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Table 1 The perturbation dynamics models

Perturbation Description Perturbation level  Ref.

Earth gravity GGMO2C model, 70x70 1073 [10]

Solar and lunar perturbation  JPL DE403 ephemeris 1076 [11]
Atmospheric drag DTM 94 model 1078 [12]
Solid earth tide Recommended model 107° [13]
Ocean tide CSR. 3.0 model, 20x20 107° [14]

Solar radiation pressure Recommended model 10710 [15]
Relativistic perturbation Recommended model 10710 [16]
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5 1] INE S KRR HARBOLIE ORI 2 L 477

(3) ASCHTE IS S HON: WIRHUEIICLE S, K R AL
3.2 R4

KA AE20144E3 25 A X ARG 41 HARBEAT 1738 S S ot il B se g6, xRl UBIE & A1
H BRI 308 LA _E LI I B it fi 7 &6 23 e vk, WLIEIL. B 9l ARFR ANORAD (North

American Aerospace Defense Command )%

Y

37363 |- »
38341 F»
31114 |-
29269 |-
28222
26960
25979 |-
25723 L p
25400 |-
24298 L pp-
13771 |-

12904
11267
10114
5118
4814

NORAD ID

60 65 70 75 80 85 90 95 100 148 152
Day of year
B 1 20144E3%5 H K G SAEOCIEE I EAEAAE B As i o4

Fig.1 The partial data statistics of non-cooperative targets by the SLR based on diffuse reflection at
Changchun station from 2014 March to May

ME B B 42 BATIE SE B AR S F H AR S (3R2), 70l SEitiRs 2 2 . b
TAEAAE H bs %A bR O6 I E Il 25 (International Laser Ranging Service, ILRS)#&
it i) Consolidated Prediction Format (CPF)A [, AN GEIRATH R AG 1 (141 4 B e 15 2.
HH SC ik [17-20] 0] %1, {# ASimplified General Perturbation Version 4 (SGP4) iR}
SHTLESE, X T H bR, POl moms FE7E foRE g, I ARSAE H AR 3 E B
MR PE. S8R, 7R IUBL LSRRI IR B A B B S KR ) AR i (o
G5 4814, 28222 H b, i B INSK AR K ARH ) R AR ). da T B R G K Bl 7
VRIS 5% 8 VA i AR B H bR Fall-ratekg XA, w8 kARSI POS min A5
mm, Spin H0.01 (WLEE27). 1 T ICiMERA IR MRS A H AR TEARAFAE, AL LRSI 45T
OBUEAE, HIRA T WA E PR LR, JFZHRCSMH, X HARg i — 2 B LR AT
JFULMEIE.

KM EIRTENTT %, RABEESAE AR BT RT3 2 PG, AR INB LI A AT ARG L
H1~2 m (E12), FFEEOCE SO 72 o
3.3 FEWE

(1) & PUIEINB AT 5 12 B W AR VP U 2 BUas SR AORG 2. XA I 24 DU
P 000 AE G VE H bx(4814), BB FY = R AW I B4t BEAT SE B, AR OB Orbit_1; X} 5
ORI B B AT R, AR CPUE Orbit 25 X 24 A I BolE HEAT B, AR Rk



478 K X FE R 56 4

HIEOrbit_3, v 5 H B JN B AL W R N I 38 = 4E 47 Bl 72 55 = 4E 47 & i 22 (135 U7
iR 75, FLIEOrbit 15 $UiEOrbit 22 [F] 71 & H H S HLiE Overlap_1, $11EOrbit 25 4L
T Orbit 32 [ 715 H B S #iE Overlap 2, #1iEOrbit_1 5 %118 Orbit 32 [H] 715t B S 4h
1 Overlap_3. i1 H S HIE INB 7%, 19 20 H S 9B 13 1) ds K = 4R A7 5 22 AN
1480 m, HEHUREAEI0 mBPAN (33).

2 FSIEEMRMELERSTNEERER

Table 2 The information of non-cooperative targets by diffuse reflection laser ranging

NORAD ID Time(UTC) Arc length/s Number Perigee/km Apogee/km RCS/m?
4814 05-28 18:48:27-18:49:13 46 611
05-29 18:26:50-18:27:28 38 631
463 504 6.521
05-30 18:04:09-18:04:48 39 565
05-31 17:43:41-17:45:44 123 345
12904 05-29 17:28:17-17:29:10 53 1980
05-30 17:28:23-17:28:36 13 161 511 585 5.622
05-31 17:26:21-17:27:12 51 306
28222 04-04 20:02:38-20:03:25 47 389
04-06 19:56:36-19:57:23 47 915
04-07 19:57:03-19:57:30 27 3477 535 575 12.338
04-11 19:47:23-19:47:39 16 2160
04-12 19:45:51-19:47:08 7 2097
37363 03-01 11:08:47-11:09:41 54 573
03-02 11:31:06-11:31:49 43 242 262 871 1,081
03-06 11:20:25-11:23:45 200 1387
03-07 11:42:58-11:43:59 61 1499

*3 AZHMEFEEFZFINPERE
Table 3 The orbit deviation obtained with the method of orbit overlap

Time of orbit Time of Deviation of overlapping orbit RMS
Orbit  determination overlapping orbit Positional
X/m Y/m Z/m /m
/d /d deviation/m
Overlap_1 3.3 2.0 —12.60 —0.26 1.06 12.64 39.91
Overlap_2 3.3 2.0 —58.83 —31.51 —37.17 76.39 82.64

Overlap_3 3.3 2.0 —46.23 —31.24 —38.23 67.64 56.13
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Fig.2 The measurement residuals computed by precise orbit determination
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Table 4 The measurement residuals calculated by precise orbit determination of each

arc segment

A Time of orbit Number of Ranging Data
rc
determination/d  ranging point residual/m efficiency/(%)
Arc_1 3.3 1521 0.88 98.42
Arc2 3.3 1587 1.09 98.74
Arc_3 3.3 1807 0.87 100.00
; ; ; ; ; ; ; 14 — ; ; ; ; ; ;
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Fig.3 The precision of orbit determination coincided with the SLR data
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Fig.4 The precision of 1-day orbit prediction
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Orbit Determination of Non-cooperative Targets
Using Laser Ranging Data at Changchun Station

SUN Jian-nan®?  LIU Cheng-zhi! FAN Cun-bo! SUN Ming-guo?

(1 Changchun Observatory, National Astronomical Observatories, Chinese Academy of Sciences,
Changchun 180117)
(2 University of Chinese Academy of Sciences, Betjing 100049)

AsstracT The precise orbit determination software successfully processes the satellite
laser ranging data of the non-cooperative targets in a single station. The insufficient
observation data and the sole distribution data have become a principal difficulty in the
orbit determination of the non-cooperative targets. Through the choices of dynamic
models and the selections of solving parameters in the process of orbit determination,
the condition equation can be solved with a convergence algorithm, and the orbit is
obtained. The positional deviation obtained with the method of orbital overlap will
be used as the accuracy index in calculating more groups of non-cooperative targets
data. And the ranging deviation is obtained by comparing the trajectory information
after orbit determination with the observation data uninvolved in orbit determination,
which can be regarded as the externally coincident precision. The results show that
the average ranging residual is 1.01 meters, the outer precision is 14.35 meters, and the
precision of 1-day orbit prediction is 24.60 meters for non-cooperative target (4814).

Key words space vehicles, celestial mechanics: orbit calculation and determination,
methods: data analysis



