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5o AN, HHEBANRIER SR AKRIIESUBATH B, A 118 Fr o0 22 () s AR B AR N B2
PR E R B N RS RNES 24, AR AR A8 B8, b ZAS W A e AN 58 36 25 [A] H
PRERIELAR, 349000 23 (A RS 00 73 A iU B g DRI, 2 DA SR AR B8 R J K R, 24 )
ZATIEAT B BB ISR SN I B BB [ SO AR DAL AT A R, B ks L
RAINTR H b H e B AR H 2N .

TIAHARRE RN AL 2 0] B ARSI AR R 2B R FAHARIMR SR PR
MRAEI AR A% 24 h AW TAE. AR Z AT IRREBAT A L =R TE R =L fE
PRI AER A PR JCiB RN AR - B F AR, ELARIN B K 2 R RBDT I T ik 4R
JE& T EB RN T B, HAG M5 5 R BB R K, 58 B ason Har k. b
FLI AR B OB RIS AT OAIR, AT PRI BE B e, ] SRAFEEURE H AR e dha s ks
FERm ERARMES. ERERRE, HmEREL, AP0 HEa e T 25
RIUCHAZA R ERBN AR, — B R T BT (s 00 T SRS OR I St Ik, e
PRI Dy 2 W) B8 PRI AT A e B2 v PO AR L 9 MR BTLAG) B K= 2 R

TR BRSO R BRI — IR 2032, AR, oo, FREGm T, ™
SEPERE, SENEAFSEOR A, RS R RIS R A B ARSLIR T o E A
BEE R R G KB NG DRI, (FRARKE N Lol 5 i iR 51 25 1 B2 1] i o't Fa L
R (RIFRIGHEETI RS, 1200 HUE S 2 G000 2 1R 25 (R Fr B A R oI B, A 5
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By 5 I 2 T BB A E 45 R A 2 (R HUB TR L, DL T ot e B 2R 1
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T FEUOLIN 4 31 ' 00 A R 1R T AP R A LI B R O L E SR — S I 2%

2 BHEAITIA

2.1 & ADIGMET AR B ES a5 SR Y R S
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DL_E B (DR AT 0. SRR Fe i el EXLI Kl A K e, K
WLIBHR K TE 40 s Z2AT 5 FoAS IR F WS008 T R (X000 9B 4%/ 50808 5 Ot B ]
B R L O AT BRI AR RN ARES (J2000) DA R SRS EE. BT LR EERRE
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IR . AR T —BOGEIN EEs, 1%k Em S A IR H s30T
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Ko REWIME A K IHAE 40 s . AT — ot BB B 52 A 77 %, & A
W FRHTSRAT AL H bR i P B, (HX 3 307 % P RAS B I T & A (R
AN, TR BT ORIBRULAC IR AL B H AT, RANATF H AU SRR 2 A1 e £ 2L R 36
E A6 3E B B4 7] 23 (North American Aerospace Defense Command, NORAD) 11 5 5 T
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A, p WRAEE, Cp RZEME R, A A 3123 7
AR, v, AR T RAAGEE, ey, AR T RRRE R RO E. KR
PR I INIE W] 2R IR A

1
a, = _ipBUr2evr ; (2>

b, B 3 R4 (ballistic coefficient), 241k 2% A5y V) ELRAVE IO — T2 4L, BTt
B AT R B — AN EE S, HE U8

A
B:CDE , (3)

X, m APEFE. @FEELT, 2B 50E RECR AR M, AR XE S 2 (A 5
HHE S TR, EHRRPS . B, JFR AR 3008 R B0 i R e —2
MBS R SCRINE FH AN 300 R R 2 SR80 1% 2SR BITZE AL B I K Aoy BAK
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T, AR O RIS REGT LA 2.2, X He 4r TP JE REGEAL N 2.8; & T
1500 km (X3, KAFHMEZRD 2 H, IS REOKT 4.0 HFE (A/m) &2
A R U@ —, 2SR B RL KNI RS BARMESREL, A ORIt 4571
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(5) B/ ARSI T, b vHE A2 11 AR QIR 1 A8 A 2 75 1E R 58 PRI Y.

(6) MHZZIFR, VAHHIRS 5HUE MBI BOWIME s A ZE A2 1.
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3.2 FEBAMNBEENSTIRER

Hal, TEBICNEE (satellite laser ranging, SLR) AEKMFEHE T 90 RBWHOLIEE T2
il (CPF #%20) FIMMEHE (NPT #%20, HTERENLE TKREJLL XK. HETF 4R
TEPOCNEE NPT %5, 5% @ UG MPUE RS B — BT A B R GOKF, aTUMERN T
EWFRERE GRS EAED, AT AR5 % B B SR AL/ A B PP B AR YR . AN SR —
4 QLR A, FIHASRRTEFOCNEE NPT ¥t ir e, CEREUZ TEMEZ R, {F
SR AR P TR B A4 G R A0 52 A JE T 2021 4E 8 H 26 HE 9 A 5 HItHFESI &R
GUOULI G, FRATRIN VT AL < B B0 2 Sentinel-6A (NORADID: 46984), % HFriIHL
TE RN 1339.4 kme B, FRATRIHEIEE Sentinel-6A £ 4ROV Z 45 M ¥ NPT M
MR AT HE 2% 2B, R Sentinel-6A FrdESUE S, FE)5, K Sentinel-6A FriffHLIE %L
P e st 0 J2000 AAAR RN AR AR A EUR, 1EZBOL BRSO J2000 ALbR R R
FAH. o, XCHBES RSB AT IRE ARG T R R A%, Gort B Wi s ik
25, 13 EFES 2 G0 LIRS FE f e ik 7.657,  WLIINRS FEAMIG T 107, IR 22 23 A
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X 't FEL R 51 28 455 V) IR U BB K B AT 0 M, T AR SRk 2 .

BT 2021 4F9 H 1 HE 5 HOGHFES RGBS, A1) ITH GBI HOL &
HY-2C (NORADID: 46469), % HARPUIEREZ N 957 km. BEJ5, #0124 7Pk, FATHEAT
HUBTE IR EREOEE HY-2C 1 NPT BB TR% e, 4R HY-2C brEflid
B, )5, FIAGEPERGE, 2000 e U2 s Bk BdEE X, Y M Z Bk T
BAERR, 3d BR=4E6 BREE N 107.25 m, HEERE N 0.09 m/s, ¥ WK 6.
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Ve oa) MREBURIRE, b) HERERUREE.
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£ 2021 9 H 1 HE S HOGREESE, FRATERIIVLE R EEOE A Sentinel-
6A (NORADID: 46984). % HWr8UE R EN 1339.4 kmo FfiJ5, BATHATHUER & FH B
FAHBOGA Sentinel-6 (1) NPT HIEHEATHEE €, 4 Sentinel-6 FrifEHLIEEIE. &5,
P RAEE SR, 23 000 8 U AR S PR B AE X Y A1 Z Bldh AT or B A A 3 2
Kit%, 3d FR=4EALBEREE N 319.11 m, EEARSE N 0.26 m/s, FEILE 7,

600 -
0.40
500-
0.35.
400 _
_ % 030
E 300. z
Hy = 0.25
;ﬁ 2004 % 0.20]
& 1004 % 0.15.
0+ 0.10-
2450458 | 2450462 | 2450466 9450458 2450462 2450466
s o5
a) b)

FE: a) NOLEBURIE, b) JyEE TR R L.
B 7 2 Sentinel-6A HIBTIRIRE

3.3 AKERLBERBNITELERSH

MR 2.3 WHETA T, FRATHATHIE REGTE. X 2021 £8 H26 HE9 H1 HW
NI BEAT RS % 2 3, A NORAD AJF R A P ATIREGRS Fah S5 B E, &
TR AR, BT RO E, RANWATIRECR T B E . RHBOE A
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Cryosat2 (NORADID: 36508) AJFifiE R 51 55l KA 15 I Pk B2 AT EUEL, 45
Rk 8 Frw.

16004 —o— A TR AR 2
Q|- o it L AR

1 400+
1 200+
1 000~

800+

i BRI /m

600+

400+

200 —
59456.4

— — .
59456.8 59457.2 59457.6
1 1 A s 173 1 391

8 Cryosat2 HiBRBITEERS A FHIBLLER

Bl 8 Hr AR AN ASURT [R] (] B 50 min, [ R 28 D S50 TH BT A3 (1 30 SR A R R
AT
(1) 36508U 10013A 21242.54996539 .00000056 00000-0 -21976-3 0 9995
(2) 36508 92.0151 213.6864 0007119 138.5085 221.6664 14.51911344603920.
K 5 Hesc 2y NORAD AJFIPIATAR %L
(1) 36508U 10013A 21242.54996539 .00000056 00000-0 13008-4 0 9995
(2) 36508 92.0151 213.6864 0007119 138.5085 221.6664 14.51911344603920.

¥ ILRS RAR K EO6 I EE B AT R & Hud e T8, TR 1 e s A bR,
FRATIOT TR AR 22 AT AMAFAE BEVH SR P AR ) Tl — H 3907 iR R Z2 AT LA, AP
PRAT IR S5 7 MR 250 748.68 m  SEES UF B IS PIAT MR B TIR 38 7 R 22 746.84 m,
BUATFSRIE RETR R ZE WS O 0.25%, P R ZEMT. X T8 m B AR HAx,
RO e fah AR AN FE ARG . ARG EL Starlink1561 (NORADID: 46056) 1E
NIIEXT G, RIEATFEENE R, ZHBR 2020 £ 8 AFFS AL, 2023 4 11 HBAKSAE.
XF 46056 2 FFHIE RECS TH IR TE R ETS TR AT R, A5 R K 9 BT

Bl 9 AR AN S AR [R] (] B 9 50 min, P e P R 4k SR TF B A 98 AR A B
PIAT R :
(1) 46056U 20055AF 21138.10331013 .00000989 00000-0 -12660-3 0 9998;
(2) 46056 53.0567 82.2445 0001530 74.0988 286.0169 15.06398368 43737.
B 5 s 2 NORAD A JF P ATHR AL :
(1) 46056U 20055AF 21138.10331013 .00000989 00000-0 85294-4 0 9998;
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B 9 Starlink1561 3EREITEERS A FEIBLLR

(2) 46056 53.0567 82.2445 0001530 74.0988 286.0169 15.06398368 43737.

Be 2 B NG RAE bR HE IS, AT PR AR ZE AT SMAR BT 55 JE I 2B LA TR
—HI TR ERAT LR, AT AT AR B R TR IR 2208 1912.60 m;  SLEeTHE s
ATREIUHR Y T IRAR 7208 1430.11 m, LA TFHIE R BN FRIR ZE 080N 25.22% o

EIREERAEN], A ZBEE RO I Z RS & AT MHUE BRI AT 5, AR HT Y
SRIE AR — HRE S NORAD A JF AR KIEHE — H Fidhkix 2 45 R

4 7w

HRHE e L R 51) 28 G0 W I 25 ()R () ek A2 R A7 AE (9 1) R, AR SCER AN AT 1 2 (R0 DR Ik
VERC 73k 25 AR 3t R AT S VR S R RS B e L R S N . KA TLE #¥E,
T4t SGP4/SDP4 58, ARSCSLILAS (A AN ACHE DGR UU AT s IR AW IT T 23 [l Jy i
RECHHE S BT REANTIEEIDEEME RS, RAHPUEEER Y s ok, Bt
FU T BT OCHRES Z I 1) 25 (A1 A 2% B L S BUE TR RS . SR gl R . gk
TOLHBES RS0 0 PUIE = FE 1339.4 ko 1723 (A1 A RORLINDAS FE Tk 7.65",  hh HoAt B aE &
)2 TRy (R R R FE AN K 1075 R 22 000 K a4 AT 26 e LB AME 3 d, BB i
957 km [ H bR TG B2 ATIA 107.25 m, #UIE S 1339 km 1 B AR TR FE AT 319.11 m.
I %V 2% (06 5 B s B4 SR SHE R, WIS MK T TLE 2 FF 30 16 oS FE
DA 25 SR, %% A4 70 S BRI A o 5 48w 1 S F A (AL
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DING Yi-gao'2?, LI Zhen-wei'®*, LIU Cheng-zhi'*, KANG Zhe!,
SUN Ming-guo!, SUN Jian-nan!, CHEN Long!

(1. Changchun Observatory, National Astronomical Observatories, Chinese Academy of Sciences,
Changchun 130117, China; 2. University of Chinese Academy of Sciences, Beijing 100049, Chi-
na; 3. Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanjing
210008, China)

Abstract: Photo-Electic Telescope array has many advantages, such as wide field of view,
numerous units, wide coverage of space domain, high reliability and strong real-time prop-
erty, which plays an increasingly important role in space debris survey. The duration of the
observation data (arc length) based on photo-electric telescope array is usually less than 1%
of the orbital period for space debris, which brings many difficulties to orbit determination
(OD) and orbit predication (OP) of space debris. First, in order to solve association of
space debris based on photo-electric telescope array, this paper utilizes the TLE data and
SGP4/SDP4 model, has achieved association matching of space debris observation data.
Subsequently, in order to verify the application accuracy based on photoelectric array sys-
tem data, a method for calculating the ballistic coefficient of space debris was studied, and
the average ballistic coefficient of space debris was calculated using the orbit determination
results of observation data. Finally, in order to verify the data accuracy, orbit determination

accuracy, and ballistic coefficient calculation accuracy based on the photoelectric array sys-
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tem, a verification method using laser ranging data as the real accuracy was designed. The
experimental results show that the success rate of space debris association matching reaches
91.19%, and the observation accuracy of mini electro-optical array can reach 7.65”. The
experimental results also show that the precise orbit determination and three-day predic-
tion for laser ranging satellite SENTINELG6A and HY2C are implemented, and the position
prediction accuracy is 319.11 m and 107.25 m, and the velocity prediction accuracy is 0.26
m/s and 0.09 m/s, respectively. The root mean square error of the one-day prediction for
the new two line elements generated by the calculated ballistic coefficient of target 36508 is
746.84 m, which is 0.25% less than the root mean square error of the publicly available data
of 748.68 m, and the accuracy of the two is similar.The above data indicates that the system

basically meets the requirements of conventional tasks.

Key words: space debris; phot-electric telescope array; orbit determination; TLE
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