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ABSTRA CT

This report contains the final conceptual design of two

systems for the compilation of Field Army map updates using all types

of tactical reconnaissance imagery as data input. Both systems are

capable of producing Class B output accuracy , and incorporate innovative

design features to improve ease of operation and system throughput.

One system is designed to perform a monoscopic solution where the map

is used as a source of control to form a terrain model that is

combined with the appropriate sensor model to transform image coor-

dinates into their correct ground positions with relief displacement

errors removed. The second system uses the mono solution for mono

input imagery and a full analytical mapping solution for stereo input

imagery. The systems ’ design evolution, theory of operations , tech-

nical characteristics , estimated costs, field deployed van layout , and

cost effectiveness comparisons are presented . A prior interim repor t ,

Preliminary Concept Formulation ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
for Engineer Topographic Units~ 10 March 1977, contains the results of

a series of analyses and trade—off studies that led to the final systems ’

design.
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1. INTRODUCTION

This repor t presents the final conceptual design of two

systems for optimizing the Field Army map update capability . Both

systems incorporate various design features to optimize the map updatc

task and are capable of t rea t ing all types of expected sensor inpu t

to obtain Class B map accuracy . One system is designed to work with

monoscopic imagery only, and will use an orthorectification technique

for compilation,in which points from the map are used to form a math-

ematical model to correct digitized image points for relief displacement

errors. The second system is designed to accommodate both monoscopic

or stereoscopic imagery and will be capable of full analytical mapping

with stereo imagery. Both systems have as a major option an off line

orthoprinter that will be used to generate rectified and orthophoto

image products.

The alternative systems described here were selected for

further design by EU after review of Raytheon Company/Autometric ’s

Interim Technical Repor t, Preliminary Concept Formulation Plan —

Design of a Map Update Capability for Engineer Toppgraphic Units,

dated 10 March 1977. The material contained in this Final Technical

Report is intended to be sufficiently complete and detailed to permit

consideration of future prototype development , test and evaluation.

S~ation 2. of this report summarizes the study scopo ,

technical approach and results that led to the final system designs.

Section 3. presents the alternative system configurations and options.

Section 4. discusses the theory of operations for each alternative

system. Section 5. gives the technical characteristics of all system

components. Section 6. presents summary tables tha i. contain estimated

developmental and production costs. Section 7. portrays the field

deployed mobile van layouts Section 8. contains results of a trade—off

analysis incorporating system cost and performance comparisons . S~’ction 9.

presents the study conclusions and recommendations .
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2. SYSTEM DESIGN EVOLUTION

The system designs presented in this report resulted from

a detailed investigation into the design requirements for a Field Army

quick response map update capability that could deal with all types of

aerial imagery as input. A complete description of the technical

effort leading to the initial system conceptual design is contained in

Raytheon Company/Autometric ’s Interim Technical Report, Preliminary

Concept Formulation Plan — Desi~gn of a Map Update Capability for

Engineer Topographic Units, dated 10 March 1977. A schematic of

the technical approach followed is shown below.

MAP UPDATE
PRODUCTS

INITIAl
________________ 

SYSTEM 
______ CONCEPTUAL

EER~~~~ 
~

EQUIRENENT
~ DESIGN

~ALTERNAT IV~l I
~COMPILATION[~~~~~~~~~ ’ I SYSTEM I I ADE OFF

J~~~~ J ~ DES IG~
i
~~J 

.‘} ANALYSIS

*TSS — Topographic Support System

Concept Formulation Plan
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Map Update Process Componenc~

_ _ _  _ _ _  

co~~IL~TIo;~ 
f~::~~~ ~LEE:±~

Also shown is another diagram of the map up da te  process.

The important point to be observed here is that the basic compilation

problem is composed of the following tasks: matching the imagery and

the map to detect updates; delineation of the feature updates into

the correct map format; and final presentation of the updated features

in a finished cartographic form.

Map Revision Process

These two flow diagrams portray the basic design objectives

of any advanced map update system: tailoring all compilation phases so

that efficiency and good throughput is obtained , and insuring that all

fundamental compilation functions are facilitated through the system

design.

To test alternative system configurations and compilation

techniques, a trade—off analysis was performed using a scenario of a

map update task to establish and compare system efficiency , throughput ,
—4— 
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cost effectiveness , and capabilities . Fifteen different compilation

system configurations were tested ; various techniques for compilation

were investigated , so that in all , ninety—three separate processes

were evaluated . System trade—offs consisted of a parametric analysis

of the following attributes :

System Cost

Labor Cost

Throughput

Accuracy

Sensor Capability

Compilation Efficiency

Operator Skill Level

From the trade—off analysis it was concluded that no

existing equipment could universally satisfy Field Army map update

performance criteria or requirements .  However , it was shown tha t

there were techniques and equipment that could be adopted and incor—

porated into a single compilation instrument to provide a rapid and

cost effective solution to major portions of the map update problem. -
~~~~

This instrument , named the Analytical Map Update System ,

would incor ’irate the desirable features of an analytical plotter to

provide full sensor capability and product accuracy . A viewing system

having the basic capabilities of a stereo zoom transfer scope would be

provided that would permit easy may and image matching. It would have

an additional feature of computer controlled optics to allow automatic

adjustment so that viewing with all types of imagery throughout corn—

pilation would be easy and not require time consuming operator inter—

vention. An interactive graphics capability would be incorporated to

permit both on—line viewing of compilation results and easy data edit

and cartographic finishing. A variety of software would be provided to

permit different methods of compilation,compatible with the different

forms of imagery input.
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After review by ETL , Raytheon Coinpany/Autometric was

directed to conduct a final design effort that would incorporate

most of the features of the original conceptual design into two

systems with various component options and alternatives. The two

systems and associated var iants  are presented in the fo l lowing

section.

—6— 
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3. ALT1T~NATIVE SYSTEM CONFIC[RATIONS

After the review of Raytheon Company/Autometric ’s pre—

litninary conceptual design, EU directed that two systems , each with

a common option , be subjected to a final, more detailed design effort.

One system is designed to accept mono imagery only , while the other

system is designed to process either stereo or mono imagery. Both

systems have an option of an off line orthoprinter that will pereit

production of plane rectified or differentially rectified (orthophotos)

image products. Figure 1 presents the two system ’s hardware configura-

tion. As seen, both systems share many common components, with the

main difference in hardware being that the system designed to process

only mono input needs only one digitizing photo stage, while the syster~i

designed to process both mono and stereo imagery includes two digitiz-

ing photo stages. (The mono system ’s photo stage also has a lower

measurement resolution requirement than the stereo system ’s photo

stages , and a slightly less complex optical system with the servo photo

optics option. ) Also shown in Figure 1 are the various alternatives

and options for the v iewing optics , data entry device and interactive

graphics subsystem . In order to dep ict a standalone production sys-

tem , a contact photo printer , process camera, film processors , platemaker ,

lithographic press and ozalid copier are included in each system. This

equipment is not shown in Figure 1. Table 1 lists all system components.

The primary difference between the two systems is re-

flected in their modes of compilation.

The mono system will use a new technique to produce accurate

map update products from mono imagery that are corrected for relief

displacement errors. The technique , now called pse1:do—oI th3f, Laphic

rectification (or by some , orthorectification with pseudo_DTM*), combines

the de fining equation of the sensor imaging process with a mathematical

*Digital Terrain Model —7—
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Conjpilation Station: Photo Stages (Mono System (1) Only )
Map Stage
Plasma Panel
Viewing Optics (Computer Controlled Option)
Control Console
Minicompu t er
Disk Uni t or Bubble Memory
Magnetic Tape Uni t
Interactive CRT with Key board , or

Keyboard/Printer  and
Small X— Y Plotter

Voice Entry Device (Optional)
Off l ine X—Y Plotter and Controlle r

System Option: Of f line Orthoprinter and Controller

Support Eo~4p~~nt: Contact Printer
Process Camera
Film Processor
Pla temaker
Lithogr aphic Press
Ozalid Cop ier

Table 1 — List of Advanced Map Update System Components

—9—
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4. THEORY OF OPERATIONS

Both the mono and stereo versions of the advanced map updat ’~
system will have similar capabilities. Both systems will be able to

produce cartographically finished line and symbol manuscripts read y f o’-
final color separation and lithographic reproduction. If the off linc

orthoprinter option is adopted , rectified or orthophoto image products

will be possible. Both systems will accept film or paper positives

at original scale , thus minimizing imagery preprocessing. Control can

be either der ived from existing survey data , API’S, or as is most commonly

envisioned; the map itself .

As described in the prio r section cf this report , the mono

map update system will use an or thorect i ficat ion techni que for compila-

tion, that will use points from the map to form a model of the terrain

so that image relief displacement errors can be corrected. A variant of
the crthorcctification technique is plane rectifieation,where terrain

is represented as having constant alevation. The latter method does

not correct for relief displacement , and would be used only in areas of

low relief or when accuracy is not important . The mono system will

employ special software to reformat the terrain model into the propcr

scan format to drive the off line or thoprint er  if tha t op tion is adop ted ,

to produce or thophotos or plane rect if ied image products .

The orthorectification technique has been shown co be

capable of Class B accuracy. The model representing the terrain can be

prepared independently of the feature update compilation or performed

as part of the feature upda te compilation process. The operator will use

check points and the interactive graphics subsystem to check if sufficient

accuracy has been obtained , or if more control poinLs are needed to

refine the terrain model.

—11— 
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The stereo system will be able to employ the sam ’ pro-

cedu res as described for the mono sys tem for  product ion  of line map

updates , rec t i f ied  imagery , or or thop hotos from mono input im a g u r y .

Additionally,  the ste reo sys tem will be capable of a fu l l  analy t i c a l
solution, using the map , survey data, or APPS as sources for control.

This technique provides for correction of relief displacement and

allows a standard 1&-vel of product accuracy to be maintained . Wi th
stereo imagery , orthophotos will be produced by profiling the stereo

model in a conventional manner to produce a terrain model to drive the

optional off line orthoprinter .

Both the mono and stereo systems compilation for graphic 
&

output will produce an edited , cartographical].y formatted, plotter tape to

drive to the off line X—Y plotter . Composite single color overprint

manuscripts , color separations , or in some cases , direct plots on over-

lays or map stock will be produced on the plotter . Final cartographic

touchup and edit , half tone screening , nav es and legend layou t , e t c . ,

may be performed in a conventiona l manner . The most common final

reproduction method will be through lithographic printing. However ,

the latter is time consuming, and an alternative for a quick turnaround ,

moderate volume issue ~color copier), is discussed in the final section

of this report . (Section 9. — Conclusions and Recor’imendations .) Other

graphic output media can be wash—on , photog raphic , or diazo dep ending

upon the specific timeliness , product quality , or issue volume

requirement .

The following paragraphs are taken from the Inter im Technical

Report and are presented to detail the rationale and purpose of each of

the major components proposed for the two advanced map update systems.

The system discussion is presented in terms of the stereo system , bu t

except for a very few differences in hardware , components and component

roles are the same for both sys tems . The reader who is famil iar  wi th  the

Interim Technical Report  may wish to skip the following discussion.

—12—
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4.1 General System Characteristics

The followi ng discussion ou t l ines , in concept  f o r m , t i ie

requirements and capabilities of a system which we have chosen to call

an Analytical Map Update System. This equipment will incorporat;: EIC1 flV

of the desirable features  of an analyt ical  plot ter , along w i t h  t h5-

capabilities of a stereo zoom t ransfer  scope , and addi t iona l f~-n tu r1 -s

designed to provide ease of operation and in terac t ive  graphic capab i l i t y .

While many of the components and subsys tems of ANU S are s t a t e — o f — t h e —

art , there is no requirement for any improvement in the s t a t e — o f — t h e —
art to impleme nt the system.

From the previous studies conducted , it is concluded that

the ANU S should be able to handle mono or stereo photographic inpu t s

from f r~mc or panoramic cameras and in addition should be able to handle

side looking r adar recor ds and perhaps scanner type inputs from infrared

sensors. This wide diversi ty of input dat a , with the a t tendant  wide

range of scales and relat ive distort ions , leads ver y quickly to the

conclusion that an analytical plotter type instrumen t will be nt.cessary

if the operation is to be able to rap idly produce revisions . This is S

not to say that A~’CflS rcquires the extremely high accuracy normally
associated with first order analytical plotters used for original map

comp i lation.

Additional requirements can easily be formulated for the

viewing system based on the input photo products. For compilation from

panoramic and oblique photography, there is a requirement for anamorphic

magnification and image rotation. Matching of image scale to map scale

generates a requirement for zoom magnificat ion.  Simultaneous viewing

of the photo model and the map sheet to be updated places a requirement

to optically introduce the map into the photo optical system , much like

the stereo zoom transfer scope . Additional features and requirements

will be discussed in detail in the following paragraphs.

—13—
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4.2 Optical—M echanical Subsystem

For stereo coverage , ANU S should have two independent  ph oto

carriages. Each stage should have both back and f r o n t  li ghting for

viewing transparencies or opaque prints. A 10” x 10” illumina ted area

will satisf y all fram e camera requirements  and panoramic forma ts up to

± 450 
sweep angles with up to six inch focal  length . Larger panoramic

formats and strip formats from SLR and IR can be handled by separate

set—ups.

Each stage should have a full  10” x 10” t ravel wi thou t  in-

terference in order to handle varying overlap pho tograp hy. Each stage

should have an X , Y measurement capability over the full range of travel .

Stage measur ement accur ac y in the order of ± 0.0005” will s u f fi c e  for

over 90% of the expected input data. If only p lanime tric upda tes are

to be pe rformed , a lower order of accuracy would s u f f i c e .

A stage should also be provided to mount the map sheet and

permit it to be translatc-d in such a way as to maintain aliyn -’L l i t  1~i1h

the photo model. For most cases , a 10” x 10” range of travel would

suffice, since seldom would the photo model cover an area greater than V

that shown on a 10” 10” section of the map sheet. A positional

accuracy of the stage travel of ± 0.005” would exceed the map accuracy

specification by at least a factor  of four and should be relat ively

inexpensive to achieve.

Visual feedback to the operator of the changes being di g it-

ized in the pho to model can be supplied by placing a plasma panel beneath

the map sheet and having the computer plot the points on the panel. In

this way , the operator can continuously check on tb’~ degree of complete—

ness of the new data being entered . In addition , this feature can be

used to give him an online edit capability.

-14-
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The size of the required p lasma panel neLd be only large

enough to co ntain the ar ea imaged by a typical photogrammetric model ,

namely about nine by five inches or less. This is fortunate , as

plasma panels in sizes larger than ten by ten inches are non—standard

items and thus are costly and d i f f i cu l t  to obtain .

The viewing system for the photograp h ic  moth i must have

several fea tures  in order to match the model to the map fo r the ex-

pected range of image types and scales. These features  includ e

independent zoom magnification , image rotation , anamor phic magnifica-

tion , and anamorphi c rotat ion in each of the optical trains viewing

the photographs.  The map image must be introduced into one of the

optica l trains by means of beam spli t t ing optics a f te r  the d is tor t ions

producing optics . This par t of the optical system should have, a range

of fixed magnif ica tions selectab le by the ope rator  at set—up time .

All of the above fea tures  arc currently available in the stereo ZOOT~

transfer scope and thus do not represent any developmental risk .

For ANUS all the photo viewing system adjustments  shou ld

be encoded and servo driven by the computer once the operator has made V

the initial set—up , so that  the ope rator  does not have to continually

make t ime consuming adjus tn~ nt s during comp ilation. Th is will obviousl y

represent some modification and development but  is well within the

s ta te—of—the—ar t .

A measuring mark will be required for each photo stage ,

both for initial set—up in measur ing f iducial  marks , e t c . ,  and as a

floating mark in stereo comp ilation. This mark should be placed as

near as possible to the plane of the photo so tha t sh i f t s  in the optical

axis of the viewing sys tem do not introduce errors in the measurement.

There should be several interchangeable sets of marks of d i f f e r e n t  sizes

for the different scales of photography and the magnificat ions tha t

will be used .
— 15— 
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4.3 Computation Subsystem

The computation system of the A.tllJS provides the logical

thread for tying all of the hardware systems together. The system mus t

provide several functions to the ANUS concept . First , it must provide

overall logical control of the entire map revision piocess , at least —

through those portions which are performed on the A~-tUS. Second ,

it must allow for the set up of the photogrammctric model , which in—

eludes the orientation of the map shee t and the picking of control ,

and also the orientation of the photographs for both interior and

exterior orientation. Third , it must provide a means for digitizing

the updates (both additions and deletions) and saving this information

with iden t i f y ing information for later plott ing . Fourth , it must

provide a means for the operator to see the updates which have been

performed , so that he can keep track of his progress . Last , it must

provide an edit capability so that the operator can edit the digitized

information af ter  compilation to insure that the car tographic  symbols

which have been generated will plot in an acceptable manner .

The logical control of the entire process can easiilv be

accomplished by a rather modest computer capability, hut some form of

data terminal, such as a CRT display or printer, must be available for

communicat ion with  the operator . Also , some input device, such as a

keyboard, must be available for the operator to input information to the

computer .

The preliminary operations for compilation , whether

the model is on an analytical plotter , a digitizing table , or whatever ,
are designed to orient the photo or stereo m odel to the map sheet. This
procedure is not time critical , because it is performed cnly once per

model. The der ived parameters are stored for future reference , and the

process of recording the data  is initialized . The computer requirements

fo r this phase are rather  simple. Any of the available compute r—on—a—board

ser ies pr odu ced by DEC , Data Ge ner al , h e wle t t /Packard  and others would
—16—
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suf f i ce  for this appl icat ion.  F l o at i n g  point  hardwar e  should be i ncluded

to fac i l i ta te  the large amount of f l o a t i n g  point a r i thmet ic  to be per-

formed in this operation.  The required code for  th i s  function would

probably be less than 32K —1 6 b i t  words , althoug h possibl y l~ore would

be needed to cover all of the various options . PJ~-~ memory needed would

certainly not exceed 32K. A scratch disk would be needed , which

could be well satis f ied by a typical f loppy disk of appro:V :i1~:dtel .y

800 kilobyte capa city.

The area in which the computer speed become s cr i t ical  is in

the area of actual plotter controla In this app l ication, the compu t :cr

mus t be capable of providing updates to the photo carriage positions at

such a rate that the motion appears smooth to the operator  under any
realistic slew rate.  For frame camera systems , and for side. looking
radar , this problem is not very demanding of computer speed , and the

typi cal minicomputer on a board with f loat ing point processor would

handle the problem very well .  The major d i f f i c u l t y  arises in the case

of dynamic camera systems , in which the or ienta t ion  matr ix  must  be

changed as the position of the point changes on the photograp h. The

computation of the rotation matrix involves many trigonometric functions ,

which take considerable time to compute. Therefore , some facility must

be incorporated to allow these updates to the or ientat ion ma t r ix  to bc ’
made in a timely fashion.

The simplest manner in which to handle the orientation

matrix is to store an orientation matrix for a certain time , and then

to also store a time derivative matrix for interpolation. Obviously,

the matrices used to determine the orientation matrix must be updated

frequently, as the linear approximation for a system such as a panoramic
camera is valid over only a very small range of sca-~ angle values. It

would probably be possible to accomplish this up da te  with a sing le

processo r , by triggering the updated outputs to the photograp h stages

at certain clock times , and using the intervals in between to upda t e
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the orientation matrices. The advent of microprocessors allows a

simpler and more elegant solution formulation , however , and relieves

much of the logical problem associated wi th s imultaneous upd a t i n g  of
two systems in the same computer .

The recommended computer architecture is presented below .

One will note that complete parallel processing capability is provided .

The microprocessor , with its associated compu ta tional chip , is con-

cerned with computing the orientation matriVces , without regard to the

type of sensor , or any other considerations .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~F BOARD ~~~~~~ TTER J

Control

L~~~~~~~ L~;c,.T \.G1
The storage in the RAM is detailed below , insofar as it is relevant to

the present discussion .

I t , Matr ices t,,, -~~trices ,
H 1 1 ~ ~
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The flow for the portion of the  minicur~puter program associated

with attitude determination is presen t ed below .

H

_ -

CURR:-~;T DCF}T 
P J

_ _  

~~E~~T

The flow of the microprocessor progral . is detailed below.

The next item which must be discussed is the rate at which these

updates can be accomplished . The panoramic camera system provides

the more difficul’ update problem , and this will be used to de—

termi ne the expected update times.
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First , the problem of updating the orientation matr ix will

be attacked . It will be assumed that the computational chip will

perform operat ions at the following ra tes  (which r e f l e c t  s t a t e — o f —

the art):

microseconds
floating add (32 bit) 8
f loat ing subt rac t  12
floating multiply 38
f loating divide. 41
square root 184
trig funct ion 700

The following page shows the announcement of one such chip.

For the evaluation of the two matrices and their time

derivatives , the computation will consume apuroximately 20 milli-

seconds, including a factor of two for safety and to cover 1ogic~.l

operations which are not considered in the operation counts. To

determine whether this rate is adequate , one should consider a

three inch focal length panoramic camera , and a maximum slew rate

on the stage of two inches per second . Thus , be tween u~daLes . the

maximum distance travelled on the film would be .04 inches. The

maximum change in scan angle over .04 inches would be .75 degrees ,

which should certainly be subject to linear interpolation with

small error .

One should notice that the abov e computa t ion  represent s

the rate at which the matrix can “chase” the carriage during a

fast slew. In the precise pointing process , the need for inter—

polation will be largely relieved , because the ma trix updates  will

occur so rapidly that there will almost never be any appreciable

distance over which interpolation must be performed . In par ticular ,

if the carriage is s ta t ionary  for  a per iod of time , the matrix

—20—
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computation will catch up so that it is being com~ uted it tlit:

stage posit io n , and rio i n t e r p o l at i n g  will be done a t  a]. ] - Ihus ,

the process represents  a convergent  interaction process ip tio:

case of a moving stage which then becomes stationary.

The second probl em is the updating of the table position :;,

given th e  ma trices as computed by the p ara l le l  mi c r cu :r o c es s t r -

For the panorami c camera equa t ions , it is found that these u p d a t e s

can be perform ed by the minicomputer  on a chip wi th  a f l o a t in g

point arithmetic unit in under 4 milliseconds , assuming a consider-

able safety factor for system overhead and coa;uunication. Thus ,
250 up da tes to the carr iag e position per second should he cap~ bli-

of being generated , which will cer tainly exce~d the requirement of

seemingly smooth carriage motion. Actually, the overhead of writing

the data to the disk , accepting header infor ;~at i on , an-i othe r over-

head functions will slow this loop t i r e somewhat.

It is seen that the problem of driving an anal vt ical

p lo tt er  using a f u l l y dynamic model for  the sensor is possible

without v er y  much sophistication in the conput ~ r lmu-dw ; : e , and that

even a rel ativ ely modest computer will su f f ie~- to perfor:i all

functions on the system .

The process of d ig i t i z i ng  the up d a t e s  tokes place concurr .-nt—

ly with the plo t ter control process.  A c t u a l ly ,  the only modificati on

required is the ability to transfer points to a c;ass storage devic4 -

upon some coeniand , ~~: 4 I C I 4  could hi a foot switch , or t i m e  or distana~
increments. Also , a capability to inpu t some header i n f o r m a t i o n

denoting the type of feature being digitized must he included .

Perhaps some of the voice encoding mechanisms which are currently

on the mar ket cou ld be used f or this application , to avoid the  opera-

tor having to raise his head from the eyep iece to enter  someth ing  on

a keyboard. The information which is digitized will be ou t pu t to
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mass storage , which would take the form of a floppy or cartrid ge disk ,

having adequate capacity (6 taegabits or so should be adequate). lo

obtain maximum ruggedness and reliability in the Field 4\rny environment ,

it might be desirable to substitute solid state bubble memory chips for
the disk.

In order tha t the operator can SeC th~ updat es which Ii -; 11: 5

made, some disp lay must he provided to superimpose the se  up d a t e s  onto

a map sheet , which is in turn superimposed into the f i e ld  of view of

the instrument. A very attractive means of acconip lishing t h i s  d isp lay

would be a p lasma panel located under the map u h i e e t , which would

illuminate thin added fea tu res  which could then he seen th roug h the

map sheet. Thus, both the map sheet and the changes would h~ Vis~ h]t

in the field of view of the i n s t r um en t  through the same optics which

are used to view tl-ie map sheet by i t se l f . Ther e  indi ca ted  l i l o a t e s
would be merel y lines and dotr , and would not ho e :pected as carto—

graphic symbols , because the r c-solut iou of tl~~ average plasm-a panel

is not adequate for this representation at 1/50 ,000 scale .

The final function would be thc online editing of the up--

dates produced . This function would re quire the capability to display

tile upda tes , with the proper symbolization , in order to determine

whether the proper upda tes had been made . Checking of the pos i t iona l

accuracy would have already been accomp lished dur ing the compi la t ion

process by superimposing the upda tes  onto the map sheet as the updater

were compiled; however , there would be no symbolization at this phase.

The addition of the symbolization would allow h ouses to be moved away

from roads to accommodate the exaggerated width of the road sym bol ,
buildings to be squared , contours to be modified to cross roads correctly,

etc..  This on line edit ing capabili ty would r equ i re  no additional

comput er faci l i t ies , except for  a grap hics displ ay uni t , the  so f t ware

to dr ive it , and the software to generate the proper symbols. All of

this software could probably be contained in betw een 32 and 64K s i N t C c f l

b i t  words of ROM , and could be used in a 32K working RAIl memory on the

Com puter . —23—
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A desirable f e a t u r e  of the ANIJS so ftwar e would be the

capability to determine whether every portion of the model area h a d

at some t i m e  been covered by the f ie ld of view of the instrument. 01

course , the computer cannot ascer ta in  whether  the operator actually

looked at the area i.n ques t ion  in an a t t empt  to d e t e c t  changes , bu t

the computer can certainly determine that certain areas could not have

n e>:ami:led . These areas could be displayed on the graphics t e r min a l

at the conclusion of compilation , and the operator could ask the con—

puto r to driv e to these areas so that  he could examine them . In this

manner , complete examination of the model area could be insured , based
only upon the integrity of the ind ividual operator . This procedure

would insure tha t  changes were not inadvertently missed in comp ilation ,

and wo u ld have- a negligible impact on the cost and comp lex ity  of e i ther

Lie hardware or software.

Recent developments in the field of voice pattern recog-

nition have permitted the development  of systems wh ich wi l l  recognize

norma l sp~cch patterns and present these to a computer in standard

format. In particular , one such system , which sells for under ~l5 ,000

per unit , will permit the storage of up to 220 utterances of up t - t.- -e

seconds dura tion . The system interfaces with a standard computer

through an ASCII line , provided that the computer is programmed t o

recognize the syntax of the signal transmitted , An option which is

available is a voice synthesizer which will al low the in p u t  message to

be spoken back as interpreted by the machine for vcrlfiaatic-n of t i1t ~ —

receipt and proper identification .

A device such as this would be ideal for the entry of

feature type information into the map update digitizing process , and

presents no appreciab~e development risk. The macbin-: is trained for

each potential operator by having the operator inpu t the entire

vocabulary to form a reference library. After this iuiti al training
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session, the proper library is cal led up when ~lae operat or enters his

identification number into the unit . From tha t point on , all input

can be by voice , unless the re arc certain functions which are desired

to be reserved as key board entr ies.

Further visual feedback can also he supplied to the ep—

er ator of the current feature type by providing a small al~dia—num n c

display which could be optically multiplexed into the corne r of the

map d isplay field of view or simpl y disp layed on a corne r of the p lasma

panel.

The data recording system should consist of two parts. The

f i r s t  par t is a disk for  temporary storage of t h e -  r ev i s ion  da ta  p r ior  to

f inal  edit ing , and the second part is a nla hn& -t Ic t a p L  r c~o Y e . - r  f o r

genera tion of a plot tape to drive a plotter . Tie disk sys:e~ : could

e— sil y be satisfied by a 6.4 mega bit disk with a 500 ~000 l it p~ r n~

transfer rate , which is a standard co:r:rrc in 1 ;- avail a )J  - f l n i i v  dish .

Such a disk would accommodate point coordinat . s for over 103 ,000 po int s.

A t the rate of three- points per F t  cond , th s ~-:ou id r .-pi esen~ t t  n h e a r s

or so di g i t i z i n g .  Tha t should c e r t a  i i i  .- be ad e-qu- ’ t for any map r~ l e t  c

operation. Three points per second would (r.-at .- an ou t pu t rate of

approxima tely 150 bits per second , so the trora-fer rat. is c~ r~ O I  V

adequate for t h e  acc. p~ an : - of da t a , prohah~~- v-i th ou t CV S t h e  r . Cu~ n~ —

ment for double bufft ring of ou t pu t buff ers.

The entir e disk can I -  emptied in 13 second s , so t h e  t r a n s f e r

from disk to grap hic  d isplay  or f r o m  d isk  to r e i g n -t i c  t :l pe shou ld  c - r t - : :t r

no problems.

The m a g n e t i c  tape u n i t  cou ld he any standarJ seven or n i n e

track tape uni t , w i t h  nine tro ck be ing  p re fe r r ed  because of i ts C ( ’i ~~~

pa t i b i lit y  wi t h  byte or iented  compute rs .  As smii - : in g  a 1600 bpi phase

encoded system , and a t r a n s f e r  r a te  to equa l tha t  of t h e  d i s k , one

would find tha t a transport speed of 45 i ps should bc a d e q u a t e , with
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lower sp~~cdS su i t ab le  if ~o rnc decrease in wr i t e  speed could be t o l c i u t e d

Lower ing  the wr i t e  speed to 25 ips would add onl y 12 seconds to t l ~
t ime to completel y em p t y  the disk , and would pay o f f  in breater tape

deck reliability and lower tape wear .

The d isp lay to be used for  da t a  e d it ing  m ust  he capab le  of

d isp laying  an area of t i l e  map sheet  such tha t upda te s  to be made  on t h i s

area can be viewed at  orig inal  scale , and also be capab le  of slowIng and

zooming over tha t  are-a so that  any par t icu la r  por t ion of the compiled

map i n fo rma t ion  can he viewed at a scale which is enlarged enough t o

all ou t I e  operator  to edit  the  in format ion  e f f e c t i ve l y .  Assuming that

1/50 ,000 scale maps arc being upda ted , a zoom ratio of ap p r o x im a : c l y

f ive  to one should s u f f i c e  to allow the de ta i l ed  edi t ing to be accom~ I i  sh-

ed.  The average pho tograra ret r ic  model will probabl y cover  less than a

nine by f i v e  inch area , so a 24 inch screen would allo-~-: a r a the r  l a rg e

area of t h e  model to ha  viewed s imultaneously even at r a t h e r  hi gh

inagnifi cation .

The display must include either a cursor or l ight  pea as a

means to identif y points  or ob j ec t s  on the screen f o r  e d i t i n g  p u r p u s -s ,

and must include a keyboard for input of instructions to the compu !Lr.

This keyboard could be the same one which is used for  o ther j f l L c  t O e t  i\ C

commuaicat ion with the computer . However , the d i sp lay  should he of t h e

re f resh  type ra ther  than the s torage type , in order to allow th e  ad d i t  L ou

and de le t ion  of f e a t u r e s  wi thou t erasing and r e g e n e ra t in g  the en t ~~r

display. A r e f r e s h  display also allows objects to be moved incr~ m n ta11v

and then examined , ra ther  than being moved the total d is tance  requi r ed

in one step .

Su f f i c i en  sof tware  should be available for the disp l ay to

allow the genera t ion  of symbols for  the var ious map f e a t u r e s , i n c l u d i n g

railroads , houses , roads , e t c . .  Swamp overlay s and other such f e a t u r e s

shou ld be avai lable .  It is rea l ized  tha t sof tware  for  all of th~ se
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feature generations may not presentl y exist , but this software- must be

obtained during the development of the AMU S as it is very  des i rab l e  to

displa y the up dates in the sam e manner as the f inal  map sheet would

appear , with the exception of the colors .

The most practical  primary ou t pu t device for  A~IUS is a

conventional X—Y coordinate p lo t t e r ;  and it should be capable of fu l l

map format p lot t ing.  Other  types of output  devices , while they may be

considered for base plant use, are of doub tful suitability in the

Field Arm y environment. Plotter technology from a standpoint of size ,

cost , reliability, operator skill, and flexib ilLty of output produc t

type is proven and should be acceptable for Fie-id Army map update .

Addi tionally, the plotter output can be used with little impact or

change to currently used and familiar cartographic procedures.
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5. ADVANCED ~t~1’ UPDAI P SYST EM S TE CHN ICA l.  C 1LRACTERISTICS

The technical .  c h a r a c t e r i s t i c s  of the mono and s t e r e o  map

update systems will be presented  separa te ly .  The areas where  the  two

systems have d i f f e r en t components or component requirca. onts are in the

pho to stage , photo viewing optics and computing subsystem software .

5.1 Monoscopic Advanced M~pj ~p~~ te Sys tem

5.1.1 General

The Monoscopic Advanced Map Upda te Sys tem shall be
sui table for the compi la tion of class B topogr ap hic map products

from monoscop ic mapp ing and tactual recor.naissance imagery . The

system may include a capability to produce rectified photographs

or orthophotographs from mono ir-agery.

5.1. 2 Innut_Da ta

The syste m shall accept f ilm positive or paper posit ive
imagery at original scale in widths  to 9.5 inches. Francs that e~:cecc1

9.5 inches in length will be compiled in separate setups . Input data

will include imagery from vertical frame , oblique frame , panoram ic , SLAR ,

and other electro—optical sensors.

5.1.3 Photo S~~ ge

A photo stage shall be provided as a secure mounting

surface and digitizing platen for the input imagery . The stage shall

be selectively illuminated , front or rear, to accommodate paper or

film input imagery nxdia.
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The i l lumina t ion  source shal l  be of variable intensity ,

control led by t h e  opera tor , and shall not cause t h e r m al  d i s tor t i c - u i  of

the imagery . Provision shall  be made to hold the i m a g er y  f l a t  ug ~~ in s t

the s tage and fixed in place th roughout  comp i l a t i on .  The s tage sha l l

be at least 10 x 10 inches and shall be capable of 10 inch t r ave l  a long

each axis. The stage shall be encoded to have a mt as~o:ement c a l ’ a b i l i t \

of .001” resolution and .005” accuracy (1:) .  St 0 p ~ :uot i cu n w i l l  io

d~ rected by the operator . A larger sized phot o  st a g e  w i l l  be ac~ t -pt able.

5.1.4 ~~ p~~~tage

The map s tage shall be capable of ac~ - t ing a lu l l  — i i

map shee t, in paper , f i lm , or sciihe coat 1~~r: . w it : - - - t cutt~ ag 01

otherwise des t roy ing  the ori ginal input  c-ag” . T i e  \ ‘ld-rahl  ar e --

the map dur ing any sing i.e compilation set up ~L c l l  be 10 10 i ne ~

Posi t ioning of the map sheet between compi l  a ~ic c - - s i u a ~ I be r e-u- ~~i lv

accomp l ished.  The map shall be capable  of 10 i n c h  t : ;~~el in  b o t h

axis and shall he sc~ vo driven b y the car- -etc r to m a i  -u t  1:0 a i i ga~~
with the photo s tage . The map s tage shall he c-nc - o~~~u~ t e  hav e  a r :ae-ur e—

me-nt capabi l i ty  of .002 ” reso lu t ion  and .005 ” a c c u i r c I  . The map

stage shall be illuminated so that the operator can select on , o f f , or

f l i cker  t - .aie~~. A plasma panel ,  will be incorp ora t ed  l u t e  the v i e u a h l e

area of the map s tage to provi de an online display  of co c ’p i l a t io n  da ta

reg i s te red  to the map . The panel shall have a r e s o l u t ion  of a t  leas t

60 dots per In ch . brig htness of the panel shall  be suiLicient so t h at

displayed i n f a r m u - t i o n  is readily visible to the o p e r a t o r .  The pat -r e ]

shall be approximately 8 x 8 inches to no grea te r  than 10 x 10 inches.

5.1.5 Viewln~~0ptics

An optical system that permit s  correct , supe rimposed

viewing of both the input imagery and the source map sha l l  be p r ov ided .

The optical sy stem shall permit  binocular  v iewing  of the input  im a g e r y

and map . (Left  eye and righ t eye: map and photo . )  The photo  v i e w in g

- -
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optics may be encoded and servo driven by the compute r  s ub sy s t e m  so

tha t  once se tup ,  the operator wi l l  not need to readjuat t h e  op t i c s

d u r i n g  comp i la t ion . The map viewing opt ics  shal l  have f ix e d

magn i f i ca t i ons  of 0 .75 , 1, and 2. A dot  r e t i c le  t h a t  can be i n t e r -

posed into the map viewing optics of 500 ± 100 m i c r o n u e t e i ~ s h a l l  b~-

provided.  Spec i f i ca t i ons  for  the pho to  viewing opt ics  are given ~-e1v.: .

Phot o Vie~~~~~~O t i c s

Zoo m Range 4 : 1 Minimum

Fixed Magni f i ca t i ons  0 .6  and 2 .3

image R o tat i o n  3600

Anacuorph-Ic Magn ification Range 1:1 to 2:1

Anamorpiri.c Rotation ± 90°

Field of V iew 190mm/magnification

Interchangeable Dot Reticles of

30, 100 , 300 and 1,000 micrometers (± 10%)

Opaque , luminous or projected reticles

will be acceptable .

5.1.6 Control Console

The control - console shall permit ti-re operator to operate

all comp ila tion station subsystems and to monitor operating status .

Controls will include on/off power switches , i],Iuninatic-eu i n t en s i t y

con trols , stat us indicators , photo and map s.ahe motion controls , and

digi tizing mode control-s. The control console may incl ude a means f or

the operator to input operations codes or feature identifications

during compilation .

5.1.7 Interactive Grap h ics

An interactive graphics subsystem will he provided to allow

operator communication with the computer and serve as a f i n a l  edit
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station . The graphics subsystem shall disp lay the comoilation data in

symbolized form wi th  sufficient resolution to permit a cartograp hic

edit. The display shall be a large size, high resolution , r e f r e sh  CRT ,

or a small forma t X—Y plotter. The CRT disp lay bri gh tness shall be a t

least 100 foot lamberts spot brightness. A full ASC1’l ~t!N keyboaid

shall be provided wi th at least 16 function keys. Recommended disp lay

specifications are given below .

Screen Size: At Least 19” Diagonal ,

Rectangular Format.

Addressable Locations : At least 2048 x 2048

Display Locations: At least 1024 x 1024

Character Generator—Stroke Display at least 64 ASCII

or Mat r ix :  charac te r s  and special

cartogra~Aii c symbols .

Line Generator—Vector: Blink, solid line , dashed

line , and dot; variable

size and spacing.

Independen t Intensity and

Contrast Control

Cursor or Light Pen for

Interactive Edit - ‘

As an alternative to the interactive CRT graphic systcm ,a smai~
online X—Y plotter may be provided for data edit and outpu t plots. This

plotter shall be capable of plotting a lOxlO inch area with an accuracy of

at least .01”. The plotter shall accommodate drafting f ilm or paper media. A

desirable feature would be a capability for automatic multicolor p lotting.
—31—
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5. 1 .8 Data  Terminal,

If the interactive CRT graph ics is not adoptcd ,a f u l l  A SC 1I

A/N keyboard and printer shall he provided for ccv—m-uunication with the

computer . The printer shall be capable of printing at least 64 ASCI I

characters , 80 characters per line, with a w r i t i n g  speed of 30 char/ac-c

on standard wid th paper forms.

5 .1.9 AutomatIc ~pe ech Secopri ittion Device

A voice data entry device may be provi ded to permi t the-

operator to input  f e at m r e  i d e n t i f i c a t i o n  codes dur ing  cc :p J l a t i o n

without having to interrup t photo and map viewing . Tire voice c ar r y

device shall have the following features :

Vocabulary of at leas t 50 words

Training Node

Data Editing Capability — “Erase ”, “Cancel ’

Voice response or alternative A/~ display

Audible Rcjec t Alarm

Recognition Accuracy > 98%

Accommoda te backgro und noi se f ro m nor~ al
office iev c l , s to 60—70 dB.

5.1.10 Computing_Subsystem_1-lardware

The computational subsystem will provide logical contro l

for the compilation process including setup , picking of control ,

orientation, storage of map coordina tes and digitized features with

identification codes , transformation o1 dig itized values to map coor-

dinates , and performance of edit and symbolization of th e d ir-i tal

features . The comput a t iona l  subsy stem hardware  shal l  consis t  of

the fo llowing: 
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1 M i n i c o m p u ter  w i t h  f l o a t i np  po int  ha r d - .-?a re

1 Microprocessor chip with added calculator chip

1 32K bi t RAN wi th D~-~\

1 Floppy disk with 6.4 N bit c a p a c i t y  or
equivalent  bubb le  memory

1 Magnetic Tape Unit (9 track , dual d e n s i t \ - )

6 32K 16 bit RUM or Disk equivalent

5.1.11 ~~~m~~~t ing~~~g~~ y s t em _Software

The computing system software will consist of the

~o1lowing related s o f t w a r e  modules:  Process Control Module ;  Photo—

grammetric Resection Noc’ule ; Compilation Module ; Pseudo— Di g i ta l

Terrain Model , Generat ion Module ; Or thopr in ter  Module ; and Ed i t

Nodule.  The e n t i r e  s o f t w a r e  present on the  system shall  opc rat e  in

such a manner so as to constitute a comp lete sYstem , wi th m i n i m u m

operator  in tervent ion beyond the responses to quest ions asked by the

software . All sof tware shall be w r i t t e n  in such a manne r so as to ha

easily modi f ied  by a programmer of reasonable  exper ience . Code shall

he liberally commcntca d , and sha l l  be wr i t t e n  in a h igh level l a c u g n e g e

such as ANSI FORTRAN IV whenever possible . Full documentation to

Include both operations manuals and a detailed discussion of the

program modules and program flows shall be p repa red .

Process Control Nodule: The process control module shall

provide all logical guidance for the proper execution o the s o f tw ar e

sequences which are necessary for the execution of the map update process.

This module will carry on an interactive communication wi th the operator

and will call the various other modules in the required order to perform

the sequence of operations desired by the operator . All questions to

the operator shall be stated in simple English , with responses kept to

a simp le Yes/No In as many cases as possible. Selection of an item from

a menu is permissible , but the memorization of mnemonic words or phrases

is to be avoided. 33
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Photogranunetric Resection Module: The p h o t o g r a m m i e tr i c  re-

sec tion mod ule shall provide for the recovery of the taking param- -ters

for the followi ng sensors: Frame photography (bo th  i nt r a l e i is  and f o c a l

plane shutter); Side looking rad ar (slant range P r e s e n t a t i o n ) ,

Panoramic pho togr aphy (film motion INC only) and; t h er m a l  i n f r a r e d

scanner imagery.  The model shall he s u f f i ci e n t l y a c c u r a t e  so as to

allow the compilat ion of upda tes  to at least 1/50 ,000 Class  B accuracy ,

provided an adequate  terrain model is available . The module will per-

form a p seudo—or thographic  r oct i f i c a t i o n  ~ ith a terrain model , and wi l l

produce plane rec t i f ied  ou tpu t  if relief is  held cons tant .

All, operator  communication wi th  the program will be per-

formed in the in terac t ive  mode , with the program p r o mp t i n g  ti -re opera tor

for his answers. Diagnostic information will be provided by tb. program

to allow the opera tor  to d e t e rm i n e  the qua l i ty  of his so lu t ion , a t h a t

he can determine whe the r  to proceed based upon the  r e su l t s  of th a t

solution , or wheth r the solut ion should be redone .

Compilation Module-: The t-ompila tion module shal.l pr ovid e

control for the updat e compilation process. It shall prov :ide the:

following services: Interact with the operator  to control  the log ical

flow of the operations; plot the updates  on a plasm a panel underlying

the map sheet , so that  the operator  can see those updates which have

been made; drive the map stage to keep it ali gned with- the area of th~
model current ly being viewed ; and provide- for  the d e l e t i o n  of up i t t es

made incorrect ly.

Pseudo—Digital Terrain Mode - ] Generat ion Module: This

module will control the measurement of points and the generat ion of a

d ig i t al  icr~ ain model f rom inpu t s  of map coordinatt -~ and he igh t s  for

points  located on the map area of i n t e r e s t  . The program shall jut eract

with the operator , so that detailed operator instructions will be

unnecessary.  At the conclusion of the digital terrain model g en e r at i o n .
—34—
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the program shall ask the operator to measur e check p o i n t s .  The i r o ~:r e m

shall t hen  interpolate within the derived dig ital terrain model for t h e

height  of the t e r r a in  at  these check p o i n t s , and compare t h i s  v a lu e  w i t h

the value entered by ti-re operator . Should the (1JscrLpaelcy b~: gr~~at~ r

than the operator feels that he can operate , or greater t -han some pr~~n n t

constant in the program , the program shall recjn~ re- that the  o p e r a t o r

measure more points until the condit i n s  can be satisfied .

Or thoprinter Module: This module shall transform t1~ ~~sul ts

of tire pseudo—digital terrain model gencra ti en r - odu le  u n t o  a scan

profile fo rm a t  su i table  for  d r i vin g  t h e  offlirre’ orthonrinte~ . This

module will also t r ans fo em the plane r e c t i f i c a t i o n  r e su l t s  i n t o  a scan

prof i le  f o r m a t  with constant elevation to drive- t i r e  o r th o p h ot o  pr inaer .

Edit Module :  The edit module shall pro~:d e  an onl i ne

c a p a b il i t y  fo r  the c r e a t i o n  of d i r e c t l y p l ot cab l e  l ine  and symbol

manuscript from the map update terminal. Ic shall  p rov ide  o u t T p u t  to

the i n t e rac t ive  graphics t e r min a l  of t h i ~ f e a t u r e  up dat e s , in c a r t o g rap h i c

s y m b o l iz a t i on , so t h at  t b -  o p e rat o r  can m o d i fy  the  c omp i l e d  changes

to insure t h at  the  f i n a l  p roduc t  w i l l  be- leg i b l e  t a  the e v e n t u a l  u r e l

All communication with t h e  opera tor  ~-:ii I be i n t e r a c t i ve  , wi ft t he

operator having to i n put  onl y b i n a ry  ano~m -rs  to ques t ions  in most

instances . The e d i t  m s J u i e , upon eo:-~~.h c - t ion , sl~al 1 gen -r at  t - a t a p -

to d r i ve  the o f fl i ne  X—Y p lo t t e r  which genera tes  the  I i n : r l  o ut p u t

manuscript.

5.1.12 Offline_N—I Plotter

The o f f  line X—Y plotter will preduce paper , drafting film .

or scribe coat camera r ead y manuscri pts suit ;lhl e for final color s~-p rr—
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at ion f i n i sh ing , l ir e  p l o t - r  s h al l  be- capable of a p l o t  a re- - a of

approxim atel y 24 x 30 inches.  Re quired r e s o l ut i o n  and accuracy  is

.001 ” and .005 ” rem~p ec tiv el y .  Ma -: imuit plo t  t u g  speed shall he- a t  leOs t

10 i ps. A cont ro l ler  shall be provided t ha t  a c cep t s  9 t r ac k  1600 bp i

or 800 h p i m a g n e t i c  tape . Th - p lot ting head shall a- -coaa-~od;~t c- ink or

scribing head s of v a r i ab l e  wid ths . A desir~ U l~- op t i o n  would be a photo

head wi th  i n t e r changeable  symbol, wi-ree ls .

5.1.13 ~~~~~~~~~~~~~~~~~~~~~~~

The offline orthoprit-
~t-er shall be suitable for the production

of plane and d i f f eren t ially rec tifie d image products from frame , panoramic ,

SLAR and cl ectro—optical scanner imagery. Tire orthoprinter shall be-

projection type where f t lun i n a t ed  c-I e - m c n t  s of the input  photo are

transformed by a zoom lens and a dove pr ism to allow continuous iua~~c

element rotation and matnification chan g e to correct  for  sensor and

t e r ra in  image d i s t o rt i o n s.  The ha~-ic  zoom m a g n i f i c a t i o n  s h a l l  be approxi-

mately .4 — 2X. Image ro ta t ion  sha l l  be at least ±1 radian . The i nput

forma t shall be at least 9.5 x 9.5 inches  w i t h  an o u t p u t  f o r m a t  of ac

least 19 a 19 inches . Slit masks of var iable  sizes shall be provided .

Limiting resolution for high contrast targets shall he at least 40 l/e~ - .

The orthoprinter shall have a anal: am scenii :tng speed  of at least 10 a- /se c.

A controller shall be provided tha t will c:-:ccpt 9 track , 800 or 1600 b p i

NRZ I or ph as e encoded magnetic tai-e . A data terminal or control console

shall be provided as a com mun i c a t i on  device. L ig b t t i g h t  input nn entput

photo carriers or drums shall be provideci so that printer operations

can be cond ucted under normal room light ing conditions.

5.1 . 14 Support Equi pment

The advanced map upda te sys tem shall includ e the fol low i ng

equipment for photographic and reproduction support.
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Contact Printer

Process Caner a

Film Processors

Flat emake r

Li thographic  Press

Ozalid Copier

The equipment of the above categories now selected for

inclusion in tile TSS is sa t i s fac tory  for  inclusion in t1~e advanced map

update system .

5.1.15 Main tenance

Maintenance manuals  and ful . l  documen ta t ion  shal l, be pro—

vided for all sys tem componen t s .  All components  and assemblies t h a t

require routine maintenance or parts rep l a c e m e n t  sha l l  be des:i gn: -~ SO

tha t no special operat or  skills or tr aining is r e q u i r e d .

5.1.16 EnvJrocimen~

All sys tem components shall b e capable of oper at ing ~-:i t h i n

the TSS mobile van controlled environment. In a non—operating status

all equi pment shall he capable of storage and transit with in the-  cJ imza t ic

categories and transport modes envisioned for the TSS. Suitable shi pp ing!

storage cases shall be provided.

5.2 ~~~~cosc~~ i Advance d M ~p Un~~cte Sys t ern

5.2.1 General

The Stereoscopic  Advanced Map Updat e System shall h. sui t-

able for the compilation of Class B topographic map products from



Inon oscop ic or stereoscopic ran g in g  and t a c t  ic al i t  a u n s a  i • i m e

‘the syst em may inc lude a capability to r~ro eiuc e -  i .  a t  i f  i .1 p ilO t a, .

or ortirop hotographis.

5.2.2 Input. l)ata

The system shall ncc pt f i l c i  posit iv~ (-0 ~)5~~~. 5  ~~~~

imagery a t orig inal scale’ in widths to 9.5 inches. !1~~:.1e -
~~ th at e-:-:c d

9.5 inches in leng th will be compile d in se p a r a t e  setups . Inpur:  d~~ta

will include imagery from verti cal irma - , obi i(~u e ’  f r o a m  , par~er .:i c ,

SLAR, ot -i o the r  c- 1 .- c t r o— o p t i c a l  sensors .

5.2.3 Photo Stages

Two ind ependent St a g e  s shal l be o rov i  I as a S C a l m e

mountina surface and d i gi t iv i  g~, p in t  on fo r  the inpu t i: - : ag  r v  . ba ch

stage shall be selec- . R e ly  ii iicr’i natc-d , f r o n t  or s- -ar , dependis- g u s-cs

input imagery m e - d i n .  The i l l c i ;r i i i - t:i on scarce ’  s ha l l  ha  of var  ~ i

intensi I ~
- , controlled by t h e  op e rat o r  , and sh a l l  n et  c an s :  t h ~ se;::

distor r~ on of the i m a g e r y .  P ; cv i  :;i c-a sla ll he made t a h o l  t h e  iI - - : g t  rv

f la t a ga i n s t  t h e  s t a g e -  -nn J  f in ed in p lace t h r o u g h c e t  compi].at on.

photo stag~- will he 10 x 10 i l ; c h L  a ~~~ sl, :, 1 1 be cn h n b ] of 10 inch

travel  along each axis. bach st a g e  shal  1 be- coded t r- have in r e  a: ;a a—

Ifle Ut  capabil ity of .0001” r,- sc-iu; I on and .0005” aces;acv (1 )

Stage mot ion wil l  be dii  ccte ’d by the o p e r a t o r  and intel—

faced to the cn:a i u t c r  to  all ow m d .  pe  n d e - n t  r . :ave: - e n t  of each a t  pa , as

during s e tu , ;  or s imultaneously driven wi th one stage comput er—s laved

to the one under operator control , so as to maintain t h e  p...- [ogra imret ric’

model. If the s y s t em  o r t h op h i o t o  opt ion is sel ct e d , tire p h o t o  st a ge s

shall be capable of a u t o m a t i c  o n e— a x i s  scann ing  and opposit e- a x i s

stepp ing with operator selected speed control.
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5 .2 .4  Map S tage

The map sta~ shall be capable of acc eptin g a f u l l — s i z e d

map sheet , in paper , film , or scr ibe coat fo i  -- ‘‘1 t h o u t  c u t  I. l u g  c r

otherwise- destroy ing tire ori g i: ri input copy . The- v~~ -’.- :nhlc-  ar ea of

the map during any single  compi l a t i on  a t  up ~i; :li he 10 x 10 1fl~~i l€ a.

Positioning of the map sheer b e t w e e n  c- -r: p lint ion s  eh a l l  he-  re -adi lv

accomp lished . The map sRI I he CL i p .  b1~ - c-f 10 inch travel in both

axis and shall be servo driven b y t1i~ c c ;..pn t e l  to m a i n t a in  a l  I g n r a n t

wi th  the photo model . Ti ne - aa~ s t a g,~ SImlll be encoded to h a ve a

mont capability of .002” resolution a i l  .005” a c c u r a cy .  The n iap

stage shall he Illuminated so that t i e  ep c-atcu c a n  s-eject on , off , or

flicker modes. A plasm:: panel will he in c  rp o:  Ott :1 i n s o  ti : vies-:able

area of tire map stage to Inavfde - an o n li n e  d i  sp ice  of comp i 1 ; t ion d a t a

r c-g~ st ar cd  to the map. The panel shall  be at  l e a s t  9 x 5 i1IC 1 Ic~S , an d

shall have a re:aaiut Jon of at least 60 dot :- par inch . A I argc-r size

plc:-;n:n p anel.  no g r e a t e r  than 10 a 10 inches w o ul d  he desirni Ic. The-

panel shall i~a v -  sufficient br I p i n t n t - e S  SO that die -~ :5~ ci i n f or : - a i . ion

is readily visibic to th e operat or .

5 . 2 . 5  V i eW in g  Opt ie~

An optical system t h a t  p e r m i t s  c e r r ect  ,

vi ewing of both the input imagery and the: SO U t C t  I-sep shall he provided .

The photo viewing optics may be’ encoded and sc-r\- e drive n by the-

computer s u b s y s te m  so t ha t  once setup, the ops~~ator wi l l  not  ne-ed to

r ead just  the optics during compilation. The m a p  v i ewing  opt ft.s shall

have fixed magnifications of 0.75, 1, and 2. A dot reticle that can

be interposed into the map viewing optics of 500 ± 100 micrometers

shall be provided . Specifications for the photo viewing 01 tics are

given below.
Phr ou V L  -w in :~~ Opt1cs

Zoom Range 4:1 M i n i m u m

Fixed Magnifications 0.6 and 2.3
—39—
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Image Rotatio n 3(J0 0

Anamorp hic -ha~- n i f  i c at i o n  bange ’ ] : 1 to 2 : 1

Anainorphic Rota tion ± 90°

Field of View 1 9 0 m m/ m a g n i f i c a t i o n

Interchangeable Dot Ret ic le s  of

30. 100, 300 a nd 1,000 ml crome aT s (11 0~ )

Opaque , luminous or pI- oj e c t e d  r e t i e i -~:-;
will  be acc --p~ abi

The opt  iced system shal l  incorporr i t;e .-c; o p t i c a l  s e i t c h n  so

that the operator can view the imagery -in s t e-r o s c ep i c  c~
mod es. (In stereo , lc-ft eye: left phnot:o ; ri ght ~ c : r igh t pR e , m a p .

Iii mono, left eye and righ t eye: map and ph o t o .)

5.2.6 Control Console’

The control  cone ~lc shall arm it  the opc r at  c r  to cpar at .c -

all comp i l a t ion  s ta t ion  su m ava 1c c-ms and t o  mc-r : i to r  opc~ at  -~ up s ta t u s .

Con t ro l s  will  includ e o n/ o ;t  power swi t ch ie s , I iiu;:ii~r.~ Ian l i n t  c-n ~~1t

controls , status indica tors , photo and T a r p  s ta g .  r o t  i o n  cont  eel s , and

digitizing mode controls. Yin~ control  console mccv  in~ iude a r~~aa- ;  for

the operator to input operations codes or feature i ’~ -n t : I f i c - : l i n n ; :

d u r i n g  comp i lat i o n .

5.2.7 Interactive Crs - - ’ ics

An i n t e rac t ive  grap hi cs s u b sy s t em  wi l l  ha p rov ided  t o  ci i  I ec:

operator communication with the computer and serve as a final edit

station. The graphics subsys tem shall display the ccnrrpilation data in

symbolized form with sufficien t resolution to permi t  a c a r t o g r a p h i c

edit . The display shall he a large size , high resolution , reires~ CRT,

or a small format X—Y plotter. The CRT disp lay b r i g h t ne s s  shall be at

least 100 foot lamberts spo t brightness. A full A S C I I  A / N  k ev I ’r ar d

shall he provided with at least 16 function keys. Reconmnc ’n deel d i s p lay

specifications are given below . 40
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Screen S i z e :  At Least 19’ I)ingorcal ,
R e c tan g u lar  F o r m a t

Addressable Locations : At least 2048 x 204 8

Display Locations: At least 1024 x 1024

Character Gene ra to r—St r oke  Disp lay at l east .  64 ASCII
or Matrix: characters and spec i a l

car tographic  symbols

Line Generator—Vector : Blink, solid line , dashed
line- , and dot; variable
size arid spacing

Independent Intensit:y and
Contras t Control

Curser or Light Pen for
Interacti\~’ Edit

As an alternative to th e- int freecti\ ’c- CRT gi a;-hl.c syot - -e c an

online X— Y plotter n . y  be p rov ided  for  da ta  edit a:-~d outpu t :  r i O t S .  Th i s
plotter shall be capabic- of plotting a lOxlO inch area ul Lii an a c c u r a c y  of
at least :  .01” . The plot ter  s h all  a c c om m odat e  d r a f t in s  f i l m  or ~~~~~ na - d i c e . A

desirable  f e a t u r e  would be a capabil i ty for  r m u t c s : n t i c  rail ticolor plotting .

5 . 2 . 8  Data i’e- r ; : i n :j I

If the interactiv e- CRT graphics is not adopted , a f u l l  ASCII

A/N keyboard and printer shall be provided for  communicat ion w i t h  t ine  t

computer. The printer shall be capable of printing at least 64 ASCII

characters , 80 characters per line, with a writing Speed of 30 char/sec

on standard width paper forms .
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5 .2 .9  Au tom t ic  Speech Recognition Device

A voice data  en t i  p device may be provided t o  p e r m i t  t i e

operator to input fea t u r e  i d e n t i f i c at i o n  codes d u r i n c : ~ compi la t ion

wi thou t  having to i n t e r r u p t  photo  and map V I e W 1 r g .  The. voice e n t ry

device sha ll have th me f o l l owi ng f e a t u res:

Vocabulary of at least  50 v o i d s

Training Mode

Data Edit ing Cap ab i l i t y  “Erase ” , “ Cn~~e I ”

Voice respon s e or a l t e r n a tiv e  A/N dis ; 1 - ’

Aud ib le  r~c~j eeL Al ar ms

Recognition Accuracy > 9dP

A c c o m m o d a t e  backg round  n o is e  fr o m  norm-
ofli cc l e v e l s  to 60--70 d i t

~.2.l0 ~~~~~~~~~~~~~~~~~~~~~ ILr eluare

The c onnput  nr ~ co c cI  s u bS\ ’ St e  - will .  p r ov i d e  i op  cal  con~ ccl

for the comp i l at i o n  process ii-ic iuding setup .  i ck ircp .  o~ con t ro l , i e i t c r ~~

icr ar.ci e :-:tcrior crientation , storage of d i p i t  i n ’ - -t f . - c c t i i r o c  w - i l l m

identifi c aL lou s  coc ’ es , transforestion of digiticre -d vslucs to nap  c-ocr—

din ::  t c’s , cod  p a r f c o oancc of edit  and ecvcsbo 1 inret ion of the d i gi t  1:-: - ci

f e atu re s .  The c omp u t a t i  coal s u b s y st e m  har~h u n r c  s ha l l  consis t  of

the fo l lowing:

1 Minicomputer with floating point hn a t ware

1 Microprocessor chip with added ca l cu lato r  chi p

1 32K bit Ib\~-~ w i t h  DMA

1 Floppy disk with 6.4 M bit capacity or
equivalent bubble me-macv

1 Magnetic Tape Unit (9 t r a ck , dua l  densi  t v )

6 32K 16 bit RUM or Disk equivalent

—42—
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5.2.11 Cois1 t i n e  Subsvo t ec m Sal ta- - c r c

Tine cu e c c p u t i n g  s y s t e m  s o f tw a r e- will consist of tic~

following related software modules : Process Conteol M o d u l e ;  P ic c , t o—

g r a m m eu r i c  R e se c t i o n  Modul e - ; Comp i l a ti on  Modu l e ;  Ps eudo— hi  p 1 tad .

Ter ra in  Model Gen erat ion Module;  O r t h u p e i n t c - -r M odu lo ;  and Edit

Mu -J~i ]  c. Tft ent- ir e c c o f t ~-:cre p resen t  eTc t in- s y st e m  s i n a I  1 o pu r at  . - in

such a manner so as to conot  it u t e  a cdnnp l L t e  system , w tl ’c u i n h l : um

operat or in tervent ion  beyond the  r espon5 - :-s to q ue s t i o n s  asked b y thu

sof t’.- :are . All soft;-72rc shall be w r ip t e - n  in ouch ci mrcc ;rn: r so as to be

easily mod ifi  ed by a pro grnec -r of s.c a - -aciob ie-  es-:par ‘Ic ace- . Cod - sic: 1

be liberally c o m m - c o p e d , and shal l b e w r i t  L e O  in a h i g hi level 1 ee i cgc cgc

such as ANSI FOhiTft- ’nN IV via ‘av e r  possib l e .  Ful l  doce:::IL -n~ a t i  Ofl t U

include both ope ra t i ons  a r - n u a l s  and a detai l cd di recension of tim.

program modules and program f lows shall  be p l c - p o r e d .

Process  Cont rol  N e d u l e :  The’ process :m’tr l r o d u l - sho P

provide- all logical gu id ance -  fo r  the pr o p e r  execu L I C O  of the r e f  LC - Ce-

sE: q i e -n~ e S  wh ich are necee;sar~ fo r  the er -n -cu L i  ( ‘ I i  Of t i le  Tar--p U T 5  ~ p r o u c - - ; s .

This mr -club w:hll carry on an in t e r c c t  ice co r r a u c i c - a c  i on  Wi t ic t i c  (p - ccc . as

and will  call t ine  various o t h e r  modu le - s  in th~ require - n i ord. r t o  perfca a

the- sequence of ope ra t ions  d c - s i r e d  by t h e  operator  . t~1 1 q u c u L  j u n e ,  to

the operator shall be ste ted in s imp le - L ug i isic , ~-:i t i n  r cSpc ’1-~ S 1;. p 1 to

a simple Yes/No in as mai v cases as p o s s i b l e .  Se l e c t i o n  of an item frn :,n

a menu is p crr c i  or :ible , but the- meaner  i r a t i o n  c’f l : :cc ’ -°n i  e- wcc’ t s or ph r n t s -s

is to be avoided .

Photogrammetr ic  Resec t ion  M o d u l e :  Time photogr a -ee ’t ’ r h e  re-

sect ion modu le shall provide for the recovery of t h e  taking pr - a:: e t a r s

for  the fo l l owing  sen -~ors: Frame photography  (both  in t ro  le ns mid tocal

plane shutter); Side looking radar (slant range p r e sen t a t i o n) ;

panoramic pho tog raphy  ( f i lm  m o t i o n  IMC only) and ; thermal infr ar.-d

scanner imagery. The module shall, he suff ic I e nt i  Y c i c c u r d t  ~
- so as t~o

allow t h n i  comp i l a t i o n  of up d a t e s  to at  least 1/50 ,000 Cl a s s  Ii a c c u r acy ,
—43—
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provided adequate control, is available . Con! rol wi ll,, in  most c a m  , be
scaled f r o m  e x i s t i n g  tang sb-c- c is , bu t  1: 0’ bc : .wai l eb le -  ir e coord b i e r - I

fe ,rmc . The module must operate- in hot  in ster e o c-m i mo nn-e: n o; ’ ie :  t -:a d~~.~
With s t c ’ i e c :  imegul - ’,- , th i s m o d u l e -  w ill produc t - a full c ’- ’ a l v t , i~~n c l  s o l m i —

t ion wi th )  re l ief  d i sp l a c e - : : - - n t  c o r re c t  i o n .  ‘n-N t 1. r otc - tim , t i n e

module  w i l l  p e - r f o r c c  mu or thorc-ct i lice ii O c t  sa l  u r  - , un rcCg Li~e c-eu I S

of the  pse - u i o — D i h  gen ie - ra t  ion mo d el  e.

All Operiel or con ; -an i cr - i t  10:, 1:111: t i . e  i t ’  e g r c . m  w i l l  ft ge l—

Iorc ’:d ~~fl t i n ,  m m - i  a c t i v e ’  mod e , w i t h  t - c r c .  - c c - c’: pro:- , —t leg the  c:pe rat c- c

for his answers. 1)Inq ;noe ct Ic i n f e r  C i c :  Ti.  he p rov id ed  b y the - procranc

to ablest t i c -  opercitor  to d c - i c - m ine’ t t ce  qmrc l i t e  of h i s  solution , oc’ th at

11 CCt :~ ( i e t : ’ r i e i H t e  ~. ui : ~~h~’~ t a  f t c - c d  tam tc t ,oci the r e s u lt s  of thaI

solution , or w h e t t e r t i e  S e - I t e L i e  should h e- r e d o n e .

Coirepi lmLi ,o . i  M o d u l e :  The: conip i t e e  , i e n  mode be s lee t ] ]  p r ’ - - Jd ~
control I :ir the update comp ilation rroec - -,s. It shal 1 prov Ide  U . .

foP owl ug Cci V i c e S:  It ) t c J c iC  I vi ib tin op. n- ci to c a n t  rob  t i re  I og co1

f low of tii - ope- :-aI:ione ; cc-ntinu:-] 1~ cl n: ’ - a l l a x  ice t Ine 1 1 
~~t :  - - ,, t r i c ,-

t r o d  ci by r-a r .mends to  t i n e  1dno to c n r r  I ~ge s e rv e  r ocli tel r - ’ ; 
~~

- -H t i ’ -~- e

daLe- s  onc a pbarra n p - e l  un d~ r i p rg t1.. c n n ,  I sn) t Ier -  t t n - ct - e r : : t or

can see’ licenc e up d a t c n :  \eie iecic i nc a- b c -c- n: i , d e - ~ dr  ftc- tb a - p  ~~t n ~~~c I .

keep it  a l i g n e d  w i t h  t i m e  area o~ ihi m o d e l  cn , e ’ ’- e - r : t i r  i c e  ~nn  v i - - \ m , : ;  and

provide for the del e-t’lOrn of m l p ! n c  I c  cc r ach e ’ i n c  or r e ct  I :~ 
l i ne cot ; - i  l at i  en ;

module mu,st operet in either l i - c  e r - s l O g  cc Or St e- i e ’ e : : c n ’ p l n  c m - e l i -s

Pseudo—Digi tal Terrain Mad I (_- :,e-ra tjoce N - ‘Jule :

module will control the ’ m e a s u r e - n - n - n t  of pci nts and the generation of a

digital terrain mode- i from inputs of map coo rd ina te -s cene- ~ h e i g h t s  fo e

points located on the- map area of interest. The program shall lot  er ec t

with t he  operator , so that detailed operator instructions will be

unnecessary. AL t h e conclusion of the-  dl gital t e r ra in  mode l g e m e c - r a t i on

the pn ’ eq r r :nmee shal I ask the operato r  to measure check points. The’ program

shall then i n t e rpo l a te  w i t h i n  th e ’ derived digital terrain model for tI~ ’
—44—
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h1.. - i g l e t  of the terrain at the- sen check po ints , ap P -on1 r e ,-n rc- t h u s v c e l e n - w h i l e

t i c  v . n l u e  en tered  by the op e r a to r .  Shoul, d t in e -  d i s c rep a n cy  b r -  g r e a t e r

t : . , n t I n e  oper ator  fee ls  t h at  h en can oper a t e - , or gre-a ue-r t i tan  sore - p r e s e t

cons tan t in the programs , tbc -  progr am s h al l  r equ  ir e  t h a t  t i - - op e r a t o r

I; r - C U ) v m a c e  po in t s  u n t i l  t u e  conditions ceO he retisf I, cI.

Or t h o p r i n t n -r  N e J u ]  e-:  This modul e shall  t r a r - ene ~~ore :  t h e

results of t i n e  p lane  r e c t i f i c a t i o n s , p se o d e—P i 1- ,i t : ’:l te e r a i n ~ p c- c: :  m r - t i c : :

an ci t e r rain  p r o f i l i ng  comp i l a t i o n  n - : - : - l l e o d s  to pr o cNcr e -  Li t ap - - t n -  d r i~~,, -

the o f fl i n c  or thopr int e - r .

&hi t Mo d ule- : ‘ihe- cdi t m- -m:~u1 e eden: ]- 1 prov ide an o n l i n - ’-

c a p a b i li ty  f or  the c rea t ion  of d i r e - c t  ‘C p l o t t - d -
~’ ‘ l i n e ’  c- ’-

manuscript  f r e e  the rcCn p U~r t n i t e  t e r n : .  m c i  . It c i .  - I I  prov d~ ~. ~~ ~- -~ t i~
tine interactive’ graphics t - r n i n e t ]  of l I n e  f ena  n - mar - u n e i t e e -, , ii, cam - t o :  , r n ; d ‘I

symbolization , Sc that t iC - op e r a  toy  cam -i mcmi i f’; i l e ’ c-a em d ciiarcpes

t e e  insure th a t  t i ne  f i r e r -I  prod e n d  i-n i] 1 j:~ lep ’ Jo to ti ec - c v c e e t t e r - i  en: , -r .

A l l  c:u ’ n : c u i e i c ’ t i - : ~’. vi Uc t l n r -  o p c - c a t c r  ~-,‘i 1  he 5 : I . . - c e U L . I V C - , i - : i U i  1 1cc ’

oje - r c -  or h a v in g  to inpr t onl y b I n a ry  answer s to e1eec n- : I’ : IO i c c  er-os I

i : - s l n rn :c- en . Ib~- e dit  module ,  upon comp be t  ion . sleet ] 1 pc - em - r at  t -  a t n t i ~~

to drive the- o f f lin e  X— Y pb o t t . .-r wh i ch gen t  rc : c n - s  t iee ’ f in a l  o u t p u t

1 l n : 7 C U SCT  ipt

5 .2 . 12  O f f l  In c  X —Y P l o t t e r

The offline X—Y plott er will produce paper , d r a f t i n g  f i l m : : ,

or scribe coat camera re’nd\’ c - l n n n u s c r i p t c c  suitab le for final color sepor —

a t i o n  fin b i d  op . The ’ p iott .-r shall be capable’ of a plot are-a of

approxima t ~
- ]  

~ 
24 x 30 in c h e s .  Required resolut ion and accuracy is

.00i ” and .005” respect I V c 1 V .  M ax imum p l o t t i n g  speed shal l  he a t
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10 i p n ; . A con t rol  I e r  sb -a ll  b- p r ovided  t h a t  accc-pts 9 tr-cek I (ift) h 1 i

or 800 p i r e a g m i c - L i c  t ap :-  . ‘l i i - i l e t  t keep , ie :-ad s h a l l  ecccotn :rroI:~ e- i e e ~-: or

scrib ing heads of v ar i a b l e  w i d t h s .  A d e s  in - aPI e o
~~i lo in ic’Ud n l c ~ be ci p :- o to

he-ad with intcrclnangeable- n-~vmbo l wheels.

5.2.13 Offli ne Orthoe cat tit , ~r

The offlinc ortleoprinte- r shall be su i tab le  for  thee  preci ci -e t I a n

of plane  and d i ff  r~’n t ia ll y r ec t i f i ed  i m a g e  p roduc ts  iron freer -a , p c i ’ca iv ecr-ic ,

SLAR and el e c t r o — ot -t i c a l  seccaner imagc’dy. The or t hop r in t cr  sha l l  be a

projec t ion  t p e  wh er e illej ;ii’e:nLn  P d c - e n - a n u s of L i c e  I l I S t  Ph o t o  ar e  tree::: --

formed by a zoom lens and a dove prism to  a l l  ow COf ~t I cIUOUS in : cep, ’ Ci ‘c

r ot a t i on  and m’n p ei i f I c at  ieee c - inn  ge to correct fo r  SI d n ol c ;ted t c r r ,~ I n

distort o u r s .  The basic score i ’ a n p e ii f i c a t ’ Ic -Cc shall  b e - ‘ m n - e e L : r - t e’l’- . 4 — 2 :-: .

Image rotation shal l  he a t  least + ] rc- ~;:- n , . The m m : 1  fo r e ’ -, n , .t  511, ii be

at i c - c - a t  9 . 5  x 9 . 5  ieiehc ’s U l t i  an Ou t ~ - : t  fe encr i c-f c t  l~ r - e t -  I f ]  x 19

incb c-’ : . Slit mr - s Ins  of varied , i cc s iz r - s  s I n  1 be pr ovided , Li: ::i I i  ~~c

r e s o l u tio n  for  hi p, l e  cont ras t  t a r I -~ t ee h :  1 be al le -ac ; t 40 l / c . ; ’ . i i : - :

o rth opr  in t e r  sha l l  have a La :- i n , a ;ee sc - ;o lu  1~d ~i cci  of  c t  i a - L i s t  ICe n c / n r c  . . .

A con t ro l l e r  sha l l  bc i - c c - v I P  c-P t h a t  i-i 1 e -- : ce -p L 9 i r a  c-i: , 800 or 1600 h 1- i

NP..ZI or p leas e encode- P  magn I c  t a p e .  I.  d a t a  t ern i c r - i  Or c U r - t i e - ]

C00 50] shall be provided ire - a c -: ;e :u -:i c t i c - r e  dcc i, c’ . l Igh t 1 p 1: 1 apr :

and o u l p i t  photo c a r ri er s  or Prim a; sIc-i 1~ he provi de -P eno t h at  u - c - M i t e r

opera t ion  can be conducted U f l d c ’l normal m cc c l i g h t  e n g  c o n n i i t  er-a--

5.2.1”; Smpp or t e Equflm:- :

The aci\ eener t -d ne n eg update system shal l  i n c l u d c -  t i n e -  id 1 Owing

equij :.emet for J d i P L e g I - c d ; ’ d u i C  aol reproduction support

C o n t a c t  i’ m - i  1 : - u

Pr , ’ce - Sc.  (~c n m : e c - n  a

I i l r ,  P r o c t ’ s e n o r n n

P l a t ~- n , : i b : - r

Li t l i e ~’r .-ep h h e  i’r -ss

Ozalid Copier
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T i e - - e - qcl .i nc : .  nt  of t i n e  c n i n n c v c -  c a i c -pee r i c - c ;  1l0l-? sa l  C C I  ad fo~
inclusion in the TSS l.a s cm t i sf a ct c r e  f o r  ieee  Lu-~-ion in t i n  cnc ! v ; n i : , -d

nae p ep da t en syst  t e n .

5. 2 . 15  ~- I n J n ’ e r e ; n e ’ cv

Mr -m t ;‘~r-nc- n : : : u l c : n :  Is r-e ;-P fu l l  dorm : : t c i : i eec air:: ] I. he p in --

vL ded  fo r  all systc-: :e cora n c e e n t s .  A].1 components and irs~~cr-n l~- ] i - -s I h a t

r equir e  r o u t i :n e  ma int enance  or p a r t s  r ep lacemen t  r ica] I be desi gned  r e d

t h r - t  no sp c-c - i~- .l operator  sk i l l s  or t r a i n i n g  is r e q u i r e - U

5.2.16 1]le\ in -ci rca - - n t

All uc ys t e n  -c’aponc-ni c- sI :nl 1 be c - cp a ] Cu c-f ape e a t i ng  \-.‘ I the -

t h e  S Sb 1- 0 1  c t  I -a van cent ~‘nl  n c - P envi  r e n a ; a t ,  . in a i n O f l — o p C - r 3 t  n n ; p  e c t a t  cu

a].l ~-pwi p :  c -n :  ‘-hal 1_ he ca pa b l e  of S t C - 1 - , pa c;nP t re i ’1 i  t w i t h  i m ~ t i m e  c l i ;~--

c a t c - g e ’n Jc  a n - c u d  t r au~~p-or t  mr - acM - c -  e nv i s i o n e d  ic-I- t I n - i  T SS.  Sil t - ‘ i c

~1ni ppi ne ~ Is c-a: - e c-am er  s I n a I  1 be p r o v i d e d .

5,3 l tn :pn c- sent-n t ‘ r - -  C; nen a-enl . \T~~c- d i o r C

I~c p r e c en L c e  I ~m y e sources for mn , :~ or c-:-:e j ucm a I in cu in : ea  ‘nc -c P 1  h-s

of t ine  advc ence -eI 1cr -I ) e ipdc t~ sys ic mc; c:re u s-t n ci I c  I ow. Lixci  n j : P is a ]  I of

icc-  suppor t c-qu 1~’: e e - e r t  and those subas -sc-ml li c-s that cnre oe:m - i ; ’ c a e - r  i l l ] .  O n  :: i g:

it ems ret the r tl cn cn purc len-csc -ci car-inca - 11~~~:n ,

Vei ca R c - c o ~- u i  t I or - Device -  — Threshold in -c leno lopv  . lie -

1’las~na l’anel — Science  App i i c - a t  ionic , lac -  .

Viewing Opt ic.s — Bausch and Lo::cb

Map and Pho to  Stage’
1~iuc-a r  I- ecod ers  — Dynamic  I lesear cli . I n c .

Min icompute r  — ROL’-1 , inc .;  Norc i e’n

Microprocessor — intel.

C o m p u t a t i o na l  Chi p — A d van c e -t i  ~~i ‘ir - )  l ) vv i ce u , , the
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_ _ _

‘l

Bubble - ~-k -m e ’y — i e ’ cc , e! ,  l o l l  c e l l s

N a g n e ti] c icc - - u n i t  —

Citi Interac- C i  c - -  G r a p h i c s  — Samncie-rs; I-t: S ( u : n p n e t i n p ,  C o r p .  -

Small X—Y i’iotter — Text ronix ;  Ot t icu r s

~e-ybo ec ci I n  i nC c - c  — hOld I , Ircc; b c - c -nh -u

Off  li ne  A -V Plotter — 11. Dell  F o s t e r  ( 1 1/ 75)  - -

Off  linc O r t l n op r i n t c - r  — WI ci (Oh --i)

I
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6. SV S i  i I co n’O:; I C~s’: S

Table- 2 pr e ’san t s  e - i t l i n e n n t e d  cos ts  fo r  thee- dc -ve- i opr - - n n t  and

unit production of b c - t in  Syr t e : ; ’a su b av s t e c : u  con:pon ; n t s , based on the

t t  ch a f e r - i  ch a r a c tr u r i e t  icr  pre- c.c-i ~toe1 in t lee- prec ec- dlc-uu, section. To

r e f l e c t  m are’ accura t  ely total proc -n rc-ac-mt costs , f u l l ,  S~:5I a-urn

eec s e f  cc , - :  n - c docur-~ n t ;r t ’ ,i , an cc ncn t .re and de~ i gre t1r - :i fn hr i c e t t i n a  c :oats of co:.-

pilatlo: stnati ou C -! :  L~c ju j c e g/ s t e i c  
~ ga cr - incu s leave ha--en I ; n c c l c n d a c l  . Cos ts  of h a r d —

ware accnepc: -r ece- t c - r t i n g ,  personnel  traie-e lseg , and provisicin of e-:c i m n c - e c c - - :’ec--

spare ~- c ; 5  15 lt ,nvc I - en c-crc i c tc -d , sci ’c ec : cr t h e y  all will  ia :e i re  furth er- :  P e t  r-ei Tft

ed Pci ‘.1 ci on, ce’tn-,idc of t i me scope of t i n s d c c -  i-pie s t ’ n L y .

All  cost.s are based upon cur :; e r - n t y e-ar  ~- r - i c a  l e v e ls  occd

do riot i : l c , L u lc ’ any dol l ar I c -f  - t i o n  or p r i ce -  n - c r -f t c  - i c- c :  f r - c r -  e n - -  . Cost  s

fo r  t i e r -  comp ilat.i  c-n s uh c n y s t ~- ru ’ a ha rd w: n~ n re f  I c - c t  p ee cL. e n -  cef n : I l i t , r - :

I e : n r d - . - : c  P cnu. zp or ecn t c c c- :ici cii i e s : i l  5~~ in a si g nu : c n n n t  I’: l i g, h~- r t e t ; . l  as

cc-np vt 1 t o  a sys t em us t ng con - - m n :  i c: ] qu a l i t  a ccmp : - ra-nL . (As f lu:

e-x- .p h- , e x c l u d i n g  the e : \ c - ; t e u ; n  Sc-f t ’ mn , r - c -e , l ie. coenip i l n c t . i on  m c e u b a v c - t e ; :

P a - e l o p e  - - c t :  l~ c c - S t  Ic, about 00 .. g r eat - -u: then t ire cost ac-ciag core .~~. c i . , l

p a r t s . )

(Co r - in , for per ts \ccnr e obta in- :  P from :: m n ; c ; n n ~r f LCC Lure a ‘s in: ’ oei:c nre-;;

and g n u  is  c c c l  cc co ~; , franc: bud ge t c r c - v  quo t  eS : f r a m e  d i r - - c :e ni e cc l - cc - f t ie c c l s_ s

r c - p r c - n  - - at  i \ e ’S , c - I l  f r o m  coats  contai ,nc -cl iu TSS dn , :uc’ :nt en . !)e- c- 1 e i j ’

prod uct ]on api  n- -~- r i ,erg and  f a i n - i a ; ;  l io n  c-Ca ts reflect lcd-or

c s t i m a n c t  c - e n  prep are-cl  by R a y t he on  Coenpany/ e ’~u t  c c -  t r i c :

Pr ocurement  co a t - c - fo r  the- o f f l i ne  A—V p l o t t e r , o r t h o —

pr in te r , and support  equi pment  or e based on n n a n u f a c t c u r e -r ’ s quotes  and

TSS p lanning  docuns in tr .  Since all of t h i s  equ i p r - c - n t  is now plann ed ,

or undc’r cons idera t ion  for  inclus ion in  TSS , it  i s  asscene n~-d th a t  no r -cc

or only minor developmenta l  e f f o r t  w i l l  he ’ re quired b r  f ie l d

d e p l o ym en t .
—49— 
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I- l at e r  in : ] l I e - v t  e~~I n . a n e i ~ e l  Pt - c -me t i c -t i
1. COMI’ILA l Job SULb~

’
~;Cr-’~ (t- hih) i n - u  . ~ I cr i er - c c-d t i c - I l  I e u - n j C ; ’ t l - ~’ 1 i

(aOr-0) ( c ; ) n - i )
A. Coj:e1-jl cc t i c -p . r- I  L O n e  dvceer--

I .  Mi nicom pu 1 - n -  15.0
2. i-h i c r e t 1 r e e c - , -asor  1.0
3. Cc’; pu t  cia. I onu l Chi p 0.7
4. lr- ’n~1 >!a’cetr y 3.0
5. D i sh  or Bubble  Mt--nary 15.0
6. Tape tn -el t a Con e n . i .  i’ 28.5
7. l’owe-r Supl i i i  en , Ccli ] - n ;

Conan - cc t nec - S , 1-1.2cm :: ci u - 
* 8.0

8. Vo i ce  Rec :e g i i i  t i c - c r  Dc-vi c— c- 16. 0
9. In t e r a c t  ly e -  COP ic-/he n- la n ce d  40 .0

10. }-b - ’.-b oarc l/ Fe ,i at  c r  10.0
ii. A—V l’loLt :r 15.0

Seni sy en t t-: . r  l .ntegrc: t i c- l i  135 .0 12 .0

B. Sof tmn e , n n’, e (I-i. mic e ) (S t e-n - c  a)

1. 1 (‘e’ eSS Con t ro l  I lo c iu l  ~
- 22.  .5 2 0 . 0

2. ] iIoto~~~cer - ’ , - tc - ie~ M odu ] e 31’ .0 40 .
3. Co ;nnp l l e t i o n e  Sh a lu l e ’  50.0 55 .0
4. }‘: , e n e dc- - - l e i n ’ . i I n l .  l e c - r a n i c:

I-I - i de-i Mo~h inl e Gl-’p C_lie.
5.  1-Idit 1-1,_ d e c  I c  311 0 30.0
6. Ort- hopr int -r hoclule 3 u . O  3.5 .1)
7. Sc-f t w i n - c  b o o n e  n t :  110cc 50 .0 90 . U

C. Cnr-~-i 1 n t  i c - e l  St ’at. i c-- n-
1. Moe;cn 1’ e oto F t a - ; o  13.5 26.0 6.0
2. S ter eo  Phot,o Sc ge’s; 2/ .0 52.0 12.0
3. i-l .ep Strip 13.5 26.0 6 .0
4. Ide - ie e e Opcic 1 Sn-st :n 10.0 1 7 . 5  5.0

w/Scrv o  0~- ti cs 19. 0 3!, , 5  11.0
5. Stereo  Opt n i  S st ec - c l  10.0 35.0 1.0.0

w/ Servo Optics 22.0 57. 5 18.0
6. l’Icne,::ea Pa: i 30.0 3.0 1.0
7. Con t r ol ( 1 - - - -.c ’ie- 10.0 16. 1) 4 . 0

D. Offi,ii; ” X—Y Plot t e n -

& Controller 45.0 15.0 5.0

E. O f fl i n c  O r t hop r i n t or
& Cont ro l le r  200.0 15.0 5 .0

Table 2 — Advanced Map U p d a t e  Sy stems Compo ne n t  C o st s
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r

Me t € - r i a l . I ) -  v~- i o j e m . . r -n t a1 i n  u d t ’~~. ‘ n. .
($000) L e e r - c .  0 1 - r i - : : n c t  i c - r n  I r e ! n- c r - L i - - ::

($000) (: ( a e c

F. Suppor t  Equi pment
1. Proce ss Ca ne -n ra  16.1)
2. Ca cc -.-rn P11cc - Pj  ucessOr 70 .0
3. C o nt a c t  P r i n t e r  2 7 . 5
4.  C o n t a c t  Pr in-n t c-n-

Fil e -: P c o c e s u , c e ’r - 15.0
5. P i r e t e  e aLe- n- 4 . 5
6. Li tln cupr c .; nir Sn - - ccc 37.0
7. Ozalid Cop ier 1.0

C. Storagc -/Sh 1:5 1 n p ,  C oe n t cc !m -, c- e’ s
I .  M o p - -  7 .5 8.1 7 .5
2 . St e r e.~- 9 .0 9 .6  9.0

Ii. Syatem lHr niu ’cc -n- i)On , u cc ” i’et neii on 100.0 iO.0

Table- 2 ( c c - t n t  ‘d) — Advanced M .rp  U p n l a t n  S~ s tcte e  C u n c c p c - n a  nr ~ Cc-s . en
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Thin a - n s ts  fn : r t ltc ’ rtuu - cl Cl- -/ sllije p iug co:e t ,ileeu - m :. r-n -c’ fo r  t i n ~~

c cc - en pi  I c t i on  stat ion onl y,  for  t h e  re eca e enns g ive fl Su n t h e  j~ -. n , - . i i  neg

p a r c c r , n p i c .  It icc ac - s een - e e l  that. t i l e ’ e e u e ta l r n - e- e t ea . : -n ’] Ve_ r- ~n-l1i li e

s t andard  Ar i nn C issue , GEL - . Costs  r e f l e c t  dc-s ip~~, pm ~~ - : t c c u n a -  , r.nn’J feb ~

r i cat  I c ~n: of t l i r - i  C O f l t f l i l i e T in te ’r ior f o r  t i n e  conp il at i o n  e t c - t i c - n’ s

I c -ms .

Th e’ syc ; t er-c: 11cr - PC - a re  d o c c u r - n c - m r  tie t . i u n n  a - - c a t s  i n c lude  pr

ar a ti o n  of dc - ta i led  co:c:p i I : n t  i on  senbsy s t eca desi gn , n c r - c ‘int- .-ue , c tcc e , and

o p e l ; r t  I c i te  n ccnue ; : : e l s .  I t  is e - s s c - n e d  t I e n e t  co~ prerceI n1e cloccen :;- -n t ’eu il .oe; w i ]

be a vai l a b l e  in TSS or fm . - v e n d o r s  f o r  t,h €n o f f l i n - - and se lpp or t

c-qui I n c . c cn t .  E c mi e  ivc~lc - ml e! o c -u ;eue n r - t  a t ’ .i d e n  fc--r syst em ~n f tar-c e in ,  in’ ci intl

in the c c ~f 1 - e’aiee co~ct . u c- e c U 2 t e .

T..dn ] e  3 j L ’ c - n~~- a t S  dc nc - I n c c O t .  c c c i i - n - o d ’ ; c  L i e , :  c - cu r t e

for  j no c ’1c- an n t at -a- c - c -  s v s t  c -en s cr111 ; the various a , n.t , e n ‘ o p t i n n i n :  and

alt r - nrncn t : i v n ’ - . The cou ::U i .1 c - n t  [on sum ac ,. I n  c ’ : Sin -tn r n ; ]  cc Shoule P - mr -Ut , n ,

since t ln ec y n -c-f le Ct t : n - , - a n nie’: -;i. u n i t  pu- u cn .r r- c- ee c-c C i t  J r - I  C e . Sine ’ a Ia-r 1

eqel  I p:: ~e1 t u :  P off line: ( ‘ qU i  inne r -  t e a r n  s u ; po r t  r - Cc l t  , , ic’ c-cr- :1 u t i  oer

stations and very I t Oe  ].y ic-I ll onl y Pc- r e - u p - L e n -P 1;: or -c- u ’u i  ; ~~~~~ f i  -:-ic

P c l oL a-c t syc. In -

Tab1~- 4 p c e - c - o n t . c- tolael a\’:lem ;; c e n t S  for cccli c-S true te :~-

5y5~ . e- r -d~~5 a l te r n at i c e  conf i g u r a t i o ns .
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1-b I t  1. 7 c r - , STb~ Iti.: SV ITL: l
J i v , i~ i en . .1  . 1), - v . J r  l e n t

1. C.c-P-bc ILAt c c ) ~ I I  ; - : r -~
Li . Ce r ;pce t ~ uic e1 f l e - c d : - u  - ‘

1. CII I J e u t c r a c t i v c
Gr c e ~ — ! cs Al  In  r n a t i v  2 -’,6 .  2 12 3 . 2  2/ i C . ?  123 .2
w /V o . in 1 c c l i v  I)~ r-’ icc-
O p t i c  --  2 6 2 . , ’ 139. 2 2 6 2 . 2  139.2

2. ), - ‘l .1 o t t e  e m t  c r ,uct i V e

Cr ee 1 - l I e .c, A l - -r e - - t j v ~ 2 1 1 . 2  1110.? 231.2  3 0 0 . 2
w/ V o - i. e i . . c t l y  I .  V i ce
OpI  ~~, e 2/i7.2 12’c . 2  2 . 7 . 2  3 2 - 1 . 2

11 . Ce- :n e i t a l i o n e a l . S- : - f t ’ ~, n  252.5 275.0

C. Cc~:’p i i  t i c - n  St ir -b en

1. w/n Sc - U’,ee (i p .i n S  1h5 .5 00.0 222.5 323.5

2. w/t,’ - -\u Optic s 191.5 114.0 257 .0  l~e 0 . 5

D. Su hte n t- ; ls

• C i  J~e-1 - c - a r t  a- - ( I m a p l e i c ’.
A lt cr nn ati ’.n- 66’.? 2 . 2 2 . 2  7 4 2 .7 H(  . 7
a) i~/ - i o i c c -  E n t r y  o 80 .2  2 - c 1 .7  75 0 . 7  P e n : .  7
b) i / S ~~;v o  Optics 6 0 0 . 2  21-7.2 7 7 n r -. 2  2 c r - u .?
cc) u/Vn i c:-c- 1 c 1  

~y &
Se rv e> O p t i c - c -  701- .2 2 1 .3.7 79- .? 2 N 2  . 7

2 . X— Y P l c - tm  e-t ~ Tot -ra( I l V e
Gr a-~. l n i c n ~

; 64 9 . 2  2 0 7 . 2  778 .7  23 1 .7
a) i-?/VoI c-r- i eet . rv 665.7 2 2 0 . 2  7~~4~ 7 24 ;~.?
h)  i-n/ S~-r~~c- O p t i c s  6 7 5 . 7  2 2 2 . 7  763 .2 215 .1 . 7
cc) i- / V o i c e -  L e i n r 7  C_n

Servo Op t i c s  6 9] . ?  2 2 8 . 2  7 7 0 . 2 2 6 7 .2

Ii. 01’i’Li IC X—Y F i r -  LO 60.0 50.0 (r-11. t) 50.0

III. Ol’I’LILII 011 1 II : PilliO n 1111 215 .0 205.0 215.0 201> .0

IV. SUPI ’ORT EQ U 110 10-fl’ 120.5 120. 5 120. 5 1 2 1) .  5

V. STO RAGE / SHIP P ] L G CAST- I S 15.6 15.0 18.6 18.0

V I .  SYSTEM }IAPSDWARE DOCIJI’fl,’NTATION 100.0 1.0.0 100.0 10.0

Table- 3 — C o m p a r a t i v e  Subsy s t em Cos t s  ($000)
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r

1’ ’ r-, i S~ S1b :1 S c l _ t I) S\ ’22 1 -
Or e -cl . 10 - . - . I’ roel

1. CR1 m t  inc -c-c e t  iv e- Graph cs
A l t e r nat i v e -  9 2 5 . 3  4 1 7 . 7  10 07 .8  4 4 5 . 7

a) v/Voice T’a > .ry 941.3 4 3 3 . 7  102 3 .8  /n l n l . 2
h) w/ S - - e v e l O pt .I cu :  95 1.3  432 .7 1, 0 5 2 . 3  4 1 1 .2
cc )  w/Voi ca - En t r y  0 Se- n -v u O p t i cs  9 6 7 . 3  SLi S . 7  10110 .3  4 - c l  . 2

2. X—Y ? iot t c-r  int- :rc-ncC .1 Vt ’ Gr aphics
Alt ern atIve - 910.3 4 0 2 . 7  9 9 2 . 8  430 .2

a) w/V oi r e - 1.-n itty 926.3 41)1 .7 101)0.8 446.2
b) i-e / 1; -c- ’ r \ -nn  O p t i c s  936 .3  411 .7 1027 .3  45 7 . 2 1
cc) v/ V o i c e :  1.01c c y & Servo Op t i c s  9 5 2 . 3  4 3 3 . 7  1043.3 4 ( c  • 7

3. (11-1 7 I n t e r n  c l i  we (r - :ap h’ cs
A 1cn- rn c~tiv e \-~/ U c - t ! e u pi 10 1 c c-  11. 75 .11 6 2 2 . 7  1257.8 650 .7

a)  w/ V o i c c :  I ‘c i ty 1191.3 (-30. ’, 1273.8 666. , i
b) w/Se-; teO tipt i.e 5 1203 . . .3 6 3 7 . 7  1292.3 t e ’~J .  2
c) i - c / V o l e - ’ l . - r - r~ & Sa- ’o O p t i c - i -  1 217 .8  653 .7  1300.3 6 80 .2

4. .‘P--L Plc-tn n - r  late n-ac Li -n - -c- Cn~ uoini cs
A]ti i c r - c t - n v - . - i.:/Or t iuopr . i n b  cr 1160.3 (-17.7 12L12.8 630.2

a)  i-:/\’o i e n , - i I r t r , 117(.2 623.7 1230 .8 (-51.2
b) %c-/t- t ’n-c -U O p t ic s  1186.3 ( 2 2 . 7  l 2 7 ; . 3  61-5.?
cc ) i /V o Iee e ’ Err-Icy & Ocean Op tics 1202.3 6.2.7 1,293.3 671.2

Table 4 — Comparnctive Sn-r -tc c e  Total Costs
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Ftc-nc: ~~:- - ;  t: .c : - c c  lien . I 31i 8 c n - ’ y for  ci 2 O p c i C T c > 1 n 1 i c Sun -cit  Svc , I. e -
• t e - c ’c- - :ry,  19 76 , pu :c- 8.

TSP 0r-)en ic - c - tics

1S.,
~1n_ ~~~ 

c - c - e t c  c c - -’ -r - n- 1 c -

a. Co csp i. la t i on  Subs~~n : tccci Car togr cp ’U c R c ’~’ In ion/Pc-n-api] u t ’ i c - n c

b . Off] I m ec: X—Y I’lotter Cnrtcpena~ i;ie: Revic-n i on/Prafti c-nc

cc .  Offline Or thopr i . nr cr  Image Penn - c Products/Orthojehc t e- or !c

R e c t i f i e r

d. Suppor t  Equi pment R e p r o d u c t in o / C ;e mr - . u r c-e . Pho to  ncr ch a n ic a l
Plate Proe :e -ss inr  • Press , and
Imape Pase - P roduc t s/ Or  thop h ot o
or Rectifi e r

Fi g u re  2 — A l locati on c-f Advanced Drp L p d.l tL ’ Svs I cr-c Components
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Figures 3 through 5 portray van layouts for Lh c - n cce :. -p. i l a t i o e e

subsys tem, o f f l in e  X—Y plo tter , and of line or t .hc~p r i c n t’ cc rc-c-n~c c - c t i v c - ] y .

Plans are based upon a scred . t r a i .].er r ’ o c m n t ’ iuei  s h e l t e r  30’ c-c 8’ c-n 8’

in size . Thic is the TSS shelter used in floor plans provided to

Raytheon Comp any/Au t o c : . r u t r i c  fo r  this s t u dy .  The ~an layout p l ans

are fo r  i l l u s t r a t i o n  onl y and do not propose to cie ,dic rnt e d~u i c - t j C e n

c-f (-c-I u0m .:nc-a nt now i ncluded  in the TSS p lan .
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~~~~~~~~~~
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~~~~~~~~

- Sub syn c I ( ‘nO

— ______ 
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1]. . Ai r Ce n d i t  l en - c-c- n
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1o~~ 

12. L i g l e t  11 aIde
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- - ‘ — — -- 

Cc-nih Let lou n u t  n e t  l a n c  t i m e  run - I - -.-
6 

Sy S t e - u n i ’ s c cnn j - i l a t i o n c  S t a t i c - c -
—- will h:evn’ a cui’ ccn .l I -c - c  t - a s .1 n - n -
6 lie -ac -i- c-c , the o ve r r e ] 1 f l o o r  p l c - i c c
— 
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radj cal.] y f r a r e  t h a t alec-ic-ic h1 - e i - .

E Scale: 1” = 40 ”

____________ - - 

~~~~~~~~~~ Figure  3 — Comp i la t i o n  S mi l e> , t e n  Van La vo ec t

-

~

- --— - - — - - - —
~~~~ - ~~~ —~~~~~

.--- —
~~ ~~~~~~~~~~~~~~~~~

—

-— -



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

H L14~
(Jr-ti on - Dr - li p C l e n - P  18100 $I r - l l ; 18 ’ i  l i-I D- ehti ]  8

i n l I A l I

1 T i l l  )~ ~ I )

1 .  ii — ‘1 I’lottc-r

1 I a ,  P l o t  t e e  C o c c i  n - e l  11 -r

2. S t u n - I

3. C ien i r

4 .  N a n - e m i f i e r  1 ce rn _ p

N 
5. Cr c b i n e t  , Stor,ic - , c , Vc e i I

U E xh a u s t  Frn i

b 0 \ 7.  I i u e. i d ~~t ie i ’ , D~ 1e e i ,c:i c C i f  len -

T- 9. F I l i n g  Cr -h i :  c - i , 1. -c-ga l S i n ’ e-

10 i l  l.c, S~ c ilcm n I c c  I )  f i

it ’ 9 11. F]] . ‘0; Ce 1 c 1 - c ’ c t , Dc-n- a n n -  P , i n : m

C) _1 

12 ( c - i n  n c m o , T i c  - l o t i o n

- -— L I , -~c . Aim. Conc h C i - c - c - n -

9

11

Scn ] .r :  3 ” = 4Q”

9

12 
c- -

T~ 1 _ _

Fi gure 4 — Offi inc X —Y i ’ l e ’t t e r  Van La c-ut
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f 9 J
1 ‘ IMAGE BASE PRODUCTS SUBSYSTEM

L.. ORTI-IOPHOTO MODULE

j SEMITRAILER MOUNTED

< \ 1. Filing Cabinet , Legal Size

- — — — -
i ‘( ~~~~~~~~~ 2. Cabinet , Storage , Wall

4 3. Ortho Projector

- — — .J — 
4. Pantograph

5. Chair

2 6. Exhaust Fan

—1 r 7. Humidifier , Dehumidif ier

8. Panel Box

1 2 9. Air Conditioner

10. Tracing Board

11. Offline Orthoprinter and Controller

lla.Orthoprinter Control Terminal

- 
Cur ta in

2 Note: An alternative placement would

be in the rectifier module

1 2

H I 1
Scale: 1” 40”

16
h a  L

~; 
1~

Figure 5 — Of f line Orthoprinter Van Layout
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_ _

8. $‘c’8Ili- ‘I it_ ten - - In - I’  AOC’e l Y 8 e  s

in order n-n de p i c t t iec . c e ; eu -. t e  ‘ n d , - — c - e f f~ I c -  c~~~n . t  c - n c  n - c - c C .

p c- r fo rn cae -icc , acid e f f i c ien cy , an c e c i m e . i . y in of > \ ‘ :n  cc - nc L l c r o u g ] c l  . n ~ c u r  a cc n-

update n - c e n t  i-c- n -c : ,  i e ’rforc-ue :ci . l O n e -  i C S U 1  LS e l  t n i n - n - : ; : i ’c - - ] n: i -cnn:  t h e n  cn:~- 
—

blu ed t , 1 t i e  c o d ’ n-anu s ~e a C nC L . i  .ens alt : P-d ,- cc c - ,i I Z c - c  ccc- I l e c i  I an (e \ ;~ - c m ]1  eCu- c a s—

mont  of each 5)-sin -cm uce e l  t i e  - \ ‘r--c . e , e m .nc ,  c.l i c  C ’ n c - t .l V c -  : , y n c L e :  cOc ’n 1 i ~o ecc - tj c.- ”ncc

cou lc-i 1- n cr i’- e c - e -ne ~ e n !  c - P .

lic e eec -p U I~~~c - i C  t n . r l  S n ] - , c d i c , . d t n  fc- . ’ cu : ’t c - c t~ co cnu i -c f l c t  i c c

t ie- . i-c-c-i n: P P on cc cc-- -
~~ Ic- ~~-v i s i . . - on - c-u i :50 , ( l L O  tc - n r -cp - c - c - .n . i u: n . 1e - -

a ground -ovc -rnn f- -- c t _  (,2fl ~~
2
. ‘3 c C ’ I n c .  - i t n - I -  n ~‘ . p1 ’ .’ 1:, .rc an-se. 0

to P . - vce i t cccl 1cc - c  ci p1 c c t  e _ 
-

‘ n- I-n - i ec i VJ ce t ; a c-Pc ’ f 1:27 ~OC O . i c -  e - p

an -c c- i n - sin~ y a m n  r s  ~. u c 3  -c- I. i- ’ - - t n - c  ftc ci ‘e ~~c- n ;- , C n - ~ c .  . ‘1 C n C  I I T  1 gr e -nh :: I

mc - >, t o  he n . : P c t c - i e  c e - i n c  Ce .’ rpm ic-I c-i f c c - I c - c -’ ac id i m ] n , ’c - ec tC- c - cc- ’ c e c t e

or . -e -i .1 i n - -  cnn : : , , , :Cc-~ l I t  (~~~~.!. e n -  c - c -  I d- -~ , c - - - n- .. c-h l i e n ,i t n - c - g m  - Ic

p- ‘ c c .  Tat h e ’  4 pi cc-e-~n i  S Vc- i i- - u- f or  n - C c- m i e n -  IT _ P t cr - e- ,;~ c

c c - c u p ] ic - n - I -dec cc . ii ir -ce c’ c; crc-P e l c c  er - c - e r ci s i. ‘c en c - L i . ; ..

by i- : - nc l j rrn- I Ic cc-n- c 1.] ,c~ c - n i  pruce c-S.e.c p m Ice t.;-:. e. -
~~~ c c.  P e - - I I’  n t

the rc- meir~-d t .h n ’u to co;n n ’. ].eie cc-~ch of t licn n - i n -p s . i ii- .- - . i n ;pr~~ e ! ti c - -  is t I n - -

I c - t , -c- .i . m r - i  l e an - n -  I icc - c - minus lme - 5-pcncIu’r- r n un - ov - r 1 c c ~-p t n i c -~ prcc :n s n  . Tn-c

f ir s t ca pci ].c- 1 I I c c ! >  t l c  c- was fee t pr oj  n - c -  n i’
~ 

cm c cci  . , . c r - c n n  c n i l  n c - c -  of i - c - eec - k 1

cn n_ cet eric-~1 e-n , J n ; p c e’ y clup li cc - I ion and coicpilat ’ c c- ru 1 ;-te - Cn . c - . cn c-cr . thin,

pre cc-crpiln t i c -n  I ]  c-cc- i-c - nec -  cc - c -il t i -el tO U 3 ann 1c . 5 1 c c  , cc --c 1 - .- e I -n- y

for n-lie Inc-no C id stereo so] ut  i ons .

The second please consist eel of Cc-” j~- i  I an-ion of the’ revision

ma nu cc erl p t - -s and inc luded s e t u p ,  com.: 1ni l c - t i o n  , c ’ ni i t  and p 1 ( ‘e n - i l  iu ~ t n - i c c - c ; .

Totals for  th in  phase ranged f rom 2/, — 4 7 . 5  man hours  d e i e  n i l  its’, upon

the t ypc ’ of solut  Ion and s y s tem  conf i l - n r c - l i o n .
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‘l’r- n - - —n - i f .- , uu : , ]  n - sc - s I m c  r e t  P t a  I - - -

Vet t ical  Frcc r ec - Pleo t n ” r c - e ’ic-,’

Focal. L c n g t  1 (
C C

For nc : t 9 C c

S e c - I c c -  i : 2  ,Ut
I- Ion - - 

C C I  Fec u - n n ’ - Ic - p
202 ~ -c ~~ l . n p

2(~00 f ;  elc -vn :t  then range- i n  n-cc-C T’ ae ’e~e-n c~~sn- l , - P  .

I~e em c -c: r of fcc a  ‘ c - u .  /icc-p n - Ie ee -nt (n - n - c - i  i c , , 
~ , I: 5k , (in - I - n - n - )

1-tono 16
Stereo 38 (3-s ~. : - I - - l . ~ )

] ac - ct _ u : - ’ L c - ,Sc-te \I’LU~~

~~11’ c-c -c t 1:1- c- J \ ’p cc  R E - n - u  . I n - n - n e e d

Li - 1- — n-c t  un--

351.
L i - c - c e  i i i  ( i a c lm -s)  258.  P

I c - i n - I  > c~ 
-

Svr l. oi, i - : - d  ( S t c ; ’ ; . -’ m r d )  957 .3
Syi t-n ’ i . z’.d ( . \ e - - ’ 1~~ i i P , , i ’e i )  23:1.2

Are-a I- e d t  ce n . -c

%-tn! a,’
49. 10

Area (ics c icn - m : )  0. /,
Lcr~g t 1 s  (incise:-) / .96

Urban Tint
Numb er 2 

16. - -

A rc-mi (inches ) 4~
Length  (inches) 15.5.1

l ab le  5 — Trade—Off Ana l ysis Map t n p d c - s t e  Sc e n ;u i ’ i o
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‘ l i e ’ ’ t i e i r d  c - c c - c d  n - l u n d  1 - i c  i s -  ~. i d ’ c - l i I d C C i  h o d  c I j ~ c . e n , 1

c o r r e c t i on  of t b - - I c c - n c m c ;  I - ’  c u-; ’ ’:pt :.~ , c c , : c - - r n  z- , e e _ I i - c - r e !- , e i nc -- c - ne c fin al

p r ep a rn i t i o n  of n - li e co lor  u - me .-pcn r ei t i ci cc I d - - p n ! t i i - ’c’ b~ p l c - etc  e. ’ ’ .P i : .- ,~ ‘cd

r u n .  The - n c - n e c  bc -cur t o n - c - e l  f o r  n - I , i n .  p1 c c - c sc n- ’ . - cc- in -  . 5 ce - nc

‘J’ c i i - i c u  6 p : c r c e - e c t s  n - i c c -  r e m - n i t  s of n - n - c -  t I , r o - .. ,- I n e - n -  m n - I n - n - i c .

‘l ’ lc- .. l e c cee co  l i l i an -c ;  e y  case in ; Pc - en - - c - cl  up-~’ c c t i - . - p s e - i e - - J - - - - - a c  n - h o n - m r - m n - I c  m - c c l i —  I n  -e

t ,ion solceti oen \ , ‘ I c l l c ’ t1i~u t i c - n - c O i. m ’ ;ig c - ’ ’ \ ’ c c - u - c - c - in - l e e - r e d  i n - n c - n m c - c m i n i ’ . C i - ~- - 1

t - ; t c - c  n . e  c_n cem ; .p l l a t  c- n- ’;.  ‘ l i c e -  ‘ c - ’ n - e  sc-c h in -j on  n - c - c - t e e  i ’- - - c ’ n - i c c - n - er t i - - n -  m~i cn - n - I c

t c r r c - n i n  c-cc-cR’]. c - u n - i  l a  c o : e c - n - r c c c - u ’  ci in c - - C . C I  ( l e n s to f~ ’ nc 1.- c - e n  m t - i ;  t n  CCn l .~~

pJ l c -tic-n. The ccc dd iti oim: -I L i n e r  -n t c ei ~—c-nd Ie.’r t m -c m o m - .) c c - n c - c cm u- On 

e. ..- -l iorate -J i n- a lo’c’ n -r setup tic-c-c- f c - r -  a l.- n I c-n- in - n- li ~-to \T~ nc-c - c u - cc c -- Inn - c- c -

arc-i t ic :  fc- -c-~ r c - m ’~n-; ’c-T of m;-c - c c t f r a n  -c-s c-cs c en-um n .r cd In c  t Il e- c

of S t - -T en--n m ode-Ic -.

A] so t e l - n - - n - c -n ic - c ‘ic i c le  6 cdi — tIn e c - in - i -_ cl (: c - c - ’n-i. i,~ (lone t i ’s-r n

t knnt  re- c - m e lt f t - cc-cc c - n ,  i l t i : .- t~~ c r e - T i c - c - n ’ u - i - - t a’ ;: 1-m - t ’Ic ’c,ce n l ” n- . r i t - n u

j . , I C  t I C - c e  cc- cci :’ - - ti-c ’ ’- , - . ‘ - -  ci i cp- :-c ’~ rn -n - t .1 cc i i  f c m c -~ 1r I j c - - I n i - d c - t ;~ i , -i On - c-

r c - i- n c - ‘ - ‘ ‘l i t  c- Ii n- C’  t c n - e n-- 1 - - I - ‘a t ic On- ! mu ’ - ‘ c i fe-n - a ’ I i ’, - ’ t c-~ ‘ -.. n -  en-

j r e i . - i i : ; , y n  y. n-ot~m c- ’,at~ - , -c - m c~c ’- ,- nn e n  c’ c- u vc - cicmcI cn c cje ,i i  ii )’ for cel l

SC ’I ’l’c- n C t\’J c-e’ u- , c - c - i  ic-~~~1i Ti~~ n - c , .c- ’ S e f i . . i . c m L c e ( \ ’ I s  , n ’L , n t ’ I v  i c -  - ‘ :.li ’
~~~~

by cl: .h i dC C to d ,i f l n - c e n ’, -j -~ c-f ln ,; - , - - - ’v .

‘l i c e  011cc - ti c-c u r’ e . t i e _ - e- qui - cc .’ .’ e - c ’ c - I e-c- ’ c - SOl ’  C ’ t f l(c- - i c C \  i i ;

asso l u t ~ ci w i l l  t i c  cue -ceo c - n i- I th cu l t i c - c . i,t i, tb- i u t  t i i i c _  f e m c -  til e - , cc-re—

p ci . 1c - -t i.e- n c r ~c f J  i n - i . ’ c c - n -  (IOn - S \ en - , ’ y with rc - :1c -ce f tn - I - c cc-cd t i c - - c- - n - v a

optic op t ic - c - i i,s nrc-re i e n i - -c- n ’t’ .cm- L i - :i thi u-e t : -r c ’ C- IEc - c~ m , - c i  t i c - e cu n e l l  c c

in e ;ne g e-ry. A m - n - e - i g ! c t i . i u g  factor was U n n e  ci to  c h i c - m i  e ’ ( l e e  e e c ’ ;  n-~ c t  I n i c -  t i c ’ . - c C

bc-s--n - u pcmc c-i postul c-ted c c c l ’ -: of ice-ag -e n -input c- c r c n - l e a r -n - c i  ic-n ’ ] a , c -mcI  a

sub j e c t c r n. ec’ a n - n - -  s c - s c - i c - n t  of ( I ce  j f l C n - c - - ,’ c e t  C ,]  e f f i . c i c ’ ~uc : v to 1cc- I e n - n t  i-c -j , l l h - i c t

servo opt i n - c u  f o r  ear -Ic of the se -nc -en -c- typ c- s~ c- is- c -  t he n - -’>> be I c- i-c - .

Inj eut L f f .

V er t i c a l  FTc -cc-c”- /~0n-, — . 2 .08
I’anor cstcelc /101: — . S . 2(1
O b l i q u e ’ 1- i c - i cc - ce 1OZ — .5 .05
5. -l I t, 1.0:1, — .5 .05
Otii r’r — —

Lost l - f f i n - .i . e m se v . 3S
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S I’ ~ - - I )  J ‘ ‘  - c- - m v

I t .  I c  1 .1 ~
- c c  - l

I - _n-irs ‘1 i cc-n i c - - e m - c - ‘ l i d , ’

1.. Fu] ‘1, l i _ ; c  I I - ’ ’,’ R h - n i  —

Li, n - ) e c-eg : c - c p P  c c -  (1 ,, t n - - c i t

A .  F e - ’ I Sc’s t c - m c I  C c e c  c - c c ’ , ’, t c-c
( t. c- i , V e e , e ; - . L u l l — ,  S e - n - v u  Un -tid ec- ) 4 8 .~~ 11 , 1 . 11 4 1 . 5 55 . 0

B.  t i n - n t  c - n c r  ‘ n - / ce \1o1 en’:; Lan -n-v 11c c- i c c  50 .5 4 —I .0 4 3  .5 37. C’

C. t c - c - c - !  -m n -  n ./ O  CIII ’  2 ; ;t c ~I ’act , i nn-’
Crc 5,-n Lics 51.5 45.0 4(3.5 39.0

P .  Sy - i n-c -ce w/ se  S c \ c ~ O p t i c - u ; 52 .5  Af  . 0 /4 ( ’  .5 ‘:1 .0

E. ]‘,,c-’ c ’ Fu - - o l  c - r n  ( c c c - ’ I i n - c i n - n [ i c c - n

(r/o n-’ . e , Vne cn- lenc - n - ), tin-ic-c-n ,.- O p t I e - .~ 57 . 5  51. 11 S!e . S  ~‘- 7 . 0

II. I c - c - n - c  i’ r e - . I u c l s  -~ 
‘j e , t , l l  L i st - n . e-P ‘ J i  ic-

I c c -’ 0 c c - c -  n - c c - c m  - -  / n c -  c i

A.  On - It - ì n - C t c -  i c - c e ’ n n c - / P i l l 1 2 . 4  1 . 6

B. O~~t l u .  ‘a c t . i fic t i o n  w/o l iSP 2 lie L/ i

‘Time Tr-c-) mlO cc -eI ;cc i c - c - c c - l i t  use n - l i e - c-u c - e - u ’ Ic - e ’-P ]Ii n-cc- ’c ic-rec -t .R- ’ I- r l m n ’ i a u - ’ t n - c e l l  c- n e d ’e”c iI

into a sn-i In c - i  p sec-an p r o f i l e -  fo r n -n . i  I n-n- i ii a L1 n - Sc  e n - c  cc (e e c-c--n c - c - cc  u - i n ,  ~~~~~ c 

vent ic-nc-il prof ill -g of the SI  or c-c> model

2This ~-,a c-e iS 0 ~mnc ’l ’Vfon of c - n - t l c o t c -~~I i f ’ i  c- c - t  ion n.nl~~ ro  cli ’c-u c - P  p1 (“:n--tiPn

is hc].d constec-r . Both li en’ ruouco nail s t e - r e Q  casem ; i-c - e id lnI  Un - n t i e  , 5 .e . m e ’

cccmp i.1 c - c t  I ore procedure.

Tc-l,]c- 6 — CorccparcLsoru Throug h p u t  Comparison
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A 1~ ; n c  c ” l cc e ’,;:’ i I n c  ‘I n-S i c- C- ic - c (5- .’ t I e; l e e u e u i I ’ - . d  I n ’  p ro e- c ’ n - -’-

c c - singL e ’ inn mge dcc - : . - - ( L c d — -  .1 t e e  .10’’ n- . l c - - ’ ’ ) , c-r c-n - ic i n-c-ic-i c ’ , s t e m  c e  c c c ’] ,

c - e r I c i e r - e n ’ n - n e t  if c c c  eel Ot c - c e c c c - (  0 (.
~~I t 1 e U t  , u s i ng  e i t n - n  n- c- - e r -n -  c -c -  si  c r - -c

l i — c - ge  c- Y .

l u  c - ce ;1 - i - ”.’e - ,- c - i -  in - t. . i V e . n - a n t e i n g  of t h e  t n - c c  n- n-c-n- cc-mi s n m ; - 1

t i c - i c  c - i t ; ’ c ’ c- ’ n t _ j v~ n -- .- n m e i ’ l n- c - , e t J c ’c cCc , lal ’c-i- c- e n - i  ~r un i-c c - c -~~c - t  i c e I l l.S  i-n - c c -a c ’ C ; —

F cjui ; -c -e ; . _ -cc t COS t i-c- _‘ i- c - - Jcn -l., e -  P i.’ ’ -  L U i t 1~~e l i  ~~ the  S c - c _ t n-

hourly c- _ a t  c - c l  b) t i e  c-i n c p s e  P t i .:, . - . ilotc -~ i n -  Y e ’Ii tn-i i c-c- c_ c c- b a s e -P  110c c-n t l e c -

no n n i .  buc -  in- ss p r a T t  l _ ~ c- of C’ cj lc-. (cci I -qc c ip e ’ - c’ c - rt. cc ’ c ccl ,’ L I  n e c - I ‘i ( d ie  . c - c - c C, I :eP C

y - . -~cn - P -c - te l - ‘n - i a n - i o n  i-cc -i c- a c - n c - c r c -P n , i t ~ c fu l l  c c c -  c - , t c - e c -  u t . I I  n - nc - n - h ’ :c  ( i t ’— cnl , ’, .”

.‘~‘ccc , P4 hour  n. e/ d y  u - c v a i, I a h ~ 1.1 I ce’ ) . Them— a u-m ’- n - t e n - - en-cc- n-i ~cn -, C-i00 ,0GCt \c- e,-u ” I

yie ld the  h _ cu - I ce ’ (eOn- ‘, S l ’ eOC-cu l  li (’j (“,-Y .

_ - - - / t’- r .c c. ’ ,
Lu - c c - C - c -, c - c

in t i m e ’  n - r c - . i n -—-j, f i  c-u c c - n ] n - c . Ic, , h e :  n - n - r t e- e c - u  c- - e e c , i _ n-r c - I n n s , ,  c - c - c - feet II , .- t n t . l

sv u - n t e . - . pa - dc i e ; t loll cres t I c c - c u - :  t I c - ’ c -r t i~~ p ”ii cl cc- ic- C l - n - l e n - c -c . S I c - , i c - _ i t  in

o c c u l t  t c - - ,i Sii ,ICO el t- fm- ; an c - a n - I c c - n c -  (cc- Ice _ e n - I c nyc -  c - c - i C t - n~ c- cc - I cc-’ L fl c c - c -u - ’  c-c ; ce fe~c’ ti-c .-

i’-~ ’im ai’y In ci te u n--dn :t’c’ t o r c h - c . ‘iii ; . ; oi’I h o p t i t ’it  ‘c - ic - Op r e c o n  i c - c - n - cc n - n - u i — . -  -

icc cr c_- ’ -c -n -nc - i. cost effect cc-:. i c c - t i e  u - - V c ; t c’ - c -o , and n - m i n t  n-: .- - i ~ I n~-t n , .  n - e

Coi e lpLIre c t lye u - - n - c c  t e n - c  ran-i n - in - S

Ia c i c o r  c-c-St  cc, u s e a ;cp uN ’ d  by i’:uitipl yii c-p tb-n - a 1 c c - i c c  t e n -  c- i

by c - na h o u r l y  rat c rcf ,l cc-c n - l u g  r equ ire- d op erator  .cLcI.li . It  was ;n: - . - -c - .. ,~ (1

that both the c-cc-n .e and stereo systems i-c- ouild requ] re t i c-’ u - - a - n c - - -- l e ”, - ‘ of

opera tor skci l 1, n c - n a m e l y  basic training in topographi C m ; re hn - e i  n~; p l e m e :

addit ioi-cal specialized trainis’.g for n-hi’ speci.I ic pimo t cp’,r;l” m cc - c - I n c  c-qu in - - —

mont and t~-chni qu -s . For time purpose of th is c-m ed sc-c~i -: tile ’ O~~’ >‘.ite’r ‘S

hourl y rate -P mms -d was $1 3 . 3 3 / h o ur .
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Am; me’ntion,:ci , both S ;\’:. t . i c c c -  m i m a -  l c c , t t c e i  c - c -  i c c ’ n - c i n c c l  l.n t ,  i c - ’ __

of u- ce- i- c-co t and l e r ec li c ce t c c - c - c - cc - c - hel l I ty. ill— c-c ; - - cc -n -cc - n p t . iC nc i c  t i c ; c l  1~~
- 5, n - 1 - - 0

syStc m ; c Can C -; a ll y p e e c c - m’em c e .uic- p i I:,ti ni~ of c u : c t e e ’ . n m ’s , n _ p e e l  I c - , i l ’ . l c - n - u - ;, ,c - I

hc’ight rc e’c-’,u-;ecr c ’c- -cc_’ntc- , i n - d Ie ’  (lie n mc - n - c e  s vS t -l. n c - c - c c - c - - c - .  ~‘-tc ~’. e’l c - sue - i c I c c - n ’ , , , , —

ti on c-ms n - - e e c - i  i n- or c-c u-c n - c 1 Ic -cl-I u- . 1’ uc- n-h i,s in -‘ -- - n ~ , ~~ m e - c -  . e e ‘ c c c ’ c - e n - ,’

ic-np up d a t e  c”ec e t s ns’c-n - c ’ i ,n cr c - , c c - c -e - e i  i n -  a fc-.e ee t c; -m of 0. ’S’ e ,o n - c I I n  c - i  l_ I c i u  c c - c c

dj f f e ’i ’ cn- ren c c ,e ha t Wc - e ’fl t i c-- two Syn te- ’ . ~~ (‘c - 1 1 - ; c t j I ) t i c ’f l

A f i r e d  u - c - c c - e n - c’ m , c r a t in g  i J : n n -  fa i ’  , cc - > c- njj, ’ ,’ Ic c - u - r ’ - ’l in - ’ lag .i~ 1 1. 1 cc - ,

a l t  c-n e c - c - n - l y e -  n y c - C  c-cc - n c -e l n - r n . This \-,~cc ; n c - c - e n - c  ;t c ,1 ~‘, , I . ’ ’ ci n t, 1 c m  an- t ic - 1 un -c c-I

t o t  ci c-ca ;> c o l a  ic- - coSt ’ c c ciii d i v I ’  , 1 n -p  I n - .  I cy  ~ - - C , e ,te ,i ~~ c n n -  c c -St .

t,~c n-n t; cc-c e cc .t c - c l-c - c t c-c c-f t Ii; - tn — c ) Sn- u-c- i c-c c - - ,11 - ‘ thc i i ’  m ; l . t e  ‘ i - - I, i -nc --u -- i- ’cc-, m d  t i c - c c -  1mc ’,’ -c-

a ry~~t e - m c c -  cn n - l i e - b, of 1.0. A r a n - i n ’ : ’ , n ;~ 0.5 cc - .  n c l c - 1 c - i ce d  ~c e n - .“ n - c ’ i c - c t  ~~~~ i e ’ n--n t

Ef f Cn-ti\’n ’ ’C sc- i f  501. Tab l 7 pc-- n Oc - c - , t , ’ - n-~~- r~~~’u l  ts c--f I n -  U - , c c e~~ ‘c ’f

anal.ysclc- .

‘1cc - l u .i
,, a 8 p” - -s -c - n c c-c i c e .  t~ 1 c - ; t’ ( i c- i .’ m. i  ci n-:e c - a of n- - ic - I . ,t - c-c- : t m  c- c - - .1

1eerf e c . c- - ‘ n  -I n- s l c c - c - - i ’ i c - c -~ t i - c -  n - i n ; -  ] t , . cit  a c - u - i c column im c ‘ b in .’ 7 d i n - i c - I  d~ r

the J c-c-, t - c ; t  volta Ifl c - n c - d c  cc- .l u u c - n .  Also ~,1mc e n - :c ice 11 , I-Ic - P ei ’ n n - n - i c c ; , ;’, n- cc - c t

ri- -c- 1c m- ac ;  fo r  cn - t ,c ~ t u n e ’  ‘ ‘ n - - c t - - r u : .  l iP -  i - - c - c t  h u c - r~~c1:. C c- - - c - h e  ( c , . n 1 ~~, C ) c -

roulci ho-c- c ic - valu e- of 1.0. A r c ’t ’L e > i ;  a~ 1.5 n-c - m id c -c-en-’-. l e t ci..- ~~~~~

t o r i ’ ; , ,  th e’ cost , rcc ci c - h i e _ c n - n ’ c -, e t c .  c c -n - s SOP g re ac: c-n c ’ .
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1- . c -

- c •‘i• ~ o’~ cc~ c-i C) -Sc- c - i  “‘  c -.
• cc c-cc N- r -

~ e . , cc- a- c c- . cccc- . . . . . .

1-/n

r i  If> e,c--c I— . -,n- i— a— r n  en-i
- -c- C ‘—~ c ”e - C,) ‘ - c- - ‘-1 --

a ce-c c C- - c- c cc cc - c- -

1 - - c ._-‘m ~~~ ‘- u — u

~~ —S
a ‘in- IC ’
c-c , c - i  ~ ~~ Lf> ~~ C’ c-cc c.

n-i ce ci 1 ,,
~) c ’ -  F- cc C ’ —c-c’-

- . c—c c c- c-—i cc- c c-c c—c u’ - c- c—i c--c
c- o u’

c - n i c-f’ Ce n- CD c-Ce c-”c cc- cc,,
0, •ic ’ I ” . C~. C) no c-c- c-c c ’ c - ‘-c- cc-
c: c-Cc c-D c-Cc r’-. I--’. .rc ~r ’c c-c-) c.c- f - ’

c;- 1 CD C- c c c  o C) C) cc c’;- cc--
n- 0 i . . . . . . . . (C
0 Cc-I sif n- c - cc-n- , .—c c c  c- . o- - c-

t ~ ~ i-~j ‘-in ‘-c-n- --‘c ’ •/n’ no cc- c-c- c - e .---

C-

Ccc- If) Lr” e I -- C Cc”) “c ( ‘ c If) c-”c “c .rc
a * . . . . . . . c - .

hi o - CO Cc- ,—e c-c-C e - C’-! -ic c-f C T ‘c-C ‘ - -

crc it> cc’) .rc ‘-ct --c -C —C’ Ct>

~ - ‘—n- I”— I”. F’--- N. C- -- Cc-’ c’--c c— c (“-I C-i 4— —-

1) 4-i c- c * . . . . . . . C c ;
,4,e en- ( -~ 

ac c--i C-” C”e c c  p—C (CC C’ -c - C- r cc
U) c- - ‘! C ’i c ‘ c ( ‘c C ’ Cc ’- c-C) c- -4 , - ‘ . n, - • -

‘-ci --c-I’ ~ce~~ ci ‘-cc —I’ —i n -- f ’ .~ ‘-~ C -  C ’
Ic/I ‘-- ‘i cm

c.c a
-, - — 0. 1--

mc cc ,,cc ’ Fc_ c- 0
a

-‘— .-“ -0 c- c_c-
c- cc I - c--c I ’ - - C, N-o c-n a ce -

C .,_ c - cc-, i .e 0 -~- n-c c c— - -c-
F) - C (4. ’- / 0 c, c
o c -  i-  o a c- e .

cc - ( i c -  Ii -n--~~~ “ C ,
o c r - - c- o n . c- C- C i n ’ -~ c - un

4J U) .,‘c .,-c 
~
, e.,e c-c,’ • n- If )  Cc

P ‘ , 1) 0 .4 • i~c i c  0 ci c-c .,c •-  .,‘,

c’S c ’ n-c e’i . c - 5 u -. m~~C t - ’ c ~ -- - r n c ’ . c-c
a C r  - - i i  s, c- c- U’) e - - - - -
S -c- - - . n-C c - c c  C - ” ’ .i  1-’!

c-c- ,c . c o i n , n.  “- 1-0 c- 1c 1--’, n -  C” ~cI. • ,—, c 
~~~ In’-. mc - ,— . n.e  u

~4-,4 P C C ’ C  O c’—c (- c - - c P - n i c-c- f C , ,

(i c- u ~, 5 c - c  5 i c c ,  cc- ic c- cc-
O n - C - H ( c  p ’ i n U Q ( i .~~~ ’~c -u -’- c _ c  c - ” t
o m- m O rcc ce ca .--c o c - i o c ’~ -c-- u --c-

In- ~,) c/i Cc Inc. Li (IC C; 0 ‘j’c - a ’  c - c c  cc :--
~- u o ” n 0 0  c c - c o O  O n

(ic ( 4,) .,_4 ‘—, —._, ~~~ c,c .- ~n-t cc  - - -r ’-~-- , ’----. ‘-~~, c c tic
(1 0 1- n ) I n ~~U i H  ~i U i o~~~~~~~~~~ - . r H  .- 4,1
I’-.>  C) ~~~~ H ~‘-. I —  e_e a, a’ te ~mc. cc r: p .~i c - c c u  c - i c c  :‘ Ic - .—’ t : w - -  i i i

H ;c 0 .rc cc ~e.-. • c -cc cc c- ni
V) c—4 I ~- - 4~) 0. -0 0 (1) ~-4 H .n- ~ e - c-c- Q U)

.-c- c~~~m.’c Ui ce ccn !, ”—~ P . O

(icc c/i c-n-) C/i c-cc- ‘-“ hO I n ‘—‘ ii) U) inc-c- n-Ic C ) ‘
~~
‘

C) Oct o o ~~i
InC c-- i Ci ~ u- cC
C) . . . . . c-. . . 0 ‘ci
Int ’l C-) o C-i IO Ic/i -ct C O O

- Cc mc-
a,

u—i F ~~~ u - C
‘-4 ‘-4 4: o ct
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v-c Ccc,) Cc- c r- c ‘ ‘  c-c- -ccc C- - ”-
c’n~ ,—‘4 ‘— 4 cc c - I  t i ’ C ’

~ C; . -  
~~~ 

c c-
,‘ , C ’  “ I  c— 4 .’-I ~—‘I c — c -- u c - - c , - ~

C- ~ c-c- u-- ’) c - ; r -~ C- ,.c- C - ”)
c-n -----4 C- i C’ c c i  c , c -n  c c -  c. - c c . , - n4,1 . . . . * . . - .
0 c—I ~—4 v—i - c- c—I c - c -  .-4 - c--’ ,—I .—“

H

C)
4_i
cc - c-I- ri-ccc —‘ cc- cc-I cc’> c-ce u-c c-n , c-a C- c— c c -- c c I f’ - c--c-
cc ,. c-’ —‘I ‘- -4 ,—c-~~’ c’:, ,—l cT C) ‘ ‘‘

n-c- I-i n- • c 
* • • .

(Ci 0 , ~~ c- c- c- - c-c- c--I - - f  c—I c--I -‘~ C—c- c-” -
Cc. icc crc-

‘-ci’ Cc’ , , —c-I’ cc” c”~ Ce’ c c- C -~-n” ’ , -c- c- “ c-
C—’ , c - i  C c - N i  c” ’~ 0-i C C) ~—e . - - i C’-( ,-‘ C.

c - f  f --n ~
- •-1 c ” -n i c-’-c c- -c c—4 c-- ’— - ‘-~~~ c - -

~~~~~

(C CD .~~ ‘4’ e ’ ct> Cc- c c - c-c ~ c~c c- -n cc
- ,— n c--I c-c - c—c c”n c-n c- cc- - a c-f u- - —c

(c c c -  • . . * . . . * . . . ci
n c -n c-- c-c- c-c- c-c- c--c~~~~c- c--4 c - - c -  c - ’ - c -  ‘~~~~ 

c--c-

-cc 4~J Cc-~ ’ v--I I —  c-c- Cc-c- c’ce’ N-  Oc- ‘,C) c-n-) - -; c- - c- .— c’ .- ,

4,J , c c-c C) cc- C: - C) c-—c - c-c- c—f -4 C - - - -  - . -

— , I  • * . -~ - u - . c - .
c - - n  ~—i c----i — c - - c -  c--I c- I  ,— e c-- 4 , ; ‘ ,,, c cc c- f

un ~~ ~‘ 
.
~~, c-c-

c’
- 

~~

--. C’ ,
cf C ’ cc c-in cc

C) cc- c ’  c--,
c-c- .- cc- -c- CC c-c-

4’ I t  —c- -n- C-t cc - ‘- - cc-
Cc’ Cc. cc , I’.’ (cc ic-
1,) 0 c- c-_ c- cf- 0, i .-n

ccc c - f  cC C c c c  0
~ _i () C) c c  c_ ’ C c c-- c --4 0
cc. - . -! c’ S - - n  0’- -
o cc- cc- c--c a ~ c -c a C - - n  Icc c - a  c c - c -  ci c-’~~- cn n-

Ccc Cc- C-n - c- c  0 c- c- 0 0 C’) - C ’ c-icc cc; CO
C’ c-i Cc-i -,-I •r’I ‘ c i  CcC ’- n -  cc I
p p, u C) • ,L—( p Cc - , c c c_ c c,i - c--c- c c -  cc-

cc- cc- c -  c c -  .,-‘ i--c- Ci C; c- c c-~ ~~~ 
c c  ,—/

I—C (I)  -c- -c- c-c 4—’ I-c p C—u c-c’) c c-c- 4.—c -n - c  4-’ 4’’
5 c- c- C, p. c- c. - c’ :‘~ - Ce) . C ,’
bic • c-c cc - O c c f ) : c -  CcD • c . e c - ’  Cc c c - n ;  o 1 -

cc -c- c - - c -  c - t  cc- - cc n - c ci -
‘

19 C-c C” I—I 0 u -c tn-I f~c C~)  u—I C) ec, c
I n - c - c ?  c - c - u  c - c -’E l  O (i • - H p 0 0  O c e -,’ H  d e O c i

C.) hO 0 c-- i Cc- 0) “C c - . ,  0 (0 c-c 0 c-c-
I In’ Ccc cii o 1> 0 (/) Cc- 0 0)

0) 1 c- ci 0- Ii C) C C
~- U O 0  0 0 c c c J 00  Cc c-

CO I c - c  .,-4 -~ —~- —~- n-i • ‘-c- 4 c  •,,,4 
~~~ , ~~~ ‘,c-,

44

~t ic-c- In> C) In c - c - l  C-I P-. i c> U :-,a~ C c - U
cc-i cc P c - c - - I c - m u ci i c c  ic - ct - - r u n -  c c- ’
I—u “ c c - n c - c - i .e In’-~ “ cc c- c c-c,-
1/) c—4 H c- i n,e F), ~ c -c - 0 CI) ~4 f-c 44 .‘ cc’, L) c-c Cc 0)

n-- c-c
c - r n -I *

P-u ‘—‘ C O  (11 Li U) C-> ‘—‘ hO 1-cc ’—’ U) c-i ccen c - C ’-, cc
0 cci 0 0
c c -  c—I
0 .  • - . . f—u - . * . • o ‘c-c
> ‘l  ~~o ~ cp i  C O - c t  C O c i  C ) c c -  rt co nc-.

cc-
C ) .

• 1-4 uc- ,4 cc-
I-I 1-4 -4: 0 ic-
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-j i c ’  twcj  c~c- ’c- c  gcic piec e - n t  c- ci I cc - - re in  fac t  c - c - c c  n . -cJ’i , c c - c - _~ c ’I c c c j ’ - n c . t - -

cc ur c c- 1; ’il  i~ty  1 ,c e L l i satci cif y i c _ s i n e  rc-’ q c-e i c’ c ic’ c - i~tS c - i , t c  0~ i c - c - C ’ cc - c - c c - cc - i - fl i icy

c - c - . ,  pcc 0 0 c c ,  1 c1c -- cterocy, c - n d  ) ? , c -  F l~~ i c i  t .1 C , - c- c- - c -c - c e c- i c c ’ - c -  - - fu c t  i c - c - c - n c -  - i c - c - - —

d i t  c c e o n c - p i  ic-c c- n - P u  t , t c c - c~ I C’ -- S t  ing i_ - q c c ’ p cc c -~~c t n c - c - c - i t_ c_ ’c t c H n ’i qc c ’!; - ‘lI n c- ~-c nc i C ~c c e - j :

oc -’ I i u t n e ~~i cCc .  - c - c  ~ ce S 0 l c I ’, i c -,c c i , L l i e i . , c - c c c u S C 0~~ .ic  p - - Cc - I0’ - uc -’~~, c c - c o  ~if i- ‘~~~ic . n ,

0 ‘i I i ,ce C tC i c -C c ( - C c -;’c C c - i c - c - c- n - - i  i c c - c -i m ccc ’ c -p i c ~- , t C i i ’ i e  n c - c c - c -  c - c ] ] -  ‘ i c--;L - -c - n c

to pc co c- -n - c-s 1- u t c - l i  s t . c ’ l’ ic-o c-Cod r n - o l e  c - i l e I e c - c t i c c - c c - c - i c - i  y t o  CLc c’ P ~‘ c -~ p e l t  ac cc ’r c - ( - ’-,- .

rj 1  ic - c (10 C c-c - i c - ct c-Lou ( i - n c -  - . c -’ i o — o c’tl c ~c)  1~c cti Li c c - c e  t e e  I . --

c I ; ,i c - L c e i - i n n - t I -, - c”c~~ ~-,‘ .l i ”  r t ’ 1c-1 r c -  b c -  t i c  c i c - V ’ C c-
-c - ; - n i n flt c-c -nj te .-nfl c -’np c - c e rc --~~~c c --

I c - n c. c-coin ; c-i Ic -- i i c c - c c . pn ’ c -c .c c - i c - c c t c -  c - c  t o  bc- - c - c - -n c- I . To, c-c c - I  icc - - c - n c - c -- I n c  
- c - c - c - - i c - I c  c - c l  : t

Cliso jic- c- c c - p c - C c - i  t o  b(.et i e  S c - E n t - -CC nc - c - ’ CCS ’ i c - i c - c c - I  t l i c c - ;uph . , t, c-i c-c-c n c - c c - s  I - - - - c - c

t o  b e , . \‘c c ’; 1 c - ,l ’ - e  (110.’ ic- c - n ’, i c - -  , c - c - ,’c ’ ~- n - c - - i c e - c on  t ’ -c- c’e l - J L  c - ic - n ° f ’c - ’ c - c -  i c - c - c -i

t I i i , c ,  L n 1 c c - c ;~ - .. i c - c -. ’i y  c - i J i _ ci c - c - d - -c -c J  - i - - ” ‘- i - c - i c  c-cc pc - c - t o t  c- c - c - i c - c-; - c - c - - I n c - c - -  cc- ’~ c - - l , - n c - c- c-i -c

- .1 .

]ic -c -  i c c - ’) c-~~c - . c- _ c - , ,
; ,_~ c-1 c - p  i ’ l c - o at c -  C c - - c - - I c - c - c -  c - c - . n e c - ’, c -  cc - ;cf l . c - c - c ’ i n - c

t h c c - o c c p i - p c - c L  i - n ’~’ rc ’dioc I cc -c - -, t i c ,  i i n : c - -c.  r , - e c - ’,c-c i, r c- ci 1c ~ ‘ “ c -~~ c c -i i - Tc - ’ c - ,cc - i p n I.p r cn c ,’cc-

t ’ i e : ~ of ~-c c - I .  ‘c- Lc - - ce Ln ic- c , c_ c - C c - c  1 c - nI 1 c-c- c , I cii’, c - C , cc-c , . f t  n - I c - c  c- , c  c’-

titert ’ re _ C-c one c-ti , n of tc-Ice c. c-p c - nc  in I n n  c - c - , , ’ , i J c -  i c - - cc - P1 ( - c ’-. -c - c-; not t i c , c - - C c  P

i cy  t I ;  Sy,;t u_ -c - in’c- ’ dcc -il~’,cc . ‘l’hc i c -  i - c c - i c - - c t i n c o  cc - I ‘ - l c - i - c - - ] c -, c w i n  in’

pi’ocluct _ s c- ct, :11 do c - ’ , c - , C ,c- py I c - c - c - c - c - c- i c- V 1 : 0 c c  l i i  ~c- c .’, c- c- I c- c- ’ ‘‘; i c - c - ; .  c c - c - c  c - I  fc . c

I i c - c - i c - c -  ci Cc-c- c- - i  , a c - - i ti c. I c-c - cn i  c c - n c - c c  c - - nc -  s i  ccc i i c i i i  c- h ’ I ’ 1- i  - i t  C I t c- c - i n ’.

c -I c c - i c - I L~ cwc ,I’ .i I c - i t ~ oct ti~C- -. . Ic - i’ Vac ”c-’ i cc-c - - vii c- j c - c -  , c- c- c- c- ’ . CC  p 1c c - I I i ‘c c - ;  c - - cc

OVc- - i i i iys  cr r - c - ; - p  S t o r I :  , ~,‘n :c- .In— o:’ or pho t opt - p 1. i e -: 1-J Uc-c ‘, c -  c - . ,  c- in - i  d i ; ; . .0

foil; can I - c - c -  used fo r  Ic - n ,  i t i  color  pr oc i uc cc , bu t, c - c l  i o n - c - c’ i c - c  I i c - c - i c- i c - n c - ’  1

become, 1Oc - ’ f f c - - c - ’L~ in’ c- f rcc - ccc a t i c - c - c - ’  st c - cn c 1 pcc .i~~I_ c - i . ’ t i c - - c -  i ’ c- i i l i’~ ci i c - I c c - a c -  - c - p c icIn Ii.

increases.

Color c-ic -’ c c - I  ros t a t  i (C V c - p i c c c l c - i c c -’ I i c - u n  }i c - ic - -c b c - -n i n  n c ” n c - n c i s  C i n c  I c - I  to

ho c-; c -tt sf a ctc ,-t y in reprod mic t i cc - fl rc - c,t~i l .1 ty I n c r ’  V3F100S t o~ ’c .’ n ’ r c I p I I i c ’ p c - c - c- i c - a l  c c - ,

A connie rd at  color  cop i or has h~~ec-n ova Il~ihi t for ~ c-c- . i’c - u l C e  - i I ’’f acid i — c - c c l
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-
~~i i c- Ic -,’ Ii t c- n c - i n -  n - - - c - ’  c - C  c - - c - -  - c  - I I c - i l  c c ’  a i i  ,-‘ . i c-- c c - c hi — ‘- ‘.1-c

c - cc cci  w i t i  inn c c ~ -n .i c-c . ‘I’I ccI T c- 31I’ i c - C c -i ’ e ’ c - t’c- c c  - I - c - c - c- c- ~c - c - - 1 - C - c - -  c - c c- e c-,

i l l 1 ;  cc color C~0 t c 1 _ c - 1 Cc - c - i c - c - c hi c. - 01 ]~~r) c - I , c - l c - c - )  c - c - - r i  n - i n - c - . .  c c  y ,  c ’ i c c :  i n c - I l  t I . _ n o c - c - i c i

bc- fi’c -Jd d - ;e )c - c y c - - - n I . if a sui t a b l a  cc - op ’i e .-i a c - e l - i  icc oPt  c- 
- 

. - .1 II c- c c -- c c - I d  (‘c- c

IICUC 11 to  I c c - c c  cn- c-Ld c-c a fu ~ Y O1’) t c- c - Ti I } in In Ar c - - ;  ~~~ c - c -  tl~ c - ic c-  I - - c - 
c- . ‘ c - c - I

if a pro t~ - t y I c c - - a c - I v - c - c c c - c -  c - i  c - c c - c - c c  u i - - 1~. c - c  c - c - c- ’H , c - cc . ,  . . c - I c  c- ’J ~0e -~~~

it c-is r ic cc -c c - ” c ;c - . ’ c - e c i c - d  1 1 c c - c L  tic - -,- c - t i c - a - n c  c - c - ’ - c l  c- - c - c  1’ - - c-’ - -1 .~~c t , c - c,l * I c - c - c - ic--c c - c - y c - c I c -- i ’

r cc - ,-1c c f t , i c i - n - i c - i t i c - c - c i  t i c - c -’ i” 0-0 c - cy- , t  c- c c - c c--i- - - c - c - I  c- c c  ‘ c  i :  - pc  ‘y c - i c - -  : 1 c c - c c - c c -  c - c -n~l

is SOI c - ccYIc - c - .- I c - n c - c - i c c -  c- ’icc-c n’c-~ L I e  111 I , l c - ; In Vc - t’ LLcc-ii i , . c- . - n , ’ e C C n ’ c - , , c c - c - :  is  c - c - c c - , J ’ Iv

accomp u.sI ed . A Prc -i t c - I Y I c - c -. stc -’ i’  c - - ( ’c- C~~ Si . c ’ f l  c - c - i  I. y c r : n i  I I c - c - - i  nd f c - c c - c  I c  t i e ’ -

c - c - c - ne c - c  c-c, cc - J  ~~~. c ’c -’c~o piiotrp;’-n ’c ’ c - t i  c - i n  FC-J . n C I . i 01 -_ c - c - c - . c - - i ~1 c- 1 i n ’  -
- c. ’. c - i c - ’- . i c  c c -

of Icc - n - -t I n Si’ - _ c - o c-’-c - cc d I c c - n - c c - c -  c - c - 7 n n - t (’l ; ; cm . c _ i _ p c - c - ’, . I t  i c - c -  cc_ i - . o c c  c - , -: c - c - c - c - ic - P -

ic c - c - c c c  p:Ll ,~ c - c - i c- - c - i  sc-bcc~~s c- c- c-c-c- s In-rvc:) u i — c -  C c - c -  VOc ’ cc-c- c - n t  i’, c - c - - cc  i c C c- ’ c’ - c - ,c- c - c’

ii ’c- .~p I c i  c c - c - ic c-- i c - c - c  oi’p c - c ’ a c _ c - ct c - I c - c  thcc- pc- cc- C c - c c - I ‘c - p -_ c- (‘ ‘ c - .  :~. c - c - ’ ecc - c - .- : n c  - 11cc - , nc - - i

Cc - c -’ a j c c - c - c -’c- ~a . - c c - cc - cc  be c-n - .1 icC) ccc-e c ’i~ c-i . c .  i c - i c-n ] i c -  i- c - - c - c -  ,c - .  c-i - c - c - I c c -  c - c - c c - c -c- ( ; - I  ‘ c c- i ” - . 1

CF).:’ c L’ c - ’c .c-i . ’S cc-c t. c c f t - .cc c c -j v -c - c -c - c -c - c - c - - i  i c -  c-;i .l~ bc-c i -c-r e i ”  ~~~~~~ V

Cc- c - c- ni cccc - C ’ p c - c - n _ : n I  c-c fur ,ci ~c - r o r_I~~c - C c -  iL’ c-l c - ~’ c-c V - c c -  Ic - c- ic - c - c -. Inc c c - i c - I n - - c - ’  2 ’ ’ -  cc c-c 1 u .

r edccs i  c- c - 1 .
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