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A Review on Video Big Data
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Abstract The developments of science and technology have brought rapid growth of data, of which
video and image data account for a high percentage. How to efficiently handle these data and find valuable
information from them is a hot topic. Big data are characterized by four Vs: volume, velocity, variety, and
value, representing large amounts of data, quick data processing, various data types, and low value density,
respectively. Video big data share all these characteristics, and often come with much greater data redundancy

than other types of data. As a result, they call for more efficient techniques for compression and processing. The
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research of video big data is primarily carried out along four dimensions: video data representation, intelligent

video analysis, video compression and transmission, and video display and quality evaluation. Recent trends

show that video representation is becoming more realistic and intelligent, and video analysis more accurate

in identification and classification thanks to the deep neural networks. At the same time, video compression

promises to be more efficient with new methods to reduce coding complexity, and less redundant with the help

of visual perception aware coding algorithms. In accordance with more advanced video representation, video

display devices are undergoing hardware upgrades, guided by a comprehensive methodology of video quality

evaluation that is centered around quality of experience, instead of the traditional criteria developed for image

quality assessment.
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Fig. 1 Framework of video big data research
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Fig.3 Data representation of 3D scene
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Fig. 4 Structure of video analysis system
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Fig. 5 Convolutional neural network

AR, H bR as — e Je5E T BHRE S
Yio SRIE R REREATIE 51) () I P 20 R A H bR BN
ARAL S RS DN A AR LA T

WA, BEAE IR B 2 ) B R An A A 248 1Y
2% (Convolutional Neural Network, CNN) “*fgj
IR b4 3 = B A al R C i X S I SN
$27t, CNN MggttplianiE 5 frow. RARENE
[ FRR 2 2014 4F Girshick 252 42 i ()X 358
LALLM 2% (Region-based Convolutional Neural
Network, R-CNN)HEAL: 5 5 ) ki iy A\ B4
A MR 1, ARSI CNN 4% 2]
6 T FUIRIRRAE ,  J5 i K H SCHF 1M &L (Support

Vector Machine, SVM) 73K 174r K. R-CNN
J7VEAH FE AR T s P oy, AR YN AN I I [A]
T LR K .
3.2.2 HARERER

EHPRERERTT T, R/R 2083 B /R B}
K ORL IR I A A R A R R AT A2 B)
REAG T AR R ER LA TR m
Kanade-Lucas-Tomasi (KLT) 5292, {H {74215
Bl AH AR ) i 52 BE TR AE | I ) 14 2
B “TN” PLSARFER ]3P . Zdenek
2t DUy —Ff o H bR KON RV ER B 40k, T84
FRIGEEAS . A g MIBLAS 7 2] =B, 50



23 XEHL, 4

RRSR BT 7 £k 47

WA 50 1) R B RV MR W SV AR 4 5 T T o
FRIEAZ S RS n) o [RIW, a8 e — et
(RAE 227 SIHLHIAN T SR B R A TR ) 2 25 ik
RO E AR AR ) B AR A E,
AL PR ER AR S INASE « SR, A H bR s
Jrm HRNERA G R R, R id T R kg 5
(R ERER FVLIE A A — B IR AR .
3.2.3 AR 222K

FEGE DL DU g S B . etk oy 2R JF
LM A AR DN PR e 5 LS 7 > 2
N2 e RO Tk, i, SR ) E AL
M S RE M 2R, WY R B R Lt Y
H o BRGNS S FIL LN, EREE 2% SR
AL H AR YU 5 23 BRI 5T

IRE 27 > W 2% 15 56 ) I R A 48 0 2856 [l 5
PARIUR ERHFAE, R 5 K PR IR R S A\ 2 Ze
SVM 7326815177325 . Simonyan 25524t —F
FETPIAS CNN BB [ XU A AR 28 I 2486 o 0 A3
AT, Horp—/~ CNN M THIUsah BB
BAHE, 53— CNN ¥ 20 B A3 2010
BN, BRI 805 B . %5
EIMANIZ S5 B S MR FHG 1 . Joe 5PV 7E
R PR M 2% 2 Ja IS TR I d A2 5T
(Long-Short Term Memory, LSTM) ™ {13 ) pp
% 4% (Recurrent Neural Network, RNN) **/, RNN
ARG O] R AE S AT AR, R LSTM fif ok
B 5 R A AT 1) R . W AP HR PR A UF
JEE 27 S HEBRRE I A5 JE T TE WAL 2 R R 5 A oK
IZHEQAUHE =87y FEICE A SRR AR CNN
5 LSTM %%, $REUESIEFDEHE EK CNN
55 LSTM I 258 R T 1 W) A0 249 TR PR Y A ik i 15
4 AR A HESRAE R 4R UCE-101 173 S0k
i EIEF] 90.1%.

FHT, ERBES ) W28 e v S LA s ) H
FRUFN S BRI O ST T RSB AR T
%, I B RA B IR 7 SRk, Ariak ) 2

IR ) 2 R R A T i J - il o LAt 7 288
). (HAE, REES MG RIINZGARRAEN, ©
iz LIRS RN RER 2. Hx e
ENAEHFIE,  H RSB BARTT ] A ARt 2%,
A TP LM BEALI 25 BRI A JE
DUNAER

4 FUSRRESE S FREROR

B AR BRI T2 N, AR 25
JEIVIE I, v 2R R A G B s 4 R AR A A DGR
Lo ML) H A T ORUEAEYERE— & it
PIRTEE T B AR AR . HAT, 322l i
0 24 0 A2 A IR AR A T R I ) PR AR DG, BRI
IR0 IR A S5 B AR 5004k, AR
H A AT 400 s 28 LAK (0 R 28 0] AR 35 B 8
RENTUAR . B, W BRI, &
PR =
4.1 SREARRRER R R

IR B 32 A W R A 23 47 o A G R A
HERIHE , —A 2 [ brbr L H 2 is 3h B &
%4 (Motion Picture Expert Group, MPEG), 77—
AN [ o FELAS TR S A 2 5 41 (Video Coding
Expert Group, VCEG) . 6 Ay [F B AT i b
TERRI R i AR S5 IR 2. MPEG 38 AR HE R
MPEG-X #41, TEMNHTAem. )R, i
ARSI N FOAHSCRRTE, €048 MPEG-1.
MPEG-2. MPEGH4 %%, Hr, MPEG-1 24 VCD X
F 0 4ibrifE, MPEG-2 24 DVD K () e 4 s
. VCEG = % [ [r) BEAR FE 35 o LA 2% I8 45 52
IS HLATE 5 4, I E AR H.26x A1,
i1 H.261. H.262. H.263 % . MPEG #l VCEG
(15 K AR T 2003 420 k& WA & K 4
(Joint Video Team, JVT), HEA il 7 LM g b
b7 H.264/AVC (Advanced Video Coding) °7”,
JREI MPEG-4/AVC (%55 10 #7y, fEfRFFE



48 O A S N

2016 4F

B EG T RA

Moving Pictures Experts Group (MPEG)
« MPEG hsifi

o VTR R

.

I A ALAT A
Joint Video Team
Joint Collaborative Team

1

- ULl

Video Coding Experts Group (VCEG)
o H.26x f5HE

o JfE

(TR

ISO

N

MPEG-1 MPEG-4

1995 2003 2007 2013 2023

1990 1996

6 MBEBTENRRNTZ

Fig. 6 Development of video coding standards

MPEG-2 A [Fl WA 5 it [ B2 1 K A ) s 4 L
em . A THE DY E H.264/AVC FRHER D)
REMIN T, JVT M4k A0 T 3 N REFrdE, EA7
O3 ER ELE FYJE Frext., 44 0 4 KU
FTT 2> A% ™Y . HET H.264/AVC [T 53
ARG i FR S8 32 Bl — IR b T i — N A
JER AN 22 AR, TR 4 S
R A 5 A ) LA o X 963 I 6 R 8 % R
M5 3D WA N T S, TVT K 2 00 R A A 2
P4 H.264/AVC [R5 YA JE bt DL S 1
3D P 455 5 40 U PR S R Dh Bk

2010 4, MPEG 1 VCEG HERT- KoL T
WA 5 G A 41 (Joint Collaborative Team,
JICT), JFF 2013 4F 1 HE R AR TH 7] ey i A
T S P PR AL A A Ao [
A G b AR#E (High Efficiency Video Coding,
HEVC), W H.265. b LT H.264/AVC Jis
R N e — A%, BUAH [R5 = g N g
B#AI% 50%. 2014 4F 10 H, JCT #iifii 7 HEVC 28
TR, BEINT 3 AR b, B F b
Z 29 & “Common Specification for Multi-Layer
Extension” , fajfk MLXt; i3 G MM EP”
J& “Multiview HEVC” , T F8 MV-HEVC; [}

S H ATy & “Scalable HEVC” , fijFx
SHVC™', 3D #"Jg “3D-HEVC” #l;& - HEVC
PP s 1o MRS B3, Bk G HL 13X 3 I
HEVC ¥ JE# 58 T 2 2 g i R, it
v P i 5 R 1 2 T R PR B SR F 2

EEA, 2002 4F 12 HIF4, BEERE R
TR 22 BOAR AT T P G B AR b U
TAEA” (faifk AVS TAE4D) B0 THle Bf A
TR SR A AR, JF T 2003 4F 12 H
J 0 7 S R A R RO A A s o s Y, e
2006 ENAT A EF AR, L), AVS TAEA X
W& T IR RS . WS Y ) G R s v
T 2012 4RI KA AVS BRI A #ERE T
VEALT 32 T 18I [ 5 37 BT 400 s AL B 1) “ AVS
+7 bk, WA “AVSHT CEBCTE M) LS
NI R . HAh, 2011 4EJ AVS i
JE By T [ I Y T AR 4 R A
AVS2.0“Y Il TAE, HAr ST sem, EfE
il 11 AVS2.0 A D4 UG AH LT AVST.0 brifE
40% oA I ZATE .

Wt —ARPUITUR A b HE R R R DI RE, K%
B AR PR 4 S — 5. H2, MK
I (14 398 T S L AR 48 250 1) B v A



2 1 XEEL, 55 AR EI AT 45ih 49

%, SEAUEGE SRR, prilad)
i L T AT R R s 48 7 32 LA R A B 5 A
i 5 10
42 ERIMIIAGRIBE LR

T RAIARHE & ST B 1BV 5 T LR
fERE AT, Snhtas WL TG, FERRERE 5 nT
ERFA T IEEANE SRR, AWk 5 Al
$eFt, DL DA m iR . LA s 3
BT ORGSR — A i i — D4
FRA R s IR WA BRI A

(1) B AR gm RS 7 vk R T 4 i g i vk
BE, SR i RO G A AR HER AN T 2 TS 3 4 i
FORMY, FRAFRPY SO BRI A . BR2E DU O
A LR . AR EE 1 TE Y ZE A LA R 1 T8 Y S G
ARE& o h T o MR EHER 2 A S, HEVC
i 3LE SCT 35 i N T 5 1 R S i ]
SRS T A Y o T 300 e 7 IR 4 G
TPk GE, I O3 5 HE T 55 2 2 it (A5 i 4 R T
15 7 NS = B V75875 N D WV LU < ] 5 N
8, SEILRE ORI R KA. LA T A B
KEH NG DL S HOn 4 P m B
GBI, DO RO . TR
TAELE LD TU AR A TR AR R I 7 — K R,
FON PP T OGIR X I i o L 1A T 885t Kk L
Gih L AR L AR R g B O A,
JITAE R ALK ML B 5 LD S AR R, e
PRk R AR 2 A BE R, AT AR T 4 3
S PE G 5R

(ORI = =0 VE T T E RPN - =T
WA S HEVC I8 51N 43 2 0] A8 OS] G i
TG ZRUETRIC. BHBIT. Z2SHWEE)
T ERAR, SIABCREZ MBS HE N2
B, DS vk S 1 g 2 v T RS B 4
T a5, HIRROCHAE N T T AR, AR TR
BACALBEFN S . O T BRI B, BFSEA
GBS 1o 8 G R ot A G AL L0 5 e ) R

BifE it A B PR O Nk R s Bl
RAEVCLH P R 2 B kg
S o F B kR M 2R G v RN A O AR A
B RS AU S G i ek B L 2 R R
Ho B PR A AR AL 4 E S A AL N
HRRAMSCHIIE T, B ML, 25
IANWTIG N, AL G T/ D SRR I 2 v 23 M 7 %
FEDC P VERIE @G PE R s e, A5 T IR s Al
) i A B 3k R RIS TT 1R
4.3 IRFMER A

PRIk H AR AL AT A WA K ECRT 73 24 LOG
T R BAR R DURE B A 2R 9 2 o D A A ATUAF i
R B ) Y 2 Ak, 5K VCD St A E
K& 650 MB, DVD % K%y 4.7 GB, i
TG AR A B W AT LUIA 2] 50 GB. /ERL
M AR S, W AL R R AA it 1A % AT R A s AR AL
(Digital Video Recorder, DVR) . M ZEALAIS% A%
Bl (Network Video Recorder, NVR) A A7-4if X
M 4% (Storage Area Network, SAN). ', DVR
gt A fgck = GRS T 5,
EH TR RS NVR B T 0 4%
FEAEHL (IP Camera, IPC) H- 11 5 /7 i IPC it i1
B A, & T e e AR A X
P45 SAN &I I L JT vkt 194 4 0 22 M7 it B4
MR 55 25 3 R 1 L HIAAAk R SGE, W40 FC-
SAN I IP-SAN, Fi# FERHDELT K, J5#&
KH TP B B G . SAN HATIRSRIAF i fE
IR kERE R ae ., il 7 @) s, & TR
A ) 248 PO AR A £ rh A7 A

FUHT, RO 4% W il K T = A7 i R e
KARAF I B IS . W SR
JHIEY Hadoop 73 A U AR 48 W 1) HDFS ST &
g, W 7(0) s, ARG S ek
RIS A2 [ RNy A T H, SR %
AP PARAFAEA R BN AR |, B2
RZ PR IHLED, $em T 822t SR



50 £k R

2016 4F

AU AL 2%

JLHAE (4R, 4501, e >|

Kdli 3 5
Data Node,

TEHAR A
.................... »
L g P fE
Data Node

U BB - L
| R H
BT ~ H N [ | EiL a i
| IR mfﬁp'zsﬁg%*, ! i - u ..-
N A H = BN __
it T T i
E A SR vy Wi A\ / i

iﬂgﬁiiii!idnnkﬂl.

BEESEEHL
DVR | AR

(a) MEAERUBIAF Al R 5

(b) HDFS 404 s SCAR AT R 50

E7 STFERS

Fig. 7 Video storage system

GERERE M A-fk e 2 AL B — A BRI R U A7
i, FEHEAY KA, Wi R
ok, feft TB M Ay 5g, o Hh T =
{EAER BT S R a5, AU R 2 E
ATl 55 55 L

5 #MMEBRERPARRE

51 PSMBREARMER

RS B 7n B AL B S )RR . e
AEFEIER P AW R e . 4K 20 HRER 11 2
TN WA B R, TR s T 2 e T ) R
STBORBNECE e HAT S e BRI L BT R
FEARNT LA 5 50 = A B () A K2
3D WoRds A BECEHAR S IEUAM 2D 1
WA IRk, NI 3RAS B 22 g s M A ) =
Yl B e HETAI S R B 1 K e a4

(1) e i s

RS ITU 23045, 1920X1 080 b4 &
Full HD, 3 840X2 160 Jjjf =i UHD. UHD X
BiRRoh 4K 2 HE%, JE4h ITU-R BT.2020 i X
T 8K (7 680X4 320) 4 HiZbnite. HEISCHF 4K
S HEE 60 Hz i 1) i 86 A #E (UHD Blu-
ray) fil HDMI 2.0a FRifE¥ 2 #i15 2HE)

() mEhA S A ER

N R B8 8% %0 1) Ol 4 8 B2 0 [ Gl A 0~
10 000 nit, fH H [ LA 2 s 1 £l 5 U %
0~500 nit )52 Bonya . [FIR,  THHALEI AR
PR €0 30 TR L e 7 2 s ME L D 2 3811 33.5% . iX
L R AU AR TV A B e N AR S 2 R 4
Ao HErER 6 = shA&EH HDR 5 (i) WCG,
B o s HE 41 2R 5 % K2 ] B AE e AH QB AR
. FWILEAIA HDR Bon, FHEERRAK
1 000 nit PA B BIR5E 8 . BWOGGIEBE A I
FEPA TR AN G e B IR AL, TR
AN S SR FRTERLGE B IR 90%, 7F) IR R
Ji T B

(3)3D &R

3D WAL T 2D P RGN TR LI,
A DA LA e ok N LS I & . BT 3D
WOREARKRE ARG 3D, #RIR 3D A4 &
3D 4%, IREIX 3D oz, okl K&
Periale Horr, a2 RIRBHE AR U 98
J AR 23 0 BN R B ) 2o A AR, 107 5K
SAFERIMG B R W)t 3D KA AN [F) 4
J5 ) R a8 sk o B A A im e e g, et
3D Wonar sk USRS EESS Y TTaN 3D
WA 120 Hz BAFRHr 8 1) S 7 48 0 5 v it B



23 HEEDL

& MAUREHR I ULk 51

R PG ST RO U 2o A WL R, 07
AV AF AL 7T LA B 58 B HeoR i B, (H R R
et FERE HAAE R M MR . BRI 3D Wos$iR
H AR 2 7m JR BE 3 EDOS ARE & .
o, SR 3D i i b R 2 R A 2 B
JSCHE BT HEZ IR 2% SORCRE 70 4 IR 3] 1) i 1 73
s EBA 3D b L — R ARE A
AMFERE LN 1 20 BUR IR 2= 4l #1m) /et
. ZASHNR 3D WoRas ] Lk 2 AN 1]
AL SilIEs S NESIE 2 i TN (TE 74 7 31
3DE?%%%EW%%W HRHR 3D R a1k

UK TR R, JF HAR R 2 73 %
TM@@FE-%%,%MEZ@ﬁﬁﬁﬁﬁE
FEBEAR, MR R R R S AR R
42 3D BREHERH G I R 5 i B AT L
R A BRI S T =g R, %
A LAAF RS N ELSE R 3D K. (Hil T B#E T
SRR I AT S AR Goe B = 45 1, B

MG T

EHG T 3D AT ik

T1 T2 T3 T4

Va ‘ 7

sl st

l@- ﬂ

P ER, FrCUH AT H AR
W1 3D XY EIR .
5.2 SN P RRREIFEM

B LA TN G RSP G LIE 5% NIAY NI P
T 3% 26 Ab R 400 385 BRI BTG I P SR B, I A
LA G ) A THER I VTA, R, B
-G NHRARE SRR P RPN HE DU X Fi
AT 45 55 A B E A B A B

PR DPAN 73 R 30T & PPA 5 0o
PEA (] 8) o RRART) e & el 2 AR, P LA
HH A RIEAT TR TRV 2 B AR I o H 2 T
S BRI B Ty, JovE I T S I R R A Ak B AR
gt, Pl ST B 3 1 F AT A VY
TRAT L EE . TR VP S 56 1R F WU AR ok 2%
MVFA SR B I 2 805 5 R B

(1) FEAATTT = VA

] o A5 DK B 10 G 4 LA 5617 ITU-R 1
VT O G o 1) 2 PP 7 VAR TS ITU-R

B T 5 4 1

T L5k
- i
SR TETTUTI PP
[ J :
P ks :
""""""""""""""" (5
et i

—

Pl AT
lr SEHIE EA R AT

...... : I j=
Vote pad um.w‘--m‘ < — ifﬁﬁt{ﬁiﬁ t':_r{ & -—j - é
TI=10 % simEg S ST e : Cad
To=3 b Rt YN SV TN A Ko 4 : , F oyt :
T3=10 £ HBHCRE % HIOCHE, fibr @45 : \
T3+T4=20 Fb JFiitdT 53 LCC, SROCC, : . AT :
Double-Stimulus XU RMSE % ORIURAL BRI e ma

HAIRT LAY BT R

M sssEEsssENEEEssEssssssAEEAREEsRsRRNsARERRRRRRRaREnnnnnnnl

E 8 #MIMEERERURE TN

Fig. 8 Subjective and objective image/video quality assessment



52 £ R R

2016 4F

BT.500”, TijlEJ&E T ITU KIS bRUEAL ]
ITU-T 5587 T 1H 17 22 28 A R FH 1) 3 WA A0t
PR 73 F5 ITU-T P.9107" . & Ff 3 WL 451
IR VP AR 7 105 PR A% 0 DX 31 A R B S 2 X
. XORNEE R G & (45 B — M AIT 73 2
R T B — M SR UG S 2 U, T SR T
FEUOWAE A HAR AT FE R A THT 4%
ITU-R BT.500 #1 ITU-T P.910 3 12 W45 2
PRSI FRIE . OB . IR DL A A TR T
Prim FE AR BEAT T VR LE

(2) 2 AR5 B PEpY

BT = TP TR ] DM R f 2 S
AR W5, BB MESH =FT,
A 23 (A RATUT VP A 2 T B N R A RATRN
KPR S IR 6 B T i TR 2 O AR
PUA T B AT PR I L R 26 B R 2 AN T 3R1S 1,
SR ISF O 55 SBEAE K 5 2 AL B VP AR g ke A
SRS R G, A T AR AT
VPN, T B RO R G I L R 4
THREAE 2 R 3% B FH - VPN BT B R As
REC, EENERE TS H AR ol
MRV, Bk R AE A 4 RN B R
NHE X R e F) B S AZ

(3) MG 5 31 A o

WA AUAREE . 2o U 4 LU RO T 5
K A2 RE, WUAIT R DA 1) 45 SR 4l )
55 VP AN R A TIN5 1 FH P AR 6 R
(Quality of Experience, QoE) VFAfr. FI AT
B EE R B, BEERAR IR, A
RIS A RS 7 s K AR R . 9 4% R
KA. 7% shut ARG . 3D AR A EE BT 1A
B E T AL A3 5 ma P PR 56 5 i QoE IR 2%
AP 1 G R ITU-R BT.2021 4
%t 3D SEARRLSIN QoE VEMY, #AE I5AT 1K &
R VP LR 2 F 38 T 188 JOT 5 AL & 3
JERIVEAR 7 A Bl v R B ) 19 2% 4 3R

FAL WA FREE R s
QoE'. FrLA, et AL i i QoE #EATIY
Wrisk, AN AYEEIF 85 G KB AHREOR
LrE G,

6 REERE

AT MARAEAE R~ B RERA A R
FE 4 5 A8 fif . A 7R By B P 45 7 THIG 22 0
RSB ST T 2B 4 AR
A E T NIRRT, Ad FAT 1 e 0% 50 47 Hh g2
AN G S S, e K EAA M E R E S
SERF AV EIZIAIE . nT AL, R AR £,
PRI TR 25 A7 LU T e

(1) 3 5m I 5 AU S PR R0 Sl 7R B AR
PR (1) 2 BT XA v A6 8 oK BR 1wy 1) 43 3 %
TR R J A AN 2 v A5 ) 8 JEE R,
O o R UV S B 0 i IR S R B 23 i ok
SN i B BoR R, 41 Oculus 1 REF
ISR EE A Microsoft (1353 HLSE 4> 5 3D IR BE
HoloLens. X8 W sH AL 25 AT N FZ 4 01)
PSRRI RN, e it N5 R R Beas Z B 1)
THIT . B 3D AR LI B A
—ig, FHAMTATLGEEIR . By FASE
PO BHAT A B . HET, &I IR S — A 2
FILAH B R, Jf Hie T E42 I T K B 2 N
M5,

(2) TR B A B . & =ARH
PR AG BRI R S, B2 I0R . A5 BILR I
P T B PR, 3 G o S 1 7 A G R
HaA R, BTN . T AATUE A
AR, NIRAAAEAE BRI AN LAY, W7 3L
HRE AR AT G 5 R R R, S AR
MAETCAR, H i i SR I IR R S 2 e R
RAWA Hs A48 A58 T 22 RIFIE 7 [4) o

(3) ¥4 i S5 A BT BE R I 5 H I



23 MEEIL, A IOCEE ISR 53

PRAH 43 9 5 484 e A7 AT 3 2 9 AN AE R S
P FE, AHSERR FIXPIAN I R AR 75 2 A =
B R HEEAT S0 AT e v o RIS T P A ) 4k
P U5 AT T A i 2 5 A, G0 SR R A% A AT
%) Hs. 407 Gt ) o BE A0S R PR PN 28 R AT — LS4 3 G
fh, TEEER K KSEm i T SR macE. A
AL AT DL AR R AR 1) P Ak B o B4 n 161 45
SYERTE BRASTIN G > BT I AR, AR AR 45 G A
B oot 15 S H bR B iR gmid o

(4) FEF 1R JE A 28 9 4% (1) 8 BE AT A AT o B
SR H FTET R BRI B P i) H BRI L BRI
VUM 2RE5 0 B, BF9E N RAT &g th 755
FHEM TV, AR B A 48— I 3R AE 48 Bl 44
By SRR TP AEAR 2 A R R SR, DY
AR, B, S8 e, R ANLERS) B
YA ) AE NIA T AR 45 #8255 ) H B As il AP e
DA e SE R BIHERAFE . AEE B35 F 1 H bRl
B ] — AN P . (AR RIS, BT
TR FE PR ZE I 28 TR R 27 2 BiR L& 78 EUE A0 43
W7 T EAS T8 R . H ATV 2% 2 32 2
W RMAGAT AL B, (AR, REES )
A 23 [ N R OR brac Bl Mbr id B, H
Bl S TR DA IC B, BCIE SEIB
PIEILY/ TN PNIRE R S (U p N

(5) BE4x [T 1R FH P AR5 i B VP H iR
FOU T P S EAKHE 1) ITU-R BT.500 Fritid
JEER X ARIE (704X 480) FlliEiE (1 920X 1 080)
CRT B n&&HlE . Mg ARKEL, W
Ak 7 B L8 AL 458 1) T A T PRI LR Jig 2]
AK EENE . BRETHL. #0840 3D WoRdd
R BB IRGE SR &, (55 ML R LT
IR 5 AR N B M 28 AR o IX LKA
AT VPN I AR VEE R 75 22 5 IR, A R
BRI, & T EMN R — 1 BB TS
Wi ZRE AT R P ARSS E PE R . B
FENMEE N2 AR R E, B E

DB AN N TR 32 55 22 A 5 THT 4 [T 25345 1 25 S AL
JIR 55

BRI, H AT A ER I ER I T M AL Tk
JEATH, T ALK B it 9 S R WA 2 . mT L
UL, MR EAEIT TE AN TR 2755
2 AR 237 AR IR 5 W O R A A

£ X M

(1] P IR R 2 (s Bt 55 35 (b [ R R 4%
RIERBLGE TR [R/OL]. 2015-02-03[2015-
12-20]. http://www.cnnic.net.cn/hlwfzyj/hlwxzbg/
hlwtjbg/201502/t20150203 51634 .htm.

[2] Cisco visual networking index: global mobile data
traffic forecast update 2014-2019 White Paper [R/
OL]. 2015-02-03[2015-12-20]. http://www.cisco.
com/c/en/us/solutions/collateral/service-provider/
visual-networking-index-vni/white paper cl1-
520862.html.

[3] ITU-R Recommendation BT.2020. Parameter
values for ultra-high definition television systems
for production and international programme
exchange [S]. https://www.itu.int/rec/R-REC-
BT.2020/en.

[4] Muller K, Merkle P, Wiegand T. 3-D video
representation using depth maps [J]. Proceedings
of the IEEE, 2011, 99 (4) : 643-656.

[5] Zhang XG, Huang TJ, Tian YH, et al. Background-
modeling-based adaptive prediction for surveillance
video coding [J]. IEEE Transactions on Image
Processing, 2014, 2 (2) : 769-784.

[6] Zhang XG, Tian YH, Huang TJ, et al. Optimization
the hierarchical prediction and coding in HEVC
for surveillance and conference videos with
background modeling [J]. IEEE Transactions on
Image Processing, 2014, 23 (10) : 4511-4526.

[7]  Zhu WJ, Ding WP, Xu JZ, et al. Screen content
coding based on HEVC framework [J]. IEEE
Transactions on Multimedia, 2014, 16(5): 1316-
1326.

[8] Ma Z, Wang W, Xu M, et al. Advanced screen
content coding using color table and index map
[J]. IEEE Transactions on Image Processing, 2014,



54 £k

E5d

ZN 2016 4

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

23(10) : 4399-4412.

Ren XF, Malik J. Learning a classification model
for segmentation [C] // Proceedings of the Ninth
IEEE International Conference on Computer Vision,
2003: 10-17.

TARRE, BRI, 2H. R RS HIHSI R g
(3] PHHEHLNIWTSE, 2014, 31 (1) : 6-12.

Shi J, Malik J. Normalized cuts and image
segmentation [J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2000, 22 (8) :
888-905.

Felzenszwalb PF, Huttenlocher DP. Efficient graph-
based image segmentation [J]. International
Journal of Computer Vision, 2004, 59 (2) : 167-181.
Moore AP, Prince S, Warrell J, et al. Superpixel
lattices [C] // IEEE Conference on Computer
Vision and Pattern Recognition, 2008: 23-28.

Liu MY, Tuzel O, Ramalingam S, et al. Entropy rate
superpixel segmentation [C] // IEEE Conference
on Computer Vision and Pattern Recognition, 2011:
2097-2104.

Vincent L, Soille P. Watersheds in digital spaces: an
efficient algorithm based on immersion simulations
[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1991, 13 (6) : 583-598.
Comaniciu D, Meer P. Mean shift: a robust
approach toward feature space analysis [J]. IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 2002, 24 (5) : 603-619.

Levinshtein A, Stere A, Kutulakos KN, et al.
Turbopixels: fast superpixels using geometric flows
[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2009, 31 (12) : 2290-2297.
Xu CL, Corso JJ. Evaluation of super-voxel
methods for early video processing [C] // IEEE
Conference on Computer Vision and Pattern
Recognition, 2012: 1202-1209.

Yang F, Lu H, Yang MH. Robust superpixel tracking
[J]. IEEE Transactions on Image Processing, 2014,
23(4): 1639-1651.

Field DJ. What is the goal of sensory coding? [J].
Neural Computation, 1994, 6 (4) : 559-601.
Olshausen BA, Field DJ. Emergence of simple-cell
receptive field properties by learning a sparse code
for natural images [J]. Nature, 1996, 381 (6583):
607-6009.

Elad M, Aharon M. Image denoising via sparse and
redundant representations over learned dictionaries

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

[J]. IEEE Transactions on Image Processing, 2006,
15(12): 3736-3745.

Yang JC, Wright J, Huang TS, et al. Image super-
resolution via sparse representation [J]. IEEE
Transactions on Image Processing, 2010, 19(11):
2861-2873.

Wright J, Ma Y, Mairal J, et al. Sparse representa-
tion for computer vision and pattern recognition
[I]. Proceedings of the IEEE, 2010, 98 (6): 1031-
1044.

Liu LQ, Zhang L, Liu HR, et al. Toward large-
population face identification in unconstrained
videos [J]. IEEE Transactions on Circuits and
Systems for Video Technology, 2014, 24 (11):
1874-1884.

Hu WM, Li W, Zhang XQ, et al. Single and
multiple object tracking using a multi-feature joint
sparse representation [J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2015,
37(4): 816-833.

Andriluka M, Roth S, Schiele B. People-tracking-
by-detection and people-detection-by-tracking [C] //
IEEE Conference on Computer Vision and Pattern
Recognition, 2008: 1-8.

Krizhevsky A, Sutskever I, Hinton GE. ImageNet
classification with deep convolutional neural
networks [C] // Advances in Neural Information
Processing Systems, 2012: 1097-1105.

Girshick R, Donahue J, Darrell T, et al. Rich
feature hierarchies for accurate object detection and
semantic segmentation [C] // IEEE Conference on
Computer Vision and Pattern Recognition, 2014:
580-587.

Lucas BD, Kanade T. An iterative image
registration technique with an application to stereo
vision [C] // Proceedings of the 7th International
Joint Conference on Artificial Intelligence, 1981:
674-679.

Kalal Z, Mikolajczyk K, Matas J. Tracking-
learning-detection [J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2011,
34(7): 1409-1422.

Simonyan K, Zisserman A. Two-stream
convolutional networks for action recognition in
videos [C] // Advances in Neural Information
Processing Systems, 2014: 568-576.

Ng JYH, Hausknecht M, Vijayanarasimhan S, et
al. Beyond short snippets: deep networks for video



2

HMEEDL, A

RN €1 SRS 55

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

classification [J]. arXiv preprint arXiv:1503.08909,
2015.

Hochreiter S, Schmidhuber J. Long short-term
memory [J]. Neural Computation, 1997, 9 (8):
1735-1780.

Donahue J, Hendricks LA, Guadarrama S, et al.
Long-term recurrent convolutional networks for
visual recognition and description [J]. arXiv
preprint arXiv:1411.4389, 2014.

Wu ZX, Wang X, Jiang YG, et al. Modeling spatial-
temporal clues in a hybrid deep learning framework
for video classification [J]. arXiv preprint
arXiv:1504.01561, 2015.

Kalva H. The H.264 video coding standard [J].
IEEE Multimedia, 2006, 13 (4) : 86-90.

Schwarz H, Marpe D, Wiegand T. Overview of the
scalable video coding extension of the H.264/AVC
standard [J]. IEEE Transactions on Circuits and
Systems for Video Technology, 2007, 17(9): 1103-
1120.

Vetro A, Wiegand T, Sullivan GJ. Overview of the
stereo and multiview video coding extensions of the
H.264/MPEG-4 AVC standard [J]. Proceedings of
the IEEE, 2011, 99 (4) : 626-642.

Sullivan GJ, Ohm J, Han W], et al. Overview of
the high efficiency video coding (HEVC) standard
[J]. IEEE Transactions on Circuits and Systems for
Video Technology, 2012, 22 (12) : 1649-1668.
Boyce M, Ye Y, Chen J, et al. Overview of SHVC:
scalable extensions of the high efficiency video
coding (HEVC) standard [J]. IEEE Transactions
on Circuits and Systems for Video Technology,
2015,26(1): 20-34.

KFE, EENW] BRA, 55 HEVC drfEr) 2 240
BRI RE [T]. v STHIE HL R 27 274l (AR BL 7
fi), 2015, 35(3): 1-10.

I S, AVS AT AR THE A [0 A g T 0E e
(0] THEERUIT IS A g, 2015, 52 (1) 2 27-37.

Ma SW, Huang TJ, Reader C, et al. AVS2-Making
video coding smarter [Standards in a nutshell] [J].
IEEE Signal Processing Magazine, 2015, 32(2):
172-183.

Ugur K, Alshin A, Alshina E, et al. Motion
compensated prediction and interpolation filter
design in H.265/HEVC [J]. IEEE Journal of
Selected Topics in Signal Processing, 2013, 7(6):
946-956.

Ugur K, Andersson K, Fuldseth A, et al. High

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

performance, low complexity video coding and the
emerging HEVC standard [J]. IEEE Transactions
on Circuits and Systems for Video Technology,
2010,20(12): 1688-1697.

Seo CW, Moon JH, Han JK. Rate control for
consistent objective quality in high efficiency
video coding [J]. IEEE Transactions on Image
Processing, 2013, 22 (6) : 2442-2454.

e WISBE, AR, HIOME, A5 TR AU 2
triked (V). 5465 E R, 2013, 35(2):
474-483.

Luo Z, Song L, Zheng S, et al. H.264/Advanced
video control perceptual optimization coding based
on JND-directed coefficient suppression [J]. IEEE
Transactions on Circuits and Systems for Video
Technology, 2013, 23 (6) : 935-948.

Ekmekcioglu E, De Silva V, Pesch PT, et al. Visual
attention model aided non-uniform asymmetric
coding of stereoscopic video [J]. IEEE Journal of
Selected Topics in Signal Processing, 2014, 8 (3):
402-414.

Zhang Y, Kwong S, Hu S, et al. Efficient multiview
depth coding optimization based on allowable depth
distortion in view synthesis [J]. IEEE Transactions
on Image Processing, 2014, 23 (11) : 4879-4892.
Zhang Y, Kwong S, Xu L, et al. Regional bit
allocation and rate distortion optimization for
multiview depth video coding with view synthesis
distortion model [J]. IEEE Transactions on Image
Processing, 2013, 22 (9) : 3497-3512.

Zhang Y, Jiang GY, Yu M, et al. Depth perceptual
region-of-interest based multiview video coding
[J]. Journal of Visual Communication and Image
Representation, 2010, 21 (5-6) : 498-512.

Zhang Y, Jiang GY, Yu M, et al. Stereoscopic visual
attention based bit allocation optimization for
multiview video coding [J]. EURASIP Journal on
Advances in Signal Processing, 2010, 2010: 60.

Xu L, Kwong S, Zhang Y, et al. Low-complexity
encoder framework for window-level rate control
optimization [J]. IEEE Transactions on Industrial
Electronics, 2012, 60 (5) : 1850-1858.

Hu SD, Kwong S, Zhang Y, et al. Rate-distortion
optimized rate control for depth map based 3-D
video coding [J]. IEEE Transactions on Image
Processing, 2013, 22 (2) : 585-594.

Xu L, Kwong S, Wang HL, et al. A universal rate
control scheme for video transcoding [J]. IEEE



56 £ R R 2016 4F.
Transactions on Circuits and System for Video 625.
Technology, 2011, 22 (4) : 489-501. [69] ITU-R Recommendation. BT.500-13. Methodology

[58] Wang X, Kwong S, Zhang Y. Applying game for the subjective assessment of the quality of
theory to rate control optimization for hierarchical television pictures [S]. http://www.itu.int/rec/
B-pictures [J]. IEEE Transactions on Broadcasting, R-REC-BT.500-13-201201-L.

2013, 59 (4): 591-601. [70] ITU-T Recommendation P.910. Subjective video

[59] Wang X, Kwong S, Xu L, et al. Generalized Nash quality assessment methods for multimedia
bargaining solution to rate control optimization applications [S]. https://www.itu.int/rec/
for spatial scalable video coding [J]. IEEE T-REC-P.910/en.

Transactions on Image Processing, 2014, 23 (9): [71] Chikkerur S, Sundaram V, Reisslein M, et al.
4010-4021. Objective video quality assessment methods: a

[60] Yuan H, Kwong S, Ge C, et al. Interview rate classification, review, and performance comparison
distortion analysis based coarse to fine bit allocation [J]. IEEE Transactions on Broadcasting, 2011,
algorithm for 3D video coding [J]. IEEE Transac- 57(2):165-182.
tions on Broadcasting, 2014, 60 (4) : 614-625. [72] Hu SD, Jin L, Wang HL, et al. Compressed image

[61] Zhu LW, Zhang Y, Yu M, et al. View-spatial- quality metric based on perceptually weighted
temporal post-refinement for view synthesis in distortion [J]. IEEE Transactions on Image
3D video systems [J]. Signal Processing: Image Processing, 2015, 24 (12) : 5594-5608.
Communication, 2013, 28 (10) : 1342-1357. [73] Xu HY, Jiang GY, Yu M, et al. Binocular

[62] Zhu L, Zhang Y, Wang X, et al. View synthesis combination and fractional differential based
distortion elimination filter for depth video coding 3D image quality assessment [C] // 2015 7th
in 3D video broadcasting [J]. Multimedia Tools International Workshop on Quality of Multimedia
and Applications, 2015, 74 (15) : 5935-5954. Experience, 2015: 1-5.

[63] Pan ZQ, Zhang Y, Kwong S. Efficient motion [74] Wang X, Jiang GY, Zhou JM, et al. Visibility
and disparity estimation optimization for low threshold of compressed stereoscopic image: effects
complexity multiview video coding [J]. IEEE of asymmetrical coding [J]. The Imaging Science
Transactions on Broadcasting, 2015, 61(2): 166- Journal, 2013, 61 (2): 172-182.

176. [75] Jiang G, Zhou J, Yu M, et al. Binocular fusion and

[64] Zhang Y, Kwong S, Jiang GY, et al. Efficient multi- suppression based objective quality assessment
reference frame selection algorithm for hierarchical method for stereoscopic images [J]. Multimedia
B pictures in multiview video coding [J]. IEEE Tools and Applications, 2015, 74 (18) : 8197-8218.
Transactions on Broadcasting, 2011, 57 (1) : 15-23. [76] Chen YJ, Wu KS, Zhang Q. From QoS to QoE:

[65] 5Ky, KRR T, k2. JE T Al (K 5=y a tutorial on video quality assessment [J]. IEEE
S i A AT T N gt vk [T SRR, 2014, Communications Surveys and Tutorials, 2015,
3(2): 42-52. 17(2): 1126-1165.

[66] Zhang Y, Kwong S, Wang X, et al. Machine [77] Liu XK, Zhang Y, Hu SD, et al. Subjective
learning-based coding unit depth decisions for and objective video quality assessment of 3D
flexible complexity allocation in high efficiency synthesized view with texture/depth compression
video coding [J]. IEEE Transactions on Image distortion [J]. IEEE Transactions on Image
Processing, 2015, 24(7) : 2225-2238. Processing, 2015, 24 (12) : 4847-4861.

[67] Zhang Y, Kwong S, Jiang GY, et al. Statistical [78] ITU-R Recommendation BT.2021-1. BT.2021:
early termination model for fast mode decision and Subjective methods assessment stereoscopic
reference frame selection in multiview video coding 3DTV systems [S]. http://www.itu.int/rec/R-REC-
[J]. IEEE Transactions on Broadcasting, 2012, BT.2021-1-201502-1.

58 (1): 10-23. [79] Xue JT, Chen CW. Mobile video perception: new

[68] Smolic A, Kauff P, Knorr S, et al. Three- insights and adaptation strategies [J]. IEEE Journal

dimensional video postproduction and processing
[J]. Proceedings of the IEEE, 2011, 99 (4): 607-

of Selected Topics in Signal Processing, 2014,
8(3):390-401.



