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ratio (SNR) conditions, a method for hop period and hop frequency estimation based on maximum entropy binariza-
tion of time-frequency maps and a detection and localization (DL)-YOLOvSs model was proposed. Firstly, the maxi-
mum entropy thresholding method combined with morphological filtering was utilized to process the time-frequency
map, resulting in a clear maximum entropy binarized time-frequency map. Then, the proposed DL-YOLOv5s model
was appllied to detect and localize the hop frequency signals within the maximum entropy binarized time-frequency
map. By incorporating the ASPP module and BiFPN module, the precision of edge and corner detection for hop fre-
quency signals was enhanced. Additionally, a multi-head self-attention mechanism was introduced to improve the lo-
calization accuracy of hop frequency signals by the BOT3 module. Ultimately, the coordinates of the hop frequency
signals were obtained, and through the correlation of these coordinates, the estimation of hop period and frequency
was completed. The experimental results show that compared to the YOLOvSs model, the proposed DL-YOLOvSs
model improves precision (P) by 5%, recall (R) by 2.2%, and the mean average precision (mAP) at 0.5 and mAP at
0.5:0.9 by 5.1% and 4.2% respectively. In comparison to other models such as YOLOv7 and YOLOVS, the proposed
DL-YOLOVS5s model is smaller in size, making it more suitable for resource-constrained environments like embedded
devices commonly used for frequency-hopping signal parameter estimation. Additionally, compared to traditional

methods for frequency-hopping signal parameter estimation, the proposed method effectively reduces the estimation

errors of hopping period and hopping frequency under low signal-to-noise ratio conditions.
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it ASPP BOT3 BiFPN P R mAP 0.5 mAP 0.5:0.95
1 x x x 82.7% 97.5% 92% 52.5%
2 N x X 84.5% 97.7% 93.2% 53.4%
3 X N x 85.2% 98.5% 94.9% 54.2%
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6 N N v 87.7% 99.7% 97.1% 56.7%

FERN BEAE 5 I S s I\ BOT3 Bith)s,
R PIEE T 1.3%, ARRRER T 1.2%, @
ik B SRR AR BTSSR (0 X3, 2 At
BURHRAIE 5 1 B ARG R, KOS S R 1)
500 N BIFPNALHUS, K562 PAIH B R
SR T 1.9% F10.9%, it XA ER:, ghd
%2 B 103 2 B TR AE AN 43 HEEARAS 5 BT 2 1
SURFE, 7R kAT 5 28 15K B 19 ) B 42 s ik
BT 5 I AR MRS B2, PR ARk T 3 A v A e A
ARG THRR 2

44 LYLE

BASIR M Tk 565077 (52T STFT
{6 3 39068 R0 R A 2R A 1, 36T SPWVD
FRY 6 A T AT AT R A D DL R B A S
Jrid (LT SSD IRk B St TR A 2 £t -1
FIEET YOLOVSs [ Bk J&8 A5 v RO Bk AT 22 4 1)
BEAT LEAE, Bk J8 A o Rk AU e A v 52 56 5
WK 7 fios.

MEIGEE R AT LLE Y, TEMCEREIEN R, &
SCHEH T 5 (AL A5 A DL-YOLOV s
RIS T ARSI v 2 S HeAh T AR EE
Al LA A RO FEKIR 2 . EEREEN-5 dBI, A&
SCHREH T AR B T3 T STET Mk 39 £t 1 ik
BTG VR R ZE PR T 292 M 2] R[S0
-3 dB B, AXSCHE H 1) DL-YOLOVSs i 8 5
SSD LA LA 7201 MRS, KRB T (5
SRR S OB M TR 2 RS- dB
i), 53T SPWVD (¥l & B T RIS Al i1

TEM R ZE WA KIEEK; 5 YOLOvVSs B A
b, ASSCHEH B DL-YOLOvSs K6 Il kS 5 o6 =y, Bk
ST FERAITR AL TR ZE T N,

10%
—+— STFT
—e— SPWVD
—6— SSD
10+ —=%—-YOLOVS5s
Fo| —&— DL-YOLOVS5s
Y
iy
e
Z107F
=
=
1073
- 1 1 1
10 -5 -3 -1 3 5
SNR/dB
(a) BRI R ZE
10°
] —+— STFT
—e— SPWVD
—o— SSD
Lo —%—-YOLOV5s
41 —4&— DL-YOLOvVSs
i
73: E
1o
# 107
K
B
=
1073
104 1 1 1
-5 -3 -1 3 5
SNR/dB
(o) PRHA A 22
7 SRR AN TR A T S G 45 R
g
5 4EXRiE

ASCHE T FE T B R B A I AR DL-



- 125 -

BERNE 202545 8 A

YOLOVS5s ik il v+ A i = £ 1+ i . i
ok i K R AR 73 1 5 9 ok I A BE AT AR A AL
B, SR IEROH BRI S M2, $El T
DL-YOLOv5s A5 R 347 Bk o] 3930t 1 A Bk S = £
it i#iE ASPP AR B TE 7 SR HUBEAIAE 5 (K T R FE
5 45 4 JR) R AR M AR R MO 5 TR B R AIE s
BOT3 Bk 51 A2 3k HE R pLH], H B 5
FEAEBRAE 5 BT e I X3, 2wy Bb A 5 e (A
JEANE A A 1 00 s G BIFPN AL HR 5\ X ] i
&, a2 REERHEZ BRI A 2 H 5
IR JZ 1 SCRFE AR 3R B A 5 8 AAs L I R
I B2 kA 5 L SAR TS, PR A 31 4
THEABAR TR R ZE . SRR, 5 HARTT
AL, ASCHR I VA AR RS e L T T LA AL
B AR R SOt T AT AU R A T iR 2, BAT AR
of R

SE K

(17 SR BRSUE 5 R Il S8l ok 5 0 s S AL (D). &

S TR, 2016.
GUO H Z. Research on detection, parameter estimation and
sorting algorithm of frequency hopping signal[D]. Chengdu:
University of Electronic Science and Technology of China,
2016.

[2] VM, B, T, 8RR TOM B AL A AUE T N
SIBTITILL]. HBAE A, 2013, 34(5): 107-112.

SHAZ C,HUANG Z T, ZHOU Y'Y, et al. Time-frequency analy-
sis of freqency-hopping signals based on sparse recovery[J].
Journal on Communications, 2013, 34(5): 107-112.

[3] A% . EAM A bS5 28U T (D). 15 % E %
TRHER, 2018.

ZHOU L. Research on parameter estimation of frequency hop-
ping signal in complex noise[D]. Xi’ an: Xidian University,
2018.

[4] YU L. Research on parameter blind estimation algorithm of
Costas frequency hopping signals[J]. Systems Engineering and
Electronics, 2012, 3: 444-450.

[5] MAY K, YAN Y C. Blind detection and parameter estimation
of single frequency-hopping signal in complex electromagnetic

environment[C]//Proceedings of the 2016 Sixth International

[10]

[11]

[12]

[13]

Conference on Instrumentation & Measurement, Computer,
Communication and Control (IMCCC). Piscataway: IEEE
Press, 2016: 370-374.

FE AT, MO, ZE 0. 3T Wigner-Ville 2345 i 5 24 I8 28 (5
S A HT[I]. B4R, 2005, 33(12): 2239-2241.

WANG Z R, LIN J, LI W W. Time-frequency analysis for com-
plex time-varying signals based on Wigner-Ville distribution[J].
Acta Electronica Sinica, 2005, 33(12): 2239-2241.

CHEN T C. Joint signal parameter estimation of frequency-
hopping communications[J]. IET Communications, 2012, 6(4):
381-389.

fH AL, 8%, ik, 45 BT STFT 5 SPWVD B S # 5
i TH SR ] SRR AR (B AR AR), 2014, 42(9):
59-63.

FU W H, WANG L, JIA K, et al. Blind parameter estimation al-
gorithm for frequency hopping signals based on STFT and
SPWVDIJ]. Journal of Huazhong University of Science and
Technology (Natural Science Edition), 2014, 42(9): 59-63.
Btf, B, a5 B T B0k SPWVD [ DS/FH 15 5 B4
SR TTEL]. MU T X, 2015, 38(1): 50-53, 79.
QIAN Y, MA Q L, LU H B. Estimation method of frequency
hopping parameter of DS/FH signal based on improved
SPWVDIJ]. Shipboard Electronic Countermeasure, 2015, 38(1):
50-53, 79.

HHE g . RS S RSO BN VAR JE[D]. B TR
HOKEE, 2018,

SHEN Y N. Research on spectrum sensing method of non-
stationary signal[D]. Chengdu: University of Electronic Sci-
ence and Technology of China, 2018.

FEATIR, 225N, . 4 o R AR B S I A K B/
UG 5 ZHUGT[I]. HIRER, 2014, 54(8): 1071-1076.
XIYY, LI Z G, WANG M. Parameters estimation of DS/FH sig-
nal based on image processing and time-frequency analysis[J].
Telecommunication Engineering, 2014, 54(8): 1071-1076.
FF, vk, M BT G MBS T S H TR
XU 5 4315, IBAEHAR, 2023, 56(5): 604-610.

WANG Y'Y, HUANG H, TAO J J. Parameter estimation and dual-
network station sorting of frequency hopping signal based on im-
age processing[J]. Communications Technology, 2023, 56(5):
604-610.

SUEERR, BRGIEN, WP, 25 . BT B AU R SR 0S ELE 1 Bk
UG 5 ZHUG T I]. SR, 2021, 37(10): 126-135.

LIU J M, ZHAO Z J, SHANG J N, et al. Parameter estimation
of frequency hopping signal based on time-frequency matrix

LCM[J]. Telecommunications Science, 2021, 37(10): 126-135.



m MREF X

[14]

[15]

[16]

[17]

(18]

[19]

+ 126 -

B, R . R OTSU MR R 45 & IS B & o F1 5
A B RETHE NS R, 2020, 10(12): 121-125.

ZENG C, SONG Y. An improved image segmentation algo-
rithm based on OTSU and maximum entropy[J]. Intelligent
Computer and Applications, 2020, 10(12): 121-125.

7 T A5 Transformer £ 81 i1 e H A2 AL WF 7L [D]. AT
HLTRHECR S, 2023.

LI W. Design of visual Transformer model and its lightweight
research[D]. Chengdu: University of Electronic Science and
Technology of China, 2023.

WA SRR P EAUE S B0 RIS 28U T [D]. -
HLTRHIOR S, 2021

HUANG W C. Extraction and parameter estimation of fre-
quency hopping signal in complex environment[D]. Chengdu:
University of Electronic Science and Technology of China,
2021.

B, BROE, BiiRtE, &5 . T B0l YOLOVS (22 4 i e
TSE[T]. LRERRAER, 2024, 46(2): 329-342.

HOU G Y, CHEN Q H, YANG Z H, et al. Helmet detection
method based on improved YOLOV5[J]. Chinese Journal of En-
gineering, 2024, 46(2): 329-342.

FEJIN, SRFEMr, £ . BT ISR SR T HE%  BkAS
SSEUGTIITED]. O S RT R, 2024, 36(9): 157-163.
WANG C C, ZHANG K Q, WANG M X. Parameter estimation
method for frequency hopping signal based on time-frequency
transform and waveform shaping[J]. High Power Laser and Par-
ticle Beams, 2024, 36(9): 157-163.

HESLW, TR, B, S T[] B0 T /AR A A B GB-
YOLOvSm R AR J5 15 [1]. B 515 B 443k, 2022, 44(11):
3777-3787.

CUI H Y, YANG K X, GE H H, et al. Lightweight GB-
YOLOv5m state detection method for power switchgear[J].
Journal of Electronics & Information Technology, 2022, 44(11):
3777-3787.

[20] EMWIFL. 235 2 WMAT NER A 5 HRED T [D)].

A RBIRE, 2023,
WANG S F. Research on pedestrian re-recognition and tracking
from multiple perspectives in complex scenes[D]. Nanjing:

Southeast University, 2023.

(fEZ ]

AT (2000- D, 2, UM E TR
HLTE BB A, 255 e B
TIEGALEE,

Fa@ (1984-), 5, WL, PEE TR
PR B A R 55 =1 W FE P e 2 LR
EEWIITNHE T EAR G S AR

XM= (1965-), 2, Wl TRHE K%
HF 15 BB 0%, FEM R MO
. EEE T,

LE (1979-), Ui, M, BUNE TR
ReEpIAE TREABEHAL, FEB AT N
I YGEE PR (5L



