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Underwater Image Quality Assessment Method Based on Human Vision System

ZHAQO Xin,;HOU Guojia,PAN Zhenkuan, LI Jingming , WANG Guodong
(College of Computer Science and Technology,Qingdao University , Qingdao,;Shandong 266071 ,China)

[ Abstract] Despite ‘the high accuracy of existing underwater image quality assessment methods, they have weak
correlation with subjective assessment of human beings, so it is difficult to achieve high-quality evaluation. To address the
problem , this paper proposes an Underwater Image Quality Assessment (UIQA ) method based on the human vision
system. The method makes linear combinations of color saturation based on CIELab surface color system, brightness
contrast based on dark channel theory, and image sharpness, so ‘as to evaluate the underwater image quality in different
scenes. The evaluation results are compared with those obtained by the UIQM method and UCIQE method. Experimental
results show that compared with the quality assessment results/of underwater images obtained by UIQM method and
UCIQE method, those obtained by the UIQA method are highly consistent with the subjective evaluation results and have
higher correlation with subjective evaluation of human beings.
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Fig.1 Comparison of color saturation of underwater image
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before and after processing with ACE algorithm
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UIQA _contrast = 33 (i,j)*P;(i.j) (8)
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Fig.2 Comparison of contrast of underwater images before

QU=

and after processing with ARC algorithm
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KN EER BT 6 AF L6 1T ) SR, 1 R RS ™
RO, 3 BORMG S TR T R . B 08 AT LA S e iy
PG A 5 F 30 2 (1) 75 M 2 B2 . UIQA J5 & ] Sobel
E AR 25 % RGB. A 2560, 3 38 8 47 40, 15 5
HTAE NG WS, 5 A8 30 2% i a5 BR A s
TR A AH A5 2] 3 AN K BE i R A, X2 T IR B
S G KT MO G AR ZR A8 . 558 5 {471 (Enhanced
Measurement Estimation, EME ) J7 316 FH Tl & 15 =14
A H SRR R R A G KT EURA Arix —
Ko B, UIQA J5vk H EME Jy ikl 7K T IR 34 &
FBERE B R A N T

3
UIQA _sharpness = Y, A EME(grayscale edge, ) (9)
c=1

EME =23 Zzln( If"“'“) (10)

ky ky == Loin i

I
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Imin,k,l
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G B =3 T8 A AH X AL 58 0 3 2R KL A, =0..299 (X =
0.587 . A;=0.114,
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Fig.3 Comparison of sharpness of underwater images
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before and after processing with ARC algorithm
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JETRE . PR, AR SORI 2 e s B A= i B 7 HV'S
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UIQA = ¢, UIQA _saturation + ¢, UIQA_contrast +

¢, UIQA _sharpness (11)

Hr, e, oy ey 43R etk 4 A rh 45 I B 43 1 AL
PR, AR R AR 40 I A %) LA SR T S < X X
PR R M B 2SR B B, ¢ BB 3K 5 X % &
X B R B I, o) BB B 5 24 08 R B8 2R

BB cy BUEE K, 8% KT B HEEM ¢ .
¢, Fl ¢y

Sk iff o D K T AR AR 8 1 e AR S 8, AT — 4
FAIML AT L BEALPE % 40 &4 G EE IR IEE
JE7R T 40 EK T BIE BR XK B 48 51 B AN A s
TEA ) 1 AR, ELAF 78 G SER X b 3 i 7 2
% o S IS SE AR A ), R BE ML R S,
B E IR0 B 1 B IP45 X [A] % A kK T S o
AT VPR, 43 B8 = AR 3% 3 A % IR 0 v
o FEIEEMR R 4 WA L — I8 ERPF AN 45 ST,
B I IEX T — W B AT A, I &S R s
B MOS

ASCEgE i 30 M E 14, 3REUH: UIQA _saturation |
UIQA _contrast 11 UIQA_sharpness F4{H , Fr i T 5 4H
Al B MOS ARI/K R ER, ik 4 s, #1TH
[&] 4 Hhr & &G BT W ) UIQA _saturation ,UIQA_contrast .
UIQA _sharpness il MOS {H , #I| FH Z 5 £ 1 [7] )5 ( Multiple
Linear Regression ,MLR) f{) 5%, 155 ¢, \¢, e, FI{ES
WA 0.142 7 .0.820 6 F10.117 1,

O (DIRXTHE @B RN

(Bt E  (byk FAY
USIE5os W MR R

B4 FEZERTHKTER

Fig.4 Different scenes underwater images

®1 RAUIQA F#EXNE 4 HIAREKTEGHRE
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Table 1 Various components and MOS results of different

underwater images quality evaluation in Fig.4 obtained

by UIQA method

it H Fl4(a) [KE4(b) KE4(c) K4(d) FE4(e)

UIQA _saturation 0.3622 0.3922 0.4114 0.4606 0.3622
UIQA _contrast 0.0449 0.3763 0.3621 0.4903 1.596 4
UIQA _sharpness 0.8622 0.8217 1.6880 1.5752 1.7695

MOS 0.4000 0.5000 0.6000 0.7000 0.8000

FHA BRI ¢ vy Bl o, BYMERGPEDEFT 50 3E .
&5 2R 3 W F 7 5K T BMR, £ 2 HE S
Hr & & 44 i % W B9 UIQA _saturation , UIQA _contrast .
UIQA _sharpness ,UIQA 3%k F1 MOS &, 7] WLI& 5(c¢)
) MOS H75 , €l 5(a) i) MOS ik, >R il UIQA J5 i
1530 9 B T 5 I fr 45 2 UIQA il MOS — 2, 3X i,
Wl ¢, .c, Fll c; HABEMHESTE.

(@K TR (bt S (VIR BES 7
ES AEBH=ETHATER

Fig.5 Underwater images in different scenes
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F2 XA UIQA FEME S RARRKTEGHHIT
BREFEMESESH.UIQA 5 #F1 MOS &
Table 2 Quality evaluation components and UIQA scores
and MOS value of different underwater images in
Fig. 5 obtained by UIQA method

RRE| & 5(a) K 5(b) K 5(c)
UIQA _saturation 0.411 4 0.310 5 0.3922
UIQA _contrast 0.013 5 0.203 3 0.340 9
UIQA _sharpness 0.628 3 1.444 8 1.689 7
UIQA 43 ¥ 0.537 7 0.575 8 0.663 6
MOS {8 0.500 0 0.600 0 0.700 0

3 XRERESW

UIQA Ty ik i DL I BTG 1 (0 82 1 A EE X LU B A
TN RE 3 A JE M B S RN K R R R L CAE
B] UIQA J5 i 1y ¥F- #r 45 R 5 H i F #r BOR B 1
UIQM 75 i F1 UCIQE J7 ik i WM 45 i — 8L £ 1
B Je ) UIQA J5 i v A A & 1 43 i 1 A7 ik o )
BOF 5 e 75 25 09 @ M o0 i 2R AT A, 5 49 0 R
UIQA 77 . UIQM 77 7% Fl UCIQE Jr kit 47 X} ke 52
5. Horh UIQM Jy ik £ & 73 = ALE I 7 C, |
C,.C, 4+ 51% 0.028 2.0.295.3 3. 575 3, UICQE J5
Perp 2% 0 & A i AE RV G G, G G il R
0.468 0.0.274 5.0.257 6,3 Fl 75 7= 159 5| (1 374 25
AR 53 1 F R KN USRI i R
3.1 EEHETHER

&1 6 ST T R R S H 28 5 AN ) 0 1 o 53
PAb P S 1 25

()JithaEA

(e)FEH;
6 RAFEEBHEREZLEINENKTES

Fig.6 Underwater images before and after processing

(@)labalfik

with different color enhancement algorithms

&1 6(a) hyo 28 A 3R ) J5 4 145, T D0 AR 65 ] B
Horp e e 8 g o, 20mE Bk ™ E, K 6(b) ~
&l 6(e) Jyari 25t H )7 ¥l 144 (Histogram Equalization,
HE) & ¥: . A 3h & % ¥ 7 25 & ( Automatic Color
Enhancement, ACE ) % 1 | Igbal 4 1 | fill £ 4% 34
( Fusion Enhance, FE) & 3: "8 25 4 Fh oK [] {6, % 1o
B E AR ER . E6(b) T LLE I, R
FH HE 533k b 25 BIAR b B0 T 6% i B 8 R Y

Do, HER i 5t b 6] e A= s, i 6 (c) Al
PAFE i, % ACE 555k 5 8031 159 85 5 10 3l 25 8%
R H T2 (0 R A R AR HLX L R R R B
Wi M 6(d) Al LIFE i, R Igbal 553 b P S &1
R €8 R R R WY 1 o, R AR B BRI .
K 6(e) nl LIFA i, >R F FE 553k 4b 35 1845 /9 B0
WA NG DL R AF, R B H AR . &8 Loal L, FIOR 22 4k
MG ER TR, K 6(b) ~ & 6(e) @
P — e, HrhE 6 (d) iR i f s

H1 3 uf LA, >k M UIQM J7% \UCIQE J5 %74
KRG BRIV B0 53 & UICM o, S RAE H B
TERE 6(b) FE 6(c) b, HUA R A UIQA J5 ik 4% I Hy /K
MR BRI 3 i UIQA _saturation f5e A{E Hi B
TEPE 6(d) b, iX B W% F UIQA J7 1445 2 1 7K T &%
Jo et DA 45 R B S R b S e 1] e S BR BT i A AL

*3 RAFRAFAFEGINKTEGRRETFNRES S
Table 3 Color components of underwater image quality

evaluation obtained by different methods

& 1% UICM o, UQA _saturation
E6(a) 2.6352 0.804 6 0.392 2
& 6(b) 13.744 7 0.784 1 0.393 2
A 6(c) 5.562 6 0.853 6 0.4850
[ 6(d) 13.002 4 0.788 3 0.499 8
E6(e) 9/921 4 0.787 1 0.473 8

&7 Rk T B G K HE 28 ask AN ) 3t Wi Ak 33005 Ak
MSMEER . BT (a) AR 2 hb 3 8 J5 bn EIE, mT 0l =
BT L AR BRGNS i g e, &1 7(b) ~
K 7(e) Rt /K T B 8 18 5 % ( Underwater Dark
Channel. Prior; UDCP) ™ ;| ARC %3 & KB A %
I\ (Multi-Scale Correlated Wavelet, MSCW ) ™" & |
40 [R5 4514k ( Panchromatic Image Sharpening , Pan ) 24
W5 A 4 RO [ MR A A B A5 50 9 PR
B 7(b) ~El(e) W LLA A3 EMGGT EL R b s g
G BT, Horh £840 UDCP 3 40 315 4 RS (5%
I A, UG T B AN 280 Pan J3 b B8 S AR )
1082 BH I 0T B b Rl 50 Ak 3BT 0 B AT

(dMSCW L3

(e)Paniyk:
B7 XAAEEMLELZLEIEHKTESK

Fig.7 Underwater images before and after processing
with different clarity algorithms
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Hi P 8 R LA Hi SR A ) T A 30k Ak B T 45
AT IR 52 LL S P45 249 1 BT 2 7 5 28 5 UDCP i3k
ARC 5510 MSCW 553 b P [R5 v £ F 58 B Ak i 2%
A, Joy B A1 A M s 84 Pan 3095 40 PRUS # 181 408
T , G RS B At S G W]

- -

(MSCWHLH:

(e)Panfiik
8 RAAREEWLEEZLETEHNKTEREIBHAE
Fig.8 Partial enlarged images of underwater images
before and after processing with different

clarity algorithms

M 4 AT LUE 1, k] UIQM J5 & (UCIQE J5 i
H1 UIQA 75 1: 45 3 (1 7K T IS BT 12t DF A X L BE 43 1
UICM .o, #1 UIQA _contrast-tg XAH Y H BLAE K 7 (e)
b X UL R A iR 3 R 7 A B K T B
Mra R AL, R UIQA J5 ids B my &l 7 (a) ~
K 7 (e) B G5 BEREAN B8 B2 73 i UIQA _sharpness 73
8 0.887 1,0.816 6,1.065 8,1.047 1,1.402 2, H.
R BT (e) , hibn] WL, 3% 4 F0E 7 (1945
Mrasi sk —2,

*4 XAXRBAFEBINKTEEGRZEMHN
Mk ES =

Table 4 Contrast components of underwater image quality

evaluation obtained by different methods

&l 1% UIConM con, UIQA_contrast
& 7(a) 0.817 4 0.290 2 0.1655
& 7(b) 1.185 4 0.702 0 0.527 8
& 7(c) 1.041 1 0.494 1 0.344 8
& 7(d) 1.153 0 0.639 2 0.588 5
& 7(e) 1.229 2 0.854 9 0.911 4
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Fig.9 Underwater images before and after processing

(e)ARCH.%

with different image enhancement algorithms
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Table 5 Average value of each component of underwater

image quality evaluation and MOS results obtained
by different methods

UIQM %44t UCIQE #% 7} it UIQA 4 /3t

i o T T
& 9(a) 0.3755 0.290 9 0.3117 0.3
K 9(b) 1.625 2 0.703 0 0.714 8 0.7
K 9(c) 0.9710 0.431 6 0.418 6 0.4
K 9(d) 1.529 5 0.652 9 0.586 9 0.6
K 9(e) 0.879 7 0.481 2 0.4850 0.5
K 9(f) 1.4255 0.6370 0.599 9 0.6

Ny it—2IEH] UIQA Jrik 5 A28 T WA v HAT B
RAASENE  LE 3R XT L S50 vy FH R IR ARG A A 56 F 8K
(Pearson Linear Correlation Coefficient, PLCC) .34 J7 1R
1% 2% (Root Mean Squared Error, RMSE) Fl#f {7 /R =
FHF%=Z % (Spearman Rank Order Correlation Coefficient,
SROCC) #4743 #r. FH 71, PLCC FI1 SROCC #2371,
RMSE #4535 0, W% /K R BIG5 & 20 7 1545 B i 45
5N T MIPANAH MR

H % 6 W LIA i, 5 UIQM J5 i #1 UCIQE 5 ik
AL, UIQA J5 i1 (#§ PLCC ,SROCC #I RMSE 45 #5
)R e A, 1 B LA B oK R BHE B = 4 5O 2E
FWPEA A B4 1 AR DG, il it ik B UIQM
A G 2T R AT E NI 1) 2 WL
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Table 6 Evaluation results obtained by different methods
YN UIQM UCIQE UIQA
PLCC 0.645 7 0.654 2 0.870 5
RMSE 0.089 2 0.088 3 0.054 2

SROCC 0.5815 0.603 8 0.748 4

£i LRI, >R 0 UTIQA J5 35 ml LI o M 45 21 4F
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