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Research on Low-quality Image Enhancement and Object

detection Algorithms

ABSTRACT

Driven by the rapid development of information technology, coupled with the
increasing popularity of the Internet, advancements in computer technology, and the
swift evolution of semiconductor and multimedia technologies, digital image
processing technology has penetrated into various industries and plays an irreplaceable
role. The processing of low-quality images constitutes a crucial part of digital image
processing, carrying significant research importance and purpose across many fields.
Low-quality images refer to those captured under poor conditions due to environmental
factors, quality of photographic equipment, and other external influences during the
shooting process. These images are typically characterized by low contrast, high noise,
and color distortion, significantly reducing their usability. Therefore, to restore
information in low-quality images as much as possible, enhance image details and
brightness, identify key content within the images, and meet human visual observation
needs, researching algorithms for low-quality image enhancement and object
recognition holds great significance.

This paper divides the task of low-quality image processing into three steps,
namely image enhancement, image denoising, and object detection. The specific
contents can be summarized as follows:

(1) Image enhancement algorithm based on improved Retinex network

The network first uses a decomposition network to split the input image into
illumination and reflection components. Then, these two parts are input into the feature
fusion network and the residual network respectively. At the same time, the feature

fusion network is used to enhance the illumination component, and the residual network
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is used to enhance the reflection component. In the feature fusion network, there are
two branches in the downsampling stage, which are the upper path and the lower path.
In the upper path, 1x3 and 3x1 convolution kernels are used to replace the traditional
3x3 convolution kernel to reduce the network parameters and accelerate the training
process while maintaining the performance. For the lower path, the conventional 3x3
convolution is used. After down-sampling, the results of the upper path and the lower
path were fused, and the enhanced illumination component was finally generated by
up-sampling. In the residual network, the reflection component is enhanced through the
residual structure, and the enhanced reflection component is obtained. After the feature
fusion network and the residual network enhance the illumination component and the
reflection component respectively, the final enhanced image is obtained by multiplying
the illumination component and the reflection component.

(2) A robust network for noise removal

Using a Convolutional Neural Network (CNN) for image denoising, the image
denoising network is divided into three parts. In the first part, residual connections are
utilized to prevent information degradation and preserve information. In the second part,
a method combining dilated convolutions with ordinary convolutions is employed to
obtain a larger receptive field, thereby acquiring denser information without
introducing additional parameters and computational costs. Subsequently, the first and
second parts are concatenated (Concat) to fuse the output feature maps from both parts.
Finally, the fused feature map is input into the third part, which incorporates an attention
mechanism. This part enables the neural network to automatically learn and selectively
focus on important information in the input, improving the model's performance and
generalization capability. Experimental results demonstrate that the proposed network
can effectively remove noise from images.

(3) Small Object detection method based on YOLOv11

Based on YOLOV11, the Swin Transformer module is integrated into the backbone

network to improve the anti-complex background ability of the network and improve

v
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the detail information extraction ability of the network, and improve the problems of
false detection and missed detection of small road targets. Secondly, the CBAM
attention mechanism was integrated in the feature extraction process of the backbone
network, so that the network could learn more useful features from images more
effectively, thereby improving the performance of the network. Finally, the loss
function of the predicted bounding box was replaced from CloU to Inner-IoU to
enhance the small object detection ability of the network model and obtain the output
result with higher detection accuracy. The experimental results show that the network
can have high detection accuracy, and can better detect occluded targets and small

targets.

KEY WORDS: retinex algorithm; dilated convolution; residual connection; attention

mechanism; yolov11; swin transformer
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T Faster R-CNN #1 YOLO [t s, 83 7E 2 AN R RUHRFAE ] B 3EAT TR0, SRR
T TR FE AN R B F ARSI . SR, SSD Ay B T AERRAE B SRR B 40 A 1
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normalization S5 EEARIEFHNZRKERE . SOIEARRE /0 IO SR, $2 HH EORE 3 4 5] 3 =X
SECJTIE, DATEAF AL IR 2 40 2 B ARG, X EESUEE YOLOVT #3560 H
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E42H T YOLOVS, YOLOv8 KHIBu#f5 1) C2f #ikfE A Backbone, 2T+ 1 4F
MEFREEER, I H 51\ PAN-FAN 45 #4F1 SPPF Bt i 2 REERHIERL &, BRik
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At mE ML It RE . IR —4F, Wang & APYHEH T YOLOV9 53, YOLOV9 £
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Fig.1-1 Research content framework diagram
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B RIRZ B, WITEAGSN 5 NSERTHEARN BB, IR 45 58 a4k
S s B — AN RIS /085 Concat HHEEEEEK, KW AEE 5 1
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YOLOv11 HkiiATedidt, |8 748 YOLOvIL Hik, #3657 YOLOv1]
W 26 )BT X 48 N Swin Transformer PA & CBAM = JIHLE, T4 A
TYVPRAAESRELRE /7 o i — RAISLIR UL T BT 7 A 2k, BT e B
B E R

¥ 6 BRANMAGSRYE., KEXNEWHAAEMNEE T/AERT T
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£ 28 REEGLEHEXEMSHEHRANE

AR B B E A AR G AL B A S LR B RN S B R, DA e 3 B AR 4
BN
2.1 Elf&ig5E

RS R G A O R A B ) R B ROR 22—, W had s TH R L R kAT
ROPE, g R TR T BRI e ROR o i S A, T DU R AR
TS INIE FL . 20T S NIE M, SR THICET BRI rT A SR ANME B ik me 7y, DU
ERCE AR IR N Re I
2.1.1Retinex I2ip

Retinex HRE7LR — RN A0 R G0 BB, HAZ OB
B iR G 4y S A 73 & . Retinex SRR Q1] 2-1 Bk

@ F

W8 &
S(x,y)

AL

SIS IAR

2-1 Retinex Y H AR & K

Figure.2-1 Schematic diagram of the Retinex physical model

XFRELR Y] BEdwinH.Land 7F 1977 442 H, BEMRE AR RS0

FEANTE] PG HE SR A N OREE XSO S FE AR B . ARG, Retinex HHif

WA, BATF SR BB O SR, & BRI R T3 DR ORI

L PE o RIS B HER Sy, W] DATE A SO 5 R Gox 4 s R IR
M SEEL G s s A A R, HaR ik R n T
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S(x,y) =R(x, y)xL(x,y) (2-1)
Hr, (x,y) Zon BB R B Z4EAL PR, S(X, y) & UE ISR EE, R(X,y)
e SO EE, Hx G EAE MR IEEER, NG EE, 25 KEE
BATIE B o L(x, y) 2R EUR, e BRI shaS T L 5 B E R RS 72 o

Retinex 5LiZ: A% /02 SCAE T M H Fr MG HL T B R MR I B2 e, 3R B O B
%, dEmERE ER AR, DAIA BRI 2 ) H
£ 45 Retinex SHIE AL EUR IR e 73 ff 5% A2 oot Bosk b itk ia 5. it
AMBAE TR AR DAL, B BRI T SRR I R R R, T HL A N SR &R
s SR A (EIXBUE ., e Ahi KB JE B R AR, [FI
JE 4 = AN ARG B AR AR, 1 17 5 R M ABE AN SR 0T I R S S 1 B SR 12
e i AR
log(S(x, y)) =log(R(x, y)x L(x, ¥)) = log(R(x, ¥)) +log(L(X, y)) (2-2)

Retinex IR 7EEMGIG A 2 N, FEARELIDEIRAL S, &
D LA ARG R AR A B I UG I R B €. Billn, 7EBE #5218, Retinex Bikn[
LR T IE AR D 5 LG R s RS B8 1) s 7E 22 B g5 vk, e ] DA B 25 B o
ARSI : £ EHIUN, Retinex VAR LASGE AR R BUR,
PETHEUR AR
2.1.2 ¥HERL & P 4%

RPALE Rl A5 DO 255 2 — i i B ok B AN R SRE BN 7] 2 IR BRI, DAY s s Y
PEREFIVERME RO H R . FoAo O AR IR ZRHE G e 4l = & (H1E UE
BED H5EERHE (IRAFRE, 15 UE B aHgiA 6 BT a Mg &, e
FHERUO A J i A B 7 o RFAE AR 9 2 R & 77 20 AT BL o i, 26—
Fip oy A2 R Rl — A48 BRI BURIRFAE, a2 Al R BCIRARRAE , IXRR R
PR S 77 AR, RSN E 2 R R R, 8 M7 e a AR
T IR £ (R ARAE , IXARE AR AU P DS R R AR, eiidRse, H
A R ZE, I BAFAE &AL A% HHARFAE AR DG M AS o 1) ol L ARRAE R
H B2 T8 A PR AR AE 22 10) ) E M RIAR S, M $REFHBER f) SR B AN AT 55
MIEfRAE )], LR EAs & B R A B R E AL & 1 T i
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2.2 [EM&FERE

PG e 2 BB AL B b (9 — AN B ZEERYT, 15 AN SZ M 75 V5 eI UG P R
JRIE MG . ZRME RS S, MR RO GE R BE i B, RSN E AR, M e Tt
FUMERIALSE ORI RS A RLRIR AN TR . BRitbz oh, 71 2 B A3
AT SAESS o, i o0 5 ) RGBS 2 OB o e 5 1) PR T DA S 2 b S
JREE AP ER, ARRIESR I, HARRI., BB FIEE
221 #kER

¥ k&R (Dilated Convolution) R AZ AL EE KGR, RIERE
I FUAZ HPAE NI, DA S IO ASE 7 £y JE 52 B 1381, 7R A5 AR o 8 I 28 Hp T LA
Pk BB B @ S, A TAE ARG ARSI SR T Dl T IR 58 2 1k
E(E B MHHIEREWERRE, T RERZ T A%, Wity 5k HE T dilation
rate, TRICRETIL R ERRECE . —BORUL, N2 BOUR B2 DA K 98 B 2 45
TR 22 I 288 00 FH 3 B2 Y (R 77, AE, IR JE 2 S UM 45 O 4015 &
%, FEORFESR UK RCRAR 22, 8500 58 B 2 34 I 45 i S 8080e:, SRR Tt
N E- A A0 =0 L N TR @ e AL 151 By | PO 25 T e ok A R ek en oV
DA (i R 26 e 1, i, 35k X708 2 8T Sk BRI B B R/ 9 (4nt1)
X (4nt+1), n AEBHAEMBERIRE, REEEPHEMSEE n N 5, Baizt
FUAIZE I 2 (RS2 BT Oy 21 X 21, SRR SZ B R/ 548 AR AEE AR 1 B R 22 9
ZEAEEE A Z I RS2 B /IR ] o DRI, S A9 5K A AR T DA Rk a2 19X 2% 1R
FE, FTUEARR AN SHIEGL T, R ERZRIRHEE R, Wi 2-2 A

7No

K229 5k% K8 1 () LA F5kEN 2(4)

Figure.2-2 The dilation rate is 1 (left) and the dilation rate is 2(right)

13



23 W YN 2 TR R TAS'S

K 2-2 ZE bR e ERIZ, KA 3X 3. Fik G REX MRS
FRAZ IO TE] R, B 2-2 At ie X R K/ 3X 3, dilation rate J9 2 975K
B, HBEN 1, WERAR Y TR 5X5, BRRZHART, HlTH
AR RESH, ARAHRN 0, EFAT NS, S808 0 il
HE, HEXAY KRB RAE 3X3 ERNSE, HHF SXS5 K2,

222 FEEINH

TE UG e (I R e, I 2 SR (RPRFE B AR ) DA SOGB4 @ R IR S B M R
J12 o3 AR, SR, LETS SR R 10 BB SR IURFE 2 4 I XER I,
Tk Z AT UG IR AG B AR S R AT DO 8 R Ok s T 4%
HEAT BN o SRR, VER VLG AR 2T DASEE, 43 LR AN ] I 4% 2 1]
(03 3 7 BA B[R] — AN W 28 AN [] 3 S NA) BR300 o AN )1 I 248 22 T ER) 3 2 i
S AL T IR 2, AT X 285 47 57 A BT N B0 P AN ]38 43 BRURFAE o 385 v
BTN, X e 2% 2 8] R DU ELHME, SE2 A5 2, A4 s B AR 1 A B RUR
[]— AN 2% HRANR] 23 S 2 B R R 8 R R — AN W g v i 2 AN 49 3, AN 9 S AR
BT AL RN B (AN R RFAE A [F R R R RHE o I8 IV R AL, 1885y 32 [H]
ATDAHEPME, JREE R, I HE SRR B RO v v o T8 BB v
Jiv ARER LSRR AR IS, AR AR SR AT (v L
2.3 BFrEi

A 2 VT AL U — AN BT 55, B 8 I R ST R ) I G
B 5 R 2 1 B AR A o 3K — ok Pl o 3 ik 300 A B8y RS R SR A v E A i) LR
A . B bR A 75 S T B AR S0, 3B SROR 5 1 s LA LR T i
B R XTI ARTEA 2 WU A & ER N ME, Reie A ZERF R4 M B3l
WA BEALFERE, [R5 s R A ie 4k
2.3.1 YOLOvI1

YOLOVI1 J2&—Fh s Bt H ARSI EE:, S0k A B bR AT 45 E i —
A ity 1)t R A 28 X 48 ALY i 9 25 455780 Backbone Neck Head =AM 7 41k,
PR AR /N B K YOLOVIIn, YOLOVI1s. YOLOVI Im 252 /M A . YOLOV1 1
(1) E TR SR I 45 B Conv. C3K2 DL K7 [A] 4 7354k, (SPPF, Spatial Pyramid
Pooling Fast) Z£5Hg4ik. Hir, C3K2 MEbE i/ E1RFE & 3 B — R 518
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R AZ AL 43 H1 J5 BN IE ], BB R LCERE & IR B, iSRS 5
R Ak B B DA R B D [ T B R AR Neck (45 #4438 Conv, C3K2 LA C2PSA 4.
T X e 2 g 2 (] (4 AH ELAT FH AT DARE & A ) 43 R (RREAE I, AT 3 i Ao
BRI AN A R B AR RIPERE . YOLOVIL Hff) Head J2 135 28 B H AAS il 45
RSy, Z R 3 PPN [F) K SRR BN SRS R AT U, X 3 Ff
ANF KN BRFAE B3 B R RS Hy N 3 FRALI B bR, LGRS R R
() H ARSI o
2.3.2 Swin Transformer

Swin Transformer & — 7 N F ZE 40 5 901 Transformert 1454, X Fh4h#)n]
CAE S TH LA DL R 22 X 2% (1038 ] 3. Transformer I IF1E F 2 4b 2 H SR
TS, P L 2R A5 ) Bk R 3 ok B T AN S ) AR s T 45 ) 1 AN TR
DA K B 28 40 5 S0 AL B AR B ME R T R IR R . O T R DX S ]
Swin Transformer K T 732 VE R P Ab B0 77, 120558 Sk G R 7 et
TN, B SRR I ZANZ o AR SN A T IS S, Atk Ty 2ok
AR BB AN R RUBE 5 S 4075 o XA o3 2 S50 B T A0 PR IR Hictls 102 (] 54
{8173 Swin Transformer R&%% 5 1 #h3d& NAL % AF55 . BRribZ 4k, Swin Transformer i&8
SINT & PG R I pLH], gtk B o SN & R, JRERA AR
R, ISR HE (S BARE, X BT #f gk BE B AR 1) i, 45
Swin Transformer G 4% 547 b B AR T IR R i A . LAk, BEALE DHEIR
UK B 7R 77 0 S B R e A BN 2 P R P, A 5N i 1
PRI RS BRI, #—PHET T 2% Swin Transformer 755 3 5 2400 1%
v, BENE RIEHAE A A RS _EREAT @R, I HAUA AR T BUG RM etk it S E
AP o X LEHREE (4G Swin Transformer 7] DLFEAIR 2 ML OAT S5, 046 2 S TR0
145 5 B 1% 5» 254F %%, Swin Transformer H £ 2 &ML (MLP, Multilayer
Perceptron) - J2J3—4k (LN, LayerNorm) #, & O£ L HIEE JE (W_MSA)
LA E D2 K HIER/E (SW_MSA) #i. Swin Transformer )3 B 45y
el 2-3 i
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Figure.2-3 Swin Transformer architecture

£ Swin Transformer i) & H HEE g, BN MARER T E A — 1At
H, REild BEE I E R E DN RER ), JREE R E SRS A F]JZE
FHIE, BAE XRS5 RHE R GEAT B IR —1, el 2 B AN AT AR 2t
BRI P LR . Hodr, B EER RO WOk, LA
FRERAE. BrEULMERE, HESENMEOREESS, BB EONE
R B 45 R E S B SRR R B & O BRI S ' O AR S PR,
ERRAETHE BVE R IR T s & D77 X X EWRE R T8 B S AMY
THBAFE D ARMER, EFEEEMME ORI LR R, LA IR
JRER X A 2 (A KR 5< /- Swin Transformer Block H 8244 ()4 H 2=k 20 nT A

AT~ AT RIE

Y W MSALLN (Y] +Y" 2-3)
Y' = MLP(LN(Y )) +Y' (2-4)

v Z W MSA[LN(Y")]+Y' (2-5)
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Yo MLPLNQY ) +Y (2-6)
Hrf, Y'URE Swin Transformer [N, Y 1REH | MHER M, Y 0%
B2AREFIRL, YRS 3 ARE SR, YUREE 4 MRE S
i, W_MSARERE N2k BiERNEH I mElE, MLPARRZ JZ AL
JZ R A, SW _ MSARERIE 3l & 11 23k 3 iE = 1= Frilir a8 4E, LN AR

REZH—.
233 AR HERKEE

FEREAT H AR A AR b, F00I a2 FAHE (45 5% bR B0 R 140 R B o et
(R FII3 FAE L 2% bR B2 ToU, BI85 FAE 5 Tl ids 54 2 8] i) 28 I EL, SR,
4 LS FE 5 T A 2 [R5 A8 SR TOVE T EBRRE o N T R XA [
Hamid 25 A2 H T GIoU (Generalized [oU) 50325, %5258 51 A\ T FAE
AN IS 100 SR F) B /N FMEEHE T SR SR T 320 SFAE « B 512300 FMEAE AT DX 35k £
H, MR TP B AR B S G AR BRI I8 . RS L, O e 5
LI FAE B B LR IR FIWT . A T R PR AN L, Zheng 25 A0 H
1 DIoU (Distance-IoU) 5 EAR, 1250518 A\ i FAE G 5 5 sl
FHE H o st 10 BR 2 2 8 s SR A2 5 RE R L S o SN E B R Y . SR
DIoU 15 Tei AR I R /R B R T LU AR AU, J9ULAE DIoU frJEAN b it — P4
H 7 CloUM™! (Complete-IoU) , CIoU 7E DIoU FFEAE 8 1 K % L A 78 51 701,
H HL A R T 3 FUHE R O a5 B B R A 2R B B, D] AT DR o Aff B R i
HE 5 T 30 A 2 TR AR . SR1TT, CloU A/AME KB, Il RIRE ML
[0 244 77 50 35 25 5 Tt 320 S AE 1) 55 v s G 2 TR AH S BRI 7 TR0 38 A o O AR
AN, Zhang 28 NUEH T EloU (Efficient-IoU) 3%, iZHELE CloU )3
it LA T St e TN S AR L S AL P DA L 5 e R - PR AN TR R
B, TR TN AR B ST FAE AN B, DLRAS SR AT I 45 R, H
#& EloU 75/ H AR RS AT 25 Fh R IELZE o 7E 2022 4F, Gevorgyan 55 N H T
SloU (Soft-loU) §ik, ZHEHE 1AM UK, 8 A ERK. e
TURFIIARIR e = AR 43 RARAGL FAES S, (45 SToU 43 5% bR BT DABLIF 1)t
X G AT /N H Ao L EE T X RUBE AR A IR U AS J2 DA S5 = B 2 TR AL
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SloU Tk ixt B AR N EARB K IE L. Kk, zhang 2 ABY$2H T Inner-ToU
Bk, FEIAAE ToU MRl b5 NFh Bhid FHE MRS, i 4 R AR A [F) K
NI BIA FHER R . Tnner-IoU AT LLEFXFANH] ToU (B IFEABEAT AL,
M AL /N H AR BRI e 7 o
2.4 BTN IEIR

75 GG 9 DA S PR B (1 2 L PEAN o R FH I BB R LE (PSNRD DL &HY)
FRALE (SSIMD AR PP FE RS, e i (45 M L DL K S5 R AH ADLRE ¥ 72 L5331
A ARIR A

PSNRleIogl{( In__l) } 2-7)

MSE

(26,8, +d,)(20,,+d,)

SSIM (x,y) = (62+¢6, +d,)(c2+02+d,)

(2-8)

Hot Ly AARBINA, x Fly A2 RGN EE, e e, NHME, o2 Flo;
y\jjj;"g:é’ ny y‘j‘l-jj‘jjﬁy dl = (kll_)z ) d2 = (kzl_)2 9 L IE]!‘:'{%%%{EEgiJJ?{&ﬁ’ kl =0.01 ’
k, =0.03

£ F BRI B0 2 P o SR PG FEE i s LB BE SR bR R VAN SR b o K5 FE 95
bR mAP, &I VIS LA SRR FPS, $R D AR 21 1) &
k. o mAP AT DU R A A Rk

1 N
fomp = WZ fAPi (2-9)
i=1

Horr, NOUHARISENEL, f,, AR DS MER AT E, TR 2
&Ik

1 n
fag == 2P, (2-10)

n j=1
S, nFRIA B E KX IR, P ) ZoRATH § 2 BRRSEAT IR0 4 T,

55 ) A H IR T HEF R R ORE, Hoh P AR W RLAH LR A AT Rk
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NTP

__ N (2-11)
NTP + NFP

Ro— N (2-12)
NTP + NFN

Forr, Ny B = U BB A R IERE AR SR, N, R RE 3R U0 BB AR
AREPFEARLE, Ny R gt sl i IEFEA SR .
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% 35 HTF M Retinex MG E G 1R E %

BRI o2 458 — RIIBOR T BOW BUR AT AL HE, & AE4RTHAR MR AL 5 5T
AR H G P B RR e REAE, DS B A 6 2 S5 SR 23 i A AR B ) 75 3K o AEAI 5T I
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(07715 B BT B 7 B B 71, 1M 2R 07 32 Je 0 1R 8 LT R o0 A ok
WAL BRI ZIRAR A, I sE T B, ST BT B I B 7 i A 3L
(B AR TROR M 7 Bl B 1 s o) LU B2 A Bk i o BRILZ Ah, FET Retinex HER Y
SRR A, XL BT AR, ERS IR B IR
bR TARGESRRAN,  H TR0 ) R IG5 SR IR 5 2] B0, Huang 258 AP
Fgdt 7 —MRFETE = IHLH 5 Retinex B 7Y (ARG B2 R E 9im I 2% o 167V 4A
i By = LD R DG IR DL, BRER IECR R E S,
T 3R B 5 e 1 MG o IR A7 T A 38 R 38 e R AR A S AR5 R AR 1B 7 THT R
MO, SR 95 ) EUR AT AR AT 10 R PR DL . RS AP St —Fhie
T Retinex PRt H A XU F = JJ1#) Transformer 355/ 2%——DARFormer, 1%
[P 2% 1 Y HE A TH X 28 55 F R AE 52 000 2% 19 8 0 ) o ' LA T DX 23 1 T IR S B R
L R I, DASEIAROE I R B e PG o s 4582 2 I 2% DIl i 32 F i A7
3R]y = A TE VE & /1) Transformer ZERRARAL 7 BE 3G 08 f5 1) G P &=, (H
& LI f5 1) 45 RAFAE H AAVER I A) @ . Priyadharshini 55 AP H T —Fh A
TR GG S8 PR FE 2 ) 07325, 7 Ea KN BURREAT P4 Ain A i
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CLAHE FiAb3, BCEmBEMER: M AR st Water-Net CNN, 18 1d 547
JEFURF ARG e AR AR AL AE, Wk D (e (i 22 RIS 45 400 s Jo i W R AIE 1 5 T ddk
HEG RS, At g, R R G R B 4, ST .
o2 5 i P 45 SRAEAE M 7R 22 (1 1)

AATHET Retinex HVE, ¥4 Retinex FiE GRS kg &, fe—MH
DA 5 A0 5 PR () 438 55 9 25 -FFR RetinexNet, it A5 LR :

LA S AR IE R & 45 5 Retinex MHZE G IIT7IE,  FEAE FRFAE Al 19 25 b
H Retinex 73 45 7 fift tH 1B HE 2y B

2% PR ZE P4 08 S S o3 B HEAT 1G5, DT SRAS SE L IR G 5 45 L

3AERFIERL& X 25 (Rl i B2 AR oID N AP, A 8 m] DL 32 1 96T
HEMEE, &5 M RRHESE IR
3.1 RetinexNet [X4%

TEA/NTT R T RetinexNet iX — 3245 . /BN 4VK Retinex FH& 574
JE5 IR S & 150, RetinexNet DA f5 22 1) BRI R SLIL BE5E [ BLhill, AETPT
it PR iR A A R AE B b AT DA RN BSO3E 1) o R B 015 25 R A0 B 2
] REAMY 22 25 N SRAN G IR DA, 3B 2 X VF 22 2T IR e IR A PR v T 55
PURL B S M RE P2 A ST RS . T RetinexNet S REHE A BT RGN EE
J&, [R5 AR B 4015 15 B

RetinexNet H P M Z DB B 4 i M 45 (DecomNet ) F1 1 5if ) 2%
(RelightNet) o 73 k2% HI TR A R 70 i o B 7y A IR > 5. 7RIk
AR, Rk = SR BRI B “ HSEAR2E” (Ground Truth) , {Hi#
o B SR I L0 R A A G ORI IE 5 G R B L 22 I S i e — Bk, DA
SRR BRI, R R A IR RS IR M AT Y e 72 23 A 45 (R L it I,
B8 5R A 28— DR o B AT SR R, XS SO AT MR AL . e
LR SR S O B O B B RS B SO Ay EA SR, 19 B R A G R KR .
RetinexNet HJ BARFIEFARINE 3-1 Fos.
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Figure.3-1Algorithm flow of RetinexNet network
RetinexNet | IR 2 2] BLA R 5K RE ), H s T B I Al A o
M2, MMISEIR A= R R BR I, R S5 H A 3-2 fos.

5 FR 45 TR 2%
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Figure3-2 The architecture of RetinexNet

RetinexNet ZEF AT 41730y 73 i WA 2% . 38 9 [ 45 55 B A I 28 = RAEE . 73 i A
2R AN DT AR AT UG TP B B o DGR B, 1 9 O 4% 0P TR S o) B R
AR IE GRS B (R o B2, T B A o) 2% 0 35 T Ab P 5 1 20 B P AR H AE DE DGR 1Y)
K&

SR I ERZ . AN ReLU U BRE B FUZ X —4 Sigmoid ¥
T RR B B B R 2 AR/ IE B OB BRI O AR v, FR L =S80, E
1o 73 ) Ak B A N AR DASRAS IO JEORT T 8 D6 BT 1 SR SO B/ & . RetinexNet
I I YA B 22 A B AR SRR R AR A P e, LOUAL B AR R L
S0y B — BRI BP0k = R, W T s

L = Lrogon + it Ly +Aic L (3-1)

loss — “recon ij —ir i
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L= > |VIieexp(-2,VR)| (3-2)

i=low,normal

I‘recon - )3 2 A ij ‘

i=low,normal j=low,normal

Riel =S, Hl (3-3)

I-ir =||R|0W_R (3-4)

normal ||,

HA, Lo Lieons Ly MK L AR ESUR . SHESFEHIR . EEBR LR
S-SR, o NIBTUEMR, A PR AP AS RIS R A R H vV
NBREETHSERAE, L DI &, RO &, A SRR L 1T R4
FHF PR LA, exp(—h  VR) FT7E SO 70 B B TR IR X3 98 -1 240K
S, NIEIREG: R, MIOCHEBRII S &, R IEH CHEER N S0

EAR, 7E RetinexNet [RIHETRIN 4% B, 1] 5414 RIS, RetinexNet 3% ]
BM3D S35 7 B ORI A 5 Bt 2 B35, RetinexNet #%E
TR R G R 2%, (I 46 AT 4 BT DG IR M ) SO R kT
B B TARTH I & R B R

B2, RIS DL RS RGBT, SRR AR 1 R
3.2 U-Net %%

AR EE P BE 2% R R AL RS WY 2% 09— FP S U-Net 2544, 1 U-Net tiiki
Ko U-Net Higifthds CTHRFEESAR) MPEADEE (L RAEERAE) PB4, W%
ARE U AL, IS4 U-Neto i%M28 0] DL FAE 2408, Bl 5 &
KRG IG s, F 25l 3-3 Fw .

£ U-Net /2% () g 28 B Be, BEMEAE U-Net Hodid — R E IR Z BEATRME
e, B 2O S PINH ReLU B0 BB G IR LR it B AF  BlE W2% 14
TN, RPAE B B RTS8, TR FEE T A BT e N, JF DL SR S B
GO HTE B S TAEMRS BT BL AT a5 g i 2% R R DT 4G, 8id L
KAFERAE (A SGAD BB IR IR B RST,  [R I AR A 1 K B T
o I HAERE D FORFE)S, I BRARIE 10 2w L 25 AH LS 4 HA) B HE R AL 11 5 A
R 102 A N IE BB AT PHE . ARSI e — R, SRR PR S
LRI IETE R Dy 3, TR 4G 525 /) RGB Bl{&
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K& 3-3U-Net 4% 45 ) K]

Figure.3-3The architecture of U-Net

3.3 ETi# RetinexNet M4 HIE & ILiRE %

TEA/NTT TR N Z8 280, B0 1 A OB 4y, BV 20 il DX 8% 15 34
SRPIZ% . fKHE Retinex Bk, BEREWHMART &2 UL RIRE &, H,
FpE oy R R TR B S JE M, D R SR B AR A AN B BB o 2 )
H BRI B AR OLT TR 5E , SR RIEE DA S SO ook Bk . T 3
FEfil, WREE T SEAE B Al I 2SN B A A R B RO o . BES,
XS il N B AERE & W 4% (FFN, Feature fusion network) L5k % X 4%
(RN, Residual network) ™, [FJI A FHRFIE RGP 2% 3G a8t Ay &, (TR
IR 28 G0 S S 0 o FERFIER A 2T, 76T R B AN 4086, 70l Bk
BRI, EEAEKA 1X3 M 3X1 FIEBZARBEESEN 3X3 BERUZ, P
SIS SHOIE IR FE, R REEERE. X T TR EgAE, WERAAESR) 3X3
B A RIUIR R RS, B ERAAA N S E i b g it Tal &, saan
FRAE Bl IS bR e 2 AR G 0 OB o 5 AER ZE N2, dd e ik 22 5 f ok
SRy S AT H 5, FEIRAS G 9 S 0 SO B FERFAE RS 2% DL S Bk 22 Y 2 43
BGRB8, @I B A B I B AH R IR A ¢ () 3 5 1]
%
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3.3.1 LkLE

FI & X 28 EH P AN 508 70 2EL R, R 29 fide DX 28 AR 8 i [ 2 . ELAR 25 K4 T 1) 3-4 B
Horb, FEAM RN b, AR IR R A LKt I 4 1 5 TR U AR Sy ot B i N
BIMLE . 4R el — A 3X3 B2 IR BRI ZRAE. B, FIH
—ANMLE 5 2 3X3 BRUIMGS, L Leaky ReLU 1FABGE KA, KGN
e EAIR S B, #, B A 3X3 BRI ES BRI RHE RS
A EFEIRIE . 55, ] Sigmoid BRECRE s S R R I 5 22 A8 V3 — 1L 2
[0, LJVEFEIA, DMEEERACEE . S o0 At 09 26 th 1) 06 B O3 8 A SR 2 B i
N BRFIERL S 0 2% LS B 22 W 2 v, L Rp R R & 25 B 5 P 2% B8 42, 2008 b
HARFT B84, EERAR AR DA T RAE LA A 1X3 B 3X 1 HRAH
iy FEAETERETA 3X3 BRAE. E0RETAE)E, K& HEELHE
JEAS IR BE MG DR, i [ B R DL 3 oL b B R &, 72
Al G AR AR AN PRI R . DA B AR LR DA R b e . 72 i
A SRR AR S IR B MR ZE M P K MRELGH, A+ K
N4, BATREEMTREE A 3X3 B, TEIE IR 2 W 2% 1 05 SR 15 1
Ja R i e E il O o B D R A A TR AT e A B R A

Enhance-Net
Decom-Net
IIETENRIN -R :
Normal . 03:‘, 2|2 norma il
illumination 5 W |...|T WE WE H
image cllE z|°||2 Enhanced
8] 13 > tnoma | imge
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. S b BE hEH
image ERKES N8 fe
2 2 &
51 8111 b o
“: (13 3*1 BN+ReLu) 2 : (3>Bconv+BN+ReLU) 2
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Pl 3-4 IG5 ) 2 45 14 1]
Figure.3-4 The architecture of Image enhancement network
3.3.2 FFERL & 4%
RFAERRA W2 b HS R P AR AN IR AR, 02 FERE A R R . T &
FEAT, 1X3 BN 3 X1 BRI H G A TCRRAE R I /N NGETE S, AR R
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H1X3 BRI 3X T BRMALEJEA A T RAERIE, 12 N RAERE S LA
UTE AR, R EE R, AR 3-5 PR SRR, £
BRARIAL B RE T, 3X3 BRIBA S SR RHIE B NN AEIE S, IF HAEREP
HAEMUEFIFESAT A T RAEERAT, 12 T SRR R R 2 SRR 11 98 = 4 Dok —
¥, IR EHOR A

FE73 AT DU RAE UL B A B G » 2 70 B0 P2k AR HEAT — IR IR
BAE, OB ERFIE R R 58 = B, EIEROEA . HE R A A B RS
BURSRAFRF AL DL )\ VR SR A5 IR B B R OR , Reh3eJm I 45 R
R I R SRR RS AR AR 2 R EE B, FEE DB
PHRULUGER ISR, BERE R0 KN, IR 5 R0 &,

CxW>H

1>3Conv
3x1Conv
3x1Conv

3>3Conv
3>x3Conv

A 4 A 4

FRA FRH
2Cx (W/2) = (H/2) 2Cx (W/2) x (H/2)

a. b#g1E b. FigfE

Kl 3-5 JRFAEfik £ [ 286 AN [] B A2 R R ALE B RST AR 40
Figure.3-5 Feature map size variation in convolutional blocks
3.4 W5
ASCHT SIS A R B N3k 3-1 Fs

# 3-1 LIGIAIE R E

Table 3-1 Experimental Environment Configuration

ARl BESH
WIEIES Python3.9
CPU i & Intel Core 19
GPU it & GTX 4090 Ti
BATNAE 64G
BIERSR Linux

R SIHESE PyTorch
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3.4.1 KBTS

LOL-V1 (Low-Light Dataset Version 1) &/ F T ' [ BG4 5 Bt 70 10
FEAREE, A5 500 SRR/ AEHE GG, A0 B B ROG IR MR R 0 R
IR IR MR AR, B89 RGB M, &0 BRI FE K/NA 600X 400, X
Be PR OR 2 A TR AR 25 A, I T & 35 FEUIZRB B, 8 {3 485
X EGAE R INZREE, TR 15 XGRS, H T IR I Re .
3.4.2 JHRLSCIG

M Retinex [V, — M@ EME AT DA IR 0l B o 8 R St 4 (3l A
Tk, 43 S FRRAE RS 4 R0 2% (FFN, Feature fusion network ) DL 5% 2 M 4% (RN,
Residual network) 38§58 73 &A1 SR 70 &, FRIGIG 55 (106 IR 4 80 S 70 =
FRFEARAT fpe 2 538 J5 1 BB o Sl XA 7 AT DAAT 280 e 19X 28 S A1 5 AR ) 8
BT X I B 10 24 R 2 3 I VS o S 3 AT A

N3 3-2 ffios, e FFRRetinexNet Jy4 54 H (39 5 % 2% ;. FFRRetinexNet
without RN JJ7E RetinexNet FrJEEf] b Al HIRFAERD & W9 £ AL BEOG I 20 &, AN
B 25 I 48 M B R 0 B 1R 515 FFRRetinexNet without FEN SA7E RetinexNet ()3
filt AN R AR Rl A D 208 AR BTG R i, R T e 2 ) 5 A 3 S B 4 B P 7 95
RFFRetinexNet A& 6 {5 FRFAE Al & 9 26 A0 31 s S5 40, 58 FH A 22 X 4 Kb B HEL
BIIE. WK 3-2 WLLEH, ToIR R RHERE G P 25 14 /2 5% 72 ) 2% 5 T DL i
FFRRetinexNet {76, 1Mi%FT REFRetinexNet, FIT4HFEflA %% 25 % () 50E
FFE B IG5 2. 248 PRI R 2 P9 2 338 50 S U 4 B, & S e & 4 el A%
ML %5 BN, FIIL PSNR 5 SSIM {H 3k L% .

® 32 AT 5T FFRRetinexNet 15201

o

Table 3-2 Impact of Different subnetworks on FFRRetinexNet

LAY PSNR (dB) SSIM
FFRRetinexNet 21.24 0.779
FFRRetinexNet without RN 19.88 0.759
FFRRetinexNet without FFN 18.94 0.737
RFFRetinexNet 14.25 0.587
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4 T FBIGUEAS [F] T P 28 %7 FFRRetinexNet RS20 4k, b 75 BIGIEEAF B4
WX 2% HhyE L] CAB) BIsei, BARSE BNk 3-3 Fis.
% 3-3 VEEJIMLHINT FFRRetinexNet Fr) 540

Table 3-3 Impact of Attention Mechanism on FFRRetinexNet

ki) PSNR (dB) SSIM
FFRRetinexNet 21.24 0.779
FFRRetinexNet without AB 19.65 0.747

AMEEL 3-3 W UL H, FFRRetinexNet bt 25 Btk ik fi £ 04 45 ik 2 LI
FFRRetinexNet BRI PPN 85 #HELEL PSNR, FFRRetinexNet Lt 254
R IE A A X 2% i B U WL FFRRetinexNet 7 Y 7.5%; M EL % SSIM,
FFRRetinexNet Eb 2 RFAERA& 0 28 Hh i3 2 J7 B 1) FFRRetinexNet &1t 4.1%.
3.4.3 XMELEEE

A1 1% RetinexNet. Kind DeepUPE. U-Net DL & LLformer 1F A% Eb 52,
M TE B A KT 1t 9 7 THDA AR5 5% FFRRetinexNet BEAT 1 REPEAl -

T 3-4 ARGER SR

Table 3-4Compare the results of different algorithms

it PSNR (dB) SSIM
RetinexNet 17.64 0.711
U-Net 15.58 0.610
Kind 16.66 0.736
DeepUPE 17.28 0.507
LLformer 2341 0.800
FFRRetinexNet 21.24 0.779

mFE 3-4 P, BIAAMEE Liformer Rk, ATHIERINEZ. HY
RetinexNet. Kind. U-Net UL & DeepUPE iX JUANSE33AH LU A 5 S 404G B b i 1
fE. 5 RetinexNet AL, AXSCHIELE PSNR L& T 16.9 NH 4 A1, 1£ SSIM L
fem 7 8.7 ME A 5 UNet AL, ASCHEIELE PSNR B3RS T 22.6 A5
M, fE SSIM B4 7 21.6 NE A 5 Kind AHEL, ASSCEVELE PSNR B
T 215 ANES S, fE SSIM E#EE T 5.5 ANH A 5 DeepUPE ML, AXE
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JEE PSNR B T 18.6 MEZM AL, 1E SSIM E3 T 349 ME A Hrf,
55 RetinexNet F145 5S AT JHIE T 1 215 chodb 39 i S0 (0 T 4712k

JR 46 Groud Truth

Kind RetinexNet

DeepUPE U-Net

LLformer FFRRetinexNet

K 3-6 ANRISERISE AT EE

Figure.3-6 Compare the results of different algorithms

29



74 GREIN 2R S VAT

JR 46 Eg Groud Truth

DeepUPE U-Net

LLformer FFRRetinexNet

B 3-7 ANEVE R 25 R b
Figure.3-7 Compare the results of different algorithms
bk 7 e m o rsh, BT EXS FFRRetinexNet A7 @ M, ARTTXTEHL T
RetinexNet. U-Net. Kind. DeepUPE. LLormer UL/ FFRRetinexNet [t 33 2 R
K, @l 3-6. B 3-7 Fran, 5 LLormer #HE, FFRRetinexNet [FJ#E4A%] LU L
7, ABAF A ST LAAS tH, LLformer FUBG 58 K 7 5L REANGE H AR, A L8 X300 LU
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i, MR, ARG MR R TE B R 5 T A B A R T iE i W
%% RetinexNet. Kind. U-Net A& DeepUPE 2557 ANAfE K B, 13 S8 550k (1) 4 53 [
B AAEN L EZE . RAEUAANHRIMEBR, SREFEMLL,
FFRRetinexNet FL 15 HUF ) F AR L LA B HLBE A S AR AIL B 380 R
3.5 KE/NG

AT, BATHRE T FFRRetinexNet HEATR7 B4 15% . FFRRetinexNet
ERREE VNS G APt VT = Ol V=PI L SE LI s PE A K 1
RG4S (FFND FBRZEMZE (RND BETALEE . TERHIERLG ML, JLRE &l
R ORAERY B 2 B AR AT A0 3 . R AR A 1X3 R 3X T [ BUZARE M
(¥ 3X3 B, DABERM LS SHCEIFIN PRI 2R, I ORIEERE: R ERAE I
LN 3X3 BRI, SRR, & B T a iR G It JhE
o FORAFE A I B S R R S s TERRZE WA, SO o B I i 2 S A AT
SR, FRRISESRE SO o B B, KGRSO IR S B S RO oy BT, AT
EEFSE2 P

IS RR W, I E RAE M 7T KA, FATHE H 1) FFRRetinexNet 7£ ]
153 58 77 THT A LA 200
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PR B 2 PR AL B PP i — > B2 B AR AR5, B AR D B i
M7 ASE T G B, 1 (58 2 i) B AR O3 A AR

P GE B M TR B PSR 2 (S8 AR AR SRE 7 o 2 (W) 3R I8 L xt
BER R AT ERAR, WEEIER. =g YOG IE R AR EIE PSS, A AR)E
FREIE (NLMD S8 1 4l 3R G0 R AN 4 JR 45 M 15 U2, £ B MR P[] I s e 3
OREE T BB AT o R I I U3 I o B AR L /N AR e S5 T 1 K PR (R e e B
PUSEAT e AL B, P S R AR R (8] 25 [B]35, BM3D RS & 1 AR JR i g A
INBAR R, BORGZE o AEGUT IR BSER PR, (EFEMRCRA IR, Lok B ER 40
TS S .

MR, IR 5 ST BORAE BB PR U AS 1 SRR e o 3 TR 22 T 1Y
PEMR SR, CHAGRIPL ML, EIERE. AT LB &5 2R B 7 i T4%
GiJ7ik. SR, CNN INZRPAFAES B P B AT AR I, 3500 7 I
kM. Uk, Christian S5 NP 7 HUACHH—46 (BND J7i%, @i H—
RN, TN, $Rm M RIZ AR I ACSIOEE . He 55 NP ARE—
DO NREEESL, 4t BN, o THREETH R AL, (8 2% e AT ROt AL 6 =
FRIEZIRE o FRTH P48 %) B R MBRFAE A SGTEE, Tian 55 ANPHR IS SR
WL B B 53, I8 F G R SR T TBCE, IBUAR BE B R AL, AT BE 4 3
LR IR B 40T . Wang S5 NP T —MXU7» SZ R 4% DulNet, T B F%
Mo XA R HE R SO G 25 28 70 2, JE I A5 B A B B Sy
EILEE, FESI AR DD RE LASR T e MR AL 58 BT 5 . Zhang S5 NPT T
— MO G G P4 TDONN, Sl S BSOIRHE . TAkdn™y, Jhasa
SRS R AN 5 AR ZE IR A 5 R e B, 3t — 2D R T 1M ROR, R 1 R4 .
i 5 NS4 7 —FhJE T ONN IS 6 UG B e ) 4%, 388 1 35 F7 2 A7 R
P SIAARER, R TIE Y6 5k 55 A MR AL B 25 BRI 75 - DR B A 1Y, BRe 20 I A% G R
HAY TR R (H DA RS A d T A IR S BN S K

DDA TR, AR 3 Y — R T 72 2 ST O UR BE G AR e W 2% 1 25 B
PR PR o i SO PR = A
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2 R KB AR il A R R F DA SR B A 77 3, FEAE RS AR E A it A e
MY kBB EER, 7] IEATIN G A B BN G T, SRIGHE
InEERE R

3AEMZE R INE R I, FER R R IR B 2 T S NI LR BRHIE,
AL RN 19 3302 =] 3R 3 P M SN T 0 B A ., R T X 4% )R A 42
HURE ST, M T D00 25 i) BAEge Pk
4.1 BRDNet ZM pa 4%

PRI 1, i 232 4 (1 07 SR B AR N 2 i D I — AN B, — AN
TR W 28630 5 AR = A2 BUR R VIS0 B DL T B FE AR
WTTVEL R A8 PR B2 25 20 T 10 25 2 PR 25 Mg &g b -+ LI 7 20, AR TTIR
JEG RN A AT i, Bl AR DA % IR R 2 ) 25 M R 48 3ok T S B0 4T
TR R A . Fe T, BRDNet [0 26 [X 1) 5 30 2 06 10X 286 i) I 28 58 P82 A e (14 7 11
1117 2 ) i P < & o BRDNet W 2% 52 — Rl A1 2% I B ARAR A I 2%, 3X A
TR 53 R U BT AL B, NG AL B 45 PR, a2 S
% . BRDNet /2% B 45 w1l 4-1 Fios .

BRDNet G & PIANT ML, I IREEN 17 JZ. XPAT M558
A8 FH 308 5 RRBE AT AR AAE SR BRI 28 AV 7 5K 5 BB AT R AR SR L) - I 4%, X
TP 245 ] BT 22 A0 I 265 P N BV A B o 50148 F 7 e A AR EA T R S B
T, 17 ERIMSEERTA 16 EAWAALEIE—{ (BN) PR ReLU
BoE R ER)Z, 817 BERAERE, HE R BT YIE FRHIE S
W T TS sk SR BAT RS 7%, HER 20 9. 16 JE N fibid
HIH—4k (BN) LA ReLU UE R EIERZ, 517 2 RERE, HRERW
A ReLU WUH BT KBS, HH REA SIS F R IE ST 52T
0 25 S EUREAE (P RE o 7EIX A1 48 A 3 58 U 2 5 3N B AT — A ik 2 4
5, HERBIEEE K BERKPIAT ML 20l SRR Pk ok, did
B RUAL TR i T 7 R PR, e N PR ek 25 e 7 LS PR R AR i A 1 2
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Figure.4-1The architecture of BRDNet

4.2 BRI R FRMLE

FEATTH, KA 4R B B R 25 RSARNet, 2% RB(FR Z L),
SDCB(# K& MEERY) . ABGER Y)Y RCB(EEMBHY) ML, fEikZ R
Berf, N T IREGE, BIEE RS, AR BAEER BT UEE, Winarh
AL RE R 2R BITTRFL; A SRR, R KRGS EIBEHE X
A5 P A SR BB RFAE s 3 A I 2% (R S, R AFEANEIA T 5| NS KT
AT IR OLR, RS I RAE S, M EA3 M2 T BLIE 7022 > R 1 )=
FRAFAE AN 42 JRIRFAE s B A6 PR 0 A% N IR ZERE A Sk G, FHEIRAS
45 RET Concat HHEGEK, HAHELPHE)E ML R NER S, BT
JIREERE, W UMEAR R4 BERS B St 22 S IR R S OO E R A T I EEE S, 17271
2% B RS LR IBE /7, AT TH 25 1Y) B e B, i B I J S M BRAS 1) B 24 1Y)
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4.2.1 MEIRFRLEH
BT R 256056 RB. SDCB+ AB DL & RCB VUM, H a5k un & 4-2 Fr

ANEBE N AL 23 RO 1 S5 05 B R DL S 2 B, o e s S P AR .
A W2 I SEDLE R AT R A R

I =1,—1y
IR :IO_fAB(fRB(IO)+fSDCB(IO)) 4-1)

lg=1o— fRSARNet(IO)
ook 1, MR EE R, o faon Froo DU Faoume A BV ZAE R I
e Fr g i A

RCB

S

conv

Io: FURER Iy: TREBKR 1. BEHERK
P 4-2 [ el X 2% 45 g ]
Figure.4-2 Structure diagram of the image denoising network

4.2.2 BrEER

FEGRAIPZ 2% b, G P2 R B BN, W28 (R E 0] TR E R S i 4 18
BT SS I AE 3 B 2% T2 B A ) R B R P 4T, AT DRSS P9 45 R R AR S
WRET) o AT IRPE — ), AR5 R ZERRRB), 1B 7 70 F) 5 22 AR
B BN E R, AT AF IR B R T R4S, SR m AR BRI SR BN BE ). %
BT YAk 22 B T AN — AN AR 2 R R i, RNk Z2 B n it LR
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Figure.4-3 Structural diagram of the residual module
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Figure.4-4 Structural diagram of the Sparse Dilated Convolution Block
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Table 4-1 Experimental Environment Configuration

WE I WEZH
IS Python3.9
CPU AL E Intel Core 19
GPU L& GTX 4090 Ti
BAT A 64G
BIERS Linux

IR 7 S HESE PyTorch

4.3.1 SKIHIRS

AR R I SR 5 43 A P BV U B AR e IR e 4 K P TR
B MR 2 6 PR 1 R SR R B /2 BSD400, —FEALE T 400 SRS K, X LETR
FE LR IR/ NS 180X 180, 048 A2, B L RS Fh 2. N T MR IR T
WSl kb R HEAT AN TR] ff FE @ e« BMAG DL S BT B S 41, IS B AR 3
238336 7k 40 X 40 T EIGHL, IFLAAE NGRS . R MG B i S50 (R I 2 4R
HEECHI S BSDSS00 H g Mg, 3 H it B sk R 1 I 2548,
AR BB RN 300X300, [FIFEX R (A0 B2 3047 AN 7] £ P IR e
Bt AR B A5, LRSI e VIR H 1

DREAEAE: T IUEM 4 1S M S &, RATRA T ISR 4K P
fli RSARNet [J1ERE, 73772 Set12. BSD68. CBSD6S. Kodak24 LA &% McMaster.
HARKYL, Set12 A1 BSD68 Jy K [ K& Hidfi 4, CBSD68. Kodak24 L}z McMaster
R R HRE 2
4.3.2 jHRELSCIY

[ 2% 1) 2 Rkt T MG AL BT AR Hh PR AR AE SR B 20— 4 B2, AT 3t
VUM R, J3 Bl ik Z B HURB). FiBid 5k B AU HL(SDCB). & /1 H (AB) LA
B #EH(RCB). AT £ X RB. SDCB PL K AB X =AMRHLEEAT W floxt He
S2OG, TSI X SR B . AR ISR 4-2 TR .
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Table 4-2 results of different methods on BSD68 with noise levels of 25

i) PSNR (dB)
RSARNet 29.23
RSARNet without RB 28.52
RSARNet without SDCB 28.81
RSARNet without AB 28.54

MR 4-2 ATDIASH, 8% RSARNet MR B 4F, RB. SDCB L& AB
X ZAMEERE AT LA N2 1 fE . RB E LA URIFIAIA EFUE R, 7
B & 04075 SDCB Al LA /DI SRR S 2 105 5, ARG B4 1 [
MR AB AT ASEHUBEEUE B AT S P R AR I 75
4.3.3 XMLEEE

ER R4 b, EELT NLM. BM3D. DnCNN. ADNet P\ /2 BRDNet 11
PPN L, ZEMIAEE Set12 LA BSD68 RN A 454% o 43708 15,
25, 50 LAJe 75 R ER A, W TR S R A 43 ek T £ B AT VR A
HERCS SR R R V) . ER AR |, 1%4% 7 CBM3D. DnCNN. ADNet LI
. BRDNet PUAhEEEAo0S Eesegs, 724 CBSD68. Kodak24 LA McMaster
AN PR 0 Oy 25 BT RS, I G SN R TN R AT AL, L
B IR PR RE T .

*® 43 0=15, 25, 50 LA S 75 f, SFPTIVELE Setl2 Lf¥) PSNR 45

Table 4-3 PSNR (dB) results of different methods on Set12 with noise levels of 15, 25, 50 and

75

Y NLM BM3D DnCNN ADNet BRDNet RSARNet

15 29.95 31.77 32.47 32.83 32.84 32.89
25 28.21 29.98 30.12 30.42 30.42 30.48
50 2446  26.67 26.99 27.17 27.22 27.26
75 2239 2483 24.09 25.35 25.52 25.57

* 43 e e fRER RN, BWERRXML, 2WERE N Setl2 I, MEAMHEE
H, 240 =15. 25, 50 UL 75 I, RSARNet 7F B4 B4 75 AL T NLM. BM3D.
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DnCNN. ADNet P\ &% BRDNet. 24 0 =15 if, RSARNet X} . DnCNN 7& PSNR -
YA F T 0.42dB, RSARNet %f tt BM3D 7E PSNR “F¥J{E L& T 1.12dB, XLt
5 AR EIETE PSNR AT 4 0 =25 B, RSARNet %f tt DnCNN £ PSNR
FIME LT 0.36dB, RSARNet X} Lk BM3D 7E PSNR #4515 F & T 0.50dB, X}
L F AR I AR R {24 0 =50 BF, RSARNet %Lt DnCNN 7E PSNR “F-#
fi E& 7 0.27dB, RSARNet Xftt BM3D £ PSNR “F¥{H & 1 0.59dB; o

=75 I}, RSARNet % bt HARSVEIS A 1 0.05dB~3.18dB e T. [, AL
4 BSD68 i, W% 4-4 AHMEAFH, B ARSEIE, RSARNet ff] PSNR 452
AT -

®4-420=15. 25, 50 LSz 75 1, #APT7VELE BSD68 L) PSNR 451

Table 4-4 PSNR (dB) of different methods on BSD68 with noise levels of 15, 25, 50 and 75

Y NLM BM3D DnCNN ADNet BRDNet RSARNet

15 29.66  31.06 31.34 31.68 31.66 31.72
25 27.15 28.56 28.94 29.19 29.15 29.23
50 2413 25.61 26.11 26.22 26.25 26.29
75 2256 24.20 24.63 24.69 24.72 24.79
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Figure.4-5 SSIM results of different methods on Set12 with noise levels of 15, 25, 50 and 75.
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Table 4-5 SSIM of different methods on BSD68 with noise levels of 15, 25, 50 and 75

o NLM BM3D DnCNN ADNet BRDNet RSARNet

15 0.82213  0.87212 0.936243 0.940522 0.940378 0.940966
25 0.73301  0.80121 0.895753 0.901012 0.900922 0.901726
50 0.57635  0.68609 0.821211 0.825489 0.827084 0.827504

75 0.46561  0.62211 0.770714 0.772193 0.77397 0.777269

W 4-5. % 4-5 P, LW Set12 i6/2 BSD68, & Hu Ak St i K15
Hik (NLM, BM3D) , ARF5HIFFMEELLE SSIM _F3kS T E KA, *thdk
FIRFE2 397 (DnCNN, ADNet, BRDNet) , A5 [#pEERE A4 SSIM |k
ARG T HRTT . X WAEN] 1 PR SR A R L A B R

R 4-6 YUEFE LN 25 B, K FhJTVETE CBSD68. Kodak24 1 McMaster 24545 111

PSNR %
Table4-6 PSNR(dB) results of different methods on CBSD68, Kodak24 and McMaster datasets

with noise levels of 25,

datasets CBM3D DnCNN ADNet BRDNet RSARNet
CBSD68 30.72 31.01 31.36 31.36 31.46
Kodak24 31.69 31.79 32.19 31.86 32.34
McMaster 31.66 30.71 31.71 31.07 31.86

PR EHYEE, BA1i%EF T CBM3D. DnCNN. ADNet LA % BRDNet JU 7}
RO EE S8, ZEMNA4E CBSD68. Kodak24 LAK McMaster b 778 I 5 45 2%
0 N 25 I g A L W3R 4-6 it 5 4% 41771 CBM3D AH L, RSARNet /£ CBSD68
Ff PSNR “FH{EIE N T 0.74dB, 7F Kodak24 -] PSNR “F-H{E 411 T 0.65dB,
7E McMaster | [fJ PSNR “FI{EIEIN T 0.22dB. 5HEFIRE 22 2] 17775 DnCNN
FHEE, RSARNet 7E CBSD68 [ PSNR “FH{EHE /I T 0.45dB, 7E Kodak24 7]
PSNR “FEIE N T 0.55dB, 7£ McMaster | f#] PSNR “FHME# T 1.15dB. &
b2 5k, 5 ADNet DL J&2 BRDNet P AL X L, RSARNet HIR1F 1 AN/ N EHE T

BT LR s bR, BATIEIAT T AR L. BRI 4-6 W LLE
t, ARG BERR TV (NLM, BM3D)I BRI 25 A b T35 T IR 2 3 1) P
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X 4] LAF H RSARNet ZEA0 Ty AL B AE ) BRI, S0 Re L i ) IR V1 40
LA SRS

T — LM BM3D DnCNN ADNet BRDNet BRNNet

- B ﬂﬁﬁﬁﬁﬁ
-l
N ﬂﬁﬁﬁﬁﬁ

Kl 4-6 24 0=15. 25, 50 LLK& 75 I, R[EJ5ERT Setl2 ) Fem 45 H

Figure.4-6 Denoising results of different methods for Set12 with noise levels of 15, 25, 50 and
75
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5 & Swin-YOLO: EEEZXIMETHY/ N BFrtN 5 E

H ARSI A TH SN A5t o 1) — DU BT 5%, B (1 2 AE R B A
iRB NG I VA skl = v/ N 5 WS B 7y 6= R X 13 i R N = B 1
TS BB AL B R, IR TVEAEE B R BCRAG . R i DA SO 52 2 R 1
WU A JIAS JE 25 10 0 B T S PR A BRI RS 2 ST S R AR AT R &
IRFEARZE 45 AE B bk IR I T 4 N8 H RS, R I s K I PR RE AT
ZHIN AR R RIS, BRI BN Oz . Bilin: 75 H 3h 2
AT, B ARSI AR T A IIE B LR 17N SIER A k. @
SRR L B bR, B EM RS R M HAER IR, BIORIT R4, (ERW)
Wb, AR B F T e A B S AT iR A 5,
A it sz bl R A T B N AT N, R R I FAb 3 2 4
B BEAh, EARAT NIRRT LA TR0 4 DA N (R E bR, G N AR sl R
Podt, PEEIEEE RGN GRS BRIbZAh, BRI AREERS R T
VARSI B AT S AL A T2 R

TE H AR AT, SR A BB AR LA g A0k P Sl e 1T 0, T 7E SR B LR
YOLO HRANFEFERMIREIT . MHR T ZHHEE. F, AT YOLO &
FUEEAE R F AR L8 AT HARATIN . D9 7 3R TR0 G0 RS FE A R, it 46
NOUEEH T B3 1) YOLOVSs ik YOLOVS-S, ikl & Ak bt & J1 LI A &
RAEEOR GSConv, & 7 RLlFS BEALEEE, FFH Focal-EloU ##t EloU LA
PRUSSL, BAER R S PRI A AR - BUOA T ff o B SR I S rp b s 2
TR )58 00 0] J, FF 29I NFT IR SR U572, SR T B A RRAE SR A
Lin %5 N2 Swin Transformer, %5754 Transformer 5 35 FR 4128 X 2% (1 AH 2%
SBARRNEG, SRR AN T BVER VL], BT R R, RTINS
E LS SZ R O T R U IX AN ), Zhang 28 N SIfE YOLOvS 24t E i Swin
Transformer, ¥/ 1553, RN SIGEIE 2500 K R EEER IILE], SE5REFIE
PREURE ST, FELRIE T — e A DU B () itk AR TS IR S, (HRIRIE R =
HIPERE. 2024 4F, Chen 25 NIP*HEH SOD-YOLOV7, %524 o AMLEE H /s
HARAS I 8, R T 40 5 Swin Transformer 55, 51 NJEE S AL AT AL T
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BRI, T T2 REERIIGE /1. [F4E, Li % AHgH SRE-YOLOvVS, JN
)\ Swin Transformer 45t FIBR ZERFIEIG ST, 254 ECA JERINUH], &8
T SR FER H AR AT e o

IR BARE A FIRERE At T H AR AL (P AR, (H R TR A 1Y
AR R Z T E R B2, A BARE B Akl i 72 o A7 A7 22 A DURS FE A
/N EARIRAS ARG (K 1) 8, (MG, AT LA YOLOVIL AR, $EH—FIfEE 4430
N TS RE ORFF R e R B2 IR BE 57 2] B AR Al 4% Swin-YOLOv11 . 3 22 et
AHUF:

1. 7EFEFM %Rl Swin Transformer FEERL, 4545 10505 235 SR 1
Rl EETE T 4 (A0 155 BARIAE 77, el i s /s B PRI G . AR 55 ) 5

2. EETMEHRHERBOS FE PSR T CBAM = AL, 145 M 2% 7] LA
B A M BUE rp 2 o B R, TR T 2% (1 PR R

3. KT FAE 45K BRSO CloU #4221 Inner-ToU, 385 X 2 A7 ) /)8
HbRt Il EE Sy, SRAGFIAG S e kar A P F) e L 45 2R
5.1 YOLOV11 M4&

YOLOvI11 572 Hil YOLO #H4 5%+ 70 de ik iy H A i 5002,
YOLOV11 SN T ik i T W g B AE g e it, 345 7 RMESRIER /7, IF4e
T HER RS R AP AREEEIME (mAP) o HEAASE MR 5-1 fis.

YOLOvI11 %54 0] LL43 A Backbone. Neck DL & Head, H:# BackBone "
BAEAAERRBH. P4~ CSK A False ff] C3K2 ik (JLIEA) .« W/~ CSK A
True 1) C3K2 itk (BT LA —A SPPF #k, FEAERIAVID IRIEIL
BB AR AL s Neck HALFE —A C2PSA FEHL, J A FRFEERAE . AN B AR |
= CSK A False ] C3K2 #it (LI 7) LLJ—A CSK A True ¥] C3K2 iR
(FEIETE) , FEME N4 Backbone fi it FIAFAE R, FHidid B A& AH
SRR RHE R, i AN ERANRHE ] 55 3 P 5] K/ R ARRALE B
A Z| Head HEATRIIN, 3X 3 FASEIR/NRFIE I 2 00 BB R, w7 3 Ak
RUMTE AR, LAMR SEIAS [ RUEE (¥ H Awdr il o
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Figure.5-1 The architecture of YOLOv11
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Transformer "5 A\ 7 #3)& DHLHIFI RS Dk E ), BULEMZ H{EH Swin
Transformer HEATRFEHZEL AT LLSE 47 A A0 BR R ST R, 38 o6 o 248 B BOURRAE LA &
NRFERIBE T, IF BT DMRRFBAR M TH S S 8B . 25Tk, 7 Swin-Backbone LA
& Swin-Head £5#)H i\ Swin Transformer Block, M4 7E & 241 I T HL
RFAE LA S/ INFSHE I BE 77 BRIz o, S XHO7 AR i B8t 0 4% 45 44 1 0 AT, R BIAE
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5.2.1 MR R

T A R 28 A8 Ty = AN 4> 4, BT Swin-BackBone. Neck L% Head,
HARGEMI P 5-2 Fizs. oA, Swin-BackBone 143 BIYERTFE X C3K2 G AN T
CBAM JER JJBEHL, 1 AT LMEM 2% [ F 1 CHARHIE B h B B R Rtz
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4k, 1 SPPF HIAIA Swin Transformer £5%4, X ] LARE 9 32 1 R 48 (R AL SR X AE
71, FERMERM TR R E R TIRE S . Neck R T )5 YOLOVIT A I4EH,
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Figure.5-2 The architecture of Network
5.2.2 IR #
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VE TR A FEHE 4R 22 BRI, Inner-IoU 383 5] N — AN i R 1 HE 22 ke da 1 4 B
B FHER R SF RN, T AAS B A B0 B2 AIAG 0 88 11 5245 2% o Inner-IoU 512K B
B LR

I‘Inner—IoU =1-loU™ (5-1)
|OU inner — Inti (5_2)
union

inter = (min(b®,b.) —max(b®, b)) x (min(b?, b, ) x max(b*, b)) (5-3)

union = (W% x h®) x (ratio) + (wx h) x (ratio)* — inter (5-4)
bt = x?t w x ratio b = x? w x ratio (5-5)
2 2
bt =y — h¢ ><2ratio b =y h¢ ><2ratio (5-6)
b =x — wx ratio b =x + wx ratio 5-7)
b :yc_hxrzatio’bt:yc+hxr2atio (5-8)

Hr, (x¥, y9) AR E EILFHE N A s AR, (x,, Y, ) AR 3 T S AE
Hl S ARRR, BB, BT b® AR E B FAER B R B AL,
bbby, b, 43 BAREE ML FAER Ly R 2 HILFA, wo h, wh A EE

LS FRE R B8 R0 R TR SAE (Y 58 A0, ratio A2 4EUR T, FRIA T 4H Bhid
FHERI K/ e Inner-IoU i %l B SE TR AS 2 JR 4610 FHESRTHE ToU 8, BPit
SR I RS SR SR TR S B AN R4, USR5 ToU #i2k .
5.2.3Swin-BackBone &1

EHbRNT, IREESEFEENERELR, WK, FR. BHRERE
G5 . FERI B AR 5 Z 2SS AT ST, SERRHERE B, TE
RMUPFRHURFE . T R X — el 8, A542 H Swin-BackBone FEH, 1Z 455 76 5y
HMH] Swin Transformer LA A, CBAM HIAFAESRINEE 11, PLMRIRAT FE4FHIAH5 (5
S, FEHE R B R PTE AT SRBe ) USRI, B 5 A Conv B 4 A4S C3K2
B, 1/ Swin Transformer B¢, 2 4~ CBAM ¥ 7% /78 DL K 1 4™ SPPF B4 f, 3
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i Conv X% MG AT R RFEALEE, 25 1 A Conv HIUER 3 <) N 3 X3 X3X 64,
55 2 A Conv V28 R ~F N 64X 3X3X 128, 5 3 4> Conv MIMEN 28 R ~F N 128
X3X3X256, 5 44~ Conv MIYEH AN 256 X3X3X 512, % 5/ Conv )
JEP AN 512X3X3X 1024, [T Conv 2 4b, C3K2 Ht. Swin Transformer
P, CBAM {13 /8 UL & SPPF SRAE A A2 AN B R AE BRI RT

5.3 LI S5a4

ARSI ASE G P R B ISR 5-1 B
R 5-1 IR E

Table 5-1 Experimental Environment Configuration

T E I WESH
HFEES Python3.9
CPU i & Intel Core 19
GPU it & GTX 4090 Ti
BT NAE 64G
BIERS Linux
IREE 5 S HESE PyTorch

5.3.1 KIGHIRSE

ARSI B A8 A B 42 72 BDDI100K $i4E 4, 1%50dE 52 H s i ok
NERZ AT S EL — BERETREBRE SR WRUKLS RES
FRORAGRAE, ARG I A AN R DG R 5 2 3 1% 5t . BDDI100K &1t
10 kB, FHFLLT7 GIIZREED 1 CRAESE) 2 CIR4E) A LLDK Bod 42 b
PL7THC -
5.3.2 iHRLSELG

FESE PR FH B TR 2 STk, W28 RFAE SR I BE ) S AR 1 s
M8 R AL 2. BTk, M4 1) BackBone H1HIIA Swin Transformer
B LS CBAM {1 & UL, Gl ax FhoJy 2CnT LASE = P 48 R4 2 2% 15 5t g B
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Table 5-2 results of different methods on BDD100K

K] 28 A5 1Y P R mAP FPS
YOLOvI1 0.722 0.529 0.609 44
YOLOvI1_S 0.71 0.551 0.623 38
YOLOvI1 _C 0.715 0.538 0.614 42
YOLOvIl S C 0.727 0.562 0.631 35

R 5-3 1S BB AL )2

Table 5-3 Influence of the loss function on the model

RX] 245 i 77 P R mAP FPS

YOLOvIl S C 0.727 0.562 0.631 35
Swin-YOLOv11 0.724 0.565 0.637 34
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Mg R . BARInER 5-3 por.
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Table 5-4 Compare the results of different algorithms

}H] 28 5 Y P R mAP FPS
YOLOV10 0.703 0.557 0.605 47
YOLOvI0 S C 0.725 0.552 0.624 42
YOLOv11 0.722 0.529 0.609 44
YOLOvI1 S C 0.727 0.562 0.631 35
Swin-YOLOv11 0.724 0.565 0.637 34
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st E2, WIRAMELIER, Swin-YOLOvI1 L 7 8 1) & A dE
DA ARG RS 5 o FH EL A oA 550325, Swin-YOLOv 11 TN 2 S HE B A £ 31 HLHER,
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Figure.5-3 Comparison of detection results of different algorithms
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