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FRARE, B p; MO AUE . AL I E SR S SR X, A&
SERLE R, RIREFRIOAIERE 7. R (1-3) AU TR E AL
2.1.1 EHRFBHEHT

REIIACR, D TUATSAR, 65 I B R ORI A A A A B T 4 2
—. GEO EHRiTFAIK, AR RIS FH0E 20 ot 5 2, M B SR i Th ¢
5 PLARAR 2 I T AR R SE [ T, AT I BN TR Sk D SR R B8
DARBARE SR AR . 22 07 B F AR R o R0, T BAT 25 I 2201 RS P R B, S
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Rep 280 9 An Xt a BIRSEL TR ZENEHHMTITRRR CRAFOZERAR, BKA
0.5km) o ¥ ao HIZEFERN KT |R;|o &% GEO HARMIBIE KB/ Ak s, AHT 7% L
206518 ag = 40,000km.

i bRTR, BSECRHIEL KSR N ', B — MK a, FRIH
1 (2) A1 (6-8) 1FEINTRH 75 (5 = 1,2). ASFHI (4-5) FEIHIRREME n, A/ TBEEN
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PR VE B AR ISR . AT, STOINRZ IR, %85 RAIR A A e . R
TR INEE SR> R 2, FRRARE 2 HIEE R
2.1.2 AT FKH LA HEH T
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R T7 v B FAT 2 PR 0 R 35 ml SR A A o — BOWLIN B A B BB 208 {a, 1, ta ), {
g, Bastaty o A, Buytn}s o, Bt S HNIREG . AREE RIS Z1 o Syt G 5K IR 200 &5 B 1)
S, EA{L, - Ry NETEERE S, {(n—"0g, - n} NE AR A (n AIRBLIRERAE S ED, SR
RIS B HIEE {a1, ag, - - ,a%}o R (10), HEEK SRR HEZE, X |a, — a] > 20,
G RAT AR, T HREE LRI amean

o — Yy (ai—a)* (10)

¥ amean TN (6) F1 (2) BREIFTARZIOMB G 76 = 1,2, ,n). 4IKB=AN
ZI0 B kRbr BB, A Gibbs 838 Herrick-Gibbs ZyE#HTHE RS R mE™ . i
BT /N T 1°, Herrick-Gibbs ikl 25 S 4r s ™ . 8t AR
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MM A2 5B 40 =2, -+ n— 1) WL 2P 1) AR 2 Dy AH N (1 22 it Kepler
PUBMREEE {02,0,, - ,0,_ 1} [FIFERHRMARHEZ (177 20 FUE R A BEAT T8, JFH
i 126 S P 45 AP BB AR i R B ) BB AR L
2.2 ZIEHERZE

HRINESE (GEO Hiw, KT 3 708l MV EREA R, HAERSHE LK
FEN, RMERE PR E . MR, AN AT B EE TG A R R T S A )
GRANTE S H UL SO N () A LI, BEATHIAG BB DGR, AT s K 200 . IX A AT W
TNEHE B B AT #R A UCT (Un-correlated Track, UCT) Kk,

5 BB T R AR R OB O A M R, s D ER R KL S EUE B  TIRZE )
M, TR RINIA R R PUEE S ST AN E SR, 2 S E S 1A e 22 R
KM B H AR A B 5 MBS BT, IR T,
PUBnaE XS H R PUIE ) U 2R, AT m i as SRR

R S AR A PN D) U SR T K Kepler 28 =@/, $RH T —FF UCT IRBREL T
%, MR AL B 1) B AE [R]— I 220 ) e 22 3R 4T SR IO 2R R E
2.2.1 A TH @bl e X%

BT 2.1 Bk W1 E 77k, AT A3 BB B Prst B a6 B S 8. et B
B, WOTE G, FFERNAPOERCH . W LT AR A AT LA A W X
PIRE R TE S B AT R 22, K 228 SR AT P BB BT LU, /N TR, T i) 9 B
ek — 0 R B . 58 CPIE A T ) A UL RC B e 5 08 T [A) — H bR, 20T 79 B bl
RS A 750 8 2 R LI ) 22 5~ S ia s Z IR 3R, ANl 2f7R . SR AFAE PTG
KRAAAERT TAH S, K/AMBSERRZERS, TORBAL . N SO R B AT fR 2 2

i Kepler 5= €Al A, HPKMAEIRE Aa I, FHBIHIRZEN

+ Atay(

An = —3—MACL , (12)
2a
RPN ZI )V iEs, THEAARE R PN %) Ldh g &k A
b= (n) 2o 4 () 220 jAp) (> 1) (13)
Ap NAERFERTA R EI A, B RS, BEKRZE SRR A IREN
Ad = (Any + Any) > Doty (14)

W (14) 7751, 2% Any = —Ang, W Ag = 0. B, # Aar = —Aass 75 Ad = 0.
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2 E—=ZEBRANZEIER LA X RE

A K SGP4(Simplified General Perturbations) #8N H T 918 S54&# . SGP4 B4
st NORAD JFAIIN AT TLE HUBFRAEA, 2R RS 7 HIRIAEERIES] /1. K
BEESTE . H A 3 LA KRS S R ah i . SGP4 BT RN E T A SE Baar
B ASCEE W HAR/E NORAD #4211 Byor REGHEATSE, AR L 50AE
(00000-0) FERMRNR . HAMANHE, TLLHAIHIIES KA

K 1 TC LB S HME R RN 2 5 R AIRZER T T BIE (GRE- 15 2 /500 , W
W ZEZAE T F—Hir, BUR TR — HiMEERREZ MAGIL T 0. X ZFF KA
FAFESOEE da, FEMEE— P HINT . RAFEUEAGERE, FEREIIEFH dap = 0, H
k—1 PR IEAE dag_1, EARTHEEE & PISUEE Say

dap, = dag—1 — A%—lm ) (15)
X %((ﬁ,fs) N AP X da W FE, HZEIERSE. HMNEEKEN a1, = a1, + dax M
as, = ag,_, + 0ag. EMKRAE da, HE| Aa; = —Aay B, TEHLER.
2.2.2 AT RBEHE a9 A B

BT &Y 2.1 Frg vl € 77 ik 2 2 T/ MmO I A RBAT THRE Y, 106 T /0 FR %K
IEZ BRI AR, RIAESEIAIAG IE RIS, i Gooding FAHEATHIE S
Hots, DAREFERE . 1993 4F, Gooding S T — X A FE RIVISRUIE I € 5%, HAHEY]
B A A% G 77 10 4 S8 DR S0 B2 R0 B s RS B . RTT Gooding SEVEAFE R WME L #
WRGNE S, SRR S5 o), {745 LA A 3 LA ITOU DRt ) 2 R AN S S sl AN 3
CERAEAE L o S bR B TR, AT A5 B A — i Y A KA S IR ) I
#, N Gooding FIEAR AL | R I HEA

Gooding FIEER & HI ZIRHEME, FIH Lambert J5F2 R o (8]0 %1 B AR 7 W ) &2, FF
EWLIAE XS EEA B H AR R 8, PA Halley IR NIEARTTVE, TEMSRMAG R I RIEEE . ot 5D
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3 Gooding HEERIEE

BIERIRE

2.3 ETHMELF NS LRI E

FT IO BT B 20l BT 2.1 MEST 2.2 A, AT LA T ARERIA SO R T 1
PR BRGNS, I eei FOPIRAT S A S, ATLSREEN GEO HisBEAT R
SENTE. EAE, FM/MELRLAFETVIRPES RO, BRI RGRRE. DWES
HOUSERY, BEATHUERER, Ry KBS . 25 RBERh, BRI SIS R FHCGE
Bl NTBE R SR PUE SRR -

3 JhHTRG

3.1 HESTNGEOBREIE

2019 4 1 [B R 2 B [ 5 R S0 6 KA 3 T M0 0 3k 7 75 B SO 366+ T T B
M2 INREPEF MR BIRIN T G. ZR&H 4 6 28 cm WEOFEmE A K, RN EEL
Ui e ) CMOS AEML, MR R KRR AR ZE & 05 3, I RIxT B AR S I T # %,
T LA X HOER [F B P0E BRI R . & & B 114208 280mm+2mm. £EFEA 324mm.
WM 42.25 SFITRE, RINEEILE 19 RO R, wHikE) 16.5 B5%, WERFEL
T 9 ffb, REEMEL 3.4 B,

NRAR LI 15 2 BT @ 1 B ARS 2, A TLE £odl 5 g Be g A7 UCHEC . AT
FKAMIUCE 7N, 8 SGP4 #ALXS Fifg C.dw H (Wit B b EAT HUR, 15 20000 %1 40
TERRH . I B TE R S Wk 7 B S e I . 3 G T S I S B e L A
SEMAIMME R AR A ARG ZE T P E R ZE S RN BAFAHERER, BIRraE A HbrULE
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EQIJJ@] .

MMZRSAE 2021 4 5 H 15 HE) GEO HFrWlEE, #47 HARILAC. Kl 4(a) 4
T KB K A B, oI 1008 IIREL 5 EERE 99%. B 4(b) R T it
R AL, OZF/ANT 0.01 B HARECE S LN 95%. B 5 a7 H AR PLE
AN A B AT O, Arba] DU BN 201 H A5 e FEAE 40,000km BAE, J&T GEO H
brs BUEMUA EE AT 00~ 25°
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B dor 3
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B 5 FREMEHEST. (a) FKHENH; (b) WADH

3.2 BIRVIMMAELSR

X R S AR, 4370 Double-R 532 Gauss 5% Gooding FZE A S 7 13T B
B IR R o A ST, TSRS SR Dy B A 5 SR v <Al A ¥ T 240,000k m~46,000km Bf)
NEERA R XA RN E T RFEH GEO PUBE S MIGIRE, FEA 1545 R
TR %, R 1-2 JB/R T 4 Fi%% (Gausss Double-R. Gooding FASCHTE H1%) 1
RV AR R . IR SRR T MATLAB 5 5ERUN, FiiFa R
MATLAB R2022a. SE&& it FHiHENLI A Sy AMD Ryzen 5 5600U @ 2.30 GHz.
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R 1-2 1] LUE H A SO EIEAE AR RGO R, BRI A SR i i, i
T 95%. TEINKN 0s~60s MIIELL T, HREN 95.2%, HET Gooding HIEA = T4
74%. YA 60s~90s I, FEm T4 56.8%. HR, @idxfbbnrsn, 4yl ng, rg &
ERI 2T T . X EBR T sk, A4 0 i 16 LT £ R RSN 2
SEOCIEWE. 25, ASCHTR—R PTG E FE, @I GEO HAs/ M ORI LR &1,
TR ICHE B bk e 7 I IR A 5 B s 2 J LA i), AT KR v 1 Dl 2R A 0%

F 1 YMETHCA 60s~90s MV FREE AT R

A7 FRINZ /% HRE % THERE /s
Double-R 12.9 0.37 0.015
Gauss 80.3 2.3 0.007
Gooding 78.0 0.86 0.026
The proposed method 99.9 98.4 0.048

F 2 JUNETHCA 0s~60s FIEHEE AL TR

RS FRINZ /% BRE % THEEE /s
Double-R 18.1 0.11 0.014
Gauss 41.3 3.3 0.005
Gooding 43.8 0.46 0.024
The proposed method 99.9 96.6 0.034

Kl 6-8 /R T FIH Gooding HIEFASCH L, XK 60s~90s O K A (1) -4 b i
ZE AR EMR O R RZN G R, DATFE TLE B8 EMPUESHENEME, #E
Ne=|0-Cl, O NITEIE, C AFE. BRILTTIERIRGRE RSN SH BRI . LA
Ko, B 6 ekt LA T, 48N Gooding Hik. Gooding HiE MR %4y
i X 18] 0km~40,000km, A3 /7754 0km~10,000km, K, @K LE L, %%
/NTF 200km I, Gooding B LA 1%, TASCHIEERE] 729 93%. WA A, AR
T EEAE SRR A5 SR (RS FEAUE B 0 A 3

£ 3 JEIR T RIHA ST V23R A R E s T e R 2= 0 o ARFE 25 SR v, 45
KOS, BARRRAE R ZRE 2 gk o DLERRCON B, w2/ T 200km 5 b, EIEKR T
60s B4 93.6%, K/ T 60s B 65.8%. Kl 9 NP-KHRZE S OFIRER S AAE. 7T
LA, fRORIREBL 0.01 B, KMiRZEL KT 450km, HAEKHRZE/NT 400km [
HAr, ROFIRZEL/NT 0.01. 1% 3B BN /Mm R L 58 T 5 21 .
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i m
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® 3 TREEIKBIROVINHEREXLL

PR HRZE s .
QIS iRz <1°/% HRHFRE <3°/%
<200km /%
0s~60s 65.8 86.8 79.6
60s~90s 93.6 99.9 96.4
4500 |-
4000 - J
3500 |- .
H
3000 - g
§ 2500 - i
§ 2000 - :
: 1500 |- ﬁ +
1000 |- ;t
500 . * +
g
ok
(‘) 0.61 o,loz 0.63 0.64 oA‘os 0.66 oA‘o7

fi Lo FRR 72

9 FKHMRESRLRRENHREE.

3.3 FIAXEERH#AITHIEMRE

fHEEYT 3.1 FrHERIUCHS g H HERIJ7E, SIS E: 2 18] (oS Beok R T e, Fifs
SERAENIGUE UCT KILMIbRHE . K15 B OCHOC RIINBE A R G, SRIRIF 1T 2.2.1 1)
UCT J5ik, SNBSS EONA SRR R . TP(True Positive, TP) N IIE N [F—
Hbr, HBGE R HIM~FE—H#Fr; FN(False Negative, FN) AW ANIKEAZER —HAx, H
RIRZE R AW AAIE R — B AR, X NMEEOS T UCT KON EEE, &Pz kT i
BB EARIE . 2iHH, AUTRTEE TP Al FN BW#iE, TP 4 86.8%, FN N 90.2%, {H&
RAFAE— B A E M. A 73RS EE, =/ RBAE 35 S e T 3L 8 T 1R
— H AR

R ZRRI B AR (Gt 78 NER), FIH Gooding Hyk Xt S BEIRBL AT HIE S 51t
o R4 RRT RS WU RO IRZE S KRBIB A (MBRAE 3 /M) Z A1
Ro RPBERKRSHFYNREM. WEPTTLER], BEE I INSA S50 1R 2= 5 ik
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BHAW/NES, I NTE RS EOE P L E R O IR 2. DK AR ZE A, RN
BN 2 B, ARZER/ANA 21,995.61kme 3 32 B KA 5 15 RTIE 5570416+ Gooding
FOE A ECA I, Iz FPEUE B AR EUEPUE SR, RE R E R Bk
JRECE Y 3 I, REAPNEBETEZE 161.90km, 1124 BEINBECN 6 I, %2 KN
4 30.12km. FHRBGIRBLHATPUIE S BORME, AR B A O 2R B T4 i = N E R,
ARG AT B i — MRS KRS O Ze R ZE R R T S I R R T =0 T AL
BMEEEE BEONEUR, MMV T AEE R B ERERTLUE W, JNBOCHNTT-41
ESHORME, ERSEETTHAE HR AR, BRERBIBEE MM, JORREE.

* 4 KEEMESHTHRE
PEZSH RECINEB RERINE RERINE RERINE KRB EL
Boh 2 Hoh 3 BN 4 Hh 5 N6

O

FRAHIRZE km 2199561 161.90 66.10 77.92 30.12
OFRE 057 0.0026 0.0010 0.0013 0.00059
WifiRZE/° 11.47 0.14 0.17 0.16 0.17
PR /s 950 3636 5458 6846 7508

4 RgE5REE

AICEXT GEO HARKE IR E I8, $RH 1 2 LR € 5k, Jmid g in
MR FRLIH, S TUCSIERREE, 2 BRI s I L HOR PR IR 22 o 3 K& Sl
Kt PR 5 S AT TIRIE. A5 RRM], IZSEX T/ T 90s (1 GEO HARIK
Bosith ik #) 7 95% ULk, S iRBORICR R B TP M FN Al 90% A, A RIRIIEL
SEAIREIIAS - FRAN 12 FB 7 BUTE LA i Lo 0 T 3 B IR ZZ BRI A AL, (A5 A il 3R 22 itk
£ 30km . BERMTE, A SCT5 AL B 3 ARG B 55 T AR BUAL S ik AR K STt
HT AT B 45 ROV RG22 8] H AR BT BR O 1A I, Do I 2 () 25 35 TR AR 55 S 11t
5%,

ERPEE
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The Searches and Observational Characteristics of

Brown Dwarfs

Yin Yewen!2, Li Zhenweil®, Liu Chengzhi'3, Kang Zhe!, Sun Jiannan'-?

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

Abstract: During the monitoring of GEO (geosynchronous Earth orbit, GEO) space ob-
jects, there is a problem of failure in solving the initial orbital parameters due to the short
arc length of the observation data. A multi-constraint initial orbit determination method
for ground-based optical observation is proposed to address the problem. Firstly, a single-
parameter orbit determination method is established from the small eccentricity of GEO
space debris orbits to improve the solution success rate and accuracy. Secondly, based on
Kepler’s laws and the coplanar properties of short arcs, the observed arc segments are cor-
related to increase the information and geometrical constraints of the observations. Finally,
the solution accuracy is further improved by utilizing associated arc segments, making the
algorithm more widely adaptable to orbit types. The method was validated using the real
observations from the large-field telescope at the Changchun Observatory. The results show
that the method can solve the orbit parameters quickly and efficiently. The percentage of
the error of semi major axis less of GEO objects than 200km reaches 93.6% (average arc
length 70s). Based on the calculated value and the proposed correlation method to reduce
the error due to the eccentricity constraints, the error of semi major axis can reachs 30km
for some targets. The method will provide technical support for the field of space situational

awareness in China.

Key words: I0D; space debris; very short arc; GEO
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