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Intelligent Detection Method of Satellite Signal Based on DETR_S
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Abstract:  Satellite signals in complex electromagnetic environments are often submerged in background and noise,
and the performance of traditional signal detection algorithms degrades dramatically without accurate a priori knowledge.
Currently, deep learning-based signal detection algorithms often require data post-processing steps that rely on expert expe-
rience and cannot achieve end-to-end detection of signals. To address the limitations of existing algorithms, an intelligent
detection method of satellite signals based on DETR_S (DEtection with TRansformer on Signal) is proposed. Firstly, DE-
TR_S is based on the coder-decoder architecture and uses the global modeling ability of the transformer network to capture
spectrum information. Secondly, uses the multi-head self-attention mechanism to effectively improve the problem of long-
distance dependence of spectrum information. Then, the prediction frame matching module based on the Hungarian algo-
rithm abandons the post-processing step of data with non-maximum suppression, and transforms the signal detection prob-
lem into a set prediction problem, so that the model can output the detection results in parallel. Finally, the signal reconstruc-
tion module is introduced, and the spectrum reconstruction loss function is added to the loss function to further improve the
signal detection performance by mining the deep representation of the spectrum. The experimental results show that DE-
TR_S can accurately detect faint satellite signals (>95%) at signal-to-noise ratios of 0 dB and above using only the signal
spectral amplitude information, which is a significant improvement in the detection effect compared with the typical target
detection representative network.
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A% e ) 2 R B3k 3 AR A 2 2 DG P X R 0 B SR
AAIE Y B AE BEAE S RIS 5T 5500 0 IR
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B 25/ TR A i B AE £5 6, i, 7
G E o i v %o fte 2 B S 5 A (1 FOUI HE 4T TR
SUVLEC . RO UG ZERIRL b S A i A A
CIHARR—ATr B BB AR TR S0 B e M A
TGS HE , DETR_S fif iy 2% 28 B N A S AE 5-HE |, IIAR
WHREBE B EE S € e RV, X T a2 20 FOMAE | %
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TEAR R AT P A5 I8 DR R I R 7 9 R E 1
DETR_S fefi th 2 & 151 T H 57200, 1 T Awic
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é}*ﬁ'ﬁ%,ﬁﬁﬂ‘ﬁ*”f?&ﬁ HBR A5 o A 5 F000 o 9
7 IS B RGN

%*“ A5 S FMAE A9 B AL VE IE 6 5 , 7158 DETR_S £t
TR 2R BRI R 3 HB 23 LS, 20 ) e 15 520 T /Y

XS H A R L, 30 BEHE R L, LL KO i A
KL,
5 ) T 63 2K SR FH B AR Ok A A ST

i 75
S A R 1 3 TE A Y 2 SR 45 2R 32 i
R SCANR
Lpre:—logﬁ&(,.)(c,) (7)
i1 L HE T 51 2% S FH GloU (Generalized Intersec-
tion over Union ) 1 2% F1 L, 31 2% A9 XU S 188 =X, Ak
o I AE R L SEAE P A7 g 2 N R /IM I 25 . GloU #5126 A
AL G TN AE R L SICAE 1) S X, R TR E & X
B U T L AR TV A e A e D28 S R
1 FHER I PR E LIRS -
Lbox(si’§n(i)) /llouLlou(Si’§a([)) +/1L,”Sn§n(f) |1 (8)
Horr, 2y A, € R GloU Tﬁ%ﬁe@%ﬁn L #5125 R AL
#H,s, il 5’?%‘]:5’]57&% (o IRV EEAS A i
HESE L . Horb | 3 SAE $id ﬁiLbox (5125 ,)) R JH GloU 481 2K
PR SLANTE

'B(Si,SAJ(f))//i""')UA"‘

‘B(s,.,s”(,.))

o(i)

Liou(sﬂs(r(i))

o(i)

(9)
Fort A A, 5 3 F R 5 T RE 3 0 29 3
A N4, 5 = BRSBTS I 0;
Ay U4, 3277 T 4 B8 36 0 0 T L5 BC. ) 07 RE 65 06
HE4 B 25 79 19 S MK B9 TR . GloU 40 3 i A 1L
2y B T AE o9 AE 7 A 75 B

R
A RE 5 2 2T RO 2 B e
B A .. LS00

From sl dAly . A AR AR R G B BRI Y
PRI, 5 SCInF

Lo(muri) = S(m ) (10)

Forb m o, 23500 09 AR AR 5 B0 PR E A I 1R A 5 09
PR IR 3R A, MORRZR AT SN

PR PRER Ly, 0 ORI 3 240 2R pRER ) ST
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DETR _S il i) 5 A 45 SR 7 22 28 0 I 1) e 484
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W JFE A TERAE S BRI S0, i FEN B0 25 3% 2045
SR (12) s
X
Jse= m(fmax ~foin)
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Bsig: m(fmax_fmin)

Lot Bog 200 R 0 T3 2 0 o 0 B 2
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i
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4
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b AT a P AT PR A A B B SR A TR A R T, 3B T
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3. 3T DETR_S i T 15546l
a. FERFRINA 500 Pl AL B 2 Tl 2547 1¥) DETR_S M2,
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4.1 BUIEENSR
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FREERY, TS5k A 550 TR 8 15 B ok 19 05 1%
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A FE S (5 L A YE N —15~15 dB, [ f% 5 dB.
Hoop TR S S % X 3 4 B (d ) Labelme T EL 7 B
(https://github.com/tzutalin/labellmg ,accessed ) , FRiE S
JE R T TG IE 1 A% 45 PASCAL VOC #% 28 i 1 B SC
. BRI AIE AR /N A 3 500 X 2 625, 18 15 4 51
K 2.1~2.4 GHz, AL H S WCRAF T 1) PR B 1%
R AR Y A S R e T AR L P 2
HIZ B 36 546 Bl fEHRARE =G5S, b
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S PA K 4G {55 TD-LTE, #5 5 {5 538 i MATLAB (%)
Simulink - 5 K H4E 1 1 Toolbox T. ELAR FEAT 5 EL,
T 552 bR A5 i RSO R — 20, 05 B O AT FEAIL
P I S DL K 3 R o . ELR A B 2 5 5 1 EL S 40/
P26 S ELBE BN 1w .

1 IERSHESH

EvieSl HEMEIZEA | PCM-BPSK-PM, PCM-QPSK-PM
B9 s/
2220
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. {55 Bl A5/ M He 200
EEE{E% HH ez
. 58 /MHz 10(5)
iR — — —
(EBEE S TS | F R R
WEES N 0~1
%W e SNR/B -15~15
AT RN 3500 x 2 625
BB R FEl/MHz 2 100~2 400
YRGS 3G/4G 5%
CD- TD-
3GAE T2 WCDMA
MA2000 | SCDMA
it J7 %/
3.8 3.68 1.28
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i S5 -
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{18 9% i /MHz 5.0 5.0 1.6
AG 552K TD-LTE
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Bl Ut T 9 /M Hz 15
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BRI OFDM
ViR 200
AL H KN 20
LEES _
P FURGERTE %107
- ERES TS StepLR
LAy Adam

4.2 XWEE

S I K BB S 3 A, Hob 60% 1R
YGEARLE | 20% 1E R iR E a8 4E | 20% 1 Ry S ik 48 if
AT 9 ARSI . Y1 kAR AN A8 T I 2R A 7 | 06k 4
FF PR B AL BE . X T 50 E S R UL, WS 2 AN B A
TR H N TR A LUVE O 455 AL b . R IR By
B, TR S5 0 ol A = DETR_S W 2% . i)
Adam PEAE 2R S RN i 72, E T RV
%7200/[\epochs. AR AR CBI— AL R A9 B 3 ) R

20 MEAS IR E IR 2 0 1 x 107, R BORE 2H 3
P2 2] AR, SR A5 18] B 1 8% 27 ] SRR (Step Learn-
ing Rate scheduler, StepLR) , ELAR R &5 58 1% 20 4~ epochs
J& 57 AT B EOR Ry 1710 12 I A% 1 4K A
AL B SR 2% pR . S A5 B8 1% D 5 R i 3k
i 1 PyTorch FEZE5E 1% . 2 M NVIDIA GeForce RTX
3080TI(24G).
4.3 TFMHHERR

R Y AT HL % W A e A SO B 5 R A T AL
e, R T 245 MEREEAG Sm . BRIl A
[7] 3 (Recall, R) . F- 3185 & (Average Precision, AP) , LA
FAF 5 ZBUGTHRZE M RERE VRN S A B RCR
X LEFE R 3 3 AN TR B 7 T S e 1 SRR AE SO B AR S
5 MEFIEALE S 00 B S E Yk, DL AR THE S 280
HIREST S fit T — A AR ERE LA L R 2 2
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ik IERRA S TG U (FP) FUREAS TEAf RS (TN)

AR A FR Ry A A 5, T o I 5% 1) T A
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M2 S e 1 BT ALTE A [A] 4 (8] 587K 7 B e Ik 31 A9 6
. PRMZTT Ty 9 T RRBR A, DUIASE Y ) 25 45 e 4 e
LS. T
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Horr ) x, Sl KGN HE i B A5 20 1 TR AR S S EUN AL T4
B ox LRSS kARSI BB
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S0 3E 1 AN A5 M LR Y T A 5 4G T R £ X
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TEEME L —15~15 dB ] FR 5 dB 43 915747 1 000 Yk S2 45
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BN 3 FE 8 i
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Recall 21.420 81.400 87.620 96.400 98.300 99.800 99.810
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RFEARF E AR LT KRR , mAP@O0.5:0.95
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Fror k3] 67% F193% L b . {5 FFEZE-10 dB
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B 4 56 T T 0, DETR_S B (46 I 12k B AR AR i
VAP A RO 223k B R E AL G AL S A R
AT 55, A SO B RE 1 TR B 7 JCI N 1 1L M 4% R
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mAP@0.75)F845 a3l ik 8 T A, 78 34~ AP F5 b5 I
AT Faster R-CNN(Mv2)BHY P RE S Bl $2 F+ T 8.08
1.37 F1 7.60 /1~ & 43 4. 52410 B bRk i 4T 89
YOLOv5 255 (YOLOv5s .m D AH L, DETR_S 7£ 34>
APHEFR Fr HHUAS T 1.81~7.01 4~ 43 45 .0.49~1.02 4>
H s, LA 2.79~5.40 1 E 43 s iR RE R T . FES 8K
fliTh iR 25 1, 25 1A 5 10 2000 RN A8 3 S 1 A 11 iR 2%
DETR_S ik AR I 6, A T2 22 H8 bkl 5 T At
YLD T 0.001~0.023. X IR E DETR_STEfF 5%
by R R e iR v | A=Y O N~ Bl =2 K
AEFE bR , DETR_S 515 05 5 R il 5 R fe &, 784 T ik
TARSC TR A4 B . DETR_S B9 R AE A ] %
AETF YOLOVSIEE AL 0.57 4~ H 43 45, {H AP LAP50 . AP75
SRR RS 23 91 5 T YOLOVSI A7) 1.81.,0.49 F12.79
ANE S RAE R B ES T DETR_S B BAE =
HE L S AF 5 HE F 5 B2 0T, BART YOLOVS1 52 A AE Xt
RA 5 3 1R R [ o A7 7 R A58 w3 ) ] R
F4 TABSHNEEETEERE T ESIEMHEHRA L
AT %

mAP@ | mAP | mAP

RPN Recall M,
0.5:0.95 | @0.50 | @0.75
YOLOvS5s 93.20 | 76.41 | 98.59 | 92.12 | 0.044
YOLOv5m 95.41 80.24 | 98.79 | 93.23 | 0.041
YOLOvSI 95.72 81.61 | 99.12 | 94.73 | 0.034

Faster R-CNN(Mv2) 79.13 75.34 | 98.24 | 89.92 | 0.049
Faster R-CNN(R50) 76.92 | 68.62 | 96.32| 85.01 | 0.054
DETR_S No SR 94.31 81.15 | 98.14 | 94.56 | 0.032

DETR_S 95.15 8342 |99.61 | 97.52 | 0.031

FE U R s e LA 4

R SR Ml 56 I A SCRIT R T vk A R, 3 B A
() PR R X R ) . R 5 A TAL BRERA T R R SR
WO B \DETR_S 20 % % 5 M A5 4% 04 /2 880, LA R 9t o
P REH 4 4 J5 T BEAT T Bl AT . B IC Y 8 X

wnr.

(1) DETR_S-1th 1D: 2% & DETR_S % ith & 11 fif it
i B ERRIE SR U 45 (i HAE B 1D 73]

(2)DETR_S-2th 1D: JBR{E)ZHFEAE SR UM 28 Bk
B DETR_S i &5 i 815 e 1D JP 41 .

(3)DETR_S-3th 1D: {4 B T N 45 A B, [R] ) 42 =)
f&e DETR_S LA&E W 1D 551 .

(4)DETR_S No FE: B 2 FRE 4 0N 28 B 1
DETR_S.

(5) DETR_S No SR: Z: B& 5 5 & 4 # 1)
DETR_S.

(6) DETR_S 2 J2 : fifi FH 2 )2 4% 1 %% - fi % 2% 10
DETR_S.

(7) DETR_S 4 JZ : ffi Fi 4 )2 % 15 2% - 2 55 %% /Y
DETR_S.

SLEGEE AR 5 R FEAR S I TAL BB B, A
R 2D A L P B EE AR DL T4 AR 1D JF 8 B A O
A& T 2D i A B DETR_S, 1D %i A i DETR_S-1th.
DETR_S-2th il DETR_S-3th 7E 3 [0l K 38 #x |- A 2
21.73 15.54 FU1L.91VAN 1 43 i, T 3R R AL S HAh
RS BE |t KR AR T 2D % A B9 DETR_S. 45 R E3E T
2D Jii ik K v TEAF S S =55 M 2E S EME T 1D
¥ AR I, 2 — 2 B A B B B AR A Ak
It Ak, DETR_S-3th (1) 25 S 22 3 {& ) F DETR_S-1th 1
DETR_S-2th, 3G E T ¥ )2 FRAEFE BB H AT DETR_S 4t
A A SR D A R A DURE P . 0 — i, FE TG
PRSI B A TR S BRI A . RO A AR K R 1Y
HORUECRE R D2 B S AR T A ) e R O O
(e o) ) A A 1) — 1 1% ) ) 22 B . 6 2D 483k [ 1
DETR_S H ZEX 8 A [ A7 itk 55 LA A 74k BEAS I, 4R
PR D 25 5L . 3B g ) R 5 400 14 ] 0 i )
B T B 5 T PR ARG [ 3T ARG HE A m s AR s 1)
DAL 5 B R R 95 A T B S AU DGR . Bk
SFF RE A% TN A Ak b B AR 5L 50 RS DU AT 55 A A 1

£5 AEESHVEEETEERILTFEHTEMEIRT L T %
B £ B Recall AP M,
DETR_S-1th 1D 73.42 75.74 0.120
1D i A DETR_S-2th 1D 79.61 78.99 0.086
DETR_S-3th 1D 83.24 84.67 0.073
(B S Recall mAP@0.5:0.95 mAP@0.50 mAP@0.75 M,
DETR_S No FE 84.51 71.21 88.46 83.03 0.053
DETR_S No SR 94.31 81.15 98.14 94.56 0.032
2D i A DETR_S 2 )2 73.02 68.34 86.16 80.74 0.089
DETR_S 4 )2 92.26 76.51 94.52 92.27 0.046
DETR_S 95.15 83.42 99.61 97.52 0.031
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DETR_S No FE (4845 W , KBk TR JZRHIE
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T e A e A N7 R AIE 22 [ A A0 DG 6, LA 0 4
FREFRME S M S5 SRR AY 22 S0k . iRl A SR R B
) DETR_S 78 JCEEAG T FE br L 5280 i 3 $2 T, 34~ AP 45
bR A3 94 55 2.27 . 1.47 F1 2.96 AN 40 . XIS A

HS E B DETR_S R AR R A B B BE i 00 (. %
Heg O RS REIE AR AR ) . SARCRHIE S E
FA R (R ASE TR A LE 3k — S 35 0 P B 4R T s e 1 7 i
A5 TR IR R, B T 4 55 5 5 L S S A
2 (6] ) T 5 B I S BT, U0 IE T P RS o A R
FETF DETR_S B RS 0 1: BE ) A5 2 TF- B

5 Z5FiE

FEXTE A AR S B SR A 22 B A7 50 T A1 %58 0 X
PLARBUE I FIR N S8 B A5 55 B B A T
TEAE TR S5 R ) 220 15 5o fs o TP A ), AR 5.
P& B — i 2 I (1) TR 5 R 9% DETR_S. 25045
R DETR_S 7E 4 fifi FH T3 BL15 5 49 53% P A R s A B9
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