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Fig.1 (a) Diagram of GSSAP satellite carrier layout; (b) GSSAP satellite

in orbit
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Tab.1 GSSAP satellites basic information

Satellite COSPAR ID Name Launch date Platform Carrier rocket Current orbit parameters
GSSAP-1 2014-043 A USA 253 2014.07.28 GEOStar-1 Delta-4 M+(4,2) 36826 kmx36775 km, 2.026°
GSSAP-2 2014-043 B USA 254 2014.07.28 GEOStar-1 Delta-4 M+(4,2) 36116 kmx36107 km, 1.322°
GSSAP-3 2016-052 A USA 270 2016.08.19 GEOStar-1 Delta-4 M+(4,2)(upg.) 35768 kmx35762 km, 0.848°
GSSAP-4 2016-052 B USA 271 2016.08.19 GEOStar-1 Delta-4 M+(4,2)(upg.) 35748 kmx35742 km, 0.817°
GSSAP-5 2022-006 A USA 324 2022.01.21 Atlas-5 35703 kmx35697 km, 0.167°
GSSAP-6 2022-006 B USA 325 2022.01.21 Atlas-5 35704 kmx35 698 km, 0.343°
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Fig.2 (a) GSSAP-1 altitude and longitude; (b) GSSAP-2 altitude and

longitude
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Fig.3 (a) GSSAP-3 altitude and longitude; (b) GSSAP-4 altitude and

longitude
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Fig.4 (a) GSSAP-5 altitude and longitude; (b) GSSAP-6 altitude and

longitude
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S e 2 ¢ 1, GnlE 5(a) B . S K
AR, GSSAP T & il — e H AR T 7 30~
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K6 Fim .

SCELXT H bR RS %K, an
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F€ 5 (a) GSSAP %2 KAILIE 3D /R EEIA; (b) GSSAP 45 Rk 2D 7R E K

Fig.5 (a) GSSAP fly-around approaching orbit 3D visualization; (b) GSSAP fly-around approaching orbit 2D visualization

(a) (b)
[ 6 (a) GSSAP $5i KHKIT 3D /R &5 (b) GSSAP i KHKiE 2D /Rl
Fig.6 (a) GSSAP fly-by approaching orbit 3D visualization;(b) GSSAP fly-by approaching orbit 2D visualization
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AR A ) B N Y TLE $icdl, A B0GE 204 T H31
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Tab.2 Satellites being closely scouted by GSSAP

T DL PHARSL U R AR H b . WEEE | KIH
M L34 &, B GSSAP- K FHiZEZk 5 GSSAP-H it 2k

Date Satellite approached Country Range/km HJe £, AEIMA AT, Binn =B E B ibig
2016-09-13 TJS-1 China 15 Vs % y N P
o AN 3 HH ) AT, 15
2017-07-13 Express AM-8 Russia 10 jt e T%:z EFI i /JﬁjL Aﬁb&%ﬁ’:ﬂ 1% hﬁtlj
2017-09-14 Luch Russia 10 T GSSAP 3 ik 72 v i K FH AR AL A 9 22 AR AF 5, n
2017-09-21 Paksat 1 R Pakistan 12 — N \
7 , H GSSAP LT B A i — ¥
2017-09-29 Nigcomsat 1 R Nigeria 11 7 B, 1 S T Y j( P 7FE,{ % ﬂﬁ{%¢j‘
2017-10-05 Blagovest Russia 14 TE 40°~160°2Z 18], WA B #5347 T GSSAP )5 5 WL
2017-11-17 Raduga-1 M 3 Russia 12 X S - \ . 1=
X, A5 R Ak o X w2 W) 1T GSSAP
2018-05-14 Raduga-1 M 2 Russia 13 7%}5{%Lﬁj(ﬁﬁ—]—ﬁﬁj‘f} Tﬁi{%ﬂﬁ ?/ n i
20200823 SJ20/Chinasat6 A China 24 LT BARMHOGIX, SETCHEAE . 520 A 20 3 23
2022-01 $J-12 01, SI-12 02 China 7 Ty
R 3 GSSAP UMK ESHNIE
Tab.3 China GEO satellites being approached by GSSAP
Date GSSAP Satellite approached COSPAR ID Range/km Longitude Mode
2020-02-26 GSSAP-1 TIANLIAN_2-01 2019-017 A 88.40 79.786°E Fly-around
2020-02-28 GSSAP-1 BD-2_G8 2019-027 A 109.97 79.786°W Fly-around
2020-04-8 GSSAP-4 SJ-13 2017-018 A 360.13 110.846°E Fly-around
2020-11-01 GSSAP-4 SJ-20 2019-097 A 11.60 124.940°E Fly-around
2020-11-23 GSSAP-4 SJ-13 2017-018 A 101.94 110.605°E Fly-by
2020-11-30 GSSAP-4 TJS-2 2017-001 A 53.38 107.448°E Fly-by
2021-01-01 GSSAP-3 TJS-3 AKM 2018-110C 469.62 59.621°E Fly-around
2021-03-19 GSSAP-4 TJS-2 2017-001 A 28.37 107.435°E Fly-by
2021-04-16 GSSAP-3 TJS-3 2018-110 A 1141.25 86.098°E Fly-around
2021-05-03 GSSAP-3 SJ-20 2019-097 A 1032.06 86.090°E Fly-around
2021-05-04 GSSAP-4 SJ-20 2019-097 A 9.54 87.421°E Fly-around
2021-05-06 GSSAP-4 TJS-3 2018-110 A 104.29 87.641°E Fly-around
2021-09-30 GSSAP-4 SJ-20 2019-097 A 54.71 87.576°E Fly-by
2021-12-02 GSSAP-4 TJS-5 2020-002 A 56.70 107.546°E Fly-by
180
160 | 160 3 HESH
140 +
< 120 3.1 ERREE
Q
g 100 | 2% (] s 27 1 B 2 1) BUAR 7 L HM ARG T
[
k] 80 T, 5 BT & A IR JEAT RS AN A, 1‘%*” (K B
60 " JA S
E B ) foc 7 LS SR 0 B S VE AN AT (5 . GSSAP (1
40 | 40
ol 9005 2R B AT LA = B R 5 S AL
0 . - Ot AL SR A 37 S R AR B . GSSAP AR 15
> '5 - . S L 2
N S Sy @% «%‘o@% 2 M% o FU AN TR A0SR A L RSO 56 R T 8
Q .
N JE R
17 GSSAP B9 B £ #ii Breaking Defense [ 4l % #%% , GSSAP-4 T+ 2021

Fig.7 The sun phase

angle of GSSAP

AF 8 A T fxd b RO | R £ AR - k-
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Input Function module Output %E 4 GSSAP ﬁ&ﬁ’[ﬁﬁ%ﬁ
PR Target and background modeling| { [ jative distance Tab.4 GSSAP payload parameters
1tude e Establish satellite orbit model Sun phase angle
Background | . AT i
lumination o Establish deep space model arget radiance Parameters Values
Target geometry o Calculate spatial position Back radiance
Effective aperture | Effective aperture/mm 500
F# number EO/IR sensor modling
Field of view Entrance pupil # 10
Pixel pitch 9 e Convert spectral radiance to ‘—" radiance
Integration time ) integrated focal plane radiance Field of view/(°) 0.076x0.076
Sensor pointing
) Pixel pitch/um 6.5
Synthetic scene generator
Noise model © Model the imaging chains of Digitized scene Integration time/ms 20
parameters . ISie;leclulate the DN value of each Spectral wavelength/nm 450-680
o Number of pixels/pixel 1024x1024
8 GSSAP {5l B2 [
Fig.8 Flow chart of GSSAP imaging simulation process Instantaneous field of view/(") 0.268
JS NS A [18] \ e o Dynamic range 3000
20 St 1 AR A RIS, PRI E B GSSAP-4 ik 5%
Ej/é =20 E"J ;l% % jq {ﬁﬂ , ﬁ:}.*ﬁ HCT o P ;:':1 Hﬂ- ﬁi{% g( R\ Reference noise equivalent iradiance/W-cm st 1.0xe-15
ﬁ_‘ﬁ*ﬁ TLE é&fEﬁ:ﬁf 1, GSSAP 5 ;Q E%QO i ie Reference saturation equivalent iradiance/W-cm 2-sr ' 3.0xe-12
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RGN E 5. GSSAP-4 55220 [14AH X HE 55 Al
KBHARAOE f AR A AN 9 FiR o

250 | 1 160
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=
)
£ 150 1120 §
[5) @
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& U:I
50 ¢ 180 <2
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Fig.9 Relative distance of GSSAP and sun phase angle

32 BGSHIEE

EHRAAT DET-GREARE, 2 2
W TR B4R SR XU A A B, A O
RAGR A S B 42 500 mm, F# 10, 14 5 MR
}1 1024 pixelx1024 pixel, 1% JC [H] Hi N 6.5 pm, FEIM %
Bl 450~680 nm, A 4315 [H] fy 20 ms, GSSAP HY A 4%
BATTEA S EN KR 4 PR .

33 RGHESH

GSSAP-4 78 X} 5% #:-20 T0 A HG T A 1% 1Y 3 A2 v
Fe 43 AR TG B AR e 3, 1 B s S8 RSl T
X HEBR PR ZMENAENE . KB 10 fE 11 ER
T GSSAP HE I Fl S 52 . -20 19 AR ROR , %0 72
' GSSAP 5 H Fr Z 8] #Y BB 25 22 4k 4 133.18 km—
10.17 km—119.07 km, K FH #H i f1 & 7 7€ 134.37°~
44.67°, I35 LI FE 2 1 sl NN O B 7 £ (9 A2 4k, 3R
DU 28§ ) B SR b O R G . 41 2 313K 50 km B,
AR AR Y K BE5 4, 246 5935 5 20 km B,
AE A% A ZOULIN B AR HARA0 Y o RSS2 30k [19]
RN A5 0T o B T B 2 AR A, A B B 0l H
B 10 km I}, GSSAP AHHLIRICHY =5 (8] 73 BER Ky 1.3 cm,
i CIDOpUNINSE At N = e 1Ok i o NIV
BHEbRAS MR K BHWAR  A 20 A 55 2 A0 5 B
i tt, AT RLHI BT GSSAP T X H b Y #1028 24 Ky
100 km 2247, HGUE PR BRI B B 7 10 km 2245 b
Ab, FEAS R R BHARDE /R, AMEALRZ K PH 24 B2,
GSSAP X} H bp 5 (58805 22 I A, R I 7 v 80 0 )
5 L L5 % 18 K PH 'Y JERIOLIN 7 88 ) 8, 6% 450
(AT B A BE AR A B e 1) J A5 285
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&l 10 GSSAP HRIT L #E-20 Ay 545

Fig.10 The imaging results of GSSAP closing to SJ-20

[#l 11 GSSAP B SLER-20 A 545

Fig.11 The imaging results of GSSAP leaving from SJ-20

20220759-8



ISk A2

%4 www.irla.cn % 52 %
4 g:lnzgﬁig enlightenment of space based situational awareness technology

SCHVER X GSSAP TR Y AR T B R
WIS HEAT T /At 0, Xt GSSAP 149 17 52 2 D5 8K
Pt AT TRAWESE, #2883 = %L GEO L&
(VTR ARAL T R, X TR o R AT T A%
DI F— T A AL 0 42 04
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Abstract:

Objective Geosynchronous orbit is a strategic location in space. It contains communications satellites, data relay
satellites, electronic reconnaissance satellites, missile early warning satellites and weather satellites. With the
continuous expansion of space mission scope, the application of GEO satellites has been extended to new space
missions such as space-based situational awareness, acquisition of non-cooperative target characteristics, in-orbit
control, rendezvous and proximity, etc. GEO region has gradually become the focus of attention of various
countries, and related technologies have also become the forefront of international competition. In order to control
this strategic area and ensure its superiority in space, the US military, supported by its military strategy, advanced
technology and financial resources, has deployed a large amount of space offensive and defensive equipment. The
United States Air Force put forward the Geosynchronous Space Situational Awareness Program (GSSAP).
Through close tracking and monitoring of high-value targets, it can master the mission function, configuration,
performance indicators, activity rules and other information of each satellite, and understand the intention, process
and effect, so as to strengthen the one-way transparency advantage of space posture. Therefore, it is necessary to
conduct in-depth research and analysis on the development history, platform condition, orbit characteristics,
mission control and overall index of GSSAP satellite.

Methods A portable imaging simulation process is built in this paper. GSSAP imaging simulation system
includes target and background modeling, photoelectric sensor modeling, scene imaging generator (Fig.8). The
event of GSSAP-4 close to Shijian-20 was selected as the research object (Fig.9). The phase angle and relative
distance between GSSAP-4 and Shijian-20 satellite were calculated. The parameters of GSSAP electro-optical
sensor were selected, with a 500 mm aperture (Tab.4). The imaging effect of GSSAP EO/IR sensor on Shijian-20
satellite was simulated (Fig.10).

Results and Discussions The sun phase angle between GSSAP and the target was calculated, which is generally
kept between 40° and 160° (Fig.7). At this time, the target was located in the down-light observation area of
GSSAP, which can effectively avoid the influence of solar stray light on imaging. The sun phase angle and
relative distance between GSSAP-4 and Shijian-20 satellite were calculated (Fig.9). The closest distance of them
was 9.54 km. The imaging effects of GSSAP-4 were simulated at different distance and sun phase angle
(Fig.10-11). At a distance of 10 km, the target body, solar panels and payload can be clearly seen.

Conclusions In this study, the approach imaging mode of GSSAP satellite is analyzed, and the on-orbit operation
mode of orbiting imaging and grazing imaging is extracted. The two-lines elements of GSSAP satellites in recent

years were studied. Combined with the orbital information of Chinese high-orbit satellites, dozens of potential
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close-in reconnaissance activities of GSSAP for Chinese high-orbit satellites were found out. Based on the
measured data, the whole process of GSSAP-4 close to the Shijian-20 was analyzed, and the relative distance and
solar phase angle of the two were calculated. Under the conditions of distance of 10-133 km and solar phase angle
of 44.67°-134.37°, the imaging effect of GSSAP electro-optical sensor was simulated. The results show that
GSSAP has carried out multiple close-in surveillance of China GEO satellites. When the aperture is 500 mm,
F number is 10, pixel pitch is 6.5 pum, pixel number is 1 024 pixelx1 024 pixel, and integration time is 20 ms,
high-resolution fine imaging can be carried out on the target, and the details of the target can be clearly seen,
which brings a serious threat to the high value assets of GEO in China.
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