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Abstract .

tent. Existing graph model based method takes video frames as vertices and uses the edges to build the relationship between

Video summarization has received widely attention as a technique to quickly display the main video con-

two vertices,, which may not well capture the complex relationship among the video frames. To overcome this drawback , we
present a novel method based on hyper-graph ranking to generate a static video summarization, and name it Hyper-Graph
Ranking based Video Summarization ( HGRVS) . Specifically, HGRVS first builds a video hyper-graph model to connect the
video frames that have internal relations with hyper-edges;then classifies the video frames with an idea borrowed from the
hyper-graph ranking method to provide the candidate keyframes ;the video summarization is finally determined with the key-
frames chosen by an objective function. Extensive subjective and objective experiments on the popular Open Video Project

and YouTube datasets clearly demonstrate the superiority of HGRVS to the state-of-the-art approaches.

Key words: video summarization ; hyper-graph;hyper-graph ranking ; video frames classification ; keyframe extraction
1 8= WEEAT 5328 SR U5 A WAL B 2. 9], Furini 28 A" 42

T AT PR 77 45 AN W38 I S A5 2 o] o 6 3R O
1 R B ) 2 B 9 A A 2 I BIE T 1 AR
A LSRG 2L (Video Summarization ) £ R S fift ke I ] At
—2RARTT . B LA — b iy i (9 2 OR8N 7 3%
R X AR 5 () — Bl G2

R SCE AT 5 6 T G B T A e A LA A 22, LD
AR T R kT T R R Ty
W BT E M T A R Ok
. HE TR 7 ¥ i i 3R 2 1y T OB AR B 4 AR

Wik H J97:2016-01-26 5 & 0] [1401:2016-11-28 ; ST - 223
HEIH - ER A RPI 224 (No. 61472273)

H T —®pFx Sy STIMO ( STII and Moving Video Story-
board ) [¥77 125 , 1% J5 ¥ B S5 4 OR339 B — ot 1) 201 5, ¢
fiF , $R )5 3 FPF ( Farthest Point-First ) 323 Xk 40 47 of 3¢
TR, e £ R ICE SR TUAR K. DeAvila 25 A
HHE T VSUMM ( Video SUMMarization ) 77 32, 38 3 X ¥
AR R AT b ISR E  F IR URE PO RN
DML, DT A O AT 4 2. T PSS AR 114 1y 10k 3 T
S T R 2 ] Y G R G AR DG H B R B
oAb A B EE. 510, Mundur 25 A" 5 56 5% 008 %
FE SR IBCRAE AT %) 20 €5 7 40E , R )5 F B — A R



1036 W T

EE 2017 4F:

PR VEFEST A ( Delaunay ) P 14 T 44 55 4 4]
T RS BRAE 55 A I 8 0 S R AT R I R HUER
BRI O B /Y — WUVE S SCBE ML BE S , Kuanar 5§
NS T (4T R Oy s AR R S A I R R4 4
HEFTIRISHT, AT G5k 2930, i — 25 AR AIE T RE A% T 47
ARSI i, ] B RS BR 2 18] (9 341 Zhai 5 A 1
AT & SR, SR e ey B 24 718 s
3 i — AN AR PR G ST, Panda 25 DK OLAR T
VE R B T A, # 8tE 28 (skeleton ) &, 38 1 B /N vt
(MST) 177 X TSR T 328, SR J5 X B G RAR ik
PRI RS BICHE P, T e OGS MUAR & HeAh , 4R I8
BT TR A A A D 1 R R P A
TR WLEEAI AR, 3 R A0 Y 2 ], A J5T - ik 2 40
WA 5 ) T O R HE B, O AR IR 47 P S N A
B e A

UTAE SR, B R T R e B AR R R SR
1 SEIA R AU S T R 1 HE
J¥2% 3 J7 1, Deng 25 AN 3 T Co-RMGL( Co-Regu-
larization Multi-Graph Learning) & ¥ F T E 14 A0 4 &
HEFF 457510, Co-RMGL 53325 58 2o $12 11 15 22 B e A1 5
Vg AR O A A X L 1 TR Y 8K JS X 1] AT (intra-
graph) A& 8] (inter-graph ) 73 5 N 29 ROTF X 22 B 34T

e ,Lkﬁ”’”’%lﬁ@%ﬁg%ﬁiﬂﬁ? Yang %5 A 1K

/l%glzlﬁlffhﬁmﬂﬁﬂ:?ﬂﬁ QU , & 22 ol AL 5
m@@ga‘a‘—%ﬁéﬂeﬁ\ggﬁlﬁﬂ: grp i g B E
R0 P45 DR A I ) 22 T 1 e A 2R HE I, o o
R XA A 2 R ) W A A IR R 2 2] T
L P 118 A SECAEL 2 ol 5 A A P T A A 30 3%
e NIRRT Z A YOG &, i A5 -5 A 1A TV R AR ] —
AR N I TR B B 1 HE Y A5 48 40, Huang 45
MR T — R T R B R A R Bk
QAE g F P A TH A, ARARA PR A P o i 3 5, A6 R AR
VE R T T A, 300 0 T 1 B X2 2 3 53 R A i &
PGART THRTE R 197543, T B B R R EER 1 H 9.
Wang %5 N\ 6 SCAS T (i 1] T A58, AR 00 32 R SC A fili
FHAR I 42 , K A 38 SO b 1 TOUAR,, ) 1 e
TR T — e W B SCARHE PR A 1. L 2 T
TREE R HE P 32 10 T A0 3E BR R G, i i = ﬁ“*
YRR T R AT 2Pk B Bl G, F P 1 1 38 B e A Oy
P BLHES 2 T, 38 BRI %) S5 D0 7 5 3 3ot R Y 75 43
K. Li 2 N2 — T I 7 R Gl 5 e 7
4 SCRYTIRURT 8 v 5C 28 08 320 1) IR A Y i ok
PEHE PP 1) P P B 5 T

IUA BT RIS ) A3 4 2 D7 VR R A — 4530 HRE
TR WAL, B A PRI T 22 18] B A2 2R 1 56 AR
R T FEMGX A AN, AR SCfd T E] (Hyper-graph ) #2450

PRAMTZ (] (%) 56 22 pl T B2 X0 ] B B i 7 e, L
AT DA AT R 2 0 oA, BRI 3 5 ] T R34 2.
MG AR SO T — R ) W S AT O
FE T VR HE Y i 0054 22 7 (Hyper-Graph Ranking
based Video Summarization, HGRVS) | {Z J7 1 Joft 4
P HE e ) S8 AEURE AT AT 4 28, It 3R A M i O
ST, SR 530 A SR i — T H b R B0 2 i S O B i LA
TE R D ARRE R AN & 1 TR
ASCH TR TR LT 3 A (1) B UCkH# E R
IO FH T AR S 40U (2) 4 i — b L T TR AR
E’Ji‘)ﬁ/"ﬁ'ﬁﬁ PR, B U AT AR A HE AR
PR AT HE AT 7325, LAAR B 36 SC B vt (3) $2 th
—FhEE G 2% RN DL AR B e RO a5 MR A T T A %
SHEMUI AE J7 1, B 20 O S LA 22

e .
@ @

IR
AR PRI )'w‘i HAE

AT A
B
=11 -o.O
e
é iﬂ‘i@@wr‘ﬂ’]f}ufﬁﬁ}i
e e D e

% H AR R A A AT A 2
K1 JIFREHGRVSH R =K

2 Ffi2 HGRVS &3

P L AiiA 1 B i HGRVS J332: Y & M AE P X i
BT S 3 BOCH A AR MURR AL, 5 45 1 3 S5 RF AiE A
S T P T Ofe Ay 0 P B Y, AR i 3 A SCHR Y
BET i HE PP B LA T 2 R R AR E AT 232K
e Jo P DR SR T ) i BRI — Tl I A R 80 1) A A )
T Ao SR S A AT A
2.1 HEMSTEE

ﬁ@mﬁlﬁﬂﬁ@ﬁ’ﬁf% IETJ$|7§I /Tl_./\ﬁlé@
ﬁf@
J\_n%ﬁﬁﬂéﬁdéiﬁﬁi H=1VI - |E|5E%%/T,E>‘4
mrEt,

A1),

h(v;,e)) :{0, if v, ¢e (D
Horp AiL)) =exp( —dis(v,,v))) 0, @ TN e BT
BT 0, WL e 9t dis (o,,0,) RIS o, 58
G i o, H—AK S B AT, B AL w(e,)

(o) = B A BRIIEE L o(0) =
3 hre), WA X0 (o) = 3 ue)

if v, ee

h(v,



%5

P TR R RA AR 2 1037

e). TSI R R 0 1) R 70 30 A0 ) s 1180 %o 24 S I
G FR A TV BEHE [ D, BB BEHE I D, 2 A i R R
w.

SO T b AR 7 ik h L T
MR A8 R T B — > 0, e VTS 5
kT RB B TS A — A5 i 3% 4, R AR A =0 (1) 315 ¢
RFE P H.

2.2 ETEEHFHASmS LEE

TERATH S AR b, AU 58 B N 25 HL Al
FH—A WU 22735, DR It AT LA 0 A3 ot 422 HE R i
W CNES AT 02 AR E VRS -2 v ik i DG B ot

AER AL A WA R K, — iR B
FeOEE , oy — e SR B F 4 (Dominant Set) A1 F2. 5]
HEFF (Hyper-Graph Ranking ) %53 2 — Fh 2 i B 1 27~
Ao LA R AR R T Y — A LA TS AR
FRIC TR, AR THRUVE S AR AR IC TR, 1) T 14 1 B 4
2 2 7 b AR AR 10 TR e RS 43 HE T, 15 4018 80
FYTH A S AR 10 T AR R TR T2 W T 2 R
SR A AR . B RERM, T EEM
MTREPH 2K, W L P EdE Z E -+ 5 A
1. Pavan 2 A 4R T o i 2 AR SR R RO RN
BRI 3 AN ) 28 0 07 2%, B — > A8 N B 22 ) 1 T
TS T8 Z E 0TS A BRI R 2N
HFAEETE S -, R NE PR kit
B EETAE N, AR EEN RS RE AR K
BB A 4. WS, Liv 2 A7 32 T 0 — 16 E4 (Nor-
malized Dominant Set) , X} & i 10 & 5| AALER, 33t — 4
I AR T R A R R Y TS PR R e 3 4, AR A
— AL AR R S R[22 ] Y AR 2R L. FARAEW IR
B MG AT T .

Hg LA B PR SRR 45 5, dn 2R SR Y —
AR BT ) A 10 TR, A MR A3 i A Sy 8 &1 1Y oK A i
00, R P T B D00 AT DA B30 1 R s o 1R A
AR FFn 1 AR ) 75 73 HE 7. 0 B Al A5 0 fELR T
TN BE RIS VE -5 bR 1C A3 T P 25 RH 0L Y [) 2
M, AL 20 0 R AR T A 5 0328 BT 0, AR SR
) e ] B o A A S S ) AR, B
wmr.

XA A R A G = (V,E,w) , & L—1f
e R" (A5 ) 85t f, (45 4 — AR A i ) 8 P T
Foo A — DX R AS A3 f (0) . D TR — S5 N Y
00 EL A A R B AL, AS ) 6 32 P ) 90 B A
AN SCH R R Q) K

1 w(e)( flu) _ f(v) ’
AP =5 220()(m m)

(2)

HATH S w o J&F IRl — i e,o(e) Flw(e) 535K
R e W REFIALEE ,d(w) A1 d (v) 43 AT w F1 v 1)
BE. SRy 1A R — 256 1 P9 TS B A5 o (R n] BB 2T, pR
Q) W E /NG
X O@=D""HWD'H'D " 145X (2) ]
VHETH
o) =f (I-O)f=f Af (3)
Hopr TCEBLIE M, A =1 - O T B B W H i it
gy
AN, IR 25 8 — D W AR AR 2 1) &y, WA 4 )
w5y BE TR R e SRR BB R(f) M -
R = IF -y = 5,(f0) -y () (&)
DRI A5 2 1] £ f ATl e T 1) e 0 A o] AR 5K i«
argmin | 2(f) +uR(f) | =a§§gin%fT(1— O f+ulf-yIFi

(5)
Forb w J PR AT PR 28 > 0. i X(5) 15
f=(1-20)I-20)"y (6)

HA=1/(1+p).

FIF(6) AT LB AR TR 4T 43 2. B Je e R oy 28
R AIL AT T F B AL 36 B — T S A S o, X 07 8 T€] T
RORPRICTI . BV R UAR 2 n & y, AR Wiie oy 1,
AR ey 0. ARHE =X (6) 7158 iir A R bric i
ARITRE S T FRiC WA A5 43 ) i f. 8 — A R/ MS o 1
8, WA f>n BRSNS AR iC i N AL I8 f >y
AR S B N, R TN, S 3R 8 2 1Y
ARG R B BE T, Wk N, NF T N A
LSRR E SR AV YR AR TR b e )
VR —Wi/E R bRic i, R N, KT T, 8 T HRIE SR
T [ 25 170 045 T RE 005 B 1 A6 40 28, 0E — 25 51 A T
TABIL. BRI NV, A0 A3 i el AL BT Lt [ A A Sk e
e, bR 1 iy AR B S 1L RS 4K (6)
T f > n BRUARTE Bl AN, BB N, A
MATE A Cluster 1. 2 AR A3 FSHAR TN Nu, 5
WEBIEA T, 402 Nu /NT T, B J60 40 24 43 S LA ks
ANHATH 32, 2k B R Nu RFBIE T, i), 1
PR AT ot v F A R 2 R B 2 mT AR 2 41
AR n 4~532 Clusterl F| Cluster n. iR i F Nk
1 s, [ 2 S A 26 2 .

Hix1l ETEBEHFOANS REE

A AT

Bt AU 0 ANPEA = (A Ay o A,

PUR N

Lo RIS

20 MR kOISR R TOR I G, 315 1] A L 40
AA=1-0.



1038 W T

EE 2017 4F:

3. idhmAEGE =1

4 AEARIIMPBITH BEHLLLIRCE ¢ WUVE bR ic ot X A ) ALt
T v BRI AR I y = [0,0, 1,007, Hrfr y, =
L ARYE(6) TR AU RS 43 15 4 f, GorH S 1) i f > YR
ez Ll QU

50 Ny <Ty S AR B 4 PR bR IS WA BA AR, Rk 1120 B 4
HBTL

6: AN =Ty UM Ny ARSI L O T W R AR S AR e,
EhR Ry, AR (6) THE US43 6l 5 f, GEi 4453 1) B f
>0 BIRIIAITMIN L N, K Ny DI 2, 73 4, & )
=j+1.

T BRI ZEIMNE N, 45 N, > Ty IR IE IR 4,45 NusT,,
RIS

(@) | ARIYHEU,
BERLALSTL ¥
(o) I | [ Cluster 1
BERLAL A2
@ I I [ Cluster 2
(»+1) I I Cluster n

Cluster 3%|Cluster n-1

&2 AU SOR BEIE (a) ARSIV BERLE O 1
YEARICIE, TT458] (b) HFClusterl; () TERIAA PSR
BEBLI B2 R brict, w443 () fhCluster 25 & I
ELEPRE A IS e e . A5 B R S325 45 R Cluster 13 Cluster n
2.3 BRI E

B LA S n DR A=A LA, A
R POk AT EN A 19252800 h e BAT AR ML A1
HTMTE Ay e 2 B DR AT 2. Ry I, AR SR T — b 7 25
R AR A 7k 1 D B, B 58 ARSI ) m A 532
P8 BB 2 DG SR IT, PR DA 346 DG B T v 3 BB 28 1 O
TR FCAI AL A7 2
2.3.1 fRgERBEIMAYIESE

[] — 250 A, b BRI AT AR AL ) P08 B
P, BRI 1 0 DA 288 e BB — ot 4 S 32 O B ot R
DN Ay DA 28 v S 8 32 28 - R4 AL 1] 8 P 8 A O
) — T Ay e 22 SC B, B

¢, = f{%min”a -a,l, (7)

o a, Sy A, RUSRITRRAE [0 5 19 V- 35948, a O A, AT
TR )RR A [ S O A A e i O B AR
ﬁ. c,C= {Cl ""’C,""’Cn}-
2.3.2 BHERER

LMY P 2 S B it B 5 T BB T AR it ) B, PR
e Bt —0 K BR TC AR WA 3 e A 2 — A4 () A
i B B L AT 3 AR (1) SRR R 1
B G it 2 (1) S22 )] R 1) AN AH AR JF DR TE 2 R 1, AT
REARRASE A A 2. (2) d5e KA BT e, B e X
Y B & SRS T BE 2 I BUAR N 28, X R A A
TR AR B AR (3) /M B ITUAR T, BRI CH i

e TN BE H BUEE A2 R L P A ATt s Xk L g R0 P
FRICHE B AR, 3 35 G T A% B AL A AN 1L i
AP0 B, 3 RE AR AR X A7 ) R a8 W, DT 47 I
BT A B KA SR S T R A ) R
RS/ ME B ITCARYE, PRI 38 7 A P Z S P
. D 1 RN R L 3 AN A5 PF A S TR HAR
PR

S, =max{ I}

S, =S, U gr%max{USim(c;,S,{) +(1-0)} (8)
s. t. 2 I...>B

Hop S, AR AWM EES. [ =m/ Y, m AR

BERBEMT ¢, ARV B, Hb m e, ITER 2
AAIAI T80 AR O B TP A6 5025 o 4 LA DT 22,
st G B AR 3 9 WL 5 L i UK. Sim (¢, S,) =
min Sim(c;,s) , HAt e BRI c; e €,

seS,ce

C O MU & S, TEMEIESCEEMIZE S C i
FME B C = C\S, s HE TR M, s € S,. Sim(c;,s)
B e, 5 s B, 5 R lle, s, B IZ AT A C°
HEEEE RS S, Fed i — WA A DG BRI, B 8 PR TF DG B
T2 1) ST Rl 14 S KB, AR IE T G S T T 1 e R A
RS o S F SR P-4 /i )5 P B I B 40,0 < o <
1. o =0 52 A AR 405 1 S B U A8 3 1 135 A /IVAE Il
VU o = 1 I 58 4 1R 48 56 B T 22 1] 45 AN A 6
BRI R Y 1, > B OISR, Sk B ol
B0 <B<1, Pl eHEWTEE S S, ARFHBY M5 B
P DU 9 K . PR S8 ) B RO, TT LA
PO S B A B S5 I T L R A
T fe/IME B TUAYME. 25 1T A0, 6 B ) 08 o R
JE TR 3 AN
P R B O A o R B 2 R

Hik2 XBWHMERE

B AW n DI A= 14,4y, 4, |

i AU AR S

L RAER(7) IR A C,C= fep, ey, te

2 WRAE L =my/ Y my PR S A 17 L T
=

3. BEBUFEEE [ SRS E RS — RS S,

4 HRBEER) AR A ICHW, BB Y, 1., > B HEIRLR

TUEG S HILESIL

2.4 HEEZRESH
HGRVS Frkit 5 2 2% i el =3B 28, 15 Yo it



%5

P TR R RA AR 2 1039

BT AR N, N IE H T A0 R . 55—k 73 B
2.1 T b AR byl P A o B o A ST
TSP Z [ AR L, TR E 2 O(NV)

SR B AR TOURTAY b 30 408 A5 3 [ 3 A D —
FOE I, TR — A TR R kT 4R A&

O(NIgN) TR N ASTIS ) kS0 s i8R 4
M O(N1gN) , R IGiZ B2 (3B 5 2 O (N 1gN)
+O(N®) 355 ZFB4N I 2.2 35 5618 BHET 1 AU i 43
RAEE  Hat AR g £ 2 (6) A & f
AL @ HEFERIYERE R N x N TR —IK f R 2R
O(N*) B ESE AR M43 275 B AR n U2, T L 40
MR B R O(aN?) 555 =40 Bl 2.3 45 AT
e Sk, o (A EZ d C(8) i S, kAT R
A RREAR— IR T BT n Mk S A5 2 34 D Bk v
B4 2 ) W AR DA 3B 2R O (n?) |, B AL 3%
RE&ME Y, 1., >pBFEAR m U, W45 5 24 1
N O(mn®). Kt HGRVS 53 B35 5 248 o =34
SRR BEZ LB O(NIgN) + O(N*) + O (nN*)
+0(mn*) , Y k<n=<N i, HGRVS & 3 1118 48 2y
bl O(NzlgN).

3 ZWERESH

S0 % BT A BUHE 42 56 IE i 3 HGRVS Bk A
M (1) Open Video Project 204 4. i i VSUMM ™ i
£E11% 50 >3k B Open Video Project (1% L A% , #0441 15 2y
MPEG-1 #% 20, KB 1 ~ 4 J3 b BUAI N 2550 42 5%
ROV G TR E 2 L R ERM T 5 A
FH P T30 B 4k AR Sy 2 U PE A A o 1) SR TR 0k
TERLAHH B2 458k W) 32 A (2) YouTube 1
PR, 2B 52 th B A7 A YouTube #5392 | T 2% 9
20 ASHATZE B, AR BE B 1 ~ 4 43 AN 25 4y
S HL R By WS PR isR BBC B A FLEE 4 A £
3.1 XWigE
3.1.1  RSAFAEIREN

PR 2 21 B AR A30 1F) Fe FE AR JT 2R X T8 A i A
B, T SR A T RS 2 WA SRAE B LR AIE 1) £
IBUAG A A % SR A5 A0 A0 I AR A 1) B2 B0 el T € R AIE 2
BSUTRT PR, ELXHARMLAA 8007 B 1) A8 A0 A 4ok i B e [
WG B FH R AR 47 2 4. A SR FH SCik [27 ] i X
PRI HSV B FpfiE. HSV 2 €8 25 [A] 9 43 256 4> 725
[B], o H 25 Mg 4y Ry 16 SF-55[0] S 25 [ 4k 4k 4 4
T25 0]V ZS (a8 43 Ry 4 A28 [H).

1.2 XWSHLIWMRIEE

ARSCHEH ) HGRVS Bk £ 237 4 NS HN .
(1) k4B A gl B b (E e 88 b R,
7 T )R 0 A B 1) L R 22, 3 R BT 22 g A0

HENT NTE R R BRI b (R BUR AR LR 1
AT ST I AR L X A0 AT RE T BO7E AL AR AT S S I el
JEA SR A — A TR 3 R TR — 2. 2, /N
ke ABRE T BUR A AL R R AT R 25 TR I &R |, X
LT RE- T BCEARTHEAT 23 FE I JAS 2 ] — S i 4L
TR 53 22 A28, DRI B A PR 3 45 4 5 T A0 i 3+
AR IYEFIR. (2) He T8 B HE e i B AR 73 28 53 12
P30T BIMH 03 HE. 8 H 5 AR TE AU 2 6] — > 43
R AIARIGT ) A5 50- B FD 55 B R AR [6] — A>3 28 1Y
PTG A5 (B 0 R 22 0 W S, DLt o PT AR R
— BN EEL (3) X (8) o MR AFH o
(ELHS o REAS [] 1) J 0 26 B A 2. (4) #2281
SEAY A B HIEFE. B AR R/ IV T 42 5 Wi WA A9 475 22 1)
KB I AN S0 55 R 1 S 80A A Bk 1 P A
T, F0 T, , 3K P> SO0 52 30 45 S50 M 45 /)N 3 W i ol
— BN RN A] L A R S SR i E T k
=10,7=0.001,0=0.7,8=0.8.T, =5.T, =10.
3.1.3 xftbE®%

AR 3C 43590 5 45 8] g SR A ( Uniform: Sampling, {7 K
US) .k ¥ {8 28 2 (k-means) , OV DT STIMO™' |
Kuanar {75 3 285 00047 Hoe. Her, US 2 i i A1 ]
RTINS TR R AU ATT SR A | I 44 SR A 48 SRAE Sy i S 1) AL A1 4
SR BOCHEWINECH m MUK Ry d, RFEI R
BN, =(d/m)(1/72+i) ,Hpie[0,--,m-1].k
PE R 0 — B R SR T vk, A SR HUBE 5
RO mU I P BT Sy DG B L.y TSR 2R 45
SERUR TR L IR BB, DA I A SCIE AL 52 55 100
YCRBOE31E. OV DT STIMO [y 52 36 2% 52 7T DA SC ik
(3 JFRH. Kuanar [ 774 19 S 596 3 50 5 1 200 €4 4 iF F0
B 2R AL, PRI S 30 295 2R 43 S WA, 43 3ilic
4 KMC ( Kuanar’ s Method + C) il KMCE ( Kuanar’ s
Method + CE) , Kuanar [ J7 {2 ) 52 56 25 5 v A SCHRLS |
AR
3.1.4 WTMMRERIEE

TSI B DA b 0 3 4 Sy =2 (1) S AR
R, — B T BB 52 5 2O S A R R, N T
5 Ay i AT AR, e — e AT A% R A9
Prdntfe. (2) 2 WIEA , 3 5 HPEAN bR BOR PF 2 DA
TR A5 0 ar IR R T P O eR BOA B Sk A R
(SDR) ™, T % (CUS, ) MR 225 (CUS,) ™, K JE
( Precision) . 7 [1] % ( Recall ) fil F {i ( F-score )" 2.
(3) FULVEA , 3802 FH 7 e 32 0040 B R0 034 2 1 38
SE I EAE RS A B — Fh PE s . — B AT
%UJ \?Fﬁ%:éﬁ%ﬁﬁB”%ﬁfﬁﬁﬁlﬂ?m 1E Open Video
Project 344 b, AR SCRFI F 2 WLVE i F0 S UL PFA 1 Al
T AT PPN 72 YouTube B4R 4 1, i T804 8 JH Y



1040 R - - 2017 4
PRAT i EEIE | DR AU 3P0 T =4 T P N, iched

3% ( Recall ) = —uched 10
3.2 Open Video Project #[{E &4 R 17 A (Recall) Nys (10)
3.2.1 EIIEMIRESRBESH F ot = 2 X Precision x Recall (11)

AP FE 0 PEAN bR AT A, —
E 2K B ( Precision ) | {4 9] 2 ( Recall ) fil F {H ( F-
score) , 73 —ERMER A (CUS,) MIRZEFR(CUS,). ik
PIEARUE AT 1 75 T 20 504 4 VSUMM 2 £ 1 1
TSR, THARMER B S D, DA SO B A 5%
B FORIBOT- 1A,

(1) KEHE B BIRAF AL RN H K S Hr

KEEE A IR FAER TR AR

N, e
A5 & (Precision ) = —matched

N, (9)

Precision + Recall
HAN, a2 A SIS HI P Z LR R K, BT A
Sl 55 P 4 v ok [ A O SRS B, SO TR
A DG BE M) €5 B 7 BT 2 W LR 2/ T 8 BE o
BF, TAR AN G B T DC L 1), A SE 00 B (E o BB R
0. 55N R H 3l A UM A N s R P i 2K
JE KR RO T Sl A AR S S DS P OC B T RE T, A
48 S e 1 DR G Bt v T P R SR RE ), F (B2 X
i FEE A TR 25 018 S A, 2 % 0 A4 2 0 R A — > A
PR, 2 1 AN RS 10 S 6 45 R X L

%1 Open Video Project iE&E EARREEMEE . BOEM F HERXE

ik Us k-means oV DT STIMO!?! KMcH! KMCE®! HGRVS
K 0.55 0. 54 0. 62 0. 61 0. 56 0. 68 0.70 0. 69
7 % 0. 69 0. 69 0. 69 0. 48 0.67 0. 59 0.57 0.70
F-{l 0. 61 0. 61 0. 65 0.54 0. 61 0. 63 0. 63 0.70
SR K B 10. 00 10. 00 9. 66 6. 14 9.96 6.94 6. 62 8.76

2 1 AT LUE T, Brde HGRVS S35 FEFET A
B R E 4> B H US k-means OV DT STIMO KMC ,
KMCE B8 9% 9% 5% 16% 9% 7% 7% , Vi<
SCIR HGRVS Bk () 4 AR fig v 3 Ml 330 k. HLfA ok
F , e HGRVS 53k i A% B2 i Ik T KMCE 3892, 439l
[t US. k-means, OV, DT, STIMO . KMC & & 5 14% .
15% 7% 8% 13% 1%. \ij 7 $& HGRVS & 3 ) 43 1]
RAETA Bk . 7T LUK B US k-means ,STIMO JL
T 75 2 0 Il SR b A e, (EURS BE A0 L3I, IO T
XOURM AR & A S 22 5 1 i ST e R Y [A)
B, BT Y S B A, DT A 5 s 1 A3 [l 3
FEAR ARG BE. 55 41, PIrié HGRVS Bk i - 3 K
BOMIE. LA RE A SCER Y HGRVS SLiLTEHS B
A RRANF ARk RE I A5 o Hh AT S i i 2R 0.

(2) MERAZRFNIR2E G5 X L M o Bt

TR R FR 22 R A T
Noxs

e (CUS,) =3 (12)
B (CUS,) =2 (13)

Us

Horp N, 21 F i 25 AP 2 E A K N, R

AN ERSIE RS PEDRE R NN VR S N NSRS E L E SIS
JEV FSC A B, Vo 2278 FH P 41l K 2. A 38 B R
FRUT R 22BN K2 25 T TR EE SR A
125 1Y SE 6 B0
M 2 Hal DL i, HGRVS 53k i i 2 5 US k-
means OV F1 STIMO 5532521, {H I 158 22 FH I /) T X
SEBEVL, AT UL HGRVS BA L T X #6583 75 4), HGRVS
LR 2 H = T DT KMC fil KMCE 853k H 2 i3 22
RIERE R T X S, A B T L LA
Bt — 2D SRR B TR R 22 AR kAR
FEHRZR L, ANl 3 iz, Al AT, 24 k=15 i, HGRVS 53k
BRZEHEN 0.32, 5 KMC Al DT S350, {H i v ff o
9 0.62, 5 TiXPIF L. X k=17 B, HGRVS SR
26%740.29, 5 KMCE Bk A [R], (A HER 34 0. 59, 5 T
KMCE %53 AJ UL, A Sl $& HGRVS 5832 7 HEAf 52 F i
22X VR PRI AR U o - T A SR
3.2.2 EMEMERRSH

FILVEAN R FH 41k 2 25 P 2 7 X, (8 Good |
Acceptable F1 Bad = > 2 2 X A0 40 4 2L &% 1R F 47 0F
P BOAE S A IO 2 B 3 LR

%2 Open Video Project iR L AR EER AMEMIRERERIT

ik Us k-means oviz] DT STIMO 2! Kmcls! KMCE'®! HGRVS
iR 0. 69 0. 69 0. 69 0.48 0.68 0.59 0.57 0. 69
PR 0.72 0.71 0.55 0.33 0.63 0.32 0.29 0.39
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%5 W
08 F-score
’ o 0.69 —4-CUS e CUS,
e 0.6
- L
—e—o—¢
L 0.38
e . S 1 0.29
—A—a U
- 7A7——A7777A
) | ‘ ‘ ‘ ‘ . . . k

8 9 10 11 12 13 14 15 16 17 18
PI3  dEm SR 22 R bk ) AR Ak th 2k 12
B T ZE 45 5, W S5 A AL, S8 J5 4 G S o
55 I A RRAT 1) 5 Sk AT X L, B OGS it BE B AR e B ok
FANE, TR AS SCH 22 45 R T B ATV
ARSI S5 AT IR 2956 X T HE A A T 3s
A5 Sk AT A Ry R T A S HL TG T FH O B i >k 3R 1) 52
S, 0 T A B AY K AT T — AN SR RO, &
PURSR A SR
%3 Open Video Project B &+ MIEM &R

19 20

Good Acceptable Bad R
R 42(82%) 7(14% ) 1(4%) 50
Fi 2 43(86% ) 7(14% ) 0(0%) 50
R 3 42(84%) 6(12% ) 2(4%) 50
i 4 43(86% ) 7(14%) 0(0%) 50
i s 44(88% ) 6(12% ) 0(0%) 50
ST | 42.8(85.6%) | 6.6(13.2%) |0.6(1.2%) | 50

MWK 3 A LUE i, 5 9 Good 1T 43 I i 2
85. 6% , BiW] HGRVS B7k X T 22 B AR 1l 1 47 22 45
RAEW ARG S BN 2. S Acceptable [1FT 3 L
di 3 13.2% , 3] HGRVS S50 T 88 43 WA AR 180 i) 4k
BEAE AR BT 3 5 AN 25, 4590 Bad 1A 47 1L
A 1.2% , ] HGRVS 55030650 A B30 A4 A= 8 i) 4
BAERANRE RN E. BAKE  HGRVS 51k
A ) B R A 5 L s I AR AR 1) 32 B P4
3.2.3 HiREHESN

by itk — 25 B i B¢ HGRVS S50 3 56 AN [] 5k 1) &
BEVE, 23 B8] T B G0 R A0 B SR ARAES AN C3D 4%
AR A LA B2, OB AS B F (. AR SR A Sk
(5] AR BGA G ARRAE, & e i) 34 4 x 4
HFH, B85 43 R KT (e .45 B 135 BE R T
o) P A I 57 5 B R AIE , 15 3 80 4
111 2 5 4E. C3D ( Convolution 3D feature ) 4 1iE ™ J& %
T M P — TR T Bl 22 X 2% (NN (9 B3 RRALE
R B0 5 R30G5 A S — o o J2 R AE, 76 B AR
Yy i 53 A A5 U R AT B 1 L.

P 4 S FEL 6 43 8 36 RRAE 30 2% R AE

A1 C3D FFAL AN S 45 R 00 F (E 23 LI, =08
B E o B 1k ARS8, WL 7 — 12 8
PR 2. =i P b oa] UL, 6 R A S8
A=A SR, 3 FARIE T FOE 4R, B
HGRVS B35 X AN [A) R Ak HAT B0 (19 45 M . DAIAD 4 o
ALVE Bk BEI, =R Y F A e R
TEAS /N Ut WA S T B A e T 1Y) e (LA RE SRR
B RO 245 A NS AT LUAEL, B o B4
R, ZFRHIE T B F (G X287 42 K, 15 B 1 IR R A A
KNk A T AT B ORI B 25 . [ 6 TR B 1Y
BER, = MRS 1 FEFIFEZHAZ KR, 5 B T 0.8
IR TP A, U TR 245 AL i 5 B i 0. 8 1
RIV AT ARAT ALy A A B4R

E =R B BT 00 R ik A EL AT R X B
P RE I DR O AR S 181 119 7 12 00 R A 5 R il 3
S B fIL s

F-score

o PREVEEIE e SRR CIDEEE
2 A,
A .,
B = A A—A
S \\‘,,
e
N

ek
§ 9 10 Il 12 13 14 15 16 17 18 19 20
E4 FES5o58, UASSEUNIASFEE T B FIEAR L2 &

F-score
0.74
0.72
0.7
0.68 ﬁ - -
0.664 —
0.64
0.62
0.6 o

0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

K5 BEESECSS, BESEMNAFFRHAE T FEAZ LA

—— PUOSHE e SAGHAE C3DHEAE

P R——— e

F-score e BOFHE e SHZAFE

0.7 _ '
0.65 =

0.6
0.551

B

C3D4FAIE

0.5

0.5 0:6 04‘7 6.8 0‘.9 1
Fl6 S Hk o, BUESEEARHE FPHAE L

3.3 YouTube ¥iBEZL RS

TEAELIRAR b, By T 050 38 T I 1 2 o 45 2R
T R Al EWPEN AT PEE. %5 Open Video Project
B AR E B WP T2, EWPFA A5 R 0L 4.

MF4 T LIFEH,LE YouTube 44 I, HGRVS &
N ZH R 0% 55 4 S L Y 2, A X A B
RIMAL AN . 5 Open Video Project B4 4E I Y 45
Fxf E AT, YouTube $454E 4552y Good 1Y H 43 L
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EE 2017 4F:

W& AT, 35 32 )5 B 2 AN YouTube 0451 9 38 iz £E 14 10 451 114
IE] T3 ) S0 A D R 55 Sk ) 46 3 85 R 22 % T Open
Video Project ¥4t b HMLAA. 75 SR P $ 96 46 F 552
N Good FISEZ g Acceptable Y 11 3 H Z FUJL-FHH 4,
UEHAXS TAS 6] A BE A5 HGRVS 5535 Ax 30 i) 40 43 4 2 4%
SR T BRI b 5 R AT A 2

%4 YouTube #IEEEMITMER

Good Acceptable Bad B
R 15(75% ) 4(20%) 1(5% ) 20
FP 2 17(85% ) 3(15%) 0(0% ) 20
K 16(80% ) 3(15%) 1(5%) 20
Fi 4 16(80% ) 4(20% ) 0(0%) 20
FFs 18(90% ) 2(10% ) 0(0% ) 20
T | 16.4(82%) | 3.2(16%) 2(2%) 20

4 RES5RE

AR S 3 K A AR AR 5 | 30 400 A0 47 S 4, 42 1S
R e S AT T, PR R T R HE
AL 2 550k (HGRVS ) L 3% 5 ik 1 S5 ) FH AL A0 14
BRI AR AAT T 2 8] 19 52 2% 06 A%, ) FH 8 1 e i S8
RECKE AT R AT 73 28 5 SR 5 DR AR ot 43 2 v 328 B A 326
SRR, F J i ok SR A% B AR bR A B S LA . GE
737 Open Video Project il YouTube P~ 444l5 4 F 1 3
L5 O 1 40 S 3, AR 5 i 3 O 0 O A
TERYXTEE, BOIE 1A SCR R B 4 A R S e R

2R KM A 7 T T R JE SR 5T A, (1) & FXf
HGRVS AT , A S [ A5 AL AH LE T (R A AR
TR IR T AR, PRt 2% A T e A 4 5 vk AT
B (2) BT kST AR A A USSR IR kR e
HEATRIRSE AN [R) A AR E A B 5 S BN IR Y & A (15 4%
SR, B SR BT — B BT X A [FAL A Y 3 S
I TR KAL) 7 VA AR A A P (A5 A B S A 1Y)
SRR L A, AT (S R AR M Rt 3K 3 e

S 30k

[ 1] Herranz L, Martinez JM. An efficient summarization algo-
rithm based on clustering and bitstream extraction [ A ].
Proceedings of the IEEE International Conference on Multi-
media and Expo[ C]. New York:IEEE,2009. 654 —657.

[2] Furini M, Geraci F,Montangero M, et al. STIMO; Still and
moving video storyboard for the web scenario[ J]. Multi-
media Tools and Applications,2010,46(1) :47 —69.

[3] DeAvila SEF, Lopes APB. VSUMM: A mechanism de-
signed to produce static video summaries and a novel eval-

uation method [ J ]. Pattern Recognition Letters, 2011, 32

(1):56 —68.

[4] Mundur P,Rao Y, Yesha Y. Keyframe-based video summa-
rization using delaunay clustering[ J]. International Journal
on Digital Libraries,2006,6(2) :219 —232.

[5] Kuanar SK,Panda R,Chowdhury AS. Video key frame ex-
traction through dynamic delaunay clustering with a struc-
tural constraint[ J]. Journal of Visual Communication and
Image Representation,2013,24(7) :1212 -1227.

[6] Zhai SL,Luo B,Tang J,et al. Video abstraction based on
relational graphs [ A ]. Proceedings of the Fourth Interna-
tional Conference on Image and Graphics[ C]. Sichuan;.
ACM,2007. 827 - 832.

[7] Ngo CW,Ma YF, Zhang HJ. Automatic video summariza-
tion by graph modeling [ A ]. Proceedings of the Ninth
IEEE International Conference on Computer Vision[ C].
Nice:IEEE,2003. 104 - 109.

[8] Ngo CW, Ma YF, Zhang HJ. Video summarization and
scene detection by graph modeling[ J ]. IEEE Transactions
on Circuits and Systems for Video Technology, 2005, 15
(2):296 -305.

[9] Lu S, King I, Lyu MR. Video summarization by video
structure analysis and graph optimization| A ]. Proceedings
of the IEEE International Conference on Multimedia and
Expo[ C]. Taipei:IEEE 2004. 1959 - 1962.

[10] Panda R,Kuanar SK,Chowdhury AS. Scalable video sum-
marization using skeleton graph and random walk [ A].
Proceedings of the International Conference on Pattern
Recognition[ C]. Stockholm ;IEEE,2014. 3481 —3486.

[11] Mei S,Guan G, Wang Z. Video summarization via mini-
mum sparse reconstruction[ J |. Pattern Recognition,2015,
48(2) :522 —533.

[12] Dang C,Radha H. RPCA-KFE: Key frame extraction for
video using robust principal component analysis[ J |. IEEE
Transactions on Image Processing, 2015,24 (11) 3742

-3753.

[13] fol, SR B, WAL 08, 2. B T3 AA & i A P03 47 2
AR HAWET]. BF2E4,2015,43(11) 12263 -2270.
Xu Chao,Nie Yong-wei,Ge Hong-mei,et al. Novel-View
synthesis based interactive video synopsis browsing[ J].
Acta Electronica Sinica,2015,43 (11) ;2263 - 2270. (in
Chinese)

[14] Huang YC, Liu QS, Hang ST, et al. Image retrieval via
probabilistic hypergraph ranking [ A ]. Proceedings of the
IEEE Conference on Computer Vision and Pattern Recog-
nition| C]. San Francisco:IEEE,2010. 3376 —3383.

[15] Wang W, Li SJ. Exploring hypergraph-based semi-super-
vised ranking for query-oriented summarization[ J]. Infor-
mation Sciences,2013,237(13) 271 -286.

[16] Yang X, Wang M, Tao DC. Robust visual tracking via



5

P TR R RA AR 2

1043

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24

[

[25]

[26]

[27]

multi-graph ranking [ J ]. Neurocomputing, 2015, 159
(C):35-43.

Lu RT, Xu WY, Zheng YB, et al. Visual tracking via
probabilistic hypergraph ranking [ J]. IEEE Transactions
on Circuits and Systems for Video Technology, 2015,
(99):1-14.

Deng C,Ji RR,Liu W, et al. Visual reranking through
weakly supervised multi-graph learning[ A ]. Proceedings
of the IEEE International Conference on Computer Vision
[ C]. Sydney:IEEE,2013. 2600 - 2607.

Deng C,Ji RR,Tao DC, et al. Weakly supervised multi-
graph learning for robust image reranking [ J]. IEEE
Transactions on Multimedia,2014,16(16) ;785 —795.

Li L,Li T. News recommendation via hypergraph learn-
ing. encapsulation of user behavior and news content
[ A]. Proceedings of the ACM International Conference
on Web Search and Data Mining[ C]. New York: ACM,
2013.305 -314.

Zhou DY, Huang JY, Schokopf B. Learning with hyperg-
raphs ; clustering, classification, and embedding [ A ]. Ad-
vances in Neural Information Processing Systems [ C].

cambridge : NIPS ,2007. 1601 - 1608.

Pavan M, Pelillo M. Dominant sets and pairwise clustering
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence ,2007 ,29(1) ;167 - 172.

Liu XL ,He JF,Lang B,et al. Hash bit selection: A unified
solution for selection problems in hashing[ A ]. Proceed-
ings of the IEEE Conference on Computer Vision and Pat-
tern Recognition[ C]. Portland ; IEEE,2013. 1570 - 1577.

Tesfaye YT, Zemene E, Pelillo M, et al. Multi-object
tracking using dominant sets[ J]. IET Computer Vision,
2016,10(4) :289 —297.

Zemene E, Pelillo M. Interactive image segmentation u-
sing constrained dominant sets [ A ]. Proceedings of the
European Conference on Computer Vision[ C]. Amster-
dam ; Springer,2016. 278 —294.

Fu YW, Guo YW, Zhu YS,et al. Multi-view video sum-
marization[ J ]. IEEE Transactions on Multimedia, 2010,
12(7) :717 -=729.

Paschos G. Perceptually uniform color spaces for color
texture analysis:an empirical evaluation[ J]. IEEE Trans-
actions on Image Processing,2001,10(6) ;932 - 937.

[28]

[29]

[30]

[31]

[32]

Doermann D, Kobla V. Video summarization by curve
simplification[ A ]. Proceedings of the ACM International
Conference on Multimedia[ C]. New York: ACM, 1998.
211 -218.

Truong BT, Venkatesh S. Video abstraction: a systematic
review and classification[ J]. Transactions on Multimedia
Computing Communications and Applications, ACM,
2007,3(1) .1 -37.

Liu TY, Zhang X, Feng J, et al. Shot reconstruction de-
gree:a novel criterion for key frame selection[ J ]. Pattern
Recognition Letters,2004,25(12) ;1451 - 1457.

Liu T,Zhang HJ, Qi F. A novel video key-frame extrac-
tion algorithm based on perceived motion energy model
[J]. IEEE Transactions on Circuits and Systems for Vide-
o Technology,2003,13(10) ;1006 —1013.

Du Tran, Lubomir Bourdev, Rob Fergus, et al. Learning
spatiotemporal features with 3D convolutional networks
[ A]. Proceedings of the IEEE International Conference
on Computer Vision [ C]. Santiago; IEEE, 2015. 4489
—4497.

Deng C,Deng H,Liu XL, et al. Adaptive multi-bit quanti-
zation for hashing [ J]. Neurocomputing, 2015, 151 ;319
-326.

Liu XL,Deng C,Lang B,et al. Query-adaptive reciprocal
hash tables for nearest neighbor search[ J]. IEEE Transac-
tions on Image Processing,2016,25(2) :907 -919.

EEET

B OR(BEEE) FELB0RER
TR R LA BE A 2R, LA . R
WEFETT AL ) T H AL SE , 2 8153 #r
TR

E-mail ; jizhong@ tju. edu. cn

BN 55,1990 4R T 2B, B R
HORE T D LR A B LTS AR, BF T 5
I5a) g BRI 2L

E-mail ; fanshuaifei@ tju. edu. cn



