23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2016,27(Suppl.(2)):103-112 http://www.jos.org.cn
O [ b2 I8 ARAF T ST RSP A Tel: +86-10-62562563

sl A 3 Al *
BT 3D ERHEMEZH LS EMSNR=ITEM
TRED KAV KERY, gRE“
"R E R R B B i 4 S A E S0 E b ST 100049)
P EBEERE PEBARVI T RS BB E S = db T 100190)

S R TR (i) L B2 SRR B, R B 264209)
WRAE#: J5 75, BE-mail: suli@ucas.ac.cn

1 B LAFNIRE F RN NR-VQA)E ik KAF R4 &R EAIR ARG TR T 5K AR N5 R & 24T
EFEE FHNR-VQA 7 B F AT 452 K AR RZ T R H 5 A ZNEZ A ENE.ERF 3D REARMNE
W £(3D-CNN)FI A\ 2| T AR 30 428 T —H A T 3D-CNN 89 RAH AR 230N 7 ik, 7T A€ A T4 2
KA KA 45 NR-VQA. B 2,38 1L 3D He kA 305 3 Fo RAEAUIR A 2249 B 4FAE. Fok 3T 89 3D AR W AAEA
ATk AR E R TR M 915 5. I RAY FTR B 7 ik £ AR A X R F= % A liX45 47 £, 5 A4
RS — BB S AMHRAFNRR RN 7 5, LHE 55 % LKL RN F LA THMH, B EA8
NR-VQA 7 ik B A £ W t)iE 471k B AL AT AT RALA A F IR P B A EAF69 5L F AT .

R IR Z IR 3D R E AR ZE RS R AE e AH

thacs RS BRI, 955, TR 4E W BRI BT 3D BB 42 M 45 (¥ T8 2 2% AL E VEAR . B 2 ,2016,27(Suppl.(2)):
103-112. http://www.jos.org.cn/1000-9825/16025.htm

JE X 5| %2 Wang CF, Su L, Zhang WG, Huang QM. No reference video quality assessment based on 3D convolutional
neural network. Ruan Jian Xue Bao/Journal of Software, 2016,27(Suppl.(2)):103-112 (in Chinese). http://www.jos.org.cn/1000-
9825/16025.htm

No Reference Video Quality Assessment Based on 3D Convolutional Neural Network

WANG Chun-Feng', SULi'?, ZHANG Wei-Gang'?, HUANG Qing-Ming'?

'(Key Laboratory on Big Data Mining and Knowledge Management, University of Chinese Academy of Sciences, Beijing 100049, China)

*(Key Laboratory of Intelligent Information Processing, Institute of Computing Technology, The Chinese Academy of Sciences, Beijing
100190, China)

3(Institute of Computer Science and Technology, Harbin Institute of Technology (Weihai), Weihai 264209, China)

Abstract: No reference video quality assessment (NR-VQA) measures distorted videos quantitatively without the reference of original
high quality videos. Conventional NR-VQA methods are generally designed for specific types of distortions, or not consistent with
human’s perception. This paper innovatively introduces 3D deep convolutional neural network (3D-CNN) into VQA and proposes a
3D-CNN based NR-VQA method, which is universal for non-specific types of distortions. First, the proposed method utilizes 3D patches
to learn spatio-temporal features that represent video content effectively. Second, the original 3D-CNN model is modified which is used to
classify videos to make it adapt to VQA task. Experiments demonstrate that the proposed method is highly consistent with human’s
perception across numerous distortions and metrics. Compared with other state-of-the-art no-reference VQA methods, the proposed
method runs much faster while keeping the similar performance. As a no-reference VQA method, it is even comparable with many of the

state-of-the-art full-reference VQA methods, which provides the proposed method with better application prospects.
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Fig.2 3D-CNN architechture for video classification (a)
and the two modified architechures (b)(c) used for VQA in this paper
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-2 LAF 7 (DMOS), 453 73016 FL A 0~100, 73 208 AR AL 5 i 8 72 LIVE J o gl ) FE A5 B L% 1.
Table 1 Videos’ information in LIVE
F 1 LIVE JEP AR HAAE B

h2dEd Pk i 2 (fps) 1K (s) RIEM
bs 768x432 25 8.68 wireless,ip,H.264, MPEG-2
pa,rb,rn,sf,sh,st,tr 768x432 25 10 wireless,ip,H.264, MPEG-2
mc,pr,sh 768x432 50 10 wireless,ip,H.264, MPEG-2

T MR A I SR T AV 095 65, 45 3 07 1 52 2501 5 3R B0 (SROCC) N I /i b M AT 56 R 8t
(LCC), T4 T S5t 7 2005 4 1 2000 3R 2 P 0 /A 0 2 1 4 28 1 3 A 7 ) A F b A
4 S AT

233 e, L L 002K EORUARE, S 3T 150 BRI SE LI T 110 80% 10 41 6582, 80 T+ 0 20% £ Bk
G T S R RIHR A I7 200 5 AR5 M S 2L 25 S o L0y B 5 SR T 00 5 0 0 AR 5 4 0 5
oo FATVEF O 1 U SR AT T R, P B Bl 45 4 0 o
3.1 MBHA SRR L RS

EEXES 2.2 41 o (PR A 7 %, A THEAT 7 IR 9250, 5o, T 2 45 U 2 M A A 2 1 5 M
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AT S 85 R AR 2 NS 45 T LU A8 HI 4R 70 /N DR i A\ 7 SO EE SO0 T L HR A0 48 B9 478
A i N 10 7 AN SRR, DR A %ok R PP A AT 55, EL g 10 1K) 4045 i G S A UK 11, 55 B4 4 s 14y 5K
BB T JR A X B R RE 2L T AN R .

N T 32 S 2% 0] T R ATUSTRR PP AT 55 ) 2 S ARIE B8 T O S 2 R R 4% 2 T AN HURI R T4
PR LU T oK FAT AL P AR/ B i N (1 5 3 B Bl A BUZ L (B2 2 N convSb I PE fERZE T 3R B,
WA 3.

Table 2 Performance of different inputs

F2 A AT AAPEREX EE

S N7 5 SROCC LCC
o AN P 0.759 0.764
A5 EL A1) 45 T 0.538 0.689

Table 3 Performance of fine-tuning and not fine-tuning conv5b

* 3 1M convsb I JEPEREXT LE

i 75 50 SROCC LCC
P4 convsb B 0.759 0.764
M convsb Ji 0.565 0.671

H T 52 BT 00 8% 1) IR I ) AR 5 4%, FRATT O A A L ity b b AT E — 20 o) S0 i 1 4D 194 286 J2 BEAT B0 110
S AELE TRAT NS AR B 2 i (1) J2 N 1% B B R 22 AT AT LR 3 s LR 2 N S 8 2
SEUHIL T LA OB A R T BB FRATIR I £ AT T B L BRI S BN B R TP 2R S
B2 T RS HCR N 76%. K BATRE £ 5 I n — 2 AR 19 00 9 2% 2 2] BE ) 4 HLnT UBIOR B 2 (9
R 2T B X 1o 4 TR 2 AR AT T 0T Ll S, 0 B S 1) 45 R LR 4.

Table 4 Performance of fine-tuning different layers without FC7

F 4 LB FCT AR Z E M gE Xt B

i 5 28 SROCC LCC
4 convSb-fc6 0.754 0.767
1A convSa-fc6 0.782 0.809
i conv4b-fc6 0.790 0.778
W conv4a-fc6 0.752 0.735

W 4 pxE sE g ar DUR Y, 24 FCT 2 17 0805 1 3 04 BB G, UE B 17 5t f0 A 20 ol il B A
IR B2 1) A R 2 R I convSa J2 S5 IR P 48 254 SR A6 W] LAAS 21 5 e 110 25 L, DR G F AT T 9 s SR BGX R A iy =X
VB VATV ANAT 55 1) X 285 SEREHE L LE R o8 T I 48 AE S 5, S22 08 i N 1K 7 sQEsCh AN Bz 1) 45 3 8 110 07 500
RESEAATY A T HRTE, S 560 45 TR W3R 5,55 50 Hh He 5 B 2 ()25 K0 S0 4R 32 28 06, FRAT 145 21 T — A BB X1 AR
SR VPN AESS 11 3D B4%, 401 2(b) T 7.

Table 5 Performance of no-overlap patches and overlap patches adopting the best fine-tuning framework

RS OR A ROR 9 2 HE 2 R 1A) 4 G & IR RE X EE

LAY SROCC LCC
ML ES 0.782 0.809
A= 0.798 0.798

32 BES£BRMBEESEN

W R S S, AR B T — N AR R VP 3D 4R, 1% M 48 3 T AT N B S R AN A
SR ) T BRI b IR AT S S A X R R AR B R — L R KRR R R S SR T R A R RE.
R AT G B T — AU ) S HESE n B 2(c) T s 1% P9 4% 1 1 8 4 e, Ho b — 6 LSS 3.1
il 5 TR DR 5% 2L R, AR Sk JRI R AN 4 JEL 1R 25 R, — B AR 3R I % AR AL, LR 65 i N o8 S5 A0 AT SRR S T 406 TSR A
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A D — b 4 R HURE £ J6L K0 7% 2 IO 6T BN AR 1% 0 48 A T JRAT T F R ABEAT 3E 25 1R 0T 4 26 5 g R 4T 98 Ul 2 1)
SEE B0, DR A BAI B T S 1 e B O 4 4 RAT B T RS RE D R L P R NSRRI ES 3.1 R i B A
V5K ,convSa i T YA ARZ L Z AU H S HURFEAVEAE convSa Al convsb 220 IT 4% 2] 2% A )R S HL R A £E
conv5b Jz LUJR & M4 A8 AT P 2 S 45 R WAL 6. S R vh FRATV A B SO B AT WOk A IS, S i 44 7
AR AR L L T A A BUAR RE T H BL SO, FATT 2 A RS RE 0 i PR, AL DAy o B i N 8 B
AR 21 T8 T B, JR T A N 2 4 R i N B B 84 5,04 T IZ NS LI, PRI 4 Ry A N 3 i 10 B e I o 7
T2 B AR E I SR R 84 %, RT3 Bl I RIS 1 R 2B e 25 4 RN b B 7 3 S o, 3 1T i
KT EMA RIS,

Table 6 Performance of network intergrating local and global information

R6 il AR g A A EfE
SROCC LCC
0.207 0.757

3.3 ERESEMNREIFM A EMEREXT b

BE T B ol AN [ (10 099 2% 5 ) 11 223, i 248 AT T 0k s SR D 3 ) SR R e A R D TP % 5 0 a7 o, 3T
5 5 Bl R4S 2 7 R 2 Bl RN TE S % 07 AT T kBt e b PSNR . SSIMP, VIFPOLR T [R5
TR T ) 42 2 25 J7 9%, 1 56 Y R REARURE AT B Mt 4T 43, 4R i 38 ok 0 T A 1) 20 SO 1 38 R 3k 45 de & (R AR A0S
43 STMAD R ViS3 I 85 37 1) 13 b P il 62 A () 4 2 2 WUATUTL 1 DF A 7 123 V-Bliinds* Hll V-CORNIAP I 5 il
TN TE S 25 USRI 732, B T T0 R 3R A5 HAR ¥ T8 228 WA & A D7 IR AT it RUAS S v ORI 7y
P VPN 7 AT T A LS5, S 45 HR L3R 7 Fi3R 8.

Table 7 Performance of different VQA methods on LIVE database
R7T AFEVE VAR LIVE 3085 P B itk REX He

Ji 1L A SROCC LCC

PSNR 0.552 0.623

SSIM 0.653 0.655

e VIF 0.641 0.726
STMAD 0.884 0.878

ViS3 0.873 0.870

V-Bliinds 0.580 0.663

KB % V-CORNIA 0.769 0.792
ARSI I s 0.763 0.795

Table 8 Results of the two sample T-test performed between SROCC values obtained by different measures.
1 (-1) indicates the algorithm in the row is statistically superior (inferior) than the algorithm in the column.
0 indicates the algorithm in the row is statistically equivalent to the algorithm in the column
%8 AFIEHrI7VEM) SROCC REL T ki 45 R 1(-1) X /R AT I & m WITE eI T (2 T)
XF N Bt 2 7R 7 VR B PE RE.O 2o 2 FAT BT 2 s ) 5 VP E 5 0] N 81 BT 3 s T3 i K PR REAH 4

U5 PSNR  SSIM VIF STMAD ViS3 V-Bliinds ~ V-CORNIA AR
PSNR 0 -1 -1 -1 -1 -1 -1 -1
SSIM 1 0 1 -1 -1 1 -1 -1
VIF 1 -1 0 L | -1 1 -1 -1
STMAD 1 1 1 0 1 1 1 1
ViS3 1 1 1 -1 0 1 1 1
V-Bliinds 1 -1 L] -1 -1 0 -1 -1
V-CORNIA 1 1 1 -1 -1 1 0 1
AT 1 1 1 -1 -1 1 -1 0

PASEEG S5 AT LR R SCT R TR IR B T 5 R LS H WM B L ACE e E a2 T2 5%
PPH 7572 PSNR. SSIM Fl VIF A ST 77 v MM B8 5 422 2% J7 7 STMAD 1 ViS3  Luig 221X — s AE AT
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