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Abstract

A signal information satellite is a satellite that estimates the location of a signal source on the earth and
identifies the type of signal based on the collected signals. These signal information satellites are less
accurate than image information satellites, but they have important implications as surveillance and
reconnaissance assets. This paper covers the technological trends of signal information satellites from the
Cold War era to the present. In addition, this paper shows the advantages and disadvantages of low earth
orbit (LEO) satellite-based signal information collection compared to geostationary orbit (GEO) satellite—

based signal information collection.
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Table 1. History of USA SIGINT Satellites

N SR oIS CIPSE PN
TIoVie

1960-  GRAB(SOLRAD)
1961

HEE: LEO
Q2 ELINT, X-ray MAME
0|83t FH=T| ZAAA

1962-  FERRET(SAMOS) Hx: LEO

1971 2 SIGINT(COMINT &
ELINT) - 30 MHz-50 GHz&

£ ZE(CW, AM, FM 7|Et

Al
1 2X)

10 km OILHOlA] 41524
ARE 2T +

. RHYOLITE, JUMPSEAT,
CHARLET/VORTEX, MAGUM
~ ORION, ADVANCED
ORION(METEQR) 522
Lt

227|2: US Air Force

1962- POPPY H=: LEO

1971 7 A0t tiE H OAK
2o Yo|HY He 4.
TDOAE Sofl AIx| et
2873 Naval Research
Laboratory

1968~ Spock Bird HIE: IGSO

1969 (CANYON) YT 2AOFS] 2 S4 A

CE THE 7H2L A

Cioet 4 they 2|

[y

=

287|&: US Air Force
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Table 1. (Continued)
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1970~
1973

Rhyolite

RHYOLITE /A

H=: GEO
QS HA|OIQ} £20| OJAIY
S ZAE 2O g,

Q-7 |AEH MY, HEY

T, 2AI0LS] ICBM Al

AXI

T 28

Al
—

k=
2&7|#: National

Reconnaissance Office

1970~
2022

NOSS

Hx: LEO

AR SHYLAE F FHCR
UAZ|AOD, F2 Mefut
H|347|9| radio transmission
HIO|EE

287|2: US Navy

1971-
1983

Jumpseat

Hx: HEO

U HAOIHE DAY 1
0| 2LIE{Y, microwave
line—of-sight
communications beams
Xt Molniya HIZ0iIA
235 = A0t SA 2142
&/old Z3 4

287|2: US Air Force

1975~
1978

Rhyolite-M

AR & 4047t 28ERION
40 m3] QLIS EHTI5IOH
SIGINT e 34

2&7|&: CIA

1978~
1989

CHARLET/VORTEX

CIALET/WORTEX
UAAF

HE: IGSO

QU CANYONZ} OFEEEX|Z
CHRdRHELIR TS IH ER
(38 m 2719| QL ER)

227|3: US Air Force
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Table 1. (Continued)
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1985-
1989

Aquacade

HEE: GEO

oJ=: Rhyolite 2449 CHAIGH=
QM. Aquacade 49| ZAR0=
2R} BT ZHO| EIZ0|AY
| X2} 2iA0fQ) D0| TR K4
So| MEHE 4250 012
287|&: National

Reconnaissance Office

1990 -

SB-WASS

H=: LEO
= NOSS 242
AP g2 Meld HMME

01850 &57|2 e =4

02

a0 A
oT T
28713 US Navy

1994~
1998

Mercury

(Advanced Vortex)

1994~
1997

Trumpet

H=: GEO

QIS Jumpseat 142
A&ole T2HEZ
Jumpseat 2141t St
SAIOF B OJANY Z11
20/ 2L{EY, microwave
line—of-sight communica—
tions beams X}, Molniya
HEOM 28E= HAloF 84
19| dat/otet @4 +H

287|2: US Air Force

1995~
2020

Mentor

H=: GEO

515,200 kg E=2 100 m
OIEILIS THRIT U 2149,
VHFEE HEZ 52 250l
2%

2273 NRO

SIGINT, signal intelligence; COMINT, communication intelligence; ELINT, electronic intelligence;
LEO, low earth orbit; TDOA, time difference of arrival; GEO, geostationary orbit.
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A% Zlo] EAoIt}. Pion-NKS&= 2021 690l &7F2 HARE {h
Table 2. History of Russian SIGINT Satellites
AT FEIE 08 Y £3
(R150I5)
1960~ Tselina 1 HlE=: Molniya Orbit
1992 b, QR Tselina-0, D, R, 2
; = XAXOZ YNg
AEZ 2EHOH,
SFUMY tarEE
§ =5z e8%
1970~ US-A/P/PM H&=: Molniya Orbit
2006 (Upravlenniye Sputnik U 2f0|EE O|ZaH
Passivny) TEYH ¥ WIS X
of XE2ZS Sot:
e & Mo oigt
DAY EHH|O0IE] KIS
2009- Lotos H=: Molniya Orbit
2021 QR Tselina—2 ChAot=
.} EEEETCES
sds e, ©2
HeQ Fht UXIZ Sof
AXEY s8s T
YEE OXE Me2
Hetot] Hast
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Table 2. (Continued)

o273 0|2
HAEE e g3
($14018)
2013~ Pion-NKS ) H=: Molniya Orbit

AF: US-PM 1t US-AE
Oidlole $1&E2=2 SAR
HO|2C2 EA510] A5

g Al 43—% o**'oi

SIGINT, signal intelligence.

Table 3. History of Chinese SIGINT Satellites

e oC B SEEN =
(14018)
2002 Shenzhou H=: LEO
y 3 I‘- UZ: 39| HHILLE 0|E5H0
Uy 300.9,000 MH Ceje) MBS
2|=510) ABWAIR|Y| RIS
¥ =X5= TDOA U2 28 7742
CHELIZ 0|85t AOA =3
2015~ Qianshao— H=: GEO
2021 3(TJS) A2 Ka—band A|l&202

YA AT UHEO] UOLE B
QtE|LE 9] 0f2f QHE|LISC| HHXIZ
0|20 gte O 28 SIGINT 82
o|ME

287|: CAST

B HT: SSO

2018-  Yaogan—32-

2021 01-01,02 T YT FHS SHHCR dHE
B SLOLE LA AS0M REE BES

7|9te 2 SIGINT 402t F==
287 CAST

HE: LEO

UL MA zx0| AN X2 EM

2019- Ningxia
2021

4 spectrum signal monitoring ¢4
227|&: DFH Satellite

SIGINT, signal intelligence; LEO, low earth orbit; TDOA, time difference of arrival; GEO,

geostationary orbit.
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HO= SIGINT H*éC”OI % 7hsottt S04 HARE e T ARAE fes &
Z5E= YAHES Table 33} At

3.4 TYA YN

L2 942 20008 258 Aol A2 AdE 280k 2 SRR
WIS, 202199] AR CERESE 312 #1/d] HHiE olFo] 285 AVHAl=E

Table 4. History of French SIGINT Satellites

m273 0|2
LAEE g

(*14018)

%
o
b
m
bal

1999 Clementine H=: LEO
QU 20 MHZz—1 GHz H2{2| CHA
NGe| Xzt MAf A F

=872 DGA

2004 Essaim H=: LEO
QU XL KHI=O0A 4THOl 120 kg
= Microsatellites &S £5t

NN 47 o oy

 227|2 DGA
HEE: LEO
QU 3CHe| AEHEHZ O|ROE

2021 CERES

| ELINT 914 AlABIO= Riof AlS

SIGINT, signal intelligence; LEO, low earth orbit; ELINT, electronic intelligence.
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ASE HET & UEE A|A"Hl0] FAEO] 9lor, ELINT 9455 3% 4 =S =]
2 50~500 kHz, ¥AZL 50 ns~500 us7tA] 0] 753t Aoz IHA]
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Aot v} Zo| iR AIS G0l 230l A lom, RF AHEY HUEF &2
= AR ko] tisiA F5 7hsstes = QIch o] AsAHFASS flsh
Cognitive RadioQ! SDR(Software Defined Radio)& ©]-8-5k1L it} HawkEye 3602 thF
3t QMEUES FASIAL 9lo] VHF, UHF, S-band, L-band 5714 #50] 7Fs3l=S eyt
HAE St Q= A= Helth

HawkEye3600141 AH|ASHIL Q= AH|A RES AR oy} 2o

- AHlA TFs Fukge

+ VHF Marine Communications (48 Channels), 156.050-157.425 MHz

- VHF Ch. 70 Digital Selective Calling (DSC), 156.525 MHz

- UHF Push-to-Talk, 462.5625-462.7250 MHz and 467.550-467.725 MHz

- L-Band Mobile Satellite Devices - GEO-Mobile Radio (GMR), 1,626.5-1,660.5 MHz
- GPS Interference, 1,547-1,576 MHz

- S-band 3.05 GHz Marine Radar

- X-band 9.375-9.454 GHz Marine Radar

- Q% Bl A
RF 415 dlole] 4 A= B, SlEW A

s
<SR ZHA AEL: AlHF S5, AT 34, Al R =R, e g@A

- glo]g] AJH]ARF GEO, Fig. 2)

*RF A% ©A] 9 93] AfH|A
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Table 5. ZZZANE =48 SIGINT ?14

UAHE  eo0IE SEEN

Am
ox

2018~ Hawk Series HE: LEO
=7/t 0=

0185101 X1 QIR %
% RF ABEY B,
A2 Yrje BES

Ploti Spiral 2Lt 018 &.

2873 HakwEye360

2015- Lemur Series H=: LEO

=7t 0=

YT SEAHA SO0,
AIS % ADS-B HI0|H
A = B B0 A2,

287|¢: SPIRE

2021- Bravo/Chalie HE: LEO

2k 0]2
QD RF AHER
DLEE

87| SpaceQuest,

2014~ Perseus—-M

2012-  ExactView Series H=: LEO

27k FHLict

U2 AIS 28
2872 exactEarth /

COM DEV / Myriota
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Table 5. (Continued)

UAEE 9IS SEEN =

2017-  NORSAT Series = HT: LEO
71 =290|

oI AIS 47

287|&: Norsk

H

Romsenter

2017- HEAD Series H=: LEO

=7F &=

QI AIS 27, 45 kg B
VEDS % ADS-B Bt

|

R27|2: Head Aerospace

o
=-

X

I

2019~ Unseenlab H=: LEO
=27 OEA
QIR AIS Y RF AHEH
ZLEHYE

2021- KSM Series 7 H=: LEO

e EEE]
| YUT:AIS U RF AHEZ

- BUEY

SIGINT, signal intelligence; LEO, low earth orbit.

HawkEye 3609] 73-%-ll= $2eo|ue] AEIE &34 GPS Jamming H3|of gt 37
Ag Hojgon, e-S=r FAA YR 24 Ao FAPIA] H2] 59 &5Z RF 4%
23] 2 AT = Sl AR AR QUth ol FEY] AH|AE 2 SYE E
= APRolA BEA S aHoE AT 5 e ol 2 5 S EoFt
(Figs. 3 and 4).
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Description

Ordering

Area of
Interest

Delivery
Methods

RFGeo Historic

Understand RF activity changes over time

Global historic catalog of RFGeo
signal data 90 days past collection

APl or HawkEye 360 Mission
Management team

Any from HawkEye 360’s SOI catalog

Global availability

GeoJSON
Mission Space RF analysis platform
* ArcGIS Pro Add-In

RFGeo Tasked

Control where, when, and what to collect

Custom tasked collection request
for customer-defined time, location,
and signals of interest

API or HawkEye 360 Mission
Management team

Any from HawkEye 360's SOI catalog

Global availability

* GeoJSON
* Mission Space RF analysis platform
* ArcGIS Pro Add-In

RFGeo Regional Awareness
Subscription (RAS)

Monitor daily RF activity for key regions

Daily RF monitoring for pre-defined
SOls and regions around the world;
6-month or 12-month subscription

API of HawkEye 360 Mission
Management team

* VHF Marine Radios
+ X-band
L-band

Mediterranean Sea
Middle East

+ GeoJSON
+ Mission Space RF analysis platform
*+ ArcGIS Pro Add-In

Fig. 3. HawkEye 360 RFGeo service type.

RUSSIA

UKRAINE

UAV DoP
2500.000
@ 2000.000
2
3
& 1500.000
a
% 1000.000
a 500.000
1 H 0.000
Emitter 0.000 0.001  0.001  0.002  0.002
Time [Day]
S/CDoP
80.000
[
=
5 60.000
>
o 40.000
°
a
20.000
0.000 0001  0.001 0002  0.002
Time [Day]
 COPLSAT mm FOGPLSAT = HOGP_SAT = VOOP.SAT = TOOPSAT

Fig. 5. Comparison of DOP and configuration between aerial vehicles and satellites. DOP,

dilution of precision.

5. MHx #ld d=¥E

5.1 217|2} H|xd

2

AGRNH TR ZIt ATHEAPL e vlef S ST Hae) 24 B

o] 7Fs3l7] Wizl 3ol Wt SRt BAlE FH=] S B oF7] 2ol
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Ao H] et FAEe] AorArge] Bt o] s §917] Ee FRI7|EE S
Hjs 3 17108 B|ESfof girt. W 1707 BA|dl= FHY of2] FFoF Sl
A5 i &-2H](Signal-to-Noise Ratio, SNR)7} £X] &A € 4= 3L, YA —irxé% '?45} 7]
skeka] Hijx]7F Eesto] A os W 93] 34 FUEE 2=t ol

< DOP(dilution of precision}& &% SAlol Ala7F t7] 4 A2 Fsh= Aﬂﬂ
1710l Hlsf ZobA E [ stthFig. 5).

5.2 ZX|H Lt Hlu

G o Thie] AR 94e] Molyina AT Ei FAAEGSO Ee GEOPIA
28uglet. ol 2Rt 9XS Wohhir] BHL 7] Hek FAZHE glofi Ao
2 ABE 5] 98 Balol Ugith. AT AHE Aol BES A5HOR T
o] EASHAT A0 A QR A HET 4 Uk Aol Urk

AR ol AR S M WK Zlo] BRI, B WA 24
stk steleks FAHQ olgE BIhE 7RsAlo] Bk oleidt AkRAS 71Ee] i
o NTAHH S LT Y F7HE0] ATARE BRSk Uk Fvt Azl Iick

43 vlok o] FUY ATAIY APAEE AR HAAENA 22 5414 6 dB
oMol SNRE ¥/ S84 AhE Qbelel Wast Qe olSH QY Al e
Table 69 k. olu] AAE S Hel 45° AN BolA Brka /bsha, AAAEE
Hi2 ZolRiers Hrtl 7Pgotglon, 38222 Noise Figures 6 dBZ A 0‘8} A&
et Tefslel AXKG Aulolrt. ket BEE 30%E FHgstel St 271 At
o B4 2nE Fo ARALAE ALS S5l wet 30 m 2719 et WA 2
o 2 Itk A15.9] E571 ¢ Tt 6}0@ w, 27 Qe B4 o 2 4 9tk

E3 A3 3 919L ol8ste] FUZ FAOR IRk AZFEZI(100 s olshet 91X
Q330 m)7} 5L FUS WehEARS ZHeTha Zhgshe ATImet BAAES o] 2
GDOP= Fig, 63} 20| 58, AAZoIAE BEMS] YollAl 20 km o]He] 9% 242
% et AAAEANAE 300 km A= ASHS L % Atk Eg Aol A4 )

r\l

pash

Table 6. Gain and antenna size required for SIGINT on GEO and LEO

SNR >3 dB 0|4 @7  UHF Push-to-Talk L-band SAT COM X-band Radar

QHE|LL Ol (400 MHz-0 dBW, (1.6 GHz, EIRP = (9 GHz, EIRP =

10 kHz) 0dBW, 200 kHz) 30 dBW, 100 MHz)
LEO (500 km w/ -11.738 dBi 13.314 dBi (0.51 m)  26.221 dBi (0.4 m)
45 &= XA

GEO (35,786 km) 22.959dBi (5.49m) 48.010(27.39 m) 60.918 (19.39 m)

SIGINT, signal intelligence; GEO, geostationary orbit; LEO, low earth orbit; SNR, signal-to—

noise ratio.
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Fig. 7. SIGINT target area [7]. SIGINT, signal intelligence.
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