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Abstract: According to the shortages existing in passively color image quality assessment currently,
this paper researched the five parameters of color image feature quality perceived by human visual: av-
erage contrast, average information entropy, mean brightness(gray level), average level factor, and
average bandwidth factor. On the basis of research mentioned above, the quality assessment function
of color image(CAF) actively based on disturbance transform was constructed. It found that CAF was
the functions of disturbance parameters Delta and Theta. Through the transformation of disturbance
parameters, the overall quality evaluation function of color image would achieve the maximum value of

CAF, so that the single color image quality could be assessed and improved. Several kinds of color im-
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ages with narrower band, wider band and whole band spectra were assessed, and it demonstrates that

the active assessment method of color image quality by considering the average bandwidth factor and

average hierarchy factor conforms to the requirement of human visual subjective evaluation, and can

allow the color image obtained by disturbance transformation to be more soft and more hierarchical.

This method can not only evaluate the quality of single color image , but also can improve the color

image quality by disturbance transformation.

Key words: vision perception; color image quality; active assessment;

disturbance transformation;

Average Bandwidth Factor (ABWEF); Average Hierarchy Factor (AHF)
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Fig. 1 Chromaticity level of different Bicycle images

2.1.2 HEBBRBE

FIRE RIS 28 5, B 2 (b) s 4l 55 % @&
PR R.G.B =40 i f5 3% R 505 5 o0 49,42,
42, JE G543 I 256,256,256 5 408 2(a) ff 78 4 242
MR 6 KR R.G.B = 4y & (0 5 3% & 8050 ok
49 .42 42 35 S5 43 9 l 75,6564, @k LA, W
B R £ PR 7 HE W S A 45 4 L 0 B 5 o s

Vo RS o 5 5 A o, A 96 % BWF(H 43
) TR
BWF ., = [Right(ch) — Left (ch) +1]/256.

(3
— R 0, R 7 20 G 1Ay
ABWF = (1/+/3) /BWF% + BWF? + BWF},.
€D
A #, Right(ch) fil Left(ch) 43 5] 3 78 3 — B 4 43
G A A A . ch € (R, G, B,
BWE .BWF; fl BWF;, 50 5l R 41 8 5 i L4k (8
B AN R LI K R Y P R

TRTa
510350 0 by 0 10001300 0 19030 2002020 3
««««««««

0
o
o
o
«
o Ay oS0 S
fu
"
o
o
o
o A s e

Bluc spectum

(a)KJHT-02255 }% 4 4o gt
(a)KJHT-0Z255 and it’s 4 level chroma spectrum

iy
HM

102 3 450 &

’ H ‘ “[I\mu.

M‘”
o
o
“ll
l 1 ' - !
053 b6 b iy 0 s o o st
o

AR I 4 RS

T S
‘‘‘‘‘‘‘‘‘‘

H““Hmu )
il

e et

(b)KIJHT-T 47
(b)KJHT-T full bandwidth transform and it’s 4 level chroma spectrum
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Fig. 3 Chroma spectra of RGB three components

2.2.2 Zadeh-X % 3%
Zadeh-X 7% J& — Fi & B0 W K B/ 0 ) AR

e AR U
_ - OCh,x,y) — Theta
T(Chafvy) =K Delta . (7
YR FAER -

255, T(ch yx5y) > 255

0,TCch xsy) <0

K TChox.y)  OCch,xs y) 50 3 F s —Fh i 4
Oy RS R SR BT S B . KR AR
o) EMG 04 GO ROME . 4 K=255 ffi{3 28 4 )5
PG I AT B 255, A8 J5 R AT 0~255 1Y
oo T(chyxsy) —XAL i3 K%L, Theta fil Del-

T(h,x,y) = {

ta RN S0, Theta € 0,255 ], Delta € [ 0,
255, Theta B 2 28 #e 1 3 2 K BE /€8 8 . — B EL
JE PG IR 13 /€2 13 1) 208 (e /MDD 3% {6 7 725 6
Jo AR B A . Delta dhe 5 A8 3 5 BAR 09 2
WX A S K/ 5 4 A Y R R AR AR 4
J BUG B BE £6 B0 %5 T Delta + 1, Delta (%] {8 —
PRI JBE /6 o5 3 (Y B A

3 BROBERERZFMEER

3.1 XEEKEERETFMN R
NG AT LAV 550 (R BT i B3R . LA
N A8 8 32 UL H 45 2R Sy B A A AT A i A
SR TE IR 0 B o i Y S AR e 2 80
PEA SRR PR BT i 0 B A IF A e 80 CAF, H— i
FIRAF
CAF = AIE® X APCL? X NNF” X AHF® X ABWF*,
(9
A, APCL FR R ~F ¥ 4 B XF e BE 9% ( Average
Physical Contrast Level), fﬁﬂ%ﬁﬁ/\%’?%ﬂﬁ@z
HUHR 8 BUR Z IR Z R I AR 56 R, HoE
APCL = Log,(AC) (bit). 1o
NNF Fx 1 — AL 4B I i B L 02 S — A4 BoF
W5 B 26 PE 2R %0 NNF (Normalized Neighborhood
Function) , HI K i & BUR WV 152 B2 AL 5 fefE
e LB 127, 5 B4R FE ) .
NNF = f(AL) = 1—abs(AL —127.5)/127.5.

(1)
MAL=127.5 i, NNF=1, %5 K% i & 7] g
niﬁ%,Eﬂ%mﬂ@%ﬁiﬁﬁﬁﬂ%‘ﬁﬁﬁﬂ#?,%ﬂﬂz

AL AT R AR AR 1Y B U G BT & T A R R A
AR (OVL) 45838 127, 5 25 BE g%, 5, NNF $:3F
T 1SR A R AR
L a By 0 FIA RREE AR 2. &t K
LS FU IQA 451 i, H a=p=7=0
=1=1,H.
CAF = AIE X APCL X NNF X AHF X ABWF.
(12)
e KAE CAF it 1 A 05 32 00 A 40 1) o £
KZ



746 b= - E I

521 &

3.2 THMSHIT CAF MG

KA MR 2 Zadeh-X 25 46 J5 23 5 | S &R AR
BT AR L Zadeh-X AR ) 2 A5 S R Delta
F1 Theta, Jir LA A2 4 J5 &4 1) 5T & 1 )& Delta 1
Theta ) R 48, € 2 & . @ ER A5 S &
AL.AC.AIE,ABWF #1 AHF J& Delta fil Theta El’{!

PRECILER 1. PF R NI , BT LR 8 KR 27 &

PEH % CAF 52 Delta 1 Theta [ pR%T .
3.2.1 HEBBMIERE M Delta #9 T4

457 Theta, K /N2l 48 Delta, & 3L 4
PRG035 o B Deelta f9 3 AR I 38 s B 31 5K
BB AR, SR )5 006 BT i B Delta AR 11 B
1%, RIS Ak J5 R £ 5 00 A0 5 5 8 B Delta 1) 28

A BURHE
3.2.2 HE RGN KEM Theta 89 E 4L
A 45 7€ Delta, A1 & B . B Theta A3 M

B ot 28 4, 3Rk B — > Theta {8, K& 5
WA B AP, SR G B Theta {4k 22 /Y 34 i K4 1
T M AR 2% . BV R 48 R B 9 5 T 4t Bl The-
ta fH 128 At B A T BURRAIE

H1H5EA4 @FFAGOBENA RS, K
d1 Theta i1 Delta 435Il & 0/255.40/210 Fi1 100/
150, i Delta /0N R €5 8 5T it 4F 7228 22
W& Theta B34 /0. % 6 EHER & d 4F 28 22, K
T3 o o i P b 9 e A 5 Bl B SR 4
IR ARG mE 4 (b,

Il
071020 0 00 @ M & 90 100110120 130 10150 160 170 180199 200 210 220 230 20 20
Red spectrum Colar

10D 0 00 0 0 @ %0 010N 119160 D 1801902 200 20 2920 50
reen spectrum

TIZD 080N 8 9 MU0DDE D00 I 1M AR 20 2002420

(A)ZY'Y-0Z255 [z 4 &@FHE.
(a)ZYY-0Z255 and 4 level chroma spectrum

1020 30 40 % 60 70 80 90100 110 120 130 140 130 lo) 1 180 199 200 210 220 230 20 20
Red spectrum Color

I

BEEBRS

060 M 8 %0 1010
Grean

iIIIIIIIIIIIIIIIIIHIIII|l||||||||||||||n|||1

(b)ZYY-T 402210 [ 4 4&@@5
(b)ZYY-T 407210 and 4 level chroma spectrum

85

BEE8

ﬂmwmwmwmmmm

: ‘IIIlIIlIIlIIIIIIIII Uy IIUIHIl\llIllHIlI‘

‘IIIIIIIIMIIIIIIIII A ||2J)

(€)ZYY-T 1002150 }2 4 z&@ﬁﬁa
(¢)ZYY-T 100Z150 and 4 level chroma spectrum
Bl 4 R 9S40 Delta Fl Theta 484k,
Fig. 4

Image varies with visual parameters Delta

and Theta

F1 E1GBEMESE Delta #1 Theta -
Tab.1 Changed images by visual parameters Delta and Theta
2 B 7R AL AIE AC AHF ABWF CAF

K4 (ZYY 072255 144.101 2 7.5031 6.104 1 0.960 9 0.962 2 15.748 8 g =

B 4(b)ZYY-T 407210 126.267 5 7.305 4 7.343 7 0.750 0 1.000 0 17.115 9 5820

4 (0)ZYY-T 1007150 86.470 1 5.873 7 7.624 7 0.371 0 1.000 0 6.886 1 & 5
B 2 SRR B L LI VE M S T X R A AE
4 WA THHEBETTRMBARN 050 8 1% G B R A TR R

4.1 BRRE¥eBEGRETHHMIHTLRE
N R BE AT Xk B R (0 18T 4R B0 o Ak

M WA O T Ch) B i 22 . AR IR R R K

AR ) CAF, X ¥ig % @ B 1% i & oF M 59 HL
W TR O, H g E S
W 2w & 5 s, B UL B 4 #r
.



&
&

BR 5345 AL SRR 4R 8 TG o i BB

747

ENEA

EX RS

B

Delta $f %))
CAFp>CAFr
@ ] CAF=CAFp
CAFp<CAF,
] CAF=CAFr

21 Delta $2)

22|k Theta $£3))

KB RITF CAF

PSR P A B A

Disturbance transformation of single image

Fig. 5

4.1.1 & e T

4l B AR — WG AR 4 AL AT DL
1 R0 R A o S AR S 4. i eI AB-
WF 58 1,25 ABWE<T1, I £7 0 5 3% & 56 %
A, 4 Theta = Left,Delta = Right-
Left, BUAT 58 BB AT — i R 09 5K B /€8 B2 3 i 5
BT TS AR R, A A R AR B Sy A v, AT
mE L —2,

4.1.2 Delta #.3h

FE AT 1% A8 4 0 SR Al b 1B Al ok AR Y
CAF ) CAF,.CAF, 2 5t IR A H . & %%
4> Theta = Left, X} Delta i%& Wi &= , 5¢ i, Zadeh-
X AR, 27 A8 ¥ J5 ER ) CAF > CAF, . W] 4% 224
3, H & KA CAF By KA. BF 3845 Theta =
Left B 0y e BB IR . #7284 5 R R CAF<<
CAF, , M2 || Delta #3,

4.1.3 Theta #£3)

TE Delta 3t 3h 9 35l 52 it Theta 38 3h. X7
Theta B3 &, 52 5 Delta #03), B & 3515 CAF
A f KAE L LA A9 Theta 1 Delta X3 5 19 28 2 J5 &
15 B0 Sy f b o AR

AR SCH Y LB G 0 AR e 28 Theta Fl Delta
PEATILE R @ B R 25 A PR BB CAT 38 3 iR
RAE » DT R (8 PG AT S T o

5 SIniyiE

AL CAF XF 3 ZEARTR] 8 B 1% 43 1 i % €4
B AT B PEA o 3 — 2P B0 Uk AR ST 48 1 J7 15 19
SRR Z M. B 6 (a) B A 1 (4
H i = [\ w4 /AN T 1/2 S . &l 8Ca) Hl
K 9 (a) 2k H 3 E TEXAS k2% Laboratory for
Image and Video Engineering (LIVE) &4 £ 1y
JE U5 KR caps il churchandcapitol, H. A %5 Hr 4 )&
T G4 5 3 28 A B KR 43 . R T 1/2 98D Fl 4y
0 3 3% G 2R 5 % 0~255 iy &iBasia)) .
5.1 FRiEEeBEGRETMN

J b AR AN 6 Ca) B 287 3% T 2497 5 [
T ABWF 3 0. 187 5, V- 252 AL 9 7. 296 5(IL3&
2) SERERE WG o SR A TR) 38 5 J7 ik R B Chn 15) .
NS Az 4 (y=1. 5) A v A2 ¥ 5 )7 B 4 i Ak S A
SCEIHE B 4 (0Z85) , X AR &l 6 Ca) HEAT AL B, H AR
W 6(b)~6(H PR, K 6 Figk 2 Al & (K
15254 BT BB CAF A 280058 J8 2 (&1 4% o
w3 AR S R IR EAR YR N T A i,
ABWF 2 1.000 0CILIE 7 F1 2) . & shAs ) 1)
EUZ(E 6 (D) 5 6(a)~ ()4 k. H CAF 43 51|14
fin T 1861.200 0,517.700 0.3.233 5.0.939 5.0. 774
3CEAT 100 26 4t 20 A48 48 Pl 45 1 o 2 06 1 Ho A 4 Fh
a0 ER W Y CAF (HEE KO .

(a) IR IR EIE (b) % (c) T =25 4t
(a)Original image (b)Added image (c)y transformation

(d) & TR
(d)Full bandwidth
transformation

(e) BT EIEIMHL
(e)Histogram
equalization

6 A 6 R DA

Assessment of color image quality with narrow

(O Hrehas i
(f)Disturbance
transformation

Fig. 6

spectrum



748 e KE TR 421 %
®2 FHEHAEGRRETFNER
Tab. 2 Assessment results of image quality with narrow spectrum
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Tab. 3 Assessment results of color image quality with wide spectrum
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Fig. 9 Assessment of color image quality with full spectrum
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Tab. 4 Assessment results of color image quality with full spectrum

H W & 9(a) I 9(b) ’9Cce) & 9(d) K 9Ce) & 9D
AL 133.506 8 131.959 3 133.806 7 132.569 5 148. 466 4 129.651 9
ABWF 1.000 0 0.964 8 1.000 0 0.967 8 0.941 4 1.000 0
CAF 23.485 1 4.029 9 22.600 6 11.165 9 18.147 7 23.582 5
A SCHEST J7 1 0 4 1 3 2 5348
SCHRLL6 JHE P 7 ik / 4 1 3 2
AN T8 B i 28 R % 8 IR AT T BV M
6 % & SRR W i ST R AR B R £ A BT i

AR SCAR A5 A AT R €0 [ 455 B3 i 25K L i
FE T NP8 R 10 R B T2 4 i R
TPk IS T LU S A O B N JC 2 2 BB R
IR R T Pl A e i TR B 7
T T Bl AL e i AR B9 R (0 1 R R T O
o SR TP o X R A S S A A I 3 Al

S E Mk

(1] #AFm.RA4. &4, 5. BT AR E R0 &

BARSE Bt AN IR LT AL R, 2012, 32
(7):1882-1884, 1889.
HU X M, ZHANG D F, NAN D, et al.. Method
of image visual quality evaluation based on human
visual characteristics [J]. Journal of Computer
Applications, 2012, 32(7). 1882-1884, 1889. (in
Chinese)

[2] NIVEDITTA T, SWAPNA D. A new method for
color image quality assessment [ J]. International
Journal of Computer Applications, 2011, 15(2) .
10-17.

[3] ZHANG]J, LET M, ONG S H, et al.. No-refer-
ence image quality assessment using structural ac-
tivity [J]. Signal Processing , 2011, 91(11); 2575-
2588.

PO 5 ik CAF XF A 7] 28 2R @0 P R S HER HTAS
[ &b B8 5 3k AR 15 09 % (0 P 15 R A7 O A0 8 O AT AT
(. B 07 BAT — s W S . il S
— R W% T7 A LRE I E R 1 5 R A
IR i B I o P B A2 e i R (L R R . 25
BRI SCRT B R 0 IR R 25 A R T
5 BA — R W& ARz

[4] ZHUJ Y, WANG N C. Image quality assessment
by visual gradient similarity [ C].
ing s Wuhan, P.R. China: IEEE, 2012 919-933.
CUI XN, SHIZY, LINJ A, etal.. The research
of image quality assessment methods [J]. Physics
Procedia, 2012, 25. 485-491.

(6] M&R.F48 . T Contourlet A8 (1% & {5 1G58
BYELT). k& % T42.2008. 16(10):2030-2037.
CHEN ZH G, YIN F CH. Enhancement of remote
sensing image based on contourlet transform[]].
Opt. Precision Eng., 2008, 16 (10). 2030-2037.
(in Chinese)

[7] OUNIS, ZAGROUBA E, CHAMBAH M, etal..

No-reference image semantic quality approach using

Image Process-

[5]

neural network [C]. Signal Processing and Infor-
mation Technology, Ariana, P. R. Tunisia: 1S-
SPIT, 2011. 106-113.

(8] e4g4.ihtly, 2% F. MTXILEHRENTS



750

s

% TR

%21 %

(9]

[10]

[11]

(12]

X EMRE W R ()] kg o E T 42,2011, 19
(10) :2485-2493.
FAN Y Y, SHEN X H, SANG Y J. No reference
image sharpness assessment based on contrast sensi-
tivity [J1. Opt. Precision Eng. ., 2011, 19(10):
2485-2493. (in Chinese)
MITTAL A, MURALIDHAR G S, GHOSH J, et
al.. Blind image quality assessment without human
training using latent quality factors[ C]. Signal Pro-
cessing Letters, TX, USA: IEEE, 2012 75-78.
LIN X Y, TIAN X, CHEN Y W. No-reference
video quality assessment based on region of inter-
est [Cl. Consumer Electronics, Communications
and Networks, Hangzhou, P. R. China: CEC-
Net, 2012 1924-1927.
FRLH B F . BT W A AT S (E
SR EME BRI Tk L)) k¥ mE LR,
2008, 16(4):706-713.
YUAN F, HUANG L F, YAO Y. Image quality
evaluation based on visual masking effect and sin-
Opt.
Eng., 2008, 16(4): 706-713. (in Chinese)
BRI, F R, e, %, BRI IT 0 O ot
PERLI]. £ F 545 8 %4.,2010, 32(1):219—225.
JIANG G Y, HUANG D J, WANG X, etal.. O-

verview on Image quality assessment method []].

gular value decomposition [ ] J. Precision

BR B (1963 —). 5, I BN, 1
+ H %, 1995 4F L2003 4F T KK A
O3 B ARAFA L W 2, E RS
Tl S W 4501 AR Ak 3 K pv . E-mail
chenyong(@cqupt. edu. cn

Z RBA986—). 5. IR N Bt
WF5EE . 2010 4F T B AL 4K 2 B 3k 13 2
T2, FEEBRGE T 1) A LA R AL
K A . E-mail: liyuanzengyan@ 163.

com

BB (1966 —) . B, LN E N1
L HAZ 1995 4E 1999 4E T H K K2
Sy AR 4 A S, AL

a'/ P B L2 (X T B 5
& E-mail: lvx{@cqupt. edu. cn

[13]

[14]

[15]

[16]

Journal of Electronics & Information Technolo-
gy. 2010, 32(1). 219-225.
WIEHE, T A, AR R LT 0 R Rt s AR Y
IR (0 MG B PPN FOOR 0 1 45 o e e AR
A % A £ 3.2010, 15(10) :1454-1464,

XIE ZH X, WANG ZH F, XIONG X L. et al..
Color image quality assessment based on noise
model of human vision perception and color image
quality optimization [J]. Journal of Image and
Graphics, 2010, 15(10) ; 1454-1464. (in Chinese)
HOEA, EEF, &R F RS9 8
wll. TEEF#H®EF L E, 2006, 23(6): 405
407,426.

XIE ZH X, WANG ZH F, LIU Y H, etal.. The
theory of gradually flattening gray spectrum []J].
Chinese Journal of Medical Physics, 2006, 23
(6): 405-407, 426. (in Chinese)

SHEIKH H, WANG Z, CORMACK L, et al..
LIVE image quality assessment database, release2
[EB/OL]. http://live . ece. utexas. edu/research/
quality, (2008-03-21) [2008-03-27].

WANG Y Q. ZHU M. Color image quality assess-
ment based on image quaternion representation for
the local variance distribution of RGB channels
[C]l. Imageand Signal Processing, Tianjin, P.
R. China. CISP, 2009: 1-6.

BHIERE (1938 =), B, WK E AL #
$2 A4 ST, 1961 4F E8 L F 7 7 U
FE B (P RO W R, RS
J7 ) R HE YR A G S R R AL, E-

mail: bmezxxie@163. com

B E8987T ) B IRREN WL
HFFEAE . 2011 4E T VU B K2 F A % B
PG A AL, EENFIE TS 0] A A
1% 40 ¥7 K2 v Fl . E-mail: fengpengrual
@163. com

(BT REWAT FEHEH)



