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Image Quality Assessment Model of Natural Scene Based on Normal Distribution Analysis
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Abstract

In this research, we specify the image consumers' preferred image quality ranges based on objective image
quality evaluation factors and follow a method which measures preference of the natural image scenes. In other
words, according to No-Reference, we select dynamic range, color, and contrast as factors of image quality
measurements. For collecting sample images, we choose the preferred 200 landscapes which have over 30
recommendations by image consumers on the internet photo gallery. According to the scores of three objective
factors of image quality measurements, the final expected score which means the image quality preference is
measured and its total score is 100 points. In the main test, the actual image sample shows dynamic range 10 stop,
LAB mean value L:54.7, A:2.96, B:-15.84, and RSC contrast 376.9. Total 200 image samples' normal distribution z
value represents in dynamic range 0.21, LAB mean value L:0.15, A:0.38, B:0.13, and RSC contrast 0.08. In the
standard normal distribution table, we can convert the z value as a percentage; dynamic range is 8.32%, LAB mean
value is 1:5.96%, A:14.8%, B:5.17%, and RSC contrast is 3.19%. And then, we convert the percentage values into
the scores of 100; dynamic range is 91.68, LAB mean value is 91.36, and RSC contrast is 96.81. Therefore, we
can conclude that the sample image's total mean score is 94.99 based on three objective image quality factors.
Throughout our proposed image quality assessment model, we can measure the preference value of natural scenes.
Also, we can specify the preferred image quality representation ranges and measure the expected image quality
preference.

Key words : Image quality assessment, Dynamic range, Color, Contrast, Preference

=2 20139 AR (RS ET) Y] AYORE A TA T XY wol FeiE AH(NRF-2013-32A-G00024) Y Y T
AR} e (TSR HEg g st tURg/FAA AT

E-mail : dhhar@cau.ac.kr

TEL : 02-820-5749

Bl or

o



w
\‘
N
iz
09k
44
P,L
ofn
rit

2 o
2 A7olME olmA AL Asshs st ARA Hrh FES] MAE TAHSSIA AA olnAE 7]
24

L0229 ATEG IAT TAE AI &, PITARdren)§ L2 A2 T 7t S

tholui | #Qlx], Ae], FEHAER AU ME AR T2 A AyA FHF 303 oE 7
TO2 AEe] AEsteE FAA 20079 Olﬂl AE AAeATt. I Al 7R A3A sk H7t g
ot LTS Bt TS MY 7FO 2 Ftste] HFH O R At st AEeE AT
2 Aol A 14%’3& A AP A Ze D‘rOlLH“‘ Zo1A] =H7HE 10 stop, LAB B L:54.7, A:2.96, B:-15.84,
RSC Z2EHAEE 37695 UELITE £ 2008 ME AR BFEE zg+S E}OM%U‘ eﬂ 2127} 0.21, LAB %+

o] LAB ﬂéq}ol L:0.15, A:0.38, B:0.13, RSC ZEZH2E7} 0.082 YEIRTE EFA 72 HolA 919 zgkel
B FE5S A9 HEEE UEE AA AR AEZ9 thold Y #JIAE 8.32%, LAB M LAB
L:5.96%, A:14.8%, B:5.17%, RSC ZEZ2E = 3.19%E Ueldth 5 312 37t Z3e) AMSE A AR A E 9]
A9 MRS 1008 02 FAE tholuyi ] oA = 91.68%, LAB H 2 91.36%, RSC ZEZAEE 96.817 9]
oh kA Al 7EA] A 3A bl HoE e ofe T O] > 94.99FH 02 YERE F AT S B AT A
At 3td 4 HY S Bt AA AR AZe] digt AIEE FRHCE ST F U o]t A2 AT
£ &5t olw A FATY deske sHEe A A WHE FASS AdEE $3H Y A s A8t
L Aexol A3 AAE A ostYTh

FXlof : 3t& "o, Cto|LfY BlIRIX|, ZHE, 2ERIAE, M3E

Objective Decision
metrics making __.w]

1- A-I % Measurement

Quality ratings

Quality

experience

Subjective
attributes

A2 olmAY AR FAH FHA Tdxs 3
He s %7 #Bd A7Ee] #AL v Ut
(Ritendra et al, 2006; Ritendra et al, 2007; Yan et al,
2006; Congcong & Tsuhan, 2009; Yiwen &Xiaoou,
2008). o]¢F 72 olfr= W] olw A7} vk ul

Perception

Verbalization

Figure 1. Information delivery system of image quality
assessment(Tuomas et al, 2009)

AEE Fato] PEAXL Yo, on|x|9 Aujz} Engeldrum(2004)> 53 31 €13 29)(The Complete
5 A FAe Sk 7] wEelth S ¥ o Quality Circleye £ 714 WEE Aojg 4
A S Sote] HEN ME HE F29 olvAE Q= ABA A 1A 24 BEHoz 2A st
o g std S-S AT AAHoE AAHA F 3 glabu|g, A8 =pe] shde)] thdk X E, HE A
7haks Aol T8¢ 372 W& 5ttt (Congeong et al, Ae] A AZEE 7o g HEH Au|AE9 3}
2010). £ AR FHS ATHEE ST T A 9 3w e £ Aoz Sdh o 2y
om NZAHOE e vF FFe BN FAS . R

H7ted ¢ e AFEC] IA #AHE HoT e
ZAlolth (Wei et al, 2011). the 18 1 o|u]x
HlA7E S-S gobehe Al AR g s

Ash @ gleld 5 FAL SEA A F I g3 gga 449 & Aws Adsch A o
Ao AGEY, SHS AR RASR TEH g ge gpe shie) SgsE Age myoEs
A, IAE FE AEES RO R AR e F AA 2HAe] 32 AEEE 2Ae 4 9l =7
2 =9 F2 dojstHe] Fa4 HHEE Yedd 34 Wb By ARA 517 wste] 9ASS 74
sS4 Zahark =3 @A QYN JE HYDTFE
o And 81 ket 78 344 ot SUE Y



Table 1. Method of image quality assessment (Andela et
al, 2010)

Ttems Contents

FR image quality measures based on the

Full-Reference difference between original and distorted

FR
(FR) image.
RR i li lity of
Reduced Refr | e valated basd on
ence (RR) g

information extracted from original image.

RN < o [ A« )

Table 2. Connection between previous physical image quality
factors and cognitive image quality factors (Lee et
al, 2010)

Physical image quality Cognitive image quality

factors factors

1. Luminance 1. brightness

2. contrast 2. contrast

3. color reproduction range 3. colorfulness

NR image quality measures based on the
No-Reference | measurement of image distortion at the

(NR) place of receipt without any knowledge
about the original.
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Figure 2. Haynes' digital zone system level values
(Haynes & Crumpler, 2004)
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Figure 5. RSC contrast algorithm measurement and sample window
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Table 3. Total results of parameter analysis

Items Dy LAB mean RSC
¢ range contrast
Total 6~10 L A B
ota ~ 100~778
range stop
17~81 | -42.5~67 | -85.7~91.37
L A B
Mean 943 355.57
54.79 -1.99 -11.68
Standard L A B
tancard. | g4 107.83
deviation
36.2 27.18 65.39

Table 4. Main test application based on pilot test

Pilot test Main test application

To measure the specific
preference range of color and
contrast, we select the main
test images based on contents.

Tendency of wide dynamic
range and widest color and
contrast ranges

100 high preference images

based on no-reference(NR)

are used for image quality
measurement.

We gather 400 images of
no-reference to increase data
samples.

Necessity of the high
preference image content
specification based on
bottom-up process

Image content specification by
bottom-up: landscape

Normal distribution database
of each image quality
measurement item

Dynamic rnage, RGB mean,
RSC contrast statistic
analysis
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Table 5 Landscape parameter analysis results

Dynamic RSC
I LAB
fems IS eat contrast
L A B
5.89~10 1182
Total range
stop | 2491 | -39.6 | -69.5 | ~7589
~763 | ~49.52 | ~82.5
L A B
Mean 971 367.2
stop
51.38 -9.37 -24.65
L A B
Standard | - 5o 1183
deviation
22.73 32.84 67.5

thelui el Q1A AA ML= 5.89~10 stopo]H,
AL 971, BFAE 1.362 Uelth LAB 39
A W= L:24.91~76.3, A:-39.6~49.52, B:-69.5~82.5,
HFS 1:51.38, A:-9.37, B:-24.65, EFHAE L2273,
A:32.84, B:67.52 YEIRTE RSC FETHEES] HA|
HOlE 1182~7589, M 367.2, ETHAF 1183
UEbstTh o)k 22 Zhz7te] SA3ke] AR EE
28R FAAHCE #4383t v 19 10, 19
11, 18 12, 19 13, Z1¥ 145 Z7A17 9] tholuyy
#91A], LAB Ha, RSC ZEZ~EQ 24 A3z 4
TEEset & JHzZ2 Jepd Aot

=

. / \
N / \
7 —\

Figure 10. Landscape dynamic range nomal distbufon graph

Figure 11. Landscape L mean normal distribution graph

Figure 12. Landscape A mean normal distribution graph

Figure 13. Landscape B mean normal distribution graph
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Table 6. High preference landscape parameter analysis
results

Dynamic RSC
LAB
Landscape range fmean contrast
L A B
values 10 376.9
54.7 296 | -15.84
L A B
mean 9.71 367.2
51.38 | -9.37 | -24.65
L A B
j;a?:t?fi 136 1183
v 273 | 3284 | 675
Normalized L A B
distribution 0.21 0.08
z value 0.15 0.38 0.13
Standard L A B
normal 0.0832 0.0319
distribution 0.0596 | 0.148 | 0.0517
One-tailed L A B
test 8.32% 3.19%
probability 5.96% | 14.8% | 5.17%
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