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Fig. 1. (a) Retinex imaging theoretical model; (b) arithmetic ideas of Retinex algorithm.
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Fig. 2. Flow chart of the advanced Retinex network enhancement algorithm.
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Table 1. V-component  decomposition  network

structure.
A Ee (B B fibEE PR il
RGB rgb to hsv — — — H, SV

Vv conv 3 64 1 featsO
featsO  conv & ReLU 3 64 1 featsl
featsl conv & ReLU 3 64 1 feats2
feats2 conv & ReLU 3 64 1 feats3
feats3 conv & ReLU 3 64 1 featsd
featsd  conv & ReLU 3 64 1 featsh
featsb conv & sigmoid 3 2 1 R, 1

YRR B BE PR 15 R I TR PR B — 3Ry
B8, M S S — Sk ek i (10) XBoR:

Lir = || Riow — (6)

N PR A SO AR 15 77 T R e -, AE Al

Rnormal || 1-
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Li= Y,

i=low,normal

IVI; x exp(=AVR)|,  (7)

K, VEE TACERIEE 2 D IS4, A,
FOR T AR BN FREL. BT o0 o 4 1 S0 R R AR
hy FR LA R R B A R :

Lgecom = Lirecon + AirLir + Ais Lis, (8)
A, N BN 3R TR R RS A 4K 1Y
HEXEISY

2.3 Retinex 5% ¥ 28 B4 i

SR 453 1 1 A G 5 A A L PR AE S R
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Table 2.  V-component  enhancement  network
structure.
A 5= e N2e %'LH . A
HA Btk B . K i
JHiE
Vlovm Rlowa
up-sample — — — Input
‘[1()\\'
Input conv 3 64 1 out0
out0 conv & ReLU 3 64 2 outl
outl conv & ReLU 3 64 2 out2
out2 conv & ReLU 3 64 2 out3
out3 interpolation — 64 — out3 up
out3 up, out2 conv & ReLU 3 64 1 del
del interpolation =~ — 64 — del up
del up, outl conv & ReLU 3 64 1 de2
de2 interpolation =~ — 64 — de2 up
de2 up, out0 conv & ReL.U 3 64 1 de3
del interpolation 64 del r
de2 interpolation 64 de2 r
del r, de2r,
conv & ReLU 3 64 1 feats0
de3
feats0 conv 1 64 1 featsl
featsl conv 3 1 1 View

R MR SR 1) A0 1 v R 5 T R R
W) Varas. T Bt e BGOSR R TE T B, A2 KA
P15, B e LR eSO UG T R
PERPER, AT B E TR R BUR 1 2 )R 53
MfE 8, fFE LoRFEE R T, 5] AT XN B, ff
&)y 1R SUE BAR 2 T 2R s (e Y
TrE Ko PR, 25t 141 Ix1 B HZ K%
T AR E, a1 A 3x3 BB FUZ ok A %
B Varam. Hop out3 up, del up, de2 up, del r,
de2 r 43514 out3, del, de2, del, de2 F| &I 4R
RUBREIER RO W Z S5 I U, i [F]— 2 2%
P A A AT AR TR 43 B
TR DR 2% A R R AL 5 2 ANy, Hrh )b
HaR R BN 5 BB R TE V oriE AT —
FE A FARRIME, PR, X B3k FH 25 A AL PR Ry
R PRBCKR FIWT 2 A MG B AR S
iy + Oy +2C5) o
(12 + p2 + C1)(02 + 02 + Ca)’
K, g By AR T W10 58 ERORN IE 5 BRI
RIIE, 0. T oy FRFR T HI 2038 3R EGORN IE 5 1R
FE BRI TT 22, Jkt G B2 0, CLAl Co i 2 M
/N, 4390 H0.012 F10.032,
I FHA90 25 bt i PG RN E i B RE PG 9 — B0
FAIEE S0 1 AR pRECH
Ly = ||Vaew — Vhigh-normal || i (10)
o, View ZRWIAEHGR UL V431, Viigh - normal
TR IEH BB EUR A V or o, DI o ) 26 1) S

Lssim =

Lenhance = Lssim + )\SLSa (11)
AP A FRAEF B, A SCP L, 152158 5 1
Vra.

2.4 BEgmE

B HSV (4% 55 [ 5 1] RGB 8% 25 6], 155
WAL RGB BB )E , A SCR /N AS el &
B 7 VSRR I B S . kN AR S R AR A T AN
G ERRR AT — 4l /N AR, 43 ) ARG L AR
S R, FE T —)Z2 5 TP AT B R
I3, R symd sREVE R /N B pR %R, symd pREL
U8 F Symlet P pRELR, J&— 4T RIXNFR Y & 3 IE
/N R AR, TEOR B Daubechies /N R AL H A [A]
i, EA B R E U, BISZ/ 0NV Ry i i 5 T |
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Scale function

Wavelet function (1)

3 symd R RES /N R AL

Fig. 3. Scale function and wavelet function of sym4.
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function) Fl 3 4~ /NJ BRI %L (wavelet function) [
N

AN ARG AT DA R I3 ik R A [ B AT
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LF max
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3 L&KM

R B E R BE ARN BE B RCR, AR SCE T
MSRCR!™, [ i Wil 5 # IE (automatic gamma
correction, Auto GC)PY Retinex-Net!?! HikAE K
PR, AR SSCR A WA FR bR 2 A0
AT T 9k Hr. 5 Z Ui, ASC ARN &
Bk T 5 Retinex-Net 59— 200 B0 11 2k
4 (low light paired dataset, LOL)P.

3.1 EWIEM
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LT 6 IR R R, Hop s 1055 2412
FORBEULIEIE, 45 3. 45 4 42 NSO SHEIE, 46
5.5 6 4= NGt ER. B 25 5Kk
J5U A A IR [814%, MSRCR &3, Auto GC & ¥,
Retinex-Net Z 1 ARN B A58 0 1R 1K1

ME 4 SR AT LUE H, MSRCR B354
PR B AR BB AN, 7 ELAE MR (R4 Bl
TEE—EBLG, TR Y B #1164
BB EIS . Auto GC B 7EH2 T EIMG s BE )y
R, DIEARGEIRE R P 25 5.
Retinex-Net 51k By 38 5 F G b @ B 2R E, 35
Oy EMEGAT B . 3 SRR AR SCAT AR ARN k0
SRR I B I 4, S AL S8 R B 1 4K LS.

K 5 ka4 Hr MG R RO L.
Al —2 A MSROR 3445 21 (1) 45 3 52 3 T
WA S, (EUE: T b — Btk 200, SR EUR B 58
T 5 AR EUR AR —BUR 2 BE A AR FRAE, 3R X
Sof R B B O A T PR I DR DX T K 2 X
3. Auto GC B AE UG L $E T 5 Thi R B AR
%, TAAE—E MO 2Z N, SRS A 0 R SRS
R, T H A B A0 R . Retinex-Net 5.
e S T E | EA NS 3 b (b = el (11 1 £ G W2 L U
FERTCIR AR FARYE, I EL7E EUS 435 o
RN R B G, 1 NS I AEAE . AR SO
) ARN B340 b At 75 28 Bl HSV (825 [H] 1)
g, FEORFREEM 1 R, PREE T EURJEAR 1 R
IME R, B RTERE RS T (R L.
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1HF
higzhl il

Retinex-Net ARN

Low-light image MSRCR Auto GC

K4 AFF X BRI
Fig. 4. Comparison of different algorithms.

Low-light image MSRCR Auto GC Retinex-Net ARN

B 5 AR R SRR R R

Fig. 5. Local enlarged view of the enhancement effect of different algorithms.
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3.2 EYIEM

TE 2P 168 b5 05 1, A SCIEH T NIQE {H
(natural image quality evaluator, NIQE)BY, {5 &
i (entropy), #5 #ff 2% (standard deviation, SD)
3 R TCS B 18 b A o R i 2 WD Y
PrifE. Hor, NIQE fE 2 32 BUEHER iy 3 SR RRAE AL
B 1A 2Ty A X A R
TIVEM, A F o2t 1 kel BR e 201 b
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TINAFA AR R 6E T 188, 15 SR E AR B ff B2
RBLEGAE BB RN R R 2, SRR
B 1 AGETHERR, 5 BB R IE Y
R, BB bR EURRT LR
A a1 55 R AT LU BE LU IE R EE R
X HE AR Z.

% 324 6 4IEE Y NIQE, 15 B0 FbR i 22
3HLSHHEARBE SR, I, R385 as
TRATHENE, ASGHR T 6 HEBR S ATRIRIYE
{E, an1&l 6 Bz 9 4% PE A 48 AR E(E A 0] b2 A1

* 3 AFEBREEUITH 1R
Table 3.  Objective evaluation metrics for different

images.

Image Evaluate MSRCR Auto GC Retinex-Net ARN
NIQE 5.6692 5.1384 5.9782 4.0729

Imagel Entropy 7.1095 6.6392 7.1375 7.8179
SD  33.3758 41.6959  31.1130  42.9601

NIQE 6.2926  6.0252 5.3596 3.7336

Image 2 Entropy 7.3012 7.5171 7.5777 7.7226
SD  41.8903 55.6071 46.3428  66.2911

NIQE 5.6715  4.9203 4.4528 4.0319

Image 3 Entropy 6.7898  7.1224 7.7284 7.8633
SD  31.3800 37.3028  53.5654  72.4424

NIQE 3.7695 3.8844 3.7200 3.6582

Image 4 Entropy 5.5392  7.1881 7.2807 7.4010
SD  40.8917 38.6741 39.9913  46.9674

NIQE 3.9541 4.4738 4.0126 3.6424

Image 5 Entropy 7.3497  6.0549 7.2871 7.4387
SD  42.1574 41.0863  32.5321  56.5474

NIQE  7.3401  6.4273 5.4459 3.8790

Image 6 Entropy 7.0335 5.5701 7.3417 7.8134
SD  34.1136 40.6108  38.4974  56.5800

NIQE  5.4495 5.1449 4.7649 3.8363

Mean Entropy 6.8538  6.6820 7.3922 7.6762
SD  37.3015 42.4962  40.3003  56.9647

B N 3 FIE 6 il LLEE S, 5 MSRCR ik
AHE, AR SO e ARN B9 NIQE {EFIRER T
29.60%, i M TF-HIHEE T 12.00%, brifE2E T3
T+T 52.71%; 5 Auto GC B LA, A CHr 4
ARN B35 NIQE HFYIREIKT 25.43%, {7 B
TR T 14.88%, tRifEZEF IR T 34.05%;
5 Retinex-Net B LA L, AS CHT#E ARN Bk
NIQE (¥R T 19.49%, 15 B0 F 43 17
3.84%, PRUEZEEIIHET T 41.35%. &% 1, it 3 4>
BWBEM T8 bR (4 EE X, AT LA 2598, AR SCT i
ARN Bk e TH ARG BB RS i X HL B, PR EE
PRI 15 15 B RTS8 205 A0 15 58 UG 3 3
SEE )T T EA U A

SD —e— Entropy - NIQE

60
L 56.9647
50 42.4962
40 |
» 40.3003
30l 37-3015
7.8 1 7.6762
7.6 7.3922
74k
72k
70l 6.8538
6.8
6.6 - 6.682
6 -
4.7649
5 5.4495
5.1449 3.8363
4+
3

MSRCR Auto GC Retinex-Net ARN

6 AR J7 i EHR PR 46 b 1 0 A2 A 1 B
Fig. 6. Changes in mean values of image evaluation metrics

for different methods.

4 B4

R T RN IR SRR T R T O 2 R e
SR E AN, AR SCHEH T — Pkt Y Retinex 2%
Jrik. Frik Ty E e X RGB B T HSV (A%
73 () A8 45, FIH] Retinex 73 fiff M 28 A B X HSV {4
RS (A B BE A i A T oA G o, T bR
PRAEIG R W B S o3 PR32, SR XA - i
FE i, i PRl SRR B A R, 2554
SR P8 B B A e 40 (] RGB 25 (8], 7521 49) 4 14555 ]
1. JeJa R /N BUR RS R AR 5 R IR LR
FEEMGHATRG , BRI GG G 5R F R %) 5 B
G ISR AT R A, AR SO AR A I ZE AR IR B ]
58 FE R SR 5 ORI Ty T EoAT B A3 el
55 Retinex M4 J5 ik 0L, NIQE EF-3 R T
19.49%, FIEARIEZEFEIEINT 41.35%. 45 ikt
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Advanced Retinex-Net image enhancement method
based on value component processing”
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Abstract

When capturing images under low-light lighting conditions, the resulting images often suffer low visibility.
Such low-visibility images not only affect the visual effect but also cause many difficulties in practical
application. Therefore, image enhancement technology under low-light conditions has always been a challenging
problem in image algorithms. Considering that most of the existing image enhancement methods are based on
the RGB color space enhancement technology, the correlation among the RGB three primary colors is ignored,
which makes the color distortion phenomenon easy to occur when the image is enhanced. To solve the problems
of poor image visibility and color deviation under low-light conditions, in this paper an advanced Retinex
network enhancement method is proposed. In the method, firstly the low-light RGB image is transformed into
HSV color space, the Retinex decomposition network is used to decompose and enhance the value component
separately, and thus increasing the resolution of the value component through up-sampling operation; then, for
the hue component and saturation component, the nearest neighbor interpolation is used to increase their
resolutions, and the enhanced value component is combined to convert back to RGB color space to obtain the
initial enhanced image; finally, the wavelet transform image fusion technology is used to fuse with the original
low-light image to eliminate the over-enhanced part in the initial enhanced image. The analysis of experimental
results shows that the method proposed in this paper has obvious advantages in brightness enhancement and
color restoration of low-light images. Especially, comparing with the original Retinex network method, the
NIQE value decreases by an average of 19.49%, and the image standard deviation increases by an average of
41.35%. The algorithm proposed in this paper is expected to be effectively used in the fields of security

monitoring and biomedicine.

Keywords: image enhancement, Retinex, deep learning, image fusion
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