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Abstract: Aiming at the problem that traditional frequency hopping network station sorting technology is ineffective
under low signal-to-noise ratio conditions and has poor real-time detection performance, this paper proposes a shortwave
frequency hop-ping signal sorting algorithm based on the improved YOLOvV8 (You Only Look Once version 8). First, the
short-time Fourier transform is performed on the received aliasing signal to generate a grayscale time-frequency image as
the input of the YOLOvV8 network model. Secondly, in view of the impact of frequency collisions between aliasing signals
such as sweep frequency signals, fixed frequency signals and frequency hopping signals on detection accuracy, the Deform-
able Convolutional Net-works v2 is introduced in the C2f layer to improve the generalization ability of network feature ex-
traction. Thirdly, the Simam attention mechanism is added to the backbone layer to solve the problem that background noise
is easily confused with frequency hopping signals and affects detection accuracy under low signal-to-noise ratio. Finally, the
convolutional kernel of Detect module is replaced by Partial Convolution kernel, which reduces the computational complex-
ity of the network by 32.18% without the accuracy loss of mAP@0.5 exceeding 0.37%, and improve the inference speed of
the network model. Experimental results show that the improved YOLOvVS algorithm proposed in this paper has a separation
rate of 97.68% at -5 dB signal-to-noise ratio, and the model has fast convergence and strong robustness.
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]38 2 [1] G ZR i — A BE d b , HAE VS FIBR & T 0~1.
AP By ACERBEARL BT . aSR PRTZ T By A 1, 0
RSB [ M RE e, I UERG R (mean Average Preci-
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sion, mAP) Bl A7 AP 8341 .
GrIEE A T PPN SR A R AR
S IEWSMERBOE
IrIEIEAG R = 0 100%  (13)
R G2 Al T8 30 ) PR AR 28 P 6 A Y 1) 5 e s
FSHE WD TR IR A 25 [ A R oK, DT (AR
RIRBUEAE IR Z IR iR & L Rus Tt 2. ¢
S REL FLOPs IS4 (Parameters ) SR B AR Ak
HIPEM P54 . FLOPs JE 48402 1 5K G T 75 Z 077 M
SRR, 2 PO AN [R) B 1 B A DN 3 B 1) T 248 A, 7
D) 286 R AT N A 3L R P A B — A e fe (BRERRAE
HRIA 1FLOPs #:4F ; Parameters 2 80 it 4 1Y 2 155 80 T (2
SRR B B B AR A LT Y
LA B X I (1) e — 0, B I S0 2 L, Pa-
rameters S5 Y 45 44 52 AR BE 0 UL S . Hirf GFLOPS
(Ciga FLoating Point Operations Per Second ) fCFE AT 10
{CR BT 3858 14 GFLOPS 25 T80 1042k 177
RUB B FLOPs (31 5876 i 28 0 2 155 700 1) 45 AR 1 A
IR TA A RS RUE P 48 32 1 FLOPs
HTHE AT
FLOPs(¥)=2xK*x C,,x C,,,
FLOPs(42)=(2/-1)O
Horp KRB KN, C, T Co 53 3 i A R i
HH R PR A S T B, g I w43 00 R B SRR TR )
JERTERE , PR B S AR AL & 1 1 e A 1 IR
TN 5, BT LAEE IR L 2, TR O 43 iR 36 43 12 2 1 i
NGIE T
5.3 BUASEIRO T
T BAEA SCEE T YOLOvSn [ 45 455 0 ol R 53 15 1)
B PRPEFIA O B I Y OLOvSn [ 4851 5 AR SCA A
A TR] S 55 B 5 A AR AR A T SR e X L, SRR 45 2R a0
P19 TR . LL0.5:0.9510U T - 7fE I K mAP FI 73
FAERVEN RS, B IE 9O FT & TRV ZRiE 2 250 4 )5
FBIHER R S TR AR AU, A SCEE A TR Y O-

x hout X Wuut

(14)

LOv8 M%) mAP@0.5 .mAP@0.95 7 B2 TF T 1.724
H o S 5834 A 3 s K 10 AT LA H , &3 % YO-
LOv8n [ 8 A5 Y A A bt | A [m] R Hy 83.93% $F+ &
86.25% , et AR DA HLAT 5 X AU -5 4 108 55 [
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5.4 XFLERIESHRT

W3R 3 7R, I UEA SRR L A SCRE
WG] H BRI ALY CenterNet?! | YOLOvS™ | YO-
LOv6™ \YOLOv7-Tiny>"F1 YOLOv8 #4715 ELSZ B X L,
FITAS R 5 AR R FH 5 — AR S 06 e B FTRE ) B 5

R3 TE BRGNS ERIIT L

Models Precision/% Recall/% mAP@0.5/% mAP@0.95/% Parameters/MB GFLOPS
CenterNet!*?! 93.45 81.35 89.30 78.42 125 000 000 69.90
YOLOv5 94.22 82.01 89.46 74.50 2504 504 7.10
YOLOv6™ 94.75 83.71 90.91 77.99 4234536 11.80
YOLOv7-Tiny*! 92.89 78.37 87.32 69.29 6033930 13.20
YOLOv8 94.88 83.96 91.23 80.59 3151 888 8.70
Ours 95.65 86.25 92.95 86.42 3065 702 5.90

ARSI R AR AE R FIEAN P b 35 3
T, Hrp mAP@O.5 [t CenterNet, YOLOvS5 . YOLOV6 .
YOLOv7-Tiny FlJi YOLOvS #5143 Bl 5 T 3.65.3.49
2.04.5.63 F1 1724 143 5t #6 3 AT A5 A A T Hofth A

Y AR SCHEMERA R A R DL O TR] ZE 3 HE T 19 - 406
JEHRAE AR BE 3R T . R, 2iidE YOLOVS [ 45 A5 7Y
FE FLOP 845 1 1) 2 B BH 5 £t HC Ath o9 2% 285 R A 78, AH
T YOLOvSn W 48 581 | e iE YOLOVS 76 2 50 1
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T YOLOvSn M £85I {H 238 Bk B8 T 12421k,
A2 R AR R A A R, HLE R B A S, HAE AN T
R A 48 bR A0 AR 2 T & 2 3R T, A 7E Recall
mAP@0.5 FlmAP@0.95 [/ 34T+ T 4.24.3.49F111.924
T3 55, A U T AR SNR 2542 T BRARS S 46 0K s A
T RSt /N s R R e ) ) R [ s} A 2 B AR ) 2
BRI Z R A T B SR 4 vy SR

5.5 JHELSEIESHT

R SRS U D7 R SR A SR B, AR S35
TR BV il S 5 R % A el B AT B . e ]
DCNv2 546 C2f i B S A AVRAIE S0 Ak
B, FLUR , 76 Backbone J25 | A SimAM 3 & S¥LH, Ba
1E Detect Kzl Sk FH PConv # R 5E 2L 1. W 4
iR, N FRE  RZ, X FR AR | A%k

F4 HEZWOH

DCNv2 SimAM PConv Precision/% mAP@0.5/% |mAP@0.5:0.95/%|  GFLOPS SRkt
x x x 94.88 91.23 80.59 8.7 3151 888
N x x 95.33 92.45 84.51 77 3160 358
N N x 95.53 93.32 86.81 77 3160 358
N N N 95.65 92.95 86.42 5.9 3065 702

G 4 FiR , 5IA AR L BB DCNV2 2 5, 4%
XFF /N H ARG S R IE R SR ERE 145 2 T B E 0, )
2% 155 AU 7E Precision . mAP@0.5 L) &2 mAP@0.5:0.95 iX
3T 48 bR F AR T T 0.45.1.22 F13.92 4 1 43 5. Ik
A, il 3 2R SimAm VE B LA B0 D T 1 S s
Xt B ARG SRS A T R e, AR A 3 NI
PR Xk — 8 T 02,037 FI 234 40 . R
PConv 10 Detect K Sk 35 S A 1) 347 38 45 BUZ I, 45
1E mAP@0.5 5 mAP@0.5:0.95 b WA Hi4E (435 FR& T
0.37 N EH 43 0414 E 4 1), (HELE Y GFLOPS [
T 23% , NTIAR K b B T+ T 38 S50 %, 47 s vy 1
BT SRS A 7oK
5.6 iEfEEEITEME

R T VA T B B BRI 5 4 e 1 R G R
it FF AR SCAR 3 o 2 ARG R [R] SNR R () Bk AL 5 1064 7
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SCHR[11] 3cHk[ 131 Scmk[ 15 FISCEk [ 25 3 Bt s 5
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SNR=-5 dB i}, A SCE L 43 16 4434 51 97.68%, SNR=0 dB
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P 225 D 26 X REAIE 2 85050 o 28, {0 FL 20 16 DE A 32 57 3
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(] B B2 75 1 SRR A O R BB 5 5 PConv 45 B 46 De-
tect K I Sk Ao B, PR T D) 5 AR TR [ e PR B S
T R AR P 2% . SR A SRR AR ST R R
mAP@0.5 5% T 92.95% ,SNR=0 dB W} /31 1F 5 R ik 5|
T 98.38%, 1 AU PE A 1A AH LT 5L YOLOv8n [ 45 45
RIREAR T 32.18%. FHAL TAE G553 BER 1, AR 3
T TR AT Y A AR R RE S TE TG A £
R S8 BRI S B 408 . ZER ST, B RS
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