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EOIREADOUTJANUARY1971 REPORT 

I. INTRODUCTION 

The purpose of this report is to present EOI configuration 
designs developed during Phase I System Definition and to summa­
rize appropriate program costs and schedules through FY 76. In 
addition, the report surnmariZ(!S the status of the technology 
dcvc!opnient progi.-ams and identifies the required fonding, within 
the approved total, for the balance of FY 71. 

In accordance with the July and ?{ovember 1970 ExCom 
decisions and :t<RO directiv{•s, BYE 1305-1-70 (23 July 1970) and 
BYE 1326 7- 70 (Z..; ::'fovernber 1970), Phase I Readout System 
Definition was condnctcd frorn H Al:l!gust 1970 to 15 December 
1970. The Ph,:, :',•i I 'Nork staterncnt and ,uork packages sped fi1c:d 
a systern d•··~:.:i and analysis for both an~~-~best nadir GSD 
Imaging ::-:. · '.t-:t (I/S) (Confic:1-.:ration A) and an 18-inch best nadir 
GSD {Co.L::, •.. ,tion B). Appropri,c.h: Configurations A and B 
Processin~: acilities were specified in paraHel Phase I System 
Defini!ion desi~,n studies. During the saine period, Phase I 
studies of three candidate Relay Satellite (R/S} configurations 
were conducted by SAMSO. The R/S configurations analyzed 
included t'.vo satellites, hvo 

~----~ 

s;1tdlih:::; and one satellite. 
~---~ 

This n:port is b::uH:·d on the (:¼tt:mshr(: data presented by 
Uw four I/S, three Processing Facility (P/F) and two R/S 
contracto ri:; during the Pha ::,, I ,,~iforL Forn,al rnonthly reviews 
wen; cumhictcd wnth each c,.: ra..:,l.or and the.Lr ,J.~taUed Intcrirn 
(2 '.'\'.o-:,·nihcr l ()70) and Fina! 0:; [kct•n1bcr 1970) Ih•por::s were 
evahrn.hid in depth. The Final Report included five diocurrwnls: 
Coi-,Hguratnon Si.udiei:;, !ksign Stud.i<:s, Phase U Plan, Prclirnin.ary 
Int<-.rfacri Spe<::ificatio.ns and Costs /Schc<lufos. Nurncrous interface 
mc<•tings \','••r<• sch<Hhdcd hdw~(!n flt(, I/Sand P/F contractors as 
well as all the subsystem contractors, parHculnrly optics and 
transduc<.'r. 

In the technology area, the following wcr«: accomplished: 
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(a) Preliminary and Critical Design Reviews were 
conducted at the transducer contractors' facilities. 

(b) Regular meetings 
the opticf'., 

and reviews were held with 
and other technology 

~---------~ 

developn1ent contractors. 

(c) Formal reports and test data packages were 
delivered in December to sumrnarize the various projects 1 

status. 

II. SUMMARY 

The results ~f Phase I dem.onstrate readiness in all 
instances to proceed vdth PhaEe II. There is basic technical 
agrecn1ent on the configurations from all contractors and no 
technical, interface or schedule problems were identified. Partic­
ular attention was given to system and equipment con1patibi!ity as 
well as operatjonaJ tirnelincs, checkout, test procedures and 
training. 

All milestones were achieved with the exception of the 
final surface quality of the ~----~primary. It is expected 
that the goal wi 11 he reached in February 197!, approximately 
forty-five days late, 

III. I/S CONFIGURATION'S 

Two I/S configurations wer::: studied in depth by the I /S 
contractors during Phase I Sy st<~m Definition. Tl'w prirnary 
difference between the two configurations is thc:.--~~=bcst nadir 
GSD T«:chnica] Intelligence (TI) r~quirc-nwnt and the !2-inch GSD 
Strafogic Intelligence (SI) requirement. for Configuration A .'.lnd the 
18-inch GSD SI requirement for Con figuration B. In additiou, the 
TI rcquirerneni inc s Urn capability to acqmre l, 500 sh~1·eo 
pairs and at least ten geornetric acccssi.:~B to all ta at less 
than 12-inch GSD per six months. Configu:ratiou B rncets only 
the SI requi remcnt with an 18-inch nadir GSD. There are no 
specific stereo requirements for Configuration B oihi:.H t:k.m 
provid the capability to obtain some stereo imagery. 
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Typical system performance for both Configuration A and 
Bis shown in Table I. Best nadir GSD is defined as the GSD 
obtained at nadir for the minimum altitude of an I/S, which is 
also the condition that defines the rr1inimum fran1e size. Maximum 
obliquity is the large.st off-nadir angle required to achieve daily 
access to 17 degrees latitude. Image quantity performance is 
basedl ~I/S operating against two types of target models. 
The JJ1str1bu ed Target Model measures a desired capability to 
image targets that are distributed throughout an extensive area 
along-track, while the Clustered Target Model evaluates the 
capability to acquire frames of image:ry within a nominal 50 n. mi. 
diameter area of densely clustered targets. 

A. Confitp.:n:ation A 

' t ,.,; 1<-,•,,,!'J{' lo·~ " 
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TABLE l 

TYPICAL SYSTEM PERFORMANCE CHARACTERISTICS 

Paran)eter 

Intelligence Objective 

GSD (Best Nadir) 

SNR ( 6 B ::: 400 f-1) 

Frame Size (Min 
Nadir) 

Sino-Soviet Access 

h,1axirn,1rn J.,ook 

Image Quantity: 

Daily Total 

Dist. Tgt Mod(d 

Ch.1st,, red Tgts 
(50 n, 1ni. dia) 

Tl Sforct<> Pairs: 

Total/6 n-:o. 

TI Gt~oxnetric Acccs:-; 

Per 6 rno. 

Units Config. 

Tl/SI 

Inches C 
5: l 

n. mi. 2x 2 

Daily 

DegrK.:-•t:: 60.;.. 

FranH:s 

Qt 
/fJ' 

Fran,1?:s 

1,500 

..,.. 10 

A Confi~. B 

SI 

18 

5: 1 

2x2 

Daily 
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The I/Swill be designed to 1·ate in a range of 
elliptical orbits with a perigee of 188 n. rnL and an apogee 
between 283 and 424 n. rni. Final selection of the apogee 
altitude will he based on results of additional trades 
between the quantity of 
distributed targets, the 

cry against ch1ster(:d and 
ity {GSD and SNR} and the 

contiguous area coverage, Maxinmrn propellant sizing 
will be based on the highest drag, 283 n. mi. apogee and 
the worst drag yea.rs of th(: solar activity cycle. During 

the period~-------------~the ~-~l/S 
will pn,vide complete access down to 17 degrees latitude 
every two days and approxirnately 50 p<H·cent of the 
clustered and distributed target coverage pcrfonnancc of 
the two I/S system. The ~~-~I/S wiH, hm.vever, provide 
the capability to return Dirnages per day and Dim.ages 
per pass. 

Table 2 lists typical characteristics of the 
Configuration A I/S. 

B. Configuration B 

This configuration is a lower performance and 
lower initial cost configuration designed to perform only 
the SI mission with a best nadir GSD of 18 inches at a S~R 
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TABLE 2 

TYPICAL I/S CHARACTERISTICS 

Parameter 

Number of l/S 

Orbit Type 

Apogee /Perigee 

Design /Mean 
Mission Duration 

Optics: 

Focal Length 

Aperture 

Transducer: 

Detector Area 

Pitch 

Integration Tirnc 

NES 

Data Encoding 

Units 

n. mi. 

Inches 

Inches 

Mils 

Config. A 

2 

Elliptical 

188/283-424 

DPCM 
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2 

Circular 

200 

DPCM 
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TABLE 2 Cont'd 

TYPICAL 1/S CHARACTERISTICS 

Parameter 

Bits /Sample 

Data Rate (Max. ) 

Attitude Control: 

Tracking Acc1 .:acy 

On-Orbit Weight 

Moment of Inertia 

Units 

Bits 

MB/S 

Lbs. 

Slug Ft2 

Config. A 

4 + refresh 

38 

14,500 
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5 t refresh 

12.500 
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A list of typical Configuration BI IS characteristics 
is shown in. Tabl(~ 2. 

IV. RELAY SATELLITE 

A. Technical 

The four I contractors contractors 
have considered a variety of R . All contractors 
studied synchronous equatorial R tc-rns ind ~pth. In addition 
the SA2v1SO contractors and one IIS contractor selected elliptical 
satellite configurations as the p:reforred approach. The principal 
rcquiren,f•nts and capabilities for these config:urations are 
surnmarized below. 

All configurations ernploy anl I link for 
irnaging data, telernctry, coxnrnand and rang1ng bet•,V(.'('J'I the R /S 
and th(! 1/S. The designs consider bothl 
between the R/S and the Receiving Faci.----.H_t_y~(J~l~/=r=)~.-------~ 

The coordinated EOI and SAMSO~--~advanccd 
technology prograrn.s are proc on schedule, Thi? antennas, 
receiver/ exciters, pa rarnetric an1pl er and travt"!ling wave tube 
arnpHfiers are achieving the desired performance on schedule. 

Relay Satellite Configurations Studi(~d 

1. A network of two R/S 1s in 
~----~ ~-----~ 

orbits provides worldwide coverage and relays 
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I lof imaging d•ta to the R/F. This configuration 
confines t e R /5 downlink imaging data to the GOXUS by 
selecting appropriate locations for the R/S 1 s and the R/F 
to deny sufficient signal to eavesdroppers thereby 
preventing them from reconstructix1g usable images. The 
long cross link between the two~-----~R/S 1 s required 
for Sino-Soviet coverage leads to a significantly higher cost 
and slightly lower reliability than the ~---~R/S con­
figurations. 

2. Two R/S configurations that employ 
\vere studied: 

{al The first ci:.:mfieuration usc:::s two R /S's 

coverage. 11.1-ost ol U,e downlink bea.rn from the R /S 
can be confined to th(:' COXUS. 

If one of the R /S's fails, the remammg 
satellite can provide readout support to the I IS 
for v>rtions of lhc> Sino-So·viet area. 

(b} Another confic:uration. uses one R /S in 
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year. Detail studies of orbit perturbations may 
show this approach is not satisfactory for the full 

This configuration is substantially less 
expensive than either of the others sini:e only one 
R/S is required in orbit. However, having a 
single R/S in orbit may result in outage periods 
of up to forty-five days if an unexpected R /S 
failure occurs. Control of the R IS downlink 
imaging data footprint is not feasible with this 
orbit due to the longer ranges and varying angles 
a hove the R / F horizon. 

B. Selected Configuration 

R /S configuration is recommended for 
irnplen1~e_n_t--a-t~i-o-n-.-=T=-"he preferred approach uses an existing-I----

~-~s---'p=---a~cecraft which can be operated in either a ~I -------~ 

orbit... During the next month SAlVISO will study elliptical 
~---~ 

systems using either~-----~ for the R /S downlink and will 
evaluate final consideration of the covc:rage capabi:ity problcn1, 
outage and footprint implications for the~--~ systern. The 
acceptabilitX of a~-------~ spacecraft program for the 

I J systern will also be reviewed to determine the best 
cost/technical approach. 

Initial guidance on the R /S orbit, number of spacecraft 
and wideband downlink frequency will be given to SAMSO in late 
February and the final determination will be mad; in March. 
This approach permits final review of critical factors while 
permitting basic spacecraft design to proceed. 

V. GROUND F AGILITIES 

A. There are various options concerning the locations 
of the ground facility segments. Final selection of the course 
of action will be determined during Phase II. The selection is 
independent of the I/S configuration and only the R /Fis influenced 
in a minor way by R /S considerations. 

,- ",~ ~- -~ --~·:_-_, 
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The two principal op~ions of interest are: 

l. All ground facilities collocated - in this 
situation a rninimup-1 acceptable distance from central 

j is 50 miles to the west. 
~--------~ 

----=2~-~C=o~ll~o~c=a..,_,.,tion of the 0/F and P/F in the central 
~--------~I area and installation of the R /F a 
minimum of 50 miles to the west. 

There are variants of these options which address the specific 
locations of equipment and users, but the basic eng•neering and 
design considerations are the same. 

B. Receiving Fa5~1ity 

Since it is nee es sary to situate the R /Fat least 50 rniles 
fron,~--------~d;.1e to R. F. electro1nagnetic interference 
considerations. candidate sites have been evaluated as far west 
and south .vest as 400 miles to cover a range of allowable footprint 
conditions. Sufficient data has been gathered to identify ov£ir 
twenty possible locations. These \viH be screened to identify 
four to six good prospects for detai i<:d cxarninatiori including R. F. 
frequency surveys. 

Design studies of the R/F installation. v,c ,·,;., subrnitted by 
all four 1/S co:ntractors dt1rin!! J=>t'iase I.. :<c~ f)r<:-7-,i.~?t;;: <l.r('~as ,, .. ere 
identified and Configurations A a;,d B diff,,r o;}J•_.: it, d,Ha rate and 
degree of redundancy provided. There is Htthi irnpact of th(J' l/S 
configuration on the R/F facility and only n1o;!t:.rat<: effect on t:hie 
equipment. 

C. O1;erations Facility 

1n deptb studies of the 0/F were compfoted by ~he fou.r l/S 
contractors during .Phase L Requiren'.lents for both Configuration 
A and B were developed. D.iffere:nccs b(:'.fwc<n-1 the two configm·t1Uons 
are minimal since the control functions relate to the m.1rnber <.;f 

segments and basic type of operations which arc idenlk.ai fo:· A 
and B. 

The O/F consists o! consoles, displays 1 general purpo:Sc 
computers and software. The nionitoring of I/S and R /S tehirnetry 

r . 
~,r~~~~~ •~· ·~ ~·--~-~...,. 
l . . . 
..... ~- ~"" ... I ,.,. , ~ " ',,_, ' -,,, • ,A 'o• • " .. 
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and the transmission of commands are primary functions. Control 
of all segments of the system. is exercised at the O /F. Incoming 
tasking from the user community is implemented using the target 
history files, targeting algorithm software, weather and system 
status data. Orbit determination for 1/S and R/S is continuously 
carried out and necessary adjustments are mad.e. 

The 01ily significant difference in characteristics is the 
need for a wideband data link in Option 2. 

D. Prqces sing Facility 

The three contractors have demonstrated system feasibility 
on the basis of analysis, breadboarding and simulation. Extensive 
experirnental work was carried out to demonstrate operation of the 
required digital processing circuits. All of the contractors have 
concluded that on-line, ~---~ processing is the rnost efficient 
and cost effective way of handling the image data for any system 
configu:ration. In depth .studies revealed that the large buffer or 
storage requi1:en1ent for non ~---~processing is costly and 
technically less de sira:ble. 

Each contractor has derived basic designs and circu:it 
technology for '-c--~-~~ digital processing utilizing readily 
available transistor~transistor-logic (TTL). All three have used 
their own breadboard laser image reconstruction devices during 
systern sin1ulation experim.ents. Sor:ne new techniques have been 
propot-:ed and simulated including: (1) automatic calibration of 
the i:,,hotosensor array detectors by using normal scene statistics, 
(2) a.utom.atic editing of data bit errors and (3) automatic dynamic 
range adjustment. 

Good estirnates on the number and types of circuits, 
failure rates /reliability, size of equipment, facility layout details 
and personnel to operate the P/F on a 24-hour basis have been 
derived for both configurations. 

Configuration A consists of four identical sets of digital 
processing equipment, 

Four Laser Image Reproducers generate the hard copy. 
one for each subframe. One additional set of processing equip­
ment is provided for redundancy. Minimal storage will be 
provided and adequate photo processing and viewing stations are 

~'I ,.,. P, 11 !"'. ,.. 
,;; ·,:'''' 

}.4'. ,.,.: .i '• 'V ' ,.: "'-<" ,~ \.~.,, ..,,_. 
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included in the P IF design. The P IF equipment is operated by a 
control center subsystem which determines equipn1ent readiness, 
switches iten:is as necessary during n1alfunctions and provides 
access to data files for calibration and 1v1TF correction. Table 3 
lists characteristics of the Configuration A P IF. 

The Configuration B design approach is guided by the 
different characteristics of the IIS wideband data stream and by 
the goal of minimum. cost. Since the Configuration B IIS baseline 

uses~~---~-~ the P IF requires only one set of digital 
processing equiprn.enL An additional set is reconunended for the 
sarne redundancy considerations analyzed in Configuration A. 
The Configuration B Control Center requirements are less due to 
the use of Table 3 describes Configuration B. 

Conversion of Configuration B to Configuration A poses 
primarily cost and facility requirements. If the equipment and 
facility are initially sized to Configuration B, virtually a completely 
new A fabrication and installation effort is required, 

VI. PROGRAM PLAN 

The results of Phase I in both the IIS and the P IF reports 
we1·e co1nprehensivc and in close agreen1ent. All contractors 
converged on comparable overall system configurations, segment 
designs and schedules. The excellent progress makes it possible 
to revise the Phase II schedule to provide both time and overall 
cost savings. 

The revised plan provides for Acquisition Phase proposals 
to be delivered 30 July 1971. As in previous plans, a two months 1 

evaluation period is scheduled. This provides six weeks for 
selection and report preparation and three weeks for review and 
approval. System. Acquisition will begin 1 October 1971 and the 
ear lie st first IIS launch will be April 1975. The R IS plans and 
schedule integrate well with this approach. Whe1·eas SAMSO 
previously anticipated an extended waiting period following their 
com.pletion of Phase II and selection of the acquisition contractor, 
they now can proceed in October 1971 with some cost saving and 
better integration of design reviews and other r:,ilestone.s in the 
overall EOI schedule. 

Bye 107036-71 
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Data Rate 

Data Rate /Channel 

No. of Processing 
Channels 

Image Size 

MTF Compensation 

,,,__ ~ ~:.r' 

TABLE 3 

P /F CHARACTERISTICS 

Configuration A 

I 

5 :x 5 matrix 

Image Reconstruction Laser In1age 
Reconstructor 
(on film) 

MTBF for P/F 4, 122 Hours 

.~ ' -~. -··~-

.;,2 ;Approved for Release: 2021/04/08 C0511 

Configuration B 

I 

Optional 

Same 

8,445 Hours 
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Planning for the subsystem technology development 
programs also fits well with this schedule. Rather than extending 
their work through the first half of FY 72, they can be converted 
to acquisition at the'end of the first quarter. Projects such as 
Image Chain Analysis, the Image Processing Laboratory, the 

I land other analytical/test efforts have been planned to 
support Phase TI and System Acquisition in appropriate areas. 

Figure 1 is the schedule for the EOI program through 
FY 76 and Table 4 lists key near-term mile stones. 

VII. CONFIGURATION SELECTIONS AND COSTS 

From both technical and cost considerations, it is 
recommended that the Configuration A I/S program be selected. 
During Phase II all specifications will be reviewed to detern1ine 
whether sorne program.n1atic advantage could be gained by time 
phasing portions of the com.plete A performance requirer-1ents. 
Phase II studi~s 1-0.-;y show that specification values for Optical 
Quality Factor, , ;,titude conh'ol system accuracy and transducer 
noise equivalent signal should be budgeted differently for the 
various flight vehicles. If some advantage is identified, the first 
one or two vehicles could be deployed using initial capability 
specifications which are then revised for subsequent flight systems. 
The costs for Configuration A are within funding limits with a 
rninor exception in FY 72 and the better GSD provides both near­
ter1n and long-term capability benefits. Table 5 sumn1arize s 
funding for the NRO segments. Note that ~--~of FY 72 funding 
can be deferred to stay within the ~--~guideline. Table 6 
pre sen ts additional details of the FY 72- 76 funding. The figures 
do not include any out-year allowance for engineering or hardware 
associated with block redesigns. The I/S launch schedule used 
for costing estimates was May 1975, 

Configuration B costs for the FY 72-76 time period are 
presented in Tables 7 and 8. This data assumes no block changes 
and is based on launch dates of May 1975, November 1975, 
November 1976 and yearly thereafter. 

Tabular data is not presented for the B change to A since 
the yearly values are COlnpletely dependent on the desired first 

- ,,,_____ -,, --,:, Approved for Release: 2021/04/08 C05114383. 
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FIGURE 1 
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TABLE 4 

EOI (READOUT) PROGRAM. 

PROGRAM MILESTONES 

EVENT 

Initiate System Definition Phase II 

I/S Contractor submit R/S Requirements 

Revise Phase II R /S Specifications 

Final Reports /Proposals for System 
Acquisition se delivered by I/S 
and PIE' co;r ractor s 

Conduct I /S and P /F contractor 
evaluation and source selection 

Subrnit Program Report 

Initiate System Acquisition Phase 

DATE(S) 

1-3 February 1971 

l 9 February 1 971 

19 March 1971 

30 July 1971 

3 l July 1971 -
15 September 1971 

15 September 1971 

1 October 1971 
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TABLE .5 

.E.01 PROGRAM 

FY 72 - FY 76 NRP COST BRE.AKDOWN 

CONFIGURATION A 

($ Millions) 

FY 72 FY 73 FY 74 FY 75 

Imaging Satellite 

R /F and O/F 

Processing Facility 

Image Chain 
Performance 

Technical 
Consultant 

Launch Vehicle /LVI 

Ground Operations 

TOTAL 

Approved for Release: 2021/04/08 C05114383 

FY 76 Total 
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TABLE 6 

EOIPROGRAM 

COST DETAILS 

GQNFIGU RATION A 

($ Millions) 

FY 72 FY 73 FY 74 FY 75 

Imaging Satellite 

Nori-Recurring 

Recurring 

Technology Programs 

Total I/S 

Ground Facilities 

Receiving Facility 

Operations Facility 

Total R/F - O/F 

Processing Facility 

0:perations 

Receiving Facility 

Operations Facility 

Processing Facility 

Total 0·perations 
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FY 76 
TOTAL 

FY 72-76 
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F. 

TABLE 7 

EOl PROGRAM 

FY 72 - FY 76 NRP COST BREAKDOWN 

Imaging Satellite 

R/F and O/F 

Processing Facility 

Image Chain 
Performance 

Technical 
Consultant 

Launch Vehicle /LVI 

Ground Operations 

Total 

CONFIGURATION B 

($ Millions) 

FY 72 FY 73 FY 74 FY 75 FY 76 Total 

•••c-••·••• ~••.•···•.••••••~, . . 

' . 
, 1, . .,,.-,.; ... _·'"·.".~". ,_"--~""."'.,.:::~ • ... 
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Imaging Satellite 

Non-Recurring 

Recurring 

Technology Progran1s 

Total I/S 

Ground Facilities 

Receiving Facility 

Operations Facility 

Total R/F - O/F 

Processing Facility 

Operations 

Receiving Facility 

Operations Facility 

Processing Facility 

Total Operations 

\ ----~ 
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TABLE 8 

EOI PROGRAM 

COST DETAILS 

CONFIGURATION B 

($ Millions) 

FY 72 FY 73 FY 74 FY 75 

Approved for Release: 2021/04/08 C0511 

FY 76 
TOTAL 

FY 72-76 
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flight date for the upgraded system. If a fr st fligr were de sired 
in late 1979, costs through FY 76 would be The ten-year 
costs for this approach are about~-~more than the ten-year 
Configuration A costs. 

In view of the cost difference SAMSO has identified for the 
Relay Satellite segment, 

configuration is reconunended. Tw ~-------------)relays 
can meet syste1n requirements. A final examination of the~ 

I !relay will be made during Phase II but since the re 
may be unacceptable coverage characteristics, it is recommended 

that the~---~~~funding level be reserved for budgetary 
purposes. An additional~-----~opt:ion using an unmodified 

will also be reviewed for potential cost savings. 
~------~ 
The figures presented in Table 9 show actual estimated totals 
and also the contingency and inflation factors applied by SAMSO. 
FY 71 technology and system study costs have not been included. 
It is felt that the 15% contingency is less applicable to the 

~--~ 

~-----~relays using~---~ spacecraft hardware, Table 
10 shows the c.osts including contingency and inflation distributed 
by fiscal year. 

Table 11 lists the FY 71 funding status and identifies the 
items required to proceed into Phase II System Definition. 
Approval of the withheld optics and Image Chain Analysis funds 
is also requested. 

VIII. TECHNOLOGY DEVELOPMENT 

A. Optics 

Design, analysis and fabdcation de1nonstration work 
continue at Preliminary design has been 

with iower perforn-1ancei~--~ 

Work on the shorter focal length system began in August 
1970. The objective was to define a reduced performance system 
with attendant lower development costs. Parametric studies were 
performed to optimize the primary mirror f number and a £ 3 
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TABLE 9 

COST - MILLIONS 

FY 72 - FY 76 

Space Vehicles 

Non-Recurring 

Recurring 

Launch Vehicles 

Other 

Total 

Contingency 

Total 

Inflated Total>:< 

,:~4. 2% Per Year 

Zf:;:;~~~-.,-
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TABLE 10 

RELAY SATELLITE FUNDING SCHEDULE 

FY 72 FY 73 FY 74 FY 75 FY 76 
TOTAL 

FY 72-76 

... . t ,~/1~,'.fcJt:ri~.,\ · .. 
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TABLE 11 

EOI {READOUT) PROO RAM 

FY 71 FUNDING STATUS 

($ Thousands) 

Ima_ging Satellite 

1. System Definition 
2. Solid State Transducer 
3. Optics 
4. Digital Tape order 
5, Coff1rnunicatio:• Tf:chnology 
6. 
7, Flight Computer 
8. Materials Evaluation 
9. R IF M.easurements 

10. R/F Site A&E 

Processing Facility 

1, System De finibon 
2. Laser Image Reproducer 

In,age Chain Perforrnance 

1, Image Chain Analysis 
2. Image Processing Lab 

Technical Consultant 

Itek, Additional Tasks 

Present 
FY 71 
NRO i':.EE:.. 

,~ 

Withheld 
FY 71 
NROApp. 

t ~, ': ..,., '." ~ ~.., ·""' -.~1 -("' < "1--"'\ .,.,._ ............ 
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FY 71 
Reqt. 

Bye 107036- 71 
Page Twenty-five 



configuration was determined to be most cost effective. A 
diffraction limited optical formula was obtained with a flat field 
and two corrector elen1ents. A number of structural concepts 
were evaluated and the Invar tube approach was chosen as the 
baseline. 

The choice between a tube structure and a tripod for 
secondary support was not final; if the I I receives 
more attention during Phase II of System Definition, a very 
thorough structural dynamic analysis will be performed to finalize 
the choice. The thermal control .is similar to that for the high 
perforn1ance systen1 but with lower electrical power den,ands 
reflecting the lower performance requirements. A choice of the 
alternate structural concept would entail a change in the thern1al 
control configuration also. The irnpact on electrical power is 
minimal with either configuration. Table 12 lists the significant 
optics din,ensions for the two designs. 

Optical element fabrication programs are underway at 

bothl I Two lightweight secondary mirrors 
have been completeJ atl I The first, configured 
to the initial lens design, was con1pleted in five n1onths to~--~ 
rms. This was over seven rnonths ahead of srhedule. The second 
mirror was figured to ,I 

I This mirror was origin 11ly scheduled for 
~----~-~-~~ 

completion by 31 December 1970 but three weeks we.re used in 
changing the vertex radius to conforn1 to the revised requiren1ents 
of the Optical Assembly Test Configuration (OA TC). 

Using the completed optics, ~------~will build the 
OA TC and perforrn both catoptric and catadioptric tests. This 
testing is scheduled for initiation in May 1971. An alignment 
subsystem and a focus drive will be incorporated into this as se1nbly. 
Design drawing release and fabrication of the OATC are on schedule. 
The secondary mirror (alignment) actuators have been successfully 
te steel at the breadboard level and deliverable units are in 1na.nu­
facture. Design drawings for the focus drive have been released. 
Initial tests of the OATC will utilize an availabl 
for autocollimation testing. A full aperture flat 

,_~··"""'··~-•. _ .. , -····•-_·~_--···, 
' . 

( • # :. • .. ' •• • • ~,. - \,_ •• "" ~ --' 

~--------~ 
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TABLE 12 

COMPARISON OF~I ______ _ 

Aperture (Inches) 

Focal Length (Incl,es) 

System f 

Primary Mirror f 

Central Obstructi.on (%) 

Field Width (Inches) 

CONFIGURATIONS 

Radius of Curvature of 
Image Surface (Inches) 

Primary to Secondary ... 
Distance (Inches) 

Prin1.ary to Focal Surface 
Distance (Inches) 
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has been ordered fro~ I and will be delivered to 

~-------~ 
on l February 1971. Fabrication and test 

techniques will thus continue to be upgraded during this pre-
acquisition phase of the EOI program. This blank will be 
finished aY1d used for later autocollimating tests of the OATC as 
well as flight optics. 

n July 1970 The lightweight primary 
has been figured to a surface ofl 

I lby 
~-----------------------------~ 

I 

mid-March l 971. An analysis is in process to incorporate the 

completed mirror int□a I collin1ator being 
designed and built by to specifications agreed to by 

~---~ 

The collin1ator will utilize many of the structural and 
thermal control concepts developed during the recently completed 

LJoptical Subsystem Design Study. Upon completion (June 1971) 
the collimator will be shipped to~------~and installed 
above the OATC, thus permitting optical imaging tests. 

~-~has also been tasi , ' ,, finish a~--~ lightweight 
mirror (sa1ne radius of curvatuLe as the large primary) on 

their cornp::itcr automated optical surfacing (CAOS) rnachine, 
preparatory to perforrning cold tests (tn 40 degrees F) to 
determine the change of surface figure at the reduced ten1p,2rature. 
The possible preference for colder operation of the optics is a 
saving in electrical heater p'.)wer on flight systems. After 
determining the amount of surface change, predictions v,1j 11 be 
made of the required refiguring at roorn temperature to provide 
a correct surface at the low ternp2rature, This task was preceded 
by an~------~ study which addressed the critical aspects 
of cold tc1np2rature operation. One is the surface figure change, 
which may be solved by the~ approach or by careful selection 
and placement of the U LE fused silica used in fahricating the 
blanks. Another is mirror rnount induced strain. The current 
mount designs can be rn.odified to n1.inimizc ten1p2raturc induced 
strain if low temperature operation j s chosen. 

B. Transducers 

1. System Design 

In Novernber a preliminary design review of the 
prototype flight system (one-quarter of an array) \:vas held 

·~·· .. ··· ... ·····"•."·'.' ' ' 
. . . . 
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at~-~ Delivery is scheduled for June 1971. The 
Critical Design Review in January finalizes the design. 

A Critical Design Review on the 
~------~ 

single module system (8 chip) January delivery and on the 
prototype flight system (one-half array) May delivery was 
conducted in November. 

I I cornpleted preliminary 
de signs for a Configuration B transducer and held inter face 

meetings \vith~------~during November. One result 
of the interface meeting was a radiant cooling design 
concept for the transducer that should minimize thern1al 
inter face conditions with the optics. Both 

~---~ 

have initiated prograrns to determine the 
~-----~ 

nuclear radiation susceptibility of the photodetector chips. 
On 15 January both contractors delivered a detailed 
mechanization report on the prototype flight hardware. 
Copies of these reports will be distributed to the Phase Il 
I/S and __ P /F prime contractors. 

2. Chip Design 

CJ 
Burst noise was the most significant 

problern encountered. Experiments have been 
performed seeking the source of the noise. Although 
the results are inconclusive, there is good 
correlati0n with details of processing techniques. 
The production line processes were stabilized near 
the end of Decernber and the first chips fron, the 
stabilized line became available during the week of 
4 January. Eight chips have met the noise perfor­
mance specification of the mean chip noise less 
than l. 2 f"' J /m2 with no detector greater than 
2. 0 f' J /m2 . After the production line yield has 
been evaluated, a determination will be made on 
the production rate necessary to produce required 
chips meeting performance specification. Initial 
indications are that requirements will not be 
exces.sive. 

Bye_ 107036-71 
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The performance of the 2P 195 element chip 
continues as expected and production c,f the 4P 125 
chip has been stopped. A data package on 20, 2P 
195 chips will be delivered in February 1971. 

Production of the 775 series chip has been 
discontinued and has been replaced by the 808 chip. 
The 808 chip has several improvements - there is 
a third level of metal to mask any undesired photo­
sensitive areas of the chip, and changes in the 
diffusion pattern of the end detectors allow closer 
laser cutting. Noise performance of this chip 
continues to be good - mean chip noise less than 
L2pJ/n,2 and no noise greater than 2,0f'J/m2 . 
A data package on t\venty chips was delivered on 
15 January 1971. The re has been no evidence of 
burst noise in any chips. 

C. ! · .rd\varc Deve lopn1ent 

The single module system. (12 chips) delivered 
originally in June 1970 is being retorfitted with new 4P 
125 chips. The retrofitted system will be delivered to the 
Image Processing Laboratory (IPL,) the last week in 
January 1971 for two weeks of testing. 

The design of the prototype flight systern (one­
quarter of an array) is continuing and is nearing 
completion. A variable integration time is being incor­
porated into the design. This systen:i will be delivered to 
the IPL in June l 971 for three weeks of testing. Flight 
testing of the unit is being considered, as well as integration 
into the OA TC subsequent to the IPL evaluation. 

2. 

The~-----~ single module system (SMS) 
consists of an 8 chip rnodule and a PCM processor. It 

Bye 107036-71 
Page Thirty 

Approved for Release: 2021/04/08 C05114383. 



Approved for Release: 2021/04/08 C05114383 

,; 

will be deliver'ed to the IPL in February 1971 for approxi­
mately two months of testing. Beginning the first of April, 
the SMS is scheduled for flight tests. The SMS will then 
be returned to~-----~to begin two weeks of thermal 
vacuum testing. 

The ~----~ Prototype Flight System (PFS) 
consisting of a one-half array with flight configured 
electronics will undergo thermal vacuum testing at 

during June 1971. Testing of the unit in the 
~-~---~ 

OA TC is being considered. 
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In order to meet need dates for en ering n10del 
CMG I s, a design phase for the flight model units will be 
initiated in .March 197 l. The design effort will permit a 
hardware acquisition authorization by the selected I/S 
prime contractor in October 1971. 

E. Wideband Digital Recorder Develon•nen,! 

Design ar:d breadboarding r fa digital, high-data 
rate magnetic tape recorder for both space and ground use 
is underway. The Arnpex developrnent progran1 will 
den1onstrate operatiun of a tape recorder having the 
charade ristic G listed on Table 13. Electronics for 14 
channels operating at a total of~---~will be imple1nented 
to prove feasibility, The recorder can be expanded frorn 

~-------------~ 
by procuring the additional 

electronics. The technology obtained frorr1 the program_ 
will provide ihe basis for both ground-ha sed and spacecraft 
recorders. The developn-1ent prograxn :includes evaluation 
of head-to interface, bit p:tcking density, bit error 
rate (BER), nmltiplcxing, deskev1ing, overall data handling 
and reliability. Three rnonths after initiation of the contract, 
Ampex has the feasibility model, two~inch tape transport 
operating with servo lock up. T\llo-inch Permalloy heads 
(28 track/head, 15 micro inch gap) were mounted on the 
tape transport for initi,d skew rneasurernents on 13 January 
1971. A new, improved one-inch Ferrite head (28 tracks, 
15 micro.inch gap) is under test for response characteristics. 
Two-inch Ferrite heads are being fabricated for the final 
feasibility rnodeL Motorola (Phoenix) is under subcontract 
to Ampex for design studies of the electronics required. 
The Motorola study will be completed on 22 January and 
the decision concerning the design and/or :fabrication of 
electronic t1-nits will he made in early February. 
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TABLE 13 

TAPE: RECORDER C1IARACT1'JRISTI.CS 

Data Rate 

No. of Tra.cks 

Data Rat<: /Track 

Reel Size 

Track 1Vidth 

Tape Width 

Tape Sp:•ed 

Bit Density /Track 

Head G;;tp Length 

56 

12 :rn. 

24 Mil. 

2 In, 

15 Micro In. 

Head Material Ferrite 

BER <5x 10-6 

Capacity, 10.0 Frames 

Interchangeable Yes 

MTBF 200 Hours 

Deskew (static Internal 
and dynamic 

Frame Search Yes 
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An alternate space recorder technology program 
was initiated in mid December 1970 atl I The 
objective of this effort is the develo-pment and evaluation 
of a functional model wideband longitudinal tape recorder 
applicable to both space and ground use. The purpose of 
the program is to demonstrate the technology and the 
capabilities required for an I/S \•;,ideband recorder sub­
system by the design and test of a functional model. The 
model will be designed to operate at the full image data 
rate of ~~~-~with electronics irnplemented for 24 
percent of the channels. The principal objective of the 
functional model testing is to verify perforrnance of the 
(a) head-to-tape interface and (b) capability to record and 
accurately reproduce the specified per channel wideband 
data rate. The technology program includes two n1a.jor 
feasibility demonstrations. The initial dc1nonstration will 
be conducted mid-June 1971 utilizing the functional test 
model that will include the following elements: 

l. A spacecraft type two-inch tape 
transport (fabrication cornplete l March 1971 ). 

2. A multichannel longitudinal head 
assembly (Initial head construction and wiring 
begins I February 1971.) 

3. Seven operational d!gital channels 
ernploying delay modulation encoding and decoding 
together with the necessary skew correction 
electronics. (Breadboard tests com.plete 2 April 
1971.) 

The demonstration of the equipment at the six­
month milestone (mid-June 1971) will consist of (a) per 
channel bit error rates and (b) interchannel time displace­
ment after skew correction. The data record/reproducer 
goal is a bit error rate of l in 10- 6 and an interchannel 
time displacement not exceeding +. 1 /4 of a bit period. In 
addition the potential area bit packing density of the 
demonstration equipment will be verified with a goal of 
2 x 106 bits/inz. 
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F. Ima_ge Chain Performance Program 

The Image Chain Performance Program consists 
of three areas of activity, including the Image Chain 
Analysis (ICA), Image Processing Laboratory (IPL) and 

the~------------~ These activities all form 
an integral part of the progra1n and are interrelated 
through the IPL, which is the central location for the 
generation of all simulated imagery for the ICA and recon­
struction of imager:• "lata obtained from IPL array tests 
and the 

1. Image Chain Analysis 

Significant developments have taken place in this 
area of activity where the ICA contractor 

~-~-~~~~-~ 

has defined and analyzed a detailed end-to-end model of 
the image chain. This model of the image chain was 
incorporated into an analytical , tTl?der progran1 ancl 
used to. develop image chain pa, -ier sensitivities and 
support to quality measures studi,~ s. Irnage quality trade 
studies were conducted to define para.rneters for use in 
generating silnulated imagery at the IPL" A photo­
evaluation approach was developed for evaluating the 
simulated imagery. A list of qucst:iuns based on the 
mosaics used as input scenes was prepared for use in 
each experin1cnt for assigning a re}ativc score to each 
iinage evaluated. The results oft se sin1ulated in1agery 
experin1ents will be coupled with results of the 
analytical studies in deterrnining the appropriate in1age 
quality parameters. 

These ICA studies will be expanded during Phase II 
Syste1n Definition to incorporate the entire range of 
operating conditions including off-nadir imaging, varying 
illurnination and atmospheric conditions, use of selectable 
integration tin1e and various scanning mode effects. 
Selected experiments will be conducted at NPIC using the 
simulated imagery to determine the effect on intelligence 
value of the various ranges of operating conditions. 

.M~•• 
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2. Image Processing Laboratory 

The most significant achievement at the IPL v.ras 
the development of an advan<:::(:i!:d image scanner and recon­
struction device. This device is designed for the generation 
of all simulated imagery fo:r the ICA activity and for the 
reconstruction of all array test images and D in1ages. 
The device has been designed, fabricated and tested and 
is in operation ::1t the IPL. This device and the ne¥.,ly 
developed software package provide the capability for 
generating high quality irnagery exhibiting the l~ffocts of 
all the key elements of the image chain. Elenv:mts 
simulated include atmospheric and scene variables, optics 
and sensor subsystems, data encoding and connnunication 
and ground processing. 

The IPL has also contir.ued to conduct botb frnag::.n~ 
and engineering tests of actual breadboard array hanJ·Nare. 
These tests have provided a valuable source of data or: 
the tra!_')s<lucer and data processor perforf!'!.anc,1 for fo~i~lback 
to the transducer n1.anufacturers. Modificaticn: •.vork i~ 
nearing completion for testing of the transducer array 
modules incorporating flight de ~ign hardv,-are early in 
1971. 

3. 

Phase I ,.>f the 
~---,' 

two very productive~-~~----~----~ 
15 0 fram.e s of irna ry. 

images wer0 forwa d tn l 
processing, The quality of the l2-;•1ch GSD in,agi2'ry 
was good and corrdat.ed both with IPL array ti::sts 
and with sinmJat.ed imagery, although nume rQus 
equipn1.ent and procedural problcrns were encountered. 

An improved ~-;==c'_,._' P ___ s_t _,p._t_· _o"='g'-r_a_1_11._,,.,_,1_· l_l_b_C' __ ~ 
implemented to test the 

~--"." .. :.-.:~:· 
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and the~-~array during 1971. The new equip­
ment will provide both for the larger arrays 
including their increased data rate and for initial 
assessments of haze and other atmosphere effects. 
Data will also be collected to evaluate effects of 
dynamic range, DPCM encoding, gain nonuniformity 

;; 
and calibratihility. 

G. Communications Technology 

Work has continued in coordination with SAMSO to 
develop~--~traveling wave tubes (TWT), high efficiency 
antennas and to carry out supporting studies and analyses. 

~l\ddi tional 
~------------------------~ 

J 
TWT and antenna work is planned during the second half 
FY 71.-

Supporting studies include R. F. n1.casuren1.ents and 
propagation \vork, Architect /Engineer site surveys and 
link privacy evaluations. 

The technology development and study work for 
the second half FY 71 were described in detail in BYE 
109403-70 dated 6 January 1971. 

The Imaging Satellite Command and Control Sub­
system v\'i 11 utilize several sm.an, reliable, high-speed 
general purpose computers. Design and breadboard of a 
Central Processing Unit (CPU) will be i_nitiated during 
FY 71. 

The objectives of this prograrn are.: 

1. To design, develop an<l e$tabiish 
feasibility of a computer CPU suitable for the l/S. 

By~ 107036 7 71 
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2. Verify that critical technology areas 
can reliably support the flight computer program 
to follow this breadboard activity. 
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