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Abstract: [Objective] Aiming at the problem of poor blind detection effect of non-cooperative broadband signal in low Sig-
nal-to-Noise Ratio(SNR) environment, this study aims to improve signal detection performance through innovative preprocessing
strategies to ensure communication reliability and stability in complex electromagnetic environment. [ MethodsY A novel signal
preprocessing and detection framework is proposed, the core of which is the Blind Image Restoration with Generative Diffusion
Prior (DiffBIR) model. DiffBIR model is an advanced image processing method which integrates de-noising, de-blurring and su-
per-resolution techniques. A literature review confirms that the application of this model in the optimization of time-frequency
graphs for wideband received signals has not been publicly reported, making it innovative. In the specific implementation, DiffBIR
processing is first used to enhance the signal time-frequency characteristics. Then the connected component analysis algorithm in-
tegrated with Matlab platform is used to fine signal detection, in order to achieve more accurate signal recognition in the low SNR
scenario. [ Results] Experimental verification showed that under the low SNR test conditions of —15~—25 dB, compared with
the traditional non-optimized method, the detection accuracy rate was increased by 133%, the recall rate was increased by 32%,
and the F1 score of the comprehensive evaluation index was also increased by 139%. These data clearly reflect that DiffBIR pre-
treated signals can significantly improve detection accuracy while maintaining high recall. [ Conclusion] In this study, a set of
broadband signal blind detection technology system based on DiffBIR model is successfully constructed, which effectively over-
comes the challenge of signal detection in low SNR environment. This technology not only greatly enhances the detectability and
identification accuracy of signals, but also shows its potential application in complex electromagnetic environment in practice. It
provides a new theoretical basis and technical approach for signal processing of military and civil communication systems, and has
important theoretical value and practical significance.

Key words: SNR; DiffBIR; super-resolution processing; Matlab; signal detection

0 %I - (Signal-to-Noise Ratio , SNR) ¥ 55 H1 1% 15 5 K& I X6
= TEHBEN M 2B LEmED, T H
ARG ARE L ES ST UG DERE IR, A WA R T A N g S Ok
e H . 2024-05-30; B 10l H 1 : 2024-07-22; 485 M H 81 :2026-02-10
R AT H VU BERHIF 3L 42 (200105)
P2 T A W SR (1999—) , 58 B P 5238 A o Bh#, i, 32 S0 5 07 ) S T BB R RS 5 A6

AR WS, B % . E-mail: 2234134078@qq. com
© Editorial Office of Study on Optical Communications. This is an open access article under the CC BY -NC-ND license.

240104-01




SIS

2026 4 55 1] RS 253 1)

Tk REME AR SNR {55 AL Hh R B R 4 (B AE S
Fe W 7 BT i AR AT B, HfE DA AR B S 1 N A 2
WEFELTE SRR A WE S SR T O R 0y
(7 i A2 Fh R e L I A e ) | SRS X ARl 7 95 e
5 39 55 A5 5 R AR (ELME L 58 2 TH BRI A 5 HL YR
TefF S R FERE I AN o D EAIT ST SRR I T LA
o 2] VORI JEE 2 2] 1205 3 (I S 1] ek AL AN 465 AR
M2 R 2% ) X S8 T YR AE AR T o JERRR I rh R B
@, (EAROR R B s 5 A s 15 R 2% B, ELBE A
SN [, X B BT IR EEOR o BEAE TRBE 7 S HOR
9 4 i, SBT3 (RO AR O
JEwm  MELLSEIE I o A IS AR T BOR 4 & T I
SNR ZAF T Bk L RE , 10 78 52 b i H b 8 5 AN [
JIE R IR R . R, BB A B R AR AR
SNR 5546 F 149 107 T 18 3, R BiE 7870 A #4815 03
P oL

ARG LA BB 5T A SCRE T A R B AT
T o, BUA I AR ARG Bk i R L 2
AR S R I R X AR S TR A AL BRI A AR
SNR {5 56 I Fir , Xof {5 5 I 030 PR 647 T Ak B T L2 S
B e R )G R R R R o R, AR S i R

FH AT A2 By HSE 9 R H K A (Blind Image
Restoration with Generative Diffusion Prior, Diff-
BIR) LAY, X {5 5 18 B A% 12 308 A7 50 Ab 3, DA TG S5 0
XSRS R BE e . 3X — 7 2 ( SNR 7 %
R I B2 (1t 1 T Y SR AR

1 A5 g

1.1 =B EEEY

A SO 5 LA ST R WAF S B Y
A 3L T B0 LA 5 0 T R S 4, L R
HEZRANIEL 1 Fi7R o Ao & DIffBIR B8, i i — By
IRfE B PR B (3 T 5k 22 Swin Transformer
B E 1% & & (Residual Swin Image Restoration,
SwinlR) ) VA } & 2 ¥ # (Stable Diffusion, SD ) 5t #4
XTAF 5 () B A R kAT Ak B A . 2 e R
Matlab ~F & #4745 5 B W, 2% H B E 7 5 S8 Bf
AR T S SR S B AR R R T
(EREE = Ny L LRl =i NS @ BURE & [y o f 1 B £t
W28 F F1 A3 805 F8 br , X 38 AN B A 1Y 1k e a#E 17 25
BVEAY, DA ORI AE SEBR N e A8 AT S R Rk

i A1 4L 2 (DIffBIR 42 A)

Bpnr ||
A T—j»:mwc -

L% %7
(SwinIR)

{8 4~

bz le— o A St )(
dms B 5 e e /

FERL|
873 5

FEERN
A1 25 b el SARRME

Figure 1 Opverall architecture of signal preprocessing and detection
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Figure 2 Flow chart of image processing and feature

extraction algorithm
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SNR/dB —25 —23 —21 —19 —17 —15
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