55 47 A5 3 ] W OfE ¥ R Vol.47 No.3
2026 4£3 H Journal on Communications March 2026

BT B AU CNN-BILSTM M4 {4 B 4= 1] 0L M Fuml 75 5%

B, T, HAamat, '
Q1L FPHE R85 515 B LRSS,  FIK 400065; 2. E N RARIE 32008 #EFA, db5E 100141)

¥ . EXIME S SGPAR AL TN H AR o] WAL T SE BUE S, S BUE AR TE 3K B PiE B A IR BEAK
HERAA R, S22 E XS EshA BAR, IR T AR BURIR & R B AR Al WA T OT % 207
o R ER A 22 U R AL, MBI KRS IZ A A N 2% (CNN-BILSTM) 4844, 4 TH & & 3)
A5 H AR 072 1) A2R ) LART J) R aE A I TSR I AR AIE 51 N B AR SRR 25 ST WL AR e 1B b e AL AP AR s A P 4 1]
B, SR E DR AT LR ORSAE TN . S5 R, MR AT EC Y 1:357 I, B 75 VA MRS B SRR A R 22 )
7K 94.56% F197.78%, RTBATTIE, N7 R BTSSRI S By i T 48 e RoR SC8# .

KR SRHEbR AR HAR R, RS

FESES: TN92

XEFRERD: A

DOI:10.11959/j.issn.1000-436x.2026061

Target visibility prediction method based on cost-sensitive
CNN-BIiLSTM network

Liao Xi', Lin Ruijia', Zheng Xiangquan®, Wen Kai'

1. School of Communication and Information Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065, China
2. PLA Unit 32008, Beijing 100141, China

Abstract: To address the low accuracy and insufficient autonomy of the traditional SGP4 model in predicting target vis-
ibility under non-perfect ephemeris conditions, a cost-sensitive hybrid network-based method was proposed for predict-
ing the visibility of high-dynamic targets in specific regions. This method employed an early fusion of multi-source het-
erogeneous data features and constructed a CNN-BiLSTM architecture to comprehensively extract spatial geometric lo-
cal features and temporal short-term dependency features. A cost-sensitive learning mechanism was introduced to ad-
dress the extreme imbalance in target visibility, enabling accurate prediction of visibility windows in specific regions.
The results show that with an extreme imbalance ratio of 1:357, the proposed method achieves a precision of 94.56% and
a recall of 97.78%, outperforming existing methods, and provides technical support for space mission planning and colli-
sion avoidance warning.
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TERAMINGE K e, MAFEARLEHKFE R | x
r,MER, S5 ETH IEFEARS HER BOZE IR ZREE o
X SR W A I SR A B Ly T2 ) ] L A
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33 FHEWIE

AT Anaconda B} 22 1H 51 & 5 G W AR
A1, KH Python 3.8 8/F N&fEIE S, FHKIEPyTorch
110 VR 8 2 S HE SR 5 iR B S . SIEBRAE A1 5 i
& v Intel(R) Xeon(R) Gold 6133 CPU @ 2.50 GHz.
BRSCES R E W R BN N 144, T
SRR B 9 36 NI IR, TRk 12 AN ()25 1
AIILHERAS o N T SURHIE Rk B 1 SRR,
CNN KA E—YEEREN, BEIAINAS, il
HBIE R 64, T RIS flA AT A5 5 A7 B TR SC
R, LSTM MR X251, Fays 248N
128. CNN-BIiLSTM VRS AL Z5K FH AdamW LK,
%, MR 21N 0.000 5, BLEFEF N 11074, it
RK/ANR32, ISR 80 FEFH4l LL S LA o HZR MR
Uiy S ANV 0] R, 451 2K R SR FH IR (1] 55 2 s A B
AR, BRI SR g B [FIRE, 5
N BT RAE RS, 6N 2RI A ok SR e 41
1S IZ G RN 1:80, TR 7R A 40T 33 . 1 S
A BUFERIRFR RGP, BRIP4 R E
MR IR SRAEER R A 7:3.

AT IE CSCLN B8 7E 3F 58 36 12 ) 5 W v
AP NI 52 40Re 71, ARSCERLT 4 Fh
PR PEUR B 5 SRR Ry b Bk, 4046 LSTM-
GRU. GRU-CNN. CNN-Transformer % LSTM-
Transformer?7-301, X SEA Y 15 Sy 24 i IsF 5 T 49F 70
s AR, IR ELRERE AN [F) ) i AN 25 A0 i ¢
o FTA XL SLIGIA/EAR RIS T kAT, RAS—
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FITE FEAR 52 5000 B RN, HAZ Ol 2 50 &
FL1TR.

*1 FNRB N T ESHECE
A W PR AL ¥ Dropout %
LSTM-GRU ReLU — 0.4
GRU-CNN ReLU 5 0.35
CNN-Transformer ReLU+Tanh 3 0.4
LSTM-Transformer ReLU — 0.1
CSCLN ReLU+Tanh 3 0.4

W R F 5 U1 48 [RDUR 1) D 46 A 1 17 £ 4t
££, W BN 2025 4E 6 H 18 H 8:00—16:00, &
T8 hIELEHE, 5 115 240 M A] S kEAS, s
AOWMAFPIEREMER TR, K, EFEAR
(AT WD AN 3264, ATk 1:357. Hdade
R0 REAE A3 5 FRUEA IR FE Y 5N G B AR R —
B, AR 113 360 5 56 RN TR A T .
F AR Z IR _E R PEREXT Lk 2 Fros

*2 FUMIRBYROLE RYTEE
FiA Precision  Recall S]cs:(l);e (ﬁgfiﬁl/)
LSTM-GRU 79.69%  86.17% 0.828 1 109.89
GRU-CNN 79.69%  93.10% 0.858 8 58.39
CNN-Transformer ~ 89.90%  95.76% 0.927 3 46.88
LSTM-Transformer  80.27%  98.06% 0.882 8 12.36
CSCLN 94.56%  97.78% 0.961 4 68.30
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ME A (109.89 FEA/F0 ), {HFL 70 8L R
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(a) LSTM-GRU (b) GRU-CNN (c) CNN-Transformer
ﬁ 0.004% 0.24% ﬁ 0.012% 0.23%
_ = (59) (3205) o (159) (3 105)
R R
K R
ol X
m m
B 99.69% 0.066% § 99.74% 0.025%
=| (1356164) (892) & (1356721) (335)
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(d) LSTM-Transformer (e) CSCLN
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ZAGTERE, oA OIS A RS 430, 53, 700,
97.6°, EATH AP IL-AK B (fFiFK NW-SE) |
PiFg-Z b (fAjFR SW-NE). ZJb-Pirg (fdi#k NE-
SW)O. ZREg-padt (fRiAR SE-NW),

ELZ LB 4 FF, CSCLN EHLH &t
ZAERE, B RFL 0 RUR4& T 0.93, Hiks)
T RN (BrdEZ2128 0.013~0.015), 1T He A5
Ao JUHAE 70° = 5 A 3 = . CSCLN A3 £k #¢
: 97.27% W1 K i £ 5 0949 3 [ F1 & %,
o 10 LSTM-GRU. GRU-CNN #% %Y [¥) ¥ #f 2 5 1ik +

%3 AEPUE A T TUNRB A Z 1 RE
Precision Recall F1-Score
st
43¢ 53° 70° 97.6° 43° 53° 70° 97.6° 43° 53° 70° 97.6°

LSTM-GRU 89.81% 69.02% 46.32% 85.44% 82.52% 79.04% 91.67% 92.24% 0.8601 0.7369 0.6154 0.8871
GRU-CNN 81.17% 82.99% 35.74% 89.66% 95.06% 81.94% 92.71% 97.07% 0.8757 0.8247 05159 0.9322
CNN-Transformer  91.95% 88.76% 65.50% 91.49% 96.90% 93.06% 88.02% 97.07% 0.9436 09190 0.7511 0.9420
LSTM-Transformer  79.77% 69.96% 74.51% 88.20% 98.30% 98.48% 98.96% 97.52% 0.8807 0.8180 0.8501 0.9263
CSCLN 95.12% 89.07% 97.27% 96.75% 97.71% 97.73% 92.71% 98.47% 0.9640 0.9320 09493 0.976 0
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Precision Recall F1-Score
i

NW-SE SW-NE NE-SW SE-NW NW-SE SW-NE NE-SW SE-NW NW-SE SW-NE NE-SW SE-NW
LSTM-GRU 87.15% 81.35% 83.66% 87.29% 86.20% 80.08% 92.56% 91.92% 0.8668 0.8071 0.8789 0.8954
GRU-CNN 76.07% 77.26% 91.91% 87.53% 92.08% 91.67% 97.56% 96.59% 0.8331 0.8385 0.9465 09184
CNN-Transformer ~ 86.15% 91.01% 91.47% 91.51% 96.86% 92.94% 97.56% 96.59% 09119 09196 0.9442 0.9398
LSTM-Transformer 84.61%  75.52% 88.89% 87.51% 98.36% 96.75% 99.49% 95.58% 09097 0.8483 09389 09137
CSCLN 94.99% 92.82% 96.87% 96.63% 98.36% 96.75% 99.10% 97.85% 0.9664 0.9474 0.9797 0.9724
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it Precision Recall F1-Score égj?ﬁ/)
HEIL 86.33% 94.48% 0.9022 67.01
HE2 77.49% 98.14% 0.866 0 141.11
HR3 96.17% 92.48% 0.9429 65.37
AT 94.56% 97.78% 0.961 4 65.55
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