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Progress in no-reference image quality assessment

Fang Yuming, Sui Xiangjie, Yan Jiebin, Liu Xuelin, Huang Liping
School of Information Technology, Jiangxi University of Finance and Economics, Nanchang 330032, China

Abstract: Image quality assessment (IQA) has been a fundamental issue in the fields of image processing and computer
vision. It has also been extensively applied to other relevant research areas, such as image/video coding, super-resolution
and visual enhancement. In general, IQA consists of subjective and objective evaluations. Subjective evaluation always
refers to estimating the visual quality of images by subject, with the goal of building test benchmarks. Objective evaluation
typically resorts to computational algorithms (i. e., IQA models) to make visual quality predictions, and its ultimate objec-
tive is to provide consistent judgment with subjects. The effectiveness of objective IQA models must be verified on test
benchmarks built via subjective evaluation. Undoubtedly, subjective evaluation cannot be fully embedded into multimedia
processing applications because such process is time-consuming and labor-intensive. By contrast, an objective IQA model
can work efficiently as an important module in multimedia processing applications, playing roles in visual image quality

monitoring, image filtering, and visual quality enhancement. Given their availability, research on objective IQA models has

e B #:2020-06-09 ; & ] B # :2020-07-20 ; HED 4 B #§:2020-07-27
EEWE : FHEKAARAEEETH (61822109) ; FUARHH EE RSP T BN EEETH (161061)
Supported by : National Natural Science Foundation of China(61822109)
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elicited considerable attention from industries and academia. Objective IQA models can be classified into three categories:
full-reference (FR) , reduced-reference (RR) , and no-reference/blind (NR) models. FR and RR models denote that ref-
erence information for estimating the visual quality of images is completely and partially available, respectively. Meanwhile,
an NR model indicates that reference information is unavailable for visual quality prediction. Although reference-based IQA
models (i.e., FR and RR models) are relatively reliable, their applications are limited to specific scenarios due to their
dependence on reference information. By contrast, NR-IQA models are more flexible than reference-based models because
they are free from the constraint of reference information. Consequently, NR-IQA models have consistently been a popular
research topic over the past decades. In this study, we introduce NR-IQA models published from 2012 to 2020 to provide a
comprehensive survey on feature engineering and end-to-end learning techniques in NR-IQA. In accordance with whether
subjective quality scores are involved in training procedures, NR-IQA models are classified into two categories: opinion-
aware/supervised and opinion-unaware/unsupervised NR-IQA models. To present a clear and integrated description, each
category is further divided into two subclasses; traditional machine learning-based models ( MLMs) and deep learning-
based models (DLMs) . For the former subclass, we mostly investigate their individual feature extraction schemes and the
principle behind these schemes. In particular, a widely adopted feature extraction approach in MLMs, namely, natural
scene statistics (NSS), is introduced in this study. The principle of NSS is as follows:; some visual features of quality per-
fect images follow certain associated distributions; meanwhile, different types of distortions will break this rule in corre-
sponding methods. On the basis of this observation/fact, researchers have proposed many NSS-based NR-IQA methods, in
which the estimated parameters of the established distributions are used as quality-aware features. Thereafter, a machine
learning algorithm is selected to train the IQA models. Another well-known feature extraction approach described in this
study relies on dictionary learning, which is frequently accompanied by sparse coding. The core component of this type of
feature extraction approach is to learn a dictionary by searching for a group of over-complete bases. Then, these over-com-
plete bases are used to build a reference system for image representation. A test image can be concretely represented directly
or indirectly by the constructed dictionary by using sparse indexes or cluster centroids. Image representations are further
used as quality-aware features to capture variations in image quality. For the latter subclass (i.e., DLMs), the design
principles described in detail in this paper mostly correspond to different architectures of deep neural networks. In particu-
lar, we introduce three different schemes for designing opinion-aware DLMs and commonly used strategies in opinion-una-
ware DLMs. To guarantee length balance among various contents and clearly exhibit the differences between NR-IQA mod-
els designed for natural images and other types of images, we introduce them separately in subsections. In addition, we pro-
vide a brief introduction into IQA research on new media, including virtual reality, light field, and underwater sonar ima-
ges, along with the applications of IQA models. Finally, an in-depth conclusion about NR-IQA models is drawn in the last
section. We summarize the current achievements and limitations of MLMs and DLMs. Furthermore, we highlight the poten-
tial development trends and directions of NR-IQA models for further improvements from the perspectives of image contents
and NR-IQA models.

Key words: image quality assessment (IQA) ; human visual system ( HVS) ; visual perception; natural scene statistics

(NSS) ; machine learning; deep learning
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Tt T B 1 22 B BERRAE 5 S et | SR EREMGRRTIE
1.1.2 HAplNEREIE

Hopt N 25 A5 32 248 B % B R (Fang 4,
2017h,2018b) 73 HE R H 4 KR (Ma 55,2017¢) |
3 A (Wang 55,2015) | (I BT 1% ( Yeganeh
Hl Wang,2013 ) &5 H A N SIE X B9 IR . R 2R HL
T U 22 S 8O By SR ] S BUE X B SRR
(Sheikh 55,2006 ) B i1 A ALLE HA N 2 R 1Y
PERERZE , DR T4 22 01 58 3 oxh H A oA 28 PR 45 0
P, BT A B X R NR-IQA R,

Fang %6 A (2018b) & F A 2845 £ 48 (human
visual system, HVS) X 43 & Flar BR A0 SEORRR I | 32 40
fdt F BT RIS B ST HRAIE L) K B A s
fiE SN B R Bt 1 9 28 4k, Chen % A (2013a)
& —Fh LT NSS RFIERY 3 4k RGBT RE AN 7 12
Forp NSS FRIEELAR 2 4ESE FEGTTTHARIE AN 3 4E 40 22
GEitRriE, 5SS H B R (BUH S8R FRH
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filif) , Fang % A (2019b) 48 1 @l 50 H L5 FEAE AN
MEHMEFIER 3 4 BUZ T m PF Mt al, o
HALSEARAE Ry 2247 00 BT 1 52 B2 e TR A1E 5 XL H B3
FRIEN 3 4k USRI 45 W ReAE IR B RRAE . Ma 58 A
(2017¢) B HIF e T8 o B R KR i AN A 5T,
Ivi) s foff ) 2 S R A SR AR A S AR 20 PR i o i v
FIAR MR FF4R H — AT B B A [m1 A 78 31 58
I HEREG R PEM A BRI A (2019) ¥ NSS
FIARE BMG s P F i oe v, 1 e ffH Canny
TR MG % e FLIX 38, SR 5 7014 X 38 1 R —
BYRRAE RN B RAAE 2L AR IR B RF BERLA A
Fang %5 A (2020a) % J& (4% FUBR JE Go T TR 1E , $2 1
— P A R RS RGBT R TR AR TR
1.1.3 /N

FETEGHLEF 2T B NR-TIQA FERIA 57 = 2R
FELERRAE IR I, 454 T AL A8 2 2] L I 2R
R, BSRIZIE NR-IQA BAITE /N 46 1 RERS B
WA AP BE BRI BG XURS: RIS, T
TATHRE BN BE ) A PR, 2 8 JE A R iz 2k
B TC L R B L3

BEAN BT X A 5Tt BT e A 3% 28 Bk 0 3
PEZ B ARBR G, anEr x| R BRI TS NR-TIQA
AL (Mittal 55,2012 ) 76 B % BG5BT i 17 A 55
FITEREA B0 K T [, Fang 25 A\ (2018b) 42 Hi i 5 1
FE A MG PR AT 55 TP (1 Pk BE R L T At A G
Bk e A SR MG RN AT 55 v S B0 A0 55 4 1 AR X
FE B HEFMG TR AT 55 P 55 4 147 B IR
1.2 EFREZFIMNEER

AR TFALGF THEBURFERY NR-IQA BRI JLF
URIE 4> AR AT D 3] ity 27 ) UG 5 MG Tl i 2
[ LG 2R, HLPEREE IR I T G LR ] BAss
A ZRAEA R T S AE T AR 2% ( convolutional
neural network ,CNN) (i1, HEZR 4N 5 s,

25 CNN bR

v

A 4

A

MiRlEl %

T o4

K5 JETIREE T BIA T NR-IQA BEAYH) — feiE4e
Fig.5 The general framework of the opinion-aware

NR-IQA models based on deep learning algorithms

L2.1 HARER

Kang 25 A\ (2014) ¥ CNN 5] A NR-TQA #5571 i
BT IZAE R Ak 32 x 32 1R 3 I RIS e A
RIGLAG 1 ANERUZ A1 DAL, P A5 R
i M A5 U PRI S5 Ry — A e KB A — e/ IME, B
JE A 2 A44SR | O 18 ] 2R A £ A [l )3 )
JRHAME. Kim %A (2019b) 4211 T —~3&F CNN
IR NR-TQA #5%Y  Fx A DIQA (deep image quality
assessor) o DIQA fIYIZR AP B 55 1 BrBl
Gl ) KR ZE B CNNG 26 2 BrBefli A S 3=
WU CNN AR (s R gt — 205 >) N5
BN AT Ry, FOION 28 3R L 43 8K, Yan FF A
(2019¢) 424 T —AN 3T XU CNN Z544 1) NR-IQA
BEAL {7 FH A5 R AR ] 4 795 1>~ I 46 43 1) 4 B2k L T
T HEX WA B L AR AR A, Ay i e LG Ry 8 O L 43 A
ARSI FE M 48 TP AT — S5 T X 4
ERUZ (Dai 557,2016) , TR ORGP rboe J4 LY
R A9 x € AN IBIE R RFIE L, 23 5% Bz 9 A IX
A C TR I 5 AT 28 S A AR R 28 3t
Tl 5L 3 4 S5 R AT i B Oy AR B o B O R
Zhang 55 N (2020) $& ) T — & HI A R E R H
SR B TREE SR NR-TQA B X4 ik B A
185 F B A B Waterloo Exploration Database
(Ma %§,2017a) Fil PASCAL VOC 2012 ( pattern analy-
sis , statistical modelling and computational learning vis-
ual object classes 2012 ) ( Everingham 55,2014 ) #4 #
T SRECHE A, 1 2 00 i) 2k B2 R % 2k ELKOFAE:
N MR ELSARAE | 185 22 70 AT 55 T 2R CNN K
%, KM VGG16 (visual geometry group
16-layer net) #% 7% ( Simonyan #1 Zisserman,2015) $2
R E AR AR, B Ja WL EIL & ( bilinear
pooling) Hi AR RGP R & P o i 2 0
Fr i I

R (Kang %, 2014 ; Kim %, 2019b; Yan
45,2019¢ ) AR ELH % > IS 2 T 053 502 TR] B
S BRI Z AN WTSE B R RIS SR hy J5 e SR )
FEAE 1) 5 A% ok NR-IQA [W] 5, Talebi 1 Milanfar
(2018) 4R T — N T FUR SC Al L i 22 PP A
B A 7 FR A NIMA ( neural image assessment ) .
NIMA FEHFEA e AR 3 53 Ay v Joit e B AR 5t
L A4S 2 BT A, T2 AT CNN SRR 5
A e SRR, A sk MR PR A5 A L B Ll 1~ 10 Ry
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Wor EO7 L I EURE TR R PR 4 iy T REE ik
BV G A 2E3F 5, Li 4% A (2019a) 347 1 8]
Bk AF B B PR i AR R T T
SURFE SR G 19 NR-IQA J7 i, HE AU LA ER B y Hi
A, Jefd ] ResNet (residual net) (He 45,2016 ) 21
e JR IV SCRAE IR, 9K 5 0 R i IR 3R 1T 42 R i A 75 3
— R ) i TSR] — 4R R R I K 5 22 )
BB ARG AR, T X BUR PR IE AT Rl G
5 J5 R FH JR) #5357 — 3¢ [B] 15 ( partial least squares
regression , PLSR ) X 3 AMFRAESEAT [ 4k Fil2: 2] | 15 2]
FARLRY 3 A o BUE 24T 2, 15 B s A R 1)
DN

BT B 2 g ) PR 2 i o B (Rl eyt
A Y ( Kang %%, 2014; Kim %%, 2019b; Yan %,
2019¢;Li 5%,2019a) , 7 — R4 & 2, 40
AR PET S0 A B A ol 3 R U A B 55 . Pan 2F
A (2018) #& 4 T — A FETFUREE CNN [ NR-IQA #4
BY ZAERY F B by A s I 2 i Ak 0 285 I R
HE R 2% A U-Net 45%4 ( Ronneberger 45,2015 ) , %
KUK E KGRI ARG &t 4 4 R
4 AT RAEARAE, XF IR /)N B8 45 IE T A R 3
(skip connection) FHICHK , R FHH ZFh FR-1IQA J5 ik
AN R A RFARLEE B, I 53 AR Ry s 2 5 |3 I 46 2
AR BT[] R A 800 4 A i 18 A ] 28 Y
1) o LRl G, SR A B AL R 2 rh gk A [ml ) i 1]
NEEWVE 0 AE Ibn %48 25, Lin Al Wang
(2018) $2& H FEF A X P M 2% ( generative adversari-
al network , GAN) ) NR-IQA #5570 32 #5550 (il i & Jak
SRA B2 ) ) T 2% 0 o i ] D P 2% 3 9502 i
AL AR B B A B AR AR I — Rt 2%
FELH1 PX 2 1 A o 1X 53 A i %) O 2 2% TR0 R L 5
S &, it T 2 LUK BLE R th 22 B 22 57
K A, T0000 o & oy B, 5 R IR RO (Lin A
Wang,2018) 5B, Li 55 A (2019b) £ 1 YR AY 4 75
22 5 PR AR ORIRRIE B2 30O AN BB 32 A5 780 Sl £l FH
22 ) 2% ( deep neural network , DNN) 4= il 2% 74,
SRS P TR 48 5 vk D25 S Pl e 4 B2 )i R DG
SRR TR NARAE T EARFE DI ZR NR-IQA A5

ARFETFIRRE 24 2T 1Y NR-TQA BRIy o —AT:
% A WI50H NR-IQA AL 5570 M Z A TAE 55, RIVFH]
FAAT 55 5T B TQA 1155, #2 i NR-IQA #EAUFPERE
Kang % A\ (2015) £ F Kang %5 A (2014 ) #5 R 45 H

— AN AT 55 CNN KR 75 J5 A R 45 45 7
(Kang 55,2014 ) (5Eal L, 38 T 1 A& FUZIF 0
INERUZIRZ BT B4 B R R 1 A
M2 A1 A8 45 R, 50 500 A8 RS 5 =
SPROMTUIR B, Horh Bk o B o EEAT S,
fH L1 JuBGH T S H0M B ; Rk BRI IR BT 55
i 60 BB SR E A7 B 2R R B I . Ma 45 A
(2018b) 4t — B & T 24T 55 i 21 95 % > 19 NR-
IQA 5% # &y MEON ( multi-task end-to-end opti-
mized network ) , MEON 4% 5% EL - J1] A i & 10 0
PTG, 51558 24T 55 W 2451 2507 AN ], ME-
ON MY Zrid 24 AW B B, 56 1 B Beilll 42k F2R A
PURF R4 56 2 B BERE TR L2 B U2 S
O 1 A1 M4 00 2 8001 25 5 BUAT: 55 19 2
B, BFUZ)E WA T B 2% 400 TSR R
188 T3 e LIS (AR 23 K LT 7 g SR o B 4
B, IE , AE R P B RAE ) AT 15 5 B R
RAY B3 80, Yan 58 A (2019b) $2 T — AT
DNN ZA4T- 45 2% 2] i) NR-IQA HiHY 2B R4, & A
1155 - H AR FOMAT: 55 5 & 40 BOHINAT 55, H 2K
PETIUINAT: 55 FH 46 Bh G 43 BOR0AT: 55, 5 Bl A
PG B - b W 555 Ry e ¢ A0 I i 43 8, Yang %8N
(2019b) $2H T —A~3ETF DNN A ZE4H B NR-
QA AT Z A F2 B0 5 AN FAT 55 . I i 2 1k
IO N G T i T, PR A AT 55 7 B S SR R AE
JRELES . WAESE & Yang 25 A (2019b) 2 M) 8
A5 MEON (Ma % ,2018b) 250, ‘B AT A 6] Z Ak
TET, Yang 55 N (2019b) £ 3 (A {1 1 8 25 14 131
AT 55 A0 T RO 1 2% B TTIAT: 55
1.2.2 HAbHZEER

ISt SR PEAG ARRY E 10 FH PEA5R 3 405
it 3 i I 2k B BE 2R A5 B4 1 1 BB ( Kang 45 ,2014)
T % e G 0 52 Ze P M HAB IR & SR, Hofts iy
AEUG RIS A R EUSOR R P 5T, G E 3 4
MG = A= 0 X H Rl A AR H 35 G B4 ( Chen 45,
2013a) HVS X 5f4E N 25 UG i SCAR S 43 Fi 1B S
BB U A — B ] 8 ( Yang 45,2015) 55, X 46
FEPERASET T F AR BSBETT ATR B 2 S R TGk 1
B HTE A S e o 28 R 1
PN BT T RRE 1 NR-TQA A7

BTN 3 4EEME, Lyu 55 A (2016) 52 X H #1582
WH)E &, 3 — A2 T X H 3 AL (binocular
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self-similarity , BS) FIXUH fill & ( binocular integration,
BI) MTEZ% 3 4R B & PP 7 i, Hih, BS 457
HOm R 50 LR A 22 A P S A R R
Fe LR Z 8] AR ABLPAEAS 21 5 B 5 R0 o B AR X 52
F, T S — A T PTG SRy A X BT 23 HY
DNN #E8Y 28 dam ACH G, JH FR J7 kit 5 m)
Y EANE PR IEAT NG, SR T8 3k 98 2o 4 ) A 2
£ AT LT DNN F50 23 073 3] B 468k, fFom , i@
AL BS $5E0FN BI $5 5k, 4815 3 4k UG R A0 it
I, Oh FFA(2017) 3 T — A JE TRl 3 4
JFHER G IIREE TS % 3 e EUR BT P M AL AL,
AR U AL 35 WS B B 26 1 B Be oy Jeg 0 o
SR, (i 3 4EIFR ) FR-IQA BEALFRIR 3 4k
EUR AR , A B AR 2 48 = 56 T8y
CNN BRI HEAT T2, 55 2 B Be o 4 R Jo e Ft
TEHETHeny CNN B8 E ISR B8R e & )2 AR )5
TR RAE SR G 2 R R IE Ol i 22 )2 42 1 4 W)
AL B 738, Zhou 25 N (2019) 52 HVS ZJZ
ik KRR B IR B & 3R T —> 3 48]
B R L8R AR A 5 2 A S A AR [R] Y
TR 5 5 MEREM 2 Mz, X241
T 53 ) 45 BCAE A TR B R AR, DR AE SR 2 J2 A
55 5 )25 I HEAT A HARAE  DUAR IR H FRAEFN
PO R, SR, JE A0 A DL B R A
RGO AL [r) £, I FH A 4 3 2 2 9 — 2D il
SRR, f i 3 4E KR A BT o> B Kim 48 A
(2019a) $2 1 T — A~ WU H Bl G 2R B W 2% ( binocular
fusion deep network , BFN) FH-T-F i ~7. 44 A5 A0 36 &7
WERE . BFN F2 8040 25 [ RHAE 6 XU H R ik G £
AL GG &8 B T 3 840, =5 AIRRAE S i o3 th 22
AR REE B AR R 2, T B A A I A
[Fi] 2% 52 B 110 225 A R A0E 5 A H e iE 2 5 758 53 o 8 )22
Filt - 20 A L AN [v] RUBE 1 25 TR AP ke 2 ) 3 4 TRIR
TEAE A X H AL 5 P58 T 18 88 T 350 2t 2 > 3 B
TETERH AFE AT AR L PR LA, AT A5 3 8 S B AR
ETAE A R 38 5 ST — S 22 T Ak 1
2% AT HiB) BEN f9ill 25, Fang 55 A (2019a) % &
B 9 ZEHE S AL (Wu 55,2013) F1 HVS i
H 54+ HLH (Chen % ,2013a) , 4 i —Fh I T XGHE 18
filley CNN 1Y 3 4EEMG T S PR A 2455 AL (1) 3G
T AEIL R 45, Bt AR IR T VGG16 ( Simo-
nyan I Zisserman,2015) . 2245 PRIE 43 5 48 4 3 —

HIE | ARAFAHR O RRE & SR 5 2 20 4 AL R R RRAE
KO 2 MERE# PG A RIEE R, i
JEIE T 2 AR ER Al 0 ARE A Ak B
3R Yan G5 N (2020) g — 2D T MR T 2R
FEFFAERLA P4 1) 3 4EEMG TR TN AR AR T
ARlA 2 AR B AR (Fang %5 ,2019a) , 1%
RI(Yan 55,2020) 73Rl & 3 4E U B (2 F
FEMRELR  HEY 2 M ERZEHE LG 22
fFE REE 2 2 N4 2 2 Al G5 B U R
FUATEL

EEXTHE 7 HE R EME , Fang 26 N (2018¢) & H 3
T CNN (8 Hr UG B i PR A i A
T2 MBI 3 AR, Zhou 5N (2020a)
PEHH —FPXGHE A CNN F 8 43 B R KR 5 EPT 0 AR
AU, RCGHE TG 5y SO By 3, W 5 NG
FUZHN 2 A2 42 2 AR, 43 5l A8 43 B 3 R
(P25 A8 RSO IR SR J5 4 P4 S it o % 42 A
HIGEE 2 |2 M A, LU o B A
B FWEL, Yan 25N (2019a) 4 #8 5 R R
JoT s VAN AR P T B 5 o R A, 1 oA
H—> FR & 3 B R G  = D IR ALY I
% FR OB 6 Bl o3 9o o 8 D 2% i I 2

FEXTBERE IR, Yue 55 A (2018) 42 i —Fh XL
TH (1) % N A RGBT 5t DEA I 28 199 43 3 43 301 A
A H — 4k B AN 7E 3 5 UL (internal  generative
mechanism, IGM) ( Wu % ,2013) 43 {E 3 35 43,
B ANK/N B R 227 x 227 18 %, Gk Wi iE
AL, A oA 3] 1 AR i SRR 2 AN RRIE
), PRI 2 AR S A 3 i B
FUL 350, Jiang %5 N (2020 ) $2 H — Fh JE F 284
2% (siamese network ) 8 5 % KI5 i 12 PF A A 7Y
FEARHELRL I 1 HE Y 24 2 48 57 W 45 41 51 e ) 1) 2
o TR —DZAT 55 W G R H e
TR B A IR HEP AT 55 o028
55 AT A 5[] 22 2 e R 24 )
1155 1IMH.,
1.2.3 /g

ST, 2 TIREE % 2] ) NR-1IQA B AIFE R
ZHCEHR I E RIS T IR TR =
BEA PEREREUT A, LA, Yan 56 A (2019b) #2 4
AUBERITE LIVE 2D %04 % ( Sheikh 25,2006 ) il
PERE , BOR B E AR OC R BGAF] T 0. 9845 Zhou 55
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A(2019) #2 i BB AU 7E LIVE 3D Phase T %098 J&
(Moorthy 55,2013 ) FIAPERE , Kz /R b 2k MEAH OC &
Bk T 0.973,

TR 4328 1 URECHE 2 ) BHl /N,
LIVE 2D %4} /% ( Sheikh %5 ,2006) ({5 29 1525 K]
&R 779 W B EME B /NI 2R R AR v g
S 1 I FA A T A 3 Ko A AR g T ) o s
K 671 TS

2 TMEZSIE NR-IQA &EY

HAT, BF X6 W B 2% 2T 1) NR-TQA #5574 iy AfF 5%
FEXFHE D JCWB 4 2T B NR-TQA BLFIFS [y 2 AR 7Y
YRt BT 2 A . FEAFRE X A AR
1 PR 25 RSB RIE X At P 25 LR A A 7Y
2.1 ETESEHFZSINTLEE NR-IQA =3

FETAR G AR 2% 2T I TC B NR-1QA BLRIE )
TR A GRS % R, R B
% ZA T R A, AR LA 43y 3 25 T
NSS FHIE A Y 5L T Phds 25 2% > B8 F 5L T2k
FLAP R R B il 6 PR,

G > MV GRS

IR g —L

MhgE —r

RHIESRIR THFREMTE > B AREIZR

RSP i > RS L

K6 FETAEGEHLER > B TCIE NR-IQA BRI —RHESE
Fig.6 The general framework of the opinion-unaware NR-IQA

models based on traditional machine learning algorithms

1) 5T NSS #HE A NR-IQA #1%Y | NIQE ( natu-
ral image quality evaluator) J& Mittal ¢ A (2013) $&
Ay —FhEET NSS FEAE Y0 B TQA BEAY, 15 S fili
[T it SE AT i R R ) NSS FEAEHEATHL A, 13 2] 200
B3 (multivariate Gaussian, MVG) # 8 8% J5 R &t
TEMUHEEIEA TR IO 22 1Y B | LA SIS BT P15 Y o o
i, 3 F NIQE ( Mittal %, 2013 ), Zhang %5 A
(2015 ) 3l BB LM GETTHRHE | 22 R Ty 1) FIAR A
it FRAE DL KB 5 GE T RRAE , 45 ) TL-NIQE ( inte-
grated local NIQE ) 8.5 LA A MVG R AUE S
FARE, OO R B TR R, T4 2 R 1Y)
JoeE T 73 %, 2E LT NIQE ( Mittal 55,2013 )

IL-NIQE ( Zhang % ,2015) , Liu %% A (2020) #2117
— I EH AR I U Y T M NR-TQA AEAY %t i
U PG e ST 2 o ™ AR R 45 4 | 13 SR P R R I
ASAEHEAT I A, DT E— 20 AL R R BT i, Wu
45 A (2015) 42 2 TR A X 52 1 9 NR-IQA 77
o AT BRI E 25 R CR ER R R
(g 4 AR IR R 8 B 2 A, I 6 Bl ]
(R, TR, o X AR RS b B 2k Lt —
oA, S ISRy AR X A B i 2k AR e
I3, BEMERES 6 Fh Z{HB Z — OG0 Jay AL
Gt BRI N G i B 2 E S T
PR T A DG T HARRAE , R A SR G P i e 40
HEHEAT MG TR B 0 1 ot T PR

2) FETFPIFRZE 2% > i NR-TQA BE7 | Xue 55 A
(2013 ) $72 i — Pl BT~ [RGB A4 o JE R 3R 2R 9 NR-
IQA J7¥:, 4 5684 FR-IQA %1% ( Zhang %5 ,2011)
TR —AN UG 4 5T 65 43 55, IR 418 BT A PG e
F A BGE R 5y R LRSS SR 5 F TR B 45 1)
FHE il i K-Means S50 4 K26 UG H S 1 K /D
Fe, Hop /N R — AR BRI —AN B
P (SRR BT 80 . e R BRI, '
SR AN R RIS L RSP & /N R K
UL RYREES . SRR RS RS R B N RIS LG
AL SE 5340, TS B UG o0 8. B P
PR g 19 5 R BRI E BT it 08, Ye 55
AN (2014) T —Fh JC W TQA BL%Y BLISS ( blind
learning of image quality using synthetic scores) , YE#
ALK 2 A R FR-IQA BERIZE A SRS — 4
BB S, PR R AR DGR i US43 B
FWE 53 B AR, LA — 2D ZRoAH B Y TQA B,
Ho ORI FR-TQA J5 3153 14 43 40 ok 6 W B¢
WHEF R TRLG , FLA LS 2 0 5T 43 20 H
AR REHE L B —F) FR-IQA JripOTERE, 1 Xt 5E %
F&, Gu %N (2017) 4& s —Fh JC 2 7% Bt 4% K18 5
L i Rr e Bu kY €T BuN RV RS d N A SR
Geit 4 a5 BE A BB A 4 O TR DG Y
FUGAFAE , T B 09 & v e 2 % B 5 IR
SO 7 R I AR, ORI T A B
I REE B b 25, 15 31 B 28 1) B 5 TR 0 o 9F
B,

3) BT R AR R NR-IQA 4 f£5;
NR-TQA F39% 38 6 8 o0 ) o 2k B IRIR 5 58 56 o it IR

273



274

PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.26,No.2,Feb. 2021

B(SHEMB) B2k B0k B EMR M TR, 5
145 NR-IQA F7¥EAN[R], Min 25 A (2018) #2 H1“ th”
2% 1% ( pseudo reference image , PRI) FIHER: , FFi%
JFT3F PRI B NR-IQA AL, Hop fE 523t
HERY PRI 2R BB A i, JF e 2R ™
BEXHRRRE R, WA AL 4 BT TS [R) ) 3
AT REEG S PRI Z 8] B 25 A8 AL, 15
BT RE K B Z2 i B A T v 4 i Ok 8 Y NR-
IQA A

AL ) MG AE AL 2 Fh R L B X —
FERFLI) TQA BERUME LIAT A e 2 Fh K ., Zhang
il Chandler (2018 ) T 4644 IR 19 2k ELAS AU HE AT 43
2 AR A BTS2 LS AU 4R B NSS A AE, 15 1]
SVM I ZRA5 SRR A mHE B Al 112k BB HOF IR
fE, e a R B EMR 0 L5 o i 40 B, Gu SF A
(2014) HE— 24 TE X L — R EMZ ER EHIY
NR-IQA #:71 FR A SISBLIM ( six-step blind metric) .
A A B AR B R b RS
J& 585 A BM3D 75 (Dabov 45,2007 ) X 2k L[]
BEAT 20 2 BB ) 2k LA BUR N7 R
(FERS RN Z [H) A AH ELAE R 2T H e B e
RSB T I G 00 AT f A, I 38 2 X B P SR |
JPEG JR 45 LA K I A 3500, 19 In Ao £ Ak o1 i) 6 1 4
ErEESIAN vy
2.2 ETREFIMITKE NR-IQA 3!

FETFAE G2 > R TE B NR-TQA Bl
A TR B RO R Y 25 S, B TR
2] ) JC WS BE NR-TQA #8574 58 o) #) 1 A7 3801 21 8K
T, A g et 2 D 2 AL HE 7 (5 2 A 2 2 o B, SR
185 B i 43 B2 1) i O, FEASHE R a1 7 T
AT R e T B SR S AR A )l 2k
P = my i, BRI & T 5 TRl 2T 1Y
NR-IQA A&

YIRS

Bl7 TR T B IR NR-TQA AR — EHAE AR
Fig.7 The general framework of the opinion-unaware

NR-IQA models based on deep learning algorithms

2017 4F, Liu 58 N (2017 ) 48 ) —Fh 3 T HE 7 2
2J ) NR-IQA J53, Se R M s 0 & N T A ok
FEHEF FURSE (Gao 45,2015 ) dEATAR AR P I 2 , i
T VAU M 5 ) 245 51 PR AR 495 PR A It X AR A
HEF SR 5 R TQA B0 142 vh i R R A 1 3
LT £ 3 B0 A I 28 SR AT T, 19 B B 2419 1QA
BERY [RIRS i T 2R AR =2 R 2% v iE AT A R0
GBI . S ARG RRIERAR R 67 R AR SR AR
LU, 32 P Ak T 2 B A e S50 PR 4 2 /N B P A
Ma %5 A (2017b) BT T 3 F A 3 =2 1) 42 3% $4
22 2% TQA LB A Ay A K B80Sk I COR-
NIA ( Ye 45,2012 ) £ B MG 0 00 R A, 38 2o @il
PSRN BT 25 57 ) AN P e PG  bi oi e 45 )11
NR-IQA #5%1 Ma 25 A (2019) 42— T 245
B S NR-TQA A 5 2 e W5 48 1 5 ¥ R
I TR N TA BUR FLA5 210 LIRS B 4R
] A A T A BT TQA 5 3 X 2% L 145 $i 4 4
AT B A 43T B g e 2 L PR o X6 I 1)
TR 1QA J7 ik 545 2 1) Ji i 4348 1 o [ 14
XA JATL ) A Rt PR G%, TR %) Xt 7 ) s 265 3
P LA T TQA T T8 iy i 2 A B A5 21
G EMS 1 TQA IR EE TR 2 /Y
IQA BT /0 50 (BRIA TQA 5/ B0k iy, R
) U EMEAI RN 1, 20 0538 3 ion) HEF
2 AR B At EIAGOGT DI 5 B % IO 4% A5 8 s
PN IS B L 2 NR-IQA B8 %7 i i iy
YR EGE IR 34 07 vk A — e R LA 73
TQA A5 70 PR LGB AN J2L 11 1T B B AL #L A5 1)
] A0, LT B 53 ] R s A BRAT TQA Ty ik, A
TR A 8K, AT AR 15
2.3 NS

HRETEGNLG: A B NR-IQA BIRIZE
o, FEFAEGEHL A2 2T 1 T WA B NR-IQA A5 74 [m] i
W F TARIEFR IR, FO RE AL 22 B FRAE R IR BB 1 11
o, A B R A FR-TQA A5 R 4K B & 1% 0y
P& i) AETE W sk fa . D340, A BRI R8s
PN (Mittal 55,2013 ) 02 5% 1 i SRR ] 37 2 fig
FI RN

ST IR 22 ) B JC W NR-TQA #HI (Liu 45,
2017 ) BT LA 78 43 R g f2: 10 J0 b 2 B50Hi , 38 3 3 He
(77 ek 5 85 H FR-TQA B ;= A P AR 25 (Ma %5,
2019) , FFH FRER I 25, 1% 07 ] F B8 T
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HERE ALY R (A — B
3 HMBEGEPHNEGRREFNHAR

IR I T W o) RN T 0 W B 4 S ) NR-
TQA FAIEET 4 4 A o UL PR N 75 83, 610 i
AL (virtual reality, VR) % 5637 (light field ) &
R HIK T 751 (underwater sonar ) 5 25557 Y (A %4
P NR-1IQA 5T 235 | e vk
SEGIER VR AT EZEEE A
—, 5165 2D BURAA AR R 2= 5 HoAE i S5 G e
INRIE , 75 5 5 | AN 6] 1) 2 0 DT 56 il 4 55 RS 1)
Fit, AETURRMISE RS T, A4 ER
PLBEILE ARG 32 B AR Z2 R (52, AR 4G 8 W
i ) A RO A8 55, O HL H AER X 4 5 UG T
PR AOAH 56 TAE %D (Xu 25 ,2020a; Sui %5,2020)
BRI, ORI 2 20 AR A o7 1 4 o R B = PE AN
Sun 55 A (2020) $& H —F T 2238 18 45 PR R 28 I 4%
() TC S 4 5 BUG U PR 7 i, 2 4 s R
S R 6 MLEEILMRRES VR s
FME 3, ZIT IR i 208 i ST 2 4%
PR o8 2 [0 U1 5 40 P 2 4, H v 22 30 3 5 R el
2523853 FE T AT RCHR B8 b (8RR B AT 1T 5T
St ] U150 DU FH T Rl A5 T B AR I A 7 R AR 3 T
SRS 5 2 . Kim 58 N (2020 ) $2 4 5 T Xt
P28 I 45 11 4 5 R T B PP O vk R A S R oy
H R T MR ITTAl T Ry &0 5 2 R AR A, 3
bRl R A 5 JR T A B e 2 1) A s RS o
i, Xu %A (2020b) £ 5 T 00 A5 5 1) A [ A
W 2% (1) To 5 % 4 UG SR VAN 5 vk, i ad e B 2L
7 48 v AT UM 3 1) 3 s A VLA Ay TR 4 A, T 4 i
PG5 A0 st ] (%) R EL AR G R, I & ok T 45 FHL ) 2%
XTRTHE UG BEATHERE . 53 40, FEAN AT C1 R FE Y
FEOLT, T R A A A 3 A 4 5 MR B e 3R A 42 )Ry Tl
i, AR UL (A 6 4t = M
Heid sk TR oA B E AR R
R LRI TIFZ A PR AR, (H X 24
VE—E R b2l e o i it i 1 2%, R T X3
UG A8 0 R A5 A RIOEAT , — 2 07 v A 4k 45
(Fang %,2018a) , Shi % A (2019a,b) #2735
B TC S 2 T VA T v, FF S E LS8 R AiE B o
23 (A BT AR B — 0k . AR R SRR L

— AR TR TR E IS N IS H L EG R T
W77 (Zhou 5 ,2020b) il i % JEOL T BIR 1 22 )R
F SR SRy AT AR 1 R 25 400 R ] P 35 ) A AL A4 43
A, B E EE O R 25 8] 5T i 14 32 140 25 [ AR AE
FFA BE —SOME BT it () 5K o A AR AR 4L

TEAR T ERMAE 55, B TRl WG 2 i R A
PR A GE 06 UG TN 5 B 7 AN RE AR A% H , 75 IR g
B E AR, MTE 248 B MK T S
ARFT i S5 A AN ] st A b 5 B8075 ) PRS0 4000 o i
TR IEBHAR A AU AT S BRSO T AR
)5 7 ) PGB A, 5 3 e — S AT S A o A
Fro Kalwa Hl Madsen (2004 ) #& H} 7 — F i #0875y
UGBTI PEAG 72 , 30 0 P IS A 1G22 SRR R i
FHE P PG A A IR DA SIS B AT R () R AT A 1R
Chen 4% A (2019) 4 H — BT 04 F 180 75 il 44
Tt 9 TC S5 e B AR AL I £ 7 2, 38 2k DS 36 45
23 (] B U TR 0 B 1 2 0 72 o 3R 566 B ) A i P
VERRAE , T153- 008 U5 11 5 45 B R AF 19 B A )
PN BRI A B AR LR B, e a2 > FE TR
TEZRA A SRR )t [l A B HOR AR RS B R AR
PRI ER TR R

4 BEBRETMERNNA

TQA AL (1 1 FH 32 2240 5 2 B0k 4 A0 A A £
1k, SEGERFIZIRME B QA BERI/E S 85025 6] H 3)
FHREMSEOT I BRI A & FE AR TQA B
T IABALARY | G o R g MR ER
DA H B Lk A A% 7R (%) A b O R A, AR AR
PN H e 1QA BEAYLAZI AT 5 1] NR-TQA 11
AEARFFAIZ TR R AL AL b 2 2R A FR-IQA
BRAY

1) BHOEFE, Fang 25 A (2017a) i i3 BN AR AL
PEJ71% (Fang 55,2014 ) 01k, S8 e 0 10 B
AT, xR, O AL ET B
] AT FNZE I, BRI AU 3 2 — A %o 2 1)
EUL BT 1QA Bk, a0, &l ks
— MR EE N E TP 0,,0,,---,0,1,0 £
ANEEME T, n FARERKE, 5 Fang 55 A
(2017a) FHRRARARNVEA A 1 T7 ¥ A TR, Fang %5 A
(2020b) 23Xl TQA BRI £ 2 B E R fl G 5
S el 2
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2)FERIEAL . Ma 25 A (2015 ) 32—l (2, 8 ke
SRR s Bk AR A B AR —S5 R AR LR g
AN = B O =) PN S AN S KR oo R (3 e e N
%, UM, Ma 25 A (2018a) ffi J—Fh £ B G Rl&
EUE BT IE M BRI AL Z L R RL & 5k X
BRI AG S A0 PR BT B, — IR e R 1 ik
ARG RN X ] — i 4%, LU HE R, T X Bk RE A
[R]85, Ma 45 A (2020b) $2 ) — B 2 T CNN 9Pk
LW C UGG B O R — A LR A
2% (Chen 5% ,2017a) , il i ZBOGRE EUE BTE PFHr
BRI Ry H AR R B 45, TQA vkt iz 1 H
F A TE 5 AL E WF 5T, W R 25 B (Guo 4,
2019) 4 PR HH (Yan %5,2019a) G152
(Zhao % ,2017 ; Ding %5 ,2020) %% ,

5 VEMIEER

TQA AU 14 B3 w5 DA T o 8 2 | B8 4 A
—BPE 3 ATy AT EAS X T R R 2 P A G
Z B ( Pearson linear correlation coefficient, PLCC)
B IR B S O 2R B ( Spearman rank-order correla-
tion coefficient, SRCC ) F1#J J5 R 12 22 ( root mean
square error, RMSE ) 3 1 ft 4§ #% ( Video Quality
Experts Group( VQEG) ,2000) ,,

PLCC FHFPFAh TQA 5570 Fi i (%) o o P . 7F
T PLCC AT, 75 0 8 W50 J5ORN 22 W73 B kAT AR 26
PEIENEHAE . T AR L AL [BH B logistic #R AT
"H

PO =B [ - o |£BQ + B (8)
Kb, Q FoR IR I Z LT 5 00 8 p ek [l
TERE R EB, B, .8, B, 1 Bs NI,
PLCC iH5H

1

> (5 -5 (- p)
PLCC = —

(9)

IO IR RS
Ko s, M p, 43 IR 5 @ 08 IR Y 35 0L B2 8
BT A4, 5 R p 3 i 2 32 LT i 4 0T
Y {E AN LT 1 3 RO 1A

SRCC H T it TQA A5 781 F 0 45 SR iy B e 4
Hata R

63 &
WI—U (10)
o, N FRFEAE R 5 d, R 1 R MR UL
SIRCHERS 5 % 5T ek S BCHE 4 (R 25 1H

RMSE H T PFAf TQA AR Fi0il (1) — bk, ot
A

SRCC =1 -

RMSE =

LY Gomp)t (D)

Ma 55 N (2017a) $2 T 3 FlHr 9L F8 5, 43
5y S0 P/ O L AT B M UL ( D-test) 3 T IF
G HE R —Z 3 ( L-test ) 0 HC o fi 1 — 200 0 3
(P-test) .

D-test K J5L IR AN 2 L U R B2 4R 1QA
BRI X 4y J5 U T AN 2k BRI RE D . 4 8 — 1> B
8,4 g, TR TQA BRI 56 ¢ i RS 9 20 8,
R G AR BB RS 5 S, 1S, BT
BERITRIN 25 5, o] AR B AR BE T, IE 5 50 2%
R, RN TR,

L(\Sp ns,. | N S, NS, \)
2 'S, | 'S, |

D =R(T) =

(12)
AM,S,. = {ilg,>T},S,, = lilg,<T},D BHIE
R0, 1] (E#K, R 1QA BEALE a] 43Pk s
L-test 1Y H A2 AL 1QA BEAFEXT B A A A A
75 AR B2 RV [R] e LR B A EUR A 7 PF )
B e . B U R AT B B R B R
BRI R TR, A B ER S M
MR N Bk ELIE R L b e ELKSE ffi FH 1
SRCC R BOR Ay HE P 09—, B3 0h

1 M N
L. = 3y & 2 SRCC(L;.py) (13)

Soft 1, SRS § R F § 2k T
)R FLKSE RIS R B 5354

P-test HLHZ T 1QA BB AE 57 1 1] 43 1Y P15 %)
( quality-discriminable image pairs, DIPs) I i) {is & 73
W, 72 BT R 4 5000 b, — N4 1) TQA B A
%45 DIPs A —2tk, B DIPs 1%y v, B 7Y
BURIERH) DIPS B ¥, G okf— e H 0
RN

p—Y“ 14
=3 (14)
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Ut AR PEIT 1, 2R 10A BERLIPERE LT .
6 HHRANHEE

6.1 BREGHIEE

FAR MG 8 240 4% 5 D ATTIIE R B
BRI 4 A FLSUR FUROR P
6. 1.1 FHuUkHEEE

1) IVC (images and video-communications ) %4}
FE(le Callet A1 Autrusseau,2005) H1 5 B B KE K211
IRCCyN ( Institut de Recherche en Communications et
Cybernétique de Nantes ) S5 % 78 2005 AEHE ., 7%
10 1@22% B8R 235 i@k AR, K BSR4
JPEG JE45 JPEG2000 JE45 | J= i [ 8 S 3 Bk 4 i
200 R o ST AR O LA 4 b g D G B AL AU 4
S ANKREAEY, B 185 I B R M7 &
WA55) ( mean opinion score , MOS) 15 {7 S50 % F
WAy g it s, Hoh, MOS I BB TS L [ 1,
57 (BB U Y (15 o Bl

2) LIVE ( Laboratory for Image and Video Engi-
neering ) U J& ( Sheikh 55,2006 ) H 3¢ E B 77T K
FREIN AL LIVE S28028 75 2006 4F 257, £17% 29 1R
S KGN 719 Rk B KR, R KR4 45 JPEG
JE 4. JPEG2000 J& 4, 11 MR R i AR AN
JPEG2000 R ]S LR AT 5 28, R b IS Y
FF5 5 ~ 6 MR EAEH ., Bl AR R AR
X g Y ~F- 38 32 WA 43 2% ( differential mean opinion
score, DMOS) , K £ 25 000 M4Ei T4 , By 161 4~5E
KF LA E . DMOS MBUEVEEIN [0, 100] , {H
/NGB PR B

3)TID2008 ( Tampere image database 2008 ) i
J# ( Ponomarenko 55,2009 ) H 25 % tH il 75 F T. K 2%
7 2008 AR, L4 25 W 275 KR 1 700 i K%
FLEMR R FLRALES JPGE JE45 , JPGE2000 JE 4 |
T e S0 P PR MR P e SRR AT L J3E A 48 A5
17 25, Ak A G 4 DMRESY, Bl ER
PR MOS fEL L X I A B v 22 , MOS f) UL YE
FIN[0, 9],

4) CSIQ ( categorical subjective image quality ) %%
P PE ( Larson #1 Chandler, 2009 ) i 2€ E R 7297 faf &
PHIC2AT 2009 AEAENL 475 30 275 [K1S I 866
REEUG KBRS HCRER AL bk e e i

7RO | = 3 R JPEG AT JPEG2000 4% 6
B R B RAEE 3 ~ 5 MR A, BIEE
FEALIHKIE 5 DMOS {i, Firb, 29 5 000 4> %dis
25 PSR H MG ARG Bl 2 DMOS (1 UiV
FR[0, 17,

5)TID2013 ( Tampere image database 2013 ) i #ji
J% ( Ponomarenko 45,2015 ) H 25 > M fil B B T. K%
T 2013 4R, AL 25 IS5 KRR 3 000 E 2k
HIEG, Je ISR S JPEG R4  JPEG2000 F 4 |
Xof L RE AR e (0,00 R R A e fn v v ST IR R
WP e AR P R g BT A 55 24 % B AR LAY
fAE 5 MRIAFEG, B R R BN EER Y MOS
{5, Herh, 524 340 D EEh 971 25246 MK SE T
1532 Fdi 2 MOS RYBUETERI [0, 97,

6.1.2 HEURHBEE

1) LIVE Challenge %4 % ( Ghadiyaram 1 Bo-
vik ,2016) H SEE BT T R8N 4 LIVE 5256
% 12016 4FEEN AL 1 162 RE SR H G, £
W 0E S AL R 7 gk, 22X 8 100 A,
e 1 S UL 43 AU 8 350 000, MOS ) RS FE Sy
[3.42,92.43],

2) KonlQ-10k ( Konstanz authentic image quality
database ) £4E %2 ( Hosu 55,2020 b 72 = FE 3 3 2% kK
#2020 SEAE A1 10 073 IREIZR BIEG, £
W08 S ALY T 2R FRiE #1459 A1k
R0 F B A4S 120 J7 . [RIAT 320840 e ik 2 1t
T EMZ B J&E PE A1 EXIF ( exchangeable image file for-
mat ) {5 8.

3) SPAQ ( smartphone photography attribute and
quality ) $08 %2 ( Fang 45 ,2020¢) HVLPE W4 K24 F
2020 4EHEST, E B T HLSAR B PE Y, £k
F 66 AR UGB Y 11 125 BRI5, T
SERAERRIE SR 2 PR T HEAT, MOS B JUEL Y il 78
[0, 100] , [A) 22808 S AL 5 m 1 5 2. 2001
H AR EXIF f5 5.,

4) 3 [ B T R 2 18N 73 £ LIVE 5586 %2 7E
2020 AFEHST BRI (Ying 25 ,2020) , £.7 39 810 1
FE R 12 D7 AR, 30003 R i3 AL iy J7
KPAT, 2l H L7 865 A,

6.2 HitNBEEGHIERE
6.2.1 3 AelgHdE
1)LIVE 3D Image Quality Database Phase | %%
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HEJ% ( Moorthy 45,2013 ) 1 Phase I %4 J% ( Chen
45,2013a,b) 1 36 [ BT VT R 28N 70 AL LIVE
SR ZAE 2013 4F#EST . LIVE 3D Phase [ #di i H
20 @S EE A 365 MR XS FR K HLER M AL, 2k B
FUFL 4G JPEG2000 He4i JPEG JE 4 | i e 357 11 g
P PR S R BRI AT 5 2%, b, JPEG2000 R
45 JPEG JE45 | =i 5r G 5 PR 7 25 X0 L 80 i 2
FLEUR, TR X 1 45 i 2k B EMR . Hids A L
DMOS (78 2 it 4 i 2k B MR 1 38 000 L,
(AR UL IR B B, BRI Z A, Bdie e i S 1
B 2 7 GO I B R 18] S 22 €, LIVE 3D
Phase I Z4i5 72 H 8 1278 BRI 360 IE S HLIEG
B, UG IR R B2 ALY Phase | B0 E—20, B A
FAHNY 72 1RENR . 5 Phase 1 BRI 12885
PR AL TXIFRAAEXIFRR B 3 4ERIR, Hrb,
XIFRIC L 15 240 e, ARXFRAC EL 5 120 1

2) Waterloo IVC (image and vision computing)3D
Phase 1 Fl1 Phase I I&11% % i 50 4% 2 ( Wang 55,
2015) ISR B T KA T 2015 AR AL, Water-
loo IVC 3D Phase 1 #2178 i 25 3 H40L F<] A
330 i 3 AERIMEAG R, R LR 1 6 MR ih 3 4E 5]
BAE R, R ELE AV AR NP 1 6 i TR R TR
FUIPEG JEA0%5 3 28, R e HISTUXT I 4 AR H AT
2% . Waterloo IVC 3D Phase Il Z3EZEH 130 185 E 5
PRI 460 W 2% B 3 4EEMGA AL, 2 B ES H 10 IR
a3 R UG AE B, R Rk BT R Rk LR R
Phase | $tiHE—2L,

6.2.2 M HEAR IR EE

1) LI5S K 2 AE 2017 45 #7048 53 HE R A
AR (Ma 55,2017 ¢ ) B4 1 620 MR Hi I 73 B %
Pl 5 1o P A 1 SR A S 1 o B AR IR 15 30 R
LI AT HERER A 60 WAL 4 B R, MOS 1)
W0, 10],

2) SRID ( super-resolution reconstructed image
database ) B8 i /1 7 4 B F B K22 7E 2017 4R 4
37.( Wang 55,2017) , £ 7 480 1 J¢ B 43 HF R &
8, X SE G AR B R R AL 2 Fhad (B 5 1
6 Tl o3 B AR 0 0 L AT Bl R A SRR R
ELAY R A HER MG R BT 40 5L MOS 1Y
AR MOS B HUEE RN [0, 10]

6.2.3 (IR S E R
1) ESPL-LIVE HDR ( embedded signal processing

laboratory-laboratory for image and video engineering,
high dynamic range) ;ﬁ(fﬁﬁﬁ( Kundu %% ,2017) HZEE
BT R 2 A8 43 B2 1 LIVE 55250 % 76 2017 4F g
Sz, OR H 605 A i HDR 3 5% A 3 Al
HDR &b HHJ7 B3R A5 049 1 811 R (R st 1145, 18114
] 4 6 ] B S5 557 5 B 2 BRGSO ¥R A
2 AN AR A A, Bt 2R B 0L H Ao
ANUR S PN RN SR e/

2) TMID ( tone mapped image database ) ¥ % J&
( Yeganeh F1 Wang,2013) H1 il & K ¥ 2k /5 K24 78
2013 AR A7 15 W@ HDR EHZ & 120 Wi 8 4
AN TR] P 2 35 RSP 35— A ) 0 R R ST PRI i £
I P 45 6 13 — 4~ MOS 4340, MOS 4354 11 3 [l
AL, 8],
6.2.4 ZBECIEIER RS B E

Deghosting 1QA %4}/ ( Fang 55 ,2020b) Hi 7174
W28 R2EAE 2018 AR HE ST, A5 20 D3 H AT 5
(2 BECIEIGR T 91 K 9 Fi Z2 B Rl & 532 A i
180 ME LA KI5 . B 2R FH 2AFC (two-alternative
forced choice) 77 ik EAT F M Bl &, 3 60 13737
ESH TS, fl G SRR 00 £ L MOS 1B
Afeftt,
6.2.5 A GRELE

ESPL %44 8 ( Kundu il Evans,2014 ; Kundu 5%,
2018) i 5 BT R 2 PN 73 K HY LIVE S250 %
£ 2014 4FH1 2017 4R #2572, ESPL B8 % 1.0 fitAs
(Kundu F1 Evans, 2014 ) £ 55 M 045 i Xk A1 3 i
S IO 222 MR @ BEES EMR, R H R AL
9 Fift, BERNS ELXIN 5 AR HARSE B Kt e S g
fE10 212 5 WA 1R ESPL $0H 4 2.0 fRA
(Kundu %5 2018 ) €145 25 @M 1. 0 RRAS B 1 ik
YU e B A (5 I PR, 5 MR PR 53 Sl B o 5 i
REL, BRI R TR 4 AR ILAFG, AR 20 17K I
K5, EMIARAS 500 Bk FLEG B 12 R B fl
BOESEEM Iy AT B 64 A ZIXES S5 E
WLSEH | 2R 52 44 32 10E PPV e 2 0L
GrER, WS ELL DMOS TR,
6.2.6 FEAEN A EIGEE

1) SIQAD ( screen image quality assessment data-
base ) 504 72 ( Yang 45 ,2015) /B iyl B ¥R B T2 K
FT 2015 AL, A 5% 20 275 [K15R 980 i 2k
PR, R LRG3 M 7 e ST R i Bl A
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w0 X LE BEASE JPEG [k 46, JPEG2000 i 45 Al 2 T
RO SRS 7 28 R R ELXF I 7 AR AR
2) SCID ( screen content image database ) 5 % J&
(Ni §5,2017) AR A T 2017 AR ST, 4075 40 IR
ZHEEEFN 1 800 MRk H IR, e BSR40 46 =
WP | SO i SR XoF L BRI () L
AR L AR R B JPEG R4 JPEG2000 JE 45 il
FETIR AR S5 9 2, BRI 5 AR E
EH
6.3 MEREBENTEGEIEE
6.3.1 LI SEE P

1) OIQA ( omnidirectional IQA ) (4% ( Duan 4§,
2018) H RS K= AE 2018 AFHET L7 16 R4
5% KGO 320 TR FR BIRMR Ak,
REEAADIE JPEG JE4  JPEG2000 JE 4 | ¥ Hir W
P T A 4 28 AR R F I 5 Rk AR,
Fif 27 UG Ll e AL S 3t 20 5210
Z: 5 W, S ok A rhid s 2 i 1 Sk S AR
S, BRI 10 355 20 #E 47 EHR iRy, o
B A P8 5 i UG, K R Y 32000 K
MOS = BUEIER N1, 107,

2) CVIQD ( compressed 360-degree image data-
base) B4 (Sun 45 ,2018) i 1280 K% T 2018
SR ALEE 16 IR S S KM 528 IR SR H
FIE, kB2 R AL 55 JPEG R 45, H. 264 JE 45
H. 265 [E4555 3 28, Fr A 4 UG th S AP B
1330, 3 20 732 1R F FEAT FEULILI, 256K FH
WOLREAT EWEr . B0k E W 8L MOS 23X
R, T BELE N[0, 100],

3) Bt KA TE 2018 4F #5719 £ 4 4 ( Huang
45,2018 BAEMFIEAS [H] 20 B4 JPEG T4 X 42 5
PGB A AL [ 52 5C & A4S 12 IR RS H KR
144 ME 455 R L EME , RR I 70 BSR4 720 p
1080 p.2 K Fl14 K &5 4 Ff il i X 225 KR AT
[ E46 5409 JPEG R 4615 3 — & B 1 2k 2 IEME .
I 98 ALZiHE S5 TSI, S50 3 7 v >R R
WOLREAT EWEIr . B0l E Lo Bk MOS JE X
Fe At MBS N[0, 1007,

6.3.2 LG EHEE

1) Win5-LID ( windowed 5 degree of freedom light
field image database ) 504 % ( Shi 45,2018 ) /1 [E F}
FHOARKFT 2018 AR HENT 4155 10 RS 7% R

220 fEREEUR, H1 6 DEIIGF 4 G M5
AL, K BRIV HEVC i JPEG R4 2 M4
B U SIS (LR PP o it 225 IR0 28 A5 8 Kb A 58] 1 26 A
856 2K, B R IRURIBOE SE VAR 5 kAT £
Sy, 320 HZIAE S G, 2 E IEE R
B E MR, EMEL MOS JE R

2) MPI-LFA ( Max Planck Institut Informatik-Light
Field Archive) 4l 5 ( Adhikarla %5 ,2017 ) H % &
MPI 7£ 2017 4R €37 L5 14 185 2% KSR 336 i
REEMG, RELEAESE HEVC Fifd BRI Ak
ST EUR AT EHGASTE | S (1T SR (L e
HrROR A 6 28, Bt 2R R IR £ W LU O vk
HEAT LI, 40 44 Z10E 2 5 500, EWor 2L
DMOS [y

3) BRI K218 2017 - 57 163 EE
BE FE (Paudyal 45,2017 ) 415 16 I8 2 % K15 1
256 MR Kk FLIER, Kk HRALVELE HEVC 4T JPEG
JE45  JPEG2000 J 4 1R i R 22 2 % 25 4 28, 43 7of
RECXINE 4 R FLRRIE . B R T ORT HE AR B0 5
BT EM A EO R 19 £ 2IE S5 W,
FWITE 2L DMOS By A S 4t UEVE LA [ 1,
127,

4) VALID( visual quality assessment for light field
images dataset ) 24} J%£ ( Viola 1 Ebrahimi, 2018 )
Tt 1% R FE T KA T 2018 4R, 15 5 RS % A
&A1 40 W 2k B EMR, J K2R R 4 HEVC i 65
VP9 Ziifith 1 3 Fi AT $2HE 037 IR 46 2k L) J7 15 3
RIS 5 2 Bdl 2R FH SR AT IRAR - T v
AT EWLSEE , EHR E M B0 MOS AE R AL,
6.3.3 KNG EE

SIQD ( sonar image quality database ) %% 4 J%
(Chen 45,2017b) i1 TR #7E 2017 457, A0 5%
40 WEZ FE MRS 800 i 2k BG4k LTI 4y,
i ComGBR JE 45 | 73 J2 [ 45 i 18 T B J6 i 2% L |
ComGBR ity T LWL S EUFN 73 )2 TR AR S T LR
TR ELAE 4 28 PP R LI TR 5 Fh R AR BE
ol PEAR AR W HOE A MOS,

7 & i

7.1 HEAREE
NR-TQA #HY 53 Oy 3 F- % Gl 45 =7 > Tk Y
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NR-IQA BERIFIHE TR 22 2] 1Y) NR-IQA #iAY

FETAEG AR 2 A NR-IQA BEALTE /NEL
Pade LRI (AMERR T TR, BRI,
B EEAELE IR IR 1) I B R T
VBRGS0 T T AR BT 75 B2 i 1Y 5
B AP UR SR EL 1Y 5 2) AR e pL A 2%~ SR B0 3R0R
RE AR, BUARTE/INVECE S I R BT (2 5080
SRR I, Z R E L R 2, 7 1QA H5 Al
(Ma 5,2020a) Ht, 5 TAE G AL 2% > SRk 09 o W
BRI NIQE M IL-NIQE B 4, it 17 K4y
A W NR-TQA A7 | 13 B JL F A& B L a5 2% ) Bk
(A4 Wi B NR-TQA # AU A] GE A7 76 3 U4 Im) 2, {H
NIQE 1 IL-NIQE 7E FL52 K B 7 1 3R 22, )
Wt AR AL S I T B R

FETIRE 2 2] 4 NR-IQA HERITER 2 1QA B
JE b FRINEAEE B AE G Bk B A SR EE 3 4K
AR L R BLE T, e A R ik
SFP RS B A i 5 S5 HAth P9 25 5000 13 RN 1 AR 2k LI
GEE T 1 R BRAFAE— 1 B Th2s (B]
R AT J ik 32 252 BRI 250t A 1L, 35 20 i
PR SRR I 2R B , Pl 3E a Out H AR AR A
EhRZE ol 3 38 1 nT (5 #80 FR-TQA #5578 A A Ph A
%o 1 an TUNGREE B9 MR 1S A CNN 53 K 19 %%
PEFe Ik e 1, X A A ( Zhang 55, 2020; Ma %5,
2019) L B AP RE S T8 B BE T
7.2 KRERFRE

Te 5% BMG T f VE 7E T H 9 25 F& W NR-
1QA FERYJ5 R AF ARV AL RSB 7 1], PP N2
M, ARA T B ARG )% LS R BRI Ry
FE N 5T 1% B UG DL BT R AR St k1 7
WF5E, Bt NR-IQA BEAUT 5, TR B %=1
NR-IQA #E ALKk QA 4Tl i — MFoRd s, 5
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