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1. The accomplishments and capabilities achieved under Program "C" are well 7 2% .
documented. In general the beoic orientation of this program is to obtain |
the operational parameters and the locations of fixed emitters for a variety
of national requirements. ' In the lasi two years, POPPY has demonstrated an

. impressive capability to localize and track emitters on Soviet Naval platforms.
This effort has had significant succesa and has on many occasions provided

4't1eet units with near real time information on the deployment of enemy surface

“forc-u. In view of these successes one is lead to speculate about variant or

. ‘alternate configurations of POPPY which might be developed to augment the )

ocean lurveillanca resources available to the U.S. Navy and to providg ‘/A; .

B . information that may not be available from other sensor asystems, } 'A A
2. Currently POPPY is configured as a multiband ELINT collection device. As
such it 1s a relatively complex satellite, While it is considerably cheaper .
jev: opernlionn o ‘\
tlun,\clternate ELINT satellites, it is still rather expensive. for the
application considered herein. In addition, the data handling and signal
racognition techniques which have been evolved for POPPY collection stations

- 'are appropriate for an @ oriented ope@ rather than for a: .

" intelligence or off-boa;d sensor application,

CONCEPT

1. The objective of the POPPY variant system proyosed herein is to achiave '

a capability tec provide to fleet units, {sn dog;ificagion and

‘localization of all major Soviet surface combatants, which are operating '." A 3 i

’

k3
‘

early warning radars within a radius of 1700 -ilcs. in a ‘sense, this variant
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* . of POPPY is conceived %é as a system which would providﬂ

intalligence in much the same way that a shipboard _mda;: is used to devolpp

intelligence with regard to a _lhip'u local envirxonment, There does not o

appear to be any reason vhy.the receiving site of a variant POPPY camnnot be .

% mounted aboard selected major combatants (i.e, Flag _‘S‘hips”, CVAN q;'CVA,'~~:etc‘)e _
I1f satellite tasking, data collection, signal rgcognttio;'\, and emitter | '
. location can be-ascomplished at.sea, then the communications pji:?blex_n__s
-inherent inzintelugmm‘e' are greatly simplified and/' the time

late problem will be totally eliminated.

* 2, It is the theais of this note, that it is possible to configure a

W
.variant of POPPY Plight Hardware which would be Optimized for the rapid

identifi{cation an locauution of major Soviet Naval combatants. The

proposed system would be based on the fact that all Early Warning Radars

on major Soviet combntant. fall vithin two frequency bands, Rapid aignal

- udar is very specific to each hull and thus constitutes a Eingerprint
which can be recognized and identified rapidly if a properly designed

. ugml proceesing oyutm 1s utilized,

”3. Th principle limitation of this system is the fact that it is a

coo;;etative system in that an enemy must radiate in order to be detected,
@
A secondary limitation of such a system is the fact that unless a relatively

large number of satellites are employe$ 24 hous a day, coverage will not

be achieved. The % of daily coverage which can be achieved is a rather
) complex function of the latitude of the observing station and of the ’

number of satellites in orbit. These and other trade-offs will be

discussed below.
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% Ultimately the system that J.s envisaged heu.m will he t,omppse.d d’f’

number of components'
a. Constellations df POPPY variant satellltea.

b. Receiving facilitiea.

c. Data processing gyatems,

d. ’Infomtion diaeemina;loﬁ ayntem.
e. Data plots and diaplayl. e e
To one degree or another the techniqﬁes requited to implement each of these .
syetem components is either in being, under development, or ll wlthin state
of the art technalogy. Comments on each of these items are 1ncluded below.

t

PROPOSED APPROACH - SR St e e

1, Satelllte~danisn factors.

in Table 1.. These lie in two bands: e IR O

Thus a satellite which receives only in the bands between ,820 - ,920 GHZ.
2765% 2 862 |

and 2,680 ~ 2,930 GHZ will be adequate to datect all presently deployed

Barly Warning Radars:on major Soviet surface combatants, The unit cost,

the size; ‘the weight and the complexity of a'two band POPPY variant would

be considerably less than for a full POPPY satellite, Eowever, the on-board

electronics of the proposed variant POPPY would ‘be identical with existing

" POPRY 1n the‘two_bkards .that would be used, Thus in thea'e bands, the sensitivit:y,.‘

Control System
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data rate, detection range and housekeeping electronics would bper 1demﬁl‘c¢l’w1th

the performance achieved with conventional POPPY#'%“"’ %7’/4/% fJWM .
b. The POPPY variant envisaged here would be a relatively small and

inexpensive satellite. Preliminary design 1ndicatu that ndimocor i

Y,y

satellite would be adequ&te to house all of the electronics. Based on ﬁéﬁj

previous designs, the weight of such a satellite would be about@
1bs, 1f additional batteries are required to allow multiple tasking per
orbit, then thc weight of each satellite would increase. Even with extra
. Q ‘ solar cells, it is unlikely that the weight of the satellite will exceed ‘
K ‘@ Stationkeeping could be accomplished either by the pl‘e:::; W f"‘"w
‘l microthrusters, ot if they proved to be excessively expensive’w yariable
i drag booms could be used, In the interests of simplicity, b« stabilization o4na$”
Vi) oot B puduce mJMWM%JW%WWﬂwnﬁgggww
/. M&M. Random tumbling of the satellite_.»ould be planned for.
| c. A preliminary cost out of such a satellite indicates thg\t it could
be constructed quite cheaply. The cost per ‘astelute}/&%probably be
about $300 to 3400!(.: These satellites would be sufficiently small and light-w«%lff
that a pair of them'cm.zld be launched from a Scout Vehicle which costs about
$1.5 million. Thus the total cost of delivery of a pair of variant POPPY

satellites into orbit would be about $2.1 to $2.4 million if a Scout Vehicle

is used. If a larger vehicle such as the THOR/XD){ AGENA or TITAN 111;{% were
used then the unit cost per satellite in orbit could be reduced significantly. .
For example the vehicle cost of a THOR ADD AGENA and the associated launch
costs total about $10 million, ' Since the payload of a THOR ADD AGENA 1is

’ aboﬁt 1600 1bs it would be possible to place as many as 14 POPPY variants

in orbit at a total cost of between 514 and $16 million., The unit cost per

satellite i{in orbit would then be about $1 million.
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2., Coverage. ) ntral SIStEIB

a. Present POPPY providao telatively limited coverage when measured in
terms of the % daily coverage. The % daily coverage which can be achieved
ii‘i‘cbhﬁiéx'fﬁﬁctiéﬂ‘of'éhe‘dfﬁital'ﬁ@tameters, the location of the

receiving ctaiioﬁ'and”nuhbet'd£>batellites in orbit. Figure 1 shows contours

‘ of the number of minutes of dnily coverage for a station 1n Por

~ each receiver lacitude theca contours change since the uhape of the covetago
contouru ‘varies with’ tecciver location and orbit 1nc11nation. It can be

" estimated that, if 24 hour a dnj cdvernge was desired out to ranges o€ 1750

miles from a receiver at 45 éeg: N latitudeJ | ¢

20

be required,’

occur at any convenient sub-orbital point. Potentially this would {mply )
that all POPPY receiving sites could be placed on U.S. owned real estate.
The use of a.yariant POPPY constellation as a communications set should be
explored for its operational implications.

c. A number of system trade-offs exist with regard to the % of daily

coverage which can be achieved. By making the individual satellites

sufficiently small and light, a large number of satellites might be placed

§"” n o
. dul E.,.."‘l

5 SEETC Handle via BYERtAn
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in orbit with a single iaunck, Thus 1€ cnaugw:::::::::]satellites wersi ..,

available the perimeter of an orbit could be divided up ao that there v

1 EARCENY BN o

would always be a satellite within line of aight of a grouud station.

Alternatively the: X of daily coverage would also be modified by 1nc1aaa;ng e

r

the satellites sensitivity and placing them in highet orbits'than present

POPPY orbits. Since a higher orbit sees more of the earth ] surface, -

the coverage per catellite 1s greater.w Howevet,.for a givep launch

vehicle, the amount of payload which can be placed in orbit ia a function.
-, of the orbit altitude. Thus uhile a higher orbit would imply a greater

percent of daily coverage per satellite, the nunbet of sntellites per launch

NE

. would decrease. ' In addftion, the detaction tcnlitivity of s antellite
must increase with altitude and the accuracy o£ locuuncion wiu chansc.
Clearly a rather comprehensive review of all of. the nvailable crade-offc

should be made in order to achieve an optimum constellation of variant

POPPY satellites.
’3. Data Processing.
| 8. Data processing at POPPY collection sites {is preaeutly orien;e& towards

"obtaining the location and parameters of emitters of 1nterest. An emitter is
tdentified by a process of successive parameter scans, manual editing\éé‘
printouts, vernier scans and further manual editing, This process eventu;lly ‘
isolates the signals from a single emitter thnt.are received by one of more |
- satellites, The time difference of arrivals is then plotted as a fﬁnction of
time and .a localization 1s subsefjuently effected by an‘inverse LORAN

. calculation.. This process can require one or more hours to couplete when

'uaeduagalnatNemittnro.in,the more densely occupied parts of the spectrum,

-y

-' | . 6 tAF(POP naiaie via AN

1 Lantrol System
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produce intelligence information vhich is not required{::444¥4‘4ﬁ44]

However the resultant "time-late" of the ptesent system is unacceptablt

if the data is to be uged to provide fleet unitc vith 1mmediate ;ntclligcnco

[N

about its own environment,

b. The obvious approach to reducing the data ptocesaing time that is
" now tequired (and still will be requirad even with coasiderably falter
computers) is to design the equivalent of a hard vire proceas;r which has
all modes of signals from all known Soviet EW raduro atored 1n memory. After
appropriate pre-filtering, incoming signals would be cross correii#téd.: |
" against replicas in the memory. A scan of the outputa of che bankl of
7 corralators would identify the spscific emitters uncmbignounly 1n r.al-

time.~ Presumably the proposed signal recognizer would borrow tather heavily

. on the well established signal recognizer technology that has been developed
for systems such as Short Stop. Indeed the Short St@p signal recognizer

would be well suited for such a processing system.

c. In eluénce, it is proposed that & POPPY receiver station would be

TR Py ey —

operated as the receiving component of a bistatic radar. The transmitter

.

A would'bé on a Soviet combatant, the POPPY satellites would serve as augmented

targeta, and the U.S. POPPY station would serve as the receiver and datn
processing site., In this mode of operation POPPY would function in a manner
similar to BRIGAND. The basic difference, between this mode of POPPY
'Operation and 1ts Opﬁratioﬁain ; conventional ELINT mode, is that in the
/ﬂ raﬁi& récognition mode the ifatéﬁ.éoncébf is gased on the fact that we have
very bfeéiué«infbrintionroﬁ ghQ uutﬁre 9£;89v1¢t.|hipboard radars. The

.. ’ 1

3
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rerclving system is thus focussed on capitalizing on our past ix‘:\'};lz‘;'tda:b:gatbm
which obtained the excellent intelligence that is now available with

tespect to Soviet radars, Presumeably the signal recognizer would be deoigncd

with sufficient memory and data processing reserve to nllow ‘newly 1dcn:1!1.d

signals uaaocinted with lpcctfic combutnnt. to be entered into the libtcry

TRRANE PN SO P . t

of signals as :hcy becoms avatlubla.

tal. NTECE 3% I CETPRER W PR

&, Collection citeu.

.
w3

a. Present and projected POPPY collection sites are all shore based.

-~ &6 .
Some of these will be given SBL’ﬁl computers in the near future. While ,Zf”é 2

this computer will decrease the processing time quite substantially, it

’/ _will not be capable of g}nserprinting emitters 1In addition,
after a signal of interest is dete;tcd, the information must be passed to

bj . fleet commands via the npptopriate secure communications links. This

| results in a further 1ncrc¢se in thc time-lute.

b. After the initial deployment of the variant POPPY existing POPPY

ground stations would probably have to be gmplo!ed. Thus each ground
station would have to have reliable 2@ hour,per‘day communication with
sppropriate SI circuits to major fleet cqmmnndo. Ip;;hio configu;ation,
., the information yig¢lded by tﬁia system uouldlbg one additional input to
the OSIS system, Its usefulness and timeliness would be 4 function of '
,;; " how well and how rapidly information will be dipeqaggced in the 0SIS net,
c. A more intereetin;;%gtﬁgﬁuionfigurat1on would appear to be one
which had the receiving niies and processing equipment placed on board
/  ship, There does not appear to be any technical problem which would
preclude gshipboard emplacement of the tracking antennas, the signal

recognizers, the computers and the display. All of the component._FﬂP_SE_cﬁET__

involved can be packaged 8o that they would be compatible with a shifboatd

| | _ EADPOP Handle via BYEMAN

i 8 o fantral System
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envirorment. If the terminal equipment is placed on board a ship, the commu-

r

RSN VR P

nicationa‘?roblems will cease to exist, The Bystem outpqt w}ii;ﬁiﬂa_s&ip_;
centered display which automatically plots the positiqp anq ident.f.ficetipn of
all major Soviet surface qopﬁatanta'which are employing one of the EW ‘radars
listed in Table lfr The:41gplny,v;11 operate somewhat like a conventional radar
display. _Afteg-nuygrget;yqagtionliq obtained, ites location and time of location

'will be indicated and .stored in memory. When the signal is located by the next

[::::::::::::::::::::}1: will be updated. A relatively simple addition to the

Iy ‘ 4
" memory will allow target tracks to be displayed, P

d, _Au pp;ntcd out'nhqve. if 7 or more[:::::::]latellitOI are equally
spaced around the orbit, ;hén the variant POPPY satellites cou1d~&e used as
relay points in a communications net. If any satellite in the net were within

line ognsigh; of U.S. controlled real estate, then it could be the satellite

| which handled the down lgnk, thus ensuring & measure of security to the down link.
% . Uﬁfortunately, U.S. controlled real estate does not extend over 180 deg. of the

; - earth's surface. The span from Guam to St, Croix is about 152 deg. This would

" almost but not quit; a;lov all orbita to be queried without dependence on foreign
X " bases. | |

5. Satellite Tasking

.

2. Conventional POPPY satellites are not tasking limited in the sense that

tasking by the number of existing POPPY ground stations does not require more

N\ TETTTET T T R e

power per orbit than can be generated by solar batteries as a result of their

~ exposure per orbit to the sun. If a large number of Naval vessels task the

T e

satellites, then tbe_delign would have to be modified to allow an increased

weight per satellite, and there would be a consequent reduction in the number of .
‘ , . G
liandie via BYIRsty

Rantral Quatam

-
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sstellites per launch. Tradecif studies must be made ‘to deteralne the optimun

number of vessels on a world-wide basis which can task the system,
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