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Abstract The keyframe extraction is a visual summary method. It enhances the accessibility to the visual content, Tra-

ditional methods extract keyframes through clustering, These methods don’t provide reliable descriptions of keyframe

representative. This paper proposed a novel keyframe extraction method through a graph model representing the candi-

date keyframes and the correlations between them. The representative of candidate keyframe was calculated through

propagating grade between correlated candidate keyframes iteratively. To support the calculation of the representative,

the paper introduced a correlation calculation method according to how well the maximally stable colour regions of two

frames match to each other. The experiments were conducted on several test videos and the results validated our key-

frame extraction method.

Keywords Keyframe extraction, Correlation calculation, Video

1 5]

MEE R T BHEAEBARR KR, AMTEAL AR EEME
LR A S BRI, O T BB ANT AT LA A (E 5 stk
VIR S RENE BT R RERAR R REHR.
KEEWTHH R M AFMEN I EES X, HARREN
A BT 5 2 A 8 — R BERR , EXADRR M AERIBR
WP RN EEE,

X RBUHBREANE LT RT KBHR &FE L
RS vk Rl IR A B RN BN BEL i B k7S
K. Zhuang S ALESCRRL 1] 8 — R RUE BHR A T
B R T R BUP BT MR R A8k B R

m

ZF5 H#9:2013-06-03 &M HHB:2013-07-26
(YETP1366) ¥ 8.

PEREAEL R BB, Zhao 2 ATESCHER( 28
LRI R E 4R (nearest feature line) 77 B WE 040 SR K AR 85 3%
RIGER LD IR, FEERAERBEECE IR
BT T B, O R A R A R A LR R R SR
TEENE NG A X BRI AR M. Pan % A 78 C#k
[3]rh AR i AT B2 IR R A AR R B Sk A Pk B AR
FESNREHIREREHDIERXBM. LiuZEAEL
BRLAIPERAEEL A Bl 2 sh B A0k T R e i, Li
FSNTESCERO S B S E R EF BEEMEL P IR
P, TS, X HEHEEBHRENEL, 2SR
W BT 43 M7 R Y PageRank™ Bk 2 —FM R FEIHE N
REBWHRB T . AXE B E LRERE I ZF VR TASE

A AEIE SRR B (2011ZDYJGADX016) , b R W L% K FEHE A RIT B

W E (1968—), 5 , {4, BIBEE, EFBTF 716 4 B IR HTEAR , E-mail. yi_gu@163. com; B 5 (1984—), B, 4, I, TEH 5%
T AMEERSE A RA978—), 5,81, BIHE, FEHRF 0 NERRE . Web BRI,

+ 286 -



UM AL B 2 AT R R . R R SRR
SrEEsk R BeH 05 EE A O T U B S B D O T, SE B TR R
PTG S o AT 3R T ARLAAG R

T A SRBWHR BUA s, A SR 8 T —Fh 37 i i 18]
MRERE R A, FAE TR B iR f B
6] — A S 5E 2R, BT LUAR S AR o] AR R R 5 i IU A2
k. AXREB T -—HEIEBRNBERBELR G RX
(MSCRO DRt f A THAE S M i . SRR DL L 7 26 ¥k Ak
TR B AR BRMAA B AR S, B — TS N AT SR A TR A
KEERITE.

2 IR XEE

2.1 HUBETHER

AT 457 SCHR HY ) O B T ER DGR vk 1R AL o R A 36 B A
B RIMNBH—FRARKBEFGXBILENFE. &K
RE B X 8 (MSCR) 2B K e R 8 X 3, (MSER) ™ &9
PR, BRBEESHREXBE IR E Matas & AYECE
Bl —F AR R ATHBHER SR WPEE RS I
WM ITCERFE A, RERE —SBHEEXE, XHEEEXE
WER B REREBRKFRE/NTFRBBRKE. REX
AUEIRMASERNBEEY AREAWREX. %
Bf, MR- REXATEFMIEFLPHBRERBZ NS —1
WEX,BAXMREXNRARERER. BRENR, BX
TR R B XA 5 AR, BT LUK E RSP R R ER
{EX ] M RRILE A SUKRE. BAREHEXBER
KBERBEXWEE. BEFEREXRZNEN, &EET I
R FLIUE . TR B U e B K He s B0, K SR 0 5 A T
BN EHLUE.
2.2 HUEITEIR

LA A — S BT IRER L f1 I, PREREX
RUEBA X ., )58 HE LB & (wide baseline algo-
rithm) P T g 75 08 I e B S (X e, PR SE4R DLl B R —Fb
SLRRREFNIE 3 VT B R E R 9 B R 2L S (image primitive) PG
BB, ZE S SRR R E SRR RSP IR
BB EATUCEL AUAFAE A . B R 3R AN B BT R AE s 2 8] A DG B
FRR T, BT LR Bl RANSAC 8 360 i 15X S0 4% 4F S T
B RS & RIS ERGRZ R XE.

TERMWESE P, RAR KB E KO R EREFIE S
HATUCEL . SRR E A KIS ILE A F 3 14,
e XHREBAERER 0, MERLENBRAREF AKX
Bt 3 L AR ER KB EHAXBMNEOE
it RANSAC BikC it — iS4 A, . RS HET

LA 1) =exp{— St | (Ao |} o)
HERHBEERNASHME. P L(ADREFARE LA
PR, YPTIE RS a5 5 A L F A e, A
HHUEERS. EREERENTEEAFRNFE LT,
IAFBERNEZAELE LR K. RANSACEERIET BpfE
WaBRARES X EEEINWITE, B 2ZWBI A
1835 8 U5 SHE R B A5 T .

ARk Pl S EE B BUAEIE S, b angT R Bk
b, — B3y (5] R 1B B TF Sk F g R A 2 Y BT B BB IE R
P B I TR » S AR AV TR T A R B Sk  (H B A58 B 9

EHMIHTRH A BRI, Br UL BRI E &2 S H
UL B 2 BRI R EE R 8, 21T R R E W AR E
[ % 8 B M R R AE ST P R B . BT R AR TS
FHZARIE , AR AR T RESR B BANEk BT LARE O BE B X448 B
FEA, IE MR KPR R B B B SEAH R, R, MR
TIERE T R AL, RIE R8RS EE

sty L) =L(L, 1) » exp{—[z—y|/A} €3]
HATHE. Hh oMy BEGL M1, XRHBIS. A RRF
AR ENAREGRAEE R, g RCHRPBEE R AU
R AR G BE T, IR BN 2 Al B B B0 , MR E IR &
FHRE FEAES o

KIS - {F::):

31 EEMBXRERT

FE X SE DL AR B G SR AL B B8, RBR R L S R S
BB, T RRE R, S B WLUTE DU &Y 85 i P HEAT 6 4%
RIEWHE F R LU P RER A SRR R, EE G ERE
REEMISR G . AR PR T (8] A8 S B AR R AR 1
BIER , BT LA — BB (R M X R IE G(T, E),
HA LR Em Y S8 T, SR AEX MW RAE E.
Bl 1o — Bt il 4 2 R BROR R 1

@)

B 1 fBSRITE S R B FR

3.2 ETRFEITMNHXBMiHHEN

AR ST R AR BB MR A AR
PR, {5 % PageRank™ #9848, 7T LA — P E T XBE XA
5 55 B A IR B BELUR AR R, SR AR MR R B 238, LA
SERUER T R A ERETENHEF .

MBI MIEA BT S P TR b, WAL R L
HARREAR V, ABPHENR u TR 1 BRI

i _—_(O)Z_LL...L
B M V=V =G5 o,

HETR@OBHHBT A FF R WMREs L, L),
B (L, LHATST ¢ A48 SIS B 2 g I3 — (L BUE , 7T LIFS
AR R MR ES TR

ai,-=s(L,I,~)/k'yZivs(I,-,Ik) 3

A 2 AT RAE ST BRI

i i
q a3
édd 3.\@

B2 HRAESERS

FETY 8 A A E 4B 7R B0, VT LA AR i O 2R Y 9B
BIERN

s 287 -



ol Pa ! e Nag,
Az Qgz Ay
A= . e 4 4)

Ly Ap2 s Ay
BUBES AW/ASLH
VH=gVA+(1—P o
BACE VOISR B ik i A etk . b pRR MR oh A
o 1B 48 19 U BEAIL U S A% . FH O ORIE A7 72 3F 58 1% 3
KA R [ AT LANSCSK

TEAG R BE TR AR ST o FRATTHE AR 2 P 5 v 1 i 3 ot
LA ORI, K AT 110 Ak Sk i B AR SRk B 7 HE Y, R
TEFEMUE] A X EEA KT 0 RIT n WTFE A S i
4

4,1 SEIGEIENER

S TR 1 500K 6 A R 0 B . B e R
10 Ao ) T 583 5 O DA 25 SR FH 58 K A R AT 4 2 I T
FRAVTRFH 985 1o 3 BB v A7 A = % I 78 L A L T 7 2 (1)
FEAE AR AR DG A7 2 i TH] 22 (6] M SEPEAH X 4555 . 73X 2k
A TR AT i) 6 SR TS, ASG R 579 B 75 MAH E M 1Y
£8 E BRI A i AR R 18 S R o T A 2 1 T L) 46 P S
4.2 TEMHER

A SCHE 3T 9 2R VR M (0 S 4R B v R 1%
RIS BOAA i BAR R MR A R . AR SR B vk R
TERENS 11 2 b PR 20 17 fi ELAR e M A SC o, BT LA R T %6F
FEHE T R 2AS A G B TR BB 7 L FR ATTHS: Komean 28 25 K 4
PRI (1 25 L 5 2R SO B Sk 0 485 SR B AT T % B & 3 i ko
FU U BH R AT ) 005 7 I 4 TR A0 I A g ) o A A 34

PG 1 — B KSR 3D BRI . LA S 7000
Mt 44 A~EEk . I K-mean 58 28 3G S i 4 BB ik SR LAY 6
BTN P 3 iR . a4 M O e I ks AR B S S [T
4 fitR .,

=20 (5)

P4 ASCRERETE T G 3D AR - $ B A 56 St
« 288

MSESG S5 R AT LA B, FRATT A0 B A SR U T B 2 A o gt
Mot XS A AT R IR T R 853k 5 ik . i 2
it PageRank SE3A R3] 5 A 4B WA X BB R AT, 5 A
SCHR Y A 5 ARG E B 0 X35 o [ M O B 4 v, FRATT
SR B BRI T A X ot Ak o 106 TRT L 50 5 A A , TR AT
A7 I I T A T AR AA BN . T LATRATT RO 38 0k
R T A T TR A B A T I Rk BT A B
R V% B B AR 3K, RS SE Y4 5 4R BT — Wi e
T, MR FRATT A S 1T LA FH 3RS 7 A 56 s i 52
3 b ST AR AT Y 25

AT 2 JE— BT B AR RS AR, B AT 7500
it 12 AEEsk . Sl K-mean 5625 O A48 HUBE 1 4R B G 2%
BTN 5 Frn . E AR S S A vk R A S A n [
6 7R .

P06 AR SCHEHEAE T B AR DT AR L 2 B 1 it

X BT b A7 TR R A 1 PR AR 1 1) A 4 Sk L B e B B
(AL, BT LAANSRER FH 2R 28 5088 3k 7 ik AR BOC B Tl 23 7= A=
Kht Y Y2 T A2 0 T, FRATH 5, K-mean 5376 9050
PRI T AR ML, A SOOI RO B T 3 WiE i i A e Y
s EL AT AR ) SR T . 3K AR SO A s B AR F 4
KW L

AT 3 S — B pii - 5 BT IR , & A& 1500 i,
10 M5k o J8 e K-mean 38 288 G A T Hh BB vk R B A0 S5 g
GNP 7 BN . JE AR M S A I AR ) S A T 1] 8 P
75 o

B8 AR ST AE A A 5 37 I A R R 4 X
BRE P2 F Bk . WP R DR EFLR
Ji& BT 2 20 2R B Sk AN TR AT T4, BT LA K-mean 5 3 56 2 o
PR AR T AR 22 06 1 22 AN Sk B S BT, FRATT A9 48 Bk
SRR T/ B Rl 0% T 33 A B P R 2 S ) 49 A A ok
L8
P 4 J2 5 — B A B S5 08T TR 4R E . B AL & I 1200
(CF#% 315 )



[8] Yang], YanS, FuY, et al. Non-negative graph embedding [C]//
Proceedings of IEEE International conference on Computer Vi-
sion and Pattern Recognition, 2008 1-8

[9] Yan S,Xu D,Zhang B, et al. Graph embedding and extensions: a
general framework for dimensionality reduction [J]. IEEE
Trans. on Pattern analysis and machine intelligence, 2007, 29
(1):40-51

[10] Guan N, Tao D,Luo Z,et al. Manifold regularized discriminative
nonnegative matrix factorization with fast gradient descent [J].
IEEE Trans. on Image Precessing,2011,20(7) :2030-2048

[117] Chen H T,Chang H W, Liu T L. Local discriminant embedding
and its variants [ ] ], Proceedings of IEEE International Confer-
ence on Computer Vision and Patern Recognition,2005(2) ; 846-
853

[12] Ding C,Li T,Jordan M 1. Convex and semi-nonnegative matrix
factorizations [ J ]. IEEE Trans. on Pattern Analysis and Ma-
chine Intelligence,2010,32(1) :45-55

(18] Frmifids, SHMS , bR, 5. —4E8 3E 57UE PR MR R ROLEA
Rl R LT ). A sh ka4 . 2012, 38(9) : 1503-1512

(14T 0HS , Fak, 3 a7 . B 07 4 I 43 A 114 1o O 1% 3 SRR R 1RUR

BRI R, LA KB, 2011,30(1) : 1-5

[15] F&rzs, 30, L. SAR EIE B ARk 449 A5 B4k 57UE 4
] PEEREE ¥R, 2011,16(1):129-134

[16] Yang Z,0Oja E. Linear and nonlinear projective nonnegative ma-
trix factorization [ J]. IEEE Trans. on Neural Networks, 2010,
21(5):734-749

[17] Lee D D, Seung H S. Algorithms for non-negative matrxi factori-
zation [ ] . Advances in Neural Information Processing Systems,
MIT Press,2001,13:556-562

[187] Ding C,Li T,Peng W, et al. Orthogonal nonnegative matrix tri-
factorizations for clustering [ C] // Proceedings of 12t ACM
SIGKDD International Conference on Knowledge Discovery and
Data Mining. 2006:126-135

[19] Georghiades A S,Belhumeur P N, Kriegman D ], et al. From few
to many; illumination cone models for face recognition under
variable lighting and pose [J]. IEEE Trans. Pattern Anal.
Mach. Intelligence, 2001,23(6) :643-660

[20] Sim T, Baker S, Bsat M. The CMU pose, illumination, and ex-
prssion database[]]. IEEE Trans. Pattern Anal. Mach. Intell. ,
2003,25(12):1615-1618

(L% 288 W)

i 16 85k . it K-mean 38 58 48 BUE B R BUAY 56
BTN 9 FroR . 38 AR P S AR T B vk R B A S o 4n 1)
10 fiiR .

P10 AR SCHEREAE RN AL -5 (00 1 5 1 AT L R B A OGS o

X BOAWAT ) R 2 BT R Sk OB I RGE . 7 X BERLAR
o FRATT AR T AR IBCH SRS R A AR AR R A S BT

IR BRATTAT LA 2, BATH 5 A U T4k MR gk
RO SRR 7732 » T 2 T X i T A RS P PR BB B
RO TR AT A 51 R ) O SRR WA 2 Bt 3 OO 94 B Sk B 8
ATA o0 (S BRI A K BT A FLIEACR N B R D BE . 7E
PO 205 A0 00 M A I P o ¥ O AL B T o B AR T
HEATHE . PTG SRAE AR SCHR 59503 7T LAZE ) W R A
A R AR

BRIE WAVEXRCEPNAR T —FridEd AR
FHOF R FACRIEEN TS B SRR B . it AR
FRAER LR P IRATHR T —Fh S WU R A S BE B Bk IR A
AT — Rt ) PageRank 33k 58 U RMERITE . @5
LG0T IR SRR B R TE 4 BOlsil b 3R7G i SC
WHEAT X HE B0 UE T FRAT] B0 B vk RE A5 38 i S A0 iR B R
B SCEE WO AT T B2 . SRS RIIE T AR A Bt

2 % XM

[1] Zhuang Y, Rui Y, Huang T S. Video key frame extraction by
unsupervised clustering and feedback adjustment[]]. Journal of
Computer Science and Technology,1999,14(3) :283-287

[2] Zhao L,Qi W,Li S Z,et al. Key-frame extraction and shot re-
trieval using nearest feature line (NFL)[C] // Proceedings of the
2000 ACM workshops on Multimedia. New York: ACM, 2000
217-220

[3] Pan R,Tian Y,Wang Z. Key-Frame Extraction Algorithm Based
on Entropy[C]//2010 International Conference on E-Product E-
Service and E-Entertainment (ICEEE). IEEE,2010:1-4

[4] Liu T,Zhang H J,Qi F. A novel video key-frame-extraction al-
gorithm based on perceived motion energy model [ J ]. IEEE
Transactions on Circuits and Systems for Video Technology,
2003,13(10):1006-1013

[6] LiC,WuY T,YuSS,et al. Motion-focusing key frame extrac-
tion and video summarization for lane surveillance system[C] //
2009 16th IEEE International Conference on Image Processing
(ICIP). Cairo: IEEE, 2009:4329-4332

[6] Brin S,Page L. The anatomy of a large-scale hypertextual Web
search engine [ ] ]. Computer Networks and ISDN Systems,
1998,30(1):107-117

[7] Forssen P E. Maximally stable colour regions for recognition and
matching[ C] // IEEE Conference on Computer Vision and Pat-
tern Recognition, 2007 (CVPR’07). IEEE, 2007 :1-8

[8] Matas J,Chum O, Urban M, et al. Robust wide-baseline stereo
from maximally stable extremal regions[]J]. Image and Vision
Computing, 2004,22(10) :761-767

[9] Fischler M A, Bolles R C. Random sample consensus:a paradigm
for model fitting with applications to image analysis and automa-
ted cartography[]]. Communications of the ACM, 1981,24(6) :
381-395

« 315 «



