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Abstract

This paper proposes an improved U-Net speckle suppression method that integrates Inception and
residual structures with attention modules, applied to wrapped phase images with different noise
levels. The proposed method is compared with traditional denoising methods as well as existing
deep learning-based denoising techniques. Experimental results show that our method achieves
better speckle suppression across various noise levels. Furthermore, we performed phase recon-
struction on the denoised wrapped phase images and compared the phase accuracy of different de-
noising methods. The results show that the proposed method can effectively suppress speckle noise
in practical applications and achieve satisfactory performance.
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A BARZ M T OCH T AT R B = 4E AR BRI I SR G ik (i B AR A A5 B R
VAR ZLEZE R, T2 N T AR AR [ 1] PRSI [ 2] 55 8538, SRTT,  HOHE M 75 3 ]2 4 B A%
() — P DL R, RO A TORIR G, RICAEUG AN R AR . O A 2 PR R
(T E[4], FEARALE S ARSI, RGBT FR, EnfmanE R rkmEZR, 3
YR IR ZE . AL, B S AR CE RGN 1 )5 S BB AL BRI S 1, L Z0UEAT A 285011 25 e Ak 3
RESRAFAETA I BB S IR, DR1 L HSCRE R 75 PR 400 1) Ay 2 JE AR v i A5 e e (1) St i 78

F B e P R TV R N =R, AR TOREBE . 29k e BEES P IE M7 EE
AEFRYE o I A 7 40 ) 3 A AR AR TR ek B R A (e A, Al I 22 5k 4 BUR S P R RIS
W P REIN, HIX PR TR ERAEAE — € W RBRIE, BTE X6 KRG EREGE, J5E M LIS iR -
B PR A P DU Ak B BB R 75 7 TRV A 1 K2 » 2005 4, Garcia-Sucerquia 55 A\ K HHE JE S
2 B E G AT IIRI[S5], BORE— e ERRS 7 ER s, HSSEGRAE LK. WA, JERH
¥J{ (Non-Local Means, NLM)JEJ#E H2 tH, 1% 7 ik i@ i v AR Z AR AR L AR Stk P U, A i iR
BT AR BRI FI TR . 2007 4F, Kostadin Dabov %5 A $ H B VLD = 4 €% (Block-Matching and
3D Filtering, BM3D) [6]77 V2 i it G Pk A7 VLD, FIH 3D A2 et ALk B B AT B A AL 2], A 240
O T B P IR B T R B AT S R /N A e AT O 250, ARAS T AR SR (AR A%, /)
B RS SRS AL T A 7S, ETIOR B T E R IR ZE S, 1R T EMEL. 2017, R
WEF NS T —Fhgs & TV IR ZEGN e ) 7%, BE58 T BUR R0, 8 A8 S i (7]
2021 4, FESEAF & O {8 B 284 7775 (Windowed Fourier Transform, WFT) [8], 183 7E Aiidsl o i BL
B PR R 2 B P A, P A e IR A (R EARAL MR, ROR TE =R g e .

LA RANZ I 2%, JEHARURFE S SRR, FERGAE BRSNS | ke, Rl RAE BT 5.
I KB BRI SR, P2 2% R g S % e P B SR URFAE R EAT A R e . TR, kB2
(RIBIE FEFF 46 I FH #8422 B 4 B R R MG 75 . 2019 4F, Hao S8 A$2H T —FhJE T B2 ) 2%
(CNN) Pt & M L], 1% 07 VEIE I VI 2R 2k SUERIG RS B 75 B IR AT #0], 3 T v & g A A v
SRS BUR T  ELAE 1 25 P 2 S X S AT A7 A 1 AR 1783 . 2020 4, Yan 25 A2t 7 DnCNN 25 25 #4[10],
BAE RN 7 BT AR T A AL A o SEER & AR, 17 VR AE 5 2 2k S IX 8RN T e 7 7K P
TREA LM, (HRSULGMIKENAFEAL . 2021 4, Li S ANFEH 7T I AE TR B8 B 28 X 4%
(DBDNet) [11], #id M2 ZRAEREILH], BZ 5T VAERME A ACE NI EBIRERE /1. 2022 4,
Javier #H T 2T U-Net F3 EHIEZHFEMAE M4 LRDUNet [12], F Ti# 1 ESPI 2580 511 25 1 ] f8
BEE 4 B RRE SL I R PR S S B R R R I, AP T —FhJE T Inception & U-Net 25 HE
B G () B M P BTV . I BURISREG IO IR, AR T AR S0 M SRE AR A M N 48 U7, ST
TEA L RBOE R A EIRN, B4R 72 B ER R E.
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2. PSR EEM RISk
2.1. EEAZEN

AL IET U-Net £54, FF5I NIER SIHLHI(CBAM) AR Inception ¥% 7% Bi(Res-IncepB), #E4k
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Figure 1. Network architecture diagram

B 1. Mg ZeaE

&S [Pk 22 R A5 388 B 3 < 3 ARiES AR, 8] 7€ I 52 B (Receptive Field) ] fi B il #5584 6 A
R ET IR TERE J1. BRL, ARSCRA T —Mi3E T Inception 45 #) A B gk T 5% 7= £t Res-IncepB, LAY 5H
FHIERILRE S7. WA 2 Pz dsite i 2 AN AN RS2 BF I 70 SO, Horp 350 3R 1 x 1 B DLIR BRIl IE
HEFE— Bk, IFRRACTE R R M5B YA ASF R BRI AR, alk R Wz =
E VY EHEZ 1) 3 x 3 AR UHATRRAE SR, DAY s AR B0 A [R] 2 0 25 () RRAE R BB R T o B2, & i
HUPRHEE @ 4 P, IS AT B e = AN, BE S I AR S RO AT b B, DA
PR T+ 2% (1) FFAIE 2R R

CBAM RGN 3 fiiow, Al AMAS FEPTR. WEEE M ER . ElEER S,
e Fr AN e BRI R G2 RE R, AR MNEERE. #5E, @l N LEReEER
MO IX S5 S, ARG TE ) F B, MRS B RIE . FE AR /134y, CBAM it B
PEAE R AR R T BIE I A A R TE 15 B (Pt B KAL), A2 s (A E [, R H B
XIFFFAMHTRAZ R o X —HURIA R & TR S BARRE 1) 57 .
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Figure 2. Structure of the Res-IncepB module
2. Res-IncepB &R £E#H

PALIZEZS

P I - R R HRRFALE PR
|

Y

Figure 3. Attention module diagram

3. EBNERE

2.2. MKINGSHGE

KRNI BB B U0 R #4E 24N Python 3.8, CUDA AN 11.8, CPU & AMD EPYC
9654 96 #ZALHEEE, THMF RGP EM Intel 19-10900K, % AFEHiiL GeForce RTX 4090 (24 GB), it
#% 60 GB [IB1T AT« AWML SRS FERERS £ 4 /NEE o YIZR 028 FH AR B0BE 250, Ab3EAg5K KN A
256 x 256 R R M EUGES, JLHEFRRT ]y 0.02 #b. FEUIZRI AR, BLA0LEE A2 i W 2% I 2k AR B 100
R, Batch Size WHE N 32, WIIAIFHAN 0.01, FERHFR NIE 15%M 5% ) 0BRSS AL 2348
FH Adam, #iKEREUESE LiLoss.
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3. KWAMLER DI
3.1. BIRERERK

AR BT B A A R S, DR R USRI A . B & L5 10000
fkEE, o 8000 KA TIIIZR, 1000 K F4UE, 1000 7K FHRlA. BARK AP IR :

1) WIURRERE A i
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S1o0 AT, HAORAEAL LR A BRI 2 R
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3) BLEMALE
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Figure 4. Dataset with different noise levels
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Figure 5. Speckle noise suppression results of different algorithms
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Table 1. Quantitative index values of simulation results

# 1. TEENEIRER

Rk PSNR (dB) SSIM Time (s)
BM3D 8.36 0.27 331.2
WET 14.09 0.56 13.65
DBDNet 2245 0.95 3.15
Ours 2531 0.98 3.34
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Figure 6. Mach-Zehnder experimental optical setup
6. Mach-Zehnder J¢ & [E

05— 0 0. o R
0 50 100 150 200 250 300 0 50 100 150 200 250 300
L
= 1
05 ; 300
. 300 200
zoo i
05— 100 05 i
Ay
050 100 150 200 250 300 © 050100150 200 250 300
d €

Figure 7. The phase unwrapping results after denoising with different algorithms

E 7. TEEEERERARITE

DOI: 10.12677/csa.2025.154072 7 HEHLUREE 5 R


https://doi.org/10.12677/csa.2025.154072

ot

H
48

FESRIG T, FRAVE A M40 M e i, BARRI G Rl 7 B, b 7(a) v CCD AEHLIAHE
EEE, B 1(b)~(e)NEHF I RE TN G R . B 7o) N BATEEE FIER g 1, 5 70N
DBDNet 5 L85 5, 14 7(d)y LRDUNet HiA M) LS5 R, 5] 7(e) v BM3D LM 545 K. MEH
ATCAEH, B 7(e) IR BERITEA B R E 7(b)~()BEMAF, HESZEREKR. B 7(d)H T 2P H —
SEMTE, K 7(c)R BRI, (HERAEMEE 7(b). B 7(d). Bl 7(e)ftt, FEHBRIEAE.

4. BE
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U-Net 228, 45& 00 Inception 72 B(Res-IncepB)AiE & JIHLHI(CBAM), 50 T A AN F N E S
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S =PRI T VEREAT T XS b o SEEREE SRR ], ASCTTVELE PSNR H1 SSIM B B354 T oAt ik . te4t,
T I AR A B SES,  A ST VEAE SRR B R BRSO A T A T, RREE AU A B A
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H B RN AT
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2021030103730007331).
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