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A progressive fusion image enhancement method
with parallel hybrid attention

Liu Guanghui’, Yang Qi, Meng Yuebo, Zhao Minhua, Yang Hua

School of Information and Control Engineering, Xi'an University of Architecture and Technology, Xi'an, Shaanxi 710055,
China

Abstract: Aiming at the problems of color distortion, noise amplification, and loss of detailed information in the
process of low illumination image enhancement, a progressive fusion of parallel hybrid attention (PFA) is proposed.
First, a multi-scale weighted aggregation (MWA) network is designed to aggregate multi-scale features learned
from different receptive fields, promote the global representation of local features, and strengthen the retention of
original image details; Secondly, a parallel hybrid attention module (PHA) is proposed. Pixel attention and channel
attention are combined in parallel to alleviate the color difference caused by the distribution lag of different
branches of attention, and the information between adjacent attention is used to complement each other to
effectively improve the color representation of images and reduce noise; Finally, a progressive feature fusion
module (PFM) is designed to reprocess the input features of the previous stage from coarse to fine in three stages,
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supplement the shallow feature loss caused by the increase of network depth, and avoid the information
redundancy caused by single stage feature stacking. The experimental results on LOL, DICM, MEF, and LIME
datasets show that the performance of the method in this paper is better than that of the comparison methods on

multiple evaluation indicators.

Keywords: image enhancement; multiscale weighted aggregation; parallel hybrid attention; progressive integration;

information redundancy
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Fig. 1 Structure and principle diagram of this method
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A1 £ LOL 4B % b5 b ey BG83 5 ik AT Z AR

Table 1 Compares the amount of LOL data set with advanced image enhancement methods
Methods SSIMT PSNR? /dB LPIPS] GMSD| FSIM? ual
LIME™ 0.5649 16.7586 0.4183 0.1541 0.8549 0.8805
MBLLEN®" 0.7247 17.8583 0.3672 0.1160 0.9262 0.8261
Retinex®" 0.5997 16.7740 0.4249 0.1549 0.8642 0.9110
KinD*” 0.8025 20.8741 0.5137 0.0888 0.9397 0.9250
EnGAN # 0.6515 17.4828 0.3903 0.1046 0.9226 0.8499
Zero-DCE™" 0.5623 14.8671 0.3852 0.1646 0.9276 0.7205
GLAD™ 0.7247 19.7182 0.3994 0.2035 0.9329 0.9204
Ours 0.9053 21.8939 0.3557 0.1035 0.9381 0.9266
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Fig. 7 Experimental comparisons on the LOL data set

FEEEY B ., DI 7(a) FIEL 7(d) AT B Y
R RS ST e e R B2, BRI AE LT 1
ARB = HYotE . KinD 7 sk iEi J5 45 i R 8
i A T, XA S i NG R, 33
ARG G40 ARG, &1 7(c) TR 3
i it = SCBE H B (.92 11, MBLLEN™ J5 2458 )5 Y
EURSERE RIS, B4 DX I s AN BH 5 L ) L 4R
2225, NIEL 7(b) AT LA Y, HES AL B

i i
SR S

MOEREIEE P B E e R R Z R A
JrEAEAE B IR R B0 I REA O i o2, A
PASRES S e b AP/ Ea8

3.2 LIME.DICM #1 MEF ##E &R 54547

it — P RIEA SO R Tz AR T, A/ NS
FEAROE IR MG s 5 4 LIME™ | @b AR PSR 7 &
% DICM™" | Z WGl & 5k BE 4 MEF™ =Fp ok
BCXT A 37 5 s ORI AR L BEALEIUA [R) $ic 141

220231-7


https://doi.org/10.12086/oee.2023.220231

XSG, 5. S6HL T, 2023, 50(4): 220231

https://doi.org/10.12086/0ee.2023.220231

Rt A, =M ER A A R R S A
B, AR ENATE . PANERDER . BIRR, H
v ARG A I DY T S B RO IR AL, SCgeR A 62
BRI IR bR A SRR NIQE™ I 5 S Y P&l 15
WERRTTIEEATIS LG, A IR SRR AR AN 2 PR,
TR ZRAE =Bl [ R4 b NIQE f5brBudia 4551

A, A HER 2B E IR PR KT 5 7 12 FA B i
PEREILS

Z RS HJ5 A =R RR AR b e PR SE IR 2 SR AN
K8, B9, B 10 B, ANFEEST RS R h
(a)-(e) TERIR BRI o AT LAFE A 5 VR 5 1 S A
ANFIFERE AR B RN 5 A (. SRR, R

T B O Ao ORI R O R M AR A AR 1) L A BT
RetinexNet"™, A7 A 2B i) M 7 R € i 2,
PLEFENE R R E AR ES, UL MEF
BR AL R (%] 8(a) F 8(c) RILIT AR, EfGR Bk
Z A SRYE, B E A R Tk A ROk AR A 2
SEYE . KinD™ G 25 HyY B B X 3k 4145 80 7 4%
2, FEMRRCRIEAHEA, M LIME B4R 445 R 1
F 10(a) A1 10(e) AT AR, 650 5 09 SR AE—
PR LAWK L TN Sr B, (A RIS AR A RLRE
MBLLEN"" 358 J5 (G R ABAE AL, X LR
G AN TR A 1) 8, M DICM £ 5 5 19 <] 9(a) AT
DIF Y, BRROABEICIE T e 3 A 5

% 2 ZLIME. DICM. MEF #48 % b5 it o) BAR3E 5% 7 kAT 2 iR

Table 2 Compares the values of Lime, DICM and MEF data sets with those of advanced image enhancement methods

Methods LIME DICM MEF
LIME®” 4.1549 3.0005 4.4466
MBLLEN®" 4.5138 3.6654 4.6901
Retinex™” 4.5978 4.5779 5.1747
KinD"” 4.7632 3.5651 4.7514
EnGAN &4 3.6574 2.9174 3.5373
Zero-DCE®™ 3.7690 2.8348 4.0240
GLAD™ 4.1282 3.1147 3.6897
Ours 3.4281 2.8054 3.5193
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Fig. 8 Experimental contrast effect on MEF dataset

220231-8


https://doi.org/10.12086/oee.2023.220231

XSG, 5. S6HL T, 2023, 50(4): 220231

https://doi.org/10.12086/0ee.2023.220231

Input

Retinex®

MBLLENE

KinDe [

Ours |

A9 7 DICM #4354 ko4 523 atpba R

Fig. 9 Experimental contrast effect on DICM data set
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Fig. 10 Experimental comparisons on LIME datasets
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Table 3 Quantitative comparison after adding different network modules to LOL data set
Methods PSNR/dB SSIM
Baseline 18.44 0.73
w/o PHA, PFM, with MWA 19.07 0.78
With PHA, w/o MWA. PFM 20.53 0.84
Ours 21.87 0.89
A4 HHAIERSE TR MBI RE 6 EHRER
Table 4 Quantitative results of progressive fusion after enhancement in different stages
Stage PSNR/dB SSIM
With 1, wio2. 3 20.08 0.76
With1, 2, w/o3 20.91 0.83
With1, 2, 3 21.53 0.87
A5 BTk TRt
Table 5 Average enhancement time of each method
Running LIME®” GLAD™ Enlighten-GAN®™" KinD® Zero-DCE™ Retinex-Net™? BIMEF®” Ours
time | 20.173 0.0083 0.0053 0.0078 0.0016 0.0063 0.1280 0.0458
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A progressive fusion image enhancement method
with parallel hybrid attention

Liu Guanghui*, Yang Qi, Meng Yuebo, Zhao Minhua, Yang Hua

The Image collected in low light environments

Overview: In many scenes in real life, collecting high-quality images is one of the key factors to achieve high accuracy
in object detection, image segmentation, automatic driving, medical surgery, and other works. However, images and
videos collected by electronic devices are very vulnerable to various environmental factors, such as poor lighting,
resulting in low image brightness, color distortion, more noise, effective details, and texture information loss, which
brings many difficulties to subsequent tasks and works. The enhancement of low-illumination images generally restores
image clarity by increasing brightness, removing noise, and restoring image color. In recent years, the depth neural
network has had a strong nonlinear fitting ability, which has achieved good results in low illumination enhancement,
image deblurring, and other fields. However, the existing low illumination image enhancement algorithms will lead to
color imbalance when improving image brightness and contrast, and easily ignore the impact of some noises. Based on
the above questions, this paper proposes an image enhancement method with parallel mixed attention step-by-step
fusion. With the aid of the limited correlation between local features extracted by weighting different multi-scale
branches, the local image details under multiple receptive fields can complement each other, and use parallel mixed
attention to focus on color information and lighting features at the same time, which effectively improves the detail
representation of the network and reduces noises. Finally, shallow feature information is fused in multiple stages. In
order to alleviate the model confusion caused by the weakening of color information expression and single-stage feature
superposition caused by the increase of network depth. The ablation experiment, module multi-stage experiment, and
multiple evaluation indexes are compared with the existing advanced methods on four commonly used datasets, which
fully proves that the method proposed in this paper is superior to the comparison methods on multiple evaluation
parameters, and can effectively improve the overall brightness of the image, adjust the image color imbalance and
remove noises. Combining the follow-up research task of the subject and analyzing the shortcomings of the network, a
way to simplify the model and improve the operation speed will be the key direction of the follow-up research task.
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