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Abstract

No-reference image quality assessment (NR-IQA) aims to objectively quantify the level of image quality
degradation by reflecting the human visual system in the absence of information about the pristine image. Existing
NR-IQA techniques have high sensitivity to specific distortion types, but have limitations in determining semantic
quality information or global image quality degradation. In this paper, to resolve the limitations of existing NR-IQA
approaches and improve predictive power, we propose a multi-scale pseudo image quality assessor (MPIQ). MPIQ is
an NR-IQA model that follows the framework of full-reference IQA (FR-IQA), which is more proficient in extracting
local distortion patterns and aggregating higher-level perceptual quality information. The proposed MPIQ employs a
hybrid scheme that seeks to understand local distortion patterns through the convolutional neural networks and global
level of image quality based on transformers, and consists of two modules: a pseudo-reference image reconstructor
and a quasi FR-IQA regressor. Similar to the FR-IQA approach, the pseudo-reference image reconstructor utilizes an
encoder—decoder structure to reconstruct the pseudo-reference image and learn image degradation information
compared to a distorted one. Here, a multi-scale structure is reflected to extract scale-invariant distortion patterns.
Quasi FR-IQA regressor predicts the image quality score by deriving the global distortion level through the difference
between the features extracted from the distorted and the pseudo-reference images. MPIQ was supervised onto the
mean opinion score obtained through subjective evaluation in an end-to—end manner, and experimental results showed
a 20% performance improvement compared to the existing NR-IQA.

Keywords : Image quality assessment, Perceptual quality, Pseudo-reference image, Scale—invariant distortion,
Quality score regressor

3], A3, AUt AlS8 8 (Department of Applied Al, Hansung University)

“ Corresponding Author(E-mail : ohhs@hansung.ac.kr)

¥ 2 AFE YT wstEA T A A,

Received ; October 4, 2023 Revised ; November 12, 2023 Accepted ; November 29, 2023

Copyright © The Institute of Electronics and Information Engineers. (185)
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http://creativecommons.org/licenses/oy—nc/3.0) which permits
unrestricted non—commercial use, distribution and reproduction in any medium, provided the original work is properly cited.



78 OfA} &= o[n|X]

=

[.A& B

oln|# 34 H7Himage quality assessment; IQA)
7 A7} i] ] dLls §V] L7<] F2 A FAE
ﬂ_;ﬂ 24/\2 c.gﬂ?;g}
l &l ‘%1:94 tasko]t}h. IQAY]
ojm| x| 9] A 9H sld A s}

=
==

. Uk oz ojny

Ao
)
22 94

ol =
CESS

;\(jo_:}ﬂo] ZAZ

= 3=

o ola) 3+ A
A% ojn
31 ofv]
A 3579 94 %

1
T+ gong
A

Z
3

o}
H

)
ofs
ol
o rr

)

Borg -
M |o

= e
_O‘L

A5

4 A

#ow

delelM el 7

)

ooz
03*'_,1-0[0
ﬁoﬁéwr

T VA

3 ol
SA) A% 48
Q.

B N DA—=1
3 A7HE Ang nE

)

3L

© m>i & Ao

g':L
I 4

F = "Hsk o

ﬂ%#ﬂ°ﬂ

Py

Z<*(mean opinion score; MOS)ol ¢
gk ojm|x] F7te|| Qlo] EA/AIRHAR] oY
R, G4 olm A&t o=t o|w|A]| ko] A|ZHA
ol g AfolE AR oR SAsty] 918
e 8 gr dargFel e A3 1QA
= olm|x|e] ARg s offel we full-
reference  IQA(FR-IQA)"?!, reduced-reference
IQARR-IQA)®!, no-reference IQANNR-IQA)!'9] A
7B Aoz AA T 4 Atk FR-IQAE #F=x
ol A|(pristine ©]MA))&} =7 ofn]#| ko] Zpo]&
Al FAgtske Wolm, RR-IQAE #&E ofn]A]
AT FR (e oY, o= &8s
ojth. WA NR-IQA=
& = AEfellA ei=r el digk sk A5t
a5l Agtehs Aotk NR-IQA=
£ 97 ¥orw é_’%* /a8 59
A AA 3 ALl H
© 2 NR-IQAE FR—IQAQ} TYE

el oleg 2 gl A7 1A &

il

Al S|

Fx

=

‘;T

o]

oTE H
E =]

olu| Aol the+ AR} A

v}

o

22zmo
T =

Uf'
o, BN
o
=
X

X

=2

o

Hir

ol
—_
D)

o

—
o, B
rE

oZ:
e

=)
2 ¥ -

O AN
T

U ﬁr‘

5

4y

AN e B N

= z2st

]
L_'_

(186)

I GHBAE F=3 Aol 3l

2 A= 27 194 LPE}LHb uhe} o] &4
ol A Fx olu A9} et o A7t o7 EAT= A
97} 3| a3t wel NR-IQAS £3 AZ2 sdds

FESHE, =z ojuA] glolke 9 o|H|A 25
AL #2 (pseudo reference) ©|F|A|E ATFAToR
M FR-IQASE frAtabAl shd Astz vlStE = A2 <
845 AT 5 =S NR-/FR-IQA 459 3
FHstaAl wes AA s
NR-IQA ?jq.oﬂ}ﬂ ]o:lzq ;qoﬂxq Oé
ok l@rx’% waby] S8 AzF Al Al
5 YA 6 o)2F
IQA—E olmx|e] 54 9= Al
AU, 5944 o= -3t ofv
Xﬁ}% wetrlele= A7 ok
A el MOS7F All8-% o]m] =]
Eﬂo]Eﬁi-rEi sk LriJ gs ket 9%
convolutional neural network (CNN)<
o] F5 o] Frh CNN 7]8k QAT 9
e AT 543 Hatgh A4 o= |
3 22 A _H_Oﬂv}” 101, 3}A1RF CNN7|Rke

Xi ojujA] d= 54& FE

A

Ay

futot
o
—n

_
e bl 8™ g
[

JZ’L:‘?‘:’,AMNN

=2 o o

s

g

Zu_]z

0
T KT

context& 0] ol =
o] A g4 At F=F ¢
3l transformer 7]¥He] IQA E o]
FE oA o A 54l
olm#] kAL olffstr] gk A

u=2)= 2519 q,m, 12]

=

12} AA Al o} 7] El X

hybrid 7+Z2Z Td3}%2
2G4 34 A3

O

CNN# transformer®]
CNNS &3]

transformer&

O

MOSZ9] 37 A= a4
FA e sHd At = *
IQAY] ZYIAFE U= A&
1&’5}"3‘3}(13’ 1). Reconstructor
quasi FR-IQA regressors= 9919 FR-IQA



20244 28 MASEE =X H61E M2

79

Journal of The Institute of Electronics and Information Engineers Vol.61, NO.2, February 2024

N
oo
Olv

t H‘: NR-IQA7} 7Fsste= a3t =, MOS
]7} =2 5 % "’F —ir%# e A A/
Q%7) vhdEo] A4 E QA} = 01‘3]
olmjx|ee] xfolE 3]t W S
1A ViT SEe) regressorg © o
ojmx|e} ofj= olm|A| I+ Apo]E
sld "2 o581 1Y local-interaction
tozx shd ARHa F2o gk #4]

dHol 3t

oX,

=2
i"i rH

19
i)
JH o{w

>

e
-

ln!

£

\I

go13

attention

offt HU_E‘
o
ﬂPN

ol

Gk
St %

Nl wo (@oro
uoi'

NR-IQA

FR-IQA

Distorted
Image

L Score

Reconstructor e
seudo

Distorted
Image

=

a3 1. (@ 71& NR-IQA2F FR-IQA =9 3; (b) & =
20| AM H etst= FR-IQASF Z0| ef= o|o|X[e}
oAb &= o|o|X|e| X}o|E Ht¥SH= NR-IQA =
EIIE

(@) Previous NR-IQA and FR-IQA frameworks; (b)
Proposed NR-IQA framework which employed the
difference between pseudo reference image and

the distorted one similar to FR-IQA.

Fig. 1.

o

= A7 F8 7] ofoh 2k

o TEE MOS 3] A7) okl oA} Hz olulA| = AT
Asto]l FR-IQAS] ZHY9aE wel NR-IQA7L
TFsatEE TEsgith

o Transformer 7]9F A} 32 o|n|x|9} 93+ o]n

e
A 7o) A 3 g} o5 7 HEAES 5
gJsl= NR-IQAZA attention map +4& E3F

32 Ad AQ 2Ao] AFsa,
o oA} Az oAl A3 olulA) 2k Aol wET
o glol B 279 P22 AgFoaH, 3

(187)

o Agtets 71ES S 7IE NR-IQA7]= EHH] 20%
o] s S 2SI
IO 23 A7
7IE NR-IQAE  #1% 7led e 2
NSS(natural scene statistics) 7]¥+o] EAZF =43}
AA APAE dder 3 FH4 S A4 MOS
29| 332l data-driven 7|9k WO UE F 9lo

o

H, CNN# transformer®} 22 A4S regressor®
A 283t RElEo] AvlEofgit)

1. NSSZ[HF NR-IQA

MOSE5S &8354% &= NR-IQA A& fi
A @l gk kARl Aol FAFS NSS&
2 Z839lth NSSE ulg o= k= NR-IQA
& 54 QA e] Aes Faxl gE BER
ato] o= Jdt e 32 9ke] Euclidean

! mahalanobis A2 AXFS F3) stde] 72
shaitt. Ak oA E o]ik AR WE B ¢fo]
3] EA THdler S7|A =
asymmetrlc generahzed Gaussian

= A=A ﬁ-x]?@o 7

L Ae

540

o%
o
Jim

35
Ne 5
A3

hus

M off T g pk
wa G

35,

:?‘:‘, oXx H~l

i to 0 off wr o M

oX
ol
==

3
E
=
5
¥
©l

Shjr Mittal

EE g X]Oﬂxq
ARES 249 g
R4E FASL fittingghe
Exote] S AXSrozy o
2 NSS9} zfol7p 2 o]G7 ¢9ato
. Mittal S-o] Aok BRISQUE! =
H A3E E8) A9 A Ats)
P Aok R NSSE w3

.E_;d
E

ojuj e

A do N Jlm 2

Z,

support vector regressions
]Z3t). DIVINE!S 2 NSS¢]
/Hﬂﬁﬂ‘”kiﬂgg%dﬂ
WA ZdUgas  Ag
DIIVINE o]u] A7} of2] of = ®
£< APastel 9 49 344

=



80

WA wel A
ol vigstel 9%

)
A
2,
lo

2

T R
N
H”;mzi*

Bleois B
2

Looxl JH
ol

K

Yo oft 18 |0 ofm
2
o

-,

o2

O]

o,

Jﬁi oﬁ,

T o K

e
ooy o |

=, feature-engineerin
O],}:. l—:aﬂo] u:-]o];c
= ofw Ao M ?ﬂﬂ
3% Tbsete] Al A3 olvlA)
4‘* 0 EO 1‘4—
27 9#] @9Z CNN
EXx ]uﬂ‘q J,]/\g:
oju]A| %ﬁ]Oﬂ ek FdE ol

0Q
wﬂsw
B
N

-

1B

o

2
=

Exu o A}%;g}jl ok

3 Aoge WE el

=

Z31t}, Talebiet'™® 52 MOSY DMOS(differential
MOS)&F 22 9|79 Htgk Al T34 F4 H59]

AAAH FEE olgste] RdE FHAZ Varga?
| s

ResNet-101< 9202 A-gslo] EAS FE3
il
]

=3

-

=0
=

R

’5
a1, 488 I3 s 2 ASE Foisk] wik
HEA7F AR T olux|e] A7|E 14E A7|=2
3 4 9w gt} zhu'!! 52 AHH A
9] o|u XS A1
o] thgk NR-IQA Ede
T4tk Kede™!
R

=
=ag AT

=
7)1E

S~
g5

g, s

(188)

f

= o
9

12 ox
o

a4l SARrE FENIIE 14 BUY,
FA) 2780 ek
F NR-IQA F<o] =

Ql

R

>
2 omo XL
ro

g
M
N

H -

N

{F transformer'g A8
t}. You¢} Korhonen"& transformer
CNNel 574 97 dfshe 725 L83
A9 S g o Jrie 4 ¢ =g
nx]9] s diel] whet W EYE 483 540l
AHES ARESIGleH, transformeer
Z EAOoRHE regression &
o =319t} Golestaneh'?!
Argste] sk gkt A9
Atole] Agle] Wit triplet lossE &-&38
3 A s AR 485 alge
BN A Kel® 58 st 99
£ Adsty] f) A 7]8k 2D &1 9

ol tT 2AYS ARE R
HE 3l

A

=

ofN
N
-
ol
-
38

Ky
O,

Wl

9le.o
prg=

o]
Mooy 1 o
RN
LR

)
5
transformer= =

<
7H_r

o omu g o o

o

=
i)
b}y
tlo

<

3L Z]

=4 S

=1
=0 =1

[
e
P o
M4 o
=)
o
Ly

ojuA| 3

8|
A

NE gee doum Folxs
o ¢J&# ol CNNel| 93t %]
transformerZ ©]-&-3k o= &l

om9 ddie] ¥EaAAL 4 v

r =

ya=}
¢
S

Lo

i
£
ol

1%
E[}
=

R
i,

] <]

_llNl

offt
2
i

5
|

>

rh
i
Mo
-3
LS

lo,

S
>

>

1o
©

e
fo o
)

4
e 2
M

.

Wi
-
o,
il

we A I
NI l'U?t:
)

ol
=i
32
oy

oot
rot, m
o
BN

\u|

KR
=

2k
>
T Sl

o

jinss
i)
o
frtl
oo A
__<l>l=4

ot

transformer
T Y A F2A

SRIEECR

ne v JH
o X

ol
[ies
il
3

ol
—_
38
au)

II. MPIQ (Multi-Scaled Pseudo Image Quality
Assessor)

1 1 A]
01 *‘Zﬂ *l‘%ﬂoﬂw
W/l Fx ol A7}
oo FR-IQAS]

oot et TN rfr z@
2
QL
N
50
rir
o
o
N
N



20244 28 MAE

o3 =

=X HM61H mM23

Journal of The Institute of Electronics and Information Engineers Vol.61, NO.2, February 2024

Pseudo
Reference Reference

Image Image

Distorted
Image

Decoder

resnet

Inception

)

Patch
embedding

Transformer Encoder

[

|

©JAKPseudo) 2 ©]H]A] Reconstructor

Quasi FR-]

QA regressor

a7 2. MPIQe| MA| F=: o|Al &= 0|0|X| reconstructor, MM =l oA} Et= o|o|X|e} = o|n|X] EA Rto| F&, O
&t quasi FR-IQA regressor
Fig. 2. Overall framework of MPIQ: pseudo reference image reconstructor, extraction of the difference between pseudo

reference image and distorted image, and transformer-based quasi FR-IQA regressor aiming for prediction of quality

2|1 transformer 7|gte| 32 "It M o582 4

Score.

MPIQ(multi-scale pseudo image quality assessor)&
AAsk o AAAQl R 25 19 20 £435)
ST MPIQe oA #x onA|Re] RS Fds)
= reconstructor®} HUE oA} FE oju|x|e} ofjap
G 1t Afolg wFoR std He4E o538k quasi
FR-IQA regressor®| + F-to=2 A% 53] ©]
A A multi-scale distortions Lo ZH o]n]
A A71e & A Es) QA FEe] AolE W T
T A== sk

1. o|At &= 0|o|X| Reconstructor

A HAZ FR-IQA HH¥ AR NR-IQAN A
o] Fx o] ATS st oAl Fx ofn|A| F
s "HeR  QlIg-day JxE %

reconstructor F,(+ )& T3 oAl Hx o]
]

N
-~

o
M
R
s
Ll
-
M
ek
4
> ox o rlr mMr ¥ 2 fE o2 = orf

A reconstructore
FoE ARdes BEE IFEY, W
grojopd F#4 3}
upe} o= GAdte]
55 St A

regressorel] A& 4 Q== AASIH Fy(.
A= 256 x 256 9] 4
32x 327H4] FHAFoEM A WUI=E T
3t o] 2 thA] 256 x 256 0. & sl o]

~—

(189)

A% TEE VQGAN®IAA S g s
itk F

935}

= O

Sk Fy(«)e] A gojo] Fxi 20 YR
o} E3] 9z gIgE Ax 299 9o

=

o

=719

o|u| A HkS- A Hrte] A} FxE 83 Aol of

d, fz26 e 2-4HA residual blockell A Tt 27
o

A
rlr
w

NPy, Py,

o2 ot FR &
2

=
T3k o] reconstructori= 2JA}
o

Py = Fy(I)el S54=

d 2] BHd A3

7 O 51_3.~H ?-H 3]]_1,:_

== =0

A E AR Thsetde AR E 9
L 32X 32x512 64 X 64 x<128
2 A= P ER , P,ER ,

P36R512><512><164q 37H /\71]

ne

oo
o
oo A N e e

4 |o £
so M

omAE FE2T &

NR-IQA

54 o

P

I~

391



oAl &= o|n|XIE &8

=

a

2l

9 He= 9AF Fx olm|X|7y At omA|Ql I
A skl A8l 1.39] reconstruction lossE

bl

N

N
oo =«
ol

}

]

Y

i
ar

1. &AL &= o|o|X| reconstructor =
Table 1. Network architecture of pseudo reference image

reconstructor.
Encoder Decoder
: wxC h ow
1x1 convolution - R"*W*C 1x1 convolution — R® ® d
Residual Block — R"*W*¢ GroupNorm
hx%xc . Hx£><4c
Downsample = R ? 2 Residual Block - R®
. LS S b ¥
Residual Block - R? ? 8

Upsample — R ®

h><%><2C hxlxm

Downsample — R ¢ Residual Block - R4 ¢

h>< Ve
Residual Block - R* *

h
Downsample — R ¢

b

x%xzc

Upsample > R * -

h w

xgxaC . FX XL
Residual Block - R

h
Residual Block - R ®

h ow_ .
X5 xC

W x4C 5
Upsample — R

w
8

GroupNorm Residual Block — R *¢

hw
. I ¥ sd . N hxwxC
1% 1 convolution — R ® & 1x1 convolution — R

=

2. Quasi FR-IQA regressor
2o AE ATAE oA xR omAE
o] 7% AIEYE FR-IQA H2H2e 283
Tl as AT oAt
reconstructors &3l AT3H oAl Fx ojm] x|} ¢f
olm|A] I+ AbolE YgHo =z MOSH ghsuo] 34
gtk 53], sl #FAolA CNN=
E4S transformer® %3 312
543 FAfsHA A
= FEoE ol T F UwF
A F(
olm#|¢l [,7} 7}
Homm A9
gt} o7]A 2|94
S FE317] 9% CNN2 ImageNet
&+5¥ Inception-Resnet-V2!%1&
o oA CNNO 7FeAl= 148t
FEL 7)1 1QT e Fdskil 671
{F-(mixed_5b, block35_2, block35_4, block35_6,
block35_8, block35_10)& &3} on, & =i A]
T CNN¢| igoz 3709 s =AY 54 9 Py,
P,, Py& &3] wet AaAog 7+ ~AY H 67)

-
s

ol

M2 > ol

.)
A

tlo

=
K3
o=

arL
hl

]

(190)

5 231z ofolx| & EIt

=]

o
o,

o
[>
X

Q]
=

i
M
i

oo
fo
2 ok
N
QL
2

o ™ g
:)IJ__I?

I
o
En)
>
2
N

O

atal wd A glo]

o«

]

Y
%

HoR o2
it
o,

>,
ol
L
T
o,

T
e

e
BN
e
=
)

=2l
o
4
o
H
N

deR32><32>< 1024

Azdel 512 AMEE 1)

EZ3E E3) 322 =1024 4ol E

SR MICER
o

FHE dehhz] 99

3k transformer A7W-& ViTH o}
Tdgom 2719 Hololg &-&3l3ltt.
=M= transformer YE o] CNNOA FE5 &
A s 7o R & EF AlAAT7) A8H7] it
hybrid transformer JEZ Q,(« )& T3} ]

24 CNNg 54 A94 g5 54 ol
transformer®] WH% 5A4& 7 g 5 3l 3
A Ay oS5l AAst s 2ttt

=]
=

32
AekslE MPIQE oA} = o]H]A] reconstructor
(«)HFE quasi FR-IQA regressor Q,( s )7}
NR-IQAZ  FZ35}H
9]

L
b

F,

end-to—end=
quasi FR-IQA regressor ©]d £4
A ol 4]

S4go2

=0 5
TE= oF

LA,

Inception—Resnet-V2& 8}

F,(«)elA9  multi-scale @l



20244 28 MAZEtE =2X H61d HM2: 83
Journal of The Institute of Electronics and Information Engineers Vol.61, NO.2, February 2024

E 27| 94 st "ot 7lsne M5 Hln
Table 2. Performance comparison with previous IQA methods.
Method LIVE CSIQ KADID TID2013
PLCC SRCC PLCC SRCC PLCC SRCC PLCC SRCC
BRISQUE 0.925 0.923 0.744 0.812 0.538 0.527 0.654 0.626
DIIVINE 0.906 0.872 0.756 0.792 0.475 0.410 0.644 0.591
ILNIQE 0.904 0.865 0.806 0.808 0.558 0.534 0.678 0.521
BIECON 0.961 0.960 0.823 0.815 0.597 0.586 0.790 0.725
WaDIQaM 0.954 0.955 0.796 0.781 0.662 0.656 0.772 0.716
DBCNN 0.968 0.971 0.884 0.879 0.774 0.763 0.797 0.764
HyperIQA 0.956 0.952 0.871 0.865 0.761 0.752 0.796 0.760
HOSA 0.902 0.896 0.742 0.741 0.567 0.530 0.695 0.683
MPIQ-S 0.895 0.898 0.937 0.935 0.825 0.806 0.715 0.735
MPIQ (Ours) 0.956 0.927 0.954 0.946 0.889 0.881 0.885 0.867
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Fig. 3. Visualization of attention map in accordance with the distortion types (color block, Gaussian blur, change of color
saturation, and darken, in row order): (a) Distorted image: (b) reference image; (©) £, (d)-(g) attention map of
each head.
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Table 3. Cross-validation performance tests on MPIQ-S
and MPIQ models for three datasets.

Train on KADID-10
LIVE TID2013 CSIQ
PLCC SRCC | PLCC  SRCC | PLCC  SRCC
MPIQ-S 0.691 0.690 | 0.517 0.496 | 0.677 0.594
MPIQ (Ours) | 0.863 0.851 | 0.645 0.619 | 0.836 0.789
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