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Siamese Low-light Video Enhancement Network with Fusion of Local and Global Features

ZHU Yu-Cheng, YANG Yang
(School of Information Science and Engineering , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Videos captured in low illumination environments often carry problems such as low contrast, high noise, and
unclear details, which seriously affect computer vision tasks such as target detection and segmentation. Most of the
existing low-light video enhancement methods are constructed based on convolutional neural networks. Since convolution
cannot make full use of the long-range dependencies between pixels, the generated video often suffers from loss of details
and color distortion in some regions. To address the above problems, this study proposes a Siamese low-light video
enhancement network coupling local and global features. The model obtains local features of video frames through a
deformable convolution-based local feature extraction module and designs a lightweight self-attention module to capture
the global features of video frames. Finally, the extracted local and global features are fused by a feature fusion module,
which guides the model to generate enhanced videos with more realistic colors and details. The experimental results show
that the proposed method can effectively improve the brightness of low-light videos and generate videos with richer colors
and details. It also outperforms the methods proposed in recent years in evaluation metrics such as peak signal-to-noise
ratio and structural similarity.

Key words: convolutional neural network (CNN); low-light video enhancement; Siamese network; self-attention mechanism;

feature fusion

© e hr it 18): 2023-12-27; 1& X4 []: 2024-01-29; SR A [8]: 2024-02-07; csa 7528 Hi Ji i H]: 2024-04-19


mailto:yangyang0070@zstu.edu.cn
http://www.c-s-a.org.cn/1003-3254/9533.html
http://www.c-s-a.org.cn/1003-3254/9533.html
http://www.c-s-a.org.cn/1003-3254/9533.html
http://www.c-s-a.org.cn/1003-3254/9533.html
http://www.c-s-a.org.cn/1003-3254/9533.html
http://www.c-s-a.org.cn/1003-3254/9533.html
http://www.c-s-a.org.cn/1003-3254/9533.html
mailto:cas@iscas.ac.cn
http://doi.org/10.15888/j.cnki.csa.009533
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

ER A e, OGRS 22, AHHLAE
RECR B TR D, A TSR R R
SEREHE T, X2 S U AT V22 401, PR E Y
M R AT ). 2R ACL ) ol AR 2 7 502 e 4
BN T SRR A, — ey v il i T ok
f e, Bl anAs R SE AL, (R X S 7 iR A
ANIE A K HUE R FH . R, Bk bk 2 it 90 000 Tl i
SRR ST ARG L P AT 5

ik, KA AR AT b A R P it g T
SR, A HEL P PR 3 ik 7 vk 9 B FH - ARSI
A8 277 AR I I — B0 e, 5 B0 5 S TR AT H
PR R AN DR 52 . A Gt I B AT 58 75 v 2T L 7 B
B F Retinex FLig, Liu 25 NP —Fh A TR I8
JEE RIS 5 f) 22 R 2K Retinex S35, 7E HIS 425 ]
FIF 51 S8R A B 2 R Retinex S92 1w g sk,
55 184 558 i 1) R ATUI A 8 G 1) 40 YT ANV B FE . Dong 2%
NPVt I 725 i I 1K PS8 A AT PR 2 B A R s Bl
AEK HELPEE AT P 309 iR, S 1) P A 210z T P R O i Sk
e IRk — EOPE. AR, K ey AT RE 2 R AZ SR A
P8 O B4 1) 7.

B R I AR IR, i g T
BE TR B 5 ) (AR FR R AL A 5 v 7E B AR WA
J5 T, SRR B IREANF, BT 7R H A AT TG
AE A ALK B Th R, R R AR SRS B SE 1 3h 25
AEK FIEL R AR o R P A . DA B3R 1), Chen
25 NS T — A B A A RS AR S 9 42 dark row
video (DRV), DRV H#E£EUEE T RFEIERE . 1T AN &
B AEEL, JEESE 2 R R 202 MG HRE LA E (%
F751) B 0ok B K B O U, For e B T IR
SR FE A AT A 3 R0 FE T 00k 1) 2 2850 R R AL A3
K& 751, Jiang 25 NS T — Rl ROAUATCR 2 1 4%,
A [7] B ST BRAE T RE A0 TR 5 00 264 T A0, g ar T
T AN Bl SR R AATUA I 4R . 5 A FR AR R AR 4
SR AN [, A R R A A48 558 7 ¥ 5 8 R AL A0 [ B ek —
FOPE, A 138 50 5 AT IR DA R R £ B 55 ) . Ry
XX — ) 8, Lai 25 N2 H T — R Conv-LSTM
B AT P R 2%, SE T FlowNet2! 72 I 2R BE A i
SR, P G i AR T A PR 45 2K bR HiA
WUARFE 51 v 2 ST i 3 — 30t Zhang 25 AU sk 1]
BRANZREE T G IR I B J A0 s A R, 3 3 o
Tk EGEAT G S E . TN S A, BTt AR

2

1 % R B (R 38 5 S IUAT A B s — k. Li 2 AT
BT BN BRI AR B T — AN R 5 o I R A
HRR AR AR [ 2 B — 25, B b A R AT A TR AR K
N BT EIRIEBI VRS, Ly ANV T AN
JOBERFAESE I . Rl P 6% >k i IR AIK R MR A 5,
FEN LA B HE FE R AE AR £ T 34T I k. Wang 55
NUTVBEE T — A o 380 3 A1 ERE IR AT SR AE 22, $2 1
T A8 WL BT Retinex B SEEUK
B LA A B (R 14 5. Zheng 25 NS T —FhiE
Tt 5 110 52 G UK B FBE O A0 i D) 266, 12% D9 4% e /E V30 A T
SXoF PR SR RS8R I 5 PR LS00 a1 100 T AT )
S5 I SCEL IR B AL 5. Triantafyllidou %5 A2 H
T —METF X CycleGAN [%HE 4 ALH| SIDGAN,
REA A= 5 285 PR SR RE R IE 5 TR P8 AL . e 8 120
58 L 328 U S 1) 4 M R ZE A 4 R B I 22 R 2 )
W B SCRFAE, S8 5 3 Je 2 (] - B[R] 4RI 2 R D 4%
PRI AR AR, IR RRI 38— Bk, Liu 25 APV
T — PTG B R 51 5 B R R AL A 5 T T,
T A FH 22 i R G 1 T R R S R A
Liang 2 NP H 7 —FhA] A 304 51 5 A IR A0
$ 5 77 3%, G ST DS S T R B — B, SEPLIK
FERE 2% 1 T R R PR B2 T, B AR BRLAT DR SR AL A0
WERR A IS T L e, (R TR LT AR R T
5 AP 22 W 4% 17 5 AR A 42 ) 4 52 BT B 1) JRD R U
B, JOVEAR AT 4% SR R AL 75 38 S R R A AT
I, IX AT B 2 5 B0 S R RE IX S8 4T & R
2R LA ) L

ARSCEP X B AR T — AN R 4 R AR
28 A P 28 A5 T O T AT AR T R R S R R
B, B R AT I 1) JR SR AIE . FE B0 T — MR E R
EPES=Wak: S VS EN L EPALIIE S TS W N
RRAT ) A SRR AE . 55, B R il A BBl & BT 2
ECR1) 1) S 30 R E N A SR RRAAE , 55 28 6 i o I o
S AHTT R AR AR R LR s A . R, R T
TR AT I A58 — S50 1) R, AR SR P 2 A ) 4 5 ) ok
LRAE 3 SR AWAT ) B Sk — 0k

1 AR5k

BUAT 1) 2 T TR BE 2 ST IR AR IR B LA 5 7 ik
FREE TG A L W A R 1. A HEAT K R LA
BRI, E R T B SR A sz BT I PR A, Xk DA 3R


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

http://www.c-s-a.org.cn

i H AR G N A

B RL AT 1) 42 JRy e A, 48 98 5 A9 D AIAE: A 25 77 A2
Oy XA R K U R H IS O, AR I T —
o J #4855 2 SR A i ) 2 A R R AU A i R 2%
BRI ZR AR I 2 S R B 1 iR, R IR T il i 95
T B BT 11 A BT i A R AT AR B, B R S
S A AL T P 47 B N 79 A ) ELASL 3 S 1 )
5 4 R ARl A R 2% AT R S . AN RS 4 R

B ) F

EG 2 AL 51 '\\\\'ﬁf

B Eh E A

JiER5 AR A
- -

HR R 0 2% 0 8] 2 B, B AR O U B M 4 S5 0, St
PR 2 AT 73 85 25 AR AT 20 4 TR AT 1) 36 J2 SRR AL, Bl
JE 38 I SR F AL B OB BL (LFEM) $2 B #0 4F AIE 15
B, BEEER BT (LSAM) f U4 R/ R R
B, f e B IR AR R B B (FFM) Rl 42 HUE ) R
PSRRI AN 42 JR R AR, 48 5 0 4% A2 BB S AR AL, 4
A AL

FAHR R
SSIM 1%

1 I

K1 2R R R

1.1 PR

A5 T BN JR) P8 15 4 SRy R i 19X 2% 0 AT IR R R AL A
G SR F] R 2 7 R I B R L O TR DR 2R LA
RO I — 2k, ASCRA T 2R g S5, anlEl 1 B,
AR P SR S A PR L SR E R S 2R
R D 2%, FR AT PR L o i e 21 T 1 AR B )
MU E %N, 23 3 VIRV 2o, 3R i AL 4
o JR 8 5 2 R A R X A R AR AT 1 5, 2B R R )
BT O A1 Op . FEA5 R bR K BT J7 18T, AT FH B 35k
— SR R B ROR ORAIE AR I 38 DR — B0t Ok
AU TN ERA DN 5. BEAh, AR 31 34 A Y B R 453 R A
ZERIARAANE AR A A0 B 8, DA a2t I 4 A2 1l 5 B
oy TR IERAIANTT F & AL,
1.2 EWUERIE OER

AR T A AR MU 4 DRV /RN
IR HHE R, d T 8= B S MUAEUE, R Xk DL 78 o)
) FE AR AR B) 4 B b (A . O T A TR XA I L, A
SCHIN T Rl i AL ot 0 9 20 B AR, A AS AL
P B B I 5 R s S A1 ] 3(a)
Pt 7, 12 B3 i A8 AN [R) AL 2 8] e AL 5 — A
J3 AT B T B, R ECE P AL AR A UL

A0 F I 45 2 B R RE Sh 2 A 4], A AR A
Wit 51 40 B 3(b) BTz 3 S8 UL (1) 2 25 A0 A
FE AR R 4% 1 1) 0 0, ok A TR Rl 9 2 >) 1) 4 T
B 2= SRR AE R 718, AT 2 TH X 2 25 1% 68 A0 A0 (1) 18 5%
e

1.3 BEHS52BEERmE W%

Ja 5 A JR AR Rl A I 2 a1 2 P, 4 AR A
PR AL S T g8 . ARAD 2 MBRERIE B0 U BRI 45 7
YR 2 T B, N X 4 B A A 1 S e R B T
I3 B A AW S AR R RHIE, FE I B R R $ Y
P, R Sk [ B BORRR AT A R 2 R
FVRFE S EL S Bl & B AT R IE SR U S Al &, N oRAE
P KR 2 FIGIE. MR A0 B R FRHE 12
B fl A A B B S Rl VR 2 AR AL, (R B A Bk R 0%
B G 2 B B PR B ) 3% 2 AT 5 A 2R A B
b4 BT R A, ERFER A T Patch Expand™ 7 i,
238 Ik 2 1 2 R R AE B B RR AR 4 FE G K — %, FA T
R K R AT R A 2 R A K — £, R PR A 4
AN RN 1/4,

1.3.1  JRFHESEUE S (LFEM)

JARHIEFR R NS M SRR R, ©

3


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

FEHE SR IR A B T OR B AL 4019 AR T 586
R, AT A BE S B I RS AR R A B, &
AN [ A B TEAR AR ST, SEBR v A% PR RFAE SR B I
HE 147 By A B G bl SRS E AL A e (¥ 240 45 AN 4

HE R, T G sm ORIk, AR SCR A AT AR TR
S B2 ORI A ot wv F) J=y 350 45 AL . ) P8 AAE 2 BORR Be an
K 2(a) s, I AT ERR . — DR ZEERE L
Lo R ALJZ AU, I GELU 1E ¥ e KL

n

[ DCN J
BN+GELU
e
; [ DCN ]
BRI , = J
FFM O I ~
AN
1
TRk ek
~ !
| |
i~ : i ( Multi-head self-attention)
AT s
v .
© ®)
AT T 33 TR Layernorm) 211k BN:  HtH—1k
1x1 5 CRRETT 4 B P SRR GELU:  GELU M% %%

[Multi-head self-attention | £ 3k FH = SpL

TR R

K2 RS e R kg

132 RBEfZkAER BT (LSAM)

A A R B BUR) SRR AE 77 T AR5 A 2%, (R AR
B4 R R AIE (A SRR B ER 23 AT 2% [R) AT Je) A A i o
58 G A I AFAE) BIRE 1A PR, 0 SR 28 J0 1k IE A b 2R
G ARG B I X ez 18] P R A oG &R, T R
£ S EAATT 252 1 X3 1 7 €0 A LE B s 4 5 AN e
T R AN 0], A SCAE T B R AL R ST
AT P 2 DX ek 2 8] )R B B A OC R, FFER LA SR RFAE.

SR, A% G 00 B = WU Bk B AR B,
7B PR TR ARSI 73 FE 2N, O T RN
2, A 00 2% B N TE R 2 AR A AR, AR SCTeTE T —

4

Tl B4 E R R AL, iRl 2(b) BoR. SRS AE
B HUHIAR B, AR ST B 0 HL ) FE T 5 B
KAHMEIERE VIR, G A xn o K AnIE
FER 2 B AR W IE G R, i A R ST 5 /)
I K A B B VRN TSR AT BEOR I 2 =
REINUREER, A SCR IR W] 70 BB RURT 1x1 B
B, A BT B R A Py 8 10 e TR) R AL P 5 B 42 )R
R4 JR) G5 AG A5 U2 T TN RFAE B Py, 0 I )
FE R ML SR AT DL

Q=L(F) M

K;, V; =DConv(L(F})) 2)


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

http://www.c-s-a.org.cn

i H AR G N A

T
LightSelf-Attention(Q, K;,V)) = Softmax( Q\/I;_; + B) %]

A3)

H, LERAEH)Z, DConvRNIR AR, BN %)

AR AL B R B, FH TR AR AL B R, di K HI4EE.
1.3.3  FHERA B (FFM)

JRy AR AL AN 4 Jay AL 73 Sl AR AL A ) AN [R5 R

JR FRARFAE 32 BT A 1 RS, T 4 SR AR AR T D% v

A G5 R R 7y St R 3K T AR LR R 72 SR TT DA J=) S 4

TG R UM S5 &, T M S AL 1 B AT
5, A BT AR TR T bt R R A A LRI A, A
TP e SRR BRI, ASSCHE Y T — ML A A Ak
FEM. 41 2(c) B, 12 A58 gid T v S L AR 22
B R S IE E T B T R 3 E R RS AL
R, R ERE S B A — R GELU Bui
B, T35 50 2% ) S [ AR 4k e I M2 AL RE D, B SR il
RAEAN 4 R A A o N BEAT R AL R 6, DUSE 4 M i
X1 255 SRR B LA 5.

(b) AL 51
K3 B s E H LS

1.4 RKEH
T IRIS I —E G0 ) AT R e
— BRI, A SCBETE T A0 R A K BR AL
L=aXL,+BXL;+vyXLgim 4)
Hor, L3RR EMBR, LR —BUERUR, Lyim
TR MAESR K, oy By Yy NTTHEI RS, A 05
A E N 0.65,0.05 F10.15.
N B ARATS AR A 8] 1 2 5
ASCAEF T AR AL Hoe
Ly =l =Tl + ) e (h) = 1 (Il 5)
I=N
o, 1, 2% W45 (1 i AR AT, 1, %R B AR AL AT,

G1 TR NI TR R VGGP W 44 B (1) 55 1 J2 F L
(IRFAE, NRRNJEE, ASCH VGG M4 1) Convl 1.

Conv2 1. Conv3 1 fil Conv4 1 EitHEHIAE. EAH
IR AN AE B H AR AR AT % ) E AT 2R,
WA 285 TN 221 VGG 2% 78 KA T 1 45 418 1 2%
Wl B BT T LR, BT A Hh AR 5 4% AR AR B AR A AT
T AL ) % HE A AT

X i E AL R IS 3 — B ) A, AR 7
AN — SO R iR A, HoE U

Le ==Ll + ) Igu() = ¢u(Tolh (©)
I=N

For, 1M G 790 2273 258 A2 D 2% B L 1) 7 S AR A3,
o f 28 A 4] 5% A S RO B EL AR A B HEAT 203, k)
i R AT 19 P9 22 7 SR DRALE AR P B 35— B 1
N VSR VST T SR Stk ao Sl Sl ib]
SERARACLYE, ASCEME T SSIM ik, MFEfEL XL

5


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

FERNZERE 3 A J7 T I8/ i AR AT AN B AR AL A 2
(A (1 22 .

QCuxpty + C1)(20 4y + C2)
1- == (7)

(Hx+uy+C1) 20y +C2)
o, xFly 23 5l 2 it A AR H AR AR, 1R
A, o2 R oI RIRTT %, oy Rawth I 22, CHFEHL
1.5 JIZidiz

A SCA$EH PyTorch HEZE SR SEILAE (#7772 M 4%

SMAFIZRT 2500 4 epoch. AL 2RI AdamW, B E.
R R K /ANR 2, WIHGS ST RN 107, HfE 45458
KEFEAE N Grod 72w It 2 R A 5] A DL
TR () A RS SIGH T . E B N RN 2% 22 R, AR SO
SRUEAT T BEALER R . e A B SRR, LRI
PR H 1.

Lgsim =

2 SEI AR
2.1 HIBERMITMNIEIR

AR SRR T IR B ML AT 4R 4 DRV,
ZHHE 248 22 JE RX100 VI HIHL, ZEEHRE R 4
JFUE MR F 5, FFP L) 16-18 WiRENE. B Eas
202 AN A R FE AL AR P 1) B e 7 ) < g Ol [

GXF, W TIES . TN . TR EES LR
WM AT AR, ASCKRA T 5 Chen 2 A
BN GREE . 36 E S AR 4R R 4 5 v, e 129
ANFBH TR, 24 A5 T 50E, BT 1 49 A5
FIAN 22 AR R BTG T 5 AR RS, T
PEAG AR SCHE 1 7 R A R, 7R A B R S AU &
J7 T, SR P WA A5 e EL (PSNR) ATEh # A1 B (SSIM)
KAV TR bR, TEVPAN A2 B D IS 38— SOvE e, e
T PR T 2 (AB(var)) SR8 55 MF 2 4850 7
¥ # (MABD) WM #6547
2.2 XfEEIRIE S

AT E BAE VA FE R, B A SR
T30 A R AR A 5 g kAT R b S
22.1  FRASPLAIEG 3 E VE VAL SR8

T IR ST TR I 7 F A T VAR RS A
AT 355 TH] ) 22 57, FATTAT FastLLVE Z53HAth 6 A &
FEAATIEG 5 7 VAT T B, A 4 B, 7RSSR
JEE AR AT 58 7 THT, 385 AR S 7 R A B ) R AU A 20
R R s, 050 IE B T 75 SR A R
PRAR T3 T, AR SCHE 1) JR 8 5 4 5 A Fl A 1 28 A o 2%
A k.

i
7k

B4 B ASPUUEG 5i e PE VP Al


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

http://www.c-s-a.org.cn

it E N RSN

2.2.2 AL S B E PR VP AL S

9T AR TR H 7 R AE PR UEALIUN 38— B 7
T A RO, K BT th D7 VA SID T84T 1 0 ik
56, ANTR]— A Sm AT b U [R] ) 6 ItidE4T LE A, 4
Bl 5 B, S 1B 5(a) AT VR 2R R I o A At

(b) SID J7 i i KL 51

5(b) 79 SID J5iAE B SEALIIL. W] LA Y, AL
et (7R A AR A T S BT P SRR LA,
B 8] AR 58 P2t BN — 3, SRR A SO A i 2R
PO 2% 2 ) AR S5 B0 45 R £ DRy IR S5k — 2k
T A A% T EEAEA.

K5 U S B EAG

223 FRAPUTE G BT AL S

N B R RS A R A A AR AR R R
55 AL AT 55 O 26 7 14 55 7 A LA TR P O, %8k
364 AR 7 1 5 AR HE R LAY o 7 vk AT T e b
e AN TR 5 vk v ) 388 i 0 AT LR L 5 AN % 4
M, 145727 SSIM Al PSNR. &5 S n#e 1 s, A 7712
7E PSNR 1 SSIM 77 [fi B WAR T 1% 48 77 1 VBM4D+
Rawpy” fll KPN+Rawpy™. He4h, 535 F 35 2 31 1)

J59% MBLLVEN"", SID¥", SMOID"", StableLLVE"*,
SMID!" ", SDSDNet!"#l FastLLVE!' 4 tt, £ PSNR
J5 T, AT L HEAS 5 2 1) FastLLVE J7i%5 1 0.11 dB,
7E SSIM vFAT #E AR, A TJ7E LSS 2 44 () SDSDNet J7
T 0.025.
224 ASREHR— S E E VT SR

TE AR AT 35— UM ORI 6 L S 58, AR SR
PR E U % (AB(var)) AP 465 52 % 2 (MABD)

7


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

PR R ARG RS W T VR O, 25 Rk 2 frow. s
50 R AT VETE AB(var) VRN FE AR U T Sl 1 45
B, ELHEA 55 2 197732: FastLLVE {£ T 0.07, £ MABD
X —Fa b5 o R S i 19 792 SMID 5 1 0.08, {H 2
Ll At 1) 5 R R R L T . (R, AT DAIEBH AR J5 v
&t F 28 A [0 5% 235 ) RIS S — UM 302 2k e A AR AR IE
PR ) I 43— S5
H 1 AU R E BT

Jrik PSNR (dB)t SSIM1
VBM4D+Rawpy 14.47 0318
KPN+Rawpy 18.77 0.542
MBLLVEN 26.42 0.801
SID 27.74 0.804
SMOID 26.16 0.793
StableLLVE 27.37 0.795
SMID 28.11 0.816
SDSDNet 28.07 0.824
FastLLVE 28.14 0.821
AL 28.25 0.849
2 AT S — B s PP A
WARES AB(var)| MABD|
SID 2.73 4.62
MBLLVEN 241 4.01
SMOID 1.56 3.59
StableLLVE 1.45 2.98
SMID 1.37 2.17
FastLLVE 131 234
SDSDNet 1.34 228
PN e RS 1.24 225

2.3 HRASEIG ST

T TH I R S5 28 48 1) 560 UE B HA R R e DL R 45 2K bR
HEONT I Y RE AU 5 AT 55 R R 1
2.3.1 5&iF LFEM. LSAM Al FEM 4 Rtk

N T BAESE ) LFEM. LSAM Al FFM % A5 74
PEREIISZ I, FRAT AL HEAT T V4 Ak S, 6 1o A 3 SR
R ) LFEM. LSAM B FFM, L\ PSNR #I SSIM
PE VRN FR AR, LB AR i o s R . Sat 4 S
% 3 frow, v LUE H EBEALYE PSNR F1 SSIM 45
HRIEF T A, 4 LFEM. LSAM B{ FFM #1425
# PSNR HI SSIM &3 T [%. Siia 25 L, LFEM,
LSAM HI FFM #4 5 e A5 28 501 e R 400 4 388 58 1Y) 23k
FIX 3 ANBEHC AR A B, G fh A SR RN A R R AE R
P T HE B AU AT e 5
232 BRI R A R

N T SR R E AR R L IR B R 4 R A
ALLPAE 451 5 AL R R 4 bR B A RO, EAT T IR

8

SEOG, SEIGAE RN 4 B, AT LUE S, A8 i B A 4R
J v B3 — U A5 5 0 5 A AR UL 1k A5 2 2EL R ) B 4
I BRI E AN TR AR TR A IS T AR AR, IBR 45 A4 A
LA 2 S5, R PEAf AT & () PSNR A1 SSIM A
Fabn = AEIBOR M, 23l FEAIC T 1.01 dB #10.027; 4k 4k
DI i da— A S, R LA B A A e — SO )
F& AB(var) fl MABD %2 B CK 2, 73l 4 & 1 0.13
A1 0.67. S8 45 SLUE B A SCHE H IR IG5 40 2% 1R 2 RE 8
BB MRS, PRAES6 H LA e e — S0
# 3 BiF LFEM. LSAM Al FEM [ Rt

ik PSNR (dB)} SSIM1

F B R FRFAE R S AR 26.84 0.810
RBRIZEH R IR 24.98 0.764
R BRFHIE LA 1 25.72 0.783

JR AR 28.25 0.849

R4 BESUR R BOE MU

PR PSNR (dB) SSIM  AB(var) MABD
L 27.01 0.817 1.42 3.28
Lo+L, 27.24 0.822 1.29 2.61
Ly +Le + Lgin 28.25 0.849 1.24 2.55

3 iSRS

ARSCER T — Rl R A A R A R AR A AR
MRATHE 538 I 2% AL TR 22 R SR P 20 A ) 2% 85 4 SR PR
i 2 LAY IS 38— B0, 0 P v B0 B AR A e
S B AT 2245 2 A 3 S 51 T 25,
FE AN R 85 4 SR AR Rk 45 X 2% v, SR AT AR T 6 AR B
LA Joy s A A A, PSP e B B O R T LA
FHERAIAMTA [F] X I 2 18] R REAR HE &, JF I8 Iy
fIE fih A B HOR SR IR AE A AT R &, BASEOR 45
IR %A R AR ABL L 40T B R AL AT
REXS P SEIR IS IR 1 AT VAR PR REIE T JLAE S
H K 592, I SRR W] AR SCHR M I 4
KERE RAR IR DU . R R B R TN
RPALE ik B RS HRAE A i AT R

SE 30

1 Li CY, Guo CL, Han LH, et al. Low-light image and video
enhancement using deep learning: A survey. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2022, 44(12): 9396-9416. [doi: 10.1109/TPAMI.2021.3126
387]

2 TR B EC RGN KRS . EE RS,
2020, 22(3): 46-47. [doi: 10.3969/].issn.1673-4866.2020.03.


https://doi.org/10.1109/TPAMI.2021.3126387
https://doi.org/10.1109/TPAMI.2021.3126387
https://doi.org/10.3969/j.issn.1673-4866.2020.03.037
https://doi.org/10.3969/j.issn.1673-4866.2020.03.037
https://doi.org/10.3969/j.issn.1673-4866.2020.03.037
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

http://www.c-s-a.org.cn

i H AR G N A

w

W

[=)}

o]

10

1

—_

12

13

14

15

037]

Jobson DJ, Rahman Z, Woodell GA. A multiscale retinex for
bridging the gap between color images and the human
observation of scenes. IEEE Transactions on Image
Processing, 1997, 6(7): 965-976. [doi: 10.1109/83.597272]
Lore KG, Akintayo A, Sarkar S. LLNet: A deep autoencoder
approach to natural low-light image enhancement. Pattern
Recognition, 2017, 61: 650-662. [doi: 10.1016/j.patcog.2016.
06.008]

Nakai K, Hoshi Y, Taguchi A. Color image contrast
enhacement method based on differential intensity/saturation
gray-levels histograms. Proceedings of the 2013 International
Symposium on Intelligent Signal Processing
Communication Systems. Naha: IEEE, 2013. 445-449.
Arici T, Dikbas S, Altunbasak Y. A histogram modification
application for image
enhancement. IEEE Transactions on Image Processing, 2009,
18(9): 1921-1935. [doi: 10.1109/T1P.2009.2021548]

Land EH. The retinex theory of color vision. Scientific
American, 1977, 237(6): 108-128. [doi: 10.1038/scientific
american1277-108]

Liu HJ, Sun XK, Hua H, ef al. Low-light video image
enhancement based on multiscale Retinex-like algorithm.
Proceedings of the 2016 Chinese Control and Decision
Conference (CCDC). Yinchuan: IEEE, 2016. 3712-3715.
Dong X, Wang G, Pang Y, et al. Fast efficient algorithm for
enhancement of low lighting video. Proceedings of the 2011
IEEE International Conference on Multimedia and Expo.
Barcelona: IEEE, 2011. 1-6.

Chen C, Chen QF, Do M, et al. Seeing motion in the dark.
Proceedings of the 2019 IEEE/CVF International Conference
on Computer Vision. Seoul: IEEE, 2019. 3184-3193.

Jiang HY, Zheng YQ. Learning to see moving objects in the
dark. Proceedings of the 2019 IEEE/CVF International
Conference on Computer Vision (ICCV). Seoul: IEEE, 2019.
7323-7332.

Lai WS, Huang JB, Wang O, et al. Learning blind video
temporal consistency. Proceedings of the 15th European

and

framework and its contrast

Conference on Computer Vision. Munich: Springer, 2018.
179-195.

Ilg E, Mayer N, Saikia T, ef al. FlowNet 2.0: Evolution of
optical flow estimation with deep networks. Proceedings of
the 2017 IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). Honolulu: IEEE, 2017. 1647-1655.
Zhang F, LiY, You SD, et al. Learning temporal consistency
for low light video enhancement from single images.
Proceedings of the 2021 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Nashville: IEEE, 2021.
4965-4974.

Li WH, Wu GY, Wang WY, et al. FastLLVE: Real-time
low-light video enhancement with intensity-aware look-up
table. Proceedings of the 31st ACM International Conference
on Multimedia. Ottawa: ACM, 2023. 8134-8144.

16

18

19

20

21

22

23

24

25

26

27

Lv FF, Lu F, Wu JH, er al. MBLLEN: Low-light
image/video enhancement using CNNs. Proceedings of the
2018 British Machine Vision Conference. Newcastle: BMVA
Press, 2018. 220.

Wang RX, Xu XG, Fu CW, et al. Seeing dynamic scene in
the dark: A high-quality video dataset with mechatronic
alignment. Proceedings of the 2021 IEEE/CVF International
Conference on Computer Vision. Montreal: IEEE, 2021.
9680-9689.

Zheng S, Gupta G. Semantic-guided zero-shot learning for
low-light image/video enhancement. Proceedings of the 2022
IEEE/CVF Winter Conference on Applications of Computer
Vision Workshops. Waikoloa: IEEE, 2022. 581-590.
Triantafyllidou D, Moran S, McDonagh S, et al. Low light
video enhancement using synthetic data produced with an
intermediate domain mapping. Proceedings of the 16th
European Conference on Computer Vision.
Springer, 2020. 103-119.

Ye J, Qiu CZ, Zhang ZY. Spatio-temporal propagation and

Glasgow:

reconstruction for low-light video enhancement. Digital
Signal Processing, 2023, 139: 104071. [doi: 10.1016/j.dsp.
2023.104071]

Liu L, An JF, Liu JZ, et al. Low-light video enhancement
with synthetic event guidance. Proceedings of the 37th AAAI
Conference on Artificial Intelligence. Washington: AAAI,
2023. 1692-1700.

Liang J, Yang Y, Li B, et al. Coherent event guided low-light
video enhancement. Proceedings of the 2023 IEEE/CVF
International Conference on Computer Vision. 2023.
10615-10625.

Cao H, Wang Y, Chen J, et al. Swin-Unet: Unet-like pure
Transformer for medical image segmentation. Proceedings of
the 2022 European Conference on Computer Vision. 2022.
205-218.

Simonyan K, Zisserman A. Very deep convolutional
networks for large-scale image recognition. Proceedings of
the 3rd International Conference on  Learning
Representations. San Diego: ICLR, 2015. 1-14.

Maggioni M, Boracchi G, Foi A, et al. Video denoising,
deblocking, and enhancement
nonlocal spatiotemporal transforms. IEEE Transactions on
Image Processing, 2012, 21(9): 3952-3966. [doi: 10.1109/
TIP.2012.2199324]

Mildenhall B, Barron JT, Chen JW, et al. Burst denoising
with kernel prediction networks. Proceedings of the 2018
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Salt Lake City: IEEE, 2018. 2502-2510.

Chen C, Chen QF, Xu J, et al. Learning to see in the dark.
Proceedings of the 2018 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Salt Lake City: IEEE, 2018.
3291-3300.

through separable 4-D

(B e FhEHE)

9


https://doi.org/10.3969/j.issn.1673-4866.2020.03.037
https://doi.org/10.1109/83.597272
https://doi.org/10.1016/j.patcog.2016.06.008
https://doi.org/10.1016/j.patcog.2016.06.008
https://doi.org/10.1109/TIP.2009.2021548
https://doi.org/10.1038/scientificamerican1277-108
https://doi.org/10.1038/scientificamerican1277-108
https://doi.org/10.1038/scientificamerican1277-108
https://doi.org/10.1038/scientificamerican1277-108
https://doi.org/10.1016/j.dsp.2023.104071
https://doi.org/10.1016/j.dsp.2023.104071
https://doi.org/10.1109/TIP.2012.2199324
https://doi.org/10.1109/TIP.2012.2199324
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 本文方法
	1.1 孪生网络结构
	1.2 跨帧滑动窗口模块
	1.3 局部与全局相融合网络
	1.3.1 局部特征提取模块(LFEM)
	1.3.2 轻量级多头自注意力模块(LSAM)
	1.3.3 特征融合模块(FFM)

	1.4 损失函数
	1.5 训练过程

	2 实验与结果分析
	2.1 数据集和评价指标
	2.2 对比试验分析
	2.2.1 静态视频增强定性评估实验
	2.2.2 视频时域一致性定性评估实验
	2.2.3 静态视频增强定量评估实验
	2.2.4 视频时域一致性定量评估实验

	2.3 消融实验分析
	2.3.1 验证LFEM、LSAM和FFM的有效性
	2.3.2 验证损失函数有效性


	3 结论与展望
	参考文献

