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BENLES, BUD T A 80 B 5 SR Atae ), R AN TR BRI REBEAZ — IR EAZ
T2 RE, TR IO MU S BB SR AMEFE I A 2, 20 BT A5 H Anis sh Bk g s b iz sh 15 R
B A PGS RS SCAR T A SRt IR A O 3055, AR O 0 KR SR R
SO A ARRAS HON T AR 1 A N L RE R, i ANIZE B HBIALSE . M on B ARG
HA B KIHESNER 13, BT, VAt bl 5 A w], ik 3 - #FE K% (Carnegie Mellon
University). & T %Pt (Massachusetts Institute of Technology)+ FX Palo Alto SE4G = Fif HEE
I PR e 55 TR I N AT T e 55, 23 9y N BRI A BT 7T, Btz 1 AR 8 5 20 A i A 52
BORKSE.
SEbr b, WEHRARAC R A L, TT DR SE T AU BB RE W AR5 0 4 2K, st oh B 14
BN A
o A — a: IXFAFSSIGHIEIRE 7 A il SRR, BE 28, BARk . 50300 178
MRS
o A — A IXBATST 0 MAEE 1 e 305 Bt AT @A, Kt fm BB F AL b, 1R
JEALR A5 B2, B & U 70 2 A . LR iR B i S5 55
o A — A IXARSS I 0 MESEE HEAT S AL B, 75 AN S SR AL B B AT B T AR B TR,
BLERUI A 0E  XURK e ffte o T 1 9 S A 55
o A A IXBATSSAEB RN B IRl b, 0 SRARAR N AT R I IR A S B e 4, DA%
BRIUAR, Bl AR SO Ui AL AIAR BT 55
MEARAL BRI A 55 72 SO 500 4R I QB 5, (RN 2 Bt ote TU AR A5 AN T i SUA S ) s,
ETIT 3 i WA R B Ak A5 B S A RE 0. R — MU P R B B 1, Bl D, 1
&% (information capacity, 1C) AARMS AL Bt 15 B IR tae 1y, tHR AKX InT:
1
v=1, 0
A o A S 7 AT SR A A KU BAR, A BUE 55 U A RIS ILAUE B T
Hefili b, R AT Re s D BdE R D, SR TS SR ML SRR, HE P, B S BT B
fRIfE N T AEE # m RO B AR LIS B, A BN A I s T U8 2% BN R IR e 0, BIDWAE #
MBS FIR, B T RS S L 115 BAEWLE & AR ae ) LRI, Rt h:

k= (I',A)y= (¥ D' A), (2)

Hor, w RRWE B NI SREC SR, I, D7, W fL A i AREMIE RS S B & S =, S8
Pefitae /7, LRGSR ST AR R, X R B I8 T AN A0 N A ) 2 T (14150, A&
rp REIHRR.

AT, BFFEN SR RUIRAS BUE SO — A 2 2RSS R T T7 18], 8 S LS« 22 R A . L
a2 BARE A PSR 2 A UK. S5 S U R NN BR AR SR I, SRR T LS 2
(video summarization) 16l MITIRAE (video synopsis) 171 FIAEAIFEIA (video captioning) 18 3 AME5,
AN ZE . HERFIE A B AT IR L. = F e R 1 119~62 R, Bk R pTid.

(1) LA NN B BEEAT A et A S TN B BR TR (B B, TR IR s pe iR
JECRLE PN 28 ) SR B ol B B B =k, AN T B DA P 28 S8 AR BICRLAAE 20 B A, B 22, AATTT
AP E (LI OGER ) A 2, 3R i AN B 8. Lk Arb, AR 3 W] A Dy At AW 73 B A 55 1 Totdh P et
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o Clustering: VSUMM [27], Kmedoids [26], e Summarization&Captioning: temporal
Co-Cluster [29], SGONG [28]; attention [51], frame-level attention [57],

title generation [40];
Object and trajectory extraction: /
adaptive background model [41],
HOG [42] and R-CNN [43] for
object extraction, Kalman filtering 'I

[44] and particle filtering [45]
for object tracking;

® Dictionary: SALF [30], LiveLight [33],
12,0 sparse [31], block sparse [32];

e Property model: interestingness [36],

® Captioning&Synopsis: tube feature [56],
region-level attention [59],

dense captioning [62];
importance [35], storyness [36,37],

diversity [34], multi-model [38];

® RNN: dppLSTM [21], hierarchical
LSTM [23], Dual learning [39]

o Synopsis&Summarization: VSCS [19];

e Sentence template: HOG [20],
SIFT [22], DPM [52] for object and
Video activity detection, SAIG [53],
' oDl S SCFG [54] for grammar modeling;
® CNN-RNN network: CNN [55],

LSTM [24], HRNE [25] and attention

model [28] for visual encoding,

LSTM [24], reinforcement learning [60],

reidentification [49], distributed adversarial learning [61] for caption
processing [50]; generation;

Single-camera video synopsis
spatial position optimization [46],
collision loss function [47];

Multi-camera video synopsis:
panoramic mosaic [48], object

1 (MRRRFE) MSRZERF, M2, REMERESHXRE

Figure 1 (Color online) The relationship among video summarization, video synopsis and video captioning

e, L TS B SO s RS, T LR 2 S e R AR FARERER . AT O S T 55
B 2 4 103~651,

(2) PRAIAAE I H A5 AR BEEAT AN, 12 AT 45 2 BEAT T I AT e A 7L, @i A H AR iE
BT H AR S 23 4, DU (A1 U ) (1 07 =X, ZE ORFFRAITET 5% H AR S5 A RWATE 35 B
AT, N SR AT A — o 5 15 0 0 S5 423 AL SR 307 3K, e A MR AR B 1) R B B A 1 A4 R 7,
BE— BT T IS TS B B AR RO PSR R, e SEILR RE BT L Bl B HMURT S S A T )
T 17,19],

(3) PLATHA IR A A FEREAT A, B RIS F I TH LA S0 A0 B 2815 5 AL BEHOR, 3@ ML A
BT SOZ IR BEAR, B DE(5 B B SOAME B RIS S e e, e 28 A0 O TE A SRR AT 2.
MR R AT A0 HT - AMLSZEL S T SH U AL oE 48 152 Y LA 3 B 3 (66:671

RUPIAG EE . WA AR AT 55 AR AT S0 3 2% T2k, e HRFEAIEE I 5 SRAE A BIF ST At
A G AR ERASCANAE S5 I, AR HARRITE SCH BEREAT AR L. I 4Rk, fERIT N BL i)
SEFBE N, AR AR SR 7 Q2 UG LR, O 138 SR AU AS IO FE IR 430, A SCAE RS AR
PSR R AL T VL AT S AR BTt MRUSIUR 22 . WU 4 AT IR AT 55 N T2, XA RIS EHEAT T
VRAEFID 18, BNE T D SR RS, i T BUE TRERI LA MR, 15t T ST S AEAE R AR
P g FOBLAE 5Bk, FHRHZ I AR U 3EAT T R,

ASCHAGHEZBARGN T 55 2 799, A48 7 AR IUE S5 b i F AU S R AL T i, 73 (e
5 RARALAIN 715 B ARAL; 25 3 9, WIREER, 7t 3] PR RUNE M 22 2 4 ANJT T, v
27 LI BT R D SR R A FE IR, I BUAF i R AT T T i o5 4 9, A T
BRAGAESS T, AR PUE SO EN AL T 2 8 Sk AR 4 535, I DA IR 8UdEAT 1 0 5t
W 58 5 1, R TR CNN-RNN HEZE AR T7V%, IF0 IUA7 Ie) k4T 1 73 #r
Sie; 5 6 71, R T AUIA IO I Pk, FREE TORRIOWEFUA RS B 7 N, #EAT AR AN
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Table 1 Video spatial feature extraction approaches

Feature type Approach Pretraining dataset

Color histogram 701 HOG 129,

Hand-crafted feature SIFT (22 . SURF [71] -

Image datasets: ImageNet (78]
Openlmage [79], MNIST [80],

AlexNet " VGGnet [ CIFAR10 BY, Places 82,
Deep learning feature FCN ™ ResNet [ Video datasets: HMDB51 84,
GoogLeNet [76], DenseNet [77] UCF101 ®3 Moment-in-Time (8%,

ActivityNet 8¢ Kenetics [&7]

2 UBIRRIES A

MUER RAL RS A 5 7 U AT, AR UAR I S Atk DUSEOR th 57 941K, AR =
2 RS S AN P, R SOR B (022 (B0 A5 AN 45 SR AL T iR AT 20 R 4.

2.1 {ISNZEEMEEFRIE

RS2 )45 SR AE = ZEE T BUG EI (R AE 7 vk, AT KB MR G F T THRFE (hand-crafted
features) MRS~ I AL (deep learning features). MTAEIR, 45 2 TR BE 42 X 28 A5 Y i K FRRFAE 7 >
RE T, VR PE % SRFAELE S AT AT AT 55 oA 2T T TR HRHE R3S, B2, F TAFER:T A
FEA F WAL S N FI T BT, BAARSR TR, RN, T TRAE T80 T LS RIR
M2 ML IR IE 5 5 20, R e AE IR AE TR R 35 3 2B G B LR Y 168,691 3% 1 [20,22,70~87) 3
85 7 AR E I T BV RRAE AR BE 27 STRFAE, DA R I ZAIR 10X 2% e =5 2 1) BRUG AR A A o 2.
NICKE S BEAT A,

2.1.1 FITigiHHE

PRATHCHE 1) TF AFAE T DL A 94 JRRRAE (701 R S0RFAE (38890 b, MUARACHUAE S5, 5 DL AR
AT 4 Jey 45 IE A B € BT FRFAE (color histogram) (70 R 77 [l 5 B 7 EI4HAE (HOG) 29 %%, Song
5 1901 #1 Zhang 45 U R By BURFIE R BT ZAT 55 b U6 BT B BME b B e 2H A
FROAEGETE, BB 7 A (AN B 3 51 0 BN T (bin), 285K BRI MER R R R X )
B RIS, SEM G R & S BRI, Rl AR B RIE ) — 4, 5 T i
WG THEERE, SRS BT EIRRME [ &L U0 E 7 EIRMEE £ RGB A HSV 307 [ EAT 32
W, LA RGB ZERIAH, #4% R, G, B ZANEIE )7 N0 A8 m, n, p, A REBIEETTEI
YEREH m x nox p. BUEETTERI A2 RGTHA RS LRSS S, F ek, BAA —E e
HEAAR Y, SR IR AR, HLZ2E T Bt i) s Al o B A5 2 Y.

Dalal 2 201 F 2005 G2 H J7 A8 H /7 Kl HOG (histogram of oriented gradient). HOG &
TGe vt BGOBR BET [v) FIUE B2 50 B2 O3 AT I RFAE R IR 1, 76 HARERER 0210 A7 9100 031, B35 A (04
SR HAT SR BATZ MR, B3 HOG FFAERT, & e R B BGOK BEAL, JREAT 2 BB
Gamma FF1E, S5 XS Bt EEAME R St SRR A 577 ), e 70 RGETHER R sRIRE DT 10, JFA
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FABE FEAE X RN JT [ HEAT 3 — Ak, SRAFRHAE IR & J7 [m)B6 B2 B 7 BN UG LT A 2 A B R AP
G, HR I ER RS, I H BRI OB R, AT A T T 5T & AR

JRITRAFAE & — FPRAE UG /N X IR B R S RFIE DS AL Lowe 122 - 1999 442 HY STFT (scale-
invariant feature transform). fEAXZ V15 R HRHIE B 77459, SIFT J& —Fpi FH BRI 25 AR fE. SIFT
TS R R R AU REE S 7 I IR AT AR BRRAE (m) &, A2 R A T A 23]
Kk 051 Fadg 6] FOEAFAG I 07 S fE55 . B 56, SIFT lidxt i BUG #EAT R AR #e, e AR R
JE 27 ), BEMAS 2] & 22 00 & 05, X210 H BRA T XA N B BHUR AT RAE SR I. LR,
FEMCEER b, B0 B & - B8 HEAT 725 (B ARAE mkr I, SRR 8 AR AU AL BAE B, 1T T SR A R 20
P BORR BERRABL AN T 1. B, Geit MG m B B2 23 A1, A5 lsh 2 77 1) B 77 PRI D UG AR AL v
SIFT HA s R B B 4% . AU K/ANETI SR AS5 B BRI AR 1, sk Uit
SRR RS, N T BE PR SIFT RHERITHEZCE, 2006 4 Bay 5 M #2tH T SURF
(speeded-up robust features), K6 T a3 X B HEAT AR, FIF Hessian 55 BRI 4 78 N =
], 84 7 SIFT Rk ot BURHEAT R AL RO HRAE, S 1 BERCE. SRR, SURF FHIEX T K&
N RN i A8 e (R R ME R B STRT EAE, H2 Fl B 2 STFT 1 =1
2.1.2 REFSJHHE

ARk, BEAEIREE S SRR, FIRIREBIME 4% CNN (convolutional neural networks) 247
PR AVRFAE SR T VARG 22 R B, AR TN A BRSO THR-E, B8 BERAE & ZE R 3K 3l T k4T
H 222 ST R IE SR WA U 55 0 3 F T 3R IBGARFERFER) CNN P25 AlexNet ™, VGGnet (73,
FCN [™ ResNet [, GoogLeNet [ DenseNet 77 Z& = HAKGIF.

Krizhevsky %5 (72] F 2012 EHEH AlexNet. AlexNet B 5 MEFEM 3 MiEREZ, Bl
ZHEIEF) 6.24 x 108, Hh &R ENSEOEIE T 94.2%. 15323 T BRI I 2% 58K B0 38 RFAE £
HUHE S, AlexNet 7E 244 ImageNet HJEME 2 ELFE iR Ml R E R 1 I S AR A& 4 777k, Simonyan
4 173 F 2013 FEHEH VGGnet. VGGnet 155 VGGnet-16 A1 VGGnet-19 BRI N2 458, HAH VGGnet-
16 8 13 MERUZEM 3 M IER)E, VGGnet-19 5 16 MEBUZA 3 N 2IEREE. T AlexNet,
VGGnet i K2 AN BERIZAE R ERZ, LA H 2 |2 3x3 BRI 5x5 B,
H 3 B 3x3 BN E 7x7 BRLE, FERFFM % 2Rz B RIER AT S, 390 7 28R, H
MR T A2 ST RS, HJE, VGGnet A AlexNet #A71E 452 SR 2 10 ) 8. &F%f it
W@, Long % ™ 7F 2015 F42H T &E ML ML FCN (full convolutional neural networks), FJH
1x1 B B A AEIEREE, B0 TERSH, FN R 715 CNN 4 2 BHE RS
FIRRH. S4b, AT E— 55 CNN 2435871, He %5 7] fl Szegedy %5 (01 43513 HI T ResNet Al
GoogLeNet, HT#i /& CNN P45 3R EFI T8 . ResNet fEASAR)ZE Z (RIS IN T kI AR SR b 1k 24
B (residual blocks), SHR 1 W 4% EEOMR S B0 22 STRA B VH SRR KE )R] /8, $h e T CONN IR
J#. 5 ResNet N[, GoogLeNet E JF#i & CNN BY% 1, NIt T Inception bk, 7E45—ZFIH 4
AR RS BRI PAT A R, TR S Inception BEELIE T CNN [F58FE, g% 0 m i A
H GPU THE BT, FEAH R THRR T REARICE 2 IRHIE, AT 2% 2188 /). 9P b, GoogLeNet
1258 R /& AlexNet 1) 1/12. Ak, S8 7 30T CNN %25 BEARZE(E B, DenseNet {EATE ™
LRBEZ N T BEEENS], SU8 T 4% CNN RTEAMLN G 2 Mg E gL, d—0
85 7 CNN % )5

IR CNN 28 7 i B AT PR FERFAE I, B 56 7 AR R R B 7y St B Ltk A7 1l
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Table 2 Pretraining datasets for deep learning

Dataset type Name Size Category Year
MNIST (89 60000 10 1998

ImageNet [78] 120 million 1000 2009

Image dataset CIFAR10 B 60000 10 2009
Places 52/ 10 million 434 2014

Openlmage [™] 900 million 6000 2016

HMDB51 B4 6766 51 2011

UCF101 53 13320 101 2012

Video dataset ActivityNet 6] 20000 200 2015
Moment-in-Time [5°! 903964 339 2018

Kenetics (57 500000 600 2018

* 3 PR FEERIERE

Table 3 Video temporal feature extraction approaches

Feature type Approach

Optical Flow [104] FlowNet [195] FlowNet2.0 [106]
SPyNet (1071 PWCNet [108] ' EpicFlow [109]
3D CNN [110] ' c3p [111] 1-3D [112] ResNet-3D [113],
Pseudo-3D [114]
LSTM [115]  GRU [116] | Hierarchical LSTM [23,25]
HSA-LSTM 1171 MA-LSTM [118]

Flow feature

3D convolution feature

RNN feature

IR, T2 )80 S5hR% 2 181 2 R I ARG e et (9899 e 2 Brow, A 0 BHE IO SR 8 4R
ImageNet ["8] OpenImage [, MNIST 89 CIFAR10 81, Places 182 %% & F OALAR ) 2R B s SE 4
HMDB51 B4, UCF101 3], Moment-in-Time 5!, ActivityNet [0, Kenetics 87 2%, FRIZRIK) CNN K B
F2 ST AN [F) RS 23 BT AT 55 v AT AR AE B L (21 1000 Bl 7 AR B2 AT 55 HEAT S 800 DL AR AT
F 101,102 fEEhF ONN 5 K15 I8 )7, CNN 75K B 45 b2 5] 159 2078 B RFIE AR 32 98 LG F0
PRI ) e J2 08 A J2 7 THD B A S A R 1 B 1031 ERT % B R AAE 4 2 FH % R TR AT 3 BT A 55
Hh TR BEARFAE A AR EE O V2 AT AT RE AT AN T G LARFIE TE 4 1 45

2.2 SART RS B 3RAE

AT FH I 228 A0 1 BG4 R 1), A T 25 ) o PR, AL A Ry R s R . AT e 36
B B S TR s sl . WA TG R, T EASOLRIEIIRE . = 4EE AP N 2R AE A
PP P ZSRFAE. K 3 (23,25, 104~ 118] g i 7 ARUSIAR Y P F (I PR, R SO BAR 7 2R A 4.
2.2.1 NREBINIFIE

Gibson M4 7E 1950 £FF e HOGIRAIME S, FI T X5 ig 3h 5 BREA TR . JERRHIE (optical
flow) A& MLATEE I 5 RN R (2324 1091 3 o v S QT RLATUIT ) 2 AR 6 4 DA R MR 3R A
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I [A]_F AR Ak, e AH QI TA] R0 B 56 2R, sk 1 AR A AR TR R R ARHZE 205 . £SOk
WAHETT HO R R EAS LT AL . 2 WA X UL AL i 0725 (A B, fEa it 57
VLT B R AN AR (1) FEAHAR I, ARSI KA T (2) BARisahiEs: AU,
X PR T4 Ge G R AS R 37 s i ad A 1, i1 B R PR A, s el AR A A Y RK 56.

RN T DR D CTURFAE FE AR SR, Dosovitskiy 45 1109 78 2015 &3 H T 3 TR
Z W2 e v, B FlowNet. FlowNet A Encoder-Decoder HM 54514, LLAIFA N T.& 53
PR EE N EAE B, DARER BN i N U, S b A3 20 B, 23 7 AR 21
T P B 3t 2 2] . FlowNet 7] PABEAT Y6 B B SERT 55, JF7E S YAl v vk v S 17 i
S5, (H72 FlowNet FOGTTHE R 2 AR TAE S 77, BT, FlowNet HIFATE 2017 F42H 7L
HE FlowNet2.0 fieAs 1061 SR HIRHRE 2FE S (coarse-to-fine) (MG T 5RMS, idid HEE £ FlowNet
PWR2%, FELRIF S PR R b SEEL T SRR I = BE AR L. 15 L4, 7E FlowNet #1 FlowNet2.0 ¥1)3
KT, BRI IR A B 2 28 g4 H, a0 SPyNet 1071 PWCNet [198) EpicFlow 1091 & ]z ¥
F TSR M B | AT R g 5 0 R AR Be o A 55 .

2.2.2 ZHLETRHEMLEIFIE

Ji 45 1100 2010 FFEH Z4EBEFAMA N (3D CNN), |2 B TAT IR S KR 5EAT 55
FIRFESREL. 3D CNN A =4EE U E A YEE R, (RN 2 23 18] AN [H) 4 B0 1442 2 AL
ATHEEAL B AT DA SRRSO B 715 . SRR B, 3D ONN FEXS S Fr BUsE AT Ab B )t A v, B I
(8] RUBE ARG 0, B S B AR S . il I SRR, I 2 IR TR 1 THSRE ), 3D CNN
RS TSR B (7 WTLAA) AR P RE SR R 0L,

£ 3D CNN AR, BTN 456 i BRI Mg 222, 42 7 €3D 1Y, 13D [112))
ResNet-3D 113 Pseudo-3D (M4 45 = 25 45 UM 28 W 2 FH T WUATERT PP AR AiE B SREL. 3K 28 7 VR A 2 A 7
TS5 b I R AR SR BT i, (B EATERAEAE — IR [RI A il B e i X (LA 371 44 I A
RABATHERL, 11 C3D R REALBESL 16 Wiy P21, SR, MPREEAE B BT i, XA — 2 fE
PR T = G A 2 W 4% BT BB ) IS A X R AT A 55 P P

2.2.3 1B MILELHFAE

BT IBIHMZ M ZE RNN (recurrent neural networks) 58 K I 7 @B RE /), M HAENLZSTHRE SO
Ir FEERT P TS R EUAS I B KR, FFFLN LK RNN 5] N BRI 57 RS BT 45 1211200,
48 RNN S 303508 A7 [va) 00 £ 386 o e P52 42 2 S i ja ), B DA AT 3 VA A 38 e w1 s ) e 0. L
&, fE 50 RNN FEACFE P 51 ECHE F 25 5 IR0 B AR ARV 1 F Il R, 5 50 8 = e DA )IT 25 (221 Dy fe
PRUE AL, Hochreiter &5 119 $&H T KA ICIZM 4% LSTM (long short-term memory), 1#id N RNN
HAID 3 ANTTPR 45 #4 SEE LAY 22 2] i (e FE AR e, IV RNN £ it T 784K, GRU(gated recurrent
unit) 1161 /2 RNN — i WL ¢ F1 LSTM HA AT I VERE, (HE 505 9 i 8, T S A0 B
W T A5 AN IR ST 55 .

FHEL T =G R 22 0 2% 368 U 43 282 D0 28 T IO AR B IR AT BUEAT I PR B AN S
B, LSTM 1] BAXS 100 M7 LA P AR AT P BT A 2R B PR AR A B [23~25) R, MUAIAE BUAT 55 1)
PR SRR BEBOR. — ki, F T4 A 28 /0 B 00 B I, 3= /8 25 i/ Abik 5 4
PR T BT B AN, I A 7 AR HME T b K R B G R AAI T #1146 4T A6 R ) PP R 2 X
5Tk, Pan &5 290 Al Zhao 45 231 43 R X MUATURS IR FOALAT ZEAT 55 B2 th T J2 DA IR 3 VA 1 420 D) 4%
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R (hierarchical LSTM), R 7 280/ () 1H 5L 0l ol ASEELA IR AL A I P B e, e 17 9 2
LSTM P A a7, b m] Ak — B4 s LSTM MR MR G RE 7). (EICEEA |-, Zhao 55 7] 3 —
R T M B IE RIS A PR A N4 (hierarchical structure-adaptive LSTM, HSA-LSTM), 7ER} JF4F
ESRINS 5 FERLAMAS A (5 SR, 35 5 i 1 A FP R AE A H) 50 B8 70, BEAD, Arabshahi 45 (18] 4
P& T I 2% 11042 213 AL (memory-augmented LSTM, MA-LSTM), @i In AZiAMEIZ
FA TG 9 35 VA PR W 4500 I A5 B ICAZ RE 0, HE— DR 1A% Gt A A 22 0 4 S AN P R ALE
FEHLAE

3 PSR

WAk 2 P, MU 2 S AR A TCR AU 51 Hh 3 B S S i sl e B 4 Sk, b T M SR LA FY) 32
FENAE. A IR ZEEOR AT DL 2 3R HE SRR MIRCR, I M AGEAT I Y, 3 41t M Hchie [ 48
R iy LG 1 i B AUUACHE PO A7 i s 7.

ARSL ARG AR [0 A1 O AT AT 55 AT . 2 e U 51 Vi={f1, fa, ... . fn}, PSS
TR HRZMNFPEEDL TPA S = V- L RACRIEMSH EZNZ, Hb L e R B 4ERHUEN
{0, 1}, AFXT WAL B AU 5 g e N b 1 —2D s SRR b B B 15 SR R I 3oR

R
I(V) _ I(flaf%”"fn)

— . 3
DV) ST, D() ®)
T L, %6 B LI LA VS U TR AR L (eSO TAR AL, AR
MR e RSN 012 L5, BB, SR B B R B R R A,

p(V)=

n

I(fi, fareofu) # DT (f)- (4)

i=1

BRI vV HEE fi F fo B EAE BRI RS BN Z NN EE S B A E WA 1
HAZE, Bl
I(f1, fo) =1(f1) +1(f2) = I(f1;f2)- (5)

AR b2, PR B M5 B BT R T a4
LV =I(V) +1(fisr) =T (VY i), (6)
;H\:EP Vt+1: {fla f25 ceey ft+1}a Vt: {fla f25 ceey ft}
PR T i R ah A2 4R T SR AL A i di A S it e g B A, B

71(5)7 I(V-L)

mxe ()= 58) = S D00
Sof, 1€ {0,1) R L B93 i ATEE. 3t (6) TR, RERII— SRR S, A
i B

(7)

VI (S™) =1 (k1) — I (8% kegr) (8)

o, S (o Ky s}y St (kR ke, b AREESEHEMER S HREL. 1 LU, (BT
i, R T3 B (S X Sk, DA (7) B AL
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Key-frame selection
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Figure 2 (Color online) Demonstration of video summarization

N T INNE A FEATIRAEEL, BTN R T 2 Fh 2 FF (AR AR 073, 42 IR P4t %) I 1)
NG, RRATH AT 55 KB 4 DRIEM B, RETTED MM T RBEIE (clustering) . T 2]
dictionary learning). MR (property model) FIB TR ZE (RNN) )53, TR, A% 4
AT .

3.1 ETRAFZRNIHE

BB EVFAE AR S G o A4 TN FEE O i A 3 IR 2 1 2 07 U e AR AR R TR )
AR, 4 A ACL (R A 40 C BI0T 2 (Y S e ey (1220280 5 0 5 S8 s (1) 400 A Ak 22 7 92 0
K-means 124 K-medoids (26, Affinity Propagation ['25], Density Peak [126] 25 J 30 A5t ok 4% Sk 73 Fic
FIARI g, 8 f A I SR 2 b R B S A 1 Dy S BTN S B 5 Sk e N B ATT 2 o

IR T AU A A2 B EUIREAS 1, B AL G 1) RIS E N T AR AT 5%, R R KH
VEAEAARAG AT 55 T i ] B iR, I3 25 IEALI 22 10 B0 e i, BRI SRR e IS, A 1)
— AN R SR AR A I P AR R SR, BTk, Avila 55 BT ERH TR T K-means ] VSUMM
T3, RS ) SEAEREAT I PRI A 4k, AR T BENLIAE A I 7 kAR T A 25 R, R 1 K-
means HIVECSOEBE. I, Ren 45 127) $2 7 He T WA VE 305 B4 Sk 73 1 0572, FFH IR [H]
I 5+ 8 Sk 3 AT SR 2. Papadopoulos 45 1281 Rl SGONG 25 WA BT Sk SR 28, 7V I s & T A
M RRLAREE A S B S RIS HISRERH | el D ZERE AR AN A1, 3 XA 5 — Ik
EIDNG 6=

K2 HRE T TR BE BT B 7 R R OGHE T RO R HE, #2088 1 SR bl A0 ot &
SRR b, BT ) TR (R R RS T B S MR R A AT N A B AR, D T HE BRI S BRI o
&, Khosla %% [128] 7F K-means JERELHIIEEAL L, 5]\ T MG JLKE B, DURIEFTHRER
KEEW A A B ZEEE. b, T PR SIS AR, Cha 45 29 YN EA AR IR 328 040
BRAEAE BAT R A 2, BT e th 7 A0 A 5 )G SRS AR, SN R AL 43 ) )RR o A AL
BTSSR . IR T A T Geit 2 S AR, W R — My B AR R 32 R 2 SRR
A R L AR, 207 R TR S REARAS, SR R MR ) 2 RIS WA, XA e R BRI
THE A
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3.2 ETFHZFINITHE

R R AL B A WU P 25 [ — A ] B g, 3 A 5 8 o SO A A 5 1) B A
POE, BRI RAT R, T DA Sk A BRI ) B AR O T S T IR A e g ) i (1291300,
FEF oy LA 3] (LR B3R AT Ay PR, 23 ) a3k R B S A TR 2R 7 S ST IR .

BT Hig H HE T A PRI Sk 1) 5 R AU AT S, S iR v P 5 Sk U R TA g
SR, WL N 22 v 130.32.2290 X3 A% G (0 7 i 2 S Ok, W FEN BAPE LA 24 55 0 (9 B3 =
TP IR 5 B b, B, Mei 55 BU ARSEAUSM ZAAL S HRE 0, 4R TRT 1o WHIT
B2 37505, SEAFHORAE T O MTRIAG R E. Wang &5 (SY FER B #2% 5T (LA _E AN 1 AR BA 4 40
HIZIH, B ORFT R BT 1] (22 5 1, /b 7 AL 2 (M5 B0 R. RRESR T I THER
WG I R, LR X ML AR ) i B AR R L b, Oy T R AT AT I B AR AR S 56 ME B, Ma
5 B2 Bt T T PR B S ST IR 5k, R T SRR () SR B AR A, SR T DO PR B
ISR Z, AR R oy 1 IR RE. 45 & SRR T 2 ST 50K, Zhao & M R T MOME S, &
FE M IRREESAS T TR, G FEUUAT 45 A DRIF I 20 AU T A S i 22 ), B8 B ML Ox 4% 7
WICRIIRIERE ), HEMTHEAT RBEWROBRLE. Ty 7 LB LA 2 R A 2 )R LA, Btezadifar 55 152
P T i 5] 5 OB PRk (K S URAAEZE, S B A . BRI, T S A
FI R A AR 5 0 21 5 RE AR SR AT P 2 8 D B .

N T SRR BT 55 AR LRIEAT, BIF TN SRR 1 AR 2 7 e 5T R 73k 33651 IR SRTT i s
RSB (0358 0 AR AT 6 - it 32 B TGP o WA P 2 AT B, B IR KBSk I L A
RS T 24T 5 S BOAETR, T AR B K 5 ST 3R, KU AT AL B AR LR A AR 2R, Zhang
S5 (651 P T —FELR Y E Bl I g%, B2 T s ST DT 3, AT BRI AT RAE 27 21 A0 S E T,
H Bl 2 R ER RO AL B #E—P b, Marvaniya 55 138) B0 2 2 5 L 2 RARALIE 3020 A AR
BT CURAAT IS, XA WL N A 22 (OB AT T, 4R 1 AL L B, S Bl T AN
THEAERE B B B SER AR RSN, Wang &5 [34) 5 7T Ex T AN SRR T 1 2L, HCHa Bt
B S AN AAC KRS 53, B T —AE 2 5 BT, JFE LRI R AT 5 AL AL B
F VR AT B WU Bk BN F 2, AR A ST TR AL B A SN AR R 1R R S,
fEAL A S AT 22 (1 [R5 HEAT RO 1 AT BE.

3.3 ETMRERRIHE

N T HERR A OIS B, AL 2 5 B A TR AT 00 b L AR K )
L ARR IR £ A REDIERIUR, PLARORFFUSUIE T i 5. EaR Voo ML 454
B o 2R O E L AR AR ) 5 T BB AT R, BETTR R B AR AR R, R T
PRI RLAT A S 5 1 PR B 7 B a1 (56381,

AT TR AN R R AR R o) A B kAT 0O, A 2 v L AR L B A
B B, AT AR BRICARAE S, AR RSO AR 8% Sk AN AT DA 30 AE A At 2 v [136,157] g
A AR T ANFI By ORI AE [ 52 (] AR AR B, 482, Ren 55 1127) 1) F B € B 7 ]
Z [A1f] Sogeral [P 253k F& S AR AT . (7] FIAHAUYE, 17 Ejaz 55 98] @ 2 Fp 5 7 S e 21 & 3047
Z S MERIE R, Gong 25 B4 7Rk T 5| 20 AL FEE Y (determinantal point process, DPP) 139 LA
L AR AT R DPP BB SRRAE B WU ZAEE. Dy 1A RO RN 2, AL A
PR BN S B Kol 7 S B ARSI, AU SO (5 T SR AN 5 3L 3] (1 77 V0 P B A AR
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PEH IR AR 3. it —0 4, Oy 1 ORAIESR 2 B SR AU AR, S SRR B B
A R L T A ) A T R T H R TV, R AL AU S 1) U A g L A A 0 ] (85
BT HARI A LB WSS, Horh— S8 0 s MR HEAT T IS 5E 3, JF PABEAE R R 4 Sk i
WL A0 T AR AT DR B AN, T R LA AR B AR AL B 534305
A 50 B AR H AR R R, AR5 FIRT E AR BRI 0o R BE B HE B AR A0 4 X R AL VI 2 [ )
Y BT RN — H A DI SRR 142, 1981 JRr R A 48 IO 5t e P T AL A0 ke ) B SR
00 U351 AR T P17 7 A TR SR A SRR S Y SRR ) AR T AR, TR T R A HE S
5 R R B ZT R PO I, AR DS 8k rh BRI MR 75 LA A B IR R, X P IBR 238 3
i R AT i 157,

N T GRE FE R EER PR, S B U BB AR R K, Gyeli 55 B [y it TR T EEH
PR ERERIR AR | SRR BRI AR VAR TR AT T SR M s 201 (75 79 AR, R T g A% A R A
BT RERRBOY 3, MR A2 00 B S AT B R A4, A2 B M 2R S IS T E
RHIET). Fefeltth, Li 55 B8] @57 7 BIHAIN (edited video) FIAR BRI (raw video) KA I HE
20, EIE M AN TR S AR A B R R R A, 22 D5 TR TS S, e T A I R A AR
T B AR ZERVEAE T AR, BRI 1A FPE BRSO ARl SR T AR A
SRS, ST B PR 5, BT 2 PR AR R IR S D0 1 D AR AT e EAS BE AT O AL
B AL RE.

3.4 ETRJAMEM KNS E

AR, {33 RNN SRR PR AE 0, JUPEALFR P 1 R A T K ROHE A 140140l
LSS At T SUAELRG, FHITA G HK RN 3 NI T 55 o 0471980 3k LA
THREE A B 8, B RNN S0 SN 0 RO 1 ok 3, AT U A 5
IS, S613 N TR A B B AT IR B 4. e, Zhang % (190 FUFTA LSTM K Fl
MBSO A, 50, 9 T BBk 2R, B3I T DPP BRI )
HE S RIS SR LSTM S RER BRI ST M, Zhao % 129 £ 2%
PSR F BT LSTM H94) 2454, 492 LSTM SRR APIZ, 5 1 /2 LSTM ML, il T
FEUR Gk O, FHEAF BRI RO, 585 2 R —/NOURIEY LSTM, Fi T 424085k MR T
IR FEROBSR 3, S SUH I BB IR, SR AT Bk OB, SAERT, 402 LSTM
VIR T #J% LSTM (ORYFEEERE /), SE T DB LSTM RUARRAE A ). 1253, Zhao % 117
YRR T R S SO BT, 07V AR AT IR S 3 RIS B B B9
T I 5 AR K A R IR, it B4R T UM B . 7R KA, RNN 0¥
PR VLSRR (0 PP OO R, 21100 38 SN G0 A4Sl 24 T WUBUBCRS 400 RN Sdi it
it k.

R B HAT N T B (5 8, L OUR T B O B R bR SRR . X 25
SO N0 (03 S0 R 2, SR STARIE. Oy T 4006 T RNN (BN 2 BB L6 3 % o
SEB, B RB T A B 40, JErh, Mahasseni 4 049) 76 RNN I F @ BUEZR RO 26l
b BT L ST, R A A G S, AT 55 R K, Apostolidis
285 1500 2% ST ROHERR L, 51N T R 9 SRR BUSTUR G SR AE 4T 1 524505, 9098 T
OHIBIAE S, HIBHBIRTG T B RE. Helit, Ji 5 U5 g3 T AETUER BB R — ARSI
SEELK Bk I E F .
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Table 4 Statistics on video summarization datasets

Dataset Year Size Average duration Video type Summary type
YouTube [27] 2011 50 1~10 min Edited video Key-frame
OVP [27] 2011 50 1~4 min Edited video Key-frame
TVsum [99] 2015 50 2~10 min Edited Video Key-shot
CoSum [29] 2015 51 about 3 min Edited video Key-shot
MED [154] 2014 160 1~5 min Edited video Key-shot
SumMe [155] 2014 25 1~6 min Raw video Key-shot
VTW [156] 2016 2529 about 1.5 min Raw video Key-shot
UTE [40] 2012 4 3~5h Egocentric video Key-shot

YouTube OVP

B 3 (MEMRFE) MRERERERT

Figure 3 (Color online) The snapshots of video summarization datasets

BEAN, N TR E Pk AR B 9% 7y, HEAT e BN, Bt CABUAT B MR 2 A 2R A
BV, T ARSI S0 N LA E KIS, Rochan 55 192 AR B 5 1 5 SR 0 &, it T
S RUF I 28 AR I R AN A5 2 HEAT e A A, JFAE SRR fti IR T AR P fb skems, 48—
SERERE LR AR T AL BEAR T Hah i AR ECR e (1931 Oy 1 e 2 ST RR B 2 R 15 R,
Zhou & 100) ZE DL LSTM A iS4 sl i (3R b, it FH A% G 73k v A AR A AN 22 S VE AL A D 22l
BRAIL, A S LA A PO SR A 2 > SRS, R PR S A 7R ) s 3R Jl B N T4 2 4 A B A R AT AR Y
2. AU, Zhao 5 B9 FNT T LS AL AN BAL ST O A SIAESE. S WLBE A 25 T LA
A AR AR R B, TR SR G RE, RN ORAE 1 A= Bl 208 AU N R A RE 7). XA E
B 5 O AIAR EEAR R ) JFG B ST 3R 1O A KR

3.5 S EBIREMITFNfarR

PRATAE AT 25 5 F (0 S TR BB AR AN 3R 4 127:29,40,90,1540156] B SRAMAATTE 9] 8 ARk AT R, 4%
AR5, YouTube, OVP, TVsum, CoSum F1 MED #B/& i £8 b A\ T 89 %5 iR 20 il i) B0
&, TEQEEE . FE RIS OB L3R S SumMe, VIW A1 UTE 2 R4 AT
BYAR ARSI R B4R, ST EZR AT GoPros FAHL. B AEIRBISE B AW &%, TR IR 5 EAI R 47,
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AV A N
QN N Q> bQ \”’)%\
’\9% AN \\’1:\ A> e%'» N Q\'\
& v S N N & s N
& O R & R A
& b& . <‘Q/\\ Q\\ e ,»Q\ ‘)QN W &Q \\Q\
) &° & <~ O ¥ & &
.(\0"\ ~ & \?\ 0$ o\ \\“Q N\ Q@s g »
I » o i N © ° SR & |
2005 2010 201 202 (e >
| I I
%, e < ; o, %y, "%, %
2, €a < ¢} Y 2, (> -§), ()
® Clustering Use u, %8, % Y, s, T, 4/3/) %, //0'?!-
%, 9 Sy S K> Y v, e e
i . . Ly S, 4 7 v %
® Dictionary learning %, 2 2, %, Y %, 2 2, '/),}/o %0< ¢ 9}/’ \S:)/ 0%/3 % 909
B, Y, % 4 % s, 7 7
® property model ‘—’,,// © %, "'/,,/_l % ’//(:,, ) S}/,? 30/) 9 e /\,)9/
V3 . 0 5
® RNN /\) R ) ‘)/// ll/"’ﬁ 30/ Z 7 4
Y %, “ Yo Oy Y
8 ) <, /7&
4, 0
4 e
9

4 (MERFE) MHEL RIEHE

Figure 4 (Color online) Development of video summarization

YouTube 1 OVP s T SCHa MUK MR AT B 4, FAh R Ay i T S0 B 45 Sk IO MR A B B 4, X8
PRSI R ok bk 2 5 L PR D i T OGS 5 S R LA 2 R 8 (R p ARSI 1 B A5 ek, LA S 4 i ]
T, WL, R F T MU AT 5 AN AR 1~10 min. 4R34, UTE B84 th R
FELIN 3~5 /NI, XA R T4 AR B AR B AL, FR VS — AR (egocentric video), ‘B il T
(i E 2 — BN ) (RE S5 3h, B KBTS BAMRR B A B, A A 14 BAE 55 5 AATTH
WARTE LR G R AR H L

DA_b AT B B b R A N ARVE B AR 2. AN [F) vk A O A4 1) o 2 E A s
BE5 N THEE R AR R B &, 50 VPN b5 TR (precision) H[BI% (recall) 1 F-measure.
EATRE LT t t

Snsy SnNs9 P-R

_ | 5 | r-! S 5 P2 9)
Forp, 5 F1 99t oy SRR BIE AR B AN TARVERS 2, F-measure /T ERA 2 A1 A 0] 2 (114 AP 254A.
AR S RN THEEE S9t BRAHML, Bk 3 ANFabnsr Eobkm, 10 B AR i 2 0 o7 e

P

3.6 SH5iTie

PRI EAT 55 A 25 A0 BEREAT AR B, W&l 4 P, G B0 HAE iR R, AR 22 1) 2 IRt 75 V2
L2 NI T SRR i 22 ST 7, 1B I B T R AR T i, B B T PR B AR AR E 2 5
B335, I, 49 28 T B0 X 2% 95 K (0 L 08 AR5 A 32 HRE R R e 2 0 245 1) B e e R RE ), ik
TR S (AR 25 A BUAG 1 SR RO TERE, AR R R PR 5 2 ST TS SRAE A 24 55 S 3 £ 3
Hufz. BEAb, BRI BT IE AR IR R IR BUE GRS, bean: IR . eI B 2 )45, IR
JE 27 ST 5 4% G B AT 45 5 (0 5 35 R R DR AL 55 R R i a5

AR, BIRIUIH 2 O AT 7 R R, (R IRAFAE — Lo S0 B R e i A ok, RARIDT.

(1) PR EAR 1) T B 2 >0 il L. DA P RE DI BR (R L7 BT v KR A i A M 2 ST T
%, A ERKAOCE A PR R A R S N T R, (EE, WL EAE 55 AR R AR
PR B RIRTSE N A REEAT N Thnik, HRA — & 1B, 13 B AR 7T R 2, HARME CRIE
ANFRIRRE R N AL — B 14 197 158] s b, BT S0 N AFERE LR AL S b LR AR T B S
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Video Object trajectory extraction Video synopsis

Chronological
arrangement

Objects

Trajectories

Original video .
y Video synopsis y

B 5 (MEMRFE) RGEREE

Figure 5 (Color online) Demonstration of video synopsis

73, Hei: Mahasseni 45 (1200 45 A0 A5 SEAR Y R0 PO 2R M, ) P Ak TR BRI st 2 2 e s PR A
W HE. Zhao 55 139 Brit 7 MLARHH K08 27 > SEms, R RIS i i R g S A AR RO AR, 2R T
BRI GRS hRvE RO AR, (ER, 58 a3 N TARTE, SRR B 1 1 RO B 2 ST R

(2) PRI L 0 2 SN 2R R IRD . H A RLAIR L7 10 KR R AL X I e B N A AT L
B BERL b, HEAT SCER MR OGBSk OBk, IX PRI T AL E AR A R RE ). R T M SIS
VAR T RUSTUR EAE E A AR B i 19369, 138] (BLRAZ AR A AR TR 22 ST T AP AR BR R,
X 55368 AP 22 I 2 T VA A SRS 4 JR A5 R R it B AT 40 2 ) JEARRE S 1S . R, A A ORAIE BT &
AR T S BT S AE LA P, A 2 ) S I Ik S SR B

(3) MUSTHH ZE VPO 1)l S BN HT rF, WU 55 B AL 1 SO R T 1 755K, P AA TR A S
MU = ZE N 25 (A2, DA PR RSB T S a2 5 N T4 B AR DU BEAT B E BE VAT, IX
PP A 7 AR T R SCBE MU S SR8 Sk AR Sk, DA SR 2 BT 5 0 2 AT SCRR SR, S ECHANRE
AREAfG 52 IR A7 S ) o e (129 R0, e A R0t o AU AT S ) o B AT 45 VAN AR AR A TR ) O B
i) .

4 PSR YE

Rav-Acha £ 160 F 2006 F 15 RKFEH AR LE (video synopsis) MIRES. @ 5 Fiw, ZAE5%
2 S ) M AR ATOT e wR EAR G A a2 B H bR, SR A B ARRIE s U R AT 0
FREANFE H AR PHE R — AR B 5o, R e AT BLE Oy BB 05 sUBAT A &, 28 s iR 4 AL
A 161,162] g Rk U, MUBIRAE AT 55 1 H IR R AE AR R M 0T B ARig s (5 BIATIE T, RATREHE
A B, B A [ b 045 SR R, R DLR U7 U8 s A o 2 (S B ARt ae

Zoieo I (Toi)
ZoieO D (Toi) ’

Horp, o REMST BERWES, T,, REB IR o; MIZEIHL.

TE RN, ASCE e B T A B AR5 P U (object and trajectory extraction), 54
JEE T ARG Sk (single-camera video synopsis) F1Z %1%k (multi-camera video synopsis) 1L
I T AN [F R AR 4 77 1

= 1
max ¢ (10)
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4.1 PSNBE RS HITIRE

H bR 3 B A A SV T B 58— 2. s S I 2 MU AR 46 41 55 Hh i T I 5% H AR 32 107
%, EEAFEBRERZEIE (pixel difference) W [A]H{HI% (temporal median). &3} [ #L%% (motion
vector) 160:163.1641 S RITTVEEON T B, fEIE5) H AR AR . 3k 7 2% B R E B BIRIE LT
FREPEEE. N T R — ) R, BF AN SRt 1 S AR A SRR AT BT R H AR B4R B, LR T SR
FREE (background cut). JERAE FAEAY (hierarchical background modeling) FH & W 15 55 11 45
(adaptive background modeling) [+1:16%:166] xSyl wb 45 b7 5 A A0 B B P S iR E. N T it—2F
P H ARSI AERA B2, T B ARR I 5 23 R J7 i B he t, andtT-wR B2 J7 M BT & (HOG) M
XA 2% (R-CNN) ) H AR 7732 142431 25 BRI AR HAR SR EUT 2 22 IS T K2
BEA, B IS DG AR A . B PRI S5 S B B bR 2 K 5 WA In) TS AR A 7E.

H briz sh B4 B 7 4 e ORUE AR 48 T S K R D 3R AEA 2 H Az e, BUA J7VER I B bR
PRIEFSRVIORE 5] — EH BRAEAR M A X I B e ke, BRI 3R B AR EALAR 8 8 18 sh i, & H
FIERER VA A H T R/RE (Kalman) JEUKE . R0 F-JE0  FRIDUAC Y 7755 44451671 5Bk | H AR ERER I
MR EHR L L, BRSNS S5 AR T FL AR RS, 37 R0 s ik
S PRI A D R AN TR SCHERf . R T SR FHLBIAR 46 1 30, B TR N Dt — P AR YR H 2800 123077
] AR AAEAE X H bR IS Zh B kAT 52 RO8~TU AR BA H ARiE kAT [F B s, R,
Lin & 0720 S 7 BT J5) 30 DCdsl 2 33 0 e Al 75 32, K 5 5 1 Ao sl 0 7 18t ok, AE AR 4
HEERIC. Li 55 U9 52 7 B A5 TR R R DR R IO ALK 4 77 1%, A8 B AR PRSI RN An N
THERF RS, HATRUE, AR AN e R AR R TN B R BS JT IA).

4.2 BIRGITRYE

M H AR HE S PO RIS UG, 75 RIS [RGB 8] (77 206 H FRig sh sk gt AT B A1,
B vy 2 B P 2R ) R 24 D RN G, 3 IR A TR AL R e R AS . BTN B3 it T 28 i 2 AR X AU
RS T3 AR AT e R A5 BT, RIS ORFF B RS2 AR i 22 5 2R, FLE S bl 8 B4 L 51 FA) %
L., Rav-Acha 55 100 Bt T 42 R e e AL, 0 H ARG S0 I 0] — BUE AL B AEAT 24000, 4R
J5 RS AULR K T VE AT RE B R B LAk, Pritch 58 07 £E Rav-Acha 55 160 B TAF E3HT TH /R, &
UAR TR ETERIREE, W THE H AR RS s S AE S5 2, R P4 515k T 4m £ (0 £ 2 ALk
PR, AR IR R RN, YR ETE SR A8 U AS 2 12 M, — BT ES. b
fifi b, AN RAESE ka2 | e HARRERE I B, DL ST H SRR I TS 1 #OKE e

N T FERR A8 %, Correa 55 T4 [A) — WA LE R b 13 B B30 feg BILAE — 8 R A0 AL A0 1 i o
XFERE RS TR A Bl FE AR AL T AR IRAFRUAR A o RIS 18], X 55 D751 B i 1
B —AES, FHHEGRIIEELICR . BIRXAINERGEIRG E R R4 %R, H2E
WA T HARKII Pk &, 3t 2D b, Sun & 161 o8 B AREIRGEILITP I 22 60 B HEAT AL, fEIR G e
WS H AR AL S PR E I B fA2 30, e 102 A B 2l o ae. 207 m] LLE E R s ik 4 %, (2
FERARAA b 2 BT NAE R 2 AT ESE L 5L, SR AR m] k. O 7 8 e fE =S 1Al i fbid
FErh B OE B3, Nie 45 D631 S 7 — M SR T7 ik, AT Rt iE & i B SR ik,
FEALA 1 5 8% 0 58 ATBCT BE 2 (K A0 5% XA VR AR 3 S LS B S (RIS ey 1 iR ¢, (B i
P i e B RS AL, G AEIR . RIS, SRR, v s AL R SRR ORALE IR 4 4 (0 2 22
Jiak.
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N Y S Bk AR LR, TN SAAERR SR A 0 A SR N T % A R Al 457 2K T
Hsia 55 W71 fEARAL IS R R 18 T B ARl 1) R ek 4L, 8 TS H AR 8 2 ) R B AR A, 72
B () 28 i B R R B 1, B A pROCRIESE B T B2 52 Rl IRk 4 A, 52 ANEI A, Li 45 076 $@th B
&R H bR AR AE 772, A HE SR AR B AR« Rl A SR AR A = — AR . 107
VELE R AR I G, v DAL E AR LA R0 A S5 A, i deE H AR A7 RO IS,k im 759 30 58 hn K i
() B S0, 25 B/l 4 R P A R VR AR A, H, B AR RS (AR Ak 2 S M R i AR R L 5 R, bt
HIAT AR EEIE R O, S AT ARIRZE A B T — 2 BRI, AR IR R, Nie 55 17714 H
B iR ST Az 238 2[R NV E A AR &, 76 BRI B R B G, ) H AR 132 238 52 47 kB 3 1
DAEE G H bR BE 46 /N 1) R 33— 2D th, He 45 145:178) X H AR FIRERCIRAS AT 7 702K, 608 Jomlb i
) — 7 ) RiEA3 FAE S 7 Tl it 3 Fp o). Rk 3at b SR H T H bkt i i R AL B ) B S iR AR B
(1% Te] B i 0 42 B S 1 7

N T R 4 B I TR) 80, A TR N AR T R TS S R IR B ARSI, LA H FRRL
IAELARF J7vESE. Hor, Yildiz &8 U7 ZERUL A i 3 T BT B ARSI OE, BRI TE
NG R I TT, E S A MR TR 12 3 (5 B AU B2 XS, (R R RS #5152 m) BL 2
FERIET 23 X3, IRAFIRAE AN, FELLEEAS b, Vural 25 180 I T ABRVEMLBERL, AT UG R0 M 3 4000
T2 by RS ) B ARG SN HEAT B A, S T IRGEALI I T SN, R, BRI T ER R T E AR R
(7 AT B AR TR, AR FECH bR SE BB 15 Sl A In) @, 520 R 48 MU R 5 R B T B AR
P2 A, BAREEHESARAL IS RE W 5 7 R E IR ). BEOR K57 (simulated annealing) /& FEA
IRAFAT 55 b e T RARA B vk (76,181 RS A2 2% (R pRe A 1) T DAkt Jms 30 e R R B, 3 T 45 280 4 )=
AR, R 2, BB K BRSO B0, 7™ B M AR 47 20 . XTI ) /B, Ghatak 45 (182 321
T JAYA Sk U8S] FUBLHIR K FVEAR S G A Tk, BRI T R PR R R AR B TR CREAR
SR R B [FT, $2 1 R4, Huang 45 1661 SR T AE SRR 45 1) B ZEVE, JF4RH T Hirig
NS A ZARAL B, SCIAE S HARHES I R Eh s . H2, X M5 k58 4 208 1 H ARl 4 1)
7] R, 7 L N L R A e IR A AR O T IR FHE AR 4 I PE RE, Ruan 55 184 52 H T 3)
ABEIFE L (dynamic graph coloring) 18, Xt HARAEEE . HUE A B FATECA UL, 2265 m T ELM
B B BT . e M, AR TN 51 R SRR AL 2 AR AR A SRR I SR SR T AE A S A
H 3R B AT MR AR I g (1851861 R W8T g i > 1) E AR 3R BB R R M, S 30X TV AER
ATEA A AL B S8R M DL LR IE .

4.3 ZIBGLTURTE

T RN &, R MR EEE S 2R Ek, [ B ArrEsh tim s A = 14
BRAER. BTXT A SR R 2%, 22 S8k AR 4 BT BRI SEFIANE. fEIL 5T, BhAT
N DU B 22 PR Sk TR A8 AT 55 1) B . 26445 0 Dt ) R TEVR A0 2 i JEAT 22 YRS 1)
&, SEOA R A 5AE BRI R Zha 55 181 7E 2014 8 AR T ALET 5.8 1 2 MG KAk 4 7
%, ERFTAT B CK RV AR 8 [F) — AP, SHESRG 2 S, JFAE skt EXE R — HAREA
R 35 A% Sk L S50 B M5 ORISR, BE I AE B S (B S KR A LA, 52 /5 K, Mahapatra, 55 171
$R T RN 2 Gk A S PHE DT R AT IR G, 4 P A S5k A0 LT A A 1 I, M %65
BLI BRIz s 15 2 BT RS, BLAb, 205 R I & s 70 AT L D BRI,
AT DUAE RS E R R AL, KA, Zhang &5 UST 3R Y 1 — Rk G H AR B A2 845 KA A D1 6t
R 45 75 0%, Rt 1l I ERE R Sh AR S5 & R0 SR, Kok B AR I 7 78 sh AL A D)4 ik
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TR AL, 2 R AL 46 T it e 2 AR S 1.

PAE 5 R 5 B AG Sk  R BAT B ALY, AT & R R, O EGCR Z R B ML E 5
¥, Zha 5 B9 ST T H AR E UM ) 2 SGCRALR 4 T i, ERUCRCI] — H AR AE AR A% Sk
B, EACERE T, 205 B TRl 1B £ 5%, F T &3k HARE TE A B2 %1, T
an: B B B REE, ARG Bt TN RLES ) 4R RE R RR BOR BUBTHES HAREE, [R5 R
TR AR A A 2 R AL B TR — Bk, BAROR B AN RIS Sk 00 H AR PR AE T S AR T R &
A3, (ER IR LA s I i T 52 23T (4, BT BAZ 5 VR AR I A A 2 358 Sk (145 JE R EAT 251
BRIMBIR AT, 5 2 AR, Hoshen 58 48] Beit T AR KA Z IR E M), FEBAGC R AR e LT
TGRSR K, — BAE TR Al 2 H ARE 30, WA B & R SR i 3h i 4 AL,
AR A SR A TSR RO, R E G T H AR BRI AR E . Oy TR R R 2 SR S L
PR RE IR, Lin & PO 57 7 AR 48 (1 70 A1 sCAL BRAE L. A6 5 MUAL 2R 1) % AN 20 B,
Wwrgat . TR H ARSI ATER R . PR EHFRARE, I AT T ANRHAT T 0 A AUAL B 2R 40
J& 1 Z B SAAR A HIRE T RN, AR RAIII 4 ) 2 25 Jg& 7 1)

4.4  WSTURAEIEMN

K2 BT J7 1R 2 TE W B 7k, AEAT R I P MU b B RT3 AT S8, AR 46 75 25 R
KRR %, R4 o &0 7 AWEBONE 2%, 8 T HROTFMIR4g4E R, BEAR N REH T 2R 25
Ry by (175,176,178, 185,186] - g fAoke it AUATAR A K PPN R b A — 58 (R 00, 32 22 [ SR A A SR 0 vk
BRI BOR T it BT,

(1) KPE 4% (frame condensation ratio, FR) 1761, THEIRAH 5 ML B 5 IR MUATK: B2 1 LUAH,
FARIT:

FR = [S|/IV], (11)
Horr, |S] A V| ARSI AT S BIAIIE H . rTOUE Y, R4RE FR BRI UGB 1S 2 VR 48 ML AR
i, MBI 4 ORI

(2) ZEMIfEIE 2 (compact rate, CR) 751781 FE Sy A AT & — i v /i 5t H A o 881 I T 111 3

Eef, e AN R

w-h-|S|
1
CR= —— 1)if p(t) € foreground}, 12
ws X (W ) (12

b w, b F1|S| 23 ARG A J BT 5 L« = FEANECE, p (1) ARERIIIR A P 02— B &R, &
R, CR R U B IR A WU R 2%

(3) A% (overlap rate, OR) 78l GEitiR4FHhizs) H AR RLELS O, BRI AR R E A 5 kGE
MU A5 2R K EL o,

w-h-|S|
OR = %|S| Z {1]if p (¢) € the collision foreground}. (13)
w . .
t=1

flEE 2 OR. e U VR4 RUR
(4) B JFHEEL# (chronological disorder rate, CDR) 171861 Zg -y 45 M4 1 H F th B 45 6L 11
TR0 e H AR LA,

1m
CDR = — 1]if o} # of, whereo) € V, of € 8 14
mZ{h o/ #of, whereo, € V, oy € }, (14)

t=1
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Table 5 Analysis on video synopsis approaches

Video synopsis Type Approach
Foreground extraction Pixel difference '3 temporal median 1% motion vector 14
Object trajectory Background cut (1] hierarchical background modeling [166]
Background modeling . . [165]
extraction adaptive background modeling
Object detection HOG 3] R-CNN [42]

174]

Video narratives | 175] ,

I ) ) , set theoretical method |
mproving compression . .
P & P spatial-temporal optimization [40], background expanding [163]

Single-camera Reduct s Object collision loss ™), scaling-down objects 178! speed-size
educing collision 5
video synopsis & incorporating [177], graph model (45, 178]

Pixel-based detection 1798 JAYA and simulated

182] , online optimization (166, 184]

[185,186]

Improving efficiency annealing [ , compressed

domain

[171] 187)

With overlap Panoramic view [48], bird’s eye view , view switch [

Multi-camera
With | Object re-identification 491 hierarchical camera structure (3],
ideo synopsis ithout overla
M YROP P distributed processing [50]

b, of AU of 73 AARGRAE JRAMUSAIR A AL h HE 7 28 ¢ MBLIIZsh B bs, m ARG A% WG
H, I L By 15 B R A R R

(5) MAERCR (visual effects) 19185, ZR& 2518 H AR AR TR ERARA . PULMIR . W0 B L T7 1H
FRIBREE, XHARAEALI A AL o BOR AT N PP

4.5 S5THE

*mgﬁii&éﬁ,fi%y\ E*ﬂ?%gi&ﬁf?ﬂ}/}:ﬁgm ﬁu%% 5 [41~43,45~50,160,163~166,171,174~180, 182,184~187] Fﬁ
7, MU A5 T3 VA H R HR . 28 34T« R 8 R 5 T RS 1 BRIt . IR 4 2 8L 2 B8 A%
Sy BEYRANSEN R LA RN K RS, R T s B AR PSR R 5 0 Hr AR, XA Sk
A ST BN R VR B S5 QU R A B N A (A

BRI G Q2 BT 1 HRR R, (BRI IRAFAE — Lo S ] o A5 A .

(1) B B 55 AR HR P i 1 . AR 4 v 25 1 AR DN 5 BR AT 55 2 LIy v J2 4
AR5, e o ™ AR H AR S P RO SREAS R, (H2 T A 1 P O IR AR AL L 3757 e S )
PR A bR BRI | I8 3] A2 A% )R, AT WP 26 A 55 R A AK) E AR N 5 SR, e e
AN H FR BRI S TR MEMERR JC iR S H AR5 S AR, Sebs b, BIMSR A A 1k e e U H A
R 5 BRI, L IE V0 E G H AR SR SR AP RBA 1 [ Al (188~1901 R A Sz o TR St A 4 1
Ty 3ext R AN () e B BRI AN RE AT BAR G (e ok, K™ S ML 4 £E A K 37
s SE I

(2) WRAEALIRI o R A AR Bl i L. 4% A5k B S RARAA SR 3, (HARBUA AR 46 7 12K
HOET X H 18]35t A M AUREAT AL B, = X B R RS IR 4 BE /0. BB AR 4 ) 5 1 AR IR
TSR T AR5 P RS 9 IR, LA LD AMAR 35 A5 Sk AR T A6 AT WO Bk A7 AR 2
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A man is playing the basketball game.

6 (MERFE) PsELREE

Figure 6 (Color online) Demonstration of video captioning

FH 2. Sebr b, BURHARARXT D, AT LS A4 R, T LB 2 R H S SR R I ().
Uk, AFHA 6 B BRI KRS R, X BRI 48 AT T .

(3) WRAFALA R s 1 A F . P T AR 48 A 55 I R 2% 1k, B iRl W i T H AR SR, Bk
IIMT S IRGEALAVE KRR AE Y, X AEAE 2 S BOHFARZ AW R, Blin: H e BN ER & 3 B0
ATERE, A FU MNP A8 ROR . SR, i 383 7 21 (10 75 92 m] LA S A A\ K0 Ay ) 285 SRR %, AEAS
[ PRI ARSI 73 BT A 55 A A 1 AR S RO 80 (B0 190 1920 BR| gkt e S B AR 48 MR A0 1) it 1) i A2 bl 1A 55 L
i R ) S [

5 {snfEs

WiE 6 Fro, MUIHEIA R v AL GE AT B SR TE 5 A BT FUE RS R A5 SRS U AS UE 55, 1E
XHALIEEAT T SCER AR X 2tk B, AR SO RO HER A 2, WIS BEEAT AR L, 2 A
ISR 2R . AL EATE N SIERA T Z R HAOME. S AR U, MU A 2 il R AL s e
MR SCAE S, A5 B i S BT sSCREAT MUIAC . TR 1 A0 T DL K AT e ORI
MU SCAS S, T SCA Bl 5 25/ 1 IR Bt &, S AR ok A= il S B A5 R
SeftRE S

(15)

ERORIE 5, Hodr o RERFTAE BRI IR TE ).
AT b B A & A E’JZQE}TJ,@%, B NI TR AR AL S T 1 (template based video caption-
ing) FIJET CNN-RNN HEZE IR FE 2% ] AN BB B $2Tk, A0 2 Bl T A48,

5.1 ETIEAERAILTHIE

FE B A BR I RRATHIR J5 7553 R 25 1198~1951 0 25 1 35 AR B g v (R AR AN B 23 V1T B )
AR, B EE. B BB, 5 2 0 REETE RN, TR B A S5 07 R & L A o
—N R AT

BEXTES 18, WEFE N DR T V2 7RI () o 3R, ik . N S ERIEERSE. s
FIRBR AR IR Ry B 732, X TR R I B AR AR 2 AL G5, s T iu %k
ARSI B € VT Py 75 3% 961 BT 5 1l B B B (HOG) 17732 29, BT RUEA RIS e (STFT)
(17778 1220 FNEE T R nT R AR AL (DPM) 7732 B2 25 SR RIS ARG U 77 200 £ Bh 2 1 I o
fIE 6 77 18 B 7 FERRAE, R 3h 7 DU 2% (dynamic Bayesian network, DBN) 197 A& 5 /R
AJ KA (hidden Markov model, HMM) (98] 2 b AT RGN 51800, 3R T e AU AL e R AT
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SR, TR BT, T TR FARRE Y. S RIe% R, TR SR TR
ELIBAEMTE LKA, R RE N B, ST AT T AL, LA LSS AT 45 0
R 5854,

EFRFE 2 4, BRSO BRI T AR BT OB, 1 BERUE IR B
3 HRAMAELRL. el A T LA LS 2, YRR R ACKO V5 B, T (R
i VA AE VR L O TER . BB P 5 3, T B SR e R RAE R T S T M
AL HOTE S, 5 ROV A BUR S T

F 1 (subject)+ 1HIGE (verb)+ il (object)+ K% (adverbial)
f5lf]): A boy is playing basketball on the ground,

Horbr) NRIZE o FoR TR T R E AR, Kojima 45 1961 S H 1 —ANay SR (R MRS ik 7525, B R
SR T B NN B 5 Sl 1 ] B, 308 A 20 P S B0 T R A s A T B3 3, SRR R
a v AR A A . 125 ¥ 2 W AR AE AR I A 55 P I S 223, (ER B RIE R T H s
FEENTE N A ¥ serp. R RZ I 8, Hanckmann 55 1991 $2H T 8 24N AW 2 06 30 2R L
WUIR B T595. ZOTIERN B T NSNS NS IERAEE, FIRHEE (bag-of-features) J7i%AF N
SRS, XA R A AR B AR AT AL 5 7028, IR SRR A SRHGE R, T
NPFIZ 35 S AR . BARZ T T Kojima 55 1901 {7 VRIS T 8RS, (HZAh5R R
BEHR 48 MEBNFEH, Mk AR F 3 SR IF iz st . Krishnamoorthy &5 1951 £ 77 B4 (1 S BRI
DS IR 7 i, eI RT 2R OA BIAE S, XA RIS YouTube MUHEAT HiiiA A4
J, AT AR VL IC A AL 7 AL SEBn 7 St (B 2. FEBEIER b, WETEN DR T 2 A
JTiERAR R AR A TR RE, BRI IR B . BRSNS | i 5 e ARy 78 iV R,
B TS H AR Bl R ST, 3R el A AN SO B R AR RE g (193 194) (B IR AU RRROR I [ 2,
FAEVEAE, M LU = & (38 U BT @A, S B SCA R R AR — . FTRE A . M
R, He TR IR AN AR BE 2 5 07 1 S A R = O S B AN TR = 2R i AT
. DRI, BRI ST RRE, SRR UL FE (K VA2 T g2k T CNN-RNN HEZR (1975 9 T A,

5.2 EF CNN-RNN 1EZEE5hIA

AR, BEE BRI MZ (CNN) LS LML (RNN) A&, 25T CNN-RNN HEZL [ F0 45
TR SRR E AR [55,200,201] CNN-RNN 7774 LL CNN E N HE(E B4l as, RNN /B A AR 4
FRA, I A5 % R B R A A IR RN IR 2 (R AR AL, 383 W B (I 2R 3R A3 48 R A AT ik
R [202,208] b 24T R fE 9 F A A TR SRR AE G R 2 AN IR S AR i 1) it L 51,204,205] B
wr.

5.2.1 MS4FAESmAS R IR

TR T, W 0 2E s L el R IR T e ok, (8 S UG R J5 vk, ALBI I R
FRIESR T4 — W CNN BRIE R B Ak, SR 5 B ith Ak 5 AR 1) B N B LSTM HiZ b Ak s AL AT
ik (55,2061 3 2y kv B 43 (A RRAE B SR I, £ 208 T RUAIMURIIE FPA5 S, BRAIR T A0SR AE B -0 ) 1, i
T S B, N T SRR B, S2VT J5ik B4 i LSTM [FIRE I SR fE gms. 3xX 7y
BEWA LSTM, A28 1 4 LSTM A5t CNN $EHUCALARFERET 40 fd, 28 2 4~ LSTM F F 4
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T 5 AL A S SOAAS B SRR R 325 AR . 8 F A CNN AL LSTM 0 A AR 4T 2 A,
A ATR] I P2 AR 2 ) A TR A 5, R 2 2 2 v 1 A IR B . (B2, % 1& %] LSTM fEKJE
9 100 PAPN FIRRS 21 v A BE BRSO I, T s 2 i AR AL B B i, A48 LSTM
S BEE T S AL TE AT B SR A A Ak BRI A AP 31, X 4t A AT S A B k. R T, Pan
5 291 3R BRI LSTM, HAL S PIZE %S, B — E 02 — MR LSTM. %07 2 S M re
P BRI B, IR0 B E B BRI 28 1 2 LSTM, HigJa — 2 BERSIE iz i i
BRI AR ZE 2 2, T2 2 & LSTM i) — B HIRIR A M A RN ) 2 AL 1k i N\ 214
SR RS, 3D, Baraldi 55 20U 7EZ 046 LSTM [14El_F 2% EEALIZE 15 S2EAT WL ot R AT
Gwhd, JLrh s 1 B HEAT UG Sl S IR SRS SRR g D, 25 2 BT AU A R R IR g B, HE—
AR T RLERAAE A RE ST, HEAh, DT SE I AR A R A OC TREA ARG RURFAE, Zhao 4 1°6)
TEMARAGAT S B G R R, Wit TR EREFE (tube feature). 1% 75 E Jo ¥ H Faster-RCNN K&
WA I AR AT () E AR, SR, ARSI 2 ) 5 A X s B 2 a) o B 0% R AR UGS R AR T8, BETIER
15 T YMALERR P (R38 Sh 0. B, 7R LSTM X444 T8 HEAT I 15 G AR BB IRARFAIE, 93
ST FAB BT, 2w TR RHER A AIRE 71, (H 2, BUIRFFAE B3R ORI 2% 1) 1 e, 177 HL
ToRBEAT Sinf S AR Y 2 3] | SR AE — @ AR B3N 1A AN RS E A R TR

N T SEBUALSERFAE I & S AR B, BHIT R AE RIRE = U B R KT, REE IR 5 NS
WAS B gmhgaE rh B1.OT207) 0 Yao &5 8] P S AEAUAIAR R F T MR OB O R R A
RRATONT A5 et i FAT AN R A AH G, EAR S SR IRy, 1225 1 AH S AR ABMTITT 92> T S AR A
M. FET I, Yao R T 2D CNN Al 3D ONN [FISURAFAEAESS, [RIRHZH8 U 235 2., 58
BE— MNP > B N R, ARSI CNN RRE — 2 F T A (5 S R g b, 78 b LAl
I, Cherian %5 292) 5117 B 723V R PR BRI A5 BT I SECA Smid. U, Li 55 B9 %t 7
JE A B =R, AT DA Bl SR AR T A SOAS Bk S BRI A K ot P g S 2 ) XA Sk
LT RBRFAE ) R G b, 98D 1 G RAARIURI S A5 B, & 1AL AE ARl

N T LA R RS HE SR, 15 SUE B T8 S A AFAE 3R DU AR, Pan 5§ 2001 4050
BPEFRRS, W Lo . RS, TR NEUAMATE UG BAE MR, 2okt 7 — 271
(YR B LAY, 5] I D9 AR V8 S8 P 23 e S A A =, AR o 45 B A S BT Rl G SEhr
e, yu 25 O8] R TR SRR R AR IA BRI BOR, 1 BN TR EASMNAE SUBMEARRE. F4h,
Venugopalan 5§ (2091 J8 i 42 4% 547 R0 SCARRFIE SR = AT IR FRORS B2 . 20 JR K, Zhao 45 210) iR
PR AR SR B 0 MR AT 55 B B, 3R 1 LSS A SCARRAE BB By B AR, BR A AT 0 )2
MLBEE SRR | AR A SCAE B R AN S A A R AR Db 4, SEEAL S A SCACRFAE ) 1 T B ) 5
BSRG, BRI 7 A B P E
5.2.2  fEIRN A AR

K2 AT IR AR S AR 7E LSTM A JEAih g 7y (12,24 210212 AR A pgd f e, LSTM DARR
AR AN b — 25 A R SO R AR R RN, SEIRAR SOAR B A . O T SR e AR R 1 =R
B FERE DA 5 N EFRIA BIAALE, JE T aim Ak 2% ST R0 A B B R0 2% F 5 VR AR gl B2 1 1213214 Ren
S5 1215) SR — kAR ZRIRAG 2 ST IO DT, 4 A A iR A R4S S A\ B A rh gEAT IR A AL, B3I
3 NIRRT AR AR A0S S 2EAT E R iR, Wang 55 216 $2 1 1T 2 AL IR 5L 27
ST, 1% 07 150 e BT 73 /N B, FF RS 00 2 e R o FLk AT A, L P IR A2 P T 1]
VBTN, T A B AR SCRE AR A BE Al AT SOAS v B, 1 TT ik B STARS A A6 A= 1) H 1.
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Table 6 Statistics on video captioning datasets

Dataset Year Size Average duration (s) Sentences Average sentences Vocabulary size Type
MSVD[220] 92011 1970 10 70028 35.55 13010 Open domain
TACoS 2211 2013 7206 360 18227 2.53 28292 Cooking
M-VAD 222 2015 48986 4 55904 1.14 17609 Movie
MPII-MD 2231 2015 68337 6 68375 1.00 24549 Movie
MSR-VTT [224] 2016 10000 20 20000 2.00 29316 Open domain
Charades [225] 2016 9848 30 27847 2.83 - Human activity
VTW 56l 2016 18100 90 44613 2.46 - Open domain

N TR R AR 2 B4R M5 R, Li &5 60 4R AR5 I nR AL 2] RS, FEAR R AT 55 2 Ab
TERBRZE S ST S5, PN LR v 0 S A AR 25, 72 I 2t A= s as 1 R I, 385 s b o =
SR 24 SRR AR 0 WEATURR 28 ) TR BE 7, AT A i A 4R (S8 2 (I B R, AR B 40 5 i)
A A, Zhang 55 217) TERIR A B 00 LA I8N T AAIE B AR, AR A IR AT A, ke
HoCKE B S5O AS (S BT XS b, 290 A sttt JEA A N R R B RE /). BT 5 2, A
(I A SRS 2 B8 A R )1 S B ) — P B BT B

N T B R AR R A HERTE, Dai 55 61 F) F AR B IS Y R AR AR IR, T 47 3 A2 ik
ARG BN SCAR A A, T A B IR VA ANE S . RIS IE R T, 2k
A AR IR LA S /D (TR R AN SRR, BT S AN RINRIET . Song &5 P18 42 TR T2
RS T AL 326 U1 oo 2 ) 2% ) it A S Y, ) P AL AR B0 KAt v B AN 1 EAT 8, FEAN [ it
USRS B0 T A 2 AN 0] TR AR A 5. AU, Nabati 55 (203] Beit T IFAT SIS A1 22 ) 25
SERAE SRR A e, WT DA I I i v AR AR i 1) BT B A A . Rahman 55 1020 $2 1 7 ALA S BE
TR AR SR, B A AL GE « W S8 MISCAS S R B A A E Y [R] I HEAT I P s s 5 ik
A, AR 1 % T Bl B A R SO, R, W S5 2190 P37 R T LSTM (iR A i 3s
HEZE, Q& M & 1 1 3T B RAEIZ S8R (hierarchy memory decoder) HI#IRAR i as, X FhffhD 45
ZEff T LSTM KI5 BBt i) Ir) @, 177 HLJE A5 KA BT SR St B8] F) I ARG 3R, T2 i
T 25 A BT I — R 250K, A PR A 55 R, A48 LSTM S5 rP A7 AE 1) ) A A 2%
fE LSTM H)E:Al b kAT ot DA e S b vl R, DL A BTt () X 24 240 S H il A 1 1) B R 7
WA

5.3 SR EIRE SIFINRIR

PRATHE IRAT 2555 F A TR SR e 6 [196,220~225) B S HEBITE R 7 o, R AT LR
DU AR R BUE S KERTE 2011~2016 SEEEST, A5 A HLRS . A0V SR TSI AT A1)
B AR REEROK, 188 A8 T B /M B, BN B — AN N AR A i
Horb, MSVD HR & A Be PR R B A B B I 35 A, XX I ZRH IR A e a0 Rg 1, BLAL
FANBEFTHRETAEREE. FNMIREE SRR KA 1 JT ~ 3 JiZ ), RN RIE%
THEE I A A 2 B B 1A V2 v (1 AR AR, DAk 3113 A B ] R A, BRI 27 ) M (24,5799,

PUIHERAT S5 5 4 DMV Fabe ok B i 2R iR i i, e 143 72 BLEU 2261, ROUGE-L [227)]
CIDEr 228! f1 METEOR 2], H.A1 BLEU 8% 4 NMA, Bl BLEU 1~4. SEPr L, BBV FEFRAT
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MSVD Charades

Caption: A person walks into a kitchen and laughs to themselves multiple
times. The person then walks out of frame of the camera.

s e x
| | |
- R

Caption: A person walks to a door, opens the door, and talks on their phone
while looking around in the doorway.

Caption: A woman is applying makeup.

= K

7 (MERRFZE) PSndER BReE G R~

Figure 7 (Color online) Examples of video captions

KB THLESBIREAL S5, WU TR AL 25 B0 138 X DA A0 A2 3 LN A8 Bl G A L2 TU0 155 0 ) AR AL
P, BRIEANTHRA) 2 N TR LSS b REOERAR, LR 4RFr 70 B S U R 1 o &
IEARSC Y, i A U 73 Bos e AR A BRI HR SCASBRAE R, LEAh, T LR BV R AR AR IRTE, A
PO 2 T B AR R A HE A I L T e MR IR A RTEVESE, SEBIN A B R 5 Y

LAV 210l
5.4 SHSHE

MU IRAE 55 I S FEREAT AUBAC L. G [ 8 [18,24,25,58, 194,201, 206, 210,216, 230~241] By SITAER
PEBEAE TR IS 5 ) B DU R, AT IR AT 55 58 e 1 EE TR AR UL AL 2 T CNN-RNN = > HEZE
frBe, £ BRI IS T, B 7 AR R . HARE, /£ CNN-RNN HEZL 3Lt
EHHTER IR B A R L OO AR S M S AL S A AR SR A A B T, DL R A S ST SR | AR
JRISPUIA LS+ SRR G Al A et I BSGE, R BUA J5E M EFOE AT B oTik. tesh, BT o1t
BRI BB HEZEI A AL, AR RIE IS IR AT 55 (R ., REAT B A 2R BT, $vm 1 MR i
R HIME B A HRE

BRI AR IR Q2T T KRR, HR AT IRAFAE — LE o o] R 5 g .

(1) PR SCA S ETC R B RS, A T RO LS (5 B O SO T AT R,
W T RLSE AN SCA NS L, B G SCAAE B B S SR AR R AL B Te R . SERR b, A
AN SO SRR B AT DLSEEUAIAI N 2 I ST, ST 138 SCELR KT, S3 b, M SCAR i Ayt
ATARSRALE TC R AR, 7T LA E HABAAI I A2 55 R A Jee, AR BRI 4 45 PRIk, n s ik 52
ARG HLGE TCER R0 I B e AL A 5 S A A 0 ) S 1 e

(2) SCAAE BAAATE 7. MR ANTE 5 2 NSRBI 57 1) g o i B 214 5 5, DR 2
AT EAUL LA B 2R 5 B EACRK EATHFRAE B RBAES 2 —. B2, BUA TR U E
BE T MSERAE RS b, 20 T SOAE B 2. BN S VA AL G SUACRHIE IR B At B AT T 2
BE, QSCATE R I | 1 PR RS (B IRA 2 CLSEISOAAE B RS HEG RS, AL AL R SCAAE
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(2)

SCN-LSTM [235] GRU-EVE [18]
T e A

LSTM-TSA [58 [
HRNE [25] 581, @ SibNet [232]

w .-'.B.oeN'ct [236]
‘/RNN % ......... . camrNN 210)

L 2 PlckNet [234]
S2VT [24] et
é TA[S8] —~_ | e .\'\ BAE [201]
§ 30 ARSI g e GRU-RCN [233]
s 5 .
B
LSTM-YT [206]
26
24 @ FGM [194]
22
2013 2014 2015 2016 2017 2018 2019 2020 2021
Year
29
(b)
® HRL[216]
285 GRU-EVE [18]
@ DenseVidCap [238] OA-BTG [239]
i MA-RNN [230]
o 28 VideoLab [241] e
g / ® TDDF [240] | .oeeens @ SibNet[232]
e N SURPOTTI
2215 et
@ PickNet [234]
27
@ Aalto [241] RecNet [236]
26.5 {
MMM [237]
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Figure 8 (Color online) Video caption results vary by year on (a) MSVD and (b) MSR-VTT datasets

BRI R IXAE—E T DL PR T IR )

(3) MLS IR O VEAN J7 AL e 35 . 2% F8 S s B B MU R AT 55 78 a1 45 5% B AR UL, B
A WP I8 B PP P AR KR MHLER B B 55 rh ELRAE AR 1R ), AR th 48K T HLER R rh o
PR AE e . SEfr b, BUA PRI Fabr il R BT N AR S 248 B A S0 RARURE, Toi
AN TR SCHRACLEE. AR 1T, AU IR AR 55 B AR GR AT LR, SO AR AN BE CRAETE SCHALL
PRI, AR R J5 AR PO P A 47 SR s 7 2 B o P S AR A AL

6 PUNEZEEEIRRIRE SRR LRSS

WETEN RARFEAUA 2 IRAGAEIRAE S5 3T A 2 H AR ATE SCA EREAT AUAAR L. ok, B
FEUG IS EARKI L PO ERER  SCAS A e S At il RLZE VR B2 27 T B B 0 R S B T s UK Jre, R

718



HEB FEREE B 51 % 5

PRERBARMA TERHHEED . AR B A R 5N, MUIASIR =5 5K H 28480, 2o
N REATU A T FE R AT S 0 1 WU AS T s £ 78 22 b ke, A% X AR R ) e 3yt
17TV, RJEHR T — BB A5 U5 T 7] A

6.1 SN IRAIHRER

WAL ORI FEATIIRAE T WI G R SR B, AFAE R AT AT 70« MR R A RS 4 W . L4
oK, WUATER IS 2 PR S AT 45 75 5K 1) 22 PR R Je, R RIBIAE BT R 1B B, [l S & 0TSk ek
KTHd A5 BAMERA P e R A 1 o 5

- %7 (16)
k= (IA) = (U & D, A). (17)

FREBAEE . FES AN 24t P ER U, HuEE D, FEE T ARG A
¥ AR R MR (1) UG R E T 58dEE D M ERBGE BIRMERE 1, M
A PR FRE B2 AT T b HdE &, M A ImEES . (2) NWEAT RS AH =
RfEEE T EWARE S A BRI, B LASAE B T8 X2 18 N B ) 08, AR B 55 THI I )
PeiE g E AP TR ETT, GFEAdEE D, (SR8 T MARGARIRES A, EERIERIEER. 5
SALBRAANMAIN G 3 AN, BARWF.

6.1.1 fSNBIREE

b & R B (R T2, AR I HH i 4R FE L S TU AR A SRR IR AL B A, N T IB RIS A AR
W ROCR, P 22 () 7y P ibloiobl sy, Il TR, 0 BWEETHL. RAHL. GoPro 5, CAH& T
720 p, 1080 p, 2 K, 4 K WIHAEEAE Sy, AT, BAT AT BRI 23 1) AL 7 V2 R0 I 45 T b BEAR X BLAR 4>
HEZR A, JCHN T AR Z I 2%, K73 #2388 0 RO A R 22 W0 ) 465 L. o) i 70 28 AR AT
() B SRAE FIUAL 2R, SR 5 F) A% G2 75 15 AT RPAE AR X, R IRAE & F I MR S I 7 k. IR B AR Bk
KBRS AH7T15 B, ToiRIE NI ) & 2 e R i [RIL, Gnerid i 40 H o RGN AT R A 2
Xof H A A R AE B i BBk k.

34k, N T SR A AN IE 35 R, s i B AR i Ok By, AR TR S 24 fps
(frames per second), 25 fps Al 30 fps FIARAN, IR 60 fps LA 120 fps IFRMIH SRR 2 . 7EIXFP1E
OUT, TR R A A7 BT b3 A, SR, H RT3 SR A e 51 HE B A R i
FRaER Tk, Sebr b T R KA K R A ) LSTM A5 78 AN REAE 7 I FE /N T 100 FOREAT - B
TFELUF 2 R AL X A4S H AT I 7 2 R e A BRAS AT B A0, R AR A0S B b [ T b B
AR AT S5, A LT B /N T 10 min. PRI, RRARUR) il e ey, DL R KRR 22 B 5K, A
RGN 1 I P 2 i PO HE

BEAb, BEAE R 1 b, 2 W L RIRIR A G UK 22 | At A I 2 IS PR AR R AR, id
REAN[F PRI, SRR AR Z T S, N0 AL, anfar S 3 22 0 A Hais R IBC & AR A0 22 R ELHE 1)
A A, BT k2 R BV AR 1, DA AR R b ORAIE S BT 55 BV RE RIS [R) 2803, @ AR
B — > B EE k.

6.1.2 NEEALIE
AR Fr 5 ({5 8 B 24 2R E. &k, M s B R 240, B85 Hin. k.

719



B85l U ITH, X AR T AR TCER R R (16) A1 (17) BRI AL AE B
AR 52 75 T A5 D2 AT AEL, B i (LA 25V R ORTE S S H RS B AR, MUK 45 5
REOI TR bR AEEE AR T A SR TR SUE B R gats. SR, MU 2 4E(5 I A2
M7 R AR R, Pl HARA 5 B R I AL T, B a5 RISk 17 HARME B FRARAL, 1
SUE B HREAIZARE B B R 5 ARSI A RERBLIR. Sehs b, s S rh i) 2 4
B RBEAT RS AE RS- UL AR WY, 12 AN R AS BT 95 4778 B 3R LA ]

JI5h, MBI EE . B R A S T A R WSO B, AR E BRI
TERIR, WA RE AR SR S EL XL AT IR 32 . BLA ORI A BRBOR R 2 AR T U o — A5
S, FerP LR EEAR A A R T ALSE A, AU IR R AL A5 R BN SCARE R 3 MBS B K
B RASE BIBE A R sebr b, 2R EEAT € W HAME, IR R 2155
B, DAL AR R MRS A, e 3 B v MU ATAE I ) IS L (218 230- 2420 Rt e I
AR B R L B BURN 75 445 B A, IR R SRS E B R e L, R MUAS B 3R Pl

6.1.3 MERAHIRE

MUPRAE RIS R 22— Uk N S0 e 2Rt AR SR A 5 2, T AL B /5 ZE AN
FIARIRE 9 A K. B 7 iR BURT & AR 3t A0 >J A8 4 5 sRHEAT RS B, An A AR
8 AL GE Sy PEBEAT A, WU IR M SCA A FEBEAT A I (ELAE, SEIRaRW, AS [ AN R HILAI A 288 1) 5%
ERAE, NTEREE SRR, JCHRX T ZAIR R ST, WS KBRS I ARELS
A LAF AN (R — AL B R AT T 22 73 i) 11952200 3 i B AM A R IS ST 15 A R
Y22, R L R A% Bt 7 B RAT ML I Rr i B 2k T Ge T B (R AR 22 2 W] DAAE — 8
FEJE L BEAT (5 BRSHERE L, (E e 2 ARG RR 3K

JIAh, SRZ XN RIR R, WS BT A IS (5 S B E E DAPPOT A 1, S8 vE A AURE I A
HE THEA S AN [k 2 {5 S AR R B 11991 3t S SRR I 5k =2 W 1 LA ) DAL D7 1), DA
TR RO R Sk Z A7 2048 5 2, BEMEmatE R et R, BRI, XEMARA R BE JTEAT IR R, 3t
TR A4 22 57 51N BIAUIIAS B 2% T 55 o, 2 H RTALAR B s ) S K Bk ik, th 38 ) e EER L
S i) 7L

6.2 KRREREHEE

TS WA ESCH (0 R i, DAL AT H 2 3 R AU e 20 75 R, A T e s D) 5 240
SRR 20 5 S % LRI BIT T (9 3 2Pk e, A SO BUAE BURT 7 () RS K a3 AT 1 100,
B S RN LA 0] 07T 3 R AL 2 FER BT IE RAEBUR T 3 A5 1)

6.2.1 RAEBERAZ

HARBEHE N TR REMAR R, JCHIR IR 5 ST BOR N 08T, RS 1 HoREED, (HAR VR
V2 F i ) A 1 R R

B, WETSCHTIR, MR R — N RE . IR A RS AL E BRI . A, R AR
WAL ERAE BT R, HRMAE R ERUENERE, UAEREBRE D ERNER
B W RIS S AT LR A R AT A R R S

R, PP — > B EE T Re A T B & DRI B AR AL N 7%, (R AN R & R — L
T RIS SRR Y, Al AL 5 AN < 8] )45 5 5 L2 SEDUAR HEAS B AU OCBE,, 2

720



HEB FEREE B 51 % 5

AMEAAS B EEHUR 0 22 22 e, RAAAE N 22 00 L

BEAL, PR 2 P 2% B AR BAT 58K 22 ST RE D, (H R AFAE T AR I 22 10 i AL, 0 156 00 A AR 4
RIS = A A AR AME, DTN A e de t RYESR 3. IR “BE T PR3 E
PR R SR AN T R, ™ PR AR I R R A R R R, B I B e B A
Rov KGR+ 2 75 )3 5 .

SR b, AMATAE H 08 AR AR R PR B T R AT AR 22, AR AR SR R WS B e 1 S B R ) 750 e
JPit T, MBS ERE RS B @RS E A H, AR R iR B2 S I T R, K 2 —AIAC UK
JE B 3.

6.2.2 ¥ RHEELIESN

BLRT BURALAA B3 25, RHREHS P AL (RS ZEANH R ) M A (R 4i) AL 5E
5 REITHEIT. SR, MUEE B 2Rk, B S, MU R R SR RS S 2SR,
A5 SRS BRI, A2 WA AU P 75 3 AN [RDRE B RO, b B AW R 8. DRI, B — e
A5 R AR R 1 WUSAE B o B AR HE) . O 1 AEOR AU AR Ve O B R B 34T SR A
FRAEH, 5 Bl I RS2, ARSI 2 S HHs AT & 3R AL 5 P [F] Rl 50 2 R A B 8
KSR Y LRI ST T ).

P, MRSt B A 2RI, MRS AT DL A E B RIS ZRE. 1R T
AR L5 M. DA LA IS 425 KA A Pt P R R AT i i, s AR e e P 48 AT %2
AVEASE, 336 A 22 P 2 HEAT I Pl M. BRI, S R R SRS £ 55 45 2 I B AN D, b M 2 AR
(¥ 338 H AR IS 25 BB B, AL 42 R b s T {5 R SE Ay L. (R, s SR A A A A AR L
PRI, A7 b RS AN [ A AR Bt BB AT A A AL B, XA ik B S 4 AR HUICR I b SR Ea 3.

BEEBORKIH, B 7 BOO6 TR RGB MMIAh, 2000, REIREESORRIZHT T fd
e, PCANZLAT 4% B85 S T DAE R B) U0 52 2T M (4 H A, 2 T2 088 S mT DA vt 2 A 40 T A R A 1Y
NS, FEAS AL RS I BT, U0 S0 T BORSR IO 5 S oot % . @il 2 R8s AT e
MUAEIL, A 22 — TR a5

6.2.3 FFEHEMSHZEENN B

W L Bl 1) I TE R FHEE, DA SRR Ak 207 SR8 Fee, WA G (4 B 7 ey s 5 e, &
Fop LR 3 A5,

(1) &5 NSRRI, SRR RCREE a0, N R RE A A X WAV 8 73 B ) /5 SRk
TR, AR AU 22 . W< o 03 1) B — AR S5 B AT DA OOHE L R AT 2 B4 R oK. seBr |,
ZRE M AR BRI AE BT 55, T RAUBAE U ETE 3C, 7T AP s AC U B AOAE HEE . 2 FEPE AT
PE. H AT AR ST AEHT 7T 2 A 55 BORUAE BOHE SR, 4. J5C 5 A1) PR B A H R AT 55 B 3 4
JRARA et (1561 BE 5 1 FH AL 4 AN 4038 AT 55 HEAT WU S5 M A1 SCRER 2431 4% il e AT 2 B
R SR, FERUII L R4 IRATE 55 BT HT R R, LUK A F R A AR 5, ek
312 i MUATTAE UL FH 44 4 2 0T 7 PA) 2.

(2) MBAE R SEHEWT 7T, SR80 G RN . IR, BRETHL. GoProv ML AML, U
L] o SRR A BT [, EATBON R IR ) 2g 4. 9 T IRTHILBUR & L SEELE S BT
DRAGAF A IR 0 7 RIS B, 7572 2 i B HEAT A2 2 ARSI 75 SRABORASCR. B, AT T 9K
FEALA A R A5 JE B P Bl HEAT A, TEiR SIS B A S 2. 25 T otk AR AR b, SR ZFT RO

721



R AR A RTHEIERCE . AR IR R, FRAE AL b T R RS Bl i A2 2 AL A
AR T, T 2R AR ) R a3 2 —.

(3) NLFHRIHABAE S5, SR ALV BE 70 AT O PEREAN R Bl N T REM A e, Sk T WL Y
B MRS ORI, ANIACE . MUSE ST A H A B AR, B 2h By S5, MUBUR A7 Y
R 2B 2R RS, SChr b, X AR 550" EAROBAILAS B ROCR, Bl tn: AHLAZ ELAR AL
B TRAT: 55 T BT S R AEE, S H A (O 4 A 55 T ) H A AR, B RE BT SR OB
BRSSPI AR SRS, R, Sl WUAE B 55 SRIBCE N fag st AL S, SR LA e 20 #r
IR ANTERE, R R ARAAE B BT T35

6.3 JFFAUtEiR)ET e
(1) YSTRE BB E? [E2 RT3 N (entropy) FIMESXTFENLA & X S B EHTE R,
BRI
H(X)=- p(x)logp(z), (18)

rzeX
Horp, p (o) MR E X BRI KA. IBAMITE B R EER? A3CS% 0k [244] ]
A TG R BRI R
e, AT AR L — A2 (8] Q. 23 8] H AT S AN ) ARARL B AR B AN AU ) B 5

Bk, MEREAS V; € Q VAR O— AN B BER, B3RP AL BN BO AR R T2 S L)
BAEFRRE dy,. WARIAAETE R LS A % R A T AR T DL S AR AL R
PR, SR, 27 L5 AN e e Btz vy T Lt &, B prd (5 B R EOR. i e R =
B RS T, Brol R E B 2 RO, BT I, AR OB A 2% 18] o 1 25 4R R BE AT 3 — 1k,
VEARAT B E 2R, 40 .
Vi
p (Vi) = S ady (19)
H b, i b ORI (18) AT v A H N A 2 (R (A5 B, B LB L ARR AT WA E BRI, N
WA SR, 10 T(Q). BAR, FAI Vi Frig s B2k

I(Vi) = —logp (V). (20)

W BRI, ASCHAR 2 M AE SR SE B 1 XHILIIHE SR M R &, SR, ALAZE AT R4S 2 Y
2 /DRI 2 WA LR 2R AR, a0, — A8 B BRAS 0 N AT B8 JC 2000 5 3 8 LA A
WA, NBA FUE I ELFRALIIS TR IR AN Al Y SR IR SZ A A — R, Rk, ASTtA 08
[ — AR A IR 2 SR 45 S B I AR TR, 0 BRI 5 9 LR Z I A S5 B R
8 TR

I (V;|Viewer) = —log p (V;|Viewer), (21)
Hrp, WEE Viewer IEMPF R OIEMEEZLF . NAER P IFIKT4E.

(2) MIMZEMERR L D7 WA 1 g E TIPS a], I B (W) — DA Tl o T
A0 I, K T AT 2 () R G — 8 ¥y W x H, B BRI I R 77 NG — A T, R = ATIR
Gi—N 24 {7, R, G, B =N IEIE. A, M5 A B A

|Q‘ _ 2W><H><T><24' (22)

1) N TAET U, EAN S HTSC A JE RIRTIR T, AES e T AR AT S R A

722



HEB FEREE B 51 % 5

RPN ESE W x H x T x 3 N (A EEE E4E). 4B ) B B
D(Q)=W x H x T x 3x2W>xHxTx24 (23)
BET, A [ 15 2N

1(Q) _ 72Veﬂp(v) logp (V)
D) W x HxT x3x2WxHxTx24"

()=

ALl 0 A] DU B AR ) IR AR TE]  SCAR 23 [A) B A5 B AT E .
(3) InfaTxt AR SRES (BT TEERN? AKHE AT SCER I IEAR 15 B SRR IR 58 &, AT 7 (8]
TR IR AR N
K(Q) =1(Q)- A (25)

AR, NSt RN T B AU . 9B b, RS I I K, A A AR DL
PR SR, AR AT 2 BRSO FFREHL. 7, A 4 oo B (O MU K R ST
AR, B — Gk LA S T 53—, BLBE B 8 AR SR 0. 0ok,
(1) AL 35 A R WSS AT NS T B, Y LML 9] o B30 77 15 (OUAR 400 7 X
10; (2) RIFLARY - BLBU BRI R ), L ;K32 AR R S HOE LI B i 3 R T
AN, TLSE LB R B T R RLARR JERE S0, DAL, BLUISE ) (0 5 75 % MR e
RIS, A, 3 (25) WM R YRR, BOVHEE AT B, W RAER A R
BRI, B

N=XA+al (V) (26)
Herb, o ARFAMBIIE SN . B BRI, PR AR BB ML AE O, TR BT LA AT
AL #E% MR AT, LAAEATIRIN 1] Y 378 K IR TR, o R LA SR O A
UL ) B B USR5, TR AR 9L .

(4) FEBEBUT AWML MAL? K2 PHLIORIE, DU FIR. SR, SHURIR ST B S, 2
RS R K, R0 LR R (35 SRR ) 2 67 Al 0 5 R BRSO B R 3
AT, PR BRI 3B U BOR, 7T DL B BUR I ). LA WO, 5
5 A ITE 0 BAEARE 10, R AR Fe K, FTLAK AR, Y F AR5 ARSI JFTHT
s, WAL IS 5 2 ST BORY, T LB ST ORI 22 A A R I o
R BT AT, (3 BT Y T 4 B BRI S, LB T KRR T, TR
WK SC S T O M. R, (3 B AEHCT DL T 4 A, 0 % 17 A R R, 2
HHCRI (R BT 2RI .

7 IE\ gl:l:l:

ARSCNERAE < J5IEAR K 3 ANJ7 T AR AE BCEEAT 1 GBI e b, B S, M BRI R
MUPRAE R 58l A5 SRR IR R AT 1 BB, BURT IR SE — 1 DUIAS B T 55 ) R J .
SRV, ARSI A RAL T AT VRS I 18 5 70 M A SR, MR 22 . MBI 46 . MUMA 3 ME
FNT, FRANXS L 7 AR HARRITE SO BEREAT UIRAS B 25 Fh 5 325, SR T — R BIRE S ] DA K
PR B AR R TT 5, A4 o s 1 MUSAC UKD B Sei 5 S5 R R BUIR, B 1 WP AE B Jee i 474
(R — LR R . Ba, A SO B 1 AEAIEICHE Jae e e A QAL A BOTE FE AR it a2 L 5 B AL B 5 1K

723



TR A MRS

AR TP TR A ATLAE S e, X ARORAE i i L, K A 255 L P 5 THT ) F AR H T e
9. A BEASCHEAUIA B AT TSR (B o T AN 5 T A R O, W5 BE 2 I RHIE AR
TN ZIFIRHIE TEAH R, FEASIUE BE 20 M U HAT SR IR

S 3k

1 Li Q, Gkoumas D, Lioma C, et al. Quantum-inspired multimodal fusion for video sentiment analysis. Inf Fusion,
2021, 65: 58-71

2 Nie X S, Lin P G, Yang M Z, et al. Hierarchical feature fusion hashing for near-duplicate video retrieval. Sci Sin
Inform, 2018, 48: 1697-1708 [ 75 1L, M¥Eie, A, & 5T 2 RRHERL G0 A IR U S AR & 5 7%,
E R {5 BB, 2018, 48: 1697-1708]

3 Xiang S J, Yang J Q, Huang J W. Perceptual video Hashing robust against geometric distortions. Sci China Inf Sci,
2012, 55: 15201527 [HithZE, A, 4k PULAR BN Hashing FIARE L. FEFRL:: (5 ERHE, 2012,
42: 578-587)

4 Ghatak S, Rup S, Didwania H, et al. GAN based efficient foreground extraction and HGWOSA based optimization
for video synopsis generation. Digital Signal Process, 2021, 111: 102988

5 Lokoc J, Soucek T, Vesely P, et al. A W2VV++ case study with automated and interactive text-to-video retrieval.
In: Proceedings of the ACM International Conference on Multimedia, 2020. 2553-2561

6 Hu D, Nie F P, Li X L. Deep linear discriminant analysis hashing. Sci Sin Inform, 2021, 51: 279-293 [ﬁﬂlﬁi, > 2l
Zeip . FETBRIZEAEF M A s A SR, EREA: (5 5B, 2021, 510 279-293]

7 Chieu H L, Ng H T. A maximum entropy approach to information extraction from semi-structured and free text.

In: Proceedings of the 18th National Conference on Artificial Intelligence and Fourteenth Conference on Innovative
Applications of Artificial Intelligence, Edmonton, 2002. 786-791

8 Camastra F, Vinciarelli A. Machine Learning for Audio, Image and Video Analysis: Theory and Applications.
London: Springer, 2015. 295-336

9 Li X, Zhang H, Zhang R, et al. Discriminative and uncorrelated feature selection with constrained spectral analysis
in unsupervised learning. IEEE Trans Image Process, 2020, 29: 2139-2149

10 Li X L, Gong H G. A survey on big data systems. Sci Sin Inform, 2015, 45: 1-44 [%‘;éjz, ZBIEN. KEHE RS54
w. HEEEE FREE, 2015, 45: 1-44]

11 Li Z, Wang W, Li Z, et al. Towards visually explaining video understanding networks with perturbation.
In: Proceedings of the IEEE Winter Conference on Applications of Computer Vision, 2021. 65-76

12 Aafaq N, Mian A, Liu W, et al. Video description: a survey of methods, datasets, and evaluation metrics. ACM
Comput Surv, 2020, 52: 1-37

13 Li X, Song J, Gao L, et al. Beyond RNNs: positional self-attention with co-attention for video question answering.
In: Proceedings of the AAAI Conference on Artificial Intelligence, 2019. 8658-8665

14 Li X L, Zhao B, Lu X Q. Key frame extraction in the summary space. IEEE Trans Cybern, 2018, 48: 1923-1934

15 Schneider W J, Newman D A. Intelligence is multidimensional: theoretical review and implications of specific cognitive
abilities. Human Resource Manage Rev, 2015, 25: 12-27

16 Hussain T, Muhammad K, Ding W, et al. A comprehensive survey of multi-view video summarization. Pattern
Recogn, 2021, 109: 107567

17 Baskurt K B, Samet R. Video synopsis: a survey. Comput Vision Image Underst, 2019, 181: 26-38

18 Aafaq N, Akhtar N, Liu W, et al. Spatio-temporal dynamics and semantic attribute enriched visual encoding for
video captioning. In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2019.
12487-12496

19 Li X, Wang Z, Lu X. Video synopsis in complex situations. IEEE Trans Image Process, 2018, 27: 3798-3812

20 Dalal N, Triggs B. Histograms of oriented gradients for human detection. In: Proceedings of IEEE Computer Society
Conference on Computer Vision and Pattern Recognition, 2005. 886—893

21 Zhang K, Chao W, Sha F, et al. Video summarization with long short-term memory. In: Proceedings of the European
Conference on Computer Vision, 2016. 766-782

22 Lowe D G. Distinctive image features from scale-invariant keypoints. Int J Comput Vision, 2004, 60: 91-110

724



FEEBE EERE H51E B 5

23

24

25

26
27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Zhao B, Li X, Lu X. Hierarchical recurrent neural network for video summarization. In: Proceedings of the ACM
Conference on Multimedia, 2017. 863-871

Venugopalan S, Rohrbach M, Donahue J, et al. Sequence to sequence — video to text. In: Proceedings of the IEEE
International Conference on Computer Vision, 2015. 45344542

Pan P, Xu Z, Yang Y, et al. Hierarchical recurrent neural encoder for video representation with application to
captioning. In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2016. 1029-1038
Park H S, Jun C H. A simple and fast algorithm for K-medoids clustering. Expert Syst Appl, 2009, 36: 3336-3341
de Avila SE F, Lopes A P B, da Luz J A, et al. VSUMM: a mechanism designed to produce static video summaries
and a novel evaluation method. Pattern Recogn Lett, 2011, 32: 56—68

Papadopoulos D P, Kalogeiton V' S, Chatzichristofis S A, et al. Automatic summarization and annotation of videos
with lack of metadata information. Expert Syst Appl, 2013, 40: 5765-5778

Chu W, Song Y, Jaimes A. Video co-summarization: video summarization by visual co-occurrence. In: Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition, 2015. 3584-3592

Elhamifar E, Sapiro G, Vidal R. See all by looking at a few: sparse modeling for finding representative objects.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2012. 1600-1607

Mei S, Guan G, Wang Z, et al. L2,0 constrained sparse dictionary selection for video summarization. In: Proceedings
of the IEEE International Conference on Multimedia and Expo, 2014. 1-6

Ma M, Mei S, Wan S, et al. Video summarization via block sparse dictionary selection. Neurocomputing, 2020, 378:
197-209

Zhao B, Xing E P. Quasi real-time summarization for consumer videos. In: Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, 2014. 2513-2520

Gong B, Chao W, Grauman K, et al. Diverse sequential subset selection for supervised video summarization. In:
Proceedings of the 27th International Conference on Neural Information Processing Systems, 2014. 2069-2077
Meng J, Wang H, Yuan J, et al. From keyframes to key objects: video summarization by representative object
proposal selection. In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2016.
1039-1048

Gygli M, Grabner H, van Gool L. Video summarization by learning submodular mixtures of objectives. In: Proceed-
ings of the IEEE Conference on Computer Vision and Pattern Recognition, 2015. 3090-3098

Pan J, Yang H, Faloutsos C. MMSS: multi-modal story-oriented video summarization. In: Proceedings of the IEEE
International Conference on Data Mining, 2004. 491-494

Li X, Zhao B, Lu X. A general framework for edited video and raw video summarization. IEEE Trans Image Process,
2017, 26: 3652-3664

Zhao B, Li X, Lu X. Property-constrained dual learning for video summarization. IEEE Trans Neural Netw Learn
Syst, 2020, 31: 3989-4000

Lee Y J, Ghosh J, Grauman K. Discovering important people and objects for egocentric video summarization.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2012. 1346-1353

Pritch Y, Rav-Acha A, Peleg S. Nonchronological video synopsis and indexing. IEEE Trans Pattern Anal Mach Intell,
2008, 30: 1971-1984

Jin J, Liu F, Gan Z, et al. Online video synopsis method through simple tube projection strategy. In: Proceedings
of the 8th International Conference on Wireless Communications & Signal Processing, 2016. 1-5

Hoshen Y, Peleg S. Live video synopsis for multiple cameras. In: Proceedings of 2015 IEEE International Conference
on Image Processing, 2015. 212-216

Taj M, Maggio E, Cavallaro A. Multi-feature graph-based object tracking. In: Proceedings of Multimodal Technolo-
gies for Perception of Humans, First International Evaluation Workshop on Classification of Events, Activities and
Relationships, 2006. 190-199

He Y, Qu Z, Gao C, et al. Fast online video synopsis based on potential collision graph. IEEE Signal Process Lett,
2017, 24: 22-26

Sun L, Xing J, Ai H, et al. A tracking based fast online complete video synopsis approach. In: Proceedings of the
21st International Conference on Pattern Recognition, 2012. 1956-1959

Hsia C H, Chiang J S, Hsieh C F. Low-complexity range tree for video synopsis system. Multimed Tools Appl, 2016,

725



TR A MRS

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63
64

65

66

67

68

69

70

71

72

726

75: 9885-9902

Zhu X, Liu J, Wang J, et al. Key observation selection-based effective video synopsis for camera network. Machine
Vision Appl, 2014, 25: 145-157

Zhu X, Loy C C, Gong S. Learning from multiple sources for video summarisation. Int J Comput Vis, 2016, 117:
247-268

Lin L, Lin W, Xiao W, et al. An optimized video synopsis algorithm and its distributed processing model. Soft
Comput, 2017, 21: 935-947

Yan C, Tu Y, Wang X, et al. STAT: spatial-temporal attention mechanism for video captioning. IEEE Trans
Multimedia, 2020, 22: 229-241

Felzenszwalb P F, Girshick R B, McAllester D, et al. Object detection with discriminatively trained part-based
models. IEEE Trans Pattern Anal Mach Intell, 2010, 32: 1627-1645

Moore D J, Essa I A. Recognizing multitasked activities from video using stochastic context-free grammar.
In: Proceedings of the 18th National Conference on Artificial Intelligence and Fourteenth Conference on Innova-
tive Applications of Artificial Intelligence, 2002. 770-776

Zhu S C, Mumford D. A stochastic grammar of images. FNT Comput Graph Vision, 2006, 2: 259-362

Donahue J, Hendricks L A, Rohrbach M, et al. Long-term recurrent convolutional networks for visual recognition
and description. IEEE Trans Pattern Anal Mach Intell, 2017, 39: 677-691

Zhao B, Li X, Lu X. Video captioning with tube features. In: Proceedings of International Joint Conference on
Artificial Intelligence, 2018. 1177-1183

Sah S, Nguyen T, Ptucha R. Understanding temporal structure for video captioning. Pattern Anal Applic, 2020, 23:
147-159

Yao L, Torabi A, Cho K, et al. Describing videos by exploiting temporal structure. In: Proceedings of the IEEE
International Conference on Computer Vision, 2015. 4507-4515

Li X, Zhao B, Lu X. MAM-RNN: multi-level attention model based RNN for video captioning. In: Proceedings of
the International Joint Conference on Artificial Intelligence, 2017. 2208-2214

Li L, Gong B. End-to-end video captioning with multitask reinforcement learning. In: Proceedings of IEEE Winter
Conference on Applications of Computer Vision, 2019. 339-348

Dai B, Fidler S, Urtasun R, et al. Towards diverse and natural image descriptions via a conditional GAN.
In: Proceedings of the IEEE International Conference on Computer Vision, 2017. 2989-2998

Rahman T, Xu B, Sigal L. Watch, listen and tell: multi-modal weakly supervised dense event captioning.
In: Proceedings of 2019 IEEE/CVF International Conference on Computer Vision, 2019. 8907-8916

Lu C, Shi J, Wang W, et al. Fast abnormal event detection. Int J Comput Vis, 2019, 127: 993-1011

Basavarajaiah M, Sharma P. Survey of compressed domain video summarization techniques. ACM Comput Surv,
2020, 52: 1-29

Zhang Y, Liang X, Zhang D, et al. Unsupervised object-level video summarization with online motion auto-encoder.
Pattern Recognition Lett, 2020, 130: 376-385

Wang W, Shen J, Lu X, et al. Paying attention to video object pattern understanding. IEEE Trans Pattern Anal
Mach Intell, 2020. doi: 10.1109/TPAMI.2020.2966453

Wan S, Goudos S. Faster R-CNN for multi-class fruit detection using a robotic vision system. Comput Networks,
2020, 168: 107036

Li X L, Shi J H, Dong Y S, et al. A survey on scene image classification. Sci Sin Inform, 2015, 45: 827-848 [$’?jﬁ,
sgte, #kAE, & BB BEAR SR, hER: 5 BEE, 2015, 45: 827-848]

Fooladgar F, Kasaei S. A survey on indoor RGB-D semantic segmentation: from hand-crafted features to deep
convolutional neural networks. Multimed Tools Appl, 2020, 79: 4499-4524

Han J, Ma K-K. Fuzzy color histogram and its use in color image retrieval. IEEE Trans Image Process, 2002, 11:
944-952

Bay H, Tuytelaars T, van Gool L. SURF': speeded up robust features. In: Proceedings of European Conference on
Computer Vision. Berlin: Springer, 2006. 404-417

Krizhevsky A, Sutskever I, Hinton G E. ImageNet classification with deep convolutional neural networks. In: Pro-

ceedings of the 25th International Conference on Neural Information Processing Systems, 2012. 1106-1114



FEEBE EERE H51E B 5

73

74

75

76

77

78

79

80

81
82

83

84

85

86

87
88

89

90

91

92

93

94

95

96

97

98

Simonyan K, Zisserman A. Very deep convolutional networks for large-scale image recognition. In: Proceedings of
the International Conference on Learning Representations, 2015

Long J, Shelhamer E, Darrell T. Fully convolutional networks for semantic segmentation. In: Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition, 2015. 3431-3440

He K, Zhang X, Ren S, et al. Deep residual learning for image recognition. In: Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2016. 770-778

Szegedy C, Liu W, Jia Y, et al. Going deeper with convolutions. In: Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, 2015. 1-9

Huang G, Liu Z, van der Maaten L, et al. Densely connected convolutional networks. In: Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition, 2017. 47004708

Deng J, Dong W, Socher R, et al. ImageNet: a large-scale hierarchical image database. In: Proceedings of 2009 IEEE
Conference on Computer Vision and Pattern Recognition, 2009. 248-255

Kuznetsova A, Rom H, Alldrin N, et al. The open images dataset v4: unified image classification, object detection,
and visual relationship detection at scale. 2018. ArXiv:1811.00982

Lecun Y, Bottou L, Bengio Y, et al. Gradient-based learning applied to document recognition. Proc IEEE, 1998, 86:
2278-2324

Krizhevsky A, Hinton G, et al. Learning multiple layers of features from tiny images. 2009. 32-35

Zhou B, Lapedriza A, Xiao J, et al. Learning deep features for scene recognition using places database. In: Proceedings
of Advances in Neural Information Processing Systems, 2014. 487-495

Soomro K, Zamir A R, Shah M. UCF101: a dataset of 101 human actions classes from videos in the wild. 2012.
ArXiv:1212.0402

Kuehne H, Jhuang H, Garrote E, et al. HMDB: a large video database for human motion recognition. In: Proceedings
of 2011 International Conference on Computer Vision, 2011. 2556-2563

Monfort M, Andonian A, Zhou B, et al. Moments in time dataset: one million videos for event understanding. 2018.
ArXiv:1801.03150

Heilbron C, Escorcia V, Ghanem B, et al. ActivityNet: a large-scale video benchmark for human activity under-
standing. In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2015. 961-970
Kay W, Carreira J, Simonyan K, et al. The kinetics human action video dataset. 2017. ArXiv:1705.06950

Tan X Y, Triggs B. Enhanced local texture feature sets for face recognition under difficult lighting conditions. IEEE
Trans Image Process, 2010, 19: 1635-1650

Smith J R, Chang S. Automated binary texture feature sets for image retrieval. In: Proceedings of the IEEE
International Conference on Acoustics, Speech, and Signal Processing, 1996. 2239-2242

Song Y, Vallmitjana J, Stent A, et al. TVSum: summarizing web videos using titles. In: Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition, 2015. 5179-5187

Hafner J, Sawhney H S, Equitz W, et al. Efficient color histogram indexing for quadratic form distance functions.
IEEE Trans Pattern Anal Machine Intell, 1995, 17: 729-736

Li W X, Lou X P, Dong M L, et al. Golf video tracking based on recognition with HOG and spatial-temporal vector.
Int J Adv Robotic Syst, 2017, 14: 172988141770454

Kumar K P S, Bhavani R. Human activity recognition in egocentric video using HOG, GiST and color features.
Multimed Tools Appl, 2020, 79: 3543-3559

Lee T, Hwangbo M, Alan T, et al. Low-complexity HOG for efficient video saliency. In: Proceedings of 2015 IEEE
International Conference on Image Processing (ICIP), 2015. 3749-3752

Zhu Y, Huang X, Huang Q, et al. Large-scale video copy retrieval with temporal-concentration SIFT.
Neurocomputing, 2016, 187: 83-91

Battiato S, Gallo G, Puglisi G, et al. SIFT features tracking for video stabilization. In: Proceedings of the 14th
International Conference on Image Analysis and Processing (ICIAP 2007), 2007. 825-830

Li X L, Chen M L, Wang Q. Multiview-based group behavior analysis in optical image sequence. Sci Sin Inform,
2018, 48: 1227-1241 [Z%5 ., BRI, T3, HFEAZT IR I T 2 WA R MBEAAT ot R ERE: S8R
222018, 48: 1227-1241]

Mhaskar H N, Poggio T. Deep vs. shallow networks: an approximation theory perspective. Anal Appl, 2016, 14:

727



TR A MRS

99

100

101

102

103

104
105

106

107

108

109

110

111
112

113

114

115

116

117

118
119

120

121

122

123

124

728

829-848

Ren Z, Xu W. An improved path integration method for nonlinear systems under Poisson white noise excitation.
Appl Math Comput, 2020, 373: 125036

Zhou K, Qiao Y, Xiang T. Deep reinforcement learning for unsupervised video summarization with diversity-
representativeness reward. In: Proceedings of the AAAI Conference on Artificial Intelligence, 2018. 7582-7589
Yuan Y, Li H, Wang Q. Spatiotemporal modeling for video summarization using convolutional recurrent neural
network. IEEE Access, 2019, 7: 64676—-64685

Yao T, Mei T, Rui Y. Highlight detection with pairwise deep ranking for first-person video summarization.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2016. 982-990

Michelucci U. Advanced Applied Deep Learning: Convolutional Neural Networks and Object Detection. New York:
Apress, 2019

Gibson J, Marques O. Optical Flow and Trajectory Estimation Methods. Berlin: Springer, 2019. 9-21

Dosovitskiy A, Fischer P, Ilg E, et al. FlowNet: learning optical flow with convolutional networks. In: Proceedings
of IEEE International Conference on Computer Vision, 2015. 27582766

Ilg E, Mayer N, Saikia T, et al. FlowNet 2.0: evolution of optical flow estimation with deep networks. In: Proceedings
of IEEE Conference on Computer Vision and Pattern Recognition, 2017. 1647-1655

Ranjan A, Black M J. Optical flow estimation using a spatial pyramid network. In: Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition, 2017. 2720-2729

Sun D, Yang X, Liu M, et al. PWC-Net: CNNs for optical flow using pyramid, warping, and cost volume.
In: Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, 2018. 8934-8943

Revaud J, Weinzaepfel P, Harchaoui Z, et al. EpicFlow: edge-preserving interpolation of correspondences for optical
flow. In: Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, 2015. 1164-1172

Ji S, Xu W, Yang M, et al. 3D convolutional neural networks for human action recognition. In: Proceedings of the
27th International Conference on Machine Learning, 2010. 495-502

Tran D, Bourdev L D, Fergus R, et al. C3D: generic features for video analysis. 2014. ArXiv:1412.0767

Carreira J, Zisserman A. Quo vadis, action recognition? A new model and the kinetics dataset. In: Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition, 2017. 4724-4733

Hara K, Kataoka H, Satoh Y. Learning spatio-temporal features with 3D residual networks for action recognition.
In: Proceedings of IEEE International Conference on Computer Vision Workshops, 2017. 3154-3160

Qiu Z, Yao T, Mei T. Learning spatio-temporal representation with pseudo-3D residual networks. In: Proceedings of
IEEE International Conference on Computer Vision, 2017. 5534-5542

Hochreiter S, Schmidhuber J. Long short-term memory. Neural Comput, 1997, 9: 1735-1780

Cho K, van Merrienboer B, Bahdanau D, et al. On the properties of neural machine translation: encoder-decoder
approaches. In: Proceedings of Workshop on Syntax, Semantics and Structure in Statistical Translation, 2014.
103-111

Zhao B, Li X, Lu X. HSA-RNN: hierarchical structure-adaptive RNN for video summarization. In: Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition, 2018. 7405-7414

Arabshahi F, Lu Z, Singh S, et al. Memory augmented recursive neural networks. 2019. ArXiv:1911.03329

Ren Z, Xu W, Zhang S. Reliability analysis of nonlinear vibro-impact systems with both randomly fluctuating
restoring and damping terms. Commun Nonlin Sci Numer Simul, 2020, 82: 105087

Mahasseni B, Lam M, Todorovic S. Unsupervised video summarization with adversarial LSTM networks. In: Pro-
ceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2017. 2982-2991

Bengio Y, Simard P, Frasconi P. Learning long-term dependencies with gradient descent is difficult. IEEE Trans
Neural Netw, 1994, 5: 157-166

Hu Z, Nie F, Wang R, et al. Multi-view spectral clustering via integrating nonnegative embedding and spectral
embedding. Inf Fusion, 2020, 55: 251-259

Nie F, Hu Z, Li X. Matrix completion based on non-convex low-rank approximation. IEEE Trans Image Process,
2019, 28: 2378-2388

Chinrungrueng C, Sequin C H. Optimal adaptive k-means algorithm with dynamic adjustment of learning rate. IEEE
Trans Neural Netw, 1995, 6: 157-169



FEEBE EERE H51E B 5

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139
140

141

142

143

144

145

146

147

148

149

150

Frey B J, Dueck D. Clustering by passing messages between data points. Science, 2007, 315: 972-976

Rodriguez A, Laio A. Clustering by fast search and find of density peaks. Science, 2014, 344: 1492-1496

Ren J, Jiang J, Feng Y. Activity-driven content adaptation for effective video summarization. J Visual Commun
Image Represent, 2010, 21: 930-938

Khosla A, Hamid R, Lin C, et al. Large-scale video summarization using web-image priors. In: Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition, 2013. 2698-2705

Cong Y, Yuan J, Luo J. Towards scalable summarization of consumer videos via sparse dictionary selection. IEEE
Trans Multimedia, 2012, 14: 66-75

Gong Y, Liu X. Video summarization using singular value decomposition. In: Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2000. 174-180

Wang S, Cong Y, Cao J, et al. Scalable gastroscopic video summarization via similar-inhibition dictionary selection.
Artificial Intell Med, 2016, 66: 1-13

Etezadifar P, Farsi H. Scalable video summarization via sparse dictionary learning and selection simultaneously.
Multimed Tools Appl, 2017, 76: 7947-7971

Marvaniya S, Damoder M, Gopalakrishnan V, et al. Real-time video summarization on mobile. In: Proceedings of
IEEE International Conference on Image Processing, 2016. 176-180

Wang J, Wang Y, Zhang Z. Visual saliency based aerial video summarization by online scene classification.
In: Proceedings of International Conference on Image and Graphics, 2011. 777-782

Yao T, Mei T, Rui Y. Highlight detection with pairwise deep ranking for first-person video summarization.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2016. 982-990

Atencio P, German S T, Branch J W, et al. Video summarisation by deep visual and categorical diversity. IET
Comput Vision, 2019, 13: 569-577

Kaushal V, Iyer R, Doctor K, et al. Demystifying multi-faceted video summarization: tradeoff between diversity, rep-
resentation, coverage and importance. In: Proceedings of the IEEE Winter Conference on Applications of Computer
Vision, 2019. 452-461

Ejaz N, Tariq T B, Baik S W. Adaptive key frame extraction for video summarization using an aggregation mechanism.
J Visual Commun Image Represent, 2012, 23: 1031-1040

Macchi O. The coincidence approach to stochastic point processes. Adv Appl Probab, 1975, 7: 83-122

Liu D, Hua G, Chen T. A hierarchical visual model for video object summarization. IEEE Trans Pattern Anal Mach
Intell, 2010, 32: 2178-2190

Li X, Chen M, Nie F, et al. A multiview-based parameter free framework for group detection. In: Proceedings of the
AAAI Conference on Artificial Intelligence, 2017. 4147-4153

Lee Y J, Grauman K. Predicting important objects for egocentric video summarization. Int J Comput Vis, 2015,
114: 38-55

Yang L, Cheng H, Su J, et al. Pixel-to-model distance for robust background reconstruction. IEEE Trans Circ Syst
Video Technol, 2016, 26: 903-916

Liu Q, Fang L, Yu G, et al. Detection of DNA base modifications by deep recurrent neural network on Oxford
Nanopore sequencing data. Nature Commun, 2019, 10: 1-11

Zhao B, Li X, Lu X. TTH-RNN: tensor-train hierarchical recurrent neural network for video summarization. IEEE
Trans Indust Electron, 2021, 68: 3629-3637

Alemany S, Beltran J, Perez A, et al. Predicting hurricane trajectories using a recurrent neural network.
In: Proceedings of the AAAI Conference on Artificial Intelligence, 2019. 468-475

Yang H, Wang B, Lin S, et al. Unsupervised extraction of video highlights via robust recurrent auto-encoders.
In: Proceedings of the IEEE International Conference on Computer Vision, 2015. 46334641

Zhang K, Chao W, Sha F, et al. Summary transfer: exemplar-based subset selection for video summarization.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2016. 1059-1067

Mahasseni B, Lam M, Todorovic S. Unsupervised video summarization with adversarial LSTM networks. In: Pro-
ceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2017. 2982-2991

Apostolidis E E; Adamantidou E, Metsai A I, et al. Unsupervised video summarization via attention-driven adver-

sarial learning. In: Proceedings of the International Conference on Multimedia Modeling, 2020. 492-504

729



TR A MRS

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174
175

176

730

Ji Z, Xiong K, Pang Y, et al. Video summarization with attention-based encoder-decoder networks. IEEE Trans
Circ Syst Video Technol, 2020, 30: 1709-1717

Rochan M, Ye L, Wang Y. Video summarization using fully convolutional sequence networks. In: Proceedings of the
European Conference on Computer Vision, 2018. 347-363

Rochan M, Wang Y. Video summarization by learning from unpaired data. In: Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2019. 7902-7911

Potapov D, Douze M, Harchaoui Z, et al. Category-specific video summarization. In: Proceedings of the European
Conference on Computer Vision, 2014. 540-555

Gygli M, Grabner H, Riemenschneider H, et al. Creating summaries from user videos. In: Proceedings of the
European Conference on Computer Vision, 2014. 505520

Zeng K, Chen T, Niebles J C, et al. Title generation for user generated videos. In: Proceedings of the European
Conference on Computer Vision, 2016. 609-625

Meng J, Wang S, Wang H, et al. Video summarization via multi-view representative selection. In: Proceedings of
the IEEE Conference on Computer Vision and Pattern Recognition, 2017. 1189-1198

Anirudh R, Masroor A, Turaga P K. Diversity promoting online sampling for streaming video summarization.
In: Proceedings of the IEEE International Conference on Image Processing, 2016. 3329-3333

Otani M, Nakashima Y, Rahtu E, et al. Rethinking the evaluation of video summaries. In: Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2019. 7596-7604

Rav-Acha A, Pritch Y, Peleg S. Making a long video short: dynamic video synopsis. In: Proceedings of IEEE
Computer Society Conference on Computer Vision and Pattern Recognition, 2006. 1-7

Ra M, Kim W Y. Parallelized tube rearrangement algorithm for online video synopsis. IEEE Signal Process Lett,
2018, 25: 1186-1190

Ghatak S, Rup S, Majhi B, et al. An improved surveillance video synopsis framework: a HSATLBO optimization
approach. Multimed Tools Appl, 2020, 79: 4429-4461

Nie Y, Xiao C, Sun H, et al. Compact video synopsis via global spatiotemporal optimization. IEEE Trans Visual
Comput Graph, 2013, 19: 1664-1676

Wang S, Xu W, Chao W, et al. A framework for surveillance video fast browsing based on object flags. In: Proceedings
of Pacific-rim Conference on Multimedia, 2013. 411-421

Feng S, Lei Z, Yi D, et al. Online content-aware video condensation. In: Proceedings of 2012 IEEE Conference on
Computer Vision and Pattern Recognition, 2012. 2082-2087

Huang C R, Chung P C J, Yang D K, et al. Maximum a posteriori probability estimation for online surveillance
video synopsis. IEEE Trans Circ Syst Video Technol, 2014, 24: 1417-1429

Lu M, Wang Y, Pan G. Generating fluent tubes in video synopsis. In: Proceedings of IEEE International Conference
on Acoustics, Speech and Signal Processing, 2013. 2292-2296

Chou C, Lin C, Chiang T, et al. Coherent event-based surveillance video synopsis using trajectory clustering.
In: Proceedings of 2015 IEEE International Conference on Multimedia & Expo Workshops, 2015. 1-6

Zhu X, Loy C C, Gong S. Video synopsis by heterogeneous multi-source correlation. In: Proceedings of IEEE
International Conference on Computer Vision, 2013. 81-88

Nie F', Wang Z, Wang R, et al. Towards robust discriminative projections learning via non-greedy l2 1-norm minmax.
IEEE Trans Pattern Anal Mach Intell, 2020. doi: 10.1109/TPAMI.2019.2961877

Mahapatra A, Sa P K, Majhi B, et al. MVS: a multi-view video synopsis framework. Signal Process Image Commun,
2016, 42: 31-44

Lin W, Zhang Y, Lu J, et al. Summarizing surveillance videos with local-patch-learning-based abnormality detection,
blob sequence optimization, and type-based synopsis. Neurocomputing, 2015, 155: 84-98

Pritch Y, Rav-Acha A, Gutman A, et al. Webcam synopsis: peeking around the world. In: Proceedings of IEEE
International Conference on Computer Vision, 2007. 1-8

Correa C D, Ma K. Dynamic video narratives. ACM Trans Graph, 2010, 29: 1-9

Xu M, Li S Z, Li B, et al. A set theoretical method for video synopsis. In: Proceedings of the 1st ACM SIGMM
International Conference on Multimedia Information Retrieval, 2008. 366-370

Li X, Wang Z, Lu X. Surveillance video synopsis via scaling down objects. IEEE Trans Image Process, 2016, 25:



FEEBE EERE H51E B 5

177

178
179

180

181
182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

740-755

Nie Y, Li Z, Zhang Z, et al. Collision-free video synopsis incorporating object speed and size changes. IEEE Trans
Image Process, 2020, 29: 1465-1478

He Y, Gao C, Sang N, et al. Graph coloring based surveillance video synopsis. Neurocomputing, 2017, 225: 64-79
Yildiz A, Ozgur A, Akgul Y S. Fast non-linear video synopsis. In: Proceedings of International Symposium on
Computer and Information Sciences, 2008. 1-6

Vural U, Akgul Y S. Eye-gaze based real-time surveillance video synopsis. Pattern Recognition Lett, 2009, 30:
1151-1159

Kirkpatrick S, Gelatt C D, Vecchi M P. Optimization by simulated annealing. Science, 1983, 220: 671-680

Ghatak S, Rup S, Majhi B, et al. HSAJAYA: an improved optimization scheme for consumer surveillance video
synopsis generation. IEEE Trans Consumer Electron, 2020, 66: 144-152

Rao R V. Jaya: a simple and new optimization algorithm for solving constrained and unconstrained optimization
problems. Int J Indust Eng Comput, 2016, 7: 19-34

Ruan T, Wei S, Li J, et al. Rearranging online tubes for streaming video synopsis: a dynamic graph coloring approach.
IEEE Trans Image Process, 2019, 28: 3873-3884

Liao W, Tu Z, Wang S, et al. Compressed-domain video synopsis via 3D graph cut and blank frame deletion.
In: Proceedings of the on Thematic Workshops of ACM Multimedia, 2017. 253-261

Zhong R, Hu R M, Wang Z Y, et al. Fast synopsis for moving objects using compressed video. IEEE Signal Process
Lett, 2014, 21: 834-838

Zhang Z, Nie Y, Sun H, et al. Multi-view video synopsis via simultaneous object-shifting and view-switching opti-
mization. IEEE Trans Image Process, 2020, 29: 971-985

Zhao Z Q, Zheng P, Xu S T, et al. Object detection with deep learning: a review. IEEE Trans Neural Netw Learn
Syst, 2019, 30: 3212-3232

Chin T, Ding R, Marculescu D. Adascale: towards real-time video object detection using adaptive scaling. 2019.
ArXiv:1902.02910

Alwando E H P, Chen Y T, Fang W H. CNN-based multiple path search for action tube detection in videos. IEEE
Trans Circ Syst Video Technol, 2020, 30: 104-116

Yuan Y, Wang D, Wang Q. Memory-augmented temporal dynamic learning for action recognition. In: Proceedings
of the 33rd AAAI Conference on Artificial Intelligence, 2019. 9167-9175

Li X, Chen M, Nie F, et al. Locality adaptive discriminant analysis. In: Proceedings of International Joint Conference
on Artificial Intelligence, 2017. 2201-2207

Guadarrama S, Krishnamoorthy N, Malkarnenkar G, et al. Youtube2text: recognizing and describing arbitrary
activities using semantic hierarchies and zero-shot recognition. In: Proceedings of the IEEE International Conference
on Computer Vision, 2013. 2712-2719

Thomason J, Venugopalan S, Guadarrama S, et al. Integrating language and vision to generate natural language
descriptions of videos in the wild. In: Proceedings of the International Conference on Computational Linguistics,
2014. 1218-1227

Krishnamoorthy N, Malkarnenkar G, Mooney R J, et al. Generating natural-language video descriptions using text-
mined knowledge. In: Proceedings of the AAAI Conference on Artificial Intelligence, 2013

Kojima A, Tamura T, Fukunaga K. Natural language description of human activities from video images based on
concept hierarchy of actions. Int J Comput Vis, 2002, 50: 171-184

Gong S, Xiang T. Recognition of group activities using dynamic probabilistic networks. In: Proceedings of the 9th
IEEE International Conference on Computer Vision, 2003. 742-749

Bobick A F, Wilson A D. A state-based approach to the representation and recognition of gesture. IEEE Trans
Pattern Anal Machine Intell, 1997, 19: 1325-1337

Hanckmann P, Schutte K, Burghouts G J. Automated textual descriptions for a wide range of video events with 48
human actions. In: Computer Vision — ECCV 2012. Berlin: Springer, 2012. 372-380

Pan Y, Yao T, Li H, et al. Video captioning with transferred semantic attributes. In: Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition, 2017. 984-992

Baraldi L, Grana C, Cucchiara R. Hierarchical boundary-aware neural encoder for video captioning. In: Proceedings

731



TR A MRS

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219
220

221

222

223

224

225

226

227

732

of the IEEE Conference on Computer Vision and Pattern Recognition, 2017. 3185-3194

Cherian A, Wang J, Hori C, et al. Spatio-temporal ranked-attention networks for video captioning. 2020.
ArXiv:2001.06127

Nabati M, Behrad A. Video captioning using boosted and parallel long short-term memory networks. Comput Vision
Image Underst, 2020, 190: 102840

Guo Y, Zhang J, Gao L. Exploiting long-term temporal dynamics for video captioning. World Wide Web, 2019, 22:
735-749

Wang H, Gao C, Han Y. Sequence in sequence for video captioning. Pattern Recogn Lett, 2020, 130: 327-334
Venugopalan S, Xu H, Donahue J, et al. Translating videos to natural language using deep recurrent neural networks.
In: Proceedings of the Conference of the North American Chapter of the Association for Computational Linguistics:
Human Language Technologies, 2015. 1494-1504

Long X, Gan C, de Melo G. Video captioning with multi-faceted attention. TACL, 2018, 6: 173-184

Yu Y, Ko H, Choi J, et al. Video captioning and retrieval models with semantic attention. 2016. ArXiv:1610.02947
Venugopalan S, Hendricks L A, Mooney R J, et al. Improving ISTM-based video description with linguistic knowledge
mined from text. In: Proceedings of Conference on Empirical Methods in Natural Language Processing, 2016. 1961—
1966

Zhao B, Li X, Lu X. CAM-RNN: co-attention model based RNN for video captioning. IEEE Trans Image Process,
2019, 28: 5552-5565

Hori C, Hori T, Lee T, et al. Attention-based multimodal fusion for video description. In: Proceedings of the IEEE
International Conference on Computer Vision, 2017. 4203-4212

Baraldi L, Grana C, Cucchiara R. Hierarchical boundary-aware neural encoder for video captioning. In: Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition, 2017. 3185-3194

Ren L, Qi G J, Hua K. Improving diversity of image captioning through variational autoencoders and adversarial
learning. In: Proceedings of the IEEE Winter Conference on Applications of Computer Vision, 2019. 263-272

Park J S, Rohrbach M, Darrell T, et al. Adversarial inference for multi-sentence video description. In: Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition, 2019. 6598-6608

Ren Z, Wang X, Zhang N, et al. Deep reinforcement learning-based image captioning with embedding reward.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2017. 1151-1159

Wang X, Chen W, Wu J, et al. Video captioning via hierarchical reinforcement learning. In: Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2018. 4213-4222

Zhang W, Wang B, Ma L, et al. Reconstruct and represent video contents for captioning via reinforcement learning.
2019. ArXiv:1906.01452

Song J, Guo Y, Gao L, et al. From deterministic to generative: multimodal stochastic RNNs for video captioning.
IEEE Trans Neural Netw Learn Syst, 2019, 30: 3047-3058

Wu A, Han Y. Hierarchical memory decoding for video captioning. 2020. ArXiv:2002.11886

Chen D L, Dolan W B. Collecting highly parallel data for paraphrase evaluation. In: Proceedings of the 49th Annual
Meeting of the Association for Computational Linguistics: Human Language Technologies, 2011. 190-200

Regneri M, Rohrbach M, Wetzel D, et al. Grounding action descriptions in videos. Trans Assoc Comput Linguist,
2013, 1: 25-36

Torabi A, Pal C J, Larochelle H, et al. Using descriptive video services to create a large data source for video
annotation research. 2015. ArXiv:1503.01070

Rohrbach A, Rohrbach M, Tandon N, et al. A dataset for movie description. In: Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2015. 3202-3212

Xu J, Mei T, Yao T, et al. MSR-VTT: a large video description dataset for bridging video and language.
In: Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2016. 5288-5296

Sigurdsson G A, Varol G, Wang X, et al. Hollywood in homes: crowdsourcing data collection for activity under-
standing. In: Proceedings of the European Conference on Computer Vision, 2016. 510-526

Papineni K, Roukos S, Ward T, et al. BLEU: a method for automatic evaluation of machine translation.
In: Proceedings of the Annual Meeting of the Association for Computational Linguistics, 2002. 311-318

Lin C, Och F J. Automatic evaluation of machine translation quality using longest common subsequence and skip-



FEEBE EERE H51E B 5

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

bigram statistics. In: Proceedings of the Annual Meeting of the Association for Computational Linguistics, 2004.
605-612

Vedantam R, Zitnick C L, Parikh D. CIDEr: consensus-based image description evaluation. In: Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition, 2015. 4566-4575

Denkowski M J, Lavie A. METEOR universal: language specific translation evaluation for any target language.
In: Proceedings of the Workshop on Statistical Machine Translation, 2014. 376-380

Xu J, Yao T, Zhang Y, et al. Learning multimodal attention LSTM networks for video captioning. In: Proceedings
of the ACM International Conference on Multimedia, 2017. 537-545

Yu H, Wang J, Huang Z, et al. Video paragraph captioning using hierarchical recurrent neural networks.
In: Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, 2016. 4584-4593

Liu S, Ren Z, Yuan J. SibNet: sibling convolutional encoder for video captioning. IEEE Trans Pattern Anal Machine
Intell, 2020. doi: 10.1109/TPAMI.2019.2940007

Ballas N, Yao L, Pal C, et al. Delving deeper into convolutional networks for learning video representations.
In: Proceedings of International Conference on Learning Representations, 2016. 1-11

Chen Y, Wang S, Zhang W, et al. Less is more: picking informative frames for video captioning. In: Proceedings of
European Conference on Computer Vision, 2018. 367-384

Gan Z, Gan C, He X, et al. Semantic compositional networks for visual captioning. In: Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2017. 1141-1150

Wang B, Ma L, Zhang W, et al. Reconstruction network for video captioning. In: Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition, 2018. 7622-7631

Wang J, Wang W, Huang Y, et al. M3: multimodal memory modelling for video captioning. In: Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2018. 7512-7520

Krishna R, Hata K, Ren F, et al. Dense-captioning events in videos. In: Proceedings of IEEE International Conference
on Computer Vision, 2017. 706-715

Zhang J, Peng Y. Object-aware aggregation with bidirectional temporal graph for video captioning. In: Proceedings
of IEEE Conference on Computer Vision and Pattern Recognition, 2019. 8327-8336

Zhang X, Gao K, Zhang Y, et al. Task-driven dynamic fusion: reducing ambiguity in video description.
In: Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, 2017. 3713-3721

Shetty R, Laaksonen J. Frame-and segment-level features and candidate pool evaluation for video caption generation.
In: Proceedings of ACM Conference on Multimedia Conference, 2016. 1073-1076

Hori C, Hori T, Lee T, et al. Attention-based multimodal fusion for video description. In: Proceedings of the IEEE
International Conference on Computer Vision, 2017. 4203-4212

Mun J, Yang L, Ren Z, et al. Streamlined dense video captioning. In: Proceedings of IEEE Conference on Computer
Vision and Pattern Recognition, 2019. 6588-6597

Li X L. Features, indexing, and interaction in content-based image retrieval. Dissertation for Ph.D. Degree. Hefei:
University of Science and Technology of China, 2002 222278, 3T N AN EG R PRHME . R 51 &3S A 7T
AR S0 AL P EBEEEOR K, 2002]

733



By SRR

Video distillation
Xuelong LI" & Bin ZHAO

School of Artificial Intelligence, Optics and Electronics (iOPEN), Northwestern Polytechnical University, Xi’an
710072, China
* Corresponding author. E-mail: li@nwpu.edu.cn

Abstract Video has become one of the most important data forms. Video distillation explores more compact
data forms and information modalities by analyzing the spatial-temporal and semantic features of video data,
which is an important task in computer vision and a key technique in artificial intelligence. With the rapid
development of video capturing devices and the increasing human requirements, video analysis tasks are facing
numbers of opportunities and challenges. In recent years, large amounts of video distillation approaches are pro-
posed. This paper creatively unifies the theoretical basis of video distillation by analyzing the relationship among
data, information and knowledge from the perspective of information theory, and argues that the principle of
video distillation is to improve the information capacity of video data. Then, we overview existing approaches in
the aspects of video data representation, key content summarization, moving object synopsis and text description
generation, etc., and relate the development of video summarization, synopsis and captioning, which are typical
tasks in video distillation. More importantly, this paper discusses the advantages and drawbacks of existing ap-
proaches, and then points out several key scientific problems that have not yet been addressed, and simultaneously
analyzes the potential future development in video distillation.

Keywords video distillation, visual representation, video summarization, video synopsis, video captioning,

computer vision, artificial intelligence
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