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Abstract In the astrometry of the disk resolved objects, contour detection acts as an important step,

and it is equivalent to a binary classification process of classifying pixel points as contour points and
non-contour points. For the purpose of automated extraction of hierarchical contour features, enhance-
ment of contour detection precision, and accommodation of either limited-scale disk-resolved celestial
datasets or preliminary-phase observational campaigns, a two-stage contour detection method for small-
scale disk-resolved celestial datasets is proposed in this paper. In the first stage, a window contour detec-
tion method utilizing digital image processing techniques and comprising three operational steps: win-
dow extraction, window searching, and elliptical fitting, is employed to perform initial contour extrac-
tion. The second stage introduces an LPC-ResNet classifier, an adapted version of ResNet architecture,
to supplement potential contour points missed by the window-contour detection method in the first
stage. Experimental validation using New Horizons’ Long-Range Reconnaissance Imager (LORRI) im-
ages of Pluto and its biggest satellite Charon demonstrates that the window-based method achieves opti-
mal Precision, indicating its superior capability in filtering non-contour pixels, yet exhibits limited Re-
call, likely due to unintended exclusion of contour points during elliptical fitting in the window-contour
detection method. After incorporating the LPC-ResNet classifier, both Recall and F; score are improved,
enhancing the ability to retain contour points and resulting in more complete contour extraction. To fur-
ther validate the role of LPC-ResNet classifier in refining detection outcomes, centroid measurement ex-
periment of Pluto and Charon is conducted using the contours extracted by the two-stage detection
method and the single window-contour detection method, using the ephemerides Plu060 as the reference.
The results of the experiment demonstrate that the two-stage method reduces mean and standard devia-
tion of the Observed-minus-Calculated (O-C) residuals in both z and y directions, which means that the
two-stage method has higher detection precision compared to the single window-contour detection
method, confirming that LPC-ResNet classifier can improve the contour extraction effect of the window-

contour detection method.
Key words Contour detection, ResNet, New Horizons’ Long Range Reconnaissance Imager,

Disk resolved objects
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Fig. 1 Dataset frame examples. (a) Original frame. (b) Canny operator filtered frame. The red marked pixels are

contour points, and the blue marked pixels are non-contour points. (c) True contour frame
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(b) The second stage, where the LPC-ResNet classifier is used to supplement the

contour points missed by the first stage
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Fig. 3 Example of window extraction. (a) The original frame, (b) the filtered frame, (c) the X-marginal

distribution result M(z), (d) the Y-marginal distribution result M(y)
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Results of the window-contour detection method. (a) Window of the filtered frame.

(b) Scanning in Y direction (ascending order). (¢) Scanning in Y direction (descending order). (d) Scanning in

X direction (descending order). (e) Scanning in X direction (ascending order). (f) Results after ellipse fitting

AP, BTG BUR R RGO 3 R 55, DA
Seih G GAEN G AR BRE S G, FRBUZ S R
R ARG AE A ISR, A B0 58 200 I i
EIE. B 5 4t THRESIIEGCREM SR, fH
7 x TR/ SR IAE AR ). B 1(b) R L adRid
A5 2% S AR IRECAE IR IEREAS , T (ARIC Y
18 5 A0 B WIAE I i ToREAS . FE ] 2 iR
LPC-ResNet 73 2 & B B, [ 4% R ot 5 =8, B XE
Canny 5FK5 I H 19 5 B 58 A8 A5 R FEERRI S 5l
T AN ZRSE B AR e 47 28 5 T

15 184 W& ERH, Fie I8 7:3 By L), B 147 1EIE
BT INGAEAR R ZABR RS LR, 37 IR T
DRFEA 15 AR ENS AR FET 147 RS EEE
T2y 24 TR R ABEREGAE RN GRFEA, (HI A
B 5 2R 7%, TR AN ST 23 5 M AR A Y T
P PRI, AP PR (s o )y vk e i
B RIS AP UEREA S, WIE 5 TR, SERUY
5, AT 51 7 MR R AR EUEGH TSR, o
25 60% MIEREA, HA AR,

FE— R EUS SR O Gt AR 2R SBIRRE A, AT RESs
B RN TORFEA AN KRR 1Y K BE (B 7y 24
IX ], H X R ECR R p (2 < p < 256), HIT[0,256/p),
[256/p,2 x 256/p) , -, [(p — 1) x 256/p, 255, #14F
pRIKERE. P MG R ARE A AR S 1R R K
FEAE I AE IR — AN DX E] P, D0 AT LA i 8 R R
TORIY. QPSR P 1 BT A R R AR IO, )
XM EA N R IR TURFEA . RBAR R AR A
M R, IR 24T AR B PR 2R AR IREA R T
PN %N )

n? 1 n?
p
o —
S (p) (5)

PAX [ % p = 4, P3G K n=3 R #l, 11577
AR K P = (1/p)" = (1/4)° = 1/262144.
R (5) HEE psin A&, W 5 —A~ A8 Ok
TOAR MRS, L, FE R R B RKek K
JEAE X BRI A3 RGN, SRR S R T Rk .
ML TR, FERCERIREA Fr i B AR AR R
TR, FEAN SR AN il PR 1 % TR



#oE A @ e AR E LR AR RYE R ) OB e O ik

K5 ARRBEEIE R VNAREARAELT R, LL 7x7 K/
SRR, A5 E 5 T R AR 2 B i e
RYLEIR, 3% 90°, 180°, 270°EHE LU K /K - 55 38 1 fi
Fig. 5
neighborhood data, taking a 7x7 neighborhood size as

Results of training sample collection for pixel

an example. The five subplots in the upper right corner
represent the results of data augmentation on pixel
neighborhood data, including 90°, 180°, and 270°

rotations, as well as horizontal and vertical flips

1.4.2 ilZ LPC-ResNet
ResNet J&:—Fh IR %5 BUbh 22 W 26 1 RE Xt A
(G477 2. ResNet BT 15 HE RE A5 A7 3% A
PRVR A AU 22 I 265 (3R A ] S, DR A R A A 2
2 BN IR IZ IR GAR F s RE. 02 TR
FRIEPREER, IR 6 7R, 45 24 Fi AR 25 e g0 1
o, WK )ZWR W H (z) = F (2) + @, RZHHIEF
2 ) 2 ) BRIENEAE, BV F (2) = H () — .
HLURT 5, ResNet 15 25 B BB K 5 45 1) R AF
o PERE, 2 RN BR EE AR A AR S R ST R
il AR AL R kiR 22 B, B, My 5301
R AN B 2 R AR o 2 3D B B 2
fiE, )9 ReLU eRECMLET, h () 278X o, (118 55728 He
W, AT LIRS LR 45

yr = h(x) + F(x,;, W), (6)
T = f () (7)
=2, Wa, WERIZBR)Z LI 2= 2 Rk, Al

1141

Weight layer

F(x) ¢ ReLU

Weight layer

x
identify

F(x)+x

ReLU

K6 Fkreiaity

Fig. 6  Residual block structure

L—-1
ep=a+ Y F(a, W), (8)

P, B e B N S, WTORAS 48 S Il A& 4 1ok

FERYBREE Ny

R it ol e SRR
(9)

AL, 2(9) A 1 BIFELE, AR AN R, R

B ZE P RE S e S AR IE Y B 2 b 2 2T BB B R

1iF, HA Tty > e,

ResNet BB ELHEN ] TAR ST ST N 28 .
PRI 35T ResNet FE47 1 %, JH5E J5 1 [ 28 25 44 Bk
N LPC-ResNet. HAUREB HATR R HM 12K, b
FEAE I /N AASE A B R R T — 9 T T R AR 4
P& 53R LA ST T

(1) f A2 Fdn 2 4. B TR ITIR RN
028, i A B REZAR AN 02 58 B 1Y UG IR, T2 A
L.A1 /NS r A 50 Tt Ak 38 T v B 42 U 15 2R A3k
FIE, &l 5 Bz, o i A5 Tt 18T B4 1T G R 1A ) A
r8eit, LAk B /M TH C H AR 10 ™ME R
I, FESR IR R B GIN, % 1& 3x3, 5x5, TxT,
9% 9 X 4 Fp RSP AE & LPC-ResNet fii AFEAS 1) 4 Ji |
AT DR AN R A UL X G g s B[] il H 2 46
BN 2, R 2SSl .

(2) 45— )2 0% B M Bt He M 4R T
ResNet-18, ResNet-34, ResNet-50, ResNet-101,
ResNet-152 3t 5 NASE L5 . S FAR R AR T8
NEI R IEA R, (R 1 T Y R, A




1142

XI5 ANEEREY convl J2ZE convs x EI/ELTH
R e . R AR B Ak, 4
XF ResNet-18 Z5#4 AT I I, AT IR0 2 Hikim ol
b 74.9%.

1R T 25 s AU R R R S A F Y
LPC-ResNet-18, LPC-ResNet-34, LPC-ResNet-50,
LPC-ResNet-101, LPC-ResNet-152 HEH 2444 .

LA E R A softmax PRECVE RIS sREL, it
H—Ab 5 RIHERRAE, BD

o (z) = (10)

>

P T B % 1 o e 25 [R) T i A AR R AR SR S
JRFRRAR R 73280 % . (B0 1) ARG A (38
5 0) By AR, PIAETH SR IIZRant 2 (B, AR SR N
I B e SR B R R

S = —% lyilg (p:) + (1 — yi)1g (1 — py)].

Hr, NFIRGHEAMANEL, v FRHEA LS bR %
B (SR 1ERA 0), p RN FEAHUIE. &%,
LPC-ResNet #2 # ig Il Zim #2 an 18 7 fro, & 7 v
Canny JEPEE RO AT T A HL.
LR, 41T H, YIRS i LPC-
ResNet-18, LPC-ResNet-34, LPC-ResNet-50, LPC-
ResNet-101, LPC-ResNet-152 % 45 I [ 14 it - 4 i1
2 K I AE I 43 9 0.055, 0.056, 0.051, 0.088,
0.158 s, T Zhang 45" £ H A T B b 25 10 24 %o 455 B

(11)
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G ) - 19 30 4 D FE B A 4.201 s. A K, LPC-
ResNet 7EFUMACE _FAIXT T Zhang 42 H AR
Tt

2 SERERS

2.1 IR

RS el il AR B R B T 2843 25 )
I fd 1 kS B % (Precision, & X455 P), 13 [ %
(Recall, & U5 R) LLK Fy 53 8AE P4 # b
R L AR =R/ (Il

P = Nip/(Nrp 4+ Nip), (12)
R = Npp/(Nrp + Niy), (13)
F, =2PR/(P + R). (14)

MR L E =R EE, %2040t i
TP (True Positive), FP (False Positive), FN(False
Negative) (141 TP fURBAER 0 IEMIN AR R A
MR, E XTS5 Npp; FP AR R 72N AR
GARR A A GARZE R, € XATS Nep; FN URBE
HRDPENNGER SNARLGR RN, E X5
Nex. HBE, K860 T 00 280 REMS LA FUn i 2%
BEARES), A AR T A RE T B i &
BFE R HLBI, W Fy O RTE ER SR, H
i, Fy S BE RSS2 AR RSy BRI SE hA  )
P

%1 LPC-ResNet HJZ2#4
Table 1  Architectures for LPC-ResNet
Layer name | LPC-ResNet-18 | LPC-ResNet-34 LPC-ResNet-50 LPC-ResNet-101 LPC-ResNet-152
convl 3x3, 32 3x3, 16 3x3, 8 3x3, 8 3x3,8
3%x3 max pool
conv2 x P . 1x1,8 1x1,8 1x1,8
— JXS’SZ} [3x3,16} ’ ’ ’
N %3 3x3,8 %3 3 x3,8 %3 3x3,8 %3
[3X3’32 33,16 3% 3,32 3x 3,32 33,32 |
1x1,16 1x1,16 | 1x1,16 |
3 x 3,64 3 x 3,32 ’ ' ’
conv3d X [ ’ ]Xg [ ’ }X4 3x3,16 | x4 3x3,16 | x4 3x3,16 | «g
3x3,64 33,32 3% 3,64 3% 3,64 | 3x 3,64 |
1x1,32 1x1,32 ] 1x1,32 ]
3 x 3,128 3 x 3,64 ’ ' ’
convd x [ ’ ] %92 [ ’ } <6 3 x 3,32 %<6 3 x 3,32 %23 3x3,32 %36
3x3,128 33,64 3% 3,128 3x3,128 | 3x3,128 |
1x1,64 1x1,64 1x1,64
3 x 3,256 3 x 3,128 ’ ' ’
convbh X [ ’ ]x? [ ’ ]x3 3 x 3,64 %3 3 x 3,64 %3 3 x 3,64 %3
3% 3,256 3% 3,128 3 % 3,256 3 x 3,256 3 % 3,256
Output average pool, 2d-fc, softmax




#oE A @ e AR E LR AR RYE R ) OB e O ik

RIS

N IEAS ] 4% & AR K /N LPC-ResNet 432
PERER S, I HLIGUEAE — B BE A b 8 O 4
M5 LPC-ResNet W~ H AFAA R, A SCH k4T
TARRY B Rl SR, BRSNS TR

(1) EFXIA MR ZE LRI/ LPC-ResNet 432
PERERYSZMA, X Sl i) LPC-ResNet 7328 8§ 0EAT T %
THRZARBT TRl S5, ot S8 8 i B BA
HEFT T AHIRI S0 2550 5 W3R 2 Ak 3.

(2) EFXFE O —h A% 5 LPC-ResNet P>
MR, TR 2 53 3 fa—F i F4(E
Bl 23 BI/E B LPC-ResNet 5 - Fr BEE W Y18 bR 25
AN R PAT T B B TG I I A
N AYFEFREE R, LA ARFRESRAF] T3 4.

2.2

Label the filtered
results as two classes

of the contour
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| neighborhood
data based on

coordiantes

Coordinates of

the non-contour
pixels (class 0)
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I
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I
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I
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2.3 SHMEHFEGABIIEF S AR
R A VAL BT T I R RE, I A LA g T
EUGALBE 7 1L S LR 2 ikt xd . R U
SCFETST, T =AMEGEh AN T, B Roberts
BT . Sobel BTN Prewitt B X5 £ BT —
() TG FGEAT T 3 G I, el gy 2 orm, A
SO Zhang 451 42 H 0 28 44 BEA EA T 0
GRPEIL, Sl N T3 DM E i N B O REAIE 1)
FREERRIE ) sy A B 28 AT 2. IR A AsE Y
REXTRMEER S T 28, IR B Th &SRR A
S A F R B, DL AT S R ) RE 4y
BT, 33X HLZE H A [R] 5 9 o 5 2 BRI T — A S Gk A L
SRR AEEMG, GE 8 Fras. BRI S Al 2
TH O R, GRS R T R b . eA, th T

i |
4 e . Probabilities  Classes|
Positive samples Il Training
|c————————— !
|
I
Negative samples |
—————— J

K7 AR RS AR

Fig. 7 Flow chart of model training and testing
* 2 AREHSBEDHIRTESFTH LPC-ResNet XA R (EFE/BEE/F, 5H)
Table 2  Test results of LPC-ResNet under different numbers of layers and different
pixel neighborhood sizes (Precision/Recall/ F; Score)
=N
£
3x3 5x5 TXT 9x9 SEHME

LPC-ResNet-18
LPC-ResNet-34
LPC-ResNet-50
LPC-ResNet-101
LPC-ResNet-152
FIME

0.926/0.966/0.946
0.936,/0.920/0.928
0.918/0.922/0.920
0.876/0.947/0.910
0.925/0.918/0.922

0.916/0.935/0.925

0.931/0.944/0.937
0.901/0.980/0.939
0.859/0.949/0.901
0.881/0.882/0.881
0.885/0.978/0.929

0.891/0.947/0.917

0.852/0.983/0.913
0.919/0.957/0.937
0.926/0.892/0.909
0.923/0.847/0.883
0.814,0.986/0.892

0.887/0.933/0.907

0.903/0.968/0.934
0.854/0.979/0.912
0.896/0.973/0.933
0.859/0.934/0.895
0.865/0.965/0.912

0.875/0.964/0.917

0.903/0.965/0.933
0.903/0.959/0.929
0.900/0.934/0.916
0.885/0.903/0.892

0.872/0.962/0.914
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®3 ARGEHSHERWVHBRTFHTHZMEANTEZNVRER (EHE/BEER/F 5H)

Table 3 Test results of two-stage detection method under different numbers of layers and
different pixel neighborhood sizes (Precision/Recall/ F; Score)
(E N
sl -
3x3 5% 5 TXT 9x9 SERE

M- A+ LP C-
ResNet-18

W -+ LPC-
ResNet-34

T - ZA +LPC-
ResNet-50

W 04K+ LPC-
ResNet-101

W N -GG+ LPC-
ResNet-152

0.941/0.945/0.943

0.936,/0.939/0.937

0.912/0.962/0.937

0.904/0.936/0.920

0.901/0.968/0.933

0.910/0.982/0.944

0.873,/0.982/0.925

0.881/0.960/0.919

0.881/0.963/0.920

0.855/0.993/0.919

0.893/0.970/0.930  0.920/0.954/0.936  0.916/0.963/0.938

0.906/0.950/0.927  0.919/0.973/0.945 0.909/0.961/0.934

0.899/0.978/0.937  0.855/0.969/0.908 0.887/0.967/0.925

0.905/0.960/0.932  0.890/0.966/0.926  0.895/0.956/0.925

0.899/0.955/0.926  0.923/0.939/0.931  0.895/0.964/0.927

FHE 0.919/0.950/0.934  0.880/0.976/0.925 0.900/0.963/0.930  0.901/0.960/0.929 —
R4 AEFENBEHE BEEN F, 3SR
Table 4 Comparison of Precision, Recall, and F; Score results using different methods
UL ZioalllprprS btk PEIES Fy 5381
T 1 G 0.954 0.756 0.843
LPC-ResNet-18 0.903 0.965 0.933
LPC-ResNet-34 0.903 0.959 0.929
LPC-ResNet-50 0.900 0.934 0.916
LPC-ResNet-101 0.885 0.903 0.892
LPC-ResNet-152 0.872 0.962 0.914
% H - 240 %+ LPC-ResNet-18 0.916 0.963 0.938
7 -3 A7+ LPC-ResNet-34 0.909 0.961 0.934
% AR+ LPC-ResNet-50 0.887 0.967 0.925
4 - A 75 + LPC-ResNet-101 0.895 0.956 0.925
% O -G+ LPC-ResNet-152 0.895 0.964 0.927
Zhang 2 1y vk 0.771 0.746 0.758
Roberts T 0.827 0.572 0.676
Sobel i+ 0.829 0.644 0.725
Prewitt %+ 0.829 0.643 0.724

FIEGE N B A R, AR 7RO Fe AR 1)
Sobel F.F HASIMIZS5 SAE R 7 491

NG A Zhang S8 N BT G
MY P BOF TR PRI EE SRBAE SR 4 s DLk
Irase s,
24 XIWHER
2.4.1 EMWSH

F & 8 AT, i 1 -3 kil i 25 BR AR I 4 A5 )

RO S, H 3R B 2% 0 SE R MR A R B2 5. LPC-
ResNet 4 Um0 % 56 86 Pk iy, (HJR T Rk 2
R RBRECRAME. TP 456 5 1 B Boe I Jy 2%
A5 R, SRBGL 2 58 # 1% 5 LPC-ResNet #£1IT,
gl AR TR A 25 F b LPC-ResNet /. Sobel 8 F1U
PRBUDI 2%, BRI ES R T — fr B i 7 v
W% Zhang FFHEN BT AN T3 % 8, (B2
AR R L. henT A, BBk A e So-



FF D e P E LR ARSI B 0 R G T ok

B8 fHFHAFE I AR T2l %
(d) 7 24 L+ LP C-ResNet kil
Fig. 8
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(b) ()

Z

() JRENE, (b) B 008453, (c) LPC-ResNet Al 2558,
, (e) Sobel T4

Contours of Pluto detected using different methods. (a) Original image, (b) the result of window-contour de-

, (f) Zhang S8 H A7 L4551

tection method, (c) the result of LPC-ResNet detection, (d) the result of window-contour detection method + LPC-

ResNet detection, (e) the result of Sobel operator, (f) the result of method proposed by Zhang et al.

bel B F, Zhang % #2& i1 19 77 & 5 HL 0 9 LPC-
ResNet BEZ:BR 2 M AE R S a5, ] s AH bU Sl i)
1300 GRS Ik BE U0 Hh B 2 i s, $R ERLH B 52
EAYNUES S

2.4.2 TEESH

H % 2 FIER 3 s T, 7E 3x3 IR ZR 4R
BRSER, 2 LPC-ResNet 1 [ Bk I J7 74 Y
LEA YR RE S N i . AN, £ R A B LPC-
ResNet 45, LPC-ResNet-18 M2 &R IHRE. 45
A AR SCRI i BIAREAS L B LPC-ResNet (145 #4 47
G3HT, ATRAEA ST BN (R/IMYUR 3x3~9%9), H
YR Z AR (9 280335). DRI, M B
A 4% 25 ) T 3 SE PR SR, TV Rl S 6 A 4 SR UE B T
X — .

2% 4 FHL, BB B 1T 0 AR i B B R
e, FRRERAE T 32005 1 KR AR % A 1 e ) 555
MAEMA 5 A [F 454 i) LPC-ResNet 1 A 43 25 4%
&, AEARIRE Py B0E L S
A BT, Hoh g ER AT R R T ik 20.9%. [H)

A, B BRI A L PR Y LPC-ResNet 43244
AR TAFY) Fy 5388, GG PR Re TGy R, T RS g
UESE T P2 A B Beksrill Jy s v A 3k, P
(R AE B RE IR B B AR Y 3 2 Pk e

FETLIEER, A5G % H -G kik 5 LPC-
ResNet [ 4% 4544 (1) I PR 0 7 11 —300 Gk 72 14 g 3
FJRIBR M LL & LPC-ResNet [VEH#EAT T 2047, 153
ZERE.

(1) P F -0 GRoAs UV K B 3R 5 v, i A [T 38 ¢
IS, BRIER 2071k NS B R T % 05, BRI 1T g
L:BR Canny 545 I Y P93 K BE AR AMME R b
TR RN G S ARL S A, SR TR, A
[] 3R 5T Ay D PR T e PR A 30 2 i A kARG [
PUA R PR HERR, BARAN T O AE 1.4 W T Ui,

(2) 751 A LPC-ResNet fE R0 a8 -7 B
SRS < alll b = S 1 B SN TA S /-5 AN T
TR IR 1R B0, = PR R B AR FUB AT BR ATt
AR E, ¥R 853 K #% LPC-ResNet (19 e (£
i, e B A B 0 A AL Iemt 2 5] AD
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AL HEAE N T ResNet RGP Z
W 2%, LPC-ResNet FE73°% > T 15 3 301 % i 9 By
ik, AT B BRI 7 i A T 1 -3 G i A
Zhang %51 $2 ATk, FEBUH LER HA 2 I 45 LK
H S5 BURFAE 7 T A O F, TR REAS IR A T 22 11 2%
L, ITHRTE T 4 [ 3R,

3 LN S

FES 2R3 IS v | A S H A T 1) /NS T O
RARBHE B W RN 7, LA R i 2 11— 2%
RT3 A T i e ) 73 TRD S RORS R A —2p
B3 UE LPC-ResNet [0 26 E Ay 43 2H 41 76 2l 35 31 2 4
ROR F PR, 3T B BeR I vk S ok i 7 0
SR NGBS R, ST TR EEME D
— I R N H S
3.1 SKIOREE

HRC S Y HAA S RN T

B X BR O A A B A 1 2, I R
(3) A (4) ARG IR RE A E AR R R, AR R AE
FEUZ i e A ps, BERIN s (20, v, ) . AR AT T3
xR I BT U 1Y SR 45 R [l 1Y LPC-ResNet 4514
¥J°h LPC-ResNet-18, $EHUIR K 4B /N 1%
K 3% 3, LABUS Sl ity i s s R

HB 2 M Plu060 JJj & B AR ) IR 4R 26
MR (e, 6), FEF FH Owen $2 M3 A AH AL A 7D OF
(0ve, 60) AL A BRI (2, o) . AT AE A
TRFSE g vk 2 vl P Puo6o [ g s, Tl
A ZE [ [ A 2 MR Jsr (NASA) IR 8530 rhogk
EX[ZG].

B3 R I (@, y0) 5 BB L
(ze,ye), T (O-C) BRE R, B e 52
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BB 4 FIEREIRE D EUR PR A
BK (2.31~148.69 km-pixel '), i 1515 % 1% 2 Xk LA
HED S BLSE BRI ERE B, ASCRIA T (0-C) &R w2
HEMG S PR MR E B H— b E R 2E, B (O-
C) AHRZE.

SEMSLER )R, X (0-C) 2y B
I IERRAEZE (W3 5).

3.2 EWERSW

13 5 AT %1, 4 LPC-ResNet 5 % H -3 4Kl
LA, o My Jrm B (0-C) A HIRZER
PIH SR E 25 35 e i 6 1 —h Skl vk TG, 3R
HPHC e 2 A B4 T, R R AR 2 07 ] b A et o
Ryl 2. TSR W] B BRI i BRI B 30 % S A
PEATHRIBIEL A e R v e B A ) T v T rpc il
AR E. B, g R TR B E R MR T
— R 1 20, LPC-ResNet 1E R 4325283043, XF
THEEN GRS A = .

TG, TR

4 25

it — P T ) /NS A TRT 0 R AR B 4R 1 —
BOh G I s, 12074k i i 004k 5 LPC-
ResNet 43288541 AL. Ho A s b G vk & JE T4K
FEGA I AR 5, TG % T LPC-
ResNet 2 T He 25" $2 11 ) ResNet 7 i % 15 5|
PR R GGN G5y 2585, T e ol Bew o 1 —h &k
TNk 35t U 1) 30 2 . R O A TR VTA T 88 O Tk i
Al 3 I R B T LA Zhang 251 2 Hy iy o 22 090
LERRIEAT T XTI )R, A ERE LPC-ResNet 4328
AT NG AR R ECEEH], BT TR ER S
LT — () Hp ) R 1 S

NGRS W25 R W], Toi 2 i i H
G, B LPC-ResNet 43 25 #8148 J& —Fir

R 5 BO-BERNES ZMERENTEEMyFEE (0-C) REHESIREZE (KL Plu060 HRAS%)

Table 5

Mean and standard deviation of (O-C) errors in z and y directions of the window-contour detection

method and the two-stage detection method, using the Plu060 ephemeris as reference

URRE L [CaESTE TialbeN T 3275+ LPC-ResNet
2711 (O-C) iR ZE M /km -25.13 ~11.52
277 1] (O-C)IRZEARIER /km 74.86 66.56
y 71 (O-C)iRZEHIME /km ~16.55 ~10.81

Y71 (O-CiR MR /km 30.27

38.00
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