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ABSTRACT

Measurement of the quality of image distortion is important for image processing
application. In this thesis we propose new objective distortion image quality assessments to
measure the quality of gray scale image, which are correlation well with subjective quality
measurement (MOS) and Image Information Fidelity (VIF). The new objective image quality
measurements are developed from a few fundamental of objective measurements such as MSE
(Mean Square Error), MAE (Mean Average Error), PSNR (Peak Signal to Noise Ratio), SC
(Structural Content), MD (Maximum Difference), LMSE (Laplacian Mean Square Error), and
NAE (Normalized Absolute Error). SFM (Spectral Frequency Measure) adopted to improve the
performance of the new objective image quality measurements. The new objective measurements
can be measured the difference types of distorted image such as JPEG image, JPEG2000 image,
Gaussian noise image, Gaussian blur image and Salt and Pepper noise image. The reliability of
image quality measurement could be evaluation between each fundamental objective
measurement and subjective measurement (MOS) or Image Information Fidelity (VIF). In
addition, the new objective measurements are scaled to make them equivalent to MOS, given the

rate of distorted image quality from 1 to 5 (unacceptable to excellent quality).
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119 x(n) fin ManFuidesmsulasfenii uaz N fesmaudoya x(n) Nmua
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— for u=10

alu)=1 "N 23)
2 for otherwise
N

| a o Aot aa -~ 9 ar a
ATNUALDUNIDITVDIATNUV VA DINA [11] ﬁ1n15ﬂtﬂﬂu1ﬂﬂﬂﬂﬂﬂ1‘iﬂ 2.4 1agaunis

2.5 Muaiau

Pu)= S5 xlmnlalulalolood ZT Jood Gl ]
)= 55 Tl etaketslood @ oo mlher] g

(M) MWAULI @) mwnnmsu)asaan

a:; as 1 = " v A o Aadaa
11]1'1 2.1 GI'J?)U'NL‘LEUUWIU‘UE&HTNﬂ1WﬁNLLUULLazﬂ1‘WﬂYﬂﬂ’I’iLl‘lJ?Nﬂ“]J"YI

AdAaAa

P =1 § A o o " [ 9/
i]’lﬂz'lj‘ﬂ 2.1 'nzmu'lﬂﬂmw'nmm'juﬂaaﬂmﬂnan‘um:ﬂ’mm&muuunumw
Y oA

‘ ' o ' o a8 o A & Ja
ﬁ’mmdcffwil:ﬁﬂ uuﬁmzﬁmumﬂLmummnﬁmaznmuﬂﬂmmummnqa NIUNING L

o ad o« o [ oo
i T lusssunatieadsznoumsanuda i Tuajilunaudé
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=Y o o Y
2.1.2 MAUANMTUUDAVBYANMNHUULD [‘lJﬂ

b
=

s W Y [] :‘:j c: I a
mstiudadeyanmuuuenln [12] wiiseemilu 4 duneundng Asil
1. M3UYIVEA (Blocking) 1o lWnszurumisaraiiulllavdiwda1ai
' o cg d’ o 1y EUEY ° 1 ﬂ o
AszUIUMTILIUAentY Taonszuaumstivziiinmduuuui laumiinisutsesnitluuden
o 1 o =y 1w =
(mwian9) TaouAaz uaoAvzlYNAMINY 8x8 WX
g ] o v Hy ¥ o
2. minauaWesu (Transform) 1INVABAVOINTNAULLVN 1A uAazUADN
o 4 a p e . .
zgmims nswdesulavldaaniaTnaneinsugvesu (Discrete Cosine Transform) H30

agh (ocT) el ldudenavesddi Tavannsaidouliegluglvesaumsn 2.6
C=T10T" (2.6)

e Cfo duilseandaam (DCT Coefficient)
T A0 LIMNTNFATN (DCT Matrix) HAAIAIAUNITN 2.7

- o b4
O A9 VADAYVOINTNAULILL

[0.35355  0.35355  0.35355  0.35355  0.35355 0.35355 035355  0.35355 }
0.49039  0.41573 027779 0.097545 -0.097545 -0.27779 -0.41573 —0.49039
046194  0.19134 —0.19134 —046194 -0.46194 -0.19134 0.19134  0.46194
0.41573 -0.097545 —0.49039 —0.27779 027779  0.49039  0.097545 -0.41573

= 0.35355 -0.35355 -0.35355 0.35355 0.35355  -0.35355 -0.35355 0.35355 @7

027779 -0.49039 0.097545 0.41573 -0.41573 -0.097545 049039 -0.27779

0.19134 -0.46194 046194 -0.19134 -0.19134 046194 -0.46194 0.19134

10.097545 -0.27779 0.41573 -0.49039  0.49039 -041573 027779 -0.097545
Original ) o . Compressed
—»| Blocking || DCT »| Quantization » Coding [
Image Image
A F 3
Quantization Coding
Table Table

H b
510 2.2 Sureumsiiusadeyanmiavldmatiauuunln
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ci " Cd
A15190 2.1 AIN13A0U LA

16 |11 | 10| 16| 24 | 40 | 51 | 61

121214 (19| 26 | 58 | 60 [ 55

141316 |24 | 40 | 57 | 69 | 59

14172229 51 | 87 | 80 | 62

1812237 |56 68 | 109 | 103 | 77

24 |35 (55|64 | 81 | 104|113 | 92

49 | 64 |78 | 87 | 103 | 12 | 120 | 101

72192195(98| 112|100 | 103 | 99

3. m3a2eulad (Quantization) Mifivaduit bidiAydeginmesnaz1d
i ot ' s 4 d ° o o ' °
pszuRuMsGond manoulad dapfemsimuaszauvnaveadygnalmi Taonsi
" e a dadadn y Vv U o P > :\y
mdudszansaann 18 Tlgudoarnnasamsnteuladluaiieh 2.1 Tuduasuiis
° ' ¥ o ' A o 9 3 ° ' ’q 3
aunsodmuatieg lisasndaumsivsadoyaldlasmsimuaa lumsmsnionlaaly
o 1 = 1 ' ¥ o <
munzay Taomanianei (Scalar) llgaudazaluasatineuiinisaioulag
" e a 4 4
4. M31tsWa (Coding) Mdw)szanh ldvninnszuaumsnleuladezgn
° a Y aa aa oA . o o
dnnseailudoya 15@ AronszuaumsiGond Fnuanauny (Zigzag Scan) fa3ilii 2.3

AU My uaWiy (Huffman Coding)

1 2.3 mshdnuanaunu
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2.1.3 @egnamuiudauuuiann

Tumsadranmdusanenln Tunerinusatiuiivz141sunsy Matiab R2006a
1.1mTiﬁ‘?NﬂWWﬁﬂﬁﬂ!lUUlﬂlﬂﬂﬁﬁizﬁ'ﬂﬂﬂﬂf}mﬂ1wvﬂdﬂ1wﬁuﬂﬂﬁi105u 10 szaulaoms
uJﬁuuuﬂaamﬁ'uﬂ'i:ﬁn?nwmau"lwf(Quantized Parameter, Q) ﬁ'aifQ =0.25, 0.5, 0.75, 1,
125, 1.5, 1.75, 2, 2.25, wag 2.5 fagilii 2.4

doRnsunnglii 2.4 dlosdulssansmsntou ladiimiiuiy AUNINYDIN N
anas FansonSouiioy 18ium Mos A ldnndsziiy waziifoRinsanglii 2.4 (g) il
msfmuam @ i 2.5 uaziunmiiiiguamvesnmilugiiga Taonmezidnvaizidi
y&en (Blocking Artifact) taziiaai Idnndilszidiufie 1.72 Fuusiivanoteiuilunwiis

AUATNYDINTNNILY
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(v) Q=0.25,MOS =4.42

ot pecy 5 %
s # '

(1) Q=0.75MOS =3.2 (1Q=1,MOS =3

311 2.4 Medrenmdiudanuuanin
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(W) Q=2.25MOS =138 () Q=2.5,MOS = 1.72

31 2.4 Medrunmilusauuuinn (7o)



16

2.2 mwbuoanuun2000 (JPEG2000 Compressed Image)

JPEG2000 ﬁ]ummgmmﬁﬂnﬁﬂmwﬁqﬁﬁ‘lummg1u1wﬂﬁgnﬁwuﬂﬂu Joint
Photographic Experts Group ‘Aﬁ aily dauni’fwm International Organization for Standardization
(150) 1asg il Tusauuy IPEG2000 gnesnuuumieiiudanmiagunudig Tag
11ATIUV0ININTIUSALY JPEG2000 ﬁuﬁ%’wﬁuaﬁaﬁmmqmmwmiﬁuﬁ'ﬂ‘lﬁ’ﬁﬂmmw
mﬁanimmsjmﬁauﬁﬂﬁf Tau JPEG2000 HiszdmBnimmsiiudagandi JPEG 0420
nlesidua unxuﬂnmﬂﬁ’mmgm JPEG2000 8aiigtununisidsWauny Discrete Wavelet

Transform

a ~ o < ”
2.2.1 aansanvianniuaneiy (Discrete Wavelet Transform)

s A \ - 4 ] L o/
Tumstusadeyauuuinnln2000 Fadeiuiumaiiaf nindiwwvienla Tderde
o v a 2 dg 4 wa -
ndnmsvesaduiiagh Mefifdisannquanialumsanvinaveadoya (13, 14, 15] 59U
nsudilaymuuuueaumlinanlndua-W5inuF (Adaptive Spatial-Frequency) 1iufions

9/ = Aa "o a 9/ o oA cié LY
udtlymann@oandnihfinnudgaasmsudilgminsinudinaniianuda duamnse

'
@ A

Taanmueanmiianiadi lasmmenoandiuiiudangan [15)

o o 9 s & a s o o
piannsuddesuumsadudyaunmdaianinmiasiuiuvesilandunvian

A = 1 s o L] o y o -
Gaiinnuuanarsduvesdmisazaina viandnmsiiesih ldifamsdunuivian
a 4 g ¢ o o o w .
N5 1z HFnAD Wm0 Iuan (filter bank) MesilATABUAATAYFY (Perfect Reconstruction)
o o‘; = Yo w o a o & o =
Hawesuuadimannmslddduvesdmlszdng o, uaza, Fuiudawesuouloda
(Analysis Filter) #2317 2.4 iilodaqnadunngnnsesdaolamailanes (High Pass Filter)
= 4 o
wioyiiow (HPF) waz Taamnaflames (Low Pass Filter) H3ouoaiow (LPF) v 1Adayaa
o o ' 1 o Y o 1 wlllﬁ' as
x, Uag x, Auany uﬂa:muﬂzqﬂmmummﬂa (Down Sample) #7382 NIV IATRYYIV X,
oY x,, AUAAY Tyl x,, 10 x,, 1agnav Tasiumsswuauila (Up Sample) iz
o o a a o as
AU 129% (Convolution) AW aIA s FUT A (Synthesis Filter) s, 11ag s, TIMIUNTDDALUY
o Y Y w o ¥ A a o A
Wawmoignasscunsoadedya s x navm ldmilowan (iune y=x)
Tumsidenilames liissveniunesimaiaouaasadusziiulanse li uddss Tyl
2 ' o & ° 9 o o = ¢ A Ao AyVe o a
fagusvesdagranviangusninnlddmiunsdinaed daeu Tndduinginduluua
o a =t b4 1 o a e e e o P
fuidiagiannsognadnlddwnisdennmaaitameiuoinlagaiudniuesinounii ns

o

° = A Y a ar JJ = " a o« =t a
ﬂ'I‘N')f.].l‘l‘l'Nﬂﬂiﬁﬂ'lﬁﬂ?“]ﬁﬂﬂ‘lﬂlﬂﬂﬂ'liﬂﬂlﬂ'i1:11‘[11!{]1‘1501’]'}13141']95?{ (Inverse) Anuluag

=

- o 3 o s s ke o = = é a8 H 1
asudaufidmiudya areiidaunsoadldnndduibagiiniieia 5hde

W

=n.

qn
- = o = = & aa n’: o é n’: o
Ao mauasdduidaghuuumiiadia 2 a5 Tasvi luiuiiuna (Row) nilensa naziluuug

o a4 oo w 4 o o ' 4 & o '
N (Column) Bnasadmiumamlaanilsdu dag1i 2.5 ez 1dadndaoiu laun
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] o = ] ] 0’/’ n’: o S '
2. ‘CT'J'LJ‘I’IN'I'HLLEJ'E!WLB‘YHUHN'JNBuLIﬁZH']‘LIlB‘ﬁWLBTﬂHLLH’Jﬂ\‘IUNﬂiQﬂﬂ%liﬂﬂ’l'] oo
109 (LH)
[ a = [} =] n’!‘ £ d <t 1
3. muwmmmmmﬂuumuﬂuua::mu110awmﬂ°luumwmnim'sUfm 1DY¥LLOA

(HL)

v v
=) =

v
4. AIUNAEFNEAN UL IUDULAZUUIAATINI (DYDY (HH)

o -

1 1 & a A o 1 a = & 9 1
Tﬂﬂllﬂﬁzﬁ?uﬂﬂl’ﬂﬂlﬂuﬁlﬂﬂﬂﬂui“’ﬁﬁfﬂ muﬂmumﬂmmﬂmﬂmm LIDALDY DDA LD

WOFLOY (FUNTINNUI ANA (Detail)

XL Xip X y
S a, = lz 1‘ 2 S, -
\ 4
o 6}_;3;
Xy Xup X Hu i
> a » 12 > Tz » s
H L
Yu
y P p
317 2.5 Hawmosuuen
8
[=T1]
g =
o (4]
£ 5
. LL & &
i Lg > —p = g
: n | 42 S
e 7 oa i lz i w 9
o ! E
-g g ! LH\
s E e I e B S
[:*] . L
e — 5 5 o
£ 2 ] 8 3
o = i HL &n 2
o 2 i L > — ]
. : a, lz >§ g
g ' 5 B
E ! 5 =
> Ay > lZ 1 5 ¢
4 (o] O
! HH s
! | - |-
g B V2 )
Horizontal Vertical

c} A :: = _ [ aa
31 2.6 nilavuvesmisulaspauiiaginuuaelia
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= =1 9 LY 1 g/ A o - = -
mngﬂ‘n 2.7 ﬁ%ﬁ’iuvlﬂ'ﬂ ﬁminﬂl’d'JuUu%’]ﬂ‘UﬂQ.ﬂ’l‘ﬂ‘l’lﬂ’lﬂ'\‘ittﬂﬂﬁﬂﬂﬂlﬂﬂgﬂ“ﬁilﬂu

=y

[ - W as ~ ol/' dvd o
druueauoa Janyuzadionunmauutuuiniga nalinmsizamia ldlusssunail

' s ' e
panszneumuannuidiulngiilunibi

310 2.7 MedrnfSvuisusnianmaunuuragmwiniinmsin)asaduiiagh

2.2.2 madamsdudadeyamwuuuonn 2000
¥ ¥
mstiudatoyanmuunenln2000 [16] misesnilu 3 Tunsundna il
d 4 v o o o
1. Mans e Iu (Transform) NWALLUVIZYNIINIINI T oITU TAY
a o ¢ @ a &
19aanianm lannmsusHesy (Discrete Wavelet Transform) H3eaauiagh (DWT) ¥a9z 14
4 ° ° o
Wawmosaeill¥ 9/7 (Daubechies 9/7) HazHIN5LAIT U 4 52AY (Level)
2. M3 uEs¥1van (Threshold) Mduszdninldninnsyuiumsanuiag

fivzgnaadeyaaslasmsiSumdulsz@ninanhaussylvaaliilu o

Original _ Compressed
—» DWT Threshold Coding | —»

Image Image

Y
Y

3 ¥
o ar v a
317 2.8 Yunoumsiiusadeyaninlavldmatiauuunln 2000

3. mstdnwa (Coding) Mdunlsz@nii ldnnnszuaumsiussy vadazgn
AR 0n5 2 UM SNSRI VIABIA (Arithmetic Coding)
2.2.3 Megamwiiudauuunnln2000
Tumsadunmiiusauuunnin2o00  Tuinoriivusatiuie1¥Tlsunsy  Matlab
R20062 lumsadranmiudauuunnn2000 fiiszAuvesnunmussnmiiuandaiu 10
seeTaomsnlaoulasalesiFudmsalyad (Percentage Threshold) flARAIAY 10

L d v
BRI AN %T = 2%, 3%, 5%, 8%, 10%, 15%, 18%, 20%, 25%, Haz 30% A3/ 2.9



() %T =5, MOS = 1.26 (9) %T =8, MOS = 1.72

1 2.9 Aedrnmmiludauuuenln2000

, T o -

19




g ¢

T=

5§ "

25,MOS = 3.6 (f)) %T =30, MOS = 4.22

51/ 2.9 Aredranmbudauu)n2000 (70)

20
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=

A a & A s d < 1 4 A L

dioNnsannngUii 2.9 demnlesiguamsa lyaalimimuTu QU IMYeInTHIza
4 A ar ' { =3 4 o { J
3u daamnsanfiouiion1ddua Mos 1ldnndlsziiv uaziieasangin 2.9 (v) ¥l

mssmuam %T i 2% uazdunwiiiguamvesnmiudiiga Tavnmaziidnuuziiiuae

o - a1 AA 3/ S | é v oo - P
AUNIUITWATIDUAVDINTN uaxuﬂmmm@ﬂsxmuﬂﬂ 1.02 %ati'fluﬂmwmum'nrﬂumwn

figuamyuoanmiooniy hild

Y <
2.3 MWNNTURNSUNIUIVUIMAITEY (Gaussian Noise Image)
Vv
Fygrasunnalsuaniifianuazmsniznodeyaveadggrasunaiuiiulla
o = “ & o = @ aa
suvesiladfumdiFou awaunsi 2.8 Fedgygnasunuiiiudygnusuniviito

o o A w or 3/
wazgminnl¥aeslunsmindyapasuniuiiiunmdunuy (10]

= 2.8)
_ 20
p(z)= e
N2
A v s b
e  z UNUAITSAVANUYUNT

v ¥
e UNUANRDAUNINUAVOL Z

o’  unuAndouvuINAITIU (Standard Deviation)

s v et o é
2.3.1 fIBthammnildaNasunIMILUIM@FeY

]
S

s/ o o - = l'dy § 7
Tumsadranmiidyaiasunumuundidou luinoiinusieglllsunsy
Aa o 9 i o
Photoshop CS2 lumsardummiilidyanasunaunuumddoy AsEaUYeIRuAINYBINIH
— 1 o/ s =) as P
uana1aiu 5 53R A 2, 4, 8, 10, uaz 15 Az 2.10
A a = A ard4 4 4
ifo#915a1910317 2.10 1iipA1 Rate TAMTINNIY AUNINYBINTHITAAD FIAWNID
o 1 A ) H A [} Ll
Wisuidou1&fus VIF uazifiefinisangiii 2.10 () Fasimsimuant Rate 1 15 uagdl
o A e Y “ - &
flumwiiiguamysanmiugiiqa Tasnweziidyg s uniuann uaziin VIF Av 0.11 49

Humnnmneaviuilunmniiguamyesnmiug
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(A) NMNAULULY

(?) Rate =10, VIF =0.16 (%) Rate =15, VIF =0.11

1 as " Ao o o
311 2.10 AedranIwANTYRIBTUN MU LI TSUY
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v
S A s <

2.4 MWNNANEAULIVABUULINMAITYY (Gaussian Blur Image)

4 ar 4 i a as o
ARt anY AU A S U UAIWRINADINAINT BN TIBUY (Gaussian

a o

ar J d:i ar ot 9/
Operator) laginsolszinniiannsofvzeenuuudulszdnivesanieslanarogluuy

TaoidulseAnsueadaneuuuMddouaeaiia Glxy) viimamannsi 2.9 [10]

12 +y1
1A% 29

G(x,y) = gy

as 1 4 1 o o PR PEY a
A10019VBNNTAVIIAANY voumddsuRames n 1au19InHan¥uvee Matlab Taoi
H ¥
annunsisa (o?) iy 1 dsdedialuaumsi 2.10 uaz 2.11 Aansearlsziani vin
1 1 a 1 ] d o i [
Avesaulsys (o) dadiannnmls fegdinad ldnmin ldlidnvuziuae (Bl 1n

= 2
RETAY

0.0751 0.1238 0.0751
Mask3x3=|0.1238 0.2042 0.1238

(2.10)
0.0751 0.1238 0.0751
[0.0030 0.0133 0.0219 0.0133 0.0030]
0.0133 0.0596 0.0983 0.0596 0.0133 @.11)

Mask5x5=10.0219 0.0983 0.1621 0.0983 0.0219
0.0133 0.0596 0.0983 0.0596 0.0133
0.0030 0.0133 0.0219 0.0133 0.0030 ]

r
A o <

2.4.1 @ethanmiiidnyauzasuuUIMdAeY
9 d'q as ¢ - = =Y Ma’ 9
Tunisaduamiiidnyazuasnuumdidou Tuanoiinusiee1sldsunsy
Y Ao ¢ Ao @ -

Photoshop €S2 Tumsad A IMATIANBULIUABHUUINMTFOU NUTZAVVOIRUNITNYBININN
UANAIIN 5 5TAY 7D 0.2, 0.5, 2, 4, 1Az 6 Aagilh 2.11

&4 A :i A a4 A 4 &

{eN9159191n3UN 2.11 101 Rate HAMINUVY AUNNYDININIZAAAI FITWIID

s 1 4 - 4 J 9 J
nFouion1dfum VIF uazidofinsangiil 2.1 (o) dalinsdivuani Rate iy 6 waziidu
d.d- ﬂ: Ud. ~ o C: - -~ é

amiiligun e miugiiga Tasnmeziidnuaziituaouin uaziin1 VIF e 0.01 Fuily

"o “Q P ™) TR
manmenaiiunmneeusulila
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I -

(m) Rate = 0.5, VIF = 0.51 (9) Rate=2,VIF=0.13

(9) Rate =4, VIF =0.03 (%) Rate=6, VIF =0.01

S o

4 @ [] 4 o
i 2.11 dredunmiiidnyuziasiuumddy
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s

2.5 MNANAUIMUSUNIUIVLYAVIIA (Salt and Pepper Noise Image)
ooy

¥

rusunulsznniienisondnuuy1d9 dygrasunauuuuga (mpulse Noise)
4 o Y o i « a

Fedyapusunlszani snifludyaasuniuidsngrszneeguuiinaveaniwily

o = 1 EY a o ' 4 Yt 1 '
a9 121 Taseznfasumaudunasvesinea adumisniig Wisanuuandel
o - A ' 4 o o o =

nnfinradiafios samanuduuaansiaesiu Tannaeziidnyuzanuduudadv uas
@1 (Salt and Pepper) YufngUnmaTaeausdumisiinraziu ludedyanusuniu nan
fefiniausdmmiarzganlasuilugadi niegav1d Taoiniwasunau (Noise  Pixels)

& i d;’ ]
s UAULDDTszimsnIznsvesilanFumuaumai 2.12 (10]

Pa z=a (2.12)
p(z)=3 Pb z=b

0 otherwise

iiemszauaMduMIves b > a mszauanudumves b szgnuldsuiludynw
-
sunuiiilugavn
All U ar 9/ " o £ t:; s
demszAuaudumves a> b mszduanuduMves a sxganldouiiudygu

sumuiiiugam

]
A

2.5.1 FIREINNNHTYYIVUTUNIUUVUYAYIIA

[ A o o a =Y (dy 1
Tumsadanmnldyarasuniunuugaviaal ludnotnusisslsldsunsu

Matlab R2006a Tumserd unmnildyaas unauuuugavifl NseAuYeIqunInyeInIn

u o

fuand1af s sz e 0.0001, 0.001, 0.01, 0.05, Az 0.1 Aagalii 2.12

ifofinsanangii 2.12 dod Rate fafiA AUANYBININIZAAAY FIA30
Wioudon1dvuim VIF aziffennsangiii 2.12 () Faiimsdmuasi Rate (1 0.1 uazdl
Li‘lumwﬁﬂfzmn1w11mmwﬁudﬁqﬂ Tasnesiidya s unaumn uaziiai VIF Ao 0.17 i

v <& I
lﬂuﬂ’]ﬂﬂu_]ﬁﬂqq'llﬂUﬂ'l“ﬂllU



(9) Rate =0.05, VIF =0.25

R i
31N 2.12 A mnd

as

Yo

(%) Rate=0.1, VIF = 0.17

WUTUNIULVUTAVIIA
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UNN 3

M3IA HazM Iz UNAN UMWY INW

QA 3/
3.1 f’]mﬁ“‘l]ﬂﬂﬁﬂﬂ'lvlﬂululﬂ
Yy 9 o 9 [ =
AuaiavesnwautuuTnsada ldvaegduuy wu lugdvesanini@ealamm
& [ = =] 4 5
Faousndald lavldanln@oansinuduiyes (Spatial Frequency Measure) 3 oio ooy
v
(SFM) [9] dmiuluaidedl 1aimserdoar SEM vinamdunuvuniuileselumsiden
AMAULU VAR SEM Aivanrats I ldnmnswazidoavean s wasdoayeanini
¥ y v
uanany wieunadaie seM whimisnasanlumsadiedada Iiaanuiusedon

& o
[RRTAS! sluﬂ15‘)ﬂf]mﬂ1ﬂ1lﬂ\1ﬂ1ﬂ

3.1.1 andni¥oanSinaudues (Spatial Frequency Measure) t3ooatonid
(SFM)
Auauliavesnmauuuy aunsodalugdvesanindoalanulasnis1d  sem

(Spatial Frequency Measure) A3a4n159 3.1

SFM =V R*+(C? (3.1)
C= Jﬁi;(x(m,n)—x(m - l,n))2 (3.3)

A ] 4 A ‘ Y
o R uanudluwueu way Cifuanud luuuads x(m,n) AvAINNUYIN
° = ' - Y o o A
YoIMWIUA MU m uag ndu M uaz N Aeaunde uazonvesnmaudidy i

' - ' & . a i 4
Hu]ﬂ&ﬂ“ﬂﬂl‘h’ﬂ Tasmuniuves SFM UQUBﬂﬁQﬂUﬁSLﬂUﬂ (content) YOINNNIINVY

3.2 myda wazdsziivwanamwyeann

mM3dn uazszdivnagunmyssnmasomiseenitlu 2 Uszianlngjq fie nisia
wazilsziiunanunmvoan nuuuduainduiunsdsziiunagunimyesniniiends
anuidnvenyud uazmsiauazlsufiunagunimvesnnuuuesuaiguiiunisia

AUNIMYDIN MO HOAUMINIATAMNTAT
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3.2.1 M3 nazlsziiueagummve MU Uy
@ W eel Pe [ o o
Wudrianiiguaimanugndeanniiga msizerdennuidnvesypduiins
a ' @ w A A o S A o
WDITVAVUNINYBINW 1%U A2IANU ToNITisuanDs (Mean Opinion Score) W301du lotoa

(MOS) [6, 7]

&,
MOS =~ > ip(i) (3.4)

i=1

¥

Tao idludiazuun p() Wudwouvesiazuuiniug uay s Wuduvesdin
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3.2.2 m39a sazlsziiveagaumwvesnuvee el
v s =Y o H " ar
aﬂummﬂﬂmnm*ummwiﬂﬂmﬁﬂﬁnmsmaﬂmﬂmﬁm N ELIUCTTIRR MIIANUNIN
= Y1 v w =1 =t ] .31 = LY v X=1-
yasmnuues N A Manuues ANz innuLu¥enouosn uanlsaily
M3 ianmunmyesnMienAdauuuFAiiv
oo dy yq Yo w = ﬁ” n,: s
Tuauadeiilalddriaguainvesn munuesuaiupuiuguivua 7 62
A207U AD Mean Square Error (MSE), Mean Average Error (MAE), Peak Signal to Noise Ratio
(PSNR), Structural Content (SC), Maximum Difference (MD), Laplacian Mean Square Error
(LMSE) tia¢ Normalized Absolute Error (NAE) [8, 9] tazluaiuddendian 1aunmsadies)
a o Ae VoA A ™ e aM S8 e
IagunmvoInmuuueauand Nannuuu¥enteganawd Tasluaivoil 1d14629a
=1 d' 3y =Y : s g/ ar - 4 5
uuvoauANN 1901999 IMuA 3 @2 A0AY AD Picture Quality Scale (PQS), Structural
Similarity Index Measurement (SSIM) 11a¥ Visual Information Fidelity (VIF) laoaziiiainla
) ¥ _ 1
91INAVIANUTIUNININITHIITANUAMIALU Do UaNY Mo ArTauuuseunininly
Y a M o Y e o e s A M A 4
91909 INTIINATNATIANTMANNE BB NIV
o ¥ M o ) Y ”
Tasfmuali x(m, n) ABAITZAUANVTUINIVOINWAUNY HaL x(m, 1)
M @ 9 - o oA ' A )
ADAITLAVANUVINIVRINNT VDA TUA MU m waz ndaiu M uaz N Aeanuning
Haze1veIN ARG Briodunnma
3.2.2.1 Mean Square Error (MSE)
d] o o A = — " A Ag [] =]
uariadegnilomuannisn 3.5 Tasmnuniuyes MSE 1191004

o g
AUNNUBINTHALGA AT 3.1

MSEHI‘;N—%%( (m, n) x(m, n))z (3.5)

m=1 n=|
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(M) Mwduoanuuen (v) Mwdusatuunln

MSE = 17.86, VIF = 0.86, MOS =4.52 MSE = 123.96, VIF = 0.36, MOS = 2.7

o/ [l o as

31N 3.1 Medegilnminiimsdanunmuean ndioaaia MSE
3.2.2.2 Mean Average Error (MAE)
=~ TR | =) - [ 4:‘ cg [ =)
WuaIadagniomudunisn 3.6 laoAmNuINIuYes MAE 19Uende

AUNINYDININALGAI AdUAAINgY 3.2

(3.6)

(M) M uoatuVn2000 (v) niiueauuunln2000

MAE = 16.76, VIF = 0.12, MOS = 1.1 MAE = 3.11, VIF = 0.76, MOS = 3.82

310 3.2 MednglmminiimsTagunimvesnndleaaia MAE
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3.2.2.3 Peak Signal to Noise Ratio (PSNR)
o é = -:‘ 1 c; L
L‘ﬂu¢n'lﬂ"ﬁ~‘lgﬂuﬂ"mﬁ1uﬁ1]ﬂﬁﬂ 3.7 Iﬂﬂﬂﬂﬂﬁﬂﬂﬂx‘ﬁlﬂﬂ PSNR ‘LN‘IJ'E]ﬂﬁQ

AUNINYDINTHALLGAI AaaIngll 3.3

PSNR =10log 222" (3.7)
MSE

(1) NMANTANHAUSIUABUVUIN AT (¥) NMWANANHUIUADIUUIN T 1
PSNR = 40.42, VIF = 0.96 PSNR = 18.77, VIF = 0.02

31 3.3 Aredegdnmiiinsdanuninvesnmdlodaia PSNR

3.2.2.4 Structural Content (SC)

fudaiadegniinmuaumsi 3.8 minnsnaaesiagumnveanmilusa
wuenln Amilusauuunnin2000 taznmdidnuuzaBIUMAFI M UYD
SC tauendagan o Hiiigas daudasiizy 3.4 (n) uaz (v) daumwiiidyeusunau
HUUIM@Fou azuuugAuIId MitaAnwes SC tiuonisnuamussnniiugas duaaai

31 3.4 (7)) uaz ()

ii;(m,n)z (.8)
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o

(M MwDusauuUnln (v) mMwiusauyunln

SC = 1.009, VIF = 0.64 SC=1.022, VIF = 0.39

4

o

' ot & e JE
(7)) MMNTAYYIUTUNIUHVUIAYIIAT (1) MWANTYINVTUNIULULTAYIIAT
SC = 1.049, VIF = 1.01 SC=1.019, VIF = 0.13

31 3.4 Aredngdnwniims ianun muesn nAIudia SC
3.2.2.5 Maximum Difference (MD)

o e 4& = 4:; T :; :'n J 3 =
l'ﬂuﬂ']')ﬁ‘h’@gﬂﬂﬂ']ﬂﬁ1ﬂﬁﬂﬂ'l'i'ﬂ 3.9 TasMminUuvos MD  19uenig

AUNWVBINNANLAL Aduaaangll 3.5

MDzMax(

x(m,n)— ;c(m, n)U (3.9)
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et e %. e

s

YYIUTUNIUUD UM AT U

o

(M) MWAT TS UNIMUU N TS0 (¥) NMIWNL

MD =17, VIF =0.73 MD = 196, VIF = 0.13
=; a ' A o a’ v @ a
31."" 35 WJBU'NE']Jﬂ'l'ﬂ‘\"l'ﬂ'lﬂ’Iiﬁﬂflﬂlﬂ']W'Uﬂ\Iﬂ’lWﬂ')UﬂT]ﬂ MD

3.2.2.6 Laplacian Mean Square Error (LMSE)
ﬁ v o &0 ar & a P VoA oA g
WUHAIANNINITIAVDOUNTN FIUUIUATUTUNITN 3.10 Tﬂummwu“uu‘um

LMSE 13Uanianun MyeInwiligad aaudaangi 3.6

M N ~ 2
53| Lestmm) - Listm |
LMSE = m=ln=Ll (3.10)

SN [Lex(mn) T

m=| n=1

laon L(x(mn)) fo Laplacian Operator AEANNITN 3.11

Ldmm) =x(m+Ln)+x(m—Ln)+x(mn-+1) +x(mn—T)~4x(mn) G.11)
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s

(1) NMANTTYYVITVAIUUUVIAVIIAN (V) MANDAYYIVITUNIUUUVIAVIIAT

LMSE = 0.008, VIF = 0.99 LMSE = 16.83, VIF = 0.18
51 3.6 Megngnmiihms Tagunnyesnmd0A13a LMSE

3.2.2.7 Normalized Absolute Error (NAE)
v o & - = v a4 oA 4 '
l‘ﬂ‘l«lﬁ')’)ﬂ“h’s?i.]ﬂutl1uﬁ'lll’dllﬂ"lﬁ1{] 3.12 TauAININNUYLYDI NAE ‘lN‘lJ’E]ﬂﬁx‘l

AUANYDINTHALGAY AaaaIngyl 3.7

x(m,n)—.;(m,n)

M N
m=l n=1

NAE =

) ¢ a S o P
(M) MWATANHULIVABLU LN T oY (V) MWNLANHUZIIABIUUIN AT oY

NAE = 0.0095, VIF = 0.96 NAE = 0.3104, VIF = 0.02

g 3.7 Meduginminiims Iagunmueanmd i ia NAE
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3.2.2.8 Picture Quality Scale (PQS)

117l 1998 M. Miyahara uazamz lAI@U0AITANMAINYBIMNALFD N

Picture Quality Scale (PQS) Tavgi/i 3.8 uaaalasaadiavesnriagunimvean weiia PQS [2]

x(m,n) ]
’ Factor 1
wWTV L | >
A i
x(m, 12
> La
. Factors
B Pawe L ey (m,n) - £ P Summation Principal
And Component
Sa
- f3 »{ normalization analysis
> Powe Law i
Factor 15
~
3
F N MRAweights

¥1  Edee detection

31 3.8 Tnseadwvesdriaguningiia PQS

a { =1 L - a
denseeIngln 3.8 wwmuldarlagunImyeIn meiia PQS 1in1

2 o

ot 9 e c!: Yo ar = e’: 9/ d'
FurpuveInIangs v liaiartia PQS wulaa lumsiszuiananuiu

Y]
@ @ Ao o dd ' ' < e e s 9 v
f7379A PQS UAMIANUAIDYTEHINN 0 O3 5 IﬂUﬂ']Wﬂllf’}ﬂ!ﬂ']W‘ﬂﬂ‘l]glJﬂ']l‘U'ﬂﬂﬁ

u

1 =

5 uarn AU INYBIN NG wiin PQS  Midnlnd o ualumsaguaiwvesniniil

L ¥
1 ar o o

{ ' 1A ] ' = 1
f]ﬂlﬂ'lWﬁll.tlu‘Ll V19 T3IA1 PQS ﬂﬂ:llﬁﬂ@ﬂﬂﬂuu“ﬂﬂﬂ?ﬂﬂﬂa‘u A Timusanzlven

v
ANunevaIaniula
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3.2.2.9 Structual Similarity Index Measurement (SSIM)
Tuil2004 A. €. Bovik uazameldiqusaaiaganinsiia SSIM  Tavil

139831990972 IAAUNINYBININYTIA SSIM A131/71 3.9 [3]

image
(x,¥) 5| Luminance o Luminance
>
Measurement Measurement
- SSIM
Contrast Contrast Combination
" " —
+ Measurement Measurement

Structure

Comparison

317 3.9 Taseadnyoaaianunneiia SSIM

faianuNNYDININFIIA SSIM 1T11d1IaN92911M5A599 3R Luminance 1o
] = 9 = .
Contrast Y940 tiaz1i1A1n 18 1J0)SsuHowiuy Luminance Contrast 1122 Structure Y9N

Taoiigiuuuauaunsi 3.13
SSIM (i, j) = L(i, j)C(i, j)*S(i, j) (3.13)

Tas L 1HuA191nM338 Luminance Y90
WuA191mM5 3@ Contrast Y940 IW

S lﬁuﬂl’liﬂﬂﬂﬁ%ﬂ Structure YDINTN

'
= = 1

f1¥a SSIM iiludriafiuanamegizuing 0 ia 1 Taonmiigaunmiaseiin
h1nd 1 azammnlinunmvesnmiiug sziian ssiM M lngd o i@ da SSIM veiinaw

VoA A A 1o o =) d‘ o e ldld = [l
HUYDNONGI LARIIA SSIM ‘ﬂzuﬂﬁgﬂ'lillﬂﬂ'lﬂﬁ’Jﬂf}ﬂlﬂ'lW‘UﬂQﬂ'lWﬂﬂ NHWUISNLIUND TﬂU.’lN

' o o
annso i ldaeandesiuanuidnveaunud [4]



3.2.2.10 Vistual Information Fidelity (VIF)
T3] 2006 A. C. Bovik uazaa ldiauadriagunmyiia VIF Taoiilnsaaing

Y0 IANUNINUBININYTIA VIF #3311 3.10 [5]

> HVS L

Natural image Channel HVS F

Y

source C (Distortion)

510 3.10 Tnseadavesddanunneiia VIF

1At HVS fi0 Human Visual System (U@ iaqanimussnimidounnuszuy

MIUBARUYDINY D
VIF = Distorted Image Information / Reference Image Information (3.14)

" [
L

fada VIF dludiafiuanaaiagsznane 0 e 1 Tasnmninuniwinasziing

Q
=1

) ¥ et A A -y Y Vi @ o
l‘lﬂulﬂﬁ 1 llﬁgﬂ'IW'YllJf’]ﬂlﬂ'IWﬂ.lﬂﬁﬂ]WﬂlLU I¥UA1 VIF 'nl'il'ﬂﬂﬁ 0 1N IA VIF 32Uy

o

Vneionganaaiariia SSIM 1d1 @23 VIF diainsoiaguninvesmwhiianyaziuas

s

# #ada ssiM Tl 18 uada3a VIF ez 1dna lumsiszananainga
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33 ANHIIT00VINIIANUMNVDIMWID VB VIDANY

@ @ o =1 voA o i o A= A "
ﬂ’)?ﬂﬂﬂ!ﬂWWlﬂ‘] AATHAZUANUUUYDDD (Rellabllity) 1ﬂﬂﬂﬂ!ﬂﬂﬁ1ﬂ1§ﬂﬂ0ﬂﬂ1
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Aunmanann lded1agndeaniui uaziinnudeandesnuariagunimuoudwoai Ty
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@ s ]

= Yq 9 o A A @ ar S b4 v
\111!'”{]111ﬂi‘ﬁﬁlﬂﬂﬂﬂ’31u‘lﬂl‘li'ﬂﬂﬂ‘ilﬂﬁﬂ')')ﬂﬂmﬂ1ﬂﬂ03ﬂ1ﬂllﬂﬂ@ﬂﬂl‘ﬂﬂﬂﬂ u’,ﬂllﬂ A

W a @ a 4 3 " i
AulszanFana@unus (Correlation Coefficient) AFAUMIN [9]

s 2 2 (3.15)
Je-e] -2

Tao s,uaz o, udduvesrininnsiagaunimvesnnuuusnivain n3ea1mn
M3 iagunIMYeInTNIUUBaUIATINE9Be tazAInms Taqunmvesnmuuueseaiiv
1 =

o w ' o a o w d o [ 1 o w  de 3
AuMAY Avoadulszansanduus wwliaegizning -1 93 1 lasmanuduiuinangs
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e o ar i: [ v 4 "
Tumsnaansil maﬂqmmwmmmwvmmw'lﬁ’qnwmuwumﬂmmauwuﬁszmw
¥
ﬁ'ﬁﬂqmnmmmmmmneﬂnmﬂﬁﬂﬁ'ugm 11 MSE, MAE, PSNR, SC, MD, LMSE uag

NAE ffuf3anamwyean nuuuduinn indas MOS 1azd21anan nyaanmuuuoa e

a
=)

fidhaBedae VIF Tasfinrsandianmindeievesdarfauvveeunaivdmdulszini
A dURUT (Correlation Coefficient) lumsiisnniusdesorfonmduny uaznmiins
Lﬂ?;uuuﬂawemmmw (Distortion image) (¥4 MWHudauvvnln JPEG Image) NNil1Uoa
UUL1UN2000 (JPEG2000 Image) mwﬁsﬁﬂﬁ'q;tymmmuuuumwﬁ%tm (Gaussian Noise
Image) ﬂTW‘ﬁﬁﬁﬂHﬂl:tUﬁBllUUlﬂ'l&l%UN (Gaussian Blur Image) uazmwﬁ;ﬁﬂﬁfgfgm‘mmu
UUUAYIIAT (Salt & Pepper Noise Image) 111

Tand3eil 1818 LY $119U 30 AW ﬁqgﬂﬁ 4.1 Taonmduuuud 1, 2, 3, 4,
5,11, 12, 13, 14, 15, 16, 17, 18, 19, uag 20 [unmditivuia 512x512 fineya daun AU
#6,7,8,9, 10,21, 22, 23, 24, 25, 26, 27, 28, 29, LiA¥ 30 funmiiiivina 256x256 finira Taw

¥ .
mwﬁ’uuunﬁmumzummaztﬁuwn 8 UnADNNIn

A13147 4.1 1 SFM UBQﬂ1W¢’I’ullUUL1¢iﬁ$ﬂ1W

mm’l’uuuuﬁ SFM ﬂ1ﬂ5u!lﬂ‘1}‘ﬁ SFM ﬂ“lﬂﬁull‘llﬂ‘ﬁ SFM
1 3.74 2 12.17 3 15.23
4 22 5 25 6 30.55
7 33.96 8 37.02 9 42.64
10 48.12 11 14.01 12 27.82
13 18.81 14 59.68 15 17.27
16 21.04 17 31.63 18 40.69
19 16.78 20 22.43 21 24.16
22 60.08 23 28.84 24 20.28
25 34.92 26 29.42 27 37.2
28 29.51 29 13.30 30 14.03
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Abstract

Measurement of the quality of distorted image still
remains an important issue. In this paper, we propose
a new objective measurement, denoted as Image
Quality Score (I1QS) that better matches the Visual
Information Fidelity (VIF) than using fundamental
image quality measurements. I0S can be used to
measure the quality of gray scale image in different
distortion types such as blurring, additive Gaussian
noise, impulsive salt & pepper noise and JPEG2000
images. From the experiments, we found that IQS
correlates well with the judgment of human observers.
Moreover, it gives the result of distorted image quality
JSrom 1 to 5 (unacceptable to excellent quality).

I. INTRODUCTION

Nowadays, measurement of the quality of image
distortion is challenging problem in image processing
system. Existing image quality evaluation methods can
be divided into two types: subjective and objective
measurement.  Subjective  measurement  which
measured by observer’s response is truly definitive, but
too inconvenient, the most time taken and expensive.
Fundamental objective measurement such as MSE,
MAE, PSNR, MD, and LMSE are less time taken than
subjective measurement. However, they do not
correlation well with subjective measurement [1], [2].

During the last several decades, many researchers
have developed some objective measurements. For
example, Eskicioglu et al [1] and Grgic et al [2] had
shown that some objective measures correlation well
with the observer’s response. However, their results
are unreliable measure, especially for evaluation across
distortion types. In 1998, Miyahara et al [3] had
proposed a Picture Quality Scale (PQS) that is closely
approximates the MOS (Mean Opinion Score).
However, for very high quality images, it is possible to
obtain values of PQS larger than five. At the low end

978-1-4244-1692-9/08/$25.00 ©2008 IEEE

of the image quality scale, PQS can obtain negative
values (meaning less result) [2]. In addition, Universal
Quality Index (UQI) and Structural Similarity (SSIM)
were introduced [4], [5]. Their results demonstrated
that they were greater accuracy and consistency than
MSE and PSNR. Although SSIM is correlated well
with  human’s response than UQI, it failed in
measuring badly blurred images [6]. Recently, Bovik
et al [7] had proposed Visual Information Fidelity
(VIF) which was demonstrated to be better than SSIM.
It performs well in single-distortion and in cross-
distortion  scenaries  but  incur  computational
complexity that leads to greater computational cost.

In this paper, we propose the new objective
measurement, Image Quality Score (IQS), which is
developed from a few fundamental objective
measurements. In our experiments, 1QS is correlated
well with VIF and less time taken than VIF. In
addition, IQS gives the rate of distorted image quality
from 1 to 5 (unacceptable to excellent quality)
comparable to MOS.

In the following sections, image characteristic
measurement is given in section 2. Image quality
measurements and their reliabilities are contained in
section 3 and 4, respectively. Finally, the experimental
results and conclusion will be expressed.

II. IMAGE CHARACTERISTIC

The spatial frequency measurement (SFM) indicates
the overall activity level in an image [2].

(1)
SFM =R* +C?

R:\/ﬁg;g(“m.n)—-ﬂm,"-”): (2)
C= #:Z‘;é.:(:(m,n)—x(m—l-")f @



where R is row frequency, C is column frequency,
x(m,n) denotes the samples of image, M and N are
number of pixels in row and column directions,
respectively. The large value of SFM means that image
contain component in high frequency area.

1.

The objective quality measurements are save time
more than subjective quality measurement [3], [4]. The
seven simple objective measurements are selected and

used for this work study. Definition: x(/m, n) denotes

OBJECTIVE IMAGE QUALITY MEASUREMENT

the samples of original image, x(m,n)denotes the

samples of compression image. M and N are number
of pixels in row and column directions, respectively.

A. Mean Square Error (MSE)

The simplest of image quality measurement is Mean
Square Error (MSE). The large value of MSE means
that image is poor quality. MSE is defined as follow:

53 smm)-(mm)) b

m=1 n=l

MSE:L
MN

B. Mean Average Error (MAE)

The large value of Mean Average Error (MAE)
means that image is poor quality. MAE is defined as
follow:

MAE = (5)

I M N A
o2 D tx(mn) - x(m.n)

C. Peak Signal to Noise Ratio (PSNR)

The small value of Peak Signal to Noise Ratio
(PSNR) means that image is poor quality. PSNR is
defined as follow:

255? (6)

PSNR =10log
MSE

D. Maximum Difference (MD)

The large value of Maximum Difference (MD)
means that image is poor quality. MD is defined as
follow:

(7)

MD = Max( x(m,n)—.;:(m,n)
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E. Laplacian Mean Square Error (LMSE)

This measure is based on the importance of edges
and objective boundaries in images for the human
observer. The large value of Laplacian Mean Square
Error (LMSE) means that image is poor quality. LMSE
is defined as follow:

[L(x(m,nn—u}(m. n»}
23 [L(.r{ﬂ'z,m))]2

m=| n=l

where L(m,n) is laplacian operator:

>3

®)
LMSE = ==Lz

Lix(mn))=x(m+Ln)+x(m—1n)+x(mn+1)+x(mn—1)~4x(m,n)

The LMSE measure performs well for images that
have been degraded by low pass filtering (blurred).
However, it can yield a good quality measure for
images which are severely degraded (by subjective
measure) with low spatial frequency noise [8].

IV. RELIABILITY OF OBJECTIVE MEASUREMENT

The reliability of an objective measurement could be
evaluated by finding the correlation between objective
measurement and VIF. The Correlation coefficient (r)
is expressed as [2].

o)
{252

where v, and o, are the series of VIF and objective

9

measurements, respectively. The possible values of
correlation coefficient are between -1 and 1, the better
correlation make the correlation coefficient closer to -1
orl.

V.

In our experiments, the characteristic of all original
images are measured by using SFM. The results are
shown in table 1. From table 1, original imagesl and
10 have the lowest SFM (3.74) and highest SFM
(60.08) values, respectively. Next, twenty original
images are used to create the four distortion image
types, and five different distortion levels as shown in
Table 2 [9]. The qualities of these images are measured
by MSE, MAE, PSNR, MD, and LMSE. Next, the
correlation between each existing measurement and
VIF are used to define a new measurement, Image

Quality Score (1QS).

IMAGE QUALITY SCORE (IQS)
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TABLE 1. SFM VALUES OF EACH ORIGINAL IMAGE

Group 1 Group 2
Image no. SFM Image no. SFM
1 3.74 11 14.03
2 12.17 12 15.23
3 21.04 13 17.27
4 24.16 14 18.81
5 31.63 15 2243
6 34.92 16 25
7 372 17 28.84
8 40.69 18 30.55
9 42.64 19 33.96
10 60.08 20 37.02

TABLE 2. DISTORTION TYPES AND DISTORTION LEVELS

Type\Level LV 1 LV2 [LV3 | LV4]| LVS
Gaussian blur 0.2 0.5 2 4 6
(Photoshop)
Gaussian noise 2 4 8 10 15
(Photoshop)
Salt & Pepper | 0.0001 0.001 0.01 | 0.05 0.1
(Programming)
JPEG2000 30 20 15 10 5
(Programming)

In our experiments, an original image (Tiger) has
SFM value equivalent to 37.02. As can be seen from
Table 3, when Gaussian blur and JPEG2000 images
get worse quality, the SFM value diminishes
accordingly. In contrast, for Gaussian noise and salt &
pepper noise images, the SFM value increases
consequently. Therefore, there are two cases of
distorted images. Case 1 is included Gaussian noise
and salt & pepper noise distorted images, while case 2
is included Gaussian blur and JPEG2000 distorted
images.

From our experiment results in Table 4, we were
testing the objective measurements with image group
1. The reliability is considered by correlation
coefficient  between each existing  objective
measurements and VIF. Their reliabilities can be used
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3
Figure 2, Original image in group 2

to determine the proper objective measurements for
distorted images case 1 (distorted image SFM value
more than original image SFM value) and distorted
images case 2 (distorted image SFM value less than
original image SFM value) .

TABLE 3. SFM VALUES IN ORIGINAL IMAGE NUMBER 20

Type\Level LVI [ LV2 [ LV3 | LV4 | LVS
Gaussian blur 335 20.4 8.3 3.8 24
G noise 383 | 429 | 581 74.8 | 983
Salt & Pepper 37.1 38.1 46.2 73.1 95.2

JPEG2000 36.3 352 | 342 | 323 | 28.1

TABLE 4. RELIABILITY OF OBJECTIVE MEASUREMENT

Case 1 Case 2
Reliability Reliability
MSE -0.788 MSE -0.647
MAE -0.709 MAE -0.752
PSNR 0.936 PSNR 0.874
MD -0.067 MD -0.903
LMSE -0.233 LMSE -0.904

In table 4, we found that PSNR is given the highest
reliability for distorted images case 1 (Gaussian noise
and salt & pepper noise images). But MD and LMSE
are provided the highest reliability for distorted images
case 2 (Gaussian blur and JPEG2000 images).
Therefore, the Image Quality Score (IQS) can be
defined as follows:

PSNRS = PSNR"™™ (10)

MDLMSE =—(LMSE"*** xmp*®) (1D
Suppose that the variable ranges of MD and LMSE
from both Gaussian blur and JPEG2000 images are
(MD,,, ,MD,,, ), [ LMSE,,, ,LMSE,,, ] respectively.
From the experiments, LMSE and MD were
determined as follows, LMSE €[0.0063 1.0762]
and MD e[l 208]that must be normalized over the

interval [0, 1] as show in equation 12.
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LMSE,,, — LMSE,
D' =MD =MDy,

MD,,,, ~ MD,,

LMSE' =
(12)

To find the optimal exponents(k equation 10,

r.wn) i

bringing out the possible highest reliabilities, the

PSNR

was varied from 0 to 10. In Figure 3 (a), when . is

equal to 0.4, it could make the highest correlation
coefficient value from image case 1 led to 0.9407. The
equation 10 can be replaced as in equation 13. Next,

to find the optimal exponents (ki and ko
11,

equation bringing out the possible highest
reliabilities, the kyp Was varied from 0 to 10 and the
ky,se Was automatically varied. In Figure 3 (b) when
ko is equal to 0.3, it could make the highest
correlation coefficient value led to 0.9395. The
equation 11 can be replaced as in equation 14 [10].

(13)
(14)

PSNRS = PSNR™
MDLMSE = ﬂ(LMSE” x MD"")

From the experiments, the variable ranges of
PSNRS and MDLMSE were determined as follows:

PSNRS €[2.894  4.632], MDLMSE €[-098 0].

They can be normalized over the interval [0, 1] as
follows:

PSNRS - PSNRS,,,
PSNRS,,,, — PSNRS,,

MDLMSE - MDLMSE,,,
MDLMSE,,, — MDLMSE,,,

PSNRS'=

(15)
MDLMSE' =
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To make PSNRS and MDLMSE measurements,
given the rate from 1 to 5 (unacceptable to excellent
quality), a new proposed measurement, Image Quality
Score (IQS), can be defined as.

108 =4(x)+1 (16)
where x is obtained from equation 13 and 14.
Our proposed algorithm, I1QS, is as follows:
Checking the SFM value between original image
and distorted image.
If SFM values of distorted image are more than
original image, case 1, PSNRS is used.
If SFM values of distorted image are less than
original image, case 2, MDLMSE is used.
To test the performance of our new proposed
measurement (IQS), a new set of tested images, image
11 to image 20 are used (Figure 2). The SFM values
are ranged from 14.03 to 37.02. Therefore, we have
200 distorted images for testing, fifty images for each
distortion type. Figure 4 and 5 show the relations
between 1QS and VIF of all distorted image from
distorted images group 1 and 2, respectively. We can
see that all data are closely distribution. In table 5-7,
1QS give the highest reliability both in image group 1
and 2 within across distortion types and each type of
distorted image.

1.

2.

3.

TABLE 5. RELIABILITY OF EACH OBJECTIVE MEASUREMENT

Group 1 Group 2
Reliability Reliability
MSE -0.689 MSE -0.687
MAE -0.718 MAE -0.747
PSNR 0.862 PSNR 0919
MD -0.406 MD -0.409
LMSE -0.165 LMSE -0.390
PQS 0.860 PQS 0.881
SSIM 0813 SSIM 0.857
1Q8 0.936 1QS 0.961
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Figure 5. 1QS and VIF from original image group 2

(b) SSIM = 0.946 VIF = 0.661 1QS = 2.5295

TABLE 6. RELIABILITY OF EACH DISTORTED IMAGE GROUP 1

Figure 6. Gaussian blur image compared score

judgment of human observers shown in Table 8. We
can see that 1QS is consistent to VIF and the judgment
of human’s response.

Type PQS SSIM 108
JPEG2000 0.893 0.881 0.960
Gaussian noise 0.803 0.894 0.971
Gaussian blur 0924 0.808 0.956
Salt & Pepper Noise 0.843 0.901 0.937

TABLE 7. RELIABILITY OF EACH DIST

ORTED IMAGE GROUP 2

TABLE 8. RANKING SCORE

Type PQS SSIM 10S
JPEG2000 0.902 0.938 0.982
Gaussian noise 0.857 0.965 0.984
Gaussian blur 0.954 0913 0.966
Salt & Pepper Noise 0.847 0.931 0.964

Figure 6 shows the Gaussian blur images (a) and

Gaussian Salt & JPEG Gaussian
noise Pepper 2000 blur
Rank 1 2 3 4
VIF 0.32 0.24 0.14 0.19
108 2.12 1.65 1.59 1.34
To test the running speed time of four

measurements (PQS, SSIM, VIF and IQS), our
experiments were tests on MATLAB R2006a,
implementation running on a PC (AMD Athlon XP 1.8
GHz, 256 MB RAM). In table 9, we can see that VIF
has the most time taken, while IQS has the least time

(b) that almost have the same SSIM value but their
visual quality are obviously different, The quality of
image (a) is worse than image (b). To compare
between SSIM and IQS value, we can see that the QS
is more rational than SSIM.

In Figure 7, all distorted images have SSIM values
closely to 0.5. We rank the image quality score by the

taken.
TABLE 9. COMPUTATION TIME (SECONDS)
512x512 256x256
PQS 9.89 1.99
SSIM 1.95 0.47
VIF 21.62 6.15
198 1.3 0.31
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(a)Gamhn blur
SSIM = 0.59 VIF = 0.1969 IQS = 1.336

(c) Salt &Peer Noise
SSIM = 0.53 VIF = 0.2408 IQS = 1.6489
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(b) Gaﬁisian noEse
SSIM = 0.55 VIF = 0.3225 IQS = 2.1248

wd:
(d) JPEG2000
SSIM = 0.585 VIF = 0.1394 IQS = 1.596

Figure 7. Comparison measurements of different types of distortions

VL

In this paper, we proposed a new image quality
measurement, Image Quality Score (IQS), which was
developed from a few fundamental objective
measurements. The IQS measurement can be used to
measure the quality of Gaussian blur image, Gaussian
noise image, salt & pepper noise image, and
JPEG2000 image. From the experiments, we show that
the 1QS measurement has better performance than
SSIM, especially in Gaussian blur images. Moreover,
the 1QS measurement gives the rate of distorted image
quality from 1 to 5 (unacceptable to excellent quality)
comparable to MOS (Mean Opinion Score).
Importantly, it is correlation well with VIF and less
complexity and time taken than VIF.

CONCLUSION
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