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 OVERALL ASSESSMENT

 The response’tQ}#h@’DayiS~Cdmmit$eé,in the fom of a proposed
modification to Vehicle No, 2755 was dominated by the short development
span. required by a 1 December l967;1aunch. Urgency wag gtressed on the
-wmisaion offsearchinggfor'ﬁhe[: The proposed
modification is respongive to this specific requirement, No attempt was
made initially to evaluste the ilmpact on such things as the general
search requirement and the effect on funding of néw systems which might
be defined., In ghort, the proposal was specifically tailored to one set

of conddtions and limits vebhicle capabilities to an
E It is an example of sub-optimization.

he mission as defined is enhanced as shown in Chapter IV but subsequent
evaluations which considered all related fachors ralse serious doubt

as to the desirability of the proposed modificatlon.
Total impact on SIGINT missions in general and on the

[:::::::]specifically is as follows:

Favorable \

(1)

| The modified

vehicle has a 95% probability of illumination in 25-32 days by a 1% on-time
emitter compared to 50 days for the unmodified version. Either version
has an expected life between three to six months.

(2) The proposal is responsive to the Davis Committee require-
ment for a late 1967 launch.

Unfavorable
(1) Overall mission capability %gJ ]
Lgi search to one area.
(2] At the nigher altitude the direction finding (D/F)

capability of the Multigroup Digital Payload is essentially lost.

13
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{3) The extensive modifications required or a crash basis

introduces reliasbility uncertainties not applicable to the nnmodified
vehicle which will be the third in its series.

{4} The proposed modification delays launch of Vehicle 273%
by at least two months., Since the Multigroup vehicle has a good ABM/AES
gignal search capablility the polentisl gain inherent in the proposed
modification is offsel by its later employment.

{5) The schedule has no allowance for contingencies and is
sensitive to unforeseen develommental and best problems,

(6) The funding of this proposal (11.7 million dollars) can
adyersely affect development of new programs derived from current

competitive studies.

More deta il on overall program impasct is ephanced in the following
chapter. To answer the question congerning "the advisabilily of proceeding
with this propesal since to 4o so would probably withdraw funds from any
program which might result from the current competitive studies” some
overlap is necessary. Consldering the 11.7 million dollar cost of the
proposal. along with schedule and relizbiliby considerations, the proposal

is not considered cost effective.
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CHAPTER VI

IMPACT ON MULTIGROUP PROGRAM

RSk e ST

In optimizing the 2733 Multigroup Vehicle for ARM/AES signal search,
the ground ruies on which this proposal is based essentially limit
this wvehicle to an‘ 50X1
The normal 2733 mission ofl lover the

Sinoc-Soviet land mass is essentially eliminated in the elliptical orbit
alternate mission for the following reasons:

(1) The proposed gimbal loglc and command system for entenna
alming are extremely limited in their capability and allow the selection
of only one point target between read-out station contacts.

(2) Because of the increased slant range, the Agena gravity
gradient oscillations induced by the elliptical orbit, and the off-nadir
aiming to “he point target, the geoposition capability of the digital
ROB system will virtually cease fto exist.

(%) Because of the footprint of the aimed antenna, near the
horizon, will be fifty times larger than the normal 150 I EOB collection
circle, inter-leaving in the digital collection will greatly incresse.

The four-pulse Maltigroup digital words will be unintelligible in a large
nurmber of cases (each of the four-pulses way be from a different emitter).

() Removal of the Setter 1B payload required by the proposed
modification eliminabtes the excellent ROB data which has enhanced Strabegiv
Air Command ROB compilation.

With the exception of the ABM/AES P-11's, the Davis Committee
evaluation showed that the Multigroup systems were the major contributors
to the ABM/AES segrch mission. The 2733 intercent probability spectrum
is shown in the following chart. The analog payload has a 97% probabilicy
of illumination over its first two months. Hence, the probability for
the elliptical orbit is only 3% better than shown. The improved
probability of either system with wide-pulse recognizers or a reduced scan

rate in the PEF limited higher bands would swawmp the ofher differences
between them in terms of improving the probability of ABM/AES intercept.
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CHATTER VII

BSTIMATE OF COBT

Latest estimate of cost was provided to WHIC in TWX CHARGE 6366
dated 235 March 1967. TFollowing is a repeat of this information:

IMSC Reconfiguration of 2733 $ 5.0M
Integration of Rescheduled 2754 3.0 .
PAYLOAD Changes on 2733 1.0
SOFTWARE Changes for 2733 .5
AGENA Hardware: No change 0
Launch Services: Rescheduled 2733 3
ATLAS Hardware (Allocate from 206-1). . .- e}
Launch Services & Psd Mod - L8 Ea

The $11.7 willion dollars assumes allocation of a 206-1 Atlas
Booster and consgists of $7.0 willion in FY 67 and $4.7 million in FY 68.
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CHAPTER VIIX

SCHEDULE

A schedule of activities necessary Lo support a launch dabe of
1 December 1967 is provided on the next page. This date is especially
significant in the selection of a system approach which could meet the
requirements as defined by the Davis Committee., Definition of changes
required was begun in mid-February jJust seven months from the scheduled
launch date of 27535. The new launch date allows an additional two and
one-half months for development end qualificsatibn of the extensive
modification necessary. Because of the short lead time, there is
no allowance for conbtingencies. Anydevelopment or test problems will
result in schedule slippage. The following developmental items ave
considered critiesal.

a. Antenna Drives and Control Electronies. The variasble
rates required during a single pass over a pre-letermined geoposition
will be approximated by a smaldl group of vehicle~shbored constant rates
in pitch and a fixed offset (no rate) in roll.

b. (Losed-loop CMGE Torquer Conkrol System. Program T7O
vehicles, in a circular orbit; require a constant gimbal torque current;
the elliptical orbit will require a varisble current that will depend on
horizon-sengor feedbaék. Pregent planning 48 to in&orporate 4 back-up
gpen 1oop mode: (1.@., return to congtant torque) that sacrifices polntiﬁg
,accuracy Yo achieve highev reliability.

Apprdvéd for Release: 2017/08/16 C05099712
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Modification to the 2733 vehicle consists of the fellowing changes:

Removals
Multigroup antenna deck
Lo«band antenna
Setter payload
WECO/BTL radio guidance system

Egquipments to be modified
Multigroup payload
Structure and antenna booms
Stored and real time command sysbtems; including Fairehild

timer modification to increased period

Ascent guldance system
Telemetry system
Solar array panel assegblys

New equipments to be added
Recognizer capability on all bands
Redundant analog recorder (DSU)
Antennas (%)
Antenna drive motors, steering electronics, and command

systen
Closed-loop CMG torgquer controls
Additional pyro J-box and circuitry
A picture of the modified payload vehicle is provided on the next page.

Satellite Capabilities. The Atlas booster permits selection of an
elliptical orbit, 835 x 2100 IM, with an inclination of 116150. The
orbital period is 144 minutes. This orbit and the directivity of

antennas will increase the look or gvailable time on target to approximately
five hours per day as compared to one hour for the low orbit. Payload

life will be comparchle to 2731 which has exceeded G0 days as of the date

of this paper. Reliability is expected to be degraded somewhat because

of the complexity of the change and the short development and test span.

A more detailed description of the capabilities of the modified 2733 vehicle

is contained in Chaptber L.
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CHAPTER IIX

PROCESSIBILITY OF PAYIOAD DATA

The proposed misgion would affect several aspects of dabas processing,
both at the pre-processing stage by LMSC and processing by NSA.
Pre-Detection Analog Data
No essential change to methods of processing the data would
be required. It is estimated that an additions) 58 man-months of effort
would be needed at IMSE to suppart 4 hours per day of resd-out time.

Additional costs for equipment, spares, and tapes to support the & hour
per day read-out time would amount to 392 thousand dollars,

Digital Data

Modifications to IMSC computer programs would regulre sbout
12 man-nmonths of effort. These programs would include provisicn of
vehicle attitude, ratenna pointing, and geopositioning data to RSA.
It is assumed that major modifications to the ELKHART computer programs
would be required. The pogitlonal errors of the data to be provided HNBA
will be based on circular error probabilities (CEP's) of about 200 to 250
miles. The high probability of having interleaved data alsc poses a
serious problem in the abllity to uniguely identify signals, at least
until & learning process through analysis of the data is made. The
digital data portion of the payload thus becomes of guestionsble value

in view of positional errors and identifiability o targets.

A BYEMAR
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ADVANTAGES AND DISADVANTAGES

Increasing the probebility of intercepting ABM/AES signals from 50X1
E::j the sole criterion for this analysis of the proposed
modifications to the 2733 Multigroup Vehicle. Advantages and disadvantages
are based on a comparison of & normal 270 MM, 75Y inclination orbvit with
an elliptical 835 x 2100 MM, 116.5° inclination orbit. For the purpose
of this comparison, 1t is assumed that the intercept of at least Pive
pulses on each of three frequency scans with 8/N z 15 db will resuli
in signal ddentificstion. Since nelther of these orbits provides
continuous coverage of the target area, it is also assumed that the
desired signal is on randomly for 1% of the time as a basis for compubing
the probability of active target contact,
The norizon swath of the 270 MM orbit will contact the target location
on six of its 15 revs each day for a total contact time of roughly 50

minutes per day. The eguivalent number of independent looks per day to

an emitbter which 1s on for wmore than one hordizon pass time but less than
one 9% minute orbital period is
Looks/Day = 6[1450/14:0] = 6.2

The comparable figure for the elliptical orbit which makes contact on

o

of its 10 revs per day for =z btotal contact tlme of Z9%5 minutes per day is
Looks/Day = 8f14222 | = ¢
/ 8 o) 9

Using standard statistical techniques, we can velate the nunber of
locka per day to a probability of illuminaiion =s & function of time.
This funcbion is shown in the following graph., Since the ellipticsal
orbit is nearly sun synchronous, 1ts coverage can be centered arocund
daytime coverage; but, since it makes contact on eight ocut of its 10 revs

reve
each day, this is not a big advantage. The plot shows the probability gain

due to this 1if we assume daytime emitter operation. It canm he shown that, :
since the low altitude orbit will spread its samples throughout the day
over each 30 day period (90° nodal rotation), it does not suffer a penality

(on average) due to the assumption of daytime operation,

[es
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The curves show that the elliptical orbit has a 2:1 advantage over
the normal Multigroup orbit ageinst :]

but that either system has almost univy probebllity of intercepiing

the 1% on-time emitter during its nominal two months' life. As long as
the emitter on-time is low, the probability of ABM/AES intercept in the
low altitude digital peayloads is low. However, these intercepts will
produce a 10-100 WM emibter position estimate if they occur. The
geoposition accuracy from the elliptical orbit is 200-2000 IM depending
on the intercept, geomebry and frequency.

The circular and elliptical orbits are nearly equivalent in their
ability to intercept the emitter freguency, PW and PRI. The elliptical
has an advantage in analog dabta processing in that the amount of clubtter
on the bape will tend to be less. Bub the four-pulse Aigltal words for
the elliptical orbit will reflect inter-leaving and be uninterpretsble
much more often than for the cireular orbit, verbical antenna orisntation.

The only remaining evaluation parameter is the minimum power which
the payload can intercept. This Ils compared in the following chart. It
can be seen that the systems are very nearly equivalept in their ability
to collect weak sipgnals.

Thus, it appears that the only significant argument in favor of the

ellipbical orbit is ite 2:1 advantage in probability of

| | This must be traded off against the

followling considerationss

(1) Because of command limitetions, the elliptical system can
only be targeted at one atea per orbit rev. Hence, if all cother barget
areas have 8 combined probebility of ABM/AES emissions equal to that of

:jtaken alone, ‘then the low altitude system (which covers these

alternate sites) immediately regains the above illumination disadvantage.

(2) 1If the emitter is-on for even 1% of the time, neither
system is illumination limited. ﬁéﬁce,vthe gbove 2:1 adventage means
that, a’though either system will intercept the signal, the elliptical
orvit system will obtain twice. as ir‘:an;:;}i*?iﬁ—*’heréept’s* in & given periocd of

time.
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{3) The four-pulse digital {EOB) words will not be sufficient
to identify the collection within the large footprint of the elliptical
orbit in wany cases. The low orbit ECB footprint is a 150 NM dismeter
circle about nadir. The elliptical orbit at apogee has a 600 x 2200
WM footprint at the horlzon and represents a 50:1 increase over the

low-orbit EOB foobtprint,
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DEPARTMENT OF THE AlR FORCE
COIRECTORATE OF 'SP L. PROJECTS: (DSAF)
AF UNIT POST OFFICE, LIOS ANGELES, CALIFORNIA 90045

PLY TO o - = o
ATTN OF:  §P-1 - v 31 March 195

Ué3€¢T= ‘Modification to Multigroup Payload Vehicle Number 2733

ve:  Dr. Flax, D/NRO

1. The atbached report is provided in response to TWX WHIG 6280
dated 22 March 1967. This message requested a short paper to
serve as a basis for DNRC review of a proposed modification to
the third program 770 Multigroup Vehiele No. 27 Mission 7163) to
increase the prolability of intercepting the yadar

The proposed modification to this vehicle was generated
by my staff in response to a 16 February 1967 request from the
Davis Committee for definition of a crash ABM program which could .
support a launch date of 1 December 1957. The Chairman of the o
Committee, Mr. Harry Davis, was provided a brief system description ¢
on 17 February 1967 which was incorporated in the committee report. g

R e ot e e ¢

2. The system description bhriefed to you Ly Col Bradburn on 5
20 March 1967 was based on a fixed set of ground rules, dominated v
by the 1 December 1967 launch date. The briefing was silent on
the gquestion of the impact of such a change on overall Program
770 mission reguirements and did not include trade-off studies.
The proposed modification limits the capabilities of Vehicle No.

2733 to m}[: :] E 50X1

SReN 6 o v
a. Advantages :

(1) The probability of intercepting the ABM/ABS signal

[;;::::;:;::;::]is increased because of the increased look times. f
The modifled vehicle has a 95% probability of illumination in 25-32 !

days by a 1% on-time emitter compared to 50 days for the unmodi-
filed versica (see chart, attached paper). Either version has an
expected life between three to six months.

(2) The proposal is responsive to the Davis Committee
requirement for a late 1967 launch.

b. Disadvantages

(1) Overall mission capability is reduced by elimination
of the Setter IB Payload and restriction of the ABM/AES search to
one area.

(2) At the higher altitude the direction finding (D/F)
capability of the Multigroup Digital Payload is essentially lost,
(3) Tae extensive modifications requirelon a crash basis ﬁ}‘ﬁr”
i3 £

s BYEMAN
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jlftroduces rellaballty wmeertainties not applicable to the uwnmodified
vehicle which wWill be “the ‘third ¢n its series.

v (L) The proposed,modlfxoatlon delays launch of Vehicle 2733
by at least two wonths. - S Sives the Multigroup vehicle has a good
ARN/AES signal search capability, the potential gain inherent in

the proposed modlfloatlon Is offset by 1its later employment.

(5) The schedule has o allowanoe for contingencies and is
,senSltlve o unforeseen developmental and test problems.

(6} The fundlng of this proposal (11.7 million dollars)
can. adversely affect development of new programs derived from current
competitive studies.

3. I have concluded that the modificabion would not actually

improve the probability of intercepbing ABY signals, and would, instead,
represent a-loss of overall system capability and reliability.

I recommend against further consideration of the proposal.

fy. In the meantime I am conbinuing efforts Lo define changes tc the
Multigroup vehicle which are responsive to requiremerts described

by the Davis Commibtbes. Specifically, I have directed the incorpora-—
tion on Vehicle No. 2732 a special signal detector (SSD) in band L4
which increased the flexibility demonstrated by the band 2 wide pulse
recognizer {WPR) of Vehicle No. 2731. In Vehicle No. 2733 I fully
expect that introduction of improved signal recognizers and probably
a second wide band recorder will further enhance the ABM/AES search
capabilities of this vehicle.

1 Atch
Paper on Medification
of Vehicle No. 2733

Jome T. SRATY, JTE.
Brig Gon, USER
Hrecton o
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THE PROBLEM AND SPECIFIC TOFICS

Introduction. A plan to modify a Program 770 Multigroup
Vehicle was formulated by the Advanced Development Staff, SAFSP

in response to a request from the Davis Committee for definition of

a program which would have the mission of ABM/AES signal search, used

any available Spacecraf‘t/Palead_/Booster combinagtion and would be

launched by 1 December 1967. Such a plan was provided the Davis Committee
on 17 February 1967 and briefed to the DNRO on 20 Merch 1967.

I. THE PROBLEM

Stabement of the problem.
by the DNRO to serve as 4 basis for a decision whether to pursue or
terminate the proposal to modify Multigroup Vehicle No. 2733.

Additional information is required

IL.. BPECIFIC T(ZICS

|

_ DNRQIMeSS% e, WHIG 6280 dated 22 March 1967 specified the
following topics to be included in a short paper:

L. Technical description of ‘the modifications and of the resultant
'g,satellite capabilitles.,' SRt
R An evalue.tion oi’ the promessabilmy of ‘the'data té be obtained

'and oI‘ amr ‘new problems which they* m:Lght present to: NSA.

' 3. An analysis of the aﬁvaﬁtages and disadvanta,ges of the proposal,

‘What does it buy us ' S :

bo An assessment of the a&visability of proceeémg with this

proposa.l smce to clo so w Hl& probably withclraw funds from any program
which mght result from & currenf‘ compe‘bltive stueims.
v An ezvaluation o:f‘ the.
‘tne mu.ltigrorap vehicle fr

a&t to the overall pmgrsm of withdrawing
,,fn;ta;.'cam.ginal ml,ssicm. A

'vAvp:)'proved for Release: 2017/08/16 C05099712:
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6. An estimate of cost refined and supported to the extent
possible at this time,
A conplete schedule with an evalustion of most likely causes

7.
of slippage.”

IITI. ORGANIZATION OF THE REPORT
Each chapter covers the information regquested by specific

topics in the same order as supplied in WHIG 6280.
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CHAPTER II

TECHNICAL DESCRIPTION

Primary mission of the modified 2733 vehicle is to search for

Increasing the probabillty of 50X1

intercept requires increased look times. Detected signals will be
recorded in a predetected video form on the wide band (DSU) recorder.
A second recorder is added to extend predicted recorder life and to
improve relisbility. An Atlas booster is required to schieve the higher
energy orbit associabed with look time regquirvements. At the higher
altitudes the present low gain Mulbtigroup apnbennas 4o not have sufficient
gain or directivity. New high gain, narrow beam antemnas covering the
frequency range 260 =~ 4200 Mz would be provided:

Band 3

It 4s planned to use a l6-foot unfurlable parabolic dish
mounted on the exigting low-band boom. IMSC will slso desigy the fesd
for the dish which will operate in a sun and difference mode fHaking
advantage of the Two recelver channels Thet are availlable. The phase
information whieh is obtéined in the VIM defection system will not
be calibrated prior to launch, but will provide some additional location
information, This dish will cover a freguency range of 260 - 530 MHz
to-.operate with the G- receiver. 1MSC will also provide a multicoupler
on the PL antenna deck to gravi&eli}i‘ energy for the speeial purpose Widé
Pulse Recognizer in the 153.6 - 162:5 MHz frequency range. This boom
will agein be deployed in the %1*ai=iing axig fflighﬁ.

Band I SI

An elght-foot dish covering the 550 - 1060 MHz range will also
operate in the sum snd difference mode. This unfurlable dish will be
gtowed on the Grapary boom-and deployed on the leading vehicle axis.

Bands 5, 6 | o S

A four-foot dish will be stowed and deployed on the PL antenna
deck and will cover *hs 1060 - 4200 Mz vange. The dish will be fed to

via BYEMAR
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operate in the sum and difference mode, Coax switches will be provided
to switch between bands 5 and 6.
Antennas (General)

The sbove antennas are steerable to limits of £ 35° in piten
and £ 15° in roll. This capability coupled with the steering modes
plauned by IMSC permits target tracking through sbout 50% of the total
time the barget is within line-of-sight. The steering will be accomplished
vie progremming from the Falrchild timer. AIL will supply the coamx
switches, hybrids, couplers, and conbrol box for all bands. These are
already aveilable except for band 6 hybrids which will be developed,
qualified, and delivered to IMEC for test.

A compstibility test plan will be prepared by AIL describing
the type and smount of besting to give a confidence level not only in
compatibility, but in performance and coversge cirele prediction on
orbit. This will be & joimbt effort between INST and ATL.

The PIV 2733 payload will have the capebilities planned for
2733 except Tor locatlon accurdcy. The predicted half~power beamwidths
for bands 3 through 5 range from 8% at the High end of each band to 17.5°
at the low end. In band 6 the besmwidth ranges from 8° at the low end
to 4O at the high end. /

, The payload il have a wide pilge recognizer for each band
plus & separate WER wi*t;h its awn front end o opem’be between 153.6 ~ 162.5
MHz. Tbowidl reeeive RF energy from the 16~fo@t dish and malticouplew.

: The'm'bui' : fer 8733, wan be used in any band. The PW
tm'eshola can be selecte&. 021 % )e: round o mm;ezh the environment of each

band, The freqmm:y,thrashem‘ can be disabled if desired for given bands.
In band 4 it may be desirable to ;ée’*h‘ the rmge for 800 to 870 Me. Based
on EOB. Tands 3 and by my ‘threshﬁld. adn be 563%: for & 20 sec thmshf:}mw

Band 5 shcmm have 5 10 sec ‘thre;ahcsld‘ Band 6 threshold should be 7 - 8

‘ e Dﬁﬁf‘}%ﬁ&mi'b& programued to record only WER

' i‘j"ﬁh niesion. Upan alarm, the DSU wi 11 be
comamieﬁ on for & P sent . ﬁime of 100 Secon&m ﬁ'ﬁeadyws‘&atev recording

sec. . To ccmsef

alarms for a i‘medﬁpa ;

hcmld be ava.llable fﬁz‘ *the x'emainéﬁ—:r of the wission,
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