the standard deviation, were considered outliers and were not
ascd 1o caleulate the mean radial error and the RMS. These three dirta samples consti-
tuted approximately 85 of the total data. Figure 5 shows the distribution of radial
ervors from tke Forward Observer location missions.

c.  Target Location. The results of the target location missions are as follows:

Number of Missions 210
S. D. (Alh) 647m
15 Samples > 3 x5.D.

MEAN RADIAL ERROK RMS
604m ?()m

All of the data were assumed to he valid. because it was impossible to determine conclu-
sively whether any were compromised purely through improper scaling techniques.

Fifteen data samples, or about 7% of the total, were found to exceed
three times the standard deviation and were considered outliers. The distnbution of the
radial crrors is shown in Fig. 6.

d. Baitery Center Location. Only a small amount of data were collected on
the process of determining the coordinates of firing battery centers by using Polaroid
snapshots of the batteries taken from helicopters. The only results obtained were ar-
rived at while the computer was inoperable; and. even then, only two exercises were
performed.

11. Test Results. Utilization of the PV in HELBAT II viclded what should he

consi .red indications rather than conclusive results. The basis for this statement is dis-
cussed in paragraph 9.

a. Equipment. Considering that the cquipment which comprised the PF

was commercial, off-the-shelf ecquiprient, it performed quite well during HELBAT 1L
ETL originally stated that the equipment would require environmental control (65° te
739 F temperature and 35 to 55% humidity) when operating. but it was soon discovered
that these constraints could not be met at Fort Hood during the test. The temperature in
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-the PF Van ranged from about 45° to 95° F, and the humidity varied by about 50%.
The Balplex Stereoplotter and the SIA functioned perfectly at all times, but operating
difficulties were experienced with the Traverscan System at both tcmperature exiremes.
Humidity variations did not seem to affect the equipment. Dust was also abundant, but
it was not possible to determine if it affected the equipment.

The equipment was subjected to several power losses and at least one
series of surges as a result of generator operator error. The computer apparently had a
partial memory loss as a result of one generator stoppage, but the program tapes were
read-in after reveral attempts and the system resumed normal operation. The power
supplied tu the equipment ranged from about 10% volts to 120 volts. It was discovered
that the computer would not function properly at less than 109 to 110 volts.

The PF Van and equipment were moved several times while at Fort
Hood. Each move called for partial disassembly (removing the projectors from the
frame) and bracing of all cquipment which required about 30 minutes to complete.
Several hours were required to reset the Stereomodel and resume operation after mov-
ing. The time required for setting up the model would have been greatly reduced if the
new computer program which would eliminate the need for scaling the Stereomodel
had been received.

A serious computer malfunction occurred three days before the test -
was scheduled to end. A technical representative from Keuffel and Esser (K&E) came
to Fort Hood to correct the problem. This malfunction may have resulted from the
operating conditions, but this assumption cannot be stated definitely at this time.

The Stereoplotting Equipment functioned perfectly during the entire
test. Befor. HELBAT Il, ihere was some question about how well the delicate project-
ors would stand up to dust, extreme temperature and humidity variaﬁons, and move-
ment in a military vehicle. The results were very encouraging, and even the constant
flow of visitors in and out of the PF Van and the rocking of the Van by the wind which
- was expected to cause problems in keeping the projectors aligned had negligible effect.

Detailed tests of the accuracy of ground (UTM) coordinates determined
by the PF were not possible, although some survey control which could be identified by
personuel stationed at Fort Hood was compared to the listed survey coordinates. The
cnordinates as determined by the PF varied from the survey data by about 6 to 12 m in
Easting and Northing. '

_The experience gained from participaticn in HELBAT 11 led to the con-

clusion that sevcral equipment medifications would help to improve the overall efficiency
and etfectiveness of the PF. Some of the suggested changes are:
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(1) Ruggedized teletype

(2) Continuous visual coordinate readout

(3) Better balance for the tracing table and a larger platen

(4) Heater/air conditioner to stabilize environmental conditions

(5) Method of permanently fastening Bendix Data Grid to Stereo-
plotter frame.

b.  Graphic Materials. One area in which HELBAT U was expeeted to shed
some light was the capability of people without any photo interpretation (PI) experienee
to make effective use of aerial photography in the field. Most of the people who were
exposcd to the Photopacs during HELBAT 11 had ne previous experience with aerial
photography. Their degree of suceess in using the Photopac scemed to depend more on
attitude and the desire or lack of desire to perform well than on any other faetor. That
the Photopacs could be used successfully was first demonstrated by personnel from HEL
prior to this start of HELBAT II. It was necessary for the HEL people to determine the
best routes to all of the OP’s to be used during the test, and they soon discovered that
the 1/50,000 scale line maps whieh they first tricd to use were of little help. After be-
ing given Photopacs, these men, none of whom had previous PI experience, were able to
find every OP without difficulty. On the other hand, there were several cases where the
FO’s made gross positioning errors simply through carelessness. In one instance, the FO
held the Photopac upside down while measuring coordinates thus introdueing approxi-
mately a 650 m error in both Easting and Northing (each grid square on the enlargements
was approximately 650 x 650 m). In at least three other cases, FO’s correctly identified
their positions on the index photograph but then sealed off eoordinates for a different
ground feature on the enlargement beeause in their haste they chose a prominent feature
which happened to be in the eenter of the enlargement rather than their actual position
which was up in one corner. (See point indicated in Figs. 3 and 4.)

In general, the design of the HELBAT II Photopae was somewhat less
than ideal. The primary problem w as that the small area covered by an individual en-
largement seemed to confuse some of the users. This was particularly true for target
loeation missions beeause there were relatively few features in the impaet area which an
FO eould use to help orient the photographs. Also, the loss of resolution whieh resulted
from the 10X enlargement of the original photography to the 1/16,000 seale used for
the eriargements eaused some diffieulty for the inexperieneed users. HELBAT II indi-
cated that in future cxperiments it might be wise to test graphics whieh are printed on a
larger size base material to inelude a larger area and are printed at a slightly smaller scale
(say 1/25,000) to improve resolution.
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c.  Operational Procedures. Since HELBAT Il provided the first field test
of the PF concept, there were no established operational procedures to follow. These
procedures were, therefore, established and revised as the test progressed. It became
evident that the primary problem with respect to the operational setup in HELBAT 1l
stemmed from the absence of direct communication between the FO's and the PF.
This situation made it difficult to evaluate the responsiveress of the PF to incoming
data. Those data which were relayed back to the PF by the Div Arty umpires at the
OP’s were frequently different than the corresponding information on the HELBAT
data cards. Another benefit which direct communciation with the FO’s would have
produced became apparent when the photo coordinate data were being processed at
the PF. In many cases, the coordinates which an FO had given as being those ~. his
own position were found to be in error as soon as they were located in the Stereomodel.
They were obviously in error because the points were located either in such a low posi-
tion that they would not be chosei as observation posts or else they were in such a po-
sition that the observer could not possibly see the area of interest which he had been
assigned. Had direct contact been established, the FO’s could have been told to check
and/or correct their location estimate.

HELBAT II experience provided a basis from which techniques and pro-
cedures can be developed for future tests.

d. Potential Applications. Quite a few possible applications for the PF
concep! have become evident as a result of its development and exposure. Those which
became most obvious during HELBAT Il include the following:

(1) Forward Observer/Observation Post and Target Location. Use of
the PF in conjunction with graphics given to the Forward Observer has shown defi-
nite promise, and it is felt that a man with some photo interpretation training or
experience could use aerial photograph imagery to even greater advantage. The
table shows a comparison of the mean radial errors achieved during HELBAT I1
by Forward Observers using 1/50,000 scale line maps alone and the Photopac in
conjunction with the PF.

Comparison of Mean Radial Errors

Photopac/PF Line Map (1/50,000)
F. O. Location 67m 97m
Target Loceation 604m 479m

The poor results in the target location missions - sing the Photopac are difficult to
evaluate. Much of the error probably was caused by the difficulty of working with
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the small area covered by the enlargements, but other factors were also involved.
The first two Battalions tested had a target location RMS of 463 m, but the intro-
duction of data from the last two Battalions resulted in a total RMS of 786 m for
the four Battalions. Aside from some inclement weather conditions which the
final Battalion was exposed to, there is no apparent reason for the extreme degrad-
ation of accuracy. More testing, particularly with other types of graphics, is re-
quired to determine the value of acrial photographic products in the field.

(2) Battery Center Location. The f=asibility of using reconnaissance
photography of emplaced firing batteries to .ctermine battery centers was demon-
strated during HELBAT II. The photography used was taken by a Polaroid camera
in a helicopter. The photography was difficult to use because of the poor resolu-
tion and the obligne nature of the photography necessitated by the small field of
view of the camera. Never heless, in those instances where it was attempted, loca-
tion of the area in the Stereomodel was achieved. With higher quality, wide angle
lens cameras and panelled points, this procedure could probably be accomplished
very satisfactorily.

(3) Establishing Reference Points. Reference points for usc with the
Laser Resection techniques or techniques using Lasers and Azimuth Determining
Instruments can be established by the PF. Although the PF was not used to estab-
lish reference points for use in these procedures during HELBAT JT, the techniques
proved to be very accurate for determining FO locations when refereacc points es-
tablished by fourth-order Artillery Survey methods were uscd.

(4) IPL Checkpoints. The accuracy and range of the IPL can easily be
complemented by the PF. Any point which can be identificd in the Stereomodel
and on the ground can be used as an initialization or check point for the IPL.

(5) Terrain Analyses. The Stereomodel can be used to perform general
terrain analyses, route reconnaissance, situation studies, ete., since all information
in the acrial photograph imagery is viewed in three dimensions.

(6) Unit Boundaries, No-Fire Lines, etc., can be established and the
coordinates of their boundaries detcrmined with the PF.

These are just the principal Ficld Artillery applications which were dis-

cussed during HELBAT IT and by no means do they represent all of the potential appli-
cations for PF-type equipment.
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1V. CONCLUSIONS
12. Conclusions. it s concluded that:

a.  The experience of HELBAT I has reinforeed the belief that photogram-
metric eqinpment and techniques can be used in the field to help provide solutions to
many Field Artillery survey/pesitioning problems as well as to provide a source of ter-
rain inforination te be used in making command decisions.

h. By subjective analyses, ihe capabilities offered by deployment of a Type
21 2o beyvond Field Artillery positional needs and, in fact, have appliation to many
Field Army overational needs.

¢.  Analyses of test results and operating procedures indicate that fer future
testing. improvements can be made with regard to the data base materials, the PF hard-
ware and software components, and the associated graphic materials which should result
in enhanced capability and utility.

d.  Personnel with ro experience in using aerial photographs should at least

be given some familiarization in photo interpretation techniques before being expected
to make use of them in the field.
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