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Overview of image quality evaluation methods for photoelectric system
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Abstract: Aiming at the importance of image quality evaluation for the photoelectric system imaging performance , com-

bined with the foreign and domestic studies, the subjective assessment and objective assessment of image quality are

introduced. Some common objective assessments of image quality are mainly discussed and analyzed ,and the develop-

ment trend of image quality evaluation method for photoelectric system is discussed.

Key words : photoelectric system;subjective quality assessment;objective quality assessment;structural similarity

1 51 &

Wt ARG R e R g PR A e, 7 AR
BT R T e BUR R G R R |
KA FE UL A S [ By U AT 2 1 B E AL, AE R
TR ARG A H TR B RER RS
EET XX | L AR F AR IR TR
B U] I A A o e O B e H b
ISR DR L BAGR 2R GE IAG E RE 1) A IR B i
BRI T o X i RS A 5B R A TV
W2 2O A SR RGP RERY — A H
FBro DI, X6 AR 2R GE IR B AN T ik 1
W — D EWBIETT 1A

PG 53l i S48 AT — I RS0 sz e
PRHT, — PR A5 11 268 30 2 R AT 45 14 ml i 38 R 3o
TR MR PR A AR BN < 0
PR 10 PG Ay PR A7 B, SR i o
A S AUEPRHEREA T FLEL, foeJm MR P R B
G

R Z A, AT 18 B 4 2] — b m] U2 B PEf
UG LSRR Al e, VR A BT & R 5
A — AT o {ELRE AT CHRALGE R 4 LA i A
o R, B2 R A8 BA $R2]— >l DU RO
7 A R SE R R A9 07 3%, B AXS T G o i
PR R G BT

LA, BB PP O3 1% F2 2800 o EMPFA J7
WRFE PN I LRI RS
2 BEBREEITFMNE

FMPFEH 7 e F RS o [ R T
PR, B R 2 AR AR RE AR B R . U
PRI ERBUTE O A R PEARE IR PR A
R NV IE | NG E Y A NS LB = I
ZHATZ AN, I —E R AT RE T, BE

TEE RN Rt (1990 - ), 5 Wi 0F 58 A, FEZWES 5 ) AR
5 b Bt AR . E-mail : yinggijiao@ qq. com
¥ FE B H1:2013-12-23



B 5 44 No.9 2014

YT L RGBT T kLRI 967

R 4 3 A AR DA 07 ik . WA
(BRI AR N EA R E R o

EXUB PPN T A RAE

HG, A A SRS — LU
IRRER B 1 2256 X R P LA TR A s 2R
AR P A PR B PG 45 SR AT e B A B 35
AR s B RIS TSR A SR AT R A 12
BR)EMPEN R . BRI A PIRARAE, R 4 %F
PRAEFIAR XS AR E , EVB R AR PR R 1 Fis .

x1 EWREHEAT

ER EbdE AR AR R
1 ek —HPiRdf
2 b HR - BRSP4
3 g LB K
4 % R B K 22
5 FeH2 — PRz

FALPEAN SR 3 A A SR R BT 1 32000
%€, U1 MOS( Mean Opinion Score) . {H 3= WLiFHr 2% i
W1, G S WEEE B MIRE 5 a8 WK %2
TP R 52, S R e I AT RS A R R 2 . R
RPN 2 AT S (H RPN 4 R SR R
R RPN ) N o U8 B O 1 R BB s A
B R R EGE A B, T LA MOS JLT-AR 2D i
MTERB RS
3 BEBREFNENE

R NS0 iy G U B e N 7
I HH 00 BB VAR O R A A . SR, TR
SERRR A, FEAPEA AN Tl FERT AR =
HARMER A SR R G b, I H AT EEZ 058 DL
WP T . FMEBR B EIP RN
SRR AT DL A Sl ERS B o o6 % 0 T B AT PN
BCE T, HERR T 0 R L P B I ) 4 2R
AU WA — 3

BV s i B A 2 b AR 0 o =
7 252 B (Full-Reference QA ) |, 7L
W R B BB S S BRI T RS PP 45
5% i B PE M ( Reduced-Reference QA) , ] DI M
225 KB AT B ER /3 FRAE AR B, I F X 2615 B 58 A
XFRELT AR R P s e 225 U A (No-
Reference QA) , A& BITAM 2 2% UG I 5 S, 2h 37
SE IO EHR TR A PE

3.1 HamEGRRETFNT &
3.1.1 37 2% (MSE)

WSH GBI ER Y H M x N MERA
B H e = 1,2, My = 1,2, N, MRASE
BRI RN

EEUMAD—MMNQ
MSE = ! N (1)
A, ai,y) FERB EG b xR R BE L a i,
J) SR P15 T X £ K L

5 1R 2 I 14 5 2 2% PR e 1 T B4
SR A SR A R X e
BT — EAR R IZ R LR i
TR E AT e, TG 3R S RIREXT 5, 7 B
BR300 TR A 1 2 R 55 3 R 3 7
A3,
3.1.2  M{A43wR ik (PNSR)

WP {75 Ll v ( PNSR) A 5 | 5 MSE Hi [, H:
Fika N

PSNR =10

* logy, % (2)

WAL {5 M L A0 7 vk 5 B 5 iR 22 2R, 1% 0T v
e LB RIEAT OB, P AR 2R A TR R X i 1 A7
TEOLT 205 PR B 45 35 N 32 WA o J%
WA—FL

PSNR 5 MSE [r] £ #8752 28 R 17 LBz
BB RE T 0] R BEAL DR 22 AT ST IS TR
T5 i HRE M A B b SR B e ) 4 R i 4 &
B 2250, A 25 S B e BRI , A 2R
5 TR A — B, FF A BE 5 4 O
G5 BN EUG N A I G RN A5 1 A58 L 2, AN RE
S48 W 0 5 i, PRI AS RE R 4 3t =2 8 AR 1Y
X bURE SRR
3.1.3 184 % (SVD)

FEFE A Sy mox n B SERR I, B R AT S (0 R
RH A = USV Hop U, VIR IEASHEE, B UV = 1,
VV' =1 S XA B S = diag(S,,S,,,S,,
0,--,0) ,k =rank(A4),S, =S, = =S, ., WL
SET ARG AL , SR 5 ST R R A 22 53
PERES . AT LLSRAS 225 18] 5 0 A (8 ) o 22
D =S, -S,;D, = {d;};i =1,2,,k,SHILEMN
REVNHES  TERUE E SR Bk s A2 e, i H.
S RFAIE ] P AR LA 20 i & 1 BHR A EUR 1



968 5 RS AN

B4

MEZEE. Prlmad 2.

S.
Wi = k : ’i = 1529".’k (3)
2 S
i=1
SRAG A SAEAUHE ] 5

FE SCHET R B 5 AE 53 ifk 1) Joa s PP BE B
SVD Wn'F:

)
> W.d|

B_SVD = = o= 1,2,k (4)
A, d BN 15 1 B_SVD (BB, 7R Mg B1R
ZE ), B i i 45 o T o
3.2 ETHEMERNEGRRETN T E

H AR EGOR R R = BEAS HA, JUHZ 23 (1]
GUS YRR , BARSR A OCHE , T HAR R 8] &
AT REIEEE . AR R BB AL
LNEAR R I o3 itk | AEL 2 30K TR G A I A BT Bk
Wang 25 B 58 A B3 7E 25 4F Xof [ G 4 B 1145 0 46
PSRRI e IR (=8 S i e Bl SR T A
BRI BRI SR T BT 25 A A AL BE (SSIM) 1Y
PG RPN J7 i o SSIM B30 MR 43 B BT )
LU BE RN b =853, T =384 1 2k FLAR AR B8 4
P e R R J0RE . S BT 2 ARG R 52
(Human Visual System, HVS) & & & & T 2 B 3¢
s b AR5 R D B AR A5 M (5 B U S
R B 1) AR R T . P, G R A5 (S
SAARUU AT A AR R 5 A2 A K, BB 4 46
RAK,

SSIM & X H

SSIM (X,Y) = 1(X,Y)%%(X,Y)Ps(X,Y)” (5)
2uun. + C

I(X,y) = T (6)
Mx +/"Ly +Cl
2 -+ C

C(X,Y) — 20-"0-37;2 (7)
o, +o, +C,
0',+C3

X,Y) = ! 8
() = (8)

L X ORI ER Y Y h R BB e, , o, R
T o, AT % w, ,p, o8 XY I JRTR5E R
{H; c(X,Y) FpXt L BERISC R EL; s(X,Y) R S5 H A
KRRE L(X,Y) S XY 5L RS C,,C,,C,
M oa,B,y KT AL

SSIM MM |\ 7 22 4540 = AN B IR B RS

F, B« =g =y = 10, AT LAFHE]
<2I-Lx,“y + C, ) (20{,0'}, + Cz)
(w2 +u +C)(ar +0, +Cy)
(9)
XFETA N A EG ) SSIM AR SRF-3, w] 1531 4%

i R B BT S, BP9 45 F AHRUEE MSSIM
1
MSSIM (X,Y) = NZ SSIM(X,,Y,) (10)

HR A SSIM (%72 S, MSSIM [ {ELER A, Uit B K114
X F0Y J5 ) BOAHARL, SSIM AR AU S —F L X AR R
SN X0 1R 25 A 1Y), 78 &8 2% 18 TR R Tl A ¢
PR IRZEE B 7, SSIM J7 g R H 5 A W THr
1Y B A — B a2z B ARG . MSSIM ( Mean
Structural Similarity ) 733 2 864E R B I H T &t
FEPE VB EVERUR O 1, B Iz RS HE) T, 1]
4, MGSSIM 1 MDESSIM

BEXF SSIM ASBEEAT- b FAN ™ FE AR ot 4
AT, Chen 2514 T — Pk T 18 S5 AL
97712 (GSSIM) .

GSSIM(X,Y) = I(X,Y)% (X", Y )Ps(X",Y")?

(11)

N
MGSSIM(X,Y) :%2 GSSIM(X,,Y,) (12)
i=1

A, XY O AR B K AL AR 52 B R W
GSSIM J5 3k He SSIM J7 3 iy PRA OR BEAE (L S+,
R o AR 1115

I BG4 e SSIM (LR b B T — PR
B FE T30 G 04 PR B P D5 ik (ESSIM) |, 3%
TEFER R T FUR IS5 B A HVS B R,
RER AT M Ak P A5 0 HL6 g 1 81 10l I 4 S8 ] 15
MR, AL T T — R Y 25 H A )
BEVPN T ik o 7675 B BN /NI O) i BE AR UL X
FURHUEE e, AR P AS [R]) 225 T B0 114 70 D 2 ke
1 CSFFRRPEANAL, 73501 % 1 I 3 B 45 70 225 [ 15
PRI A AR B b {5 8 AR R AT 45
AAMBLBE X EE, A 88se iR 1 SSIM J5 ik AN REXS 2k HL A
RIEATA BTN R . Zhu 252 R 1 15 454
EYSR PN Rk s X S O N SR AR R PN )
SR ST, R T — R ) AR R AN O vk
A AR Pl N0 1 8 5 i 1 S LA o
R, S PR UL 1 2 A A LA TR E 8 G K 1] 5 Ak B
(ORI 2o Lin 2507025 JB SRS XT3 %
o SRR, A 2T — B 1 S A D) R A 4

SSIM (X,Y) =



Bt 5 44 No.9 2014

YT L RGBT T kLRI 969

P AR RO 25 A 77 95 (TESSIM) . Xie 251 58
73BT 6 H R AR G 1 Bl AR B 0 RS ASERY 1) L
LT R 2 KR I8 BT SSIM 47 #]
G5 i W 1 T8 2 2% ER B i PE A 7 i NRSS
( No-Reference Structural Sharpness) . 1% J7 ¥l i
— MU U8 i A% F S 2 R, SR S
MR 5 27 1R 22 8] 9 25 K AR R DF-f 181 18
B, seor A T RER FR GE R BCE AR R DL K S5
FELTE B e, S B 45 SR B s 3 MR J7 125 19 o
HIPNMRCR 5 EWPEN &S F 0 B A M R 5
PN RCR
3.3 HfEGREFN T =

T B S BN R R, 2 S R
T —Fk BN — 3 S HE 1] & L ( Least Square sup-
port vector machines, LSSVM) f%) B4 i & PEWY J7 15 o
27 E S6R T PSNR (SSIM 43351 Xof (144 5T 5t i 47
P R B PE A S R G B 1 S8 AR S
i A\ B LSSVM #4743 M7, 1 7 T iy B8 i £ 9328
i, R ST 1 43 25 28 % BRI =R T 05 BT
B A e A (USRI SE LR SR, I, HE S T
PSR B R JF 45 G S E it T —
TR 9 LR BT B VP 7

Mou 457 U HA S PR S I 1R 14 2%
A7 A R LA 5 R 540 ) 2R AR S, A — P A 2K
UGB PEAN 46 A, 10 HL ik 2% W] LL3E i 45 B LOG
BT i LR B B AR S5 R 45 S G o ok, T
— AR R T — R 2B RPN % NSER
(Non-Shift Edge based Ratio), Pina Marziliano ™' $i
P T 3 G DN R R S ) AR PR ) 4
ZHVEM %05 AR T 6 R AL R B R AE AN
Z W L, A SO OB KO i 70t . 221
AR T — 0 R T GG I £ TG 2 2 BRI K
BAEH R e 0 S R R B S 5 A5 B, %
BORIR AR AT TCS VN . 5L R I AL
Bt S e 1 AR B 1145 T i Y WL SZ . Liu
24 2O N B E Rt ik T B L SE 5 8, 1T L
X T B OCE B, BT UL, BUR S5 Y A
XS SRE S A O AR K o $R T ke
FIREDT S5 F OIS ARG 5 1 5 R A AP R 5
o se I ARG 25 A8 1R SC38 0F (TR 5 14 52 ikl 23
b AN Y By AT LR UM AT AR A G5
FEMATESY o BT IK I BG , bRA 22 JR T —Fp

SR FH VI ER) A6 I A Ak P14 35 AT 2 A 9EAR D7 76 MG-
DM ( Morphological Gradient Definition Metric) , % J7
Pl ZRIE ST RTERUR b o3 T X
AR AR B BB A5 B S5 15 2 BB B &
SFRB RN S T G i 0 A5 AR R R 5
VA MRS VT A 0 R A5 3 R T M RE DT 4
SCHERL22 J 42t 7 — Mol Y B s P4 12 VGS(Visu-
al Gradient Similarity ) , 3 HOBF— 26 A 28X BG4 1
ARRBEARFE A B JE b o] op 2 N R 15
Jo i A UART BT 82 P A J7 TR T T BHR 2 WL 5 PEAf
Jitke Bl 10 AE B, B BRI TR ZE A )
J73 45l 4n PSNR-HVS-M'*!  visual information fideli-
ty (VIF) ! visual signal-to-noise ratio( VSNR) 2 i1
most apparent distortion( MAD) *") |
4 BHESRE

HERA PPN G B i X DG L R RGEERE I A7 1Y
WAL RS TARKAERT o AT WA F 2 LT
WA Ty DO R s i WA 1 7 VR AT TRk, OF
BHRENGTEWIN T5 . I L84E, X Y Ji TS
RZN2ZH G TR Ik, B N B
BRI RE B MR PPN B R AT HVS e, 3 mT
DA RGEIRZ AN 5 2PN PR 25 SR A — 30
)R, PRI, 4 22 WLPPAR T i AH &5 5 O &1 15
PPN R — A R SR

R, H AT SBOR BT 1 — 28 9R40 T7 14
VARSI HIE 8 S VA, N TEVF 25
Prni & TR S H R, IR X 5%
(NR) B B PE T i ot sE S B i, B2 %
EHG B PN AR E PN, 2 — 1 L ECH R BEAE
U, ATEBAE KR ) NR 7 g o8 ok, SR,
BRI RER AR 2 s A i, PR T e A 1 7E 52
PR CAE AN o BN, —LERG 284, — SuE R TE
BN R, — SRS RECR 0. i eT I,
T2 2% R BT PN 7 22 UG B i PP U P Y
MERL, RN E AR B AT TR T A, BRI HERA T
GBI 5 HVS B RIF—HHER) NR 5 1%
H A FH =R

Sk :

[1] LIU Hui, YUAN Hao, LI Hong-xia. Research on Quality
Assessment Methods of Remote Sensing Image[ J]. Mod-
ern Electronics Technique,2011,34 (10):24 - 26. (in
Chinese)



970

5 RS AN

B4

(2]

(3]

(5]

[6]

(7]

(8]

(9]

[10]

X, R R AU IR B VAL O ik wF s [T].

AL HL TR , 2011 ,34( 10) ;24 - 26.

WANG Yue-hua, TAO Zhong-xiang. Overview of Quality

Evaluation Methods of Fused Infrared and Visible Images

[J]. Infrared ,2012,33(6) ;7 - 11. (in Chinese)

FBRAE, BB 21505 AT UG & il 5T

WRERRL ], £141,2012,33(6) .7 — 1.

ZHU Li-juan. Time Optimization Algorithm of Full Refer-

ence Image Quality Assessment[ J]. Laser & Infrared,

2013,43(8) :947 - 950. (in Chinese)

RWEYR. — Ff iy 8] AL 1 42 2 2% [R8 BB DE A 33k

[J]. Bot54141,2013 ,43(8) :947 - 950.

WANG Rong, LI Zhi, LI Li-hua. Overview of Quality Eva-

lution of Video Image[ J]. Journal of Chinese People’ s

Public Security Unviersity: Science and Technology,

2012,1(1) :59 - 62. (in Chinese)

T e R BRI 2R [T ] R
NENZREF2ER  ARBIE R ,2012,1(1) 159 -62.

LI Zuo-lin, LI Xiao-hui, MA Ling-ling, et al. Research of

Definition Assessment Based on No-Reference Digital Im-

age Quality[ J]. Remote Sensing Technology and Applica-

tion,2011,26(2) :239 —246. (in Chinese)

AR, ARG, T R ¥, 5. T 19) JC 2 2% UG 14 3 M

FEVFMTTIENEFE L) ). IR 5 N, 2011,26 (2)

239 —246.

LU Fangfang,ZHAO Qunfei, YANG Genke. Color Image

Quality Assessment Based on Structural Similarity [ J].

Journal of Donghua University ; Eng. Ed. ,2010,27 (4):

443 - 450.

YIN Ying. Non-Reference Blur Image Quality Assessment

Based on General Regression Neural Network[J]. Laser

& Infrared,2013,43(4) :466 —470. (in Chinese)

FRAE. HE T SCIRN U o 22 10 245 TC 2 2% 1R 161 45 it kT

W], BOL5LI4h,2013,43(4) 466 - 470.

Zhou Wang, Alan C B. A Universal Image Quality Index

[J].IEEE Signal Processing,2002,9(3) .81 —84.

G Chen,C Yang,S Xie. Gradient-based structural similar-

ity for image quality assessment[J]. IEEE Trans. Image

Process ,2006 ;2929 —2932.

QI Shang-ju,Ji Xiu-hua. Blurred Image Quality Assess-

ment Based on Edge Structural Similarity[ J]. COMPUT-

ER ENGINEERING & SCIENCE, 2011,33(2).133 -

136. (in Chinese)

TR 3G , 2075 4B kT 11 G i 45 4 R AL B2 R &1 5 S5

B ()] PR AL TR S R AE, 2011,33 (2):

133 - 136.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

WANG Dexin, ZHANG Yu-ye, LI Kai-duan. A Kind of
Distored Image Quality Assessment Method [ J]. Science
Technology and Engineering,2010,10(23) :5759 —5762.
(in Chinese)

FAEL, REM 2T g —Fh 2 SO 1415 1Y ot 5 3

ek [T] B8R 5 TH, 2010, 10 (23);
5759 -5762.
Zhu Li, Wang Guoyou,Liu Ying. Image quality evaluation

method based on structural similarity[ J ]. Proc. of SPIE,
2007,6790:67905L.
Liu Junyao, Wang Huijing. Quality Assessment

Based on Structure and Edge Similarity[ J]. IEEE Trans.

Image

Intelligent Computation Technology and Automation,
2011:1105 - 1108.

Xie Xiaofu,Zhou Jin, Wu Qinzhang. Assess Image Blur in
Photoelectric Imaging System [ J]. Proc. of SPIE, 2010,
7658 :765803.

LI Ling,LIU Zhi-wu, LI Yong-chang. Modeling and Simu-
lation of Image Quality Evaluation[ J]. COMPUTER SIM-
ULATION,2012,29(3) :284 —287. (in Chinese)

e, SR 2K B B B PR A R )l BT
L] BT ,2012,29(3) 284 —287.

HUANG Jun,BAO Xiao-min, DU Jing-jing. Image Quality
Assessment Based on HVS and Singular Value Decompo-
si-tion[ J ]. Industrial Control Computer,2012,25 (3):
39 —40. (in Chinese)

B IR, R S BT HVS Ay (B4 1 1B 1R
B ()], ks L, 2012,25(3) 39 - 40.
MOU Xuangin, ZHANG Min, XUE Wufeng, et al. Image
Quality Assessment Based on Edge[ J]. Proc. of SPIE,
2011,7876:78760N.

Pina Marziliano, Frederic Dufaux. Perceptual blur and
ring-ing metrics : application to JPEG2000[J ]. Signal Pro-
cessing; Image communication,2004,19(2) :163 - 172.
ZUO Bo-xin, MING De-lie, AO Zheng-guang, et al. No-
Reference Blurred Image Based on Image Structure and
the Quality Assessment Method of Its Restorarion Image
[J]. GEOMATICS WORLD,2008 (1) :13 —20. (in Chi-
nese )

Ze T WITERL, B Ao, 5. BT IR A e 2%
B 5 A S R s D7k L) ] s B S
- 5%,2008 (1) ;13 -20.

Anmin Liu, Weisi Lin, Manish Narwaria. Image Quality
Assessment Based on Gradient Similarity [ J ]. IEEE
Trans. Image Process,2012,21(4) .1500 - 1512.

LIN Ying,ZHANG Zhao-dong, LIU Jing-xia, et al. Gray



ot 5 4 s

No.9 2014

YT L RGBT T kLRI

971

[22]

[23]

Image Quality Blind Assessment Based on Morphological
Gradient[ J ]. Computer Applications and Software 2012,
29(1) :264 —266. (in Chinese)

MREE L BRIRTR, X Be B, 4. 56T T 25 2 1 B 1 IR % 1A
BRG] RPN T4, 2012,29 (1)
264 - 266.

Zhu Jieying, Wang Nengchao. Image Quality Assessment
by Visual Gradient Similarity [ J]. IEEE Trans. Image
Process. ,2012,21(3) :919 —-933.

HE Zhong-xiang, WANG Ming-fu, YANG Shi-hong, et al.
Research on Objective Quality Assessment of Remote
Sensing Image [ J ]. JOURNAL OF ENGINEERING
GRAPHICS,2011,6:47 —52. (in Chinese)
fTepo, £, i It 45, 2 S IR % UL BT i PR A

[24]

[26]

JNERSELT ] TRRK 22440, 2011 ,6:47 - 52.

N Ponomarenko, F Silvestri, K Egiazarian, et al. On be-
tween-coefficient contrast masking of DCT basis function
[ C]//Proc. 3 rd Int. Workshop Video Process. Qual. Met-
rics Consum. Electron. ,Scottsdale , AZ,2007.

H R Sheikh, A C Bovik. Image information and visual
quality[ J]. IEEE Trans. Image Process. ,2006,15 (2) .
430 - 444.

D M Chandler,S S Hemami. VSNR ; A Wavelet-based vis-
ual signal-to-noise-ratio for natural images [ J ]. IEEE
Trans. Image Process. ,2007,16(9) ;2284 —2298.

E C Larson,D M Chandler. Most apparent distortion ; Full-
reference image quality assessment and the role of strategy

[J].J. Electron. Imaging,2010,19(1) :011006.





