
Approved for Release: 2019/05/01 C05118671 \ :. ~ .~, •: ;r ~! ;r-
•, • : ; t f, -~ l,"°' a 

Vt~Ut: Y.L 

PR£1-.J m 1,,J11t!,;' 
r-K;""' 1'11 -a f ,,..::I 

FINAL REPORT 

OF 

MANAGEMENT AND CONTRACTING EVALUATION GROUP 
FOR PROCURING A STAR SENSOR SUB-SYSTEM 

INTRODUCTION 

This report is a supplement to 1'Final Report of Star Sensor Assembly 
Evaluation Group» dated 15 March 1976. This report consists of six 
parts. The first part is a brief summary of facts gathered and con­
clusions drawn by the SSA Evaluation Group. Parts II through V contain 
background, management concerns, various contract approaches and con­
clusions drawn by the Management and Contracting Evaluation Group. The 
sixth part is a copy of the briefing charts used by this group to brief 
Major General Kulpa on the results of the evaluation. 

PART I 

The Star Sensor Assembly Evaluation Group was formed at the request of 
Major General Kulpa to evaluate the capability of 11off-the-shelf 11 Star 
Sensor Assembly (SSA) to fulfill the Hexagon Program's mapping require­
ments for Vehicle 17 and up. Based upon the group's evaluation, it was 
concluded that the SSA could not be eliminated as a possible contender 
to fulfill the OMA requirements for the Hexagon metric pan camera system. 
However, it was also recognized that time and lack of data left many 
significant areas only superficially reviewed and should a decision be 
made to pursue a more definitive proposal for the SSA use, the following 
areas required additional attention: 

1. Adequacy of vehicle 

2. Impact of on vehicle power budget. 
~-----~ 

3. The method, accuracy and mission impact of calibration of the 
overall system. 

4. Signal/noise analysis of SSA operating at 6.5 MV. 

5. Possibility of reducing SSA detection capability below the 6.5 
MV thereby increasing star acquisition rate and lowering dependence on 
gyros. 

6. Capability of any proposed system to fulfill the overall system 
requirements with special emphasis on the 3 arc sec relative accuracy. 

In the process of performing the technical evaluation of the SSA, it 
became apparent that certain management and contractual factors also 
required attention. Some of the concerns were verbally addressed .. ,, --.. 
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during the preliminary briefing on 11 March 1976. As a result of this 
briefing, General Kulpa requested another group be formed to evaluate 
the management and contracting factors associated with contracting for 
a star sen3or sub-system on a competitive basis, i.e., Solid State 
Stellar (S) and SSA systems. 

PART I I 

The Management and Contracting Evaluation Group was formed to evaluate: 

1. Reasons s3 was originally considered to be a selected source. 

2. Various contract approaches that could be taken to effect a com­
petition for the procurement of the systems from PE or Bendix-Itek. 

3. Opening the competition for the procurement of a system to all 
qualified sources. 

4. In conjunction with the above, procurement lead times and 
development/production schedules of the total Hexagon system. 

PART II I 

A. BACKGROUND 

1. In the summer of 1974, SAFSP, OMA, Aerospace and SAFSS personnel 
reviewed a number of proposed methods of determining Hexagon vehicle 
attitude to meet OMA mapping requirements. Basic conclusions made from 
this review were: 

a. Slit-type star-tracker attitude reference cameras (SSA basic 
design) could meet the pointing acc1racy rjquirements only with extensive 
integration effort with the vehicle This was considered unaccept­
able. 

b. Film stellar cameras which would either image stars on 
Hexagon intra-op film or on a separate film web were considered but 
were determined to have an unacceptable impact on the host vehicle. 

c. The Solid State Stellar (s3) Camera concept had the potential 
to meet the accuracy requirements and was the only candidate which met 
the criteria for minimal impact on the current Hexagon vehicle. 

2. After evaluating the s3 concept further, SAFSP concluded that 
the s3 cubed camera was a high risk development program due to its use 
of Charge Coupled Devices (CCD 1 s) as the focal plane. In addition, the 
whole concept that the panoramic camera line of sight was stable to a 
5 arc-second accuracy appeared to be a high risk assum~tion. For these 
and other concerns, the recommendation was made that S not be implemented. 
This recommendation was made by SAFSP to SAFSS during the fall of 1974_. 
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SECRET/~ 
3. Based on these concerns for the s3/Panoramic Metric Pan concept, 

SAFSS requested a study be performed to evaluate the risks involved. 
This study was initiated in November 1974 and was intended for completion 
by July 1975, so a decision for SV-17 and SV-18 mapping requirements 
could be made. Shortly after the study was begun, direction was received 
stating that S-Cubed implementation would be no earlier than Block IV so 
the study completion date was changed to 1 January 1976 and made more 
comprehensive. 

4. In February 1975, the Star Sensor Assembly (SSA) to be used by 
another program was reviewed by SAFSP with LMSC and customer personnel. 
This device was determined to be similar to the hardware reviewed in 
1974 and would have the same problems meeting accuracy requirements 
without extensive integration withllon the Hexagon vehicle. In 
addition, the problems being exper~by the SSA at that time con­
cerning cost, schedule, and performance did not make it appear as an 
attractive alternative. 

5. Prior to completing the s3 risk evaluation but after extensive 
effort had been completed (November 1975), the Staff requested a risk 
e~aluation on the S-Cubed concept. A revised risk assessment (i.e., 
S was now considered a low risk project) combined with other factors 
resulted in the following direction to SAFSP. 

a. Cancel Itek mapping cameras for SV-17 and SV-18, and 

b. Continue MPS work to assure SV-17 implementation with the 
proviso that not more than $1 million be expended until SAFSS reviewed 
the mapping requirement and alternatives further with OMA. The final 
decision has been delayed from February 1976 until 1 April 1976. 

B. SELECTED SOURCE CONSIDERATIONS FOR s3 

1. After the decision to cancel SV-17 and -18 mapping cameras, 
SAFSP looked at the justification for continuing what had evolved as 
a selected source procurement. Sufficient justification was considered 
to be available for the following reasons: 

a. Only s3 appeared as a workable concept ~hat had been veri­
fied by detailed study and still met the criteria of minimal impact on 
the host vehicle. 

b. Perkin-Elmer had the best chance of meeting system performance 
objectives because: 

(1) They had two years to study and understand the problem 
from a system standpoint. 

(2) They would have overall performance responsibility for 
meeting the 5 arc-second system pointing accuracy. 
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(3) They have a 900-man task force capable of working any 
unforeseen problems in either the stellar camera or the panoramic camera. 

c. Only Perkin-Elmer had the capability to continue to work the 
Metric Pan problem from November 1975 until SAFSS decides on a course 
of action with the limited dollars available. Perkin-Elmer is continuing 
with the sustaining engineering labor force available. 

d. The sustaining engineering available at Perkin-Elmer made 
any alternative to S-Cubed questionable from a cost standpoint, especially 
if Block IV systems are considered without the non-recurring development 
costs. 

e. Schedule requirements to meet a SV-17 effectivity were very 
tight,and open competition procurement schedule was considered to be 
prohibitive from a total program schedule standpoint. 

PART IV 

The following management concerns are presented to provide a summary of 
the problems this group feels are involved in achieving a metric panoramic 
capability. 

A. SSA CONCEPT MATURITY 

Use of the SSA as an attitude sensor for the Hexagon Progr1m uses 
a totally different attitude determination concept than does S , and the 
SSA has significantly different impacts on the Hexagon Program. This 
group recommends a detailed study be performed on the SSA concept. The 
following is a list of areas of concern which have not been addressed 
adequately by the SSA Technical Evaluation Group and should be studied 
in more depth: 

(b )( 1) 
L__ _______________________ (b)(3) 
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d. A total look at an integrated MPS using the SSA has not been 
performed to verify that the overall concept is sound. This study should 
also be performed. 

3. Verification of 6.5 Star Magnitude Sensitivity. The ability to 
modify the SSA to detect 6.5 magnitude or greater is so important to this 
concept that this group feels this capability must be demonstrated or 
thoroughly evaluated through study. 

4. Error Budget. Some of the pointing MPS error budget are inter­
dependent on the star sensor and the panoramic camera. One example is 
the error in determining the interlock angle between the star sensor line 
of sight and the panoramic line of sight. This error is significant and 
needs further study for the SSA concept. 

B. SCHEDULE 

Meeting the SV-17 schedule is a concern since commitment to a metric 
p~n program regardless of its form has seen so much delay. The current 
S schedule is tight and further delay will jeopardize SV-17 effectivity. 
Changing to the SSA concept is an even more difficult schedule problem 
because of (1) concept study required, (2) procurement process delays 
involved, and (3) manufacturing lead time for the SSA (23 months from 
go-ahead). The s§hedule shown in Figure I-A is that currently being 
pursued for the S sensor. Additionally, the SSA delivery schedule-o~f-~ 
23 months is superimposed as is the 27 month Hexagon Program MOD II 
procurement time. ~-~ 

C. MPS INTEGRATION 

Regardless which star sensor is used, an effective MPS integrating 
contractor is required. At this point, only Perkin-Elmer is considered 
to have the total understanding of the MPS concept and has the overall 
resources to assure success. This group feels that Perkin-Elmer is the 
only integrator which the government would be able to incentivize based 
directly on meeting OMA overall mapping requirements. Perkin-Elmer also 
would best be able to respond to new problems or requirements as the 
integrator. 

PART V 

A. CONTRACT APPROACHES 

1. Taking into consideration the management concerns and the overall 
program schedule as set forth in the preceding parts, this group evaluated 
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various contract approaches that could be taken to effect a competition 
for the procurement of a star sensor sub-system. The basic ground rules 
and assumptions used were: 

a. Decision defining approach required by l April 1976. 

b. Star Sensor Sub-System hardware required by 1 July 1978 to 
avoid jeopardizing overall Hexagon Program schedule. 

c. Launch date for SV-17 - Fall 1980. 

2. Each approach was evaluated in detail and a list of pros and 
cons prepared for each. The approaches were: 

a. Issue an RFP to all qualified sources, approximately 12, to 
provide a sub-system that would meet DMA's performance requirement. This 
approach was evaluated at some length but proved to be unfeasible based 
on the lengthy procurement cycle and production schedule (see Figures 
I-Band I-H). 

b. Procure SSA from Bendix-Itek as a directed sub to P-E and 
have P-E integrate sub-systems hardware. Even though the approach is 
not a competitive procurement, it was evaluated and again proved to be 
unfeasible not only from a technical and schedule3standpoint, but it 
would be impossible to justify exclusion of the S sub-system from 
consideration (see Figures I-C and I-H). 

c. Procure SSA direct from Bendix-Itek and provide to P-E as 
Government Furnished Equipment (GFE) for integration. Again, even though 
this approach is not a competitive procurement, it was evaluated and again 
proved to be unfeasible not only for the same reasons as stated in 
para b., above, but the government would be accepting full responsibility 
that the total system worked (see Figures I-D and I-H). 

d. Issue an RFP to LMSC, as integrator, to provide a sub-system 
that would meet DMA's performance requirements. This approach showed 
merit over the first three approaches; however, from an overall management 
standpoint it was also considered to be unfeasible as it would be impos­
sible to incentivize the accuracy of the sub-system by itself (see Figure 
I-E). In addition, the procurement cycle required to effect this approach 
still presents an overall schedule problem (see Figure I-H) and is not 
the most preferred approach. 

e. Issue an RFP to P-E, as integrator, to provide a sub-system 
on a make or buy decision that would meet DMA's performance requirements. 
This approach, in addition to effecting a competition, was considered to 
be the most feasible of all, not only for the management concerns but 
provides a better understanding of overall systems requirements (see 
Figure I-E). However, even with this approach the total procurement 
cycle presents a slight problem (see Figure I-H). 
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The group also prep~red a pro and con chart and procurement timeline 
for procuring the S sub-system from P-E as a selected source to compare 
total time required to deliver a sub-system on or before 1 Jul 78 (see 
Figures I-G and I-H). Of all approaches evaluated, this is the most 
feasible based not only on the overall schedule considerations but it 
also increases the confidence in satisfying the OMA requirements. 

B. CONCLUSIONS/RECOMMENDATIONS 

Based upon the above, the group concluded that P-E is the only 
contractor that can integrate the sub-system/pan camera §ombination 
into the Hexagon metric pan camera system and that the S and SSA 
systems cannot be competed effectively until the additional concept 
study~ the SSA is completed. Therefore, the conclusions and recom­
mendations are to procure the s3 sub-system from P-E as a selected 
source or recognize an overall program schedule impact if competition 
of a sub-system is effected. 
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FOl!EWORD 

This report covers the facts, recornmendc1 t i.ons and 
data collected by the Star Sensor Evc1.luatlon Group 
established by Major General John E. Kulpa, Jr. 

~-----------------1 Chairman 
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Fi1121 Report 

of 

Stc1r Sem,or Assembly Evaluation Group 

INTRODllCTION 

This report consists of three parts. The first part is a brief 

summary c,f facts gathered and the conclusions drawn by the Group. 

Tbe second part. is a copy of the briefing charts used by the 

Group tc bri.ef General Kulpa on the results of the evaluation. 

To £2ccilitate understanding of these charts, editorial cormnent 

for each has been added to the back of the previous chart. The 

third port:ion of the report is 2. .::opy of data provided by ITEK/ 

Bendix during and subsecp.,ent to the briefing presented on 

5 Narch 1976. 

PART I 

The Star Seru,;or Assembly Evaluation Group was formed at the 

request of General Kulpa to evaluate the capability of the 

to fulfill the Hexagon program's mapping 

req1nre111e;1 ts for ,·eh:Lclc J. 7 .:md up. 111c ability of the Star 

Sensor AsBembly, built by Bendix with ITEK as subcontractor for 

the t.::d.c·scopc, to fulfill the Hex,.1g;on requirements was questioned 

ci~~ Hexagon vehicle is relatively 

Approved for Release: 2019/05/01 C05118671 



Approved for Release: 2019/05/01 C05118671 

stable and slow moving, operating at a constant geocentric pitch 

rate, 

Of cour,3e this worry fosters a host of subconcerns associated 

with the impact of design changes necessary to make the sensor 

work jn a new application. These include such items as 

mount ins requirements, mech;:mical and electrical modifications, 

and the error budget distribution throughout the overall 

system. 

After a brief introduction by Lockheed Missile Space Company 

to the design and application of the Star Sensor Assembly, the 

Group approached the problem of understanding the basic require­

ments established by the Defense Happing Agency (Div'J~) for the 

Hexagon system. These requirements reflect DH,\ 1 s responsibility 

to provide precise geodetic positions of pre.determined 

Department of Defense targets. In anticipation of advanced ICBM 

system (HX) n:quireme.nts, DHA has been tasked to achieve, as a 

technical objective, point target positioning accuracies to 

within 23 meters horizontal circular error, 90 percent reliable, 

and 17 meters vertical linear error, 90 percent reliable. 

To satisfy these requirements with the llexagon pan cameras, it 

is nccc:::sary that the system prov lde: 

(a) Attitude rate of 1.5 arc sec/sec continuous, (b) 

Satellite Vehicle (SV) orbital pos:i.t:ion to 30 feet in-track, 

cro~;s-tr.:1ck ancl rad:i.ally, (c) 10 micrometers limitation. on film 

2 . 
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distortions, (d) a one-tenth millisecond film expqsure-time 

resolution granularity, and (e) an absol~te attitude error 

of each camera linc~--of-s i.gh t les,; than 5 arc seconds. These 

are alJ. one sigma numbers and represent a formidable 

challenge to any system. 

As the Group investigated the impact of these requirements to 

the Star Sensor Assembly application, still another criterion 

not previously addressed was defined. This requirement, 

established by DHA, was for the ndative attitude of each 

camera line-of-sight to be determined to less than 3 arc 

seconds for any given set of stereo exposures. 

The 5 arc seconds absolute attitrnle and the 3 arc seconds 

relative attitude error requirements are the driving functions 

for a star sem;ing device/panoramic camera system design. 

After evaluating the necessity of the Star Sensor Assembly to 

provide the close coupling required between itself and the TCA 

the group concluded that the SSA would have to be mounted to 

the TCA. It w.:-;s concluded th.:1t attempts to mount on the vehicle 

longerons, •1:,;rouJ d be complicated by undefinable motions between 

the SSA and the TCA, e. g. thermal hot-dogging. 

1110 abil:i.ty to closely coup] e the Star Sensor Assembly to the 

VE'hiclc att:f tudf! using the ex:Lsting aS suggested 

in the h.:iselinc approach of ITEK/Bendix, was evaluated. 

3. 
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TI1e degree. of interdependence bet1,;ee11 the star sensing device 

and the vehicle attitude is directly related to the rate at 

which the sensor acquires stan.;. The clectron1c modifications 

proposed by ITEK/Bendix to tlie Star Sensor Assembly increases 

its star acquisition rate by ~,0&rly ;;m order of magnitude. 

Thfo :Ls accomplished by allowing the SSA to sense stars of 

about 6.5 magnitude visual (HV) versus 
~--------~ 

After evaluating the impact 

of the proposed change to the electrical design and concluding 

that it appeared feasible, the Group had the task of adjudicating 

the capabilities of the modified des:i.gn. An analyses was run 

using the re-designed reticle pattern proposed by ITEK/Bendix 

which substantiated the fact that star crossing would typically 

occur at scmewhat less than 10 second intervals. 

A first order evaluaticin of the suitability of the existing 

determination to keep track of the TCA attitude between these 

infrequent star sir;htings ,,:as conducted. It was concluded that 

the existing D specifications wauld not guarantee sufficient 

prec:Lsion. 

(b )( 1) 
(b)(3) 

(b )( 1 
(b)( 

Limited data do exist that indicate the existing~-----~ (b)(1) 

perform considerably better than specification. If the 

sred.fi.cations were tightcn('d and m::i.dc appropriate for this 

purpose, which appears feasible, the question of alignment/ 

stability between the and the SSA mounted on the 

4. 
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TCA would remain unanswered. Tests, stu(Jys and/or modeling might 

resolve this di.lemma but time li.m:i.tar:ions dictated that the Group 

leave -J.t as an open question. The Group elected to evaluate an 

alternative approach which ws.s rc:cognizc:d by ITEK/Bendix as a 

fall-back position. Thls approach includes mounting a dedicated 

reference asse1:1bly in close proximity to the SSA. The 
~-~ 

addition of a , wh:ich could be procured by 
~----------_J 

Bendix or the integrating contractor, was considered a viable 

option to satisfy the system requirements and obviate the 

dependence on the To thoroughly evaluate 

possible impacts (weight, space, and power) of a ~------_J 

package on the vehicle requires a vendor survey and an 

evaluation by the integrating contractor. However, a cursorary 

review by the Croup indicated the possibility that an acceptable 

might be found. 

Based upon these ste'ps the Group concluded that the SSA could 

not be eliminated as a possible contender to fulfill the D:MA 

requirur:1ents for the Hexagon metric pan camera system. The Group 

recognizes that tirne and lack of data left many significant areas 

only superficially reviewed. Should a decision be roade to pursue 

a more def:Lnit:ive proposal for the SSA use, :l.t is sugr:;ested that 

the followi11g areas be given additional attention: 

(n) Adeqn;icy of ______ __J 

(b) Impact ('f on vehicle power budget 
~------__J 

.') ,. 

Approved for Release: 2019/05/01 C05118671 

(b )( 1) 
(b)(3) 

(b )( 1) 
(b)(3) 

(b )( 1) 
(b)(3) 

(b )( 1) 
(b)(3) 



Approved for Release: 2019/05/01 C05118671 

(c.) The method, accuracy aud rnissi.on impact of 

calibration of the overall system 

(cl) Sjgnal/noise analysis of SSA operating at 6.5 MV 

(e) Possibility of redudng SSA. detection capability 

below the 6.5 MV thereby increasing star acquisition 

rate and lowering dependence on 
~--~ 

(f) capability of any proposed system to fulfill the 

overaJ.l system requirements with special emphasis 

on the 3 arc sec relative accuracy. 

6 • 

Approved for Release: 2019/05/01 C05118671 



Approved for Release: 2019/05/01 C05118671 

LJI 
___ I , 

r.::1 i 

::r: 

z 
0 ,__. 
1--
<C 
::::::> 
_j 
<C 
> w 

>- l(_) 
ct:: >- 1, 
c::.:( I- _j 0-) 
z 0~ p::i ,-l ........ CJ u_ ~ 
:-E: o._. C) LJ..J :::c 
1---< Lt.I (/) l...) 
_j r:r.::: U) ex:.: 
LLJ c:.:r: <C 
0::: ~ 
C\- 0::: 

C) r-l 
(/) r-1 ;...:::: 
w 
U) 

0::: 
c:.:r: 
I-
U) 

Approved for Release: 2019/05/01 C05118671 



)> 

1:g 
a 
< 
CD 
C. 

o' ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ..... 
co --0 
0, --0 ..... 
() 
0 
0, ..... ..... 
00 
0) 
-J ..... 

,..-... 
rr .__... 

,..-... 
(..0 .__... COI-11,':ii.ENTS 

TEE PURPOSE OF 'I'IlE GROUP 
~·JL\S TO PRO\lI[,E'. A1J TJL':JBif\SED rrE:Cn:0:ICl\L 1:'· )~ ..,ILiri'y· OF 

WAS REQUE:3TED BY GENERAL KULPA 'l'O FORM THE 

S'l'AR SE?JSOR ,i\SSEMBLY {S~EVJ\LUJ\"IION GROUP. 

f}_'f.iE BEt,:·Dii':/IlPEY~ ST.AR SEt·JSOR ASSLt"1BL.Y, 
' rr C -1,' ·u· 1 I, F - L-L 1' 'i'"' '·; ,,.,, ,. 71 G·: O ''' -c,;c,,=>.c;i{~n"'r,"'pc,-c,;-~, • "c,";T7S~""'✓'"71rp"0~"""'" ,.----------,,,..,~~~~~-.-.--.---J f -· __ j_ .\ .•. w.t'.tLlU--i. .L\iL., .. ·-.., .. :h'-C'., ... l J.11-:\.L 1" .. J: 

FOR 

•h:.,11.:.CJ..,E .l 7 AL'W UP. 

TI1L I·~0ST SIGN:::FICAr'T' DA'Ti'.\ 'T'HE GROUP R 1::ZCEIVED WAS TEE LOCKEEED MISSILI:: 
)\ND SPACE CC'l-~PP"::JY l BRIEFING ON 27 FEBRU.l-\RY l~:75 CCVERING 

1 ~KD THE COMBINED BENDIX/ITEK BRIEFING 

O:..J .5 V.u.'\RCH J. ::i Io • 

)> 
"O 
"O 
a 
< 
CD 
C. 

o' ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ..... 
co --0 
0, --0 ..... 
() 
0 
0, ..... ..... 
00 
0) 
-J ..... 



)> 
"O 
"O a 
< 
CD 
C. 

o' --, 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ..... 
co --0 
0, --0 ..... 
() 
0 
0, ..... ..... 
00 
0) 
-J ..... 

' .S ~-

,...._ ~ . 
L'·: F~E, 
";r- ;:co 
~ .... tJ ~ Li.J 

,-,,-; r 
.. t/ r 
! ~.:r-.;) 

i ,:·•; \ 

2 ''. ~\R - ; " : ~ 

4 f-:.'IP 
1 1n1 \ 

5 f/J\R 

8 Q 
I\ 

Sl ,.,,,~rr·{ or E'1-•;•s J:''t-·1:-\1\ Ir \ t;\ i 

!="'lErlT - \' ~ 1 

r~~1"1ird 
.:, ; ·! l ~ ! F·1 L !' )- ,- 0

\) ,"'\ ' j I 
:-.~rr--r':l.,'r'" 1,fT'T"~t C("\' 
11L.,_j !,u h1!H v1 L. 

1'I. i;.,i-,-n~,,-...r.i 

/-\~\~.U t f<~t) ;\J 

'."i'l"r"l''fil nr 0·-1 .... c-En -,.,n~n ,--·-,,,,.,,S 1-'r'-i.J;ii ,\/1,.: 111-- ''t.. t-- l 1..,.: 1.J'1e<'L1 1 '· 1r-1'':h•-K1 
1, "t,\.rf \ v ,.,. ._!>.- ...,. _....,t....,'\ \. 1- 0.1.JL. 

<::T /\ Q 
\.., f ~- I : • 

TE!~f·; 

rrc'; ;'\ 
.Jt !i'i 

C:,-'\l(""-1'"•"""'! 

..... cr,~-2>Ui\ t'\SSEf1BLY BRIEFHlS BY LMSC 
Fi (·C: 7 (:. 1 

f-t,..JV l •_: 
.·:--,-, ..... s f\ 1 'D· ,c:·{ ! mi 

* SECURITY 
:,,A, s3 c-v0•E'11 71"" ,.),.Ji I 

ncr.~ 1 T 1·1 [:'.11c,.,;-rc­
r1u.:;:U 1 t\ 1·1,_!'; iv 

nRrrcr ...,,, ... t.1 1.1 s 
SP-3 
SP-7 

,..-... 
rr .__... 

,..-... 
(..0 .__... 

TWX SENT TO ITEK DELINEATING TECHNICAL QUESTIONS OF GROUP 
DISCUSSION WITH LOCAL ITEK REP -

L__ __ ~~~=--------~ 

ADDITIONAL DISCUSSIONS ON REQUIREMENTS 

ITEK PRESENT/\.TION Arm TECHNICAL WORKING SESSION 
CDMA' ./ 

FOR;11ULATIO:~ OF CCf'lMITTEE CONCERNS Mrn P1SSIGNMEr~TS FOR HNESTIG,~TiON 

.c:.r::..i:'._Dr·r l!!n 
~ 

t; f'." \';',; 
l ·/-' .. 

',IT /1 
" 

T''!C--~r1~: 

)> 
"O 
"O --, 
0 
< 
CD 
C. -0 --, 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ..... 
co --0 
0, --0 ..... 
() 
0 
0, ..... ..... 
00 
0) 
-J ..... 



)> 

1:g 
a 
< 
CD 
C. 

o' ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ..... 
co --0 
0, --0 ..... 
() 
0 
0, ..... ..... 
00 
0) 
-J ..... 

COMM.ENTS 

PE?,SO:-mEL FRQr{ ALL rlAJOR DISCIPLINES REQUIRED FOR EVALUATION OF THE 
S C7' r.·r:•~1,c.' CpTT,','1711,:"D 'PDQP f~IR FonrE•/i'\DR·OCPAt"'E/D,;;,..-:11,TcTCfCE j\P,n,.,-,.~,c 7\r-1·'~,F"V ~J.c'"".. \~L\.1- 1:>.-1..J.1....:~-.. .... _;_, .... r ... -.._.,.";,, ~ _ J.\..__,_. - ... L.:1J. .._, 1:·~-.._ ~·....J ~~,u i.r..1......:...c..Li\i .:.·_-\\__-:r..i~'~.._,..1_. 

h'I'I] 'I':lE EXCEPTION OF ~------~AND DR. LARKIN, WHO v'iERE CON­
SIDER~D NECESSARY TO PROVIDE CONTINUITY, EMPHASIS WAS PLACED ON 
SELECTING PERSONNEL WHO HAD NOT BEEN DIRECTLY ASSOCIATED WITH T~E 
PERKIN-ELMZR SOLID STATE STELLAR STUDY EFFORT. )> 
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COMME'.'/TS 

AS THE EVALUl\TION PROCEEDED, IT BE~AME EVIDENT THAT THE PROBLEM HAD 
THREE MA,JOR FACE'I'S. FIRST, WAS THE REQUIRE!-1Jc~NTS, 'WHICH UNTIL THE 
:SV/'.LUJ\TIO:·J GI~OUP BEGl\N TO FOCUS P,T'IENTION ON THEM, WERE: 110T TO'i',:O,.LLY 
r.;_~~;I,Il\JZAJ:I~l). SECO~\ID \VP1S TtIE TI~CI!T.<fIC:J':.IJ r:~\Tl\LUl:i.TIO:t~S \·,JI-lICII [)l~l\T/I' r-ll\I"tJLY 
,:-:J.TII THE l\BILITY OF THE STl1 P. SEtJSC)P. ASSfi0BLY IN CONJU'.'~CTION 'i'JI'I'E THE 
HEX2\GOH PANORAMIC CAJJiERl\ TO PROVIDE SUFFICIENT ACCURi\CY ·ro ETLFILL 
TTS DEFENSE MAPPING l\GENCY I S REQUIREMENTS. l-1.ND FINALLY, A CURSORY 
l~Ni\LYSIS OF T!iE POSSIBLE CONTHACTU1\L IMPLICATION OF USING 'TI-IE 
r.,,,:·.-,•rJ-X/T'T''.:'lT ST?)D C:.E"1 C:.OR 7\rsr;,~•E·LY Ql\1 TLT}.' qE, V"G01") \ 7E"ICLE LJ.L,1.,i J_ -. .., _ _ .;...J " 1 ,1..·.;,...1..\. u L-4~ J_ 1 .... u ..L.·.•.'.1..J '. ;_~ J.), _..J r..1. .c.,.Ll .,_' J.l..1 ~ "' 
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COM.MENTS 

THE ATTITUDE RATE OF THE SYSTEM MUST BE KNOWN ON A CONTINUOUS Bl\SIS TO 
1. 5 liRC SECONDS/SECOND AT ONE SIGI/l.l\. THIS CAPABILITY EXIS'I'S NOW. 

'ViIE POSITION OF THE VEHICLE MUST BJ: l'GsJOWN FOR El\.CH PHOTOCR.i:-'\.PHIC EXPOSURE 'TO 
hITHHI 3 0 FEE'I' r ONE SIGMA, IN-TRACl~, CROSS-TRACK, AND Rl\DIALLY. THIS WILL 
BE POSSIBLE WITH NAVPAC EFFEC'l'IVE WITH SV-13. 

THE Pll.N SENSOR MUST BE C-ALIBRi\TED SO THAT PHOTOGRAPHIC DISTORTIONS CAN BE 
FI.:r,'iOVED TO PEPJHT TUE LOCP,TION. OF A. POINT ON THE FILM FORY,l\.'I' 'rO l\N ACCURJ\CY 
CJ;:' 10 r:ICROI-1L'.'.I'}-;;Rs, ONE SIGMZ\, IN ;?,OTH TEE IN-TRl.O~ AND CROSS-TllP,.Ct~ DIR'.:.'.CTIONS. 
THIS IMPROVED CALIBRZ\TION WILL BE l\Vl\ILA,BLE l'lITH SV-14. 

'IEE EX:FOSUFJ:.:: TIME OF ANY PORTION OF THE PAN PHOTOGRP:.PH MUST BE DETERI-lINED '110 
i'lITrII:N O. l I·~ILLISECONDS, ONE SIGMl\. 

Pi\N CAfvcEPJ". SYS~f\Sr:l ON SV-14 Vvll:.,I., 

~A TIE- IN B:CTi;sJEEN TEE NAVPA.C 
PROVIDE THE CAPABILITY. 

CLOCK AND 

THE ABSOLUTE ATTITUDE OF EACH PAN SENSOR LINE-OF-SIGHT MUST BE KNOWN TO 
i;s;rITlUN 5 A.RC SECONDS, ONE SIGMA, WITH RESPECT TO THE THREE AXES OF THE LOC2\:I, 
VERTICJ\L THROUGHOUT THE LIMITS OF THE SCAN. THE ONLY KNOv{N WAY TO ACCOMPLISH 
THIS TYPE OF ACCURl-1.CY IS WITH A STAR SENSING DEVICE. 

TEE RELATIVE ATTITUDE OF ONE PAN S~:NSOR LINE-OF-SIGHT TO THE OTEER PAN S:CNSOR 
LINE-OF-SIGHT FOR ANY GIVEN SET OF S'l'EREO EXPOSURES MUST BE KNOWN TO WITHIN' 
3 ARC SECOKDS, ONE SIGHA, FOR EACH AXIS. THIS l\GAIN IS A REQUIREMENT THAT 
FORCES CONSIDERi>.TION OF A STAR SE;\TSING DEVICE. 
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10 MICROMETERS (FILM DISTORTICNS) 

0.1 MILLISECOND 
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COMMENTS 

THE .METRIC PAN SYSTEM (MPS) NEED NO'l' ACHIEVE I:XA.CTLY A 2 3-METER HORI ZONTAI, 
A'.~D 17-METER VER'l'ICAL l\CCURACY TO ~;UPPORT THE ICBM (MX) SYSTEI0

,.. 'I'HE 
Di\SHED LINE SEOWS THE 23/17 METER EEQUIREMENT. THE HEAVY CURVED LINE FOR.MS 
t\L-1 ENVELOP::: WITEIN WHICH THE REQUII':EMENT ViAY ALSO BE Sl\TISF'IED: E.G. , 
D':PI:0VED ACCURACY IN THE HORIZCi\JTAL DIRECTION WILL ALLOW co:,,1:::ROI:USING 
I{J THE VEP.TIC.i'U, DIRECTION. 

l\N ABSOLUTE ATTITUDE ACCURACY OF 5 ARC SECONDS WITH A RELATIVE ATTITUDE 
ACCURi'\CY OF 3 ARC SECONDS WILL SATISFY THE REQUIREMENT OUT 'I'O 30 DEGREES 
OF SCA~ IN EACH DIRECTION FROM NADIR. Dtffi HAS INDICATED THIS IS AN 
ACCEPTABLE LIMIT. 
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COMMENTS 

THE TEAM, DURING THE INVESTIGATION, SOUGHT TO UNCOVER POINTS OF 
INCOMPATIBILI'l1Y BETWEEN THE SSA. AND ':'HE H SYSTE.M METRIC PAN APPLICATION. 
THESE kRE ':i:'HE M.Z\JOR AREAS PROBED. S::i:NCE SOME OF THESE 1\RE NOT CLEARLY 
SEPARABLE, THE DISCUSSION IS NOT ORGANIZSD SEQUENTIALLY BASED UPON THEM. 
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COMMENTS 

THE INFORNATION AVAILABLE FOR REVIEW WAS LIMITED IN THAT THE CONTRAC'rORS, 
BENDIX AND I'l'EK, WERE NOT WORKING TO l-1. CLEARLY DEFINED SET OF REQUIREMENTS 
FOR THE SYSTEM OR ITS ASSOCIATED INTERFACES. HOWEVER, DASED ON THE 
l,'U.IL!\.BLE INFOR1'LATION, THE TEAN FOUND NO REASON FOR ELHIINATING TIIE SSl\ 
(:IODIFIED) FROM CONSIDERJ\.'I'ION. TO DEFINE THE EX'l,ENT THE f;SA WILL flZ\.VE TO 
m: HODI:FIED WILL REQUIRE (A) A.Dr1JTIONAL DA'l'A ON VEHICLEII PERFORJ\I.2\NCE, 
(B) THE DIMENSIONAL STABILITY OF CERTAIN VEHICLE ASSEMB~AND (C) A 

COM.PL!.3TE l,ND ACCURA'I'E POINTING ERROR ANALYSIS. THE RESIDUAL CONCE:RNS 
REFERRED ?O LIE LARGELY IN THESE AiffAS. THESE DAT.1"'.l, Ml\Y ELIMINATE 
APPLICl,'I'IOtJ OF THE SSA IN I'IS SH,PLEST FORM: HOWEVER THE TEAM B~ THAT 
TiiE I-'.i.OST MODIFIED C(;NFIGURi\'.rION, EIViPLOYING ADDITIONAL DEDICATEDL___J IS 
F'f~.\SIBI,E. 
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COMMENTS 

I ~.1 .. , 
J.t.il.:1RE:ES 

PER srr:::mm AlJD 'I'IIE I:.OLL mm Y.AW Rl\TT;;s ARE :mLD ESSENTil\LLY CONSTZ\J\JT. TPESE 
RP,TE DIFFERENCES GIVE RISE TO ALL OF TEE REQUIRED DESIGN CHANGES IN THE 
SSA SENSOR. 

IN BRIEF, THE DIFFERENCE BETWEEN THE SSA AND s3 
SYSTEMS IS DUE BASICALLY TO 

HOW STARS ARE SENSED. THE FIELD-OF-VIEW, VIEWING GEOMETRY, AND MOUNTING 
LOCATIONS OF THE T1-vO SYSTEMS ARE ES3EN'l'Il-\LLY THE S)\lll'::. THE Iill\IN PSRFORM.l\:\iCE 
DIFFERENCE BETWEEN THE TWO SYSTEMS IS THAT AN SSA DETECTS A STAR ON TIIE 
l,VER]1 GE ABOUT EVERY 7 ·ro 8 SECONDS 'iJIIEimAS THE s 3 DE~rnCTS A ST.l\R EVERY 
SECO~D. TEE LOWER STAR SIGHTING RATE OF THE SSA SENSOR GIVES RISE TO TEE 
REQUIEEMENT Tr-Il\T TEE VEEICLE F'A'TE BE; DETERMINED ACCURATELY SO 'J'Hl\T THE 
]~7,J'.C:CLI,J~ DISPL?.CEL'1K'1T BETi0n:::EI\1 ST,.i\:R. SIGHTINGS CAN BE r,mASURRD. THE CTJR'.mN·.r 
SYSTE~ S?ECIFICATION, INCLUDING 
IS ENTIRELY ADEQUATE FOR THE s 3 ~A-p-1-)1-10-,-~-CH. 

,..-...,..-... 
rr rr .__....__... 
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CO!v'.MENTS 

3 
THE S FOCAL PLANE CO~i;SISTS OF SIX CCD ARR1'1.YS Cl\P1',BLE OF PROVIDING TWO 
l\XTS POSITIONI':L INFORMA'l'ION. STAR SCAN IS AT 45 DEGP-EES TO THE ARRZ\YS. 
f:'.':::':~·Y. C:Cl;'_;:?OID DET:SRI•~INNI'IO:t:J IS PFOVIDED VIA GROUND D,7:i.TJ.'. PROCESSING OF 
rr1~ .T~ .::,: .:- ·;. r: J.1 I:~ ~:E D DJ~.~, l\ ,. 

TlIE SE:J\ FOR THIS lo.PPLICi\'I'IO:;i Fl-1.S A THREE SLIT CONFIGURED RETICLE IN THE 
FOCT,L PLANE. STAR SCAN IS NORMAL TO THE SLIT WEICH BISEC'l'S THE 90 
DEc:;:xEE ANGLE FORMED BY TEE I<.EI".;AINING '1'\1JO SLITS• A STAR PULSE rs 
GE::,:EJ?AT:.::D ,::HEN A STAR ENTERS AJ'JY SLIT Al\°YWHEF-E JI.LONG 'IEE LENGTE OF THE 
S:':.:Ir.r. 1I!IE srrJ.~P. E~~EPG:{ IS COtJC?l\1'IPJ1/I1:SD or,:TC1 A PFIOrTOl'='iUI/I'IPT-1~ER. I 1LJ3E 11Y 
i'\ IJ-;i;i•::~ ~).'./~3'fLi"i P:LAC:I:D BEF[It1D 'IlIL Sii::r:r,s. ''11I\.l\ILI1'TG EDGE r_rnl:..t,?~)Irr 11 II,•IE l~.J'::D 
S'I\71.R !·111.GtG'i.'UDE DETE:SADJNI'ION IS 'I'HEN TR.L1.lJSl\'i.I'l'TED TO THE GRODI-:;D STATION. 

)> 
"O 
"O 
a 
< 
CD 
C. 

o' ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ...... 
co --0 
0, --0 ...... 
() 
0 
0, ...... 
...... 
00 
0) 
-J ...... 



U) 
f--....... __ J 
(/.) 

c:r: 
(/) 
U) 

U) 

LC) 

Approved for Release: 2019/05/01 C05118671 

>-w • ..J 
co "'-:::::, 0 
I·- -= e .• 

c,:. C.J 
W.J 1-1 
>-1 I-
_J •-::C 
Cl.. ... ;."' 
....... o~ 
I- 0 
-I LI-
:::i ~-
23 ...... 
1-- (/) 
C) ..... 
:c >< 
0.. <( 

ll.l L!J 
-l _j 
t!) (..!) 

z :.:::.": 
1-1 ..... 
tn VJ 

• • 

0 

► LLJ 

( 

V) 

>-
c:'.( 
CL 
er: 
"-1'. 
l.1.J 
(.) z ,_., 0 
> ,_. 
w I-· 
a r.J:'. 

~":: 
0 cc 
I...LJ 0 
--l 1.,_ 
CL. z 
:::, ..... 
C) 
(_) (/) ...... 
LJJ X 
(-'.) c( 
a..: :s 0 -~ ~-·-L) I-

• • 

Approved for Release: 2019/05/01 C05118671 

C >, 
ro C 
E 0 
()) 
>-, E ro (1,) 

ro -(•-' 
t/1 

> >, 
l..Ll V) C..i 
:=i CL) 
I- 0 '"Cl ..... !,.... z C +-' ( • .cl C"O C .--..x: 
:i-: :c C) 

Cl u 
;~ 
c:, 

L.tJ 

~== ,_. 
I-

I-
1-1 
VJ 
~-;;:: 
,.:ct: 
0:: 
I-· 

• 

Ct: 
Vi 0 
-I I-
,.::i: u 
:c:.: Ll.J 
C!J l-...... L1J 
V) Cl 

~:: _j 

,C> <.-C:: 
0~ 

0 l;J 
lJ J > 
VJ w 
E::( V) 

L.O --.-
;-:"".: 2:S 
0 a:: ,__. LI.. 
r~ 
~~ a 

,r ...... ..... :::J ..,..:- C) ,~.)~ Cl'. 
Lu ca 
I-
LLl 
0 C) 

c.:i C:.1 U") ,_, LLI 1--
C) > 
c,:, ...... LU 
!-- LJJ l_, LLl 
L!ffJ Lu .... J 
(.) ,::-: L.LJ 

• 



)> 

1:g 
a 
< 
CD 
C. 

o' ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ...... 
co --0 
0, --0 ...... 
() 
0 
0, ...... 
...... 
00 
0) 
-J ...... 

COMNENTS 

THIS CHART DEPICTS THE AVERZ°\GE CUMULATIVE NUMBER OF STARS WITHIN THE FIELD 
OF VIEW VS VISUl\.L STJ\.R MAGNITUDE. 

TFF J;\TJ,.ILABILITY OF STARS FOR DETECTION .AS A FUNC'I'ION OF VISUAL STAR 
1,;J\.C'.U'_l__'UDE 1:-rn~:o CA.LCtJLl,TED VIA COJl)1J'TER SIMULA1:'ION FOR TWO R1::Pm:SEl'J'Ii\'I'IVE 
HEXAGON VEHICLE OP.BI'J.1S. THE cr,:::,cuLATED VIA CO.G'iPU'IER SH1ULATION FOR 'l'WO 
EEPHESEJTIATIVE EEX?\GON VEHICLE Ol:-ZBI'IS. 'I'HE 190 DEGREE AND 100 DEGF.EE 
PICIIl' l-'.SCENSION ORBITS ARE REPRSSENTl',TIVE OF MAXIMUM AND MINIEUM S':I.'l\R 
POPULATION CASES RBSPECTIVELY. TIIE AV""ERAGE NUMBER OF STARS \'~ILL 
INCEEI,S:C EXPOlrn?i'IIALLY AS STAR MAGNITUDE INCREASES TO INCLUDE Fi\INTER 
E'I'l~RS FOR STAR CROSSING APPLICATION. 
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COMMENTS 

THE AVER2\GE TIME BETWEEN STAR SIGHTINGS VS M.t~GNITUDE IS PROVIDED 
FOR THE 190 DEGREE RIGHT ASCENSION ORBIT FOR THE SSA AND s3 SYSTEMS. 
FOR THE SSA OPEPJ,TIJ\TG P,T TUE CON'S'P~\C'I'OR SUGGESTED 6. 5 Ivl . .l\.GNITGDE ,. STAR 
CROSSINGS \'JILL AVES.AGE ]\FPROX2Jvm'J.'l~LY ONE EVERY SEVEN SECONDS. WITH 
rp~cc· c•3 S7CT1~1\1 \,•."PTC·1: or:i·,-,L·,T)7\rT1JF;C' 7''T' 7 (i ~;1:\r:r,r1·1,·,nnp C;TJ\D c;T(;P"'T'V;s t.,,·-1TT .. ,., .. L, .;::, • . ....... )--..L...r . ..,~ ~'t .... J_-._ ~- \ l: . ..1 ..... 1.J.·l _J......10 .. ~. "J .1.ll_\..:,~ . .Lu~ .. , ....... ,, i......, • .1 .... ~--'-·-•,.;,~_ .. J.v,....,,. ,,) .a.J-...l 

c~cctJR l:.r,,•:)F_O./:I.t :7.\f_r:;_:_:l.,Y £,\7}~1{-i C)L~E SEC\.)J.\~D. CLEl\f:J)-x, IF1 rrI-II~ S~;z\ \'\1El{E ·TO 
OPEPii.TE AT 'I'IlE 7. 5 MAGNITUDE, THE 'l'H1E BETWEEN SIGHTINGS WOULD BE 
S IGNIFICAN'!'LY REDUCED. 

- 3 
FOR PE FERENCE, AN ADDITIONAL CURVE IS PROVIDED FOrt THE S ~ SYSTEM 
)7ITH STAE SC?U1 NQPJ,JAL TO TH.S CCD AR:Cu1Y PATTERN. 
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T1?1[ DCftLirl SIGtlTifiCS ,vs VISU}\L MAGiJITUDE: 

' \ \ 
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5.0 

' ' e 

' ' 

FOV =: G0 

1SD0 R~ Or!BJT 

SS!\ - 3 SLITS 

s3 - 6 t'\RRAYS @ 45° ST/1R SCAN 

/~ s3 6 /\RR/\YS !~ORMAL TO STAR SCMl 

'e 
' ' 

6.0 7.0 8,0 9.0 

VlSt!,\L t':/1C::;ITU[)[ 

~ !J,....,.Uq,..., \t·1 . .., r·\-~"Jl''n , ;.Ji I ·it: • 0 [, it;; O .J ' 
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COMM.m~TS 

BOrrH THE STAR SIGNAL l1ND BACKGROUND INTENSITY ARE FOCUSSED IN THE 
PETICLE PLA~E OF THE SSA TELESCOPE. AN AUXI~IARY LENS SYSTEV 
CC:IJT-1EC':1S p:LL :s~-.JT:~r:~c_;y P1\~3SI1'JC; TI-JROTjC-I-I 11 I-lE SLirrs l\Ni) CCJT~CE:\tI:~)J•~.rrES THE 
PHOTC~,JS ONTO 'I'HE PHOTOJ\lULTIPLIER TUBE. Dl\PJ.\ NOISE IS SiJET.'?,\CTED AND 
TI-{;: f~"'~lt1 ~I1El'•J_ F~L,E•2rI11~0i>! IC J? f\)CE S SORS l\J:1.7\.IJ Y Zf~ ::J:!-IJ~ !:; ~Cl\l~ CF;.c)S SI tJ(; l)UI.1S}~ 
VII\. FIIOTOrJ COUNTING 'TO PRODUCE A STAR TIME OF TRA.NSIT ii.ND M1\GNITUDE 
DETSH:UNi\.'·1'IOM. TEIS D.l\'11i\ IS IN TT.iRN 'fELEMETBRED TO THE GROUND 
REC3IVIFG STi\'l'ION. 
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COMirn:,rrs 

COUSIDEP,ABLE CJI.RE HAS BEEN EXERCISED IN THE OPTICAL ASSEMBLY TO 
ASSURE A HIGH LEVEL AND STABILITY OF PERI'ORIIANCE. NO CEANCE '110 THE 
S~lr. Of'j_~~C:S, t''70ULD BE l\!ECF3!3l~ .. RY rro l>!I~:21, r1~I-:E ~:ZE~QUIP-.Tif·.JE~I:~'l1 S C1I~ 1TIIE 
C:C1:J=-_crv-:.._crr(:l\. I?:?()J:·CJSJ~J) i\PPIZ;:)1\Cll ~ 
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STAR SENSOR ASSEMBLY (SSA) OPTICS 

* PRECISION FIELD CORRECTED CASSEGRAIN TELESCOPE 

* MECHANICAL STABILITY ACHIEVED VIA SUPER LAPPED MATTING 
SURFACES 

* THERMAL STABILITY ACHIEVED VIA USE OF LR 35 INVAR 

* OPT! CAL SYSTEM MEETS ALL REQUIREMENTS FOR PROPOSED 

APPLICATION WITH NO MODIFICATIONS 

SEC RETH{~= Handle Via Byeman 
Cont ro\ System Only 
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COMMENTS 

IN SOME :RESPECTS THE SSA APPLICATION IN H WOULD BE EASIER~ I-
THESE !\RE SHOWN AS SUGGESTED BY 'rHE CONTRACTORS. THE LAS~ POlN'l' ON 
rJ.'EE LE:"'l', LESS SL1'J 17\ND Bl\O:GPOUND PROBLEI'i BEARS FURTIIER STUDY. IN 
orrIJE:s'. R!~~SPEC 1IS ... ~rl!"~?: JOI?, IS Ell-\R.DE1~. ~ P~ELIJ'.\fTCE Ol~ l',FO RI 11\'~' :T. 0 01 
IS Ti:E PRil'iCIPLE SOURCE OF I:IFFIClU,'IY. :JOT SIICli';i\T H:EPJ'.:, BUT YET O? 
SOI-}E COlJCETIN, IS THE F'l\CT TI-FIT 'THE CONTR!\.CTORS PROPOSE USING TEE SSA FOR 
DETECTING FAR DI.MNER STARS ( 6. 5.t.'fJ) TH.l:\N THAT FOR i·mICH IT h1AS ORIGINlu,LY 
DESIGFJED (4r'.!V) • )> 
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COJA .. MENTS 

THE CENTROIDING ACCURZ\CY FOR THE 'TWO SENSORS ARE l\PPROXIMA'I'ELY THE 
,s:A,:,JE. TIIE s3 DEVICE: PROVIDES ,AN H'STANTA.NEOUS TWO-.l\XIS S'rl\.R POSITION 
ML/·.STJREME~'IT 1iifr1EREAS THE SSA PROVIDES A SIGNLE-AXIS INST..:'\NTAI:{ECUS 
r/:El1.St?~~t..EI·,].I::i'J11

., i:i.S Sr:I1i\F'.S TT<..l\.~\]I::r:.S}~ ~~11,,:ro Oft~[I-I()GOtJ)\J_. SLITS 01\1 TIII~ SSl}., 
f-Y'.;-,·,r, .... ,, _,. ~;'~·rs .Z-\'I'I~ITUfJJ: Il,'JI;()F)J>il\:fIOlJ IS c,i:~ ~i:i:\.I1:~r: D ., 
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'I!:A.T IT lL\S r-IC)RE DETECTION ARBTI. CCVERING 'IIIE FOCllL PLANE AND D:ETECTS 
HIGH~R I·Jl\GNITUDE STJ\RS •. THE LONG:F.R F.VER~GE STAR SIGHTING INTERVAL 
OF T'.IE SSA r::cvrcE GENEPli.TES 'J'HE Rf{JUIREI·1ENT THAT VEHICLE Rl\'I'E BE 
;v,rf\,3uP.I;l) :E'I'H AN .i'I.CCUR)\CY OF' 0 0 3 l 1 RC SEC/SEC IN ORDER TO MEl,SURE ':i'HE 
\/EEICLE A1'IGULAR DISPLACEilfEN'I' K:.STivE.SN S'Tll.R SIGHTINGS. 
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COMME-:-1TS 

THC BASIC APPROACH PROPOSED FOR TI·IE SSA IS COMPATABLE WITH THE 
t·:r::IGET,. PO'i!ER, AED VOLm✓~E ALLOCATI 1JN:3 CURREi:~r.:::~Y DEDICATED TO 'THE 

AJ)P P.Ol\C:I-I" 

..,, 
"'J ,:, 

'I'HE SSA WITH DEDICl\TEDII Iv'.tl'i.Y DEMAND A CONTINUOUS POWER 
l,LLOCATION vJHICH COULD~T THE C'J:S.RENT VEEIC:_.E POWER ALLOCATIONS. 
<.::'Tl'(',;' c:3 c::p,~JlJ'LD PO"'L' ·.::,;;•on1·:rzE IFDIC1-A.•1'"?!:I ~ I'1."1 l·-'O"LH D ":OT R~l"1.nur:)-r i..:J_,~_.,_,,~ \_, \ . ...,c,.L~ ...,-J - .J...'--1...J .u. -1 .1-J • ___ .,..1,_,~--- ,~ LJ 1'• .1,.-,:, ..L'>....,.J 

CO~TINUOUS POWER USE. 
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COMMENTS 

,AL'I'.-TOUGH THE CONTRl'.\.CTORS EXPRESSED A PTu"SI'EF.ENCE FOR MOUNTING THE 
SSA ON A 1.IEEICLE ST:::'.UCTURi\L LONGERCN FOR TEE REASONS INDICATED, 
rI'lTE rI-:ZJ'J,: 2,EJ~ .. Ir::~VES '"171Ilirr 'i11E AL IG1,1:.'-1f~i'!1~ Ii{SS~l>1f~ILITY E;E~r~1JEEt,1 TIIE 
LC::~~(-~1~:·:-\ 1J!1 Z':.>J.D ·?IIE T(.,7Il"~ CtJ<1EI"-:.];. ASS:~-~,:L~:G~i (t~;Cl\) i·J()TJ:_:[1 PI~Or~IL,I~r TI-iIS 
l\_:::Jt·.C·l-\.c:.1 .. S~~.tJCE; Ti'iE: s 3 IS :PIJ.T:1(Jl<L~I) :F·()R I:-"fG O~·J I'I-1.C r..l'C~.1'\ .~\}~D 'TELS 
SSl2J. IS f,10 Ll\RGEJ:~ }:JQ~;1 I-IJ::~1\\J7 IEI-: ~rI-It:.lJ rI11-IE S 1 "TI-11~ TEA~l CO!,JSIJJSF'~S I'r 
TECnJIC'\LLY FE1\SI3LE J\ND PREFEEl1J3LE 'I'O CONSIDER THE SSi'.\. l\\OUNTED ON 

TIII~ rTCA. 
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LOCATION OF SSA IN VEHICLE 

' ro:,,,rrTr.[, pnnr"'nq:-s r•nu,1-'T~i,_iG sr-A n,1 Er1•H,-R 
::,f: V 
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TFa~ cnNST~FRFn s~n TO ~E ~OUNTED·TO TCA f,_/\tl ..).'t -L•-·--J:-1 '-"tl • .1..., 1· •• t. -~ 

OR 

SEC R~TlH□ 

TC.l\ 

0 I n1111E DF{J,rC \,J J T~l PE j i ! \ I I\., L. /; . ! 

0 TIGHTER COUPLING WITH PAN LOS 

o s3 TO BE i'•:n 11 r,ffcn 0~1 TCA l ,....,U,1 ! L_, ,, 

Handle Via Byeman 
Cont roI System On Iy 

)> 
-0 
-0 
a 
< 
CD 
C. 

o' -, 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ...... 
co --0 
0, --0 ...... 
() 
0 
0, ...... 
...... 
00 
0) 
-J ...... 



-6' 
l"O 
a 
< 
CD 
C. 

o' ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ...... 
co --0 
0, 

0 ...... 
() 
0 
0, ...... 
...... 
00 
0) 
-J ...... 

COMMENTS 

TIME AND LACK OF DETAILED SCHEJ\11\TICS LIMITED THE ABILITY OF 'I'HE 
GROUP TO M.1~.KE A DETAILED EXAMINATION OF THE ELECTRONICS OR DETERMINE 
TEE EXJ\C'l' IMPACT ON THE DESIGN Cl'iUSirn BY "NECESSARYH OR ''PERFORMl\NCE 
E:-mANC2?-H::NT" CHi'\NGES. R:E,COGNIZING THESE LIMITA'fIONS ., THE REVIE\1! DOES 
I t::.~1: C~t·~ ::;:_~-: TI-lL E;~-~ S Il,!F:E RI ~,JG DI~~~ I GFJ , 1? AC}\l\. c; Itrc;, .. 0..l~D I) l.-.1?::-rs s1-=I,I:~C~r.:_~I C)L< AF8 
Sl'..'11ISFACTORY. THE ELECTRO:NICS 1\RE NOT DI.::NSELY PACKAGED AND TilE 
CONTnACTOR l\SSERTS 'I'HAT ADEQUArr.l~ SP.Z:\CE IS AVAILABLE TO ACCOMI',1.0DATE 
PE(JTJIF.ED ELECTRON:CC CHANGES TO INCE.EA.SE THE SENSITIVITY OF TEE STl\R 
SE:l'JSGFZ 1-JITHOUT MALTOR BOARD PEDESIGJ. OTHER ELECTRONIC CHANGES FOR 

I ,.-rp'Fr/C·"']'Pnrp 'T1IcT 1;,r,,-r.rrny· r~,1T"'?Df'A. rvQ OR ..... 1,FD170f'':A·h:""'" EN'1i\"'[CV'[,,.lT;'1\1T ,,..,,...,u,r D ~l.·i u u -~ l.-, .... ~'..-~Jl.JJ_jJ . .lLJ...,.l.\. i'•- b..L\-- \....,lJ.__. ;., ~-JL\.L -'-l.J. -~1~L ;J. l ·---1\ .\....' ,J.:.,L'·t .. l_,.'.._J ..w. 

PLOBA:2-LY BE 7\DDED BY TIIE l1.DDI'l'ION OF Cl',RDS WI':i'EOCT INCRSl\SING 'THE 
PACKAGE ENVELOPE. BASICALLY, THE SSA ELECTRONICS ARE NO'I' CONSIDERED 
BY THE TEl\J-1 li.S SIGNIFICANT DBVELCPMEN'l' RISK AREAS. 
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COMMI-::NTS 

THIS CHART ATTEMPTS TO COMPARE EXPECTED PERFORMANCE AT A SYSTEM 
LEVEL WITE-IOUT PERFOIUHNG A DETAILED ERROR ANALYSIS. A CO.MPARISON 
O? TEE 'IEI~EE Mi.\JO.R ERfJ)R SOURCE CATEGORIES IS INDICATIVE OF 'l'HE 
E:<:I)EC.:~~1ED S':{SrTEi'J A8,SO!_;TJ 1I1E PC)I0T11Il\JG PJ?TC?()fJt?}\f'JCIT. 

TiIE TEEPJ1l-iL STABILITY OF AN INFLIGH'I' INTERLOCK CALIBRATION IS 
ESSENTIALLY INDEPENDENT OF WHICH ATTITUDE SENSOR IS UTILIZED. 

THE S 3 l-1.ND THEF.i\1.l\.L STABILITY EP..ROR ESTI!v'!..ATES WERE EXTRJ.\.CTED FROM: 
A.N EXIS'I'ING P .E. ERROR ANALYSIS .• 

THE RELATI'ilE POINTING REQUIREMENT WAS NOT ADDRESSED. 
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COM:t-rnNTS 

THE COMPONENT OF THE LOS A'I''I'I'.I'UDE ERROR DUE '1'0 STAR SIGH'rING AND 
Il'Ji\CCURJ\CIES IS DISCUSSI~D IN 1II-IIS c:I:Il\P~T., 1J:I-II~ BUDGE~TED v.J110UNT OF"---=11:~1-~~I~S~ 
Ef~i:Z0I:?~ CC1I<.I?O~1El-irJ: IS ABOU'T 2 ~ 5 ARC SI~C ~ ':PHE S'11A~R SE2\JSOR LOS ATr"l1I 1I 1L·r)J~ 
Ll~'.i':~F.:-II:TJ:1.TION 1-::RROR Vl,P.IES WI'III TH'l:E DUE TO 'HiE Vi\Rll\TIONE:, IN THE STi\R 
SJ.(;Hr::Il\TG 1~:,: 1TE:J:tVAJJ liiJD rr1.FIJ.rUSTJ::R PIRil\JG TIIYTI~S f> Tl-IE 1/JOitS'? CASJ~: I~T<.P'-Or~ 
p,c1:.,·:m FOR TEE SSA OCCURS DURING J\l\l :2::X.'l1 RC-'.MELY LOl'JG IVi'l'EINl\L BET':JEEN 
STJ\R ::::ICVi.'INGS (S}\Y 20 SECONDS) IN WIUCI: ONE OR I-:ORE ATTITUDE CONTROL 
TIIR.DS'::ER :r:'IRINGS OCCUR. '?HE LOWE1•: ATTITUDE ERTIOR BOUND OCCURS 1';lIEN 
~:-EV.SR,'\T, STAR SIGH'I'INCS l-1.R.E r-1ADE IN RAPID SUCCESSION. 

l, SHJC~LS AXIS l•;OJ',:TE CARLO SH1ULATION WAS DE~VELOPED TO DETERMINE THE 
DI;:;TRI3TI'IOl," OF '_ZEE S'2.'AR SENSOR ATTI'l'UDE DEri'ERMH7ATJON ERRC-RS BY 2\LLm,JING 
Tt!r~ f;'/.~\P~ SIGII~.CI.t,JGS l\2'1D rrIII{lJS'I1E'.IZ FI~JI.~,Jc;s TO ()(~(:CR .A.rr RAL\T[:Qf.•1 If,1'1'E~R\7l\LS 
i-HTII S:'I:CTFIED ,·\V:~PAGES. rI'IIE F.ESULTS SEOW TlINI' THE ATTITUDE DE'TEP.01INll.-
1IIC:l'J P,.C:CURl\CY TJS I1JG 1:.:-IE SS.2-\ SE1'1SC;R l)t~GI"ZP~DES V-J IJ.'FI I1ESS L-;CC!.TP .. .P~1TB i~_l\.rl'E 
INF0::_;:rn1·r0>J, I.E. A Ll\RGER l?ERCENTl\GE OF TEE ERROR DOUNDS EXCEEDS Tlrn 
n r1r)e·r;1 rp .... T ~./·1· T rp• T'O s 3 C t.·1 ·r,.1 ~ o~l' t-T1" s cl ,1;~1 T;''.J .,._:r I('! J :)77' pr;·n D:'r'i "f\ 1\1(""1~;· ["··~-:·, T,\{:. T "\'. ,,..,(: .... :,,..) 7\ 1'""'1p D· 
1"r'-•~- J..L.i.-1_ -'•-/-'->-). ~- .,, _._..{,_;_, I-. 1:JLi.L~',._,/ J,.\,. ,l,._ 1.i. 1-., ,a...1 •• \.L £.L J.~.~ .t,,,_.J.;,_-.. '-..,,;.\..L,•.J.,~l( .~.1-.1 .•J..J.\.'-J. LJ..; -._.,_.,;.,.l ,:.c..\.',-JJ. 

1-;'IT,-I THE SSA. THE SSA IS BELOW THE BUDGET LDE'I' 9 8'1 OF TI;E TH~E WI'IH 
D,7\r.lT,' Ii\T°h'QR'.~J',mION 1""CCUT> 71 TE '110 0 3 1"DC SEC/SEC .l..•-~l.~_, .t..,_. J.•.,.·..,..,._,J.. .... ~ .l.\..t"l -· • r"').1.'- . _. • 

THE RnSULTS OF THIS SIMPLE SINGLE AXIS SIMULATION ARE VALID FOR RELATIVE 
C0:1:?ti.RISONS BET\·JEEN THE TWO SENSORS, BUT THE ACTUAL ABSOLU'I'E ERROR EUST 
BE DET~W~INED BY A VZHICLE SI~ULATION WITH BOTH THE STAR DISTRIBUTION 
1\.:-m 'l"HRUS'?ER FIRINGS MODELED IN A REALISTIC I-1.ANNER • 
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SU iTA81 LI TY OF DETERM l NAT! ON 

l=' 1u1 \l D ~r-i\ r~ITAl Pp() f; l El\/1 i l \i J-\ \ , L. . " .- _ , \ ,._,. ..,, t __ I { \ 

--. -· -····- ----------------

* SPEC PAR/-\f'/1ITERS NOT CONS I STENT VVI TH PROPOSED APPLICATION 

* 
* 
* 

* 

CPEC DRIFT STABILITY: 0.1°/HR/100 SEC R.lViS) 

PROPOSED cor\JCEPT REQUIRES ATTITUDE ERRO:·< ~:l.JR!NG 1 TO 100 SECOND RA~~GE 

EXPECTED ATTITUDE ERROR MUST BE lf,JFERRED FROi\11 SPEC! Fl CATION 

! [\ RRED {FROM SPEC) PERFORMANCE NOT 1l\CCEPTABLE 

FL l GHT EXP ER I tv1ENT (SINGLE TEST) I~~ DI CATES ACTUAL PERFORMANCE N\A Y 8 E .ACCEPT.l\BLE 

CiFP pcr ''-I ~ 1 ~ ' 
--

Hanct:e Via Bveman 
.• 

Cr,n~·r,-," C: 1 r r1~!, .. 
• • ",; j ic ! ,_,. • \ •• / ; ' < •• / 
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COMMENTS 

STfu"'\P-DO\'TN INERTIAL REFERENCE UNITS ARE AVAILABLE "OFF THE SHELF". 
TEESE UNITS ARE QUALIFIED OR ARE IH TI-IE QUALIFICATION PHASE. THE 
QGl\LlF::CATIOH TESTS ARE APPLIClrnLE TO AN H ENVIRONMEN1; AND LIFE 
f\.E(~GIF.El·II~l\:T * 

TEE EXT1J1?LES CI'IED ARE INDICATIVE OF Ti-IE WEIGHT, FOWER, AND VOLUNE 
P.EQUIREr-1£0;'1'S NEEDED TO SUPPORT A TYPICAL lTNIT DEDICATED TO THE SSA 
I:<ODIFIBD APPROACH. 

THE PERf'O?l·]i'\r.7CE OF THESE UNITS WOULD HAVE TO BE INVESTIGATED, AS 
DISCUSSED IN THE PRE"JIOUS CHART, IN ORDER TO INSURE ADEQUATE PER~ 
FORl•iAI:TCE CONPATIBILITY. IN SOME CA.SES~-~ SPECIFICP..TION CHANGES WOULD 
BE I·JEEDED. 

ADDITIONI\L ELECTRONICS WOULD BE REQUIRED TO INTERFACE WITH THE 
Pr:BSENT VEHICLE TELEMETRY SYSTEM. 
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! ., wr:;ri '\L i ! \~ C '· , , /~ 

U. :;r 

H 

·1 "'"nD,, L,, '; J' l ! t i . '!\ ' ' 

,..~ f) /\ 
f"";_ l 't;-i 

nr.""'P 01'¥\.) 

(;J0:7e•nr:i1l) ,, 11.jl ,1 j ¥ \..ef 

TYP!CAL CAf\JDIDi\TE H~ERTU\L REFEREf~CE UN!TS QU/\UFIED/-*l\JEl\R 
QUALi Fl CATION 

WEIGHT PO\N!="D -1\ VOLUME 
2-ur~ ! TS 1 U' 1

'~ - i\1 ! I -i .. f\' I ~ 1-Ui: I PERFORM!\i'JCE 
I P. ,_u VJATTS I r·10ur5 ,\l 1-.,l !C ----------

36 55 9 X 9 X 6. 5 SPEC CH/\f\JGE TO INSURE 
ro:-r,,~c•\t-..,"',1~ f'.~l("'\F 
!~ !- (,: '1- ' >-;' i\J\ ;_\ <'\ji; . L~ .. ),. .:,l, ,, '-"-

56 70 9 X 11 X 6. 4 Ar'\[()!' t1TE 1_; ..,_,u,-1. 
. ' 

45 37 11 X 10 X 7 0. 065°/Hr 3 Slgma 

SYSTEM IMPACT: 

u FREQUENT TURN-ON ! NCURS RI SK (HARD START) 

s~-~ T/M ELECTRON I CS REQUIRED - r~OT QUALi Fl ED 

~ H, H MOD llc=]H~ERTIAL REFERENCE UNITS ARE APPLICABLE TO ENVIRONMENT 
ArJ;) LI FE REQU l RPv1Er~TS 

-~ -~- ..-- ,·-~-, .II , ' ' LJ ", .~• .. , ~ .~, -.•,, 
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COI'·Jl,1JI'~I\"TS 

REGARDING DATA RCDUC'l'ION, THE SSA APPROACH APPEARS MORE COMJ?LEX THAN 
rn;.;p ~ 3 '.!\ PD .,-,c1 ·., r<u 
J. _; J,,\._! u J.+1..; .. "- ..t\ .. ~ r.11,,..,.. r1 ., 

TI~B S~J1\ Dli~1A REDUCTIOT:1 IS TIED TO i~1EJ:~SD.RF~r.'JE!.\7TS At,JD t'AY !.i:,1C::LtJDE 
S-.-I{·~::rJ?.!~?El✓-. }-ilrt:!·JG CCJ1'TSILJEPJ\ .. TI01.,1S 1\tJD l-~ .. ~;JEI-I~~CLT:; D~il~f'),iIC f·IC)DEij.. ,._1.1I1E 
G,::Oi.3 D PROCE,SSD~G SCH'TWARE FOR THE SSA IS cm,:SIDERED TO HA.VE A 
SC:ff\'JiC,:l\'7.' HIGHER DEVELOPM.ENTl\L RISI<. ONCE THE SOFTWARE IS DEVELOPED, 
FO'!'I3I::1.( 1 'IT:7: TO'I'AL DhTl\ PROCESSING LOAD i\PPE1\SS 'IO BE APP ROXHil\.TELY 
~~·]7]lJ~ r::1C1? .. BCi~r: .l\Pf' FJ)1\.Cl~J:~s. 
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GROUND DATA PROCESS!f~G 

* NOT DEFINED OR UNDERVI//\Y FOR EITHER APPROACH 

* ESTiMATE OF RELATIVE MERITS: 

ISSUE 

TASK/1\LGOR ITHM 
COfV\PLEXITY 

DEVELOPMENT RI SK 
( S / \N DES I G N & 
IMPLEMENTATION) 

DATA PROCESSING LOAD 

AS r-- r,... r nn r \\l T 
~ t- ' I ,J 1 f"" \' r J,_)~ .. .,_1,1 

.., 

SSA MORE COMPLEX THAN s=1 

HIGHEH RISK THAN s3 Bft,SED 
UPOI\J COMPLEXITY, BUT 
ACHIEVEABLE 

SAi\l\E AS s3 

<HP<><CT IC Handie Via Byeman 
Control System on:y 
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:ti: f~~T:-~~r-1~ 
. .J.,_v..., .;,.~L 

("'! IFTrD rno ,__j'.Jf-\L j_ t., :··c.1 I 

~ nnn pn 
_, \ 'i ;._ r\....: 11 ('p•cc•::' . .) L •,J 

f,j ni1e;1 TCTrf\TTn: 1 pn°ur. -~~u~ li-~l J. vi\ j .i.·-..Jd A I, .J 

SC' r, n:-1 T r\ D T ! T 7'/ '-r--· • - .. ·.:·,. . , • ... u , i \c __ ;. f ,,,._, .i. L,. , l 

c··n7,,1rrr•·!-r ,,~ri• T([T1Q.'d 
....:1 ! 1\ ... i ·t .:n:. ~ i i-u- r L 1 . j \ l t'4 

(' r\ 7~ T C r,: T ~Tl 
0;-1, .t _:, J L.'J 

rnr·:~_)I CTC 
,...,,)1 '' LL IL 

* NO SINGLE POINT FAILURE MODES IN SENSING OR ELECTRO~ICS 

* LTq:-rl P·1i=' 11fr':PF T'-lf1'1,J (\f1·'
11PLE 

,I,., \...- ..,. I !1- IV,\,_ t ,1 \ 'i J; • 

* PROB!1BLE ['lODIFICATIONS NOT LIKELY TO JEOPl4RDIZE QUP.LIFICATION STf-\TUS 

Hand:e Via Byeman 
('.-, 
i,_• I , S ,~ ,~~~? r-n n?"1V 
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COMME:"JTS 

THE SUM'. OF THESE INDIVIDUAL FINDINGS SUPPORT THE EARLIER S'I'ATEM.ENT 
TH)\'I' TFE TEl\M FOUt':0 NO BASIS FOR EXCLUDING TEE SSA (MODIFIED) FRO.M 
C(}r,\1SIDER1\11 IC<t-~ .. IiOV:EVER, J~10T .?\J-1L rTEC::Iii'1IC...2\L CONC::ERi\1S IL?\\rr-:: BEEN l\D~QUl\TELY 
71.l)DI-<L:: S [")EI:} I:~::J~.Il,iG T1:-Jl S BRIEl-;, I~\TP-1.I.: TJJ.~rr:CC1t<I" PirC S Uf':J\BLY rrIIJ~"f. V•JO l":CD 13}~ It'1 
A PROFOSA~/SOURCE SELECTION ACTIVI'l'Y. 
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-r! r- f" '.}\J l CA,! FI ~\1 nu 1 \l G c;:-
L- ·v 1 1: v r1 _..... i \J. 4 l" a_; 

* ,~t\ , _, _,r, 

* USE OF SSA IN THE HEXAGO~J SYSTEM APPLICATION SEEMS FEASIBLE 13UT DEPEf\JDS Oi'J: 

* .~CCUR;\CY OF VEHICLE RATE I ~JFORf✓\f\TI Of) - nq~ygr nrt"'\•11 ..... rn. n,, i\ . r I' i-·1...:' ! i.,,- ! , t'flt-\ ,._ \"- .;_-.....- ~ ,\_,._. 

* /\8!LITY OF SSA TO DETECT 6. 5 MAGNITUDE STARS 

¥ r-✓1.ourff l NG SSA O[·~ TCP, APPEARS NECESSARY 

* REQUIRED MODIFICATIONS (EXCLUDlf~9 IPROBABLYNOT EXTENSIVE 

* r,io fJAJOR HARDV\f[\RE/DEVELOPMENT RI s:<s /-\PPARENT 

* A BENDIX/ITEK PROPOSAL WOULD PROBABLY BE TECHNICALLY COMPETITIVE 

* IN THE E\/H✓T OF SOURCE SELECTION, ADDITIONJ\L REVIEW OF KEY COrJCERNS 
IS Wf.\.RRANTED 

c:; rr: R rn 1~ Handle Via Byeman 
r----,··,t 
".,J t.,.1 i j ~- s:j 2 
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rr rr .__....__... 
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COMMEN'r~; 

'i'HESE ARE THE AREl\S SUGGESTED BY THE TEh1>1 FOR FURTHER INVESTIGATION 
OR ATrrENTION IF THE SSA APPROACH IS PURSUED. 
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RES I DUAL CONCERNS 

! N THE EVENT OF SOURCE SELECT! ON, ATTENTION IS REQU l RED ON: 

* Ci\L!BRATION DURING OPERATION "f0ETHOD, /\CCURACY, MISSION IMPACT 

* SIN ANALYSIS OF SSA OPER/\Tl NG AT 6. 5 MAGNITUDE 

~ LO\VER M/\GN I TU DE STAR DETECT I ON (FAINTER THAN 6. 5 Mv 
L___ __ ~ 

~ * SAT! SFACTI ON OF RELATIVE ACCURACY ( 3 SEC) REQU I REfv1ENT 

Sl=GRrT/11D Handle Via Byeman 
Control System Only 
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OPTICAL TECHNOLOGY DIVISION 

SYSTEMS TECHNOLOGIES DEPARTMENT 
SYSTEMS ANALYSIS SECTION 

Hemorand~rn #1512 

TO: R. Kohler 

25 January 1977 

(b)(3) 

FROM: (b )(3) 

SUBJECT: Requirement for On-Orbit Snubbing 

It is the Systems Technologies Department recommendation 
that on-orbit snubbing of the port pitch 1 Ink be provided for SX-17 
and 18. Preliminary requirements for the snubber design have been 
outlined in Systems Technologies Memo #1506, dated 14 January 1977. 

The~above recommendation is based on evaluation of SBAC 
analysis of S~ and C vfbration d~ring orbital operation. Table 1 
summarizes the SBAC analysis of S · and O vibration with the T 
supported on a single pitch 1 ink. In this mode, the vibration_rate 
of the O wi I 1 be .043°/sec peak (.030°/sec RMS) during mono-operation. 
This value exceeds the previous !CD rate of .010°/sec (95% high). 
During s operation the calculated angular vibration Just meets 
current error budget requirements. However, this analysis may not 
have been based upon the worst case of thrust~r disturbances as a 

. very 1 imited numbet of cases were~run. To Improve confidence in 
-the T, vibration stability for S-' and meet !CD budgets for the 

0 s a snubbing device, which is actuated during operation, 
is indicated. !n addition to the above considerations, t11s modification 
wil I allow some potential for Improvement in error budget values. 

Prepared by: 

cc: 
Prepared by: 
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1100, 28 January 1976 

A meeting was held in Col Camn:e:J ': office withl I 

I I Lt Col Powell, I land Ron Toman. The 
purpose was to discuss the met o o contracting for S-Cubed 
which would provide the greatest cost visibility. 

(b)(3) 

~ointed out that so far SOOK has been authorized in the 
'-------.-cb~u-a~g~e~ts for S-Cubed, however if one was to take a hard look 

(b)(3) 
(b )( 1) 

at the on-going effort and count "HERP" hours utilized - we 
would estimate that over 2 million dollars has been spent on 
S-Cubed to date. (This corresponds to Charge 8 9 9 2, 19 Nov 7 4 
from Anderson-Hofmann, Subject: Study Plan for S-Cubed Camera). 
We had told Whig that the estimate cost for the Study was 
SOOK ••• "for materials and subcontracts. The labor required 
is within existing sustaining engineering." 

After the hiatus in procurement of the mapping camera follow-on 
and the fact that we are again about to embark on a high 
technologyv convenience procurement for DI (at virtually a fixed 
price between Government agencies) , we in ~ lwant a clear (b)(3) 
picture of costs and a contractual instrument that can be (b)(1 
identified as exclusively DMA effort. 

At this morning's meeting all generally concurred that a 
milestone should be defined in the S-Cubed development effort 
at which point we convert the effort to a separate contract. 
A? a~propriate point ma~• be - at completion of breadboard 
testing. / 

Meanwhile we have a 20 January (WHIG 0098) message to answer 
asking for refined costs by fiscal year. The history goes 
something like this. 

1. Sep 74: We estimated 24.15M. 

2. 14 Jan 75: Bradburn told Plummer the high number could 
be 41.4. 

3. Interim: Contractor gave us budget estimates of 
10.5M unescalated. 

4. Oct 75: Anderson briefed 25.4 million to Mr Plummer. 

5. Jan 76: Proposals are in preparation. We hear numbers 
of 30M. 

/
/.. i, f 

' /;·i, I 

/; {, •,,.,, 
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Our strategy for the 15 Feb mes is to give a c ar picture 
of dollars requir during velopment - with the cavPat 
that HERP hours are being consumed - then tell, ve idly, 
what inputs we have (30 million or whatever) the 

nal contract may work out to about X amount per year, we 

Also we probably will go so far as to say that HERP won't be 
necessarily available on the production contract - and what­
ever the production contract costs - DMA is liable for. 

RONALD G. TOMAN, .Major, USAF 
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DATE 

9 Oct 75 

15 Oct 75 

18 Nov 75 

9 Jan 76 

17 Feb 76 

22 Jun 76 

pf 22 Jul 76 

~ 2 Aug 76 

3 Sep 76 

7 Oct 76 

27 Sep 76 

19 Oct 76 

22 Oct 76 

15 Dec 76 

~11 Jan 77 

12 Jan 77 

.µ- 2 Feb 77 

10 Mar 77 

llf Mar 77 

Approved for Release: 2019/05/01 C05118671 
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s3/L2 CHRONOLOGICAL SUMMARY 

SBAC CONTRACTUAL CHANGES 

EVENT 

· SPO requested s3 ROM 

SBAC presented s 3/Large SU Planning and study cost 
Estimate 

SPO requested a second ROM for s3 /S:tvlFT in 2 
configurations 

SBAC presented Planning ROM for requested 
configuration 

CSE presented Configuration Baseline for study 
effort 

Long-Lead ECPs 24 and 82 initiated 

ECP-24 definitive long-lead proposal submitted. 
Approved 8 August (P000Lf0) Ph.,i < ..Z:: 

ECP-82 Definitiv~ Long-Lead Proposal submitted. 
Approved 5 August (P00121). pi1-f-HJ. 

Customer requests revision to ECPs 24 and 82 to task 
quote effort 

Phase l (revisions) to ECPs 24 and 82 submitted 

Customer-directed request for TPC Box Addition Proposals 

ECP-90 (-0038) definitive proposal submitted for TPC 
additions. Approved by P00141 

ECP-29 (-0050) definitive proposal submitted for 
TPC additions. Approved by P000Lf8 

P00136/ECP-82 (-0038) negotiated 

ECP-33 (-0050) Phase 2 definitive proposal submitted. 
Approved by P00052 

P00141/ECP-90 (-0038) negotiated 

ECP-94 (-0038) Phase 2 definitive proposal submitted. 
Approved by P00149 

Complete revision of Phase 2 ECPs due to C and TPC 
box growth initiated 

Negotiations began on P00046/ECP-24 (-0050) with a 
significant i11crease in cost. 

S!TW ,·;H \/'./(iH!(iru; f\1[\TFlcUU 
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13 Jul 76 

18 Aug 76 

(io Sep 7.0 
22 Oct 76 

5 Nov 76 

12 Nov 76 

19 Nov 76 

6 Dec 76 

17 Dec 76 

15 Jan 77 

27 Jan 77 

2 Feb 77 

23 Feb 77 

Approved for Release: 2019/05/01 C05118671 
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HISTORY OF ASSOCIATE CHANGES 

TPC nox FIRST PROPOSED 

TPC BOX ADDITION FIRMED lJP 

N2 PURGE LINE REQUIREMENT DEFINED 

CABLE PENETRATION ENLARGEMENT. REQUIREMENT IDENTIFIED 

M2/M3 I/F ATTACH NDW SIZE CHANGE PROPOSED 

TPC BOX WT AND POWER INCREASED 30% 

ASYNCHRONOUS 12 OPERATION PROPOSED 1 2c BOX TO BE ENLARGED 

REVISED M2/M3 I/F HDW SIZE CHG AGREED TO 

FOUR INTERFACE CONNECTOR BRACKETS ADDED DURING MOCKUP 

IMC DISABLE REQUIREMENTS IDENTIFIED EXTRA I/F CONN ADDED 

ASYNCHRONOUS 12 OPERATION PROPOSAL CANCELLED BUT L2C BOX ENLARGED 

TPC BOX AGAIB ENLARGED NOW 2 TO 3 TIMES ORIGINAL WT 

PITCH LINK SNUBBER CONCEPT PROPOSED 

Approved for Release: 2019/05/01 C05118671 



9 Oct 75 

15 Oct 75 

18 Nov 75 

9 Jan 76 

17 Feb 76 
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s3 /12 

SEQUENCE OF EVENTS 

SPO requested a ROM estimate for inclusion of s3 on SV-17 and 
18. ROM required by 13 Oct 75. 

SBAC provided SPO a ROM for s3 and a large SU at a value of 
$Lf,275,000 including $435,000 to study the impact of the 
change. The following summarizes the study recommendations: 

Ascent Loads - Analyze Stage 1 shutdown with the baseline 
configuration to determine what electrical 
changes are required. Verify by examinin,g 
remaining load conditions and vary configura­
tions as required. 

Orbital Dynamics-Study basic configuration and variants to 
determine critical parameters. Examine 3-4 
critical cases to define feasibility. Examine 
to extent required all cases to verify 
concept. 

Thermal Control -Isolate TCA from new equipment to minimize 
thermal distortion. Thermal shielding of 
corrector photo when in non-operating posi­
tion. Disconnect one of two forward attach­
ment links on orbit. 

/ 

These activities were scheduled for completion 17 Dec 197,-6? 

Customer requested a second ROM for s3 /SMFT with 2 configura­
tions and added c ,sts for NAVPAC, DBS, etc. Due date for 
this ROM was 7 January 1976. 

SBAC transmitted a planning ROM for the two s3
/SMFT configura­

tions, as follows: 

Modify existing design: 
Design new mid section: 

$3,800,000 CPIF 
$6,675,000 CPU' 

CSE ~---~developed a presentation outlining s3 /SMFT near­
term requirements. The projected effort, funded by studies, 
is highlighted below: 

o Requested contractual go-ahead in July 1976 

o Analyses required to: determine changes to hardware 
and SBAC activities; predict basic mission on-orbit 
performance resulting from changes; and provide inf_or­
mation for associate design. 

: 1 ,. , I IL I / i i WO f ~; ,~ l} ,J G M /\ T f Hi/\ t. 
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o Customer directed "piece-wise" study funding to provide; 
ceiling ROM in July 76 for hardware changes necessary 
to get through test and into orbit and hardware design 
information only for associate CDR's. 

o Major accomplishments to date include: data and output for 
Stage 1 shutdown transients loads, on-orbit response to 
tuned lU:M pulse (Seg. 1), and maximum cut out for doors 
without beef-up; analyses for streamlined response to 
loads (one versus five hours), buffet model and thermal 
distortion model initiated, and model for control simula­
tion being documented;design for working layouts of change 
ar·eas complete, redesign study of sway brace installation 
for external removal versus extra MS. doors and relocated 
shroud door, and developed concepts for shield/shu~ter 
interface; and the integrated hardware schedule developed. 

o Engineering had initiated a five months in-depth analysis/ 
preliminary design to incorporate the s3/SMET to be con­
cluded 30 June with generation of a "pink" EJA to define 
hardware/electrical changes. 

Program Letter published to initiate long-lead ECPs 24 and 82 
to cover labor/material requirements for the period 1 August 
through 17 December 1976. · 

The definitive long-lead proposal for ECP-24 (-0050) was sub­
mitted at a value of $455,873 CPIF to cover tasks to be per­
formed prior to 17 December 1976 and included the following 
effort: 

o Initiate the mid-section electrical mock-up 

o Continue (begun in the study phase) the following space 
sciences analyses: 

Ascent loads, dynamics, and structures and Stage 
II ignition. 

Limited orbital dynamics and mass properties 

TI1ermal distortion for s3 

Transporter load effects and sway brace changes 

o Initiate a flexible body analysis of the SV and control 
system and support the associate in the application of the 
SV performance data to the s3 performance. 

1\.11/\·l-EHIAL 
Approved for Release: 2019/05/01 C05118671 
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3 Sep 76 

7 Oct 76 
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o A rigid body control system: performance analysis with SMI<'T 
disturbances was completed with study funds, the ECP will 
fund the clocuml!ntation of results. 

o Determine special acoustic and thermal vacuum test instru­
mentation criteria for SV-15 testing to support environ­
mental effects analyses. 

ECP-24 was approved on 8 August 1976 by P00040. 

The definitive long-lead proposal for ECP-82 (-0038) was 
submitted at a value ;f $362,857 CPIF to cover tasks to be 
performed prior to 17 December 1976 and included the follow­
ing effort: 

o Initiate the mid-section detail structural design engineer­
ing, fabrication, and support tooling engineering, 

o Review alignment change criteria. 

o Provide for redesign effort at SCI on the mid-section 
remote unit. 

o Initiate wire harness design, 

o Review mid-section modal vibration and Static Load Test 
criteria. 

ECP-82 was approved on 5 August 1976 by P000121. 

At customer request the revision 1 - phase 1 ECPs were 
initiated to supersede and replace the long-lead ECPs and 
task quote all effort scheduled to begin prior to year-end 
and quote them to completion. 

The Phase 1, revision to ECPs 24 (-0050) and 82 (-0038) were 
submitted to supersede and replace the long-lead ECPs, The 
differences resulting from the change in quoting groundrules 
are swnmarizccl below. 

o ECP-82 (-0038) - All items listed in the long-lead ECP 
remained in effect and the following additions resulted in 
a revised proposal value of $440,939 CPIF. 

TT&:: support for the ADS was to have been a Phase 2 
item but the schedule dictated it must be stated 
in Phase 1. 

Subcontract increase for transmitter long-lead, 

Delete ICD drawings, 

v\fORKiNG MATERIAL 
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Approved by P00136 replacing P00121 effective 10-29-76. 

o ECP-2ff (-0050) - All items remained in effect and the 
following additions resulted inn revised proposal 
value of $499,484 CPIF. 

Added ICD drawings from ECP-82 

Added Acoustic Test instrumentation for 9027 to help 
environmental effect analyses. 

Extended the flexible body analyses to completion. 
Contained 4 analyses and no long-term support. 

Increased number of development M2/M3 doors to two 
from one. 

Reduced the space sciences effort approximately 1000 
hours in the structural dynamics analysis of loads 
and responses of a heavy payload in place of APSA. 

Approved by P00046 replacing P00040 effective 10-22-76 

In response to a customer-d~rected request ECP-90 (-0038) and 
ECP-29 (-0050) were initiated to price the structural design and 
electrical mockup effort required to support the addition 
of an Associate "TPC 11 Box to the s3 /L2 mods. 

ECP-90 (-0038) was submitted at a value of $24,205 CPIF to 
accomplish the following: 

o Mounting provisions and master tooling design, fabrication, 
and installation. 

o Engineering support for electrical harness mock-up. 

Approved (verbally) on 9 November by P00141. 

ECP-29 (-0050) was submitted at a value of$18,826 CPIF to 
accomplish the following: 

o Perfonn environmental effects analyses of the structural 
changes necessitated by the added TPC Box. 

o Provide the structural/electrical mock-up manufacturing 
fabrication and installation. 

Qr('Hll IH woru:JNG MATERIAL 
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P00136 Phase 1 (-0038) was settled and the deletion of the 
transmitter requirement in the ADS was recognized and an 
adjustment for cost was accomplished. 

ECP-33 (-0050) for Phase 2 was submitted proposing completion 
of the s3/L2 modifications and presented ci1e following 
proposed tasks at a value of $527,900 CPIF. 

o Provide modified thermal blanket and shield design, fabri­
cation, and installation. 

o Forward section structural/electrical mock-up design, 
fabrication, and installation including ADS accelerometers. 

o Modification of three SSC AGE Remote Units. 

o Data reduction and evaluation of ADS Telemetry Flight 
data. 

o Added test instrumentation for Acoustic and Thermal 
Vacuuming Testing and increase of 4 clays to the A-1 
chamber test of SV-15 to support environmental effects 
analyses. 

o Provide space sciences support to: evaluate thermal 
blanket and shield modifications; evaluate results of 
SV-15 acoustic and thermal vacuwning added instrumenta­
tion and testing; monitor the static structural test and 
evaluate results; evaluate TCA modal tes,t results; and 
evaluate liftoff and orbital flight performance of SV-17. 

ECP-33 was approved by P00052 effective 25 January 1977. 

P00141, added TPC Box provision, was settled. 

ECP-94 (-0038) for Phase 2 was submitted proposing completion 
of the s3 JI) modifications and presented the following pro­
poscJ tasks at a value of $649,256 CPIF. 

o Engineering installation design and manufacturing installa­
tion of mid section structural modifications. 

o Engineering design fabrication and installation of forward 
and aft section structure modifications including mock-up. 

o Engineering design fabrication and installation of new/ 
modified wire harnesses and the deletion of non-functional 
APSA wire harnesses, including mock-up. 

Approved for Release: 2019/05/01 C05118671 
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o Perform the static test of the SV-18 mid section to 
validate modifications. 

o Design fabricate/procure the ADS consisting of 1 RF 
switch, 1 PCM encoder, 1 S-band antenna, and 15 
accelerometers. 

o Provide AGE modifications to the Module Test Lab in 
support of Aft section changes. 

o Provide fabrication of one additional development M2/M3, 
door. 

ECP~94 was approved by P00149 effective 14 February 1977. 
It should be noted that this approval related to a revision 
1 ECP TWX which proposed a PCM Encoder in lieu of an 
expensive PCM Telemeter Unit. The definitive proposal submitted 
16 February did not reflect Revision l since this was the 
first submittal but should be compared to the Revision 1 
TWX. 

A complete revision of both Phase 2 ECPs was initiated at 
customer request to recognize the growth in the Associate's 
TPC and C boxes. This effort is currently in process and the 
proposal revisions are sd1eduled for submittal 8 April. The 
key elements in the increased effort are summarized below 
and have been ROM estimated at a $36,000 CPIF increase for 
the "C" box growth and $180,000 CPIF for the 11 TPC11 box 
growth. 

o ECP-94 growth elements 

Addition of a mid-section structural test to validate 
growth modifications. 

Modification of released engineering and creation 
of new engineering to support the growth of the 
boxes. 

Fabrication of redesigned and new parts and installa­
tion of new details required by the growth. 

o ECP-33 Growth elements 

Space sciences support to develop requirements and moni­
tor and evaluate added teit of the 1909 bulk head 
due to the growth in the "TPC" box. 

Approved for Release: 2019/05/01 C05118671 
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Added structural/electrical mock-up and shield 
redesign. 

Stop work orders issued in February to m1-n1-m1.ze redesign and 
wasted fabrication when the box growth was defined are in the 
process of being lifted in lieu of new released engineering. 
However, this box growth has resulted in a slip to the planned 
ship date of the SV-17 mid-section to 14 October 1977 and 
SV-18 on 14 October 1978. 

14 Mar 77 Negotiations began on P00046/ECP-24 with a presentation of 
an increase in cost to recognize unforseen growth as well 
as support to customer directed additional effort result­
ing from a series of problems. This increase is valued 
at $157,742 CPIF and relates principally with increased· 
effort in the orbital dynamic, control system analyses, an'd 
the structural dynamic model reevaluation. 

Year-end 1977 Phase 3 ECPs against the -0038 and -0050 contracts,are scheduled to 
price the added systems test effort and increased VAFB 
support due to the s3/L2 changes. 

SUMMARY 

Also, the performance in.centive changes resulting from 
the control system analysis will be defined. 

The totally fluid environment, with constantly changing configuration require­
ments, has contributed to an understandable inability to sort "directed" 
changes from "evolution" changes, with little correlation between cause and 
effect. The message here is that each of the affected customer/SBAC offices 

·must maintain a constant interface to identify changes as they occur so that 
appropriate action can take place. In defense of the evolutionary (growth) 
changes SBAC feels the effort to be expended is necessary and mutually bene­
ficial. Here again, however, constant cooperation can help alleviate the 
magnitude of this evolutionary growth. 

Approved for Release: 2019/05/01 C05118671 
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DATE 

24 FEB 
26 FEB 
27 FEB 
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SUMMARY OF EVENTS 
! 

EVENT 
INITIAL MEETING WITH COL ANDERSON 
APPROVAL OF SELECTED BOARD MEMBERS 
STAR SENSOR ASSEMBLY BRIEFING BY LMSC 
TEAM ASSIGNMENTS AND BRIEFINGS 

* SECURITY -J I SP-3 
* s3 

SYSTEM ~---- SP~7 
DMA REQUIREMENTS - LT COL LEHMANN 

,..-... 
rr .__... 

,..-... 
(..0 .__... 

TWX SENT TO ITEK DELINEATING TECHNICAL QUESTIONS OF GROUP 
DISCUSSION WITH LOCAL ITEK REP - ART ,KJONTVEDT 

4 MAR ADDITIONAL DISCUSSIONS ON REQUIREMENTS - MR DENNIS MOELLMAN CDMA) 
5 MAR ITEK PRESENTATION AND TECHNICAL WORKING SESSION 
8 MAR FORMULATION OF COMMITTEE CONCERNS AND ASSIGNMENTS FOR INVESTIGATION 
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< < 

CD CD 
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;:a ;:a ,..-...,..-... 

LT/COL C.T. LEHMANN rr rr REQUIREMENTS f CD CD .__....__... 
CD CD ,..-...,..-... 
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CJ) CJ) DMA , REQUIREMENTS CD CD 
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TT&C/SYS ENGINEERING ---- 0 0 ...... ...... 
() () 

SP-7 OPTICS/SYS ENGINEERING 0 ·o 
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...... ...... 
00 00 AEROSPACE SUBDIVISION TECHNICAL CHAIRMAN 0) 0) 
-J -J ...... ...... 

II II CONTROL THEORY ""'-.. 
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II II SSA EXPERIENCE 
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METRIC PAN CAMERA SYSTEM REQUIREMENTS 

)> )> PARAMETER ACCURACY@ ONE SIGMA AVAILABILITY "O 
"O 

"O 
..., "O ..., 

0 0 
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;:a ;:a 
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CD CD SV ORBITAL POSITION 30 FEET NAVPAC - SV 13 Q) 
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CD 

I\) I\) 
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·a 
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00 
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CAMERA LINE-OF-SIGHT 

RELATIVE ATTITUDE OF EACH 3 ARC SECONDS STAR SENSOR - SV 17 
CAMERA LINE-OF-SIGHT 
BETWEEN STEREO EXPOSURES 
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TECHNICAL OVERVIEW 

* BENDIX/ITEK REQUESTED CONSIDERATION OF usING[JsTAR SENSOR ASSEMBLY 
(SSA) IN THE H SYSTEM 

* INDEPENDENT TEAM FORMED TO ASSESS TECHNICAL FEASIBILITY 

* TEAM REVIEWED DMA REQUIREMENTS, THE SSA AND THE APPLICATION 

* THE TEAM FINDS NO TECHNICAL GROUNDS FOR ELIMINATING THE SSA (MODIFIED) 
AS A VIABLE OPTION TO SATISFY THE METRIC PAN REQUIREMENTS 

* MORE DETAILED STUDY IS REQUIRED TO RESOLVE RESIDUAL CONCERNS 

SECRET I~~~ HANDLE VIA BYEMAN CHANNELS 
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PRINCIPLE TECHNICAL ISSUES 

* CONCEPT COMPATIBILITY - SSA 

~ HARDWARE COMPATIBILITY - FORM; FIT AND FUNCTION; REQUIRED MODS; INTEGRATION 

* PERFORMANCE COMPATIBILITY - MAPPING REQUIREMENTS SATISFACTION; ERROR ANALYSIS 

♦ PRODUCT ACCEPTABILITY TO USER - SOFTWARE; DATA RATE; FORMAT 

* RELIABILITY 

* DEVELOPMENT STATUS/RISKS 

~FFA!=T Hl ,..-...,..-...1 
rr rr .__....__... 

,,..-...,..-... ...... 

HANDLE VIA BYEMAN CHANNELS 
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STAR SENSING CONCEPTS 

,, 
/,, 

/ 

/ -/ ,,,,,..,,.* .,,. 

* 
* 
* 

0. 025 >9> 6°/SEC 

-1 STAR CROSSING/SEC/SENSOR 

SSA= SLEWING VEHICLE 

* 
* 

.,,. .,,. 
.,,,..,,. 

.,,. -0 = 0.0680JSEC .,,.., .... ____ * 
.,,. ~-

---
-. 14 STAR CROSSINGS/SEC/SENSOR 

SSA - STABILIZED VEHICLE 

8 = 0.068°/SEC ----'= ,, ----­.,.,.:..::a.------~-

..... ,;;:-----­...... _ 
..... _ -- * 

- 1. 4 STAR CROSSINGS/SEC/SENSOR :;f: 

s3 - STABILIZED VEHICLE 

* * 
* * 

* 
•* 
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s3 - 6 ARRAYS 

• CHARGE COUPLED DEV ICE ARRAYS 

• TWO AXIS INFORMATION 

•CENTROID DETERMINATION BASED UN SIGNALS 
RECEIVED ON GROUND FROM SEVERAL DETECTOR 
ELEMENTS 

.....,..50 

SSA - 3 SLITS 

•SINGLE PHOTOMULTIPLIER TUBE 

•SINGLE AXIS INFORMATION ONLY 

•TRANSIT TIME AND MAGNITUDE 
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TIME BETWEEN SIGHTINGS vs VISUAL MAGNITUDE 

FOV = 6° 
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SSA - 3 SLITS 

s3 - 6 ARRAYS@ 45° STAR SCAN 

A s3 6 ARRAYS NORMAL TO STAR SCAN 
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STAR SIGNAL 

BACKGROUND 

STAR SENSOR ASSEMBLY FUNCTIONAL BLOCK DIAGRAM 

OPTICS 

PREAMP 
ELECTRONICS 

RETICLE 

DARK CURRENT 
NOISE 

PM TUBE 1 .,._ 

PROCESSOR 
ELECTRONICS 

STAR CROSSING 
I ► ---

PULSE 

I 

T 

TIME OF 
TRANSIT 

TO GROUND 
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STAR SENSOR ASSEMBLY {SSA) OPTICS 

* PRECISION FIELD CORRECTED CASSEGRAIN TELESCOPE. 

(EFL= 10 IN. DIA= 4 IN.) 

* AUXILIARY LENS SYSTEM COLLECTS AND CONCENTRATES STAR ENERGY 

ON PHOTOMULTIPLIER TUBE AFTER PASSAGE THROUGH FOCAL PLANE 

SLIT 

* TELESCOPE MECHANICAL STABILITY ACHIEVED BY SUPER LAPPED 

SUBASSEMBLY MATING SURFACES 

* THERMAL STABILITY ACHIEVED BY USE OF LR 35 INVAR WITH THERMAL 

EXPANSION COEFFICIENT MATCHING THAT OF OPTICAL ELEMENTS 

* OPTICAL SYSTEM MEETS ALL REQUIREMENTS FOR THIS APPLICATION 

WITH NO MODIFICATIONS 

<:rrRnlH~ Handle Via Byeman 
Control System Only 
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SIMPLER APPLICATION BECAUSE 

* ONE DIRECTION STAR CROSSING 

* ONE CROSSING RATE 

* NO ONBOARD PROCESSING 

* MORE BENIGN ENVIRONMENT /LIFE 

* LESS SUN AND BACKGROUND PROBLEM 

USING SSA IN H 

HARDER BECAUSE 

* PLATFORM PROVIDES MUCH 

LOWER STAR CROSSING FREQUENCY 

* 
* QUESTIONABLE ALIGNMENT STAB I LI TY 

BETWEEN ss~ I 

s;rrnFT 11□ HANDLE VIA BYEMAN CHANNELS 
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PARAMETER 

ACCURACY FOR SINGLE 
STAR SIGHTING 

INTERVAL BETWEEN 
STAR SIGHTINGS 

COORDINATE 
INFORMATION 

INTEGRATION INTERVAL 
ITI ME RESOLUTION) 

--· 

I 

MEASUREMENT CHARACTER! STICS AND PERFORMANCE 

53 SSA 

.....-.... 
2 - 3 SEC (2 Oj 

/"'"""\ 
2 - 3 SEC {2 er) 

- 1 SEC (7. 6 Mv) - 8 SEC (6. 5 Mv) 

' 

2 AXIS MEASUREMENT. 1 AXIS MEASUREMENT 

50 - 100 MSEC ! 8 MSEC 
I 

.. 
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ESTIMATED SYSTEM CHARACTERISTICS 

s3 SSA -
WE I GHT 300 Lbs ~ 250 

(Based on 
63 Lbs 
Current) 

POWER 300 Watts -::::25 Watts 
(Based on 
7 Watts) 

SIZE COMPATIBLE LESS THAN s 3 

* I MP ACTS CU R R E N T V E H I C LE C A P A C I TY 

SECRET/II 

s SA I 
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rr rr CD .__....__... C. ---(..0 ...... 0 .__....__......, 
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• I\) 

7 5 Watts Ope rat Ing ~ 
*50 Watts Continuou~ 

COMPATIBLE 

Handle Via Byeman 
Control System Only 
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LOCATION OF SSA IN VEHICLE 

* CONTRACTOR PROPOSES MOUNTING SSA ON EITHER 

STRUCTURAL LONGERON OR TCA 
)> )> 

"O "O 
"O "O ..., 

e NO PE HARDWARE INTERFACE 0 INTERFACE WITH PE 
..., 

0 0 
< < 
CD CD 
C. C. - -0 0 ..., 

o SHORT SUN-SHADE NECESSITATED 0 TIGHTER COUPLING WITH PAN LOS 
..., 

;:a ;:a 
CD CD 
CD CD 
Q) Q) 
CJ) 

o s3 TO BE MOUNTED ON TCA 
CJ) 

CD 0 UNMEASURED LONGERON/TCA DYNAMICAL CD 

I\) I\) 
0 ,--... 0 ...... MOTi ON ( = 20 SEC) 

...... 
co co -- --0 0 
0, 0, -- --0 0 ...... ...... 
() () 
0 * TEAM CONSIDERED SSA TO BE MOUNTED TO TCA 0 
0, 0, ...... ...... 
...... ...... 
00 00 
0) 0) 
-J -J ...... ...... 

~ HANDLE VIA BYEMAN CHANNELS 
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* ENGINEERING DESIGN MODIFICATIONS CONSIDERED MINOR 

* PRESENT PACKAGING DENSITY WILL ACCOMMODATE MODIFICATIONS 

~ IMPACT ON SSA RELIABILITY -- NEGLIGIBLE 

• CHANGES SHOULD ENHANCE CONFIDENCE IN SATISFACTORY SSA PERFORMANCE 

* FURTHER STUDIES DESIRED TO DEFINITIZE SPECIFIC SELECTIONS 
AND TRADE-OFFS 

!\FEf1FT n 
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,,..-...,..-... ...... 

HANDLE VIA BYE~AN CHANNELS 
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ABSOLUTE L. 0. S. POINTING ERROR ESTIMATES 
(ARC SECONDS @ ONE SIGMA) 

s3 BASELINE * SSA BASELINE SSA - MODIFIED 

ATTITIJDE DETERMINATION 1. 8 2. 3 - 6. 8 1.1-1.6 

INTERLOCK 2.2 2. 6 - 6. 9 1. 6 - 2 0 

THERMAL STAB I LI TY 3.4 3.4 3.4 

4.4 4. 9 - 10. 3 3. 9 - 4. 3 

BASEL! NE 

* SSA BASEL! NE ASSUMES LEAST MODI Fl CATIONS, SSA MOUNTED ON TCA 
NO SSAI p {RANGE OF VALUES ENCOMPASSES 

I F ERFORMANCE Vs s EC) 

**SSA MODIFIED ASSUMES~----~ON TCA (RANGE OF VALUES REFLECTS ,..-...,..-... 

· UNCERTAINTY IN CALIBRATION TECHNIQUES) gg 
,n ~c 

, rr. R rTJ_'l_J __ 
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COM PAR I SON OF AVERAGE ATT\TUDE ERROR BOUNDS 

PERCENTAGE OF PERCENTAGE OF 
RECORD WITH RECORD WITH 
ATTITUDE BfRER ATTITUDE BETTER 

SY STEM THAN 1. 25 SE THAN 2. 5 SEC 

SSA WITH IMPROVED 85% 98% 
I ~CCU RACY OF 
0. 3 SEC/SEC 

I 

SSA W 1TH NOMINAL 15% 
~CCURACY OF 

1. 5 SEC/SEC 

s3 WITH NOMINAL 98% 
lACCURACY OF 

1. 5 SEC/SEC 

NOTE: SINGLE AXIS MONTE CARLO ANALYSIS AS SUM I NG: 

RIGID COUPLING BETWEEN TCA AND D 
OPTIMAL DATA PROCESS I NG 

93% 

100% 
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rr rr .__....__... 
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PERCENTAGE OF 
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SUITABILITY OF DETERMINATION 
,..-...,..-... 
rr rr .__....__... 

,..-...,..-... 
(..0--->. .__....__... 

FUNDAMENTAL PROBLEM 

* SPEC PARAMETERS NOT CONS I STENT WI TH PROPOSED APPL! CATI ON 

(SPEC DRIFT STABILITY: 0. 1°/HR/100 SEC RMS) 

* PROPOSED CONCEPT REQUIRES ATTITUDE ERROR DURING 1 TO 100 SECOND RANGE 

* EXPECTED ATTITUDE ERROR MUST BE INFERRED FROM SPECIFICATION 

* -INFERRED (FROM SPEC) PERFORMANCE NOT ACCEPTABLE 

. * FLIGHT EXPERIMENT (SINGLE TEST) I ND I CATES ACTUAL PERFORMANCE MAY BE ACCEPTABLE 

SFf:RFT/H□ 
,..-...,..-... 
rr rr .__....__... 

,..-...,..-... 
(..0--->. .__....__... 

Hand~e Via Byeman 
Contra~ System Only 
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I NERTI AL 
)> UNIT 

"O 
"O ..., 
0 

H < 
CD 
C. -0 ..., 

TYPICAL CANDIDATE INERTIAL REFERENCE UNITS QUALIFIED/*NEAR 
QUALi FI CA Tl ON 

WEIGHT POWER VOLUME 
2-UNITS 1-UNIT 1-UNIT PERFORMANCE 

LB WATTS INCHES 

36 55 . 9 X 9 X 6. 5 SPEC CHANGE TO I NS URE 
PERFORMANCE 

~ * H MOD 11 56 70 9 X 11 X 6. 4 ADEQUATE 
CD 
Q) 
CJ) 
CD .. 
I\) 
0 ...... 
co --0 

~ * o. ..... 
() 
0 
0, ..... ..... 
00 
0) 
-J ..... 

,.-...,.-... 
rr rr .__....__... 

,.-...,.-... 
(..0 ...... .__....__... 

ARA 

DMSP 45 37 11 X 10 X 7 0. 065°/Hr 3 Sigma 
(Honeywell) 

SYSTEM IMPACT: 

■ FREQUENT TURN-ON INCURS RI SK (HARD START) 

■ L____ TIM ELECTRON I CS REQUIRED - NOT QUALi Fl ED 

• H, H MOD 11171 NERTI AL REFERENCE UN I TS ARE APPLICABLE TO ENVIRONMENT 
AND LI FE REQUTREMENTS 

_____ , __ 11 
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GROUND DATA PROCESSING 

* NOT DEFINED OR UNDERWAY FOR EITHER APPROACH 

* ESTIMATE OF RELATIVE MERITS: 

ISSUE ASSESSMENT 

TASK/ALGORITHM SSA MORE COMPLEX THAN s3 
COMPLEXITY 

DEVELOPMENT RISK HIGHER RI SK THAN s3 BASED 
{ S /W DES I G N & UPON COMPLEXITY, BUT 
IMPLEMENTATION) ACHIEVEABLE 

DATA PROCESSING LOAD SAME AS 53 

',if:::f!Rl=T !□ Handle Via Byeman 
Contra~ System On~y 
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SSA RELIABILITY 

. * DESIGNED AND QUALIFIED FOR MORE STRINGENT APPLICATION 
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"O 
0 ENVIRONMENTAL SPECS SATISFIED 
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"O "O ..., 
0 

..., 
0 

< < 
CD CD 
C. C. - • QUALIFICATION PROGRAM COMPLETE -0 ..., 0 ..., 
;:a ;:a 
CD CD 
CD CD 
Q) Q) 
CJ) CJ) 
CD * NO SINGLE POINT FAILURE MODES IN SENSING OR :ELECTRONICS CD 

I\) I\) 
0 0 ...... ' ...... 
co co -- --0 0 
0, 0, -- --0, * LIFETIME MORE THAN AMPLE ...... 0 ...... 
() () 
0 0 
0, 0, ...... ...... 
...... ...... 
00 00 
0) * PROBABLE MODIFICATIONS NOT LIKELY TO JEOPARDIZE QUALIFICATION STATUS 0) 
-J -J ...... ...... 

Sf=f.HFT ~-- __ I 

rr rr .__....__... 
HANDLE VIA BYEMAN CHANNELS 
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* 

TECHNICAL FINDINGS 

SSA IN CURRENT APPLICATION IS A QUALITY DEVICE 

•SSA APPEARS COMPATIBLE WITH VEHICLE 

* NO MAJOR HARDWARE DEVELOPMENT RISKS 

AS A SENSOR, SSA PERFORMANCE SATISFACTORY, BUT --

* MORE DETAILED SYSTEM STUDY REQUIRED TO SPECIFY 
IF MINIMUM MOD VERSION WILL DO OR IF INCREASED 
SENSITIVITY ~ EQ U IRED 
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TECHNICAL FINDINGS (Con
1
t) 

* A BEND1X/ITEK PROPOSAL WOULD PROBABLY BE TECHNICALLY 

COMPETITIVE 

* ANY PROPOSAL SHOULD REFLECT INTERFACE CONSIDERATIONS 
INCLUDING FUTURE SYSTEM MODS 
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RES I DUAL CONCERNS 

IN THE EVENT OF SOURCE SELECT! ON, ATTENTION IS REQUIRED ON: 

* 

* 
* _<;:AUBRATION DURING OPERATION -METHOD, ACCURACY, MISSION IMPACT 

* SIN ANALYSIS OF SSA OPERATING AT 6. 5 MAGNITUDE 
,..-...,..-... 

~- _LOWER MAGNITUDE STAR DETECTION (FAI NTER.-THAN 6. 5 Mvl 
rr rr .__....__... 

,..-...,..-... 
(,0 -->. .__....__... 

~-------" 

* SATISFACTION OF RELATIVE ACCURACY ( 3 SEC) REQUIREMENT 

<:FPi;>FT/1 I~ Handle Via Byeman 
Control System Only 
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TECHNICAL Fl NDI NGS 
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rr rr .__....__... 

,..-...,..-... 
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* SSA 

* USE OF SSA IN THE HEXAGON SYSTEM APPLICATION SEEMS FEASIBLE BUT DEPENDS ON: 

* ACCURACY OF VEHICLE RATE INFORMATION -L___ ____ __JMAY BE REQUIRED 

* AB I LI TY OF SSA TO DETECT 6. 5 MAGNITUDE STARS 

* MOUNTING SSA ON TCA APPEARS NECESSARY 

* REQUIRED MODI Fl CATION~ !PROBABLY NOT EXTENSIVE 

* NO MAJOR HARDWARE/DEVELOPMENT RISKS APPARENT 

* A BENDIX/ITEK PROPOSAL WOULD PROBABLY BE TECHNICALLY COMPETITIVE 

* IN THE EVENT OF SOURCE SELECTION, ADDITIONAL REVIEW OF KEY CONCERNS 
IS WARRANTED 
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Approved for Release: 2019/05/01 C05118671 

SJ COST COMPARISON 

(000's omitted) 

OC'I' 1 74 Oct '75 15 JAN '76 ROM ECP 128-71 

LABOR 

HRP MM 1,154 1,548 1,744 

HRP $ 6,277 10,061 11,293 

New MM 1,256 438 535 543 

New $ 6,668 2,383 3,479 3,197 

MATERIAL 2,86] 2,576 3,002 2,401 

SUBCONTRACTS 

DA'l'A PROC. ELECTR. ( 2,643 (ASD) 4,960 4,182 
(3,844 

FOCAL PLANE ARRAY ( 1,083 909 1,081 

LN2 0 0 382 276 ____ ,. ____ 
TOTAL S/C 3,844 3,776 6,251 5,539 

COMPU'I'ER 0 561 638 658 

TRAVEL 0 301 444 510 

INTERDIVISIONAL 

EO 2,135 480 • 2,026 2,026 

ASD BOX MODS 0 0 950 1,405 

ASD F'P ELEC'I'R 0 1,088 888 1,591 

TOTAL INDIV 2,135 1,568 3,864 5,022 

SPARES 0 0 0 1,006 

COMMON PARTS 0 0 0 338 

PROGRAM COST WI'rII HRP ? 11,121 17,678 18,771 

PROGRAM COST WITHOUT HRP $15,508 17,398 27,739 30,064 

·~ '·t ' 
Approved for Release: 2019/05/01 C05118671 



Approved for Release: 2019/05/01 C05118671 

OCTOBER 74 QUOTE (PREVIOUSLY SUBMITTED AUG 28) 74) 
PRIOR TO STUDY . 
BASED ON PRELIMINARY CONCEPTS 

Approved for Releas~:_?019/05/01 C05118671 



Approved for Release: 2019/05/01 C05118671 

OCTOBER 75 QUOTE INPUT) 

IDENfIFIED 2,4M NEW LABOR 

COMPUTER AND TRAVEL ADDED (8GOK) 

Approved for Release: 2019/05/01 C05118671 



Approved for Release: 2019/05/01 C05118671 

15 JAN 76 ROM 

NE\.'! LABOR UP 

ADDED Hl~P 

RATES 

t 1.1M 
$ 3,GM 

1,7M (USED 6.5K/MM vs 5.44K/MM) 

S~ISMFT INTEGRATION 0,750M 

') 'Z4~r, ADDED LI.) I I IN NEWLY DEF I NED MANUFt~CTUR I NG AND TEST 

REQ'TS (ALL HRP) 

ADDED 2.3M FOR DATA PROCESSING (PROBABLE$ IM PAD) 

LIQ N2 382 (ADDED TESTS) 

EQ WORK EXPANDED BY $1,5M (0,5M HAS GONE AWAY IN 

QUOTE) 

ASD BOX MODS S; DLF (T1MINQl7 0,950M 

Approved for Release: 2019/05/01 C05118671 



Approved for Release: 2019/05/01 C05118671 

ECP l ')Q - 71 
LO ·•---------·--·--· 

ASD BOX MODS AND FP ELECTRONICS ROM 
ASSUMED SH1ETCH INITIJ\LLY TAKINC TH1\T CUT THE Pl~ICr:: 

WENT UP BY$ l.JN 

SPM~ES $1, 0Ufl1 ( ccut.r) Be. DELETED AND u:::; 1·:: iil./d .. 

COMMON PARTS 0,338M 

P,~DD[D HRP BY ;:::; 200 MM 

Approved for Release: 2019/05/01 C05118671 



SCHEDULE 

SCOPE 

MISC 

TOTAL OF 

TOTAL OF 

Approved for Release: 2019/05/01 C05118671 

COST REDUCTION POTENTIAL 

$ 1,0 M *LABORIN 76/77 
0,6 M FP ELECTRONICS 

$ 1,6 M (R DOLLARS) 
' ' 

$ 1,0 M HRP LABOR 
) 

$ 1.0 * SPAR (USE QUAL MODEL) 

0,34 * RELIABILITY 

0,50 * EO COST REDU~TION (ALREADY 

QUOTED 

0.75 INTEGRATION COSTS (TRANSFER) 

0.50 BOX MODS (MODS REDUCED OR HRP 1 ED) 

,50 * DELETE AREA ARRAY OPTION 

$ 3,59 M 

• 

$ 1.0 * DATA PROC ELECT PAD 

$ 1.0 * NEGOTIATION PAD (WAG) 

$ 2.0 

$ 1 - 2 M HRP HRS PAD 

REAL DOLLARS = $7.19 M 
REAL$ PLUS HRP = $9,2 - $10.2 

ECP TARGET COST = 18,78 - 5.34 (*) -- $13.44 M 
Approved for Release: 2019/05/01 C05118671 
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EVALUATION OF 

THE MANAGEMENT CONCERNS AND CONTRACTING CONSIDERATIONS 

FOR PROCURING A 

STAR SENSOR SUB-SYSTEM 

25 MARCH 1976 

r r1 
~.: -· ~ 7 t, ? · " r r w Mj I (~··:;J :,. A i . ' ,.., ) 
h.lw.11.l.'~ 

Handle Via 
n~nrr R fl rl 
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SUMMARY OF EVENTS 

DATE EVENT 

11 MAR 76 PRELIMINARY REPORT OF STAR SENSOR ASSEMBLY EVALUATION 

GROUP TO MAJ GEN KULPA )> )> 
"O 1:g "O ..., ..., 
0 
< 

0 

INITIAL MEETING WITH COL ANDERSON AND COL CAMPBELL < 12 MAR 76 CD CD 
C. C. - -0 0 

REGARDING ESTABLISHMENT OF MANAGEMENT/CONTRACTING 
..., ..., 
;:a ;:a 

CD CD 
CD CD 

EVALUATION GROUP Q) Q) 
CJ) CJ) 

CD CD 

I\) I\) 

APPROVAL OF SELECTED COMMITTEE MEMBERS/CHARTER BY 0 0 15 MAR 76 ...... ...... 
co co -- --0 0 
0, --0, 

MAJ GEN KULPA AND FORMULATION OF COMMITTEE CONCERNS 0 -- ...... 0 ...... 
() ' () 

AND ASSIGNMENTS FOR EVALUATION 0 0 
0, 0, ...... ...... 

...... ...... 
00 00 
0) 0) 15 MAR 76 FINAL REPORT OF STAR SENSOR ASSEMBLY EVALUATION GROUP -J -J ...... ...... 

25 MAR 76 MANAGEMENT/CONTRACTING' EVALUATION GROUP REPORT TO 

MAJ GEN KULPA 

~

" C fl f _., (;IT lJ I +:-#-h!f 'ti. ,;:!! «i, • '" 
isA.~ 

Handle Via 

B"IF.r,:-::.r &1 n "'J \·, e ,.;", ~- •\ 
~ Lt~jf,i· 

r.0.n+,rnl Svstem Only 
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TEAM COMPOSITION 

OFFICE 

SP-7 

SP-7 

,..-...,..-... 
rr rr .__....__... 

,..-...,..-... ...... 

I 

DISCIPLINE 

PROCUREMENT 

PROCUREMENT 

ENGINEERING 

ENGINEERING 

Handle Via 
r, 'f If 17"' ,, ,, ·" r\.] 
l • ·"', • ~ • 

L) ~ t...:i ll lJ J * ~ ~ ·," 
Control System Only 
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OVERVIEW 

BACKGROUND 

INITIAL SELECTED SOURCE CONSIDERATIONS FOR s3 

MANAGEMENT CONCERNS 

CONTRACTING CONSIDERATIONS 

COMMENTS ON SSA EVALUATION GROUP REPORT 

CONCLUSIONS/ RECOMMENDATIONS_ 

E 
r ,. r,' r, r"v 1 • W I .. :;1'f"',. ::r ' .:a ~- -~ ~.1,:Y,, m c~ J. ~·, f,,J : 
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Handle Via 
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APPROX TIME 

SUMMER 1974 
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FEB 1975 

,_,,,.,,.,..,.,_U~• •- ~,> ·•-- •~ -•• _ ...... •' ,o,P••--••" 

r r, i, , , 
il'v-r .·,;J1 1.(L, ...... :. t· .. :: - ,.; ·-" 

BACKGROUND 

ACTIVITY RESULTS/CONCLUSIONS 

SAFSP, SAFSS, DMA, AEROSPACE, (1) 
LMSC, PE 
REVIEW OF CONFIGURATION TRADES 

(2) FILM TYPE STELLARS WOULD 
REQUIRE EXTENSIVE FILM 
PATH MODES 

(3) S-CUBED CONCEPT MET 
ACCURACY AND MINIMUM 
IMPACT CRITERIA • 

SAFSP COMPLETED REVIEW OF RECOMMENDED NOT TO PROCEED 
S-CUBED CONCEPT WITH S-G:UBED DUE TO HIGH RISKS 

SAFSS REQUESTED STUDY OF HIGH STUDY INITIATED IN NOVEMBER 1974 
RISK CONCERNS 

SAFSS STA TED s3 SHOULD BE A STUDY COMPLETION REVISED FROM 
BLOCK IV CONSIDERATION 1 JULY 75 TO 1 JAN 76 

r·7r1 
:-- '.~ ..... , ~ :' { •· ef j • :, ·,;'J' 0, , , , , .. , .J• f,f I 

... i..:.1¼. 

Handle Vfa 

BYEr.~1A,~ 
Control System Only rr rr .__,. .__,. 
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BACKGROUND (Cont• d) 

APPROX TIME ACTIVITY RESULTS/CONCLUSIONS 

FEB 1975 SAFSP REVIEWED SSA WITH LMSC/ (1) CONCEPT DETERMINED TO 
CUSTOMER BE SAME AS PROPOSED 

► EARLIER ► 
I
~ ~ 

~ ~--------------~ 

~ (2) ~] 
~ ~--------------~ - -~ (3) COST, SCHEDULE, AND PER- ~ 
~ FORMANCE RECORD VERY ~ 
- ro 
~ POOR el 
~ ro 

~ NOV 1975 NRO/DMA RE-EVALUATED (1) SAFSP NOW CONSIDERED ~ 
~ SV-17 & 18 MAPPING REQUIREMENTS DEVELOPMENT RISK LOW ~ 
~ AND ~ 
~ SAFSP REVIEWED s3 RISKS (2) SV,-17 & 18 MAPPING CAME;RAS ~ 
g CANCELLED ~ 
~ ~ 
~ ~ 
~ ~ 

~ (3) METRIC PAN CAPABILITY TO ~ -J 

~ BE PURSUED TO INSURE SV -1 7 ~ 

EFFECTIVITY 

(4) FUNDING LIMITED TO.< $1M 
UNTIL MAPPING REQUIREMENTS/ 
ALTERNATIVES REVIEWED 

FEB 1976 MAPPING DECISION DELAYED UNTIL : LIMITED FUNDING COMMITTED TO 
APRIL 1976 PRESERVE SV-17 EFFECTIVITY 

fP1 Hand.le Vf1:{'----
l'l 'l 
l··--',':''li" B 7,ff"'~··"" :'lt fl. fl 11'\l .. •.• '. °! rl , i r,, .. 
1.i Cc:.::;-~ ti -.~ ~'' ''. .•! f,;' 

· u L.:.,..,,r.·,!14~ 
Control System Only 



• 

• 

• )> 
"O 
"O ..., 
0 
< 
CD 
C. -0 ..., 
;:a 
CD 
CD 
Q) 
CJ) 
CD 

I\) 
0 ..... • co --0 
0, --0 ..... 
() 
0 
0, ..... ..... 
00 • 0) 
-J ..... 

f - ',; ; ! 
I ,, , .' i 
l ··" .,. ~ ·-• ,. ,., .. 

l.... lQlll60J!d ----· ·-· U9s JI 

INITIAL SELECTED SOURCE CONSIDERATIONS 

s3 WAS THE ONLY CONCEPT VERIFIED BY DETAILEP STUDY 

PERKIN-ELMER HAD BEST CHANCE TO MEET SYSTEM PERFORMANCE REQUIREMENTS 

STUDIED OVERALL PROBLEM FOR TWO YEARS 

COULD BE INCENTIVIZED FOR OVERALL PERFORMANCE 

HAD 900 MAN FORCE AVAILABLE FOR UNFORESEEN PROBLEMS 

DURING DELAY IN MAKING MAPPING DECISION ONLY PE HAD CAPABILITY TO 

CONTINUE MPS STUDY WITHIN FUNDING LIMITS 
I 

SCHEDULE REQUIREMENTS MADE OPEN COMPETITION SEEM UNWISE 

', I ( I . • $ ( f 'j fr ii il Ji'7 i1 \' ,. '' t:-l_.~.,~e, {> l'-~,J ~I ~ 
~hlii. 

Handle Vfa . ....__ 

D 'l'I ii ~ !''!d1 
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MANAGEMENT CONCERNS 
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PRUDENT SSA DEVELOPMENT REQUlRES FURTHER STUDY 

~INTEGRATION 

NEED 

- POWER 

- HEAT DISSIPATION 

- DATA RATES 

6. 5 MAGNITUDE CAPABILITY NEEDS DEMONSTRATION 

CALIBRATION TECHNIQUE 

TOTAL INTEGRATED SYSTEM I 
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SCHEDULE IS A PROBLEM 
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HEXAGON MOD II 
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. (1 FEB SHIP TO WCFO) 
23 MONTH DELIVERY FROM GO-AHEAD 
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INTEGRATION 

MPS REQUIRES AN EFFECTIVE INTEGRATOR 

MUST UNDERSTAND TOTAL PROBLEM 

MUST BE ABLE TO WORK UNEXPECTED PROBLEMS 

.............. 
MEETING 5 SEC POINTING REQUIREMENTS SHOULD 

BE INCENTIVIZED 
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CONTRACTING CONSIDERATIONS 

• GROUND RULES AND ASSUMPTIONS 

• 

• 

CONTRACT APPROACHES TO BE TAKEN TO EFFECT A COMPETITION OF A STAR 

SENSOR SUB-SYSTEM: 

OPEN COMPETITION TO ALL QUALIFIED SOURCES 

SSA AS DIRECTED SUB TO PERKIN-ELMER 

SSA PROVIDED AS GFE TO PERKIN-ELMER 

LMSC AS INTEGRATOR AND PROVIDE A SUB-SYSTEM 

PERKIN-ELMER AS INTEGRATOR AND PROVIbE A SUB-SYSTEM ON A MAKE-OR-BUY 
j 

DECISION 

CONTRACT APPROACH WITHOUT COMPETITION - PERKIN-ELMER PROVIDE s3 

SYSTEM AS SELECTED SOURCE 

e PROCUREMENT L EADTIMES 
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GROUNDRUL ES AND ASSUMPTIONS 

DECISION DEFINING APPROACH REQUIRED 1 APR 76 

STAR SENSOR SUB-SYSTEM HARDWARE REQUIRED 1 JUL 78 

LAUNCH DATE FOR SV-17 - FALL 80 
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ISSUE AN RFP TO ALL QUALIFIED SOURCES TO PROVIDE A SUB-SYSTEM THAT WOULD 

MEET DMA'S PERFORMANCE REQUIREMENTS 

PR0 1S CON1S 

• POTENTIAL FOR LOWER COST OF • MAY SURFACE ADDITIONAL 
SUB-SYSTEM TECHNICAL PROBLEMS 

• OPEN COMPETITION • POSSIBLE SECURITY PROBLEMS 

• BROADEN TECHNICAL BASE • REQUIRES MORE PROCUREMENT 
LEAD TIME 

• MINIMIZES POTENTIAL DISPUTE 
FROM EITHER P-E OR BENDIX/ITEK: • BECOMES GFE TO P-E WITH ALL 
OR OTHER CONTRACTORS ATTENDANT PROBLEMS THERETO 

j 

• RETAIN TECHNICAL CONTROL OF • ADDITIONAL INTEGRATION COSTS 
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SOURCE SELECTION FOR BOTH ASSOC IA TE CONTRACTORS ~ 
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INCREASES COMPLEXITY OF 
TECHN~ALINTERFACESAND 
SOURCE SELECTION PROCESS 
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PROCURE STAR SENSOR ASSEMBLY (BENDIX-ITEK) AS DIRECTED SUB TO P-E 

AND P-E INTEGRATE SUB-SYSTEM HARDWARE 

PRO'S 

POSSIBILITY OF USING HRP FOR INTE -
GRATION EFFORT-AVOIDS ADDITIONAL 
COSTS 

• 

• 

• 

• 
• 
• 

CON'S 

VERY RISKY FROM A TECHNICAL. 
SCHEDULE AND COST POINT OF 
VIEW DUE TO LACK OF FULL 
SUPPORT BY P-E 

DIFFICULT IF NOT IMPOSSIBLE TO 
INCENTIVIZE PERFORMANCE 

VERY TOUCHY INTERFACE 
PROBLEM WITH SUB 

MORE COSTLY 

POSSIBLE SCHEDULE PROBLEM 

IMPOSSIBLE TO JUSTIFY EXCLUSION 
OF s3 

Figure I-C Handle Via '--.. , t, n .('.• r ··1 /i.:! r.-;:. r;·:;; r.y-
1 t: ,:_i '7/ 1 ,;:, ,'.. " (/ lf:~/&7 ~ 
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PROCURE STAR SENSOR ASSEMBLY (BENDIX-ITEK) DIRECT AND PROVIDE TO 

P-E AS GFE FOR INTEGRATION 

PRO'S 

• GOVERNMENT RETAINS TECHNICAL 
CONTROL OF SOURCE SELECTION 

CON'S 

• GOVERNMENTACCEPTSFULL 
RESPONSIBILITY TBA T TOTAL SYSTEM 
WORKS 

• GOVERNMENT MAINTAINS MANAGEMENT 
CONTROL OVER ASSOCIATE CONTRACTOR • DIFFICULT IF NOT IMPOSSIBLE TO 

INCENTIVIZE PERFORMANCE 
• POSSIBILITY OF USING HRP FOR 

INTEGRATION EFFORT - AVOIDS 
ADDITIONAL COSTS 

Figure I-D 

• LESS THAN FULL SUPPORT BY P-E 

o VERY TOUCHY INTERFACE PROBLEM 
BETWEEN P-E/BENDIX-ITEK 

e TWO PROCUREMENT ACTIONS 
REQUIRED 

• POSSIBLY MORE COSTLY 

• POSSIBLE INCREASE FOR CLAIMS 
BASED UPON LA TE OR DEFICIENT GFE 

• IMPOSSIBLE TO .TTJSTIFY EXCLUSION 
OF s3 
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ISSUE AN RFP TO LMSC (AS INTEGRATOR) TO PROVIDE A SUB-SYSTEM THAT WOULD 

MEET DMA'S PERFORMANCE REQUIREMENTS 

PRO'S CON'S 

GOVERNMENT IS OUT OF SOURCE • GOVERNMENT LOSES TECHNICAL 
SELECTION CYCLE ADMINISTRATIVE CONTROL OF SUB-SYSTEM SOURCE 
EFFORT SELECTION 

GOVERNMENT IS NOT PROVIDING THE • ADDITIONAL COST FOR INTEGRATION 
SYSTEM AS GFE OF SUB-SYSTEM 

ELIMINATES POSSIBLE INTERFACE • ADD MORE COMPLEXITY TO LMSC/PE 
CONFLICTS BETWEEN PE/BENDIX- INTERFACE 
ITEK 

e IMPOSSIBLE TO INCENTIVIZE THE 
L MSC EXPERIENCED AS INTEGRATOR ACCURACY OF,SUB-SYSTEM BY ITSELF 

• WOULD HA VE TO INCENTIVIZE BOTH 
THE SUB-SYSTEM AND PAN CAMERA 
INDIVIDUALLY 

• FAIR AND OBJECTIVE COMPETITION OF 
SELECTING A SUBCONTRACTOR WOULD 
BE DIFFICULT 

Figure I-E 
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ISSUE AN RFP TO P-E (AS INTEGRATOR} TO PROVIDE A SUB-SYSTEM, ON A MAKE-OR-BUY 

DECISION. THAT WOULD MEET DMA'S PERFORMANCE REQUIREMENTS 

PRO'S -

• GOVERNMENT IS OUT OF SOURCE SELECTION 
CYCLE ADMINISTRATIVE EFFORT 

• GOVERNMENT IS NOT PROVIDING THE SYSTEM 
AS GFE 

• · ELIMINATE SOME OF THE PERFORMANCE 
INCENTIVE PROBLEM 

• APPROVAL OF MAKE-OR-BUY, GOVERNMENT 
WOULD NOT LOSE TECHNICAL CONTROL OF 
SUB-SYSTEM SOURCE SELECTION 

• MORE CLEARLY DEFINED SYSTEM PERFOR-
MANCE RESPONSIBILITY TO ATTAIN REQUIRE-
MENT 

• POSSIBILITY OF USING HRP FOR INTEGRATION 
EFFORT 

• BETTER UNDERSTANDING OF OVERALL SYSTEM 
REQUIREMENTS 

• POTENTIAL FOR LOWER COST 

Figure I-F 
!Fl 
;-,~□""'"·' ,, •• .<) 
jl,i t,,,;),,. 

• 

• 

• 

CON'S 

POSSIBLE INTERFACE PROBLEM 
WITH BENDIX-ITEK 

NOT AS EXPERIENCED AS LMSC IN 
THE INTEGRATOR ROLE 

FAIR AND OBJECTIVE COMPETITION 
OF SELECTING A SUBCONTRACTOR 
WOULD BE DIFFICULT 
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PROCURE s3 SUB-SYSTEM FROM P-E AS SELECTED SOURCE 

PRO'S CON'S 

e GOVERNMENT RECEIVES BENEFIT OF 
EFFORT ACCOMPLISHED TO DATE ON s3 

• POSSIBLE PROTEST BY BENDIX­
ITEK OR OTHER CONTRACTORS 

• ELIMINATES THE PERFORMANCE INCENTIVE 
PROBLEM 

• MORE CLEARLY DEFINES SYSTEM PERFORMANCE 
RESPONSIBILITY TO ATTAIN REQUIREMENT 

• A VOIDS ADDITIONAL COSTS FOR INTEGRATION 
EFFORT BY USE OF HRP 

• ACHIEVES BETTER UNDERSTANDING OF 
OVERALL SYSTEM REQUIREMENTS 

• REDUCES PROCUREMENT LEADTIME BY 
APPROXIMATELY 4 MONTHS 

• PROTECTS TOTAL PROGRAM SCHEDULE 

• GREATLY SIMPLIFIES INTERFACE PROBLEMS 

• INCREASES CONFIDENCE IN SATISFYING THE 
DMA REQUIREMENT 

• EFFECTIVELY USES AVAILABLE SUSTAINING 
LABOR 
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PROCUREMENT LEADTIMES 
(IN MONTHS) 

SSA 
AS 

OPEN DIRECTED 
SSA 
AS 

s3 
AS 

SELECTED 
)> 

"O 
COMPETITION SUB TO P-E GFE TO P-E 

LMSC OR 
P-E AS 

SELECTED 
SOURCE 

INTEGRATOR SOURCE ► 
"O 

~ PREPARE PROC ACTION 
~ REQUEST 
o' 
i ISSUE RFP 
CD 
CD 
~ RECEIVE CONTRACTOR PROPOSAL 
I\) 

~ TECHNICAL EVALUATION 
co --0 

25 NE GO TIA TION CYCLE 
..... 
g CONTRACT PROCESSING UP TO 
~ CONTRACTOR SIGNATURE ..... 
00 

~ SIGN.ATURE/DISTRIBUTION CYCLE ..... 
AWARD 

TOTAL PROCUREMENT CYCLE 

FROM CONTRACT AWARD TO FIRST 
DELIVERY: 

- SSA/ SSA MODIFIED 
- s3 

*LIMITED COMPETITION = 2 MOS 
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**4 MOS = DEFINITIVE DOCUMENT I 'J.l:l,. .., -- ,, , .. ·· ,,_ ,, 
1 MO = CHANGE ORDER ~"' ;·7 " ... UY ,.,. , .>If 11 

***WITH CHANGE ORDER COULD SHORTEN CYCLE Lii..l.i,il 
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CONCLUSIONS/ RECOMMENDATIONS 

P-E SHOULD INTEGRATE THE SS/PAN CAMERA COMBINATION INTO THE METRIC 
PAN SYSTEM (MPS) 

OPEN OR LIMITED COMPETITION OF SUB-SYSTEM WOULD JEOPARDIZE OVERALL 
PROGRAM SCHEDULE 

SSA CONCEPT REQUIRES ADDITIONAL STUDY WITICH WOULD JEOPARDIZE OVERALL 
PROGRAM SCHEDULE 

OVERALL PROGRAM/PROCUREMENT SCHEDULE DICTATES SELECTION OF s3 

SUB-SYSTEM AS A SELECTED SOURCE 

IF COMPETITION OF SUB-SYSTEM IS REQUIRED: 

- P-E SHOULD PROVIDE BASED ON A MAKE-OR-BUY DECISION 

- RECOGNIZE AN OVERALL PROGRAM SCHEDULE IMPACT 
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SUMMER 1974 SAFSP; SAFSS; DMA; AEROSPACE; LMSC; 
PE 
REVIEW OF CONFIGURATION TRADES 

FALL 1974 SAFSP COMPLETED REVIEW OF S-CUBED 
CONCEPT 

FALL 1974 SAFSS REQUESTED STUDY OF HIGH RISK 
CONCERNS 
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RESULTS/CONCLUSIONS 

(1) 

(2) FILM TYPE STEL(ARS WOULD 
REQUIRE EXTENSIVE FILM PATH 
MODES 
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(3) S-CUBED CONCEPT MET ACCURACY 

AND MINIMUM IMPACT CRITERIA 

RECOMMENDED NOT TO PROCEED WITH 
S-CUBED DUE TO HIGH RISKS 

STUDY INITIATED IN NOVEMBER 1974 

FEB 1975 SAFSS STATED s3 SHOULD BE A BLOCK IV STUDY COMPLETION REVISED FROM 
1 JULY 75 TO 1 JAN 76 CONSIDERATION 
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WORKING MATERIAL 

APPROX TIME 

FEB 1975 

NOV 1975 

FEB 1976 

BACKGROUND (CON'T) 

ACTIVITY 

SAFSP REVIEWED SSA WITH 
LMSC/CUSTOMER 

NROIOMA RE-EVALUATED 
sv-1/ & 18 MAPPING REQUIREMENTS 

AND 
SAFSP REVIEWED s3 RISKS 

MAPPING DECISION DELAYED UNTIL 
APRIL 1976, 
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RESULTS/CONCLUSIONS 

(1) CONCEPT DETERMINED TO BE 
SAME AS PROPOSED EARLIER 

(2) 

(3) COST) SCHEDULE) AND PERFORM­
ANCE RECORD VERY POOR 
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sv-17 & 18 MAPPING CAMERAS 
CANCELLED 

METRIC PAN CAPABILITY TO BE 
PURSUED TO INSURE sv-17 
EFFECTIVITY 

FUNDING LIMITED TO~ $1M 
UNTIL MAPPING REQUIREMENTS/ 
ALTERNATIVES REVIEWED 

LIMITED FUNDING COMMITTED TO PRE­
SERVE sv-17 EFFECTIVITY 
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WORKING MATERIAL 

INITIAL SELECTED SOURCE CONSIDERATIONS 

, s3 WAS THE ONLY CONCEPT VERIFIED BY DETAILED STUDY 

, PERKIN-ELMER HAD BEST CHANCE TO MEET SYSTEM PERFORMANCE REQUIREMENTS 
STUDIED OVERALL PROBLEM FOR TWO YEARS 
COULD BE INCENTIVIZED FOR OVERALL PERFORMANCE 
HAD 900 MAN FORCE AVAILABLE FOR UNFORESEEN PROBLEMS 

. 
• DURING DELAY IN MAKING MAPPING DECISION ONLY PE HAD CAPABILITY TO CONTINUE 

MPS STUDY WITHIN FUNDING LIMITS 

, · SCHEDULE REQUIREMENTS MADE OPEN COMPETITION SEEM UNWISE 
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PRUDENT SSA DEVELOPMENT REQUIRES FURTHER STUDY 

l, INTEGRATION 
~~ 

A, NEED 
B, POWER.~ 
C. HEAT DISSIPATION 
D. DATA RATES 

2, 6,5 MAGNITUDE CAPABILITY NEEDS DEMONSTRATION 

3, CALIBRATION TECHNIQUE 

4, TOTAL INTEGRATED SYSTEM 
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SCHEDULE IS A PROBLEM 

SSA CONCEPT ANALYSIS REQUIRES TIME AND MONEY 

PROCUREMENT PROCESS 

MANUFACTURE 

TOTAL SYSTEM TESTING 
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• WORKING MATERIAL 

s3 - H MUTUA.L BENEFIT 
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, s3 PROVIDES INCENTIVE/CHALLENGE TJ) P-E SUSTAINING FORCE UNTIL BLOCK 4 
DETERMINATION // 

I 
CURRENT H SUBCONTRACTORS E-0, ASD, RADIATION/GE WOULD ALSO BENEFIT 

s3 AT PE WOULD LIMIT NUMBER OF CONTRACTORS TO BE SUSTAINED UNTIL 
BLOCK 4 DEC IS ror~ 

· H SUSTAINING FORCE AT P-E PROVIDES MOST OF P-E LABOR 

P-E SUSTAINING FORCE IS A GOOD GUARANTE~ FOR s3 SUCCESS 
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INTEGRATION 
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I. E?1.Cr(GROUND 

l. In the Sumn~r of 19 7 4, SAFSP, D!'•iA, Aerospace and SFASS personnel 
reviewGd a number of proposed m~thcx:1s of detennining Hexagon vehicle 
atti tn..ie to ITL".>./2t IX-iA map1.1ing rc,quirerrents. Basic conclusions nade frcrn 
tJ1is reviev.1 were: 

a. Slit-type star-tracker attitude reference caneras (SSA 
lx1sic design) could rceet the pointing accuracy requirerrents only with 
extensive integration effort with the vehicle gyros. This was considered 
unacceptable. 

b. Film stellar cai:112ras \vhich '¼Duld either bnage stc.-rrs on 
IIeY.agon intra-op film or on a separate film wi::~b were considered but -were 
detennined to have an unacceptable impact on the host vehicle. 

c. The Solid State Stellar (S3) Ca.nera concept had the poten­
tial to l1'12'2t the accuracy requirerrents and was the only candidate whlch 
net the criteria for m:i.nirnal inpact on the current Hexagon vehicle. 

2. After evaluating the s3 ooncept fur-L11er, SAFSP ooncluded that 
the s3 cubed carrera was a high risk developrrent program due to its use of 
Charge Coupled Devices (CCD's) as the focal plane. In addit..i..on, the 
whole concept that the panoramic cam2ra line of sight was stable to a 5 
arc-second accuracy appeared to be a high risk assumption. For these 
and other concerns, the recom:rendation was made that s3 not be irrplercented. 
This recnnrn2ndation was oode by SAFSP to SAFSS during the Fall of 197 4. 

3. Based on these o:::mcems for the s3 /Panoramic Y.etric Pan concept, 
SAFSS requested a study be perfonred to evaluate the risks involved. This 
study '\vclS initiated in November 197 4 and was intended for completion by 
July 1975, so a decision for SV-17 and SV-18 mapping requirerrents oould 
be made. Shortly after the study was teg,.m, direction vms received stating 
that S-cubed irrplerrentation v.10uld be no earlier than Block rv so the 
study corrpletion date was changed to 1 Janua:;.y 1976 and nade rrore cnrpre­
hensive. 

4. In February 1975, the Star Sensor Assembly (SSA) to be used by 
another program ,twas revievJed by SAFSP with Utsc and custorrer personnel. 
This device was detennined to be similar to the hardware reviewed in 1974 
and would have the sa.,ye problems rreeting accuracy requirerrents without 
e...--ct:ensive integration withl pn the Hexagon vehicle. In addition, 
the problems being experienced by the SSA at that tine ooncenrlng cost, 
schedule, and perfonnance did not make it aPfear as an attractive alterna­
tive. 

5. Prior to crnpleting the s3 risk evaluation but a£ter extensive 
effort had been completed (November 1975) the Staff requested a risk 
~valllc!tion on the S-cubed ooncept. A revised risk assessrrent (i.e., s3 

was new considered a lcw risk project) a::.rnbined with other factors 
resulted in the follc,;,r.ing direction to SAFSP. Handle Via 
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1, 

a. G::..itc:31 rl'.8K m:,,ppi11g c2ur.:-::ras for SV-17 vnd SV-18 ;;11ld, 

b. 0.,11t:i11ua E?S work to assure SV-17 i.rrplern211tat:ton wit..h the 
p1:ov:tso t~at not i,O.G..! them $1 rn:iJJ Jon be ex,.oended nntil SAF'SS :reviewed 
th2 rr.:.:p;_-:,ing rcquirGt,::nt and alt0rn.atiw:::s further with D~1A. The f::i..nal deci­
sion 1128 been d2J.ay2d frcm Fcbruny until 1 April. 

II. S'~LE:cITED f-OU!--x::E OY.>JSIDERATIONS 

1. J>..£ter the cfacislon to caneel SV-17 and -18 m-J.pping cz:rrera..s, SAFSP 
lcz>Lod ,'3_t tJ.10 justification for c..-cnt.inuing what had evolved as a sole _ 
so1.-1.rce p:ccx::u-1::..:.---~rne.nt. Suffick,.nt justification ,;,;as oonsidered to be available 
for the following ret·.sons: 

a. O...tly s 3 appeared as a if.urkable o:::mcept that had been veri­
fied by det::1.Jled sb:dy and still m3t tl1e criteria of frtin.irral ircpact on the 
hcst vehicle. 

b. Perkin-Elrner had the rest chance of rrceting ~stem pirform-
2mre objectives because -

(1) Thoy had 2 years to study and understand the problem 
fro:n a system standfoint. 

(2) They would have overall perfornBnce responsibility for 
nee-ting the 5 arc-&."X;Ond syste...11 pointing accuracy. 

(3) T'ney have a 900-m:m task force capable of working any 
Ln1fores-.ee.n proble.."TIS m either the stellar carrera or the panoramic carrera. 

c. Only Perkin-Elrrer had the capability to continue to work 
the tbt.ric Pan problem from N'oven-~_;2r 1975 until SAFSS decides on a a:mrse 
of action with the lirrited dollars available. Perkin-Elrrer is oonthming 
-with the sustaining engin.__ced11g laJ:or force available. 

a .. The sustaining engineering available at Perkin-Elrrer made 
any alternative to S-cubed questionable from a oost stanq::oint, eSfeCially 
if Bleck IV systers are ca.'1sidered without the non-recurring developm2nt 
costs. 

e. Sched.ule require:rrents to neet a SV-17 effectivity, -were 
very tight and open catlfletition procurem::mt schedule ,;,;as considered to be 
prohibitive fran a total program schedule standp:Jint. 
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FINAL REPORT 

OF 

MANAGEMENT AND CONTRACTING EVALUATION GROUP 
FOR PROCURING A STAR SENSOR SUB-SYSTEM 

INTRODUCTION 

This report is a supplement to ''Final Report of Star Sensor Assembly 
Evaluation Group" dated 15 March 1976. This report consists of six 
parts. The first part is a brief summary of facts gathered and con­
clusions drawn by the SSA Evaluation Group. Parts II through V contain 
background, management concerns, various contract approaches and con­
clusions drawn by the Management and Contracting Evaluation Group. The 
sixth part is a copy of the briefing charts used by this group to brief 
Major General Kulpa on the results of .the evaluation. 

PART I 

The Star Sensor Assembly Evaluation Group was formed at the request of 
Major General Kulpa to evaluate the capability of 11 off-the-shelf 11 Star 
Sensor Assembly (SSA) to fulfill the Hexagon Program's mapping require­
ments for Vehicle 17 and up. Based upon the group's evaluation, it was 
concluded that the SSA could not be eliminated as a possible contender 
to fulfill the OMA requirements for the Hexagon metric pan camera system. 
Ho1vever, it was also recognized that time and lack of data left many 
significant areas only superficially reviewed and should a decision be 
made to pursue a more definitive proposal for the SSA use, the following 
areas required additional attention: 

l. 

2. Impact of on vehicle power budget. 

3. The method, accuracy and mission impact of calibration of the 
overa 11 sys tern. 

4. Signal/noise analysis of SSA operating at 6.5 MV. 

5. Possibility of reducing SSA detection capability below the 6.5 
MV thereby increasing star acquisition rate and lowering dependence on 

6. Capability of any proposed system·to fulfill the overall system 
requirements with special emphasis on the 3 arc sec relative accura~y. 

In the process of performing the technical evaluation of the SSA, it 
became apparent that certain management and contractual factors also 
required attention. Some of the concerns were verba 1 ly addres_~f_9;q .'.) " .. , 
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during the preliminary briefing on 11 March 1976. As a result of this 
briefing, General Kulpa requested another group be fonTied to evaluate 
the management and contracting factors associated with contracting for 
a star sen]or sub-system on a competitive basis, i.e., Solid State 
Stellar (S ) and SSA systems. 

PART I I 

The Management and Contracting Evaluation Group was formed to evaluate: 

1. Reasons s3 was originally considered to be a selected source. 

2. Various contract approaches that could be taken to effect a com­
petition for the procurement of the systems from PE or Bendix-Itek. 

3. Opening the competition for the procurement of a system to all 
qualified sources. 

4. In conjunction with the above, procurement lead times and 
development/production schedules of the total Hexagon system. 

PART II I 

A. BACKGROUND 

l. In the'summer of 1974, SAFSP, OMA, Aerospace and SAFSS personnel 
reviewed a number of proposed methods of determining Hexagon vehicle 
attitude to meet OMA mapping requirements. Basic conclusions made from 
this review were: 

a. attitude reference cameras (SSA basic 

~hll,---------------------_JThis was considere unaccep - ~~~g~ 
a e. 

b. Film stellar cameras which would either image stars on 
Hexagon intra-op film or on a separate film web were considered but 
were determined to have an unacceptable impact on the host vehicle. 

c. The Solid State Stellar (S3) Camera concept had the potential 
to meet the accuracy requirernents and was the only candidate which met 
the criteria for minimal impact on the current Hexagon vehicle. 

2. After evaluating the s3 concept further, SAFSP concluded that 
the s3 cubed camera was a high risk dev~lopment program due to its use 
of Charge Coupled Devices (CCD's) as the focal plane. In addition, the 
whole concept that the panoramic camera line of sight was stable to a 
5 arc-second accuracy appeared to be a high risk assum~tion. For these 
and other concerns, the recomnendation was made that S not be implemented. 
This recorm1endation was made by SAFSP to SAFSS during the fall o,f l.Q74 • 

. ··- .. _ .. !.8 r:1_2, 
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3. Based on these concerns for the s3/Pano~amic Metric Pan concept, 
SAFSS requested a study be performed to evaluate the risks involved. 
This study was initiated in November 1974 and was intended for completion 
by July 1975, so a decision for SV-17 and SV-18 mapping requirements 
could be made. Shortly after the study was begun, direction was received 
stating th~t S-Cubed implementation would be no earlier than Block IV so 
the study cornpl et ion date \'las changed to l January 1976 and made mor.e 
comprehensive. 

4. In February 1975, the Star Sensor Assembly (SSA) to be used by 
another program was reviewed by SAFSP with LMSC and customer personnel. 
This device was determined to be similar to the hardware reviewed in 

!~~~o~~de~~~~~i~~:: +:o ::::n ::""::::: ::1~~n~h:c~~::~~nr~~~~~f~~nt~n 
add1t10n, the prd e111 o g p c by the SSA at that time con-
cerning cost, schedule, and performance did not make it appear as an 
attractive alternative. 

5. Prior to completing the s3 risk evaluation but after extensive 
effort had been completed (November 1975), the Staff requested a risk 
ejaluation on the S-Cubed concept. A revised risk assessment (i.e., 
S was now considered a low risk project) combined with other factors 
resulted in the following direction to SAFSP. 

a. Cancel Itek mapping cameras for SV-17 and SV-18, and 

b. Continue MPS work to assure SV-17 implementation with the 
proviso that not more than $1 million be expended until SAFSS reviewed 
the mapping requirement and alternatives further with OMA. The final 
decision has been delayed from February 1976 until 1 April 1976. 

B. SELECTED SOURCE CONSIDERATIONS FOR s3 

l. After the decision to cancel SV-17 and -18 mapping cameras, 
SAFSP looked at the justification for continuing what had evolved as 
a selected source procurement. Sufficient Justification was considered 
to be available for the following reasons: 

a. Only s3 appeared as a workable concept ·tha t had been veri -
fied by detailed study and still met the criteria of minimal impact on 
the host vehicle. 

b. Perkin-Elmer had the best chance of meeting ~stem performance 
objectives because: 

(l) They had two years to study and understand the problem 
from a system standpoint. r · 

I 

(2) They would have overall performance responsibility for 
meeting the 5 arc-second system pointing accuracy. 

3. 

SECRET/\\ 
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(3) They have a 900-man task force capable of working any 
unforeseen problems in either the stellar camera or the panoramic camera. 

c. Only Perkin-Elmer had the capability to continue to work the 
Metric Pan problem from November 1975 until SAFSS decides on a course 
of action with the limited dollars available. Perkin-Elmer is continuing 
with the sustaining engineering labor force available. · 

d. The sustaining engineering available at Perkin-Elmer made 
any alternative to S-Cubed questionable from a cost standpoint, especially 
if Block IV systems are considered without the non-recurring development 
costs. 

e. Schedule requirements to meet a SV-17 effectivity were very 
tight,and open competition procurement schedule was considered to be 
prohibitive from a total program schedule standpoint. 

PART IV 

The following management concerns are presented to provide a summary of 
the problems this group feels are involved in achieving a metric panoramic 
capability. 

A. SSA CONCEPT MATURITY 

Use of the SSA as an attitude sensor for the Hexagon Progr§m uses 
a totally different attitude determination concept than does S , and the 
SSA has significantly different impacts on the Hexagon Program. This 
group recommends a detailed study be performed on the SSA concept. The 
following is a list of areas of concern which have not been addressed 
adequately by the SSA Technical Evaluation Group and should be studied 
in more depth: 

~-~l--"'--,. ~SJLPeeendence onl J Can current Hexagon Program 
I ~e used with the SSA concept? This was a kev concern of the Tech-
nical Evaluation Group. Relying on the current) jfor attitude 
reference between SSA star detections has not been proven feasible. 

2. I~.ract on Hexagon PrQ9c9m. If ne~ j are required, 
are reasonable solutions availabTe to Hexagon Program impacts regarding 
power usage, heat dissipation, and telemetry data requirements? 

a. ~------~will probably require continuous power and 
this wil1 affect an already power limited pm.,ier subsystem. This impact 
should be studied to determine not only the impact to the primary Hexagon 
mission but to other tertiary payloads planned to ride on the Hexagon 
vehicle. 

rates. 

4 

b. ~--~--~will require relatively high sampling data 
This area of concern needs to be studied further. 
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c. lllocated in the mid-section mounted on the T\'10 CJ111era 
Assembly (~l impact the thermal characteristics of Hexagon camera 
system. This impact requires study to verify that H-Camera performance 
is not affected. 

d. A total look at an int~grated MPS using the SSA has not been 
performed to verify that the overall concept is sound. This study should 
also be performed. 

3. Verification of 6.5 Star Magnitude Sensitivi_!y_. The ability to 
modify the SSA to detect 6.5 magnitude or greater is so important to this 
concept that this group feels this capability must be demonstrated or 
thoroughly evaluated through study. 

4. Error Budget. Some of the pointing MPS error budget are inter­
dependent on the star sensor and the panoramic camera. One example is 
the error in determining the interlock angle between the star sensor line 
of sight and the panoramic line of sight. This error is significant and 
needs further study for the SSA concept. · 

B. SCHEDULE 

Meeting the SV-17 schedule is a concern since commitment to a metric 
p§n program regardless of its form has seen so much delay. The current 
S schedule is tight. and further delay will jeopardize SV-17 effectivity. 
Changing to the SSA concept is an even more difficult schedule problem 
because of (1) concept study required, (2) procurement process delays 
involved, and '{3) manufacturing lead time for the SSA (23 months from 
go-ahead). The s3hedule shown in Figure I-A is that currently being 
pursued for the S sensor. Additionally, the SSA delivery schedulec--=o~f-~ 
23 months is superimposed as is the 27 month Hexagon Program MOD II 
procurement time. ~-~ 

C. MPS INTEGRATION 

Regardless which star sensor is used, an effective MPS integrating 
contractor is required. At this point, only Perkin-Elmer is considered 
to have the total understanding of the MPS concept and has the overall 
resources to assure success. This group feels that Perkin-Elmer is the 
only integrator which the government would be able to incentivize based 
directly on meeting OMA overall mapping requirements. Perkin-Elmer also 
would best be able to respond to new problems or requirements.as the 
integrator. 

PART V 

A. CONTRACT APPROACHES 

1. Taking into consideration the management concerns and the overall 
program schedule as set forth in the preceding parts, this group evaluated 

5 
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various contract approaches that could be taken to effect a competition 
for the procurement of a star sensor sub-system. The basic ground rules 
and assumptions used were: 

a. Decision defining approach required by l April 1976. 

b. Star Sensor Sub-System hardware required by 1 .July 1978 to 
avoid jeopardizing overall Hexagon Program schedule. 

c. Launch date for SV-17 - Fall 1980. 

2. Each approach was evaluated in detail and a list of pros and 
cons prepared for each. The approaches were: 

a. Issue an RFP to all qualified sources, approximately 12, to 
provide a sub-system that would meet DMA 1 s performance requirement. This 
approach was evaluated at some length but proved to be unfeasible based 
on the lengthy procurement cycle and production schedule (see Figures· 
I-Band I-H). 

b. Procure SSA from Bendix-Itek as a directed sub to P-E and 
have P-E integrate sub-systems hardware. Even though the approach is 
not a competitive procurement, it was evaluated and again proved to be 
unfeasible not only from a technical and schedule

3
standpoint, but it 

would be impossible to justify exclusion of the S sub-system from 
consideration (see Figures I-C and I-H). · 

c. Procure SSA direct.from Bendix-Itek and provide to P-E as 
Government Furnished Equipment (GFE) for integration. Again, even though 
this approach is not a competitive procurement, it was evaluated and again 
proved to be unfeasible not only for the same reasons as stated in 
para b., above, but the government would be accepting full responsibility 
that the total system worked (see Figures I-D and I-H). 

d. Issue an RFP to LMSC, as integrator, to provide a sub-system 
that would meet DMA 1 s performance requirements. This approach showed 
merit over the first three approaches; however, from an overall management 
standpoint it was also considered to be unfeasible as it would be impos­
sible to incentivize the accuracy of the sub-system by itself (see Figure 
I-E). In ad1ition, the procurement cycle required to effect this approach 
still presents an overall schedule problem (see Figure I-H) and is not 
the most preferred approach. 

e. Issue an RFP to P-E, as integrator, to provide a sub-system 
on a make or buy decision that would meet DMA 1 s performance requirements. 
This approach, in addition to effecting a competition~ ·was considered to 
be the most feasible of all, not only for the management concerns but 
provides a better understanding of overall systems requirements {see 
Figure I-E). However, even with this approach the total procurement 
cycle presents a slight problem (see Figure I-H). · 

6 
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The group also prep1red a pro and con chart and procure~ent timeline 
for procuring the S sub-system from P-E as a selected source to compare 
total time required to deliver a sub-system on or before 1 Jul 78 (see 
Figures I-G and I-H). Of all approaches evaluated, this is the most 
feasible based not only on the overall schedule considerations but it 
also increases the confidence in satisfying the OMA requirements. 

B. CONCLUSIONS/RECOMMENDATIONS 

Based upon the above, the group concluded that P-E is the only 
contractor that can integrate the sub-system/pan camera §ombination 
into the Hexagon metric pan camera system and that the 5 and SSA 
systems cannot be competed effectively until the additional concept. 
study m the SSA is completed. Therefore, the conclusions and recom­
mendations are to procure the 53 sub-system from P-E as a selected 
source or recognize an overall program schedule impact if competition 
of a sub-system is effected. 
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