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Abstract: This study mainly deals with the improvement of the image enhancemé'nt network based on zero-reference deep

curve estimation (Zero-DCE). Upon the image convolution in eachilayer, the image will lose some detailed content and

confront noise problems, and thus an improved network structureds proposed. The convolutional layer retains the main

content of the image, and the deconvolutional layer is added to compensate for the detail loss. The feature map of the

convolutional layer is transmitted to thekdeconVOIutional layer, which can help the decoder to obtain more image details

for a cleaner image. In additionj a res}dual network is introduced to make a difference between the input noise image and

the output clean image'to learn a residual error, improving image clarity and reducing noise. Finally, the image quality

evaluation methods, i.e., the peak signal to noise ratio (PSNR) and the structural similarity index measure (SSIM), and the

Fourier transform are used for testing and analysis. The results show that the improved structure proposed can increase the

image details and achieve the effect of noise reduction.

Key words: zero-reference deep curve estimation (Zero-DCE); image enhancement; deconvolution; image details;

residual network (ResNet); zero reference

O HEWH: A EEXRHEEIHE (2019JZZ2Y010117, 2019JZZY010452, 2019JZZY 020615, 2019IZZY 020616, 2019IZZY010453)
AR IS TR]: 2021-08-11; A EA T [8]: 2021-09-13; SR i [H]: 2021-09-18; csa £E2& H I []: 2022-03-11

324 W5 H & Research and Development

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8481.html
http://www.c-s-a.org.cn/1003-3254/8481.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008481
http://www.c-s-a.org.cn

20224F #5314 5 63

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

i H AR SN A

P 8 5 5 AR G2 7 IR AL PR — A B B 52
R 2% B0 M IR 85 2 52 0 ) PR (5OR B 1 o B, Rl
FECHEPA 5T B A 3 T B ot 4% R e Al PR 4R A A R
AN DR SN R0 55 AT 1 AN R 0 32 0 1)
AL, TR th BE SR Y B b H AR RORS LA 2, BE T 5 2
TS S P B PR AR B A B A R A A LA
TREAT 43 b HE 1) PR, PG SR A 1 2 1 e
BRINA, Qo BahER. FReliE R g, LA R
Gt LA AR i 2 %

e 48 1) PRI 8 5 32 PTG 7 9 3 2Rl &
L SRR A, Horh, AET B A
N ER AR 3 B EHON B AR R A HEAT AL, DA
INBARH G AT 1 R AE S AR N HEAT A

R A AT — LTRSS Bt R TR A AR G

THEFTBASBORA AR LAY, —J7 s R ik T
A1 80, T34 A 4 A UG T R BCR 255

AR, %%E%ﬂﬂééilm%ﬁ LTS SR L RN
FFUL R R (B 5 SV 2 AR O AL
5T TR R, SR GTVEM L, — e T
CNN fJ7ik  im 7 EHE s sm i m 2. K2 400
A INGRTT i Hdle 25 21 R R S B AR
RIS R R, 152 2 g s g,

i 30 2 HEF-%F Zero-DCE-Net BRI 45 575
(R 7. I 2 AH LE T 1R S TR B 35 Bk T D
BTG, SEIL T F 5%, R a3 4185
G R R T8 S o 0L A 1 IR, e A 2 A S
FUGREMEE . R PEAIT R, PRy a et 7
2 Al it IR OB RSB R Embr £, B IR

BRI BN . AN AE OR-$ 18 56 P AR B 11 [ I

WALE T AIAME ZIOXT LLRE . AR e 7 24 B
YLRL, 2t — RS R, W — D b, e
SR, mwzxﬁ@;ﬁm%zi%m.

{51 5 P 2 50 78 MR 4 20 F AR I )32
FEU, 12 5 2 7 R 1 MR A A 5, R A i
TR0 2 B 2 A TR T 432K A2 A 5 B 1R
A2 A, DRI AN 5 R O R P R 4 3, 9 L
19 10 12 (5% B K3 4 (0 A4 45 10, S A7 Bl
T4 FH R4 S DK KT Frks

1 LR
1.1 Zero-DCE MZ&4543
Ji Zero-DCE P38 55 X 2% f X FR R BE ) 7 N4

FZ I8 CNN, #/1 6 J2 &2 H Conv 1 ReLU M
B, &5 — 26 HZH Conv 1 tanh bR EZH AL,
HHEE 1/2/3 EHH A 4/5/6 ERTIBIEL L. HIES
FREIESL 32, ALK/ 3x3, ekt RIG/B =4
IEIE 8 YOS, IS 24 3838, ML R 1.

|32 32 32! 232! 232! 3282 l!l

Deep curve estimation network (DCE-net)

. \‘ Bl 1 Zero-DCE M%& 451
1.2 M EHIMLELEH

ot JE I 28 1% D SRR 7 R SRR 3 R B
R, BEANE I N IR ZE SR, 2 4/5/6 2 NIEINE R &
FUZUT seBlont BG40 5 2 R AR, 2 J2 5% 75 sz Bl
BEREGHES 2/3 FR%E, B L5 5] — MR EEKR
P47 BG40 155 5, T B P i A2 T B R s e Y
1/2/3/7/8/9 JZ2H Conv Al ReLU B4 RL, i — 2 H
Conv F tanh BREA L, G ZMEREREIESCH
EARXS I, # O 32, BRZ RV 3%3, Akt R/G/B
SEERLE T 10 KiENE E‘Jﬁ\f iﬁq;tlj WIE N 30.
BEJE M4 SR K 2 B, NTHERS, Sk r M 4
4N IM?D;D&de,

\
2 2% Dy e SEIR

TS RS M 2R Ak T X 4% = BLE e v — AT
I3 WIHES B0 R S DN IR B X 24 5 0 3 5 o IR
B Al THT S5, TN 45 i 1) UG S I B8 R 1)
AR, B2 SRSl R 3 s, 5%
RS M el tH I 2% 3 A4 4 i LE-curve OG5 58
ith£k). DCE-Net (i F i L& GG 58T £2) . Loss
CENTRs
2.1 FiEsEphik

3 1 #4r LE-curve (JGIY 5 I 2R) 1T 1 AR LG PE L
SHEIZEAT 3 A AP 1) T 8 G el R T T
EGEREHEER, BHRALEEEHNEMERBE 2
[0, 1] VG A5 2) N AE1SAH AR5 2= Oh B A 1 22 e M
S 5R Hh 28 75 9 B 1Y) 3) TEAR FE S AR R R, 1%

Research and Development f 577 & 325

© TEREBIK R

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


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

it E RGN

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

20224 314 F o

it 28 7 SO AT BE TR B IR AT 4. A T SEEIX 3 A B A,
Wit 17—k, R
LE(I(x);a)=1(x)+al(x)(1-1(x)) (1)

Hodr, x B EAKR, LE 1 (x) ;@) %N EULT (x) 1386 58

SR, a e [ 1AW I 2624, IF H A SR
RBERNIFHENMEEHFET L F] [0 1] ¥ [
W. AL I, ¥ LE i 27y ) N H 3] RGB =lid, 7] LA
N ERERER S S U Sk P e RN 5

-

e S s e e e e T . e S s

m

3232 1011010/

________________________

. K2 IMZD-DevRd 2% 45H

B

. 8

TR (1) SRR % PR, 71 DL 0 8
T R, T LR 5 24 3 A 1
22 AL R

5 2 4 VR M 2t %, 2 X AR
AR BB, 5 — DRI RN, 2B AR
40 4 2 B 6 S 40 Y 4 ot 047
FHE 1/2/3 K1 7/8/9 J= B A X FRIE 4% 1) 25 A1 0 2%
4/516 J2 R V-0 EUR IOAIY 15 8, S\ FR (R #2675
112/3 BABBUR, 5L 52 04 213 R (0 A

4 ZHATRETNES 5 RRERZ P, AL AR

326 W 7T H & Research and Development

E=LE (I, 4,)

. =
B3 BRI RE SR

2.3 KR EIFIT

55 3 A AR R R B BT, T I 4 40 2K bR i EH
Gl EI R S C L SN St il SR p ] =N L i
REPVHE IR P4 B0 4R SO IR B4R K R
Hdn 7 A AR, A e R RS R
85 E— B AT W B H 5, R R 1S X
B8, 852N —A SR R AL

(1) 1A —FUEAR (Lopa)

AR FEE B A (] — Bk, i M AN BB S
338 5 PEAGORE 00 DX IR B B, dd T R A R =

© ERSEBIK T

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


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

20224F #5314 5 63

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

i H AR SN A

PIME, F RIS PE R, A5 H MR T4 4x4 1Bk,
B THEAREN A OB R S AR MR R IR R R
WfE. Fn AT

K
Lpa = %Z > (1= )| |z - 1].)')2 @)
i=1 jeQ(i)

Hor, KON RS IX S i B, Q) & BAIX 8 7 2 Aol i)
AAHHARIR (L B AL A, YR 4 B R 0 E G
NN BB Ja) 8 DX P 35 SR B A, IXANME AR 22 56
WE A 4x4 R/, Wn BB R HAb KN, 157K bR Ok A2
(2) B HIEA R (Lexp)
N T H IR G AS R B B R O X, P BAB T T

g 1 2 ] 1 457 K R BOR 28 | B O KT BB S ]

R FE SRS X G 1T SR (5 AP PR Y B L [
BE B 2, o BT 005, o = RO 7 W £ AR 2
HEAR SR IUE=0.6. 45 T (R (KT, 53
GONET 16x16 B, TGP IR, A R T

1 M
L=, Ve~ El 3)

Horr, M R/ 16%16 A E & R Xk, Yoy
58 G H R 30 DX A P ST 25 R P AL

(3) BRI R (Lear)

R F A 2 th S 30 1 e B2, BIKg A4 JRK
AR IE T )BT 3 B A R, Gl R R
Sk 2| I3 i EUE R TR B R 22, R L =i
(IFRTIR 2R, AT R A A3 5 5 R A O, eR BTG

Lo= ), (P=J)"e={(RG),(R.B),(G.B)} (4|

Y(p.q)ee
Horp, JPRERIG 8 B IEIE p BT REL, (p, ) fRE—
. g "

(4) JERE IR (Loa)

TEREA 28 S H0 i i Hh 5 o BRI 42 2k DLOR R
ARG R Z AR R R, KT A @IS . BRI
A (M4 ) FIKFE T8 BT WIBR P 318 R AZ R /.
IR GCE PN g I

N
Lya = %Z (Vg + V,45) = RG.B) (5)

n=1 cepu
Forr, N OIEARIREL, Vi V20 ARG KT A B 5 1)
I A

(5) WAR (Leontent)

73 R OGE A 5 5 B B S B — DGR R
10 P 15 N B TN 2R BF VGG PIZ8 P B R, SR
Je T SRAR 3R 22 18] R R B 2 R 31 1 i S 1 22 e
A FHORAR KR A 38 S5 BP0 A

1
WQJ(FW U)-0;) (6)

Horh, 0,9 VGG W45 j 05 5 IRHE, F, (1) &R
FEARAE U R ER, 109 | — A i (.
BIBR Lo AR TS

'
Liotal = Lspa + L‘exp + Weol Leol + WivaLtvA + Leontent (7)

W

St v P 28 BRI

Lecontent =

3 ML S M

SISV 45 CPU N Intel Xeon(R)W-2155, GPU N
GeForce RTX 2080 Ti/PCle/SSE2, M 7# 64 GB [#14 1
PG SIS A YRR 3 022 Sk AR R CFERE I A,
WA 4 o, HoR/AN R 512512, B AR 4R/ 7E Linux
RS NIAT G B ST, HA I ZRAE PyTorch
P& b, BB EIFAGE Matlab _FEAT

EE v e SR

\

AR B G AT ORI, 2 e R A R R
BEAT T 3 5m AL R, X bb 9 2 et A s 1 U, 25 SRl 5
Fii.

15 5 1) B TC V2 A e AT HIR 25 40000 4 3R,
PR 7E PSNR FII SSIM 3 il & 4553 B8 1Ak 730 vk
HEAT 700K, A £ G i B . BT B S
k. Retinex-Net"*™ F1 Enlighten-GAN*! /5 A5 EE. ¥l
WG R R 1 .

R 1 R, SO E R B R & A LR R B
S LLE I ST 1. 5 A I xs) et A S 1 BG4 (e
H- 25 e B4 S 06 IF et a5 AR 40 2 . i 6
FIis.

i B T o O [RGB S R, PG 1A 2%
AR A AR B b, S 0 LI AT e, BRI v A0 7 B A5 00

Research and Development ff 577 & 327

© TEREBIK R

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


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

it E RGN

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

20224 314 F o

%, TG A1 AL th 2 e T K B A 2RI AR AL K X3,
1552 R AR PE AR SR AR A A 2 R BB DR e X
5 Ja B0 B fe B AR, Sy M it S e PR A

5N

(a) K

(c) IMZD-DevRd

K5 ik k2 i E B B

T B8 06 9 44 7 I D 4 1 R b, 0 T
3 B RABRFR 52, UL 5 R 5 0 247 T8,
9T T T IO B IR B8 — B T 64, A5
Wi 4 2 1% T B A IG5 K IR L

(a) JR A (b) Zero-DCE Kl

(f) Zero-DCE i B3t

(e) Ji Il Lot

() R PE-IMZD-DevRd
e FL b

(i) J &l-Zero-DCE
(LSS

LR EE AR I, Bt R 46 SR R R A,
WIZRI 8] A NI 0, (E2 AR IR L T FE I AN R A 22
ARR, X T B FHAE R 2 1 b AU S 78 A E 0% 3 A2
IR PR, R0 B R R SR e R AR
DR

R 1 UM EMEIE 57 2 R SR PR 45 2R

WiReS PSNR1 SSIM1
Retinex-Net 15.99 0.53
Enlighten-GAN 16.21 0.59
Hist-equalization 13.10 \ \ 0.56
Laplace o1 ‘== 0.57
Zero-DCE . . 1621 0.59
IMZD-DeyRd v 19.15 (12.94) 0.62 (10.03)

(g) IMZD-DevRd i L i

WY B
';%ﬁaamﬁgﬁﬁw%mzhmmmmﬁi

) FEL 6() (i B B 158 2% IMZD-DevRd {8 H
i) T LU, B 6G) IR 8 T 1 66) 10,
5000 s B 3 AL I B8 B A T
T 55 2 5 T L0 5 O35 5
6(1) 1AL 6(1) (i Pl e FRL Pt 43 sl 2 2% i 1R e = e L
3, BN ) AT PSR Zero-DCE HE MR BUR, It
S 6(K) T DL BB ik T RURI 2 %
AR,

e 5b, ST Hee AT R0 L R 7 v
PR AL RO, 1T 7 2%, 0 5 R 41
FOERBE AT HRE, 7 DL D0 A % 7 52 py %5
S5 R 7 0 g LR SR 7 2003
STl PR e

q

(c) IMZD-DevRd

(d) M

(h) KA HL

(k) Zero-DCE-IMZD-
DevRd {# it

(1) J -2
RS

6 BB B ot

328 W7 H & Research and Development

© MEREEBIK T

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


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

2022 4F #5314 6 http://www.c-s-a.org.cn HEHN RS NA

F 2 L IR S I 25 LA AR B X L B RN 7RG Bk fE H R R TS RE SR I H AR

VEN BIAHOR  SUBRTEEN (5) B RER (s) RS FE, ot B RS I B0 R ] SSD, #idli 4 4 vOC

M 3022 3838.92 5043.78 2017 A1 VOC2012, T F iR PR AN B o)l 25 1 X 4%
o4 2% 3 200 8.23 8.85 *ﬁﬂ

(a) JE (b) Retinex net (c) Enlighten GAN (d) Zero-DeeNet . ™ (e) IMZD Dede

()L ™
K7 ﬁi@zinﬁth : .

A5 B ARSI AN BB 23 SN R B T B REAR A K5 Sk
P 21545 K 5328 1 545 80 BT X I I P 9 4 T 1 BTBHER, SRELER, BT, 55 BEHREALGR. THENLAR
TR TR 432K 1 .@RQEH‘D{D U}—-—ﬁm E% 5 SR N, 2021, 30(6): 18-27. [doi: 10.15888/j.cnki.csa.007956]
Ak 7]‘"()” 2 B A @ 8 Fﬁﬂ“ N ¥ 2 Stark JA. Adaptive image contrast enhancement using

generalizations of histogram equalization. IEEE Transactions
on Image Processing, 2000, 9(5): 889-896.

3 Goossens K, Haelewyn J, Meersman F, et al. Pressure- and

o

temperature-induced  unfolding and aggregation of
recombinant human interferon-gamma: A Fourier transform
infrared spectroscopy study. Biochemical Journal, 2003,
370(2): 529-535.

4 Antonini M, Barlaud M, Mathieu P, et al. Image coding
using wavelet transform. IE{EE T %&
Processing, 1992, 1(2) 205 —220

5 Yang JC Wr‘gh J, Huang TS, et al. Image super-resolution

ctions on Image

(a) 5 (d) Zero-DCE-Net  (e) IMZD-DevRd
v1\ sparse representatlon IEEE Transactions on Image
Kl 8 ik mliE B bntar AR oL h® Processing, 2010, 19(11): 2861-2873.
W 8 45 TR, B }:XT F E'r*/]%*ﬁl')n“ i 6 Chen XG, Yang J, Wu Q. Image deblur in gradient domain.
" - Optical Engineering, 2010, 49(11): 117003. [doi: 10.1117/
B T, ﬁTHF‘ﬁHE{E%ﬁiﬁ pical Engincering b :
1.3505868]
\' o 7 Long J, Shi ZW, Tang W, et al. Single remote sensing image
gy %é ' : : :
H dehazing. IEEE Geoscience and Remote Sensing Letters,
FEX Zero-DCE-Net P53 75 0 2% IR T 78 B filh |, 2014, 11(1): 59-63.
X ERIEEG AT E RN ERN R, B T44 8 Elad M, Aharon M. Image denoising via sparse and
5 FR RN 22 ) 2% i W12 0] 781, B Jim T E3033E )i 1) X 4% redundant representations over learned dictionaries. IEEE
TR, B 23 e 76 % 5 B 0Pk 7795 PSNR AT SSIM Transactions on Image Processing, 2006, 15(12): 3736-3745.
RSN N . = N 9 Kang C, Lai YK, Wu YX, et al. Automatic semantic
PRIESE T B R () PG R T R 4 (1), Hvm e o o RGBD
. . . . modeling of indoor scenes from low-quality -D data
Tod e LI AR R AR A U B0 AIE T SO S R 4, AN . . . .
using contextual information. ACM Transactions on
ZEl
T [’/Lﬁﬁuﬁ.1%\mi= g& HHT./f%QB}_lj 'fl:l ST Hb{ﬂ‘iu Graphics, 2014, 33(6) 1-12.
A, XA B H AR R SRR 2 2 0 10 Wolpern AE, Burgos DJ, Janot JM, et al. Is a threshold-
BTz M. based model a superior method to the relative percent

Research and Development iff 72 7+ & 329

© TEREERIREGSTT  hiip:/iwww.c-s-a.org.cn


http://dx.doi.org/10.15888/j.cnki.csa.007956
http://dx.doi.org/10.1117/1.3505868
http://dx.doi.org/10.1117/1.3505868
http://dx.doi.org/10.15888/j.cnki.csa.007956
http://dx.doi.org/10.1117/1.3505868
http://dx.doi.org/10.1117/1.3505868
http://www.c-s-a.org.cn

i E R %N

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

2022 4F #5314 6

1

—_

12

13

14

15

16

17

18

19

20

2

22

concept for establishing individual exercise intensity? A
randomized controlled trial. BMC Sports Science, Medicine
and Rehabilitation, 2015, 7(1): 16.

Guo CL, Li CY, Guo JC, et al. Zero-reference deep curve
2020
IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR). Seattle: IEEE, 2020. 1777-1786.

Li CY, Guo CL, Chen CL. Learning to enhance low-light

image via zero-reference deep curve estimation. IEEE

estimation for low-light image enhancement.

Transactions on Pattern Analysis and Machine Intelligence,
2021: 1. [doi: 10.1109/TPAMI.2021.3063604]

Neichel B, Lu JR, Rigaut F, ef al. Astrometric performance
of the Gemini multiconjugate adaptive optics system in
crowded fields. Monthly Notices of the Royal Astronomical
Society, 2014, 445(1): 500-514.

Linden DEJ, Prvulovic D, Formisano E, et al. The functional
neuroanatomy of target detection: An fMRI study of visual
and auditory oddball tasks. Cerebral Cortex, 1999, 9(8):
815-823. y

Szoplik T, Garéia J, Ferreira C. Rank-order and
morphological enhancement of image details with an
optoelectronic processor. Applied Optics, 1995, 34(2):
267-275.

T, HENIE, VFOCUHE. BGBE RE37 0 IX 18] 25 6 A FR 240 55 48
5. HLF AR, 2017, 45(5): 1165-1174.

Ma XR, Fu AY, Wang J, et al. Hyperspectral image
classification based on deep deconvolution network with skip
architecture. IEEE Transactions on Geoscience and Remote
Sensing, 2018, 56(8): 4781-4791.

Yang J, Li WJ, Wang RG, et al. Enhanced two-phase
residual network for single image super-resolution. Journal
of Visual Communication and Image Representation, 2019,
61:188-197.

Wu CS, Liang TC, Kuan. H, et al. Output power
enhancement of GaN-based fight-emitting diodes using
circular-gear stmctilre.‘Japanese Journal of Applied Physics,
2011, 50(3R): 032101. [doi: 10.7567/JJAP.50.032101]
Gonzalez-Izal M, Falla D, Izquierdo M, et al. Predicting
force loss during dynamic fatiguing exercises from non-
linear mapping of features of the surface electromyogram.
Journal of Neuroscience Methods, 2010, 190(2): 271-278.
Jian Z, Craigmile PF, Cressie N. Loss function approaches to
predict a spatial quantile and its exceedance region.
Technometrics, 2008, 50(2): 216-227.

Kurmi Y, Chaurasia V. An image fusion approach based on

adaptive fuzzy logic model with local level processing.

330 75 JF & Research and Development

23

24

25

26

27

28

29

30

31

32

33

34

35

International Journal of Computer Applications,
124(1): 39-42.

Nieves JL, Pérez-Océon F, Hernandez-Andrés J, et al.

2015,

Spectral-reflectance function recovery for improved colour-
constancy experiments. Displays, 2002, 23(5): 213-222.
Berloffa G, Modena F. Income shocks, coping strategies, and
consumption smoothing: An application to indonesian data.
Journal of Asian Economics, 2013, 24: 158-171.

Huang JC. Image super-resolution reconstruction based on
with  double
discriminators. Multimedia Toeols and Applications, 2020,
79(39): 29639-29662. .

Li ZG, Zheng JH, Rahardja S. Detail-enhanced exposure
fusion. IEEE Transactions on Image Processing, 2012,
21(11): 4672-4676.

Mertens T, Kautz J, Van Reeth F. Exposure fusion: A simple

generative adversarial network 'model

and practical alternative to high dynamic range photography.
Computer Graphics Forum, 2009, 28(1): 161-171.
Rutherford MD, Brainard DH. Lightness constancy: A direct
test of the illumination-estimation hypothesis. Psychological
Science, 2002, 13(2): 142—149.

Ke HJ, Chen D, Li XL, et al. Towards brain big data
classification: Epileptic EEG identification with a lightweight
VGGNet MIC. IEEE Access, 2018, 6:
14722-14733.

Ignatov A, Kobyshev N, Timofte R, ez al. DSLR-quality

photos on mobile devices with deep éon\'/olutional networks.

on global

2017 IEEE International Conference on Computer Vision
(ICCV). Venice: IEEE;2017. 3297-3305.

Sun ZH, Hoogs A. Image comparison by compound disjoint
information with applications to perceptual visual quality
assessment, image registration and tracking. International
Journal of Computer Vision, 2010, 88(3): 461-488.

Provenzi E, Fierro M, Rizzi A, et al. Random spray retinex:
A new retinex implementation to investigate the local
properties of the model. IEEE Transactions on Image
Processing, 2007, 16(1): 162—171.

Jiang YF, Gong XY, Liu D, et al. EnlightenGAN: Deep light
enhancement without paired supervision. IEEE Transactions
on Image Processing, 2021, 30: 2340-2349.

Uzun IS, Amira A, Bouridane A. FPGA implementations of
fast Fourier transforms for real-time signal and image
processing. IEE Proceedings-Vision, Image, and Signal
Processing, 2005, 152(3): 283-296.

McNamara A. Visual perception in realistic image synthesis.
Computer Graphics Forum, 2001, 20(4): 211-224.

© TEREBIK R

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


http://dx.doi.org/10.1109/TPAMI.2021.3063604
http://dx.doi.org/10.7567/JJAP.50.032101
http://dx.doi.org/10.1109/TPAMI.2021.3063604
http://dx.doi.org/10.7567/JJAP.50.032101
http://dx.doi.org/10.1109/TPAMI.2021.3063604
http://dx.doi.org/10.7567/JJAP.50.032101
http://www.c-s-a.org.cn

	1 网络结构
	1.1 Zero-DCE网络结构
	1.2 改进后的网络结构

	2 网络功能实现
	2.1 光增强曲线
	2.2 深度曲线估计网络
	2.3 损失函数设计

	3 网络评估与分析
	4 结论与展望

