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Abstract:  With the rapid development of multi-device interactive applications, the transmission and processing of screen content image
(SCI) is growing every day. Image quality assessment, which is the basis of many other research topics, has mainly focused on traditional
natural images so far. Image quality assessment specifically for screen content image is therefore becoming very important and urging.
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Considering that image quality assessment database is the basis of objective image quality assessment metrics, this paper first constructs a
large scale Immersive Media Laboratory screen content image quality database (IML-SCIQD). The IML-SCIQD database contain 25
reference images and 1250 distorted images that are distorted by 10 distortions. Based on the IML-SCIQD database, the visual perception
difference of pictorial region and textual region is studied. At the same time, inspired by the idea of natural scene statistics (NSS) based
no reference (NR) image quality assessment metrics, a NSS based NR content image quality assessment metric (NSNRS) is proposed. The
quality scores of textual region and pictorial region are first computed in the NSNRS metric. Then, the quality scores of these two regions
are combined to get the quality score of the whole screen content image. For performance comparison, the proposed metric is compared
with 12 state-of-the-art objective image quality assessment metrics, including full reference, reduced reference and no reference
algorithms, on the IML-SCIQD database and the SIQAD database. Extensive experiments support that the proposed algorithm
outperforms the existing representative no reference techniques, and that the new metric has comparable performance with those full
reference metrics for the whole database.

Key words: image quality assessment; subjective image quality assessment; screen content image; no reference; natural scene statistics
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Fig.1 Examples of traditional natural images and screen content images
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Fig.3 Histogram of quality scores of distorted images in the IML-SCIQD database
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25433 Model 1 il Model 2. 53 3k, 73 5 7E P AN X 3k b S B [ 9837 357 Gt v R AE 8 ZE RSN R BT 2R
X SE PR RS A5 81 1 0 4 v 2 T PR SR X3RN P 45 X 4 ) ) 2 3 % T_score A1 P_score. ¥ T_score Al P_score
2H B B A B K AT R A i 2 PR B T2 LT 3 B DMOS AR S b A%, ) SR 1] 8 [ 5 T LAYINRAT
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P BB B, 2, B P9 PR R R Al 20 D PR DX 3N SOAR IX 38 BR U, 20 U PR DX b B 5 901
B BEIRIAE A9 48 THRFAE R B2 IR 48 TH R E 41\ Model 13K Model 2 sl T DA 3 5 A DX 3 F) 57 7 B B J R 4 21
F T A~ DX 35l 0 R A2 4 P 4 1) B N 5 Modeel 3, T LAAS 31 5% BSR4 4
3.2 BRI AR5

AR SCHE T SCHR[3L]H A 3208 B e P 2 PR B E AT DX 1 3l 7. 0 1 o e A 2 TR el D R R DX S A
DI, 1 2 v 55 A A R I SOAR DR R 51 ] T4 58 — MR 3 N A R HOOR XK R S T R SRR NE
5 1 20 FS2 B — R /0N R R R AR SC ) AR R A AR R 2 Ll AT 1) AR SCAS XI5 B T x4 e e 9 4
BRI e LA T B 40 0.45 21 55 P9 & BB I SOR X8R 51 B 2 Ja 7T DUAR R ) s
B AR RGN EGEXIRR T PEUUR bR A A BRSO X IR 51 1B 1 B, ot A2 B 58 9 4 B L
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IR NSO X IR, B 5(e) s 4 BR X3 AE R 51 op BB OARR RS- P i 0, A B X AR R 5 B 1
18 AE DX o TE 18 2 SO XA 2 R DX sk, 38 € DX I P A 2 XIS A B D 0. 8 bk ] Ja, DX 3 ] oy oA
DX 35k B P 45 X3, I OR B O e A PR A S X3 ) AP L T Lk At DX AR FEAEL D 0. IX 3 & b K
T2 R JEEARL 2 68 A X 358 i PR 0 0 A0 B8 R0 £ 2 70 3 BSGSE W, E IX 3R 1] 45 DU AGE I 75 222 R B 3 26 A 1Y
SN, B AR A0 2 A T VR AR N DAY 2.

Fig.5
Kl 5
3.3 BEgEXEMXAXENSITERM
BN A B BAFE T B R ER, € — R 5 BRI STA, SR AT 2 PR AS DX 38R A 5 R R 2 A —
f9.08 1 4R TC B 8 9 AR SCAS DX IOM R X 4 11 22 57k, AR SCE % 17 IML-SCIQD Hiuli e vh i) — i 2 % 18
UL R o0 K 10 i 20 0 280d 10 Fft 2k BRI de vy R LM AL BR IR 2R HLIRHR 1% 2 2% B R A 6 P iX 11
e P51 2 4] 93 PRl A5 DX 3SR SR DX sk X 2 ) 7345 28] 10 5 22 1 [X 35 P A2 4T Daubechiies 977 /N 3k 1
NP AR AE b N TR B X EHR SRR R E, D T RENS S L B I DR B R B G TR A SRR
XU TR R R T X S R DR AR A o AR R E R R E AN — S5 L R R R R B E ST

Fig.6 Re’férenée |mz;1§e slelelc;;c‘j“:fo.r.-re;é;lr;% o%‘;t.a.tli.stical properties
Bl 6 AR S5 B
ML T FTLUE W B N A R I BER IX 330RN SCAS DX ) 458 AR 1A B S 9 AN TR S0 AR O ) B 77 R A B
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BRI ) BT B BT — e o T R DR, R 2 B 3 bR 7 O L BLAMI 7 Mk B L BT IR AR B
2 WY FL R 70 Bt A o T 2 PR, 30 B R A o 307 7 A1 X T SO DX, B 7 TR R S 2 B L B R
Bt b, H 2 FCR) LT B BCT 3 AR AR A I 25 20 A1 AR G2 TR PR ) 22 53, T DA T 5 R B A A MR
SCA DX AN BTG X 43R 2 T A DR, M SCAS X3 1R 45 DX 35824 08 52 AN () % 0 PR R TR0 I, 58 T4 Pt A AN [ £
DRl i, AT BAAE B AN X b3 2 1 B 98 37 57 G v 5 12 160 S8 ABOR U B A X3 14 Jo .
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Fig.7 Histogram of transform coefficients of textual region and pictorial region of
screen content image and corresponding 10 distorted ones
B 7 BE % A A MR DU R S X 2R 10 A 2k 0 MR 1R SCA X R JRI R IX 45838 $8i 3R 801 |07 1)
3.4 BEEADREBMWBARGRSITFE

HAlCAREET BRI Rg RN R EER T ok, WA XS EEh a8 S T &M&REN BRI R
GUHRHIE. B AR R ST R AR v AR W RE I, 1T L5 R SR ORI R AR A SO B At B R R
REAE, T A2 3R BUA N 38 & F A ST B AR S 40 TR A IE T BT 32 B R 53 2 KR B B E KB N E
IR PEAR, 3K 4 7™ B 5 0 4 O F1 A5 1 T IX 4 PSR s J% 60 0 1 3 s, DT b 3 BRI 1 9 3 55 B0 U AR AIE % AT LA
U7 TR T 3K 1 SR F) 5 0 80 400 AN SCAE R 9 5 5 A 8 PR SCAR DX IR BRI [X 3k e T 5 R I o 4 ) TS

AN AR X BB IE A R X S R AS SRR IR A FE 11 90 4> B AR5 St G THIFAE. 1X 90 1 H AR I = Gevt e
fEkE T 4 M i3 T 5 R B G 10 TE 225 - 4 77 9%:SSEQ. BLINDS-1EZ, BIQIFFI BRISQUER . SSEQ
J7AREL 12 AN E SR 3% 5 Si T HRE, BLIINDS-11 J7 L3R 24 4> E SR 37 G0 iHAFE, BIQI J5 4R B 18 A H 4R 7 4
THRHIE, BRISQUE J7 %42 36 > H SR 17 5t G v R AIE. X SR RFAE W] LLHERR K & 22 2K FEAE 1 fE

SSEQ HikSu BB AVE 2 /AN Z 5 43 SIAE AN N B SR AR SR R AE BT /B BB B AH
[ (R A5 AIE 2R B — A 1o, e i R 45 B PR ARRALE 1o R AT A K A 5 15 B IO RFAE AR DR BRI 5 IRARRE. Dy 1 33
TR A RS SR I SSEQ J5 v IAFAE I 78 BUE Nk ETH R SEREZ J5 56 B F M LL R /N it A3 3
1 A8 B A R (B AR AE 12 BN, B AL B R & 2R ME 0 B /N S A B AR B 8 o RE R — & 7B 7E
EF X e G0N b A B 0 R B A BAE KR S5, AT S5 it Ak 4 1 1 A st wT DU B R A 1 R
M. BLIINDS-11 Jj 2t 2 564 BG4y N VF 2 /N E AR5 43 AIE X S/ e bk BRRAE R 5 e Il /s B AR
FI (448 7 B4R AE 5 B — AN ) 2 AT i Ak, AAS B0 S5 IR RRAE ok L E T T 4R 3 1) 2R K R A R A I i S
SSEQ JriE—#t.

BIQI Jri4eds R AE 3 AN RBEFT 3 ANJ7 ) _EadhAT /1N s A8 4 SR U5 44 A8 4645 30 1) R BRI R T S 37 4 Ak
TG BT Lm0 -E 15 B B S 8UE R RE Dy TR B4R B0 T K A s e R L BIQI T
TR BVRRAE RS 6 T BRI BER H 2 JE  R AU E A IR R A BT FE R A R HHTIA X OR R, X s B R
R v R R PR R K R A 0 3 /NI AR e I 2 7 A R e R R T e, S gl T AR i 2 K R 4B Y 5% . BRISQUE
T3 A BIQI J5 i 288k, RN I & WA g AR S AT AL T /N I 288 80 T 1y A Ak 38 T R 7 28 (B A b AT T
AH 1 A0 B, SR 5 6 Ak TR AR 3 1) JR B AT 100G 5 S AU E 1 R B AR AE. D T SR T TR 3 1) R K R AE 1 5
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W, 7E 42 H BRISQUE 7792 HIRFE I (AL #5155 BIQI 728l iX AN SR
4 SLIGLER

4.1 IR BE E AT E IR

NT AR LTS B HEIERMRE, A SO LK NSNRS B2 % H LS 12 MENIEMHILE IML-
SCIQD 4 FE LA Jz SIQAD ##i i b #EAT T PEBEXS L, X 12 FhZMPPAN S0 40 50 /&1 (1) GSS;(2) SQMS;
(3) RSS;(4) PSNR:(5) FSIM:(6) SSIM:(7) VIF;(8) SSEQ:(9) BIQI;(10) DIVINE;(L1) BLIINDS-11;(12) BRISQUE.
RO FR L T TTEE X BRI N A R I A S B VRN 775,58 3 PR EVE R L I 1R 6t 7 55 0 25 BRUG BT 12 Hh SR 11 35
S SE VN EIE S 4 Fh~3 7 PR G SE X B A BRI ORI A 25 5 R 5 MRS ST B AR
Gt IS % VRN FIE.IML-SCIQD %l FE . & 2 %5 K15 25 18,10 Fh 2k KA Bk R X 5 MR H S
2, A — 344 25x10x5=1250 I 2k B EHR . SIQAD 4R 2 & 225 1R 20 R, 7 Fh 2k BN AP R LI SR
7 NREEG I — S 20x7x7=980 MR K EMER.IX 7 PR AR (1) Ml S (GN);(2) =i BRI (GB);(3)
EHRBI(MB);(4) 3 AR 1L(CC):(5) JPEG JE 4 (JPEG);(6) JPEG 2000 FEZH(IPEG 2000);(7) T2 il 45 4
(LSC). B 6 Fh 2k L2 HIAE 5 AR GRS 1 LA 85 J5 — T 5% T2 i v o7 e 9 8 S 400 0O 1 IR 48 Bk

N2 BG5S 20 B R B 3 2 WV 77 92 P i ) il 75 2820 Jok o L 25 0 P A7 S0V o) 45 38 1) i i
53 BOFR 32 W0 43 H00 00 AR 5 A 1T 15 B AR S B 1 VE Al bR HEAE B KR 2 55 AR ¢ R 4l (the Spearman rank-order
correlation coefficient, & #x SROCC). ¥ /K #% 2k 4 #H ¢ & £ (Pearson product-moment correlation coefficient, {& #x
PLCC) 4R %4 75 1% % (root mean square error, fii # RSME). 17 57 /R /2 45 2% A 3¢ 2 $/ty 8 50k 0000 1) B i 4 oAl
BT 0~1 2 18] AR B K 3 7 SRV IR M R B . B2 R A0 e M A O 8 50 8 SRV TN 5 3 0 4 0 T ey R R A O
2R AR AL T 0~1 22 18] A R K 3 B S50 1 1 B B e AL 3 7 5 22 A RV UM A0 3 00 2 B ) iy 2 ) 22
L /)N 3 B B 1) P e A T
42 R

i 25 W 12 Fhgs 0L IR ARRG 35 5K B A A 2RI E 16 19 DR R AR SC BT 4 s AR BV R i i
5 b 7 v I A T 5 S B, TR A R b R AT AR I B dE 12 rh 8096 ) 2k B % T Il 4R, 20% 1) Ok L
BT M AE IML-SCIQD 4 & F AT MR A, 20 15 2 B % B 1) 2k B G T 5,8 R 19 5 RS %
8% LI 2% LG AR 7E SIQAD Hidls 72 db AT AR, 16 18 225 45 5t I 1) 2k 3 G F -1 45, 380 11 4
5 2 2% VR A% 5 I 1) 2R 0 PR FE - A e T PR 1 28 DA [R) T sk B9 1) ke il 7 2 R i DR o, 3 o AR 9 15 P
AT (I ZR AR A I 43 BEALZEAT 1 000 IR, B 5 BT A 1 000 K 135 14 B ARy B vk e J 10 A L IR DRy AR S
2 AR B R B T2 0 00 3RA S B LIBSVM B4, 52 B SVRES!ZE Model 1 A1 Model 2 (#3145 e 48 FH 4% 1t 3
1% B B0 AE Model 3 1R 25 v 4 FH 28 11 4% o 5

NT T R T R PP AN I R R AR 2R M LA R A TS [ ) AR T VT AR B I 1 BE 6 MATLAB H i1 E
2Rk A/ 3R R UE1 BR K nlinfit 4% FF SR S 2O I (K T 4> e Bk ) DMOS,, 28 J5 -5 E W4 BOs AT AR K &R
U B MO AT 5 NS B 0 e K

p P
OMOS, = Trop(p,-a=py) " TP ©

P1.P2,Pa.Pa AT ps A2 38 45 1 45 bR B (K 2 5L

£ IML-SCIQD {45 FE F1 SIQAD %4 2 b 1Ml 45 o3 ) W3R 1 A1 2. A% 1 AT DUE A SCHR R BRE
AHEL B A BB T AR SR TS % 5 R A HUEFE L4 SROCC. PLCC fl RSME X 3 ARl
PRAEER A — 5 B 4R TH T4 0 SRR 2 2k B L, 7E CCL FFL SCC iX 3 PR b AR SCHR HY I VA TE

FEVERE IR — R 1 22 B, 5 2 AE AT X 8 2R LR DU T N A SCIR N T A R E S % U7, Lk B 2 2%
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ke FRAA R RN BB 083

TTERE RIS 25 B8 A& 75 18 BB Bl P, A ST HR Y Y SEE AR OR 7T LLIR B 5 e 225 7 A A M VR e, 2 T
7E SIQAD #i#ii bR I, WK 2 v LLFE i, 5 7E IML-SCIQD #di 7 1 1) 45 J AL AR SCHR Hh ) SEVATE Ak |
PR T HAR M TE S % 7 ik B T 25 TG UL A SCHR 1 R B S8 _Bid 2 5 4E IML-SCIQD #uds
RO B T ELAE S BEE B0 R AR SCHR HY A S B 1k e L AR T 42 25 T ik L s T AN Bl R T

AR E AR REEIT T PSNR F1 FSIM &%,

Table 1 Test result on the IML-SCIQD database
#F 1 IML-SCIQD #u#f & L (il &5 R

Distortion GSS' SQMS' RRS® PSNR® FSIM® SSIM® VIF® SSEQ* BIQI* DIIVINE® BLIINDS-1I* BRISQUE® NSNRS
JPEG 0.821 0.888 0.788 0.851 0.863 0.8991 0.906 3 0.2533 0.2438 0.1105  0.3317 0.155 0.461 8
JP2K  0.8677 0.9463 0.8872 0.9174 0.9435 0.9222 0.9457 0.3758 0.1372 0.2251  0.5898 0.3852 0.6369

GB  0.9325 09188 0.9527 0.892 0.887 0.9384 0.9253 0.1377 0.7444 0.6074  0.202 0.697 0.624 2

MB  0.8865 0.8648 0.9449 0.7783 0.7859 0.9198 0.8475 0.1348 0.6216 05743  0.1636 06232 05765

Q| GWN 08472 09169 09228 0.8828 0.8496 0.904 0.9186 0.8197 0.9077 08108  0.6942 0.8863 0.8848
O| SPN 02786 0.8623 0.8623 0.7785 0.737 3 0.8424 0.847 9 0.7693 0.826 7 0.7559  0.659 7 0.816 0.868

S| MN 0796 0862 0.8894 0.8043 0.8279 0.824 0.8725 0.7184 0.8566 0.729 0.6294 07969 0.8355

CC 0.2193 04937 0.438 0.606 7 0.554 2 0.257 9 0.485 3 0.2006 0.5145 0.3615  0.166 7 0.1895 0.3987

FF 06807 0.8605 0.7639 0.8398 0.877 1 0.857 8 0.869 4 0.517 0.3225 0.329 0.363 8 04054 05434

SCC 0.7265 0.8177 0.7367 0.7971 0.7942 0.7927 0.8091 0.13 0.1553 0.182 0.178 0.2258  0.266 4

ALL 0.8331 0.8906 0.8423 0.7621 0.807 9 0.8814 0.862 9 0.5597 0.6656 0.6303  0.555 0.6516 0.7316

JPEG 0.837 09023 0.8256 0.7199 0.872 0.8915 0.9413 0.3426 0.2665 0.2242  0.444 7 0.2258 0.4392

JP2K  0.8847 0.9614 0.8949 0.8411 0.9531 0.9302 0.956 8 0.4063 0.256  0.2886  0.594 1 04051 0.6458

GB  0.9525 0.9324 0.9699 0.7777 0.8857 0.957 7 0.9452 0.2313 0.7806 0.6224  0.337 0.7442 0.6614

MB  0.8981 0.8902 0.9506 0.7839 0.8035 0.921 0.8765 0.2046 0.6166 05658  0.2829 06557 0.5865

ol GWN 08727 0959 0.9545 0.9494 0.9341 0.9447 0.9601 0.8709 0.9422 0.9022  0.72 0.9422 0.9039

S| SPN 06783 09011 0.8914 0.8707 0.8089 0.8826 0.8933 0.8123 0.8976 0.8324  0.7244 0.8952  0.899 2

| MN 088 09403 0.945 0.9177 0.9239 0.9194 0.9489 0.7863 0.9017 0.8481  0.6778 0.8509 0.8217

CC 0.2921 05979 0.4304 0.7394 0.685 0.3797 0.5052 0.2438 0.6947 0.5009  0.226 02517 0.6156

FF 086 0.9426 0.9149 09158 0.9518 0.940 1 0.940 3 0.6439 0.4226 0.3982  0.4915 04294 0.6482

SCC 0.8168 0.8972 0.8149 0.8734 0.9057 0.8681 0.9314 0.2081 0.2259 0.2425  0.3171 02733 03874

ALL 0.8638 0.8975 0.8563 0.7776 0.8156 0.8861 0.8719 0.5921 0.4551 0.5671  0.556 3 0.6024 0710 3

JPEG 4.1649 32811 4.2954 52827 3.7258 3.4487 25704 6.8723 7.0806 7.2114  6.5585 72724 65523

JP2K 5.7548 3.3966 55075 6.6769 3.737 1 4.5305 3.587 4 10.768 11.68 7 11.384 9.1931 10.751  8.7435

GB 3.254 3861 2.6034 6.7154 4.9596 3.0744 3.4877 10.218 6.0538 7.2856  9.7352 6.6044  7.4629

MB  3.6556 3.7863 2.5812 5.161 4.9479 3.238 4.0007 7.9817 6.0824 6.0666  7.7541 57673 6.3686

w| GWN 52429 3.0426 3.2038 3.3735 3.8345 3.5209 3.0017 4.8147 3.3231 4.3819  6.8148 31733 35891

2| SPN 58776 3.4691 3.6252 3.9396 4.7037 3.7602 3.596 4.2604 3.3609 4.1646  5.1455 3.393 3.3373

| MN 47257 3.3856 3.2546 3.9541 3.8074 3.9144 3.1401 5.7079 3.4808 5.0475  6.8338 45028 42676

CC 6.2812 52644 59284 4.4215 4785 6.0758 5.6678 6.1562 4.1924 4.9762  6.2473 6.1439  4.7036

FF 58751 3.8452 4.6471 4.6251 3.5328 3.9235 3.9173 8.1352 9.8149 9.9571  9.3016 9.6659 7.9266

SCC  4.4938 3.4402 45147 3.7936 3.3016 3.8658 2.835 7.4015 7.414  7.2556  7.0503 7.2081 6.8708

ALL 6.1708 54017 6.3257 7.6999 7.0863 56758 59967 9.2651 9589  9.1863  9.489 8.963 8.045 7

VLI 1O B R N R ISR B 425 25 VAN B3 T 2 D9 o e e A 8 TR P B2 L SR BN B 235 25 PRAN B33 1 3 DR IR B X B4R

BUEIR HR &S RE 4 AR RNE T B RS R R TN ESH N 5k

Table 2  Test result on the SIQAD database

< 2 SIQAD #i#s FE L rydiatss R

Distortion GSS* SQMS' RRS?* PSNR® FSIM® SSIM® VIF® SSEQ* BIQI* DIIVINE!BLIINDS-11* BRISQUE®* NSNRS
GN 0.852 0.886 0.8664 0.879 0.7373 0.86940.88880.81610.8709 0.8787  0.7802 0.8875 0.8554

GB  0.90490.9149 0.8715 0.857 3 0.728 6 0.892 10.90590.809 6 0.8129 0.8626  0.703 8 0.8715 0.8925

| MB 0839 0869508434 0713 06641 0.8041084920.77410.6619 0.8407 05018 0.8653 0.8253
O| CC 0.44970.6949 05291 0.6828 0.717 5 0.64050.64330.2154 0.4144 0.3868  0.3338 0.3135 0.4618
% JPEG  0.79590.7893 0.7605 0.756 9 0.587 9 0.75760.7924 0.321 0.3273 0.2922  0.2198 0.2208 0.466 4
JP2K  0.81370.8194 0.6617 0.7746 0.636 3 0.760 30.81310.269 2 0.4434 0.4915  0.498 4 0.3018 0.5844

LSC 0.81420.8293 0.7116 0.793 0.597 9 0.737 10.846 30.19380.2302 0.2174  0.1859 0.1844 0.4126

ALL 0.83560.8803 0.7655 0.560 4 0.527 9 0.756 60.806 50.569 6 0.6395 0.6558  0.526 0.6622 0.7374

GN  0.87990.9004 0.879 8 0.9053 0.742 8 0.880 60.90110.82720.8846 0.9044  0.727 2 0.9045 0.8717

Q| GB  0.90850.9126 0.881 0.8603 0.7206 0.90140.91020.82690.84  0.8696  0.6958 0.8909 0.910 4
| MB 0.83990.8673 0.8465 0.704 4 0.687 4 0.806 0.849 0.78650.6829 0.8412 05155 0.8571 0.839 6
CC 061 0.8027 0.6812 0.7401 0.750 7 0.74350.707 6 0.307 7 0.5332 05222  0.4452 0.5417 0.554 4
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Table 2 Test result on the SIQAD database (Continued)
<2 SIQAD i FE b ik 45 L (4R)
Distortion GSS' SQMS* RRS? PSNR® FSIM® SSIM® VIF® SSEQ* BIQI* DIIVINE?BLIINDS-1I* BRISQUE* NSNRS
JPEG 0.79350.7857 0.7638 0.754 5 0.556 6 0.748 70.798 6 0.41490.3233 0.3378  0.3198 0.2887 0.492

8 JP2K  0.82080.826 3 0.680 7 0.789 3 0.667 5 0.774 90.820 5 0.363 7 0.49 05152 0.5121 0.3509 0.595
= LSC 0.80680.8125 0.711 0.7805 0.596 4 0.730 70.83850.337 8 0.279  0.2876 0.258 6 0.2865 0.4424
ALL 0.85150.8872 0.8014 0.5869 0.5389 0.756 10.81980.595 0.4921 0.5205 0.534 6 0.3591 0.7848
GN  7.08586.4906 7.0895 6.3372 9.986 7.067 96.46737.507 6.3509 6.1504 9.006 5 6.0137 6.9577
GB  6.341 6.2041 7.1792 7.7376 10.523 6.57016.28597.9589 7.617 2 6.9352 9.9345 6.4792 5.9316
MB  7.05476.4722 6.9212 9.2287 9.4432 7.696 76.87047.5416 8.8152 6.5158 10.353 6.1982 6.6763
o CC  9.96667.5013 9.2084 8.4591 8.319 8.41168.887 611.486 9.8174 9.5869 10.65 9.966  9.694 2
5 JPEG 5.71775.8124 6.0654 6.1665 7.807 2 6.229 55.65518.134 3 8.3883 8.4127 8.443 9 8.6037 7.5723

JP2K  593555.854 7.6141 6.3819 7.7404 6.56915.94128.98828.2023 8.1541 7.9835 9.094 74226
LSC 5.03974.9733 5.9992 5.3336 6.8486 5.82534.64977.716 7.8528 7.8542 7.9803 78712 7.2662
ALL 7.50456.6039 8.562 11.589 12.058 9.367 68.196910.888 11.287 10.871 11.538 11.717 8.694 1

LR 1 9k 0k B4 A B R I 22 B 0N SE05TE 2 BT BE RS 9 A BRI 4R SR 38 20 228 VAN B0 V8 3 R4 Sy 3
HAREGIR R 25 HIEE 4 NERKET ARG S SRS N ik

5 RESRE

FI R 5E 5 P9 25 AR5 B YA A BE F0 38 Ak T2 25 B B, SIQAD s 12 2 H RN AT Y — AN R MU 1) 37 e A 2%
A% R B VA 55030 e, B — B P2 M LA o5 S Bm B AR R B 5 b mT e A7 O BEAR VT A B0EE R I
G5 B VA BT 5T 10 Bl AR SCER i S M T — AN R R ) B — e AR 1 B A A A BT = TP 2
5 FE IML-SCIQD. 2% BUZ AL 3 N 25 ML 5 A 255304 LA Sk S P 6 46 @ 1 b IML-SCIQD %4l 2 #5 A
[ — & K RE M IML-SCIQD # ¥ FE o BT 3 2k B R 00 0 & 43 B0 55 7 43 200X 1] fR K3 43 IX 3, 3 33 W,
IML-SCIQD 4/ & (1 2k B MG R 2% & 31 7 4P vl e 1 2% JL 45 4% 1) 175 10088 it %of 2 0 PRI = W &8 23 450 2K
HBHZ M RZWDH AT FREG R ES BRI AR ZNER —ENXRALEITREAR
G AH DGR AR, an Bt %o B e P9 25 IR I T 40 S50V AT 9 I 75 004 0 55 Rt ok

BETEME IML-SCIQD ##5 P i F2 p ) WA 38, A U — B E S T BF 45 N 25 BRI SC AR X 48R ] 45 X
I 26 AT A0 B S8 R R 1 AR [, 5 LR UL 4t P 25 P T ST A DXl A DX 8k F 48 U AR 1 R AN TR B
A DA G R TR S ) 2R B4 D0 R BT 32 B0 s A Bl 2 AR 40 5 12 F g WP A B2 I 1 R X AR B, A S 4R
HIEEE 5 MESHE N BEIEMILIEMERE B — @17 ML 7 M A S5 50 AR B BRI R B4R
WA — g 28 AR EAG M AR BN AE R TR E 2B T £S5 E ik

AR EEF BRI =G0 10 TS 25 J7 75 10 AR SR VA S AN X33 ) MR i 5 =, LA G 6 A R i DL R
by 040 7 25 B e PN 2 AR 43 IX 34 A e 25 EE 3 T 45 1 XA [ 0 400 R R R A R ) A T DL R R
25 G R AR [P R B BRI 1 R R B 2 S ik BT ) B PR AL GE . 5 SR BRIE S A,
AR 5 A S B S O, FE IR T A N R AR AR SR 1 TAE g R FE 3 I I T BRI AT R R A A
BT B VP AN I T 50 A 2 — AN AN B 7 1)

References:

[1] Lu, Li SP, Shen HF. Virtualized screen: A third element for cloud-mobile convergence. IEEE Multimedia, 2011,18(2):4-11. [doi:
10.1109/MMUL.2011.33]

[2] Shen HF, Lu Y, Wu F, Li SP. A high-performance remote computing platform. In: Proc. of the IEEE Int’l Conf. on Pervasive
Computing and Communications. 2009. 1-6. [doi: 10.1109/PERCOM.2009.4912855]

[3] Yang H, Fang YM, Yuan Y, Lin WS. Subjective quality evaluation of compressed digital compound images. Journal of Visual
Communication and Image Representation, 2015,26:105-114. [doi: 10.1016/j.jvcir.2014.11.001]

[4] Zhu WJ, Ding WP, Xu JZ, Shi YH, Yin BC. Screen content coding based on HEVC framework. IEEE Trans. on Multimedia,
2014,16(5):1316-1326. [doi: 10.1109/TMM.2014.2315782]

© EEEES

BEFRIFSERT  https/ www. jos. org. cn




ke FRAA R RN BB 085

[5] Jiang GY, Huang DJ, Wang X, Yu M. Overview on image quality assessment methods. Journal of Electronics & Information
Technology, 2010,32(1):219-226 (in Chinese with English abstract). http://jeit.ie.ac.cn/CN/abstract/abstract13977.shtml [doi: 10.
3724/SP.J.1146.2009.00091]

[6] Wang ZM. Review of no-reference image quality assessment. Acta Automatica Sinica, 2015,6:1062-1079 (in Chinese with English
abstract). http://www.aas.net.cn/CN/abstract/abstract18682.shtml [doi: 10.16383/j.aas.2015.c140404]

[71 Vipin K, Bhurchandi KM. No-Reference image quality assessment algorithms: A survey. Optik-Int’l Journal for Light and Electron
Optics, 2015,126(11):1090-1097. [doi: 10.1016/j.ijle0.2015.02.093]

[8] Manap RA, Shao L. Non-Distortion-Specific no-reference image quality assessment: A survey. Information Sciences, 2015,301:
141-160. [doi: 10.1016/j.ins.2014.12.055]

[9] Chandler DM, Hemami SS. VSNR: A wavelet-based visual signal-to-noise ratio for natural images. IEEE Trans. on Image
Processing, 2007,16(9):2284-2298. [doi: 10.1109/T1P.2007.901820]

[10] Wang Z, Bovik AC, Sheikh HR, Simoncelli EP. Image quality assessment: From error visibility to structural similarity. IEEE Trans.
on Image Processing, 2004,13(4):600-612. [doi: 10.1109/T1P.2003.819861]

[11] Zhang L, Zhang L, Mou XQ, Zhang D. FSIM: A feature similarity index for image quality assessment. IEEE Trans. on Image
Processing, 2011,20(8):2378-2386. [doi: 10.1109/TIP.2011.2109730]

[12] Sheikh HR, Bovik AC. Image information and visual quality. IEEE Trans. on Image Processing, 2006,15(2):430-444. [doi: 10.
1109/T1P.2005.859378]

[13] Moorthy AK, Bovik AC. Statistics of natural image distortions. In: Proc. of the IEEE Int’l Conf. on Acoustics, Speech and Signal
Processing (ICASSP). 2010. 962-965. [doi: 10.1109/ICASSP.2010.5495298]

[14] Xu L, Lin WS, Jay Kuo C-C. Visual Quality Assessment by Machine Learning. Singapore: Springer-Verlag, 2015. 1-142. [doi: 10.
1007/978-981-287-468-9]

[15] Moorthy AK, Bovik AC. Blind image quality assessment: From natural scene statistics to perceptual quality. IEEE Trans. on Image
Processing, 2011,20(12):3350-3364. [doi: 10.1109/TIP.2011.2147325]

[16] Liu LX, Liu B, Huang H, Bovik AC. No-Reference image quality assessment based on spatial and spectral entropies. Signal
Processing: Image Communication, 2014,29(8):856-863. [doi: 10.1016/j.image.2014.06.006]

[17] Li CF, Bovik AC, Wu XJ. Blind image quality assessment using a general regression neural network. IEEE Trans. on Neural
Networks, 2011,22(5):793-799. [doi: 10.1109/TNN.2011.2120620]

[18] Ye P, Doermann D. No-Reference image quality assessment using visual codebooks. IEEE Trans. on Image Processing, 2012,21(7):
3129-3138. [doi: 10.1109/T1P.2012.2190086]

[19] Xue WF, Zhang L, Mou XQ. Learning without human scores for blind image quality assessment. In: Proc. of the IEEE Conf. on
Computer Vision and Pattern Recognition (CVPR). 2013. 995-1002. [doi: 10.1109/CVPR.2013.133]

[20] ‘Yang H, Fang YM, Lin WS. Perceptual quality assessment of screen content images. IEEE Trans. on Image Processing, 2015,
21(11):4408-4421. [doi: 10.1109/TIP.2015.2465145]

[21] Ni ZK, Ma L, Zeng HQ, Cai CH, Ma K-K. Gradient direction for screen content image quality assessment. IEEE Signal Processing
Letters, 2016,23(10):1394-1398. [doi: 10.1109/LSP.2016.2599294]

[22] Gu K, Wang SQ, Yang H, Lin WS, Zhai GT, Yang XK, Zhang WJ. Saliency-Guided quality assessment of screen content images.
IEEE Trans. on Multimedia, 2016,18(6):1098-1110. [doi: 10.1109/TMM.2016.2547343]

[23] Wang SQ, Gu K, Zhang XF, Lin WS, Ma SW, Gao W. Reduced-Reference quality assessment of screen content images. IEEE
Trans. on Circuits and Systems for Video Technology, 2016,PP(99):1-1. [doi: 10.1109/TCSVT.2016.2602764]

[24] Sheikh HR, Wang Z, Cormack L, Bovik AC. LIVE image quality assessment database release 2. 2005. http://live.ece.utexas.edu/
research/quality

[25] Larson EC, Chandler DM. Categorical image quality (CSIQ) database. 2009. http://vision.okstate.edu/csiq

[26] Ponomarenko N, Egiazarian K. Tampere image database 2008 T1D2008. 2008. http://www.ponomarenko.info/tid2008.html

[27] Ponomarenko N, leremeiev O, Tampere V. Image database (TID2013). 2013. http://www.ponomarenko.info/tid2013.html

© TEBREEEEIEDT  htp/ www. jos. org. cn



986 Journal of Software #+% 4% Vol.29, No.4, April 2018

[28] ITU, Iternational Telecommunication Union. BT.500: Methodology for the subjective assessment of the quality of television
pictures. 2002. https://www.itu.int/rec/R-REC-BT.500

[29] NTIA/ITS. Web-Enabled subjective test (WEST) software. 2014. http://www.its.bldrdoc.gov/resources/video-quality-research/web-
enabled-subjective-test-west.aspx

[30] Seshadrinathan K, Soundararajan R, Bovik AC, Cormack LK. Study of subjective and objective quality assessment of video. IEEE
Trans. on Image Processing, 2010,19(6):1427-1441. [doi: 10.1109/T1P.2010.2042111]

[31] Yang H, Lin WS, Deng CW. Image activity measure (IAM) for screen image segmentation. In: Proc. of the IEEE Int’l Conf. on
Image Processing. 2012. 1569-1572. https://sites.google.com/site/yanghuan689/

[32] Moorthy AC, Bovik AC. Blind image quality assessment: From scene statistics to perceptual quality. IEEE Trans. on Image
Processing, 2011,20(12):3350-3364. [doi: 10.1109/TIP.2011.2147325]

[33] Moorthy AK, Bovik AC. A two-step framework for constructing blind image quality indices. IEEE Signal Processing Letters,
2010,17(5):513-516. [doi: 10.1109/LSP.2010.2043888]

[34] Mittal A, Moorthy AK, Bovik AC. No-Reference image quality assessment in the spatial domain. IEEE Trans. on Image Processing,
2012,21(12):4695-4708. [doi: 10.1109/T1P.2012.2214050]

[35] Chang CC, Lin CJ. LIBSVM: A library for support vector machines. 2001. http://www.csie.ntu.edu.tw/~cjlin/index.html

Mt 325 ik

[5] % WIS, 35 KUL, T 0, A0 Mg G 5 & VP40 J5 VR0 L R . B 7 5 45 B %R ,2010,32(1):219-226. http://jeit.ie.ac.cn/CN/abstract/
abstract13977.shtml [doi: 10.3724/SP.J.1146.2009.00091]

[6] EEW. LS ¥ BGRB8, H 3h 1k 22%,2015,6:1062-1079. http://www.aas.net.cn/CN/abstract/abstract18682.shtml [doi:
10.16383/j.aas.2015.c140404]

SRBRBR(1976 —), %=, L R E A, 1 1 0F
FO BB RSN 2 R G B, 2
PR B 4

F (1986 —), %, 1 £ B 7T 5% ,CCF Ll
45 5, 3 SR U AT LA 4 S 4, PR,
MR P4

B (1989—), 5 ik, T A AL UM B
BRI

© PEBEBPHIFST  hip:/www, jos. org. cn



