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s
Abstract: In order to obtain an assessment method for image quality that is consistent with the human visual perception
system, this study proposed a no-reference assessment method for blur image quality by simulating the human visual
perception system. The proposed method evaluates images of different blurriness by comparing the similarity of their
characteristics. First, the test image.is blurred by Gaussian functions to different degrees. Second, their detailed
information is obtained through the retinal model. Third, singular values are decomposed to measure the intrinsic
structures of images. Then, the similarities in details and singular values among the test image and its blurred images are
calculated as the characteristic vectors for image blurriness, which are input into a Support Vector Regression (SVR)
model for training to generate the proposed assessment method for image quality. Experimental results on benchmark
databases show that the proposed method is more consistent with the subjective visual perception of human visual system
than the comparison methods.

Key words: no-reference image quality assessment; visual perception system; retinal model; singular value decomposition;

Support Vector Regression (SVR)

O FETH : R 3CREH T =R R R B4 (201703009)
Foundation item: Central Government Support Local Higher Educations Development Fund (2017L3009)
AR 1] : 2020-10-13; AR [5]: 2020-11-16; SR [8]: 2020-11-24; csa 7ELE AR [7]: 2021-06-01

306 Tf 75 JF & Research and Development

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7959.html
http://www.c-s-a.org.cn/1003-3254/7959.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007959
http://www.c-s-a.org.cn

20214F 55304 5 631

http://www.c-s-a.org.cn

i H AR SN A

BEH 2 BARBOR I AR, BB O B AS i A%
s (10 T BEBAR, DRI X T P ) SRR . R
FEREE . TR0, fef. EESXH B R AR,
ASH 2 d5 5 DL — 7P P S B2 T, R e SR el 15
BEAT A R R A Y

P8 o 8 PPAN 79 70 B E LV A2 V. =
WLVFAR VRS BRI F N 1 5 00 S VP A P 5 &2, 2
T, TAR B KSR R 3R AR, %07 1 SEFR B
AN AT HR. 2 W VA v S R AR A AR
AR5 R SR AN R SR . AR X BAR 25 R
WIHARRE L, 2 VP VE AT 73 N S5 AR
SHENES. B S EGIEN 7 R F i P A
BAENSH EUGRIE O T, il BB A EHE A 2%

VR 13 2 1] ) 22 S5 SR 3 W 45000 PR P K BURR B THIE 55

25 R — R e 2 1 X 2R 2 P (RO 1
TR VAN 7 vk, H TR o A DA 3R A 3
B HEE, lfl:ﬁ@ﬁﬁ%?ﬂ!ﬂ@l%iﬁﬁfﬁ%ﬁﬁ%
T2 75 1 BA B S A,

2 LI PEUGT B PR T RO L SERAE. JE
T Gkt BRI 6 B0 A S0 A5 6 LU AR R T D UK.
52 WU R R, A SR AL 8 i P AR ML ) 30 P 45
MIARTE S sEAh, T BRI AR T AR A 0 2 0 3
AL R 27 A W S S, R A R Y 4 S L ) R i 2 A
B R A A A, B e, PRI B R AT AR
15 Z TRV Y4015 A2 S A A AR D VAl B 55T 8 AR AR
A5, A SVR I Zrlal YA, AR5 [l Y A58 20 0] iy
GRS E ViR

1 B R R AR
AR SCHR U B VP B R B P L s

GGRAISIES

ey AT
4R !

PR R

T A

BiRY

LURIIES Sy

BT BRI P o P AR

1.1 ETF SR G ET (S 22

LI BB 4H AT T 42, T A MOIRJE (OPL) A4
MR (IPL), 15— 2 #0] FIHE 1 JE B 2. OPL
F i L BT AL 5 22 4 (Do G): UK A 53 3 2 %
T 3 52 55 0 L 7K -0 B 010135 5, SO0 40
ek 1 56 IR 57 B 40 HH 1 15 0 S OB 40 £
TR oy, LT DL (O IRAS . 24 SR sl
KT 0 32 0 £ 5, /AT 200 s e e o 38 i
FEALR I, B3 T RS Bt 0 5, Sme U
M B AR 5 LA P AR5 A
DR A ST 5 B T - A 20 B R, T
H DoG W AT Fer:

‘ DoG = Gyi —Goa (1)
A, G FIG g0 53 BIFE R BRHE 22 H0r 1 Rl 2 040 7o 07 0
#%, J:

G @)

7 2no2

SEREB AN (5 B AL AR A0 B 2 Foss.

AN N ML M
B. N-‘ . N a
SELH AT R H
So -4
By | J T
M Al
L SERER TR AR

% =

VO E2 BRI E A R

2 W, Fon F1FR 53 ) 28 s A5 AU I 11 Ot Je 52
A& ph AKX 28 b ) e g 2% OS2 2R
R I 6 B Sk R B 1) R URE, K N MR I A T S R
R(p)H— A0, Vinax]. 200132 %5 P 5 J5 By N\ IR 1)
SEEC(p)N:

R
C@»=E55{§%G5-MMX+RMp) 3)
Hep,
RO = VOL(p) + Vmax(l - VO) (4)

K, Vina B BUG T ROV ORGSR AE, L(p) N R
SERE, N BRSBTS &5 10 T8 B4 F o M
BRIRAT. Vokn NIUE G 1E [0,1] 22 18] (175 &5 4
AL E AR A T SR A N OR, A 2R Gt SRS .

Research and Development fif 72 7 & 307

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20214 55304 5 61

¥ BEC(p) Iy S F . Fr R 3R 15 62 2%
()% HH B P o, F17K Y-S0 M 1 4 HH BP0 RURK 20 ff 14 £
FA{& OPL % th P AH SR AS (13838, B Bipon FBipofr,
BT HER T IEZ 2SR B 2 E R E. 7
oy

Bipon = BPp;, — BPy, (%)

Bipot = —BPp, + BP), (6)

¥4 Bipon 1 Bipog % 325 B #4128 717 48 M (1 J=) 348 2 B2

A AR AT U R, e 8 A0 P R S R Y A

R s (3) A3 (4) P, & 3R 15 5 N\ BRI
EURFEERSS

D = +/|Bipon — Bipof| (7

3 3ot He A A0 B T ) 1% 2 ) A i AT

ABLE 15 31 G B A AR AE ) 2. ﬁ*ﬁ*‘ﬁﬁ I {5 e 3 I
ﬁééﬁﬂﬁﬁﬁifﬁﬁ%%)ﬁ%’%%{ " A

(xy) = 1(x,y)®Go (8)
A, 106, y) R EAR, 10y) Fn el BHR 4 i
G 8 U 2% PR B J5 1 S, Go RonbritE 2 Mo &
HriEs 2.

FEASRRE BE b /N B KM T Rl S 4 SASTR]
FECR FEE 1 FEREOR 4% . 1 3 R A R4S A 4 N
A PR 22 R X A Y 5 S X 4 15 45 S 1. AT DU
W, 2 UG, FLRT L B R 4n 1 B,

3 AR O e 4
: »
T U PSRN 3 4 A FEAZORY P12 1] ) 440 A
OLE, 48 FLAE g2 MDA £
1A 2D ))Do(x,y)
ST3) Dy(x,y)? + Do(x,y)? ©)

x=1y=1

o, DoR7RFr I B I 4E 15 B, DRARER i IR F AR
BIEUR I E S, £ EGFIEE i PR
18 22 1) (1 28 5 AH ALLARFAE
1.2 HFREEE

P A5 235 1y I I8 5 B 1) AR A T K A 3R, T T

308 W 7T H & Research and Development

AL 17 R 2 A B B 1R e ke 3K ol P A4 2 ) A A,
AT Sk 45 S 1) o ) PR A AL B AR S DA R I 5
—HRAE A L — AN KN RAM X NI EAG TR 5 i N =
USVI AUV SRMx M, NXN KT HERE. S & —
AN EX IO R N A, HA%E 5 AE KNP
PRI A R B ¥ RO R B TR, DU 2 A 1)
AR Ns = (A, A2, A),i= 1,2, ,r.

LA A I BB RN 4 A FEASTR G 2 18] B e {1 )

HOHIARE: .\
= 2N 1234 (10)
DT

A, Sj?%ﬁ%]?/[\ﬁjcﬁﬁﬂ MG maRERE, ;7

-

TR G A ER AN PSR P48 2 T F) 7 S 4 AH AL
FRHAIE.

4 JE7R T PTKAS [FRR BE ) R o, ST IS
A 5~ B ) DMOS {735l 21.65 #1 40.80, DMOS &
/N, B ERTE . 8 5 45 1T X e BRI & A
R B 2 T A7 ARABLRE R0 33 S AR UL EE (AR A 17 .
B ]S AT DL, A 2 YT AR AL R IS A T S ) == AR B
FE, AR5 W) PRI AR 7 T R AL A A B B 2. L AR et T [R] —
e AR, B AR FEE PR RS, A AL EE il 28 1 86 T 46
BT,

4 FIEAR[E DMOS 18 1 B4

1.0
09
0.8 |
0.7 + 0
0.6 |
i
i—:; 05 | *..
oo
* 04}
03 | ——TEFHI M
op L -e-MTSVD  TTTees =
. —o— T IE4NT R J
0.1 | -w=fT3 SVD
O 1 1 1
0 1 2 3 4
TR (%

Bls AR AR (b h 2 5]

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20214F 55304 2 631

http://www.c-s-a.org.cn

i H AR SN A

2 SVR IZ: 5

TS Fr A B [ AR SVR e RUIN AL HE 2 4
Hd, IR IR AT AR SVR B ARRAE Wb il — AN A7
I3 H RSO A AR R 4 S BB R
(1) FR) 248 715 AFADLFE A0 2 S A ARABL RS, K e A I N R
FIG 5T = (A REAE. i G AT R AL 8 4EAFAE, R EL M)
8 AEFFIEAE A SVR M N &, 4 A7 il BHZ 1) MOS
{E. 5L DMOS {E{E A% I SVR #i i, X} SVR #E4T
YLk, XFT SVR [ B AT AR IR A

1 S
Iggl§||a)||2+C;li(f(xi;w,b)—yi) (11)

FRATHE 8 AU 65 G 14 9 N T i, 4% MOS
EE# DMOS 1B AE Ak i Ey:, I ZRIT15 Elwhl b, Bl
SVR [ 4780 44 5 1L FE 1 S5 30 F N VTR A s 0, b)
BN A E G 0z,

A 1ibSYM” SBL T SVR. T4 i 3
FLA s IS, FLAE AT JE 2 v o e, DRt 48 42 1)
FLeRHUE N SVR 1.

3 LI 50
3.1 BERRETFNBIEE

ASCE T 4 P R UG5 S0P 2088 2 LIVE
4", CS1Q M4, TID2008 %dE &£ A1
TID2013 %4 R A SR iE 5 R TS
SR B = VAN 7 I R LIVE A CSIQ 2
B 135 A5 53 22 (DMOS) 8. TID2008 A1 TID2013

W3 it LR -1 28 A 73 (MOS) fE. DMOS i /h. |

Foor BUR T BBk T, MOS B UAH 2.
3.2 BB RETEMNIER |

AICR ] Pearson 2 AR A 3L (PLCC), Spearman
A1 RHL (SROCC) R 7 AR1% 2 (RMSE) 1R i
PERE PR FE AR, PLCC SRR UG A5 0 FI %%
MSRVEAPANE 2 8] AR DG, o SUA:

N
D =D

i=1

N N
J}San—xf-Ejoa—wz
i=1 i=1

b, RR 5 AN EBRR AR 7Y, v i N EE
% RPN A XA 73 0 2o AF 20 AN 2 L5

PLCC =

(12)

VEVEMERI33ME. SROCC F i & 5032 Tl 1 B v 1,
6 <,
SROCC = 1—m;d,. (13)
K, di2 B 28 i AN G0 3 WA 50 FI & W%
PEOMELE & B HHE 720 A A B 2 7. RMSE HR
TG FIZ M EIEVEAME 2 TR iR 22, & ON:

_ 1 S 2
RMSE = N;(Xi_yi) (14)

Kb, VR B B IR 5, xR R A BRI
TRy, v o6 | AN EUR 2 SR A

th T 2 SRV B R R 1 32 A5 oy 2 R L
B MR YE. N T BRI R AR, T B A
WA Z A1 — A AR 2R 1 (1 32 8 e S5 R B

1

exp(B2(x—p3))
A, xR (0) 73 R B SRR (B A0 & 5 AR )
JBLEARIT, Br, Bo, B3s Ba, BsNIRIASHL
33 XWHERSHH

N T BAEFIE R B/ A N R G, A
fEH T AR R AL GE T 3 AT i — & SROCC Vil
TR R Ve R PLCC A RMSE VA T 4
W%, SROCC 1 PLCC {8 B 11, RMSE {88/ ]
TR T NG IR KT

2 1 Bl A SEEERIHA 8 AP Marziliano™,
JNB!™. €pBD!", s31'% Lpc!' MLV, BIBLE!” A1
RISERY 75 4 AMEL44E 110 3 FhPERE SRR, 754K 9256
BEALEE LIVE %04 b 80% (1 UG I 2k Y, 6 4%
B TR, H3E 1 AT, A SO TEAE TID R 515
PRE LR 45 AR T RISE 8%, BRubobh, 48305292
TETHUMRE B AR L b A T Al vk

o= 5 - Jepexsss  as)

4 H5iE

AR S I A R TR 2 A 1) B R MR eh o
B SRR, ATV 5 S o 1) e DR AR
7538 % [ 2 A8 25 N 5 000 L4 0 B VR 5 A
VPR AE 4 D EMGHOR S B0 LR R, A
SCHR B RS 3K 5 AT SN — SR
TSP 0 1 O B D e — 2 8 R4 R T
IEE o

Research and Development ff 73 7 & 309

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2021 4F #5304 55 6 1

1

1

1 AL EILS 0 RGBT T

PR S GRE = Marziliano JNB CPBD S3 LPC MLV BIBLE RISE Ours
PLCC 0.7979 0.8159 0.8956  0.9432 09179  0.9430 0.9620 0.9620  0.9769
LIVE SROCC 0.7977 0.7872 09182 09436 09389  0.9312 0.9607 0.9493 0.9649
RMSE 11.1317 10.6753 82216  6.1289 73224  6.1522 5.0320 5.0011 3.2037
PLCC 0.7936 0.8061 0.8818  0.9107 09158  0.9488 0.9403 0.9419  0.9460
CSIQ SROCC 0.7661 0.7624 0.8853 0.9059  0.9071 0.9247 0.9132 09216  0.9276
RMSE 0.1744 0.1696 0.1351 0.1184  0.1151 0.0905 0.0975 0.0936  0.0929

PLCC 0.7661 0.7113 0.8552  0.8813 0.8917  0.8827 0.9051 0.9419 09121
TID2013 SROCC 0.7620 0.6902 0.8518  0.8609  0.8888  0.8787 0.8988 0.9338  0.9166
RMSE 0.8020 0.8771 0.6467  0.5896  0.5647  0.5885 0.5305 0.4201 0.5116
PLCC 0.7010 0.6931 0.8235 0.8541 0.8574  0.8584 0.8929_ 09289  0.9140
TID2008 SROCC 0.7042 0.6667 0.8412  0.8418  0.8561 0.8548 089151 0.9218  0.9267
RMSE 0.8369 0.8459 0.6657  0.6103 0.6040  0.6019 0.5284 04278  0.4760

Y
SE Tt 12 SCHEZE, (TSR, . BT AR T SR 0 7 ok 1) A

—_—

W75 . BT IR BRSO B VAN BRI 9T [ 4%
PEIRSC ). V% P2 B FRHE K2, 2014,

MR, BN, RA. BUG TR E VAN BAR 4. A Ao e
L4, 2014, (1): 310. [doi: 10.3969/j.issn.1673-1069.2014.
01.209] g

FRAITE. 2% BOR B BP0 SR 5 [ Bk 20 i
31 ARM: R EEIRAE, 2019.

T BSE IR E N B [ LA .
BUIH: WL K%, 2012.

Benoit A, Caplier R, Durette R, ef al. Using human visual

[\S)

W

~

w

system modeling for bio-inspired low level image
processing. Computer Vision and Image Understanding,
2010, 114(7): 758-773. [doi: 10.1016/j.cviu.2010.01.011]

6 Narwaria M, Lin WS. SVD-based quality metric for image
and video using machine learning. IEEE Transactions on
Systems, Man, and Cybernetics, Part B (Cybernetics), 2012,
42(2): 347-364. [doi: 10.1109/TSMCB.2011.2163391]

7 Chang CC, Lin CJ. LIBSVM: A library for support vector

machines. ACM Transactions on Intelligent Systems and* !

Technology, 2011, 2(3): 1-27.

Sheikh HR. LIVE image quality wassessmenty database.

http://live.ece.utexas.edu/rese\arch/quality, 2007.

9 Larson EC, Chandler*DM. Most apparent distortion: full-
reference image quality assessment and the role of strategy.
Journal of Electronic Imaging, 2010, 19(1): 011006. [doi:
10.1117/1.3267105]

0 Ponomarenko N, Lukin V, Zelensky A, et al. TID2008-A

database for evaluation of full-reference visual quality

o]

assessment metrics. Advances of Modern Radioelectronics,
2009, 10(4): 30-45.
Ponomarenko N, Ieremeiev O, Lukin V, et al. Color image

database TID2013: Peculiarities and preliminary results.
Proceedings of European Workshop on Visual Information
Processing. Paris, France. 2013. 106-111.

310 W7 JF & Research and Development

WIEG ST v 5L AR 5 %0t 2019, 39(4): 1078
1081.

13 Marziliano P, Dufaux F, Winkler S, et al. Perceptual blur and
ringing metrics:  Application to JPEG2000. Signal
Processing: Image Communication, 2004, 19(2): 163 -172.
[doi: 10.1016/j.image.2003.08.003]

14 Ferzli R, Karam LJ. A no-reference objective image
sharpness metric based on the notion of just noticeable blur
(JNB). IEEE Transactions on Image Processing, 2009, 18(4):
717-728. [doi: 10.1109/TIP.2008.2011760]

15 Narvekar ND, Karam LJ. A no-reference image blur metric
based on the cumulative probability of blur detection
(CPBD). IEEE Transactions on Image Processing, 2011,
20(9): 2678-2683. [doi: 10.1109/TIP2011.2131660]

16 Vu CT, Phan TD, Chandler DM. S;:“A spectral and spatial
measure of local perceived sharpii‘ess in natural images. IEEE
Transactions “'on "'lmagﬁe Processing, 2012, 21(3): 934 -945.
[d"oj: 10.11T09/T1P.2011.2169974]

17 Hassen R, Wang Z, Salama MMA. Image sharpness
assessment based on local phase coherence. IEEE
Transactions on Image Processing, 2013, 22(7): 2798-2810.
[doi: 10.1109/TIP.2013.2251643]

18 Bahrami K, Kot AC. A fast approach for no-reference image
sharpness assessment based on maximum local variation.
IEEE Signal Processing Letters, 2014, 21(6): 751-755. [doi:
10.1109/LSP.2014.2314487]

19 Li LD, Lin WS, Wang XS, et al. No-reference image blur
assessment based on discrete orthogonal moments. IEEE
Transactions on Cybernetics, 2016, 46(1): 39-50. [doi: 10.
1109/TCYB.2015.2392129]

20 Li LD, Xia WH, Lin WS, et al. No-reference and robust
image sharpness evaluation based on multiscale spatial and
spectral features. IEEE Transactions on Multimedia, 2017,
19(5): 1030-1040. [doi: 10.1109/TMM.2016.2640762]

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.3969/j.issn.1673-1069.2014.01.209
http://dx.doi.org/10.3969/j.issn.1673-1069.2014.01.209
http://dx.doi.org/10.1016/j.cviu.2010.01.011
http://dx.doi.org/10.1109/TSMCB.2011.2163391
http://live.ece.utexas.edu/research/quality
http://dx.doi.org/10.1117/1.3267105
http://dx.doi.org/10.1016/j.image.2003.08.003
http://dx.doi.org/10.1109/TIP.2008.2011760
http://dx.doi.org/10.1109/TIP.2011.2131660
http://dx.doi.org/10.1109/TIP.2011.2169974
http://dx.doi.org/10.1109/TIP.2013.2251643
http://dx.doi.org/10.1109/LSP.2014.2314487
http://dx.doi.org/10.1109/TCYB.2015.2392129
http://dx.doi.org/10.1109/TCYB.2015.2392129
http://dx.doi.org/10.1109/TMM.2016.2640762
http://dx.doi.org/10.3969/j.issn.1673-1069.2014.01.209
http://dx.doi.org/10.3969/j.issn.1673-1069.2014.01.209
http://dx.doi.org/10.1016/j.cviu.2010.01.011
http://dx.doi.org/10.1109/TSMCB.2011.2163391
http://live.ece.utexas.edu/research/quality
http://dx.doi.org/10.1117/1.3267105
http://dx.doi.org/10.3969/j.issn.1673-1069.2014.01.209
http://dx.doi.org/10.3969/j.issn.1673-1069.2014.01.209
http://dx.doi.org/10.1016/j.cviu.2010.01.011
http://dx.doi.org/10.1109/TSMCB.2011.2163391
http://live.ece.utexas.edu/research/quality
http://dx.doi.org/10.1117/1.3267105
http://dx.doi.org/10.1016/j.image.2003.08.003
http://dx.doi.org/10.1109/TIP.2008.2011760
http://dx.doi.org/10.1109/TIP.2011.2131660
http://dx.doi.org/10.1109/TIP.2011.2169974
http://dx.doi.org/10.1109/TIP.2013.2251643
http://dx.doi.org/10.1109/LSP.2014.2314487
http://dx.doi.org/10.1109/TCYB.2015.2392129
http://dx.doi.org/10.1109/TCYB.2015.2392129
http://dx.doi.org/10.1109/TMM.2016.2640762
http://dx.doi.org/10.1016/j.image.2003.08.003
http://dx.doi.org/10.1109/TIP.2008.2011760
http://dx.doi.org/10.1109/TIP.2011.2131660
http://dx.doi.org/10.1109/TIP.2011.2169974
http://dx.doi.org/10.1109/TIP.2013.2251643
http://dx.doi.org/10.1109/LSP.2014.2314487
http://dx.doi.org/10.1109/TCYB.2015.2392129
http://dx.doi.org/10.1109/TCYB.2015.2392129
http://dx.doi.org/10.1109/TMM.2016.2640762
http://www.c-s-a.org.cn

	1 模糊图像质量评价模型
	1.1 基于视网膜模型的细节信息提取
	1.2 奇异值向量

	2 SVR训练与预测
	3 实验结果与分析
	3.1 图像质量评价数据库
	3.2 图像质量评价指标
	3.3 实验结果与分析

	4 结语

