HTENMRARSARE

COMPUTER TECHNOLOGY AND DEVELOPMENT Nov. 2022

Vol.32 No. 11

ETHIEMENELEGRRETEMN T

K—vl &R
(BATIFERFE AL FRZE/AIERFTR, LA &7® 210046)

B ATE SRR TR ER B RS 8, $2 1 — R TR R A 0 55 AL R B B VRN i, RO IRE S
PEHUGE AL MG B B 5 Ta R AIE A B 5 B R AR R 5 AT, 5 25 Ak Tl 45 9% JR F s it I s 4 2 AR J) 350 22 B A 1 25 L 4y
MR I BT S BURTR S MR 8280 . R TR S 2 UR RINR BRSO [ 2R BUARAE 22 (8] 19 25 549 30 22 A in 8], o
S, Rl AN IR 2T Y 2 S ARAIE S IS5 AL B B s 1 S PPAN . IR T I MR , 43 IAE S5 AL KIS 80 2 exBeDDE 28
TF ARG SR BRI 5 A U AR BRI b K207 5 55 A USRI P Bt 10 25 AL B BT 1 36 J ik DA SO LR 2
MRS H UG REIT JTEHET TR LU . SCUe 8l R B % 0 1A BB A% Uk 6 170 55 A0 MR 4 o & 38 T TS [ 2 21
AN 55 NHR WA 5 5 e ) — B

BRI B EMRAL B SBT3 5 55 A0 B0 R AE Rl 5 SR 1) [T

FESES . TP751. 1 XEARIZED A XEHS:1673-629X(2022) 11-0072-09
doi:10.3969/]. issn. 1673-629X.2022. 11.011

Hazy Image Quality Assessment Based on Multi—feature Fusion

ZHANG Yi-ming, YANG Xi-chen
(School of Computer and Electronic Information/School of Artificial Intelligence,

Nanjing Normal University , Nanjing 210046 , China)

Abstract: Aiming at the problem of the quality degradation caused by the bad weather such as fog and haze,an hazy image assessment
based on multi - feature difference is proposed. Firstly, the gradient direction, gradient intensity and brightness are extracted, and the
standard deviation of local gradient intensity and local brightness of the hazy image are employed to represent the variations of local
structure information caused by image degradation. Secondly,the distance between different types of features of the reference image and
the distorted image is calculated to obtain the difference feature map. Finally,the difference features are fused to train image quality as-
sessment model to measure the quality of hazy image. To verify the performance of the proposed method, it is compared with the hazy
image quality evaluation method of hazy image database and several mainstream full-reference image quality evaluation methods on hazy
image database exBeDDE , open natural scene image database and open screenshot image database,respectively. The experimental results
demonstrate that the proposed method can evaluate the quality of the hazy image accurately, and is also suitable for different distortion
types with a high consistency with the subjective quality assessment results.
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5 BIAS [ RFAE BT X 07 9 B AR 4 B KN, AN TRl ARRAIE #E
exBeDDE ¥ py SL g g5 ik 6 s, K6 ik
AR SRR AT B RN DA b e B — RRAE 7E
FEATHR N GAE T BT Y SROCC H, M35 &1 Hh 45
R RN 4598 1 58 RNV fE— e R |

1.0

SROCC

MR PERE . HYk ,HOG LGH Hl LBH 4% 4F 75 K
I3 EBL R YEREHS = T 0. 8, 1X = Fh AR AE 76 43 He K/ Ag
TR BE 0% DR 3595 5 1 A2 € M. B )5, LGSH Il LBSH
RAEF MG T SROCC AT 0.2, (HAE— 2L 5rHk
JINEY S5 AT L3R4S SROCC {55 T 0.8 By4E 5, R
it S 45 H MFD 3 5 AN [R]RAAE I S AR A3 BRI (1)
HOG HHAERI 4k /IN N 8 x 85 (2) LGH HI43 B K/
20 x 20;(3)LBH 53 K/l 8 x 8;(4) LGSH 953
HR/INR 3 x 35 (5)LBSH WYIRAER AR/ 3 x 3,

I
13 14 15

10 11 12

A 6

AP K AT T A AR AR 09

L Lol
16 17 18 19 20 21 2223 24 25 26 27 28 29 3
TIRRN

0 31 32

=

t
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3.4 FHiEEEESW

¥ MFD J5 %5 SSIM ,PSNR ,FSIM , VSI, VIF il
VI J7 1t exBeDDE % 4fa R Al 5 /> 28 MR 2 [ B4 T
PEREXT EL A3 HT LA UE MFD (94 301

3 51T MFD FHAh /75 4E exBeDDE %4 /%2
PR OB R AN [RIPEAN 5 A i Xof 1w A0 FH A
BYVERE M HIIRLZE th 7R kiR 3 45 2R w] LIAS- 3| LA
N451E . 156, 7E exBeDDE %4} % | MFD ) SROCC
Al KROCC {4, VI ) SROCC F1 KROCC &K Al

e SROCC Fl KROCC ) b R A/t 45 S 2 5 0. 04 LU
b, H¥k ,MFD %} i ) PLCC F1 RMSE i /2 %Ak, b
R gs BA AR ML 0.02, B, 40 2 e 55 R
FVPN B T 55 A UG BT 5 VA B3 e 2, He
Fh SSIM . VSI #i1 PSNR i) SROCC & #1% A #833 0. 8,
VIF ) SROCC .KROCC #1 PLCC f{EIIMEF 0.1, %
TR ,MED fef R VA 55 Ak R 0y o i, Mg
535 HF exBeDDE #8207k VI ML HA —&
SEY e

k3 F ik exBeDDE #(# B Lo MEAR LR
WikeS SROCC KROCC PLCC RMSE
SSIM 0.786 9 0.665 4 0.862 9 0.110 8
PSNR 0.684 3 0.562 5 0.707 2 0.159 3
FSIM 0.805 4 0.673 1 0.863 4 0.109 4
VSI 0.788 7 0.671 9 0.8370 0.107 5
VIF 0.073 1 0.046 0 0.091 2 0.1113
VI 0.880 5 0.7725 0.9296 0.080 1
MFD 0.928 7 0.833 3 0.910 7 0.090 1

Sy ¥ i Ty 0 TR R S A A R, 3R 4
25y T ORI MG BT VPN VA TE 5 G B Y
o P g SR e rp A AN B X N 1 e PG (B R A
AR ZE R, IRIE R 4 B9 25 R AT 15 3 K 45
1 55, MFD 7& CSIQ #1 SIQAD %4l e B A e, i

P SROCC # b vk AL &5 i # ik 0. 01, H ¥k, MFD 7
TID2013 %dis E _LBAR R AL, X5 i 1) SROCC {5 e it
H{Y2%0.000 5, #%J5,MFD 7E LIVE Fl QACS ¥4
1% SROCC A5 81— PF 45 R AUAH 22 0. 005,

R4 FiEEZERIERE Lok bR

ik LD LIVE CSIQ TID2013 QACS SIQAD
SROCC 0.926 9 0.836 8 0.627 4 0.868 3 0.755 1

SSIM KROCC 0.756 2 0.6325 0.455 4 0.698 0 0.558 3
PLCC 0.9243 0.815 4 0.686 1 0.868 9 0.746 1

SROCC 0.875 6 0.805 8 0.553 1 0.865 6 0.560 8

PSNR KROCC 0.686 5 0.608 4 0.402 7 0.676 8 0.422 6
PLCC 0.872 3 0.800 0 0.573 4 0.867 9 0.550 8

SROCC 0.963 4 0.924 2 0.8015 0.910 8 0.5819

ESIM KROCC 0.8337 0.756 7 0.628 9 0.743 3 0.425 0
PLCC 0.959 7 0.912 0 0.858 9 0.907 3 0.590 2

SROCC 0.952 4 0.9423 0.896 5 0.8719 0.538 1

VSI KROCC 0.805 8 0.7857 0.718 3 0.694 2 0.387 4
PLCC 0.948 2 0.9279 0.900 0 0.8715 0.556 8

SROCC 0.963 9 0.919 5 0.676 9 0.9372 0.634 1

VIF KROCC 0.828 2 0.753 7 0.514 7 0.788 3 0.457 7
PLCC 0.960 4 0.9277 0.772 0 0.9339 0.706 6

SROCC 0.536 7 0.478 0 0.2815 0.386 5 0.518 4

VI KROCC 0.423 7 0.328 1 0.190 4 0.279 3 0.358 0
PLCC 0.5717 0.502 0 0.170 9 0.434 6 0.564 7

SROCC 0.959 1 0.956 7 0.896 1 0.908 7 0.769 4

MFD KROCC 0.807 7 0.819 6 0.727 8 0.733 3 0.570 8
PLCC 0.947 4 0.963 3 0.886 9 0.903 9 0.757 9
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o — M3 A5 BE TR B 1 25 AL LB BT T D 12 79 -

N T BT AR TR S B A A PR A I
P IZSCHRRR 4 J7 IR AE 5 G IR R E R RE(E 1Y
SR AN DT 22 BARG R AR 5 iR, R 5 P {E A
T ZE W R AR AR AN UL P AL 28 Hh 2 . ARG 5 1Y

Z55L MFD [ Y5{E R 5 25 35 J2 S A, 18 E R A
Hm T 0. 05, r 22 LIRIRZ5 348 0.03 LA B, A
I, RG2S B R AR AL I %05 i AT B
o e P AE

A5 FiRAZBRIEE LRGP Ef G £

Eiztan SSIM PSNR VSI VIF VI MFD
SROCC 0.802 9 0.732 1 0.836 3 0.840 2 0.826 3 0.440 2 0.898 0
BTl KROCC 0.620 0 0.559 4 0.6775 0.678 2 0.668 5 0.3159 0.7318
PLCC 0.808 1 0.732 8 0.845 6 0.840 4 0.860 1 0.448 7 0.8918
SROCC 0.013 4 0.026 3 0.023 8 0.029 6 0.024 7 0.0112 0.005 5
VL KROCC 0.013 9 0.018 9 0.025 2 0.028 5 0.028 8 0.007 6 0.009 8
PLCC 0.008 9 0.025 1 0.021 6 0.026 0 0.012 8 0.027 1 0.006 5

2 LRIk, MFD J5iATEEUR K AR AL I BEAS PR 15
YA B R PP 45 58, B B i S (L

4 LRI

R T — R TR AF A 1 B L RS ST 7
W RIUK B RGN 2 R 22 18] 1 25 SRR AIE L4
PG R, Sl st SR I %07 v R 4% o o 1 e 51k
I TR R A8 W RS () 2k 2 4 1F F L AR 35 B
QAT 1 R H PRI R

MRS % BRI 7 i, X 2%
1905 B AA B R, %8BS R TR S
% USRI, I SE R 5065 i 4 T 203 11 T 35 AL R
1R 14 T AR G T T2 2% TR T A )7 12 L
$ 7 9 SR R AL
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