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Abstract  This paper proposes a user attention analysis based video content understanding ap-
proach, which can be used to automatically detect the highlights of videos and rank them accord-
ing to their impressive values. Firstly, audio classification is done using the authors’ hierarchical
bintree framework and classifier selection algorithm. Then, the user attention space is established
and the visual, aural, temporal mid-level features are extracted to represent the three main mo-
dalities of this space, and the attention values are calculated correspondingly. A specific fusion
strategy called ordinal-decision is used to combine the visual, aural attention models and form the
attention curve for a video. The highlight segments can be extracted from this attention curve.
Finally, the support vector regression model and relevance feedback mechanism are employed to

rank the highlight segments and make the ranking result more suitable for human personalization.
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The method that introduces the user attention into the video content analysis field could effective-

ly generate the summaries and rank them according to their impressive values. The proposed ap-

proach is based on the changes of human attention while watching videos rather than the simple

content changes of them, which is more consistent with human understanding. Experimental results

demonstrate that the proposed approach is effective for video summarization and highlight ranking.
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A o A A L T AFRATT R SVR R k47
AL,

SVR BRI 4 A ZAE 3 A P i 72518 |
PRI o E R AE D R TS A 3R A 0 R E W
AR 25 KGR e BER) A A RS 7 R L A 1A

FATRORG R AR P BB E Sl 3 AR 7= ) |k
KRR Lt R FE X AT R Rk
o Moy (8) Fwasm * Musu (5)+

wrsm * Morsu (s) (16)
,H;EF' MVSM(S) ,M‘,\SM € 9MTSM(S)§5’%IJ%%%E 3 /I\)EH
FUORUE F A H] B @ R HE T R wey
Wy » Wrsv 7 A 7R 3 A 15 7Y 28 M SR A AUAE 5
M.y () 2 VT SEALES G TP (0 A0 G S 10t 45 2R SR 7%
AR R S 1 A 2 A P (R
4.3 HEXRGHEAFXERSE

AR 3 AP OGRS 1] R oA SO AR B P Ry
SR DX FRAT S LA T AH S SR AR L A 56 S 4
AR KR ) RG24 AP AP
A KR SR IR R AT S P T R 4
was .

BET ARG Rt W HE PP R BRI AN R

LK 3 M REFAERBYRHEER AN (1/3,1/3,
1734 IR A6) T3 & KR hr B ) 1R RS R 2 B A 6 &
X BEAB R T HEF ).

2. BEFRHT M AR EEAH R T conf MR v BUAE A H)
RS IREE HI = {5155 ssu )} - 1<i<M, RABZ P . s, F=m
Bk I — AR R BORCBAS R MO con S B P TR
AR HI e 820 B AR % i B™ A A i T 45
B HS = (5,5 ssh)ysi € HI, N R A1E 145 5 w0 A
WEMKE R B AR HEr s FEE L RA=N/MX
100%.

3. ot P A0 5 TR 45 5 R BRI A 0 1 U R A O B 43
W EEA s, € HI WA KB E B EH VSH = (s,
SsphsHed s € HS 9 H Mgy (7)) =conf.

4. 43 S e T T A T 8 G A R R AL R B ] A
RIZE G (B AR AEE G 3. RSB Bt A
ASH={s{ .58 , 5015 TSH={sl s}, .sk}.

5. #MB{P/(P+Q+R),Q/(P+Q+R),R/(P+Q+
RYVRIIE T HFRE 3 FREMNE. EEL 218
— S HE R ET R RA'

6. W |RA—RA| <threshold B 215 % F /" 1 & 1Y
SEIL A 1k 5 R 8] 24 3.

i FOR SR B 60 WL AR B BB 5 SR A5 AR IR B B
AMEAL T SRR AR AL 2 { wysn » Wasy » Wrsy |+ X —
P AR AR I T 2O ARTE 56 1345 () oo RS % S0 1 A
By B 5 B, FRATH RG] LAk A4 P $R A —
B Z 00N AR AR T IX — A AR T DL Ik 45
PR A H B S AP TE SR 0 HE P 45 1. NE
P AT DV IR BRE R HEE S B R A AE

Mmlly (s)= Wysm

L\é
fiE
i
I

£

v
Sy 5t
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g2 BT ML T LA AR G2 i MLABURS 2 S I3 R
e Ut A AR i P

TEASSCER 5 W JA T4 i T 2R T 0 P e =8
TE1) 5 M DG 2 13 5 A B 7 % R LA 7 AR R A T RS
HEFy 19 S g 45

5 ZEHER

SRR SC 3 AN BRI L AT LA BRI A F
RRAT R BIF 58 %) G281 T 3 AN A S8R AR 25 M
2004 FF a4 R RRER LR 5 2005 4F 2 W 4 JF 38
PEFE 3 Be BRI (AR BE 1~3) 5 3 Btie Bk
IO B 4~ 6) 1 Ay S 36 5040 - 17 L3 2.

®2 ZHHE

ML B ) /s
1 505
739
574
607
580
676

D Ul = W DN

51 BEF-_XEXRBEHNEEN LB ERNETIN
NEIWER

mzk 3 prw, WATEBE M BRI B 1 5 = BR

AT B A AR YN 2R B . e A B AR S i 5 4

x3 ilEGHiE
HOH
A B /s
- BT Wiz KBls W4 KBS
1 505 114 127 101 98 65
4 607 146 159 125 103 74

T S 1 R ARk s A0 2 FORIT A FeH 3 FRon

Fe B A FoRRULH ; B 5 FoR e R,

TEFIER S FLBR LU F8 2 MR 7 DL L SE R R 5
I 0 B v B2 LR R AR ) e L 2R 2R
BIRCH o 2 B A 2R R ) S Ja o 2RI e 2
PRI R A LR, R 4 RS 50 5= AE M ER
AL L BRI B 45 28 . ] DL Y L O 2
TR S 5 o3 e fn e 1 7 023 JE W R 1k
TE A3 R 5 45 42 307 T 34 BEAS B R 47 1) 70 R8O

R4 MRAFNLER

TR IR EL EEE/ mER/
2 3 4 5 % %
1 312 247 31 419 11 79.2 83.2
2 359 23 308 6 11 11 85. 8 87.0
3 285 8 2 266 36 93.3 95. 3
4 266 12 § 2 231 6 86. 8 88.5
5 91 7 5 1 5 73 80. 2 68. 2

x5 EERGMMAER

PR B ‘LR B/
2 3 4 5 % %
1

R whE /s

1 268 215 18 6 16 3 80. 2 83.0
2 309 12 274 3 11 9 88.7 85.4
3 254 6 4 239 2 3 94.1 93.0
4 223 5 14 4 192 8 86. 1 83.8
5 202 21 10 5 8 158 78.2 82.7

5.2 BETXEESNMAMBELRER

O B8 1 0 A Sk BRATTE A B3R
KK P 6 BEERIA SR & LA Dy B 58 %)
. MRMBEA 2 AR 2 JE X 2R BN T4 58 Al
Gy A/, T 0 T 39 Ak L A 1 B 4 A

TEA S2 56 v AT FH 408 22K BE accuracy 1
PEIARAE AR ZOR BE AT RO ik . 2 4 L RA FE
ERAA LR T LA LE T8 R A 0L Ak 7 WA A B
W 2 S 2 OO T B AT A9 5805 B 2l i IR LA
2 BUI R (0 N 1~10 DEEZ0 .4 AN
i B AN AT T TR R 1) 32 B A 2k B A A7
JE. LA RN 6 R,

x6 UFBERAELRER
A AR

accuracy
1 21 9.0
2 26 8.75
3 23 9.
1 28 9.75
5 26 8.
6 34 9.25

Sk W% 7 1 REA AR OO A -5 AR W
WAL R — SRS R A 2 B AR D — Bk
R 10 AT A A R
53 ETRAPXEIZEHERXRBERARBRITRE

HREHAFZXRER

FATBA T — A2 T 40 5 S5 5 HL RS R HE I
JER 2R G AR E B AT 0 k. T BRI AT BE 1.2.3
PR g M B - S 4k RER 3 1Y IO RS R 1 20 1
RS R F0F R B il TAR R 2 — A LR AR 5k A9 188
A& BRATBE G 2 1E T — A FOUL I 5 56 DA R 5 56
Hha R I BEDLIE. FATHGE 4 A B A 5 Rz g
SRV AR X A5 R 7 Bz A AT T A N 2R e
SERHERT T RS R AR B — 7 BE R T 0. 1~
L0 Z [ By — KGR R B AH. L 38 J B o R %
i HLAR o WA L B A — i Be AR e O
4 QIR EH A A PO B R LR AR T A
R BORY PP A SEE. FESL e b IR AT AE BIR Y
6 BEAAI AT R 4% e rp — BEAE O S 1) [l ) AR



1620 it = Bl 2% w 2008 4F
BRI INZRRE A, gy 5 BOVE il i 48 , 2L 47 P vk %)
Fb 52 58 2k Xof o AT T4 1 614 5 1 AT 06 AIE 6 & 1iE

T 5 AR A A 5 AR SEAT FURE, 1 0K SR
(9 BT A 1 SRR AR A D A o P B — B R B A HE Y
e 4.3 WL MBS RSN M=20.conf=0.7.4k
AT 20 MRS R BEME R T 0. 7 YRS R 1 L 38 v Be.
B 4 RLAR T AT R AT ol 4 U AR
3972 RA 2 RAT=81. 706 (RA N5 E X
(9 HE P E R 5L 78 R GEIR I RS R 1 B b g
B2 E 23 HO L T RX M =20 Al P R
T3 945 9 B v 55 T H FHL I A A 45 R 2 18] 19 22 5%
E XA NYLES: dif

dif—J [Z;(sa,—sg,ﬁ]/M
sa BN REPN S « DR R BT 48 s R M
NP EPEAN . B —HE P B AL 4 IR AL
LSRR di f1=15.5%. dif F 3R T it
S AT 3 W 2 [) 1) 2 S 1k

T 5 bR S A5 A b 3R AT A A AR
RUGEAT XF LE SE 06, B 3 A 25 6] B9 ) 16 AU(E
{1/3,1/3,1/3} .5 R I3 —HE iy 3 Hr 20 KR
FEEEAS S T 0.7 By i BoOR ik A P 4R 7R X 20 A~
B BR A A AT B 0 R BOF g A B X R
FRARAS T I A A R L 8 R A G R 5 1Y) S 56 4
WRA2=74.3% ., dif2=16.9%.

TSR 2 DXL IR AT AR g AT
AHOR B A5t 5 44 WL AR L 2470 22 ¢ it 10 45 21 b 48
AT E MR R BERBA TR RL. RS
T A P R IR AR AR ) AL R A B A
SR A5 18— 50K % 2 BE A TP T 20 A 38 Bl
CATTAH R HOR R BE 4T 43R Il 45 F P AR AR IR S 56 v
LO5WMRMZIG ARG EE TF RA3=96.4%,
dif3=11. 5% [ 45 5%.

MNSE 5 A AT DLE O B 6 R I
Y 1) HE P R AN R N HHE T RS R B
B — TR AT P 3 AL 25 S e T R
(RA1>>RA2, difl<dif2);{H &% it # T W AH X
AR Z I R G R TE I8 B A€ J5 1Y 2 TR OC I it
R 306 A TR 1 HE P RO B A T B — R R (RAT <<
RA3, dif1>dif3). XS g iy 4 A5 E P L 1
5 WHSC RS B2 Ja e & -3 RA iK% 96. 4%,
AL AR T A G SR BE A S AR T T OGTE
25 () o AT B 380 P T 0 R R X

(17)

A SCHIFFERE T P O A ] 5 8 1 7 i A
AN A BRAHAR  25 HT R ST S LY E S IR AR
PRI A R 508 TP S 2 1 K 2y 24> 25 1)
TEBEAS T 23 8] L 73 531 31 HCHR T2 9 SRR A S S AT L 1Y
LAY fil 5 45 7 OGR4 1
JUIRTERE Y o3 b2 4 B AT AT A PB4 I
AR O

Xt F A SCHR T P SR A 8] 5 8 S 2
MBI P 75 PR B2 A BT 9 S 9 8 9000 28 LRI04
PIORE % P BEHE R J7 100 09 B2 AR SCH 45 T e 4
. SEYRUE I L AR T A% 40 1 0 HE AR AR FRATT R
H A8 DA S LA AR JBE s R R R 2 TR AR
ST M9 J5 1R AT HA SR X ROk A A
O B R AR S B S R IR 3R 2 U8 E AL o) A
IFa] AL ok L BE A8 O G Ml A e 55 P R LR A R Y
ALH3 L fige ] R

2 % x #

[1] Hanjalic A, Xu L. Affective video content representation and
modeling. TEEE Transactions on Multimedia, 2005, 7(1) .
143-154
[2] Kang Hang-Bong. Affective content detection using HMM//
Proceedings of the ACM International Conference on Multi-
media. Berkeley, CA, USA, 2003: 259-262
[3] Kang Hang-Bong. Affective contents retrieval from video
with relevance feedback// Proceedings of the ACM Interna-
tional Conference on Multimedia. Berkeley, CA, USA,
2003, 2911. 243-252
[4] Xu Min, Chia Liang Tien, Jin Jesse. Affective content analy-
sis in comedy and horror videos by audio emotional event de-
tection//Proceedings of the IEEE International Conference on
Multimedia and Expo. Amsterdam, Holland, 2005 622-625
[5] MaYF, Hua X S, Lu L, Zhang H J. A generic framework
of user attention model and its application in video summari-
zation. 1EEE Transactions on Multimedia, 2005, 7(5); 907-
919
[6] You], Liu G, Sun L, Li H. A multiple visual models based
perceptive analysis framework for multilevel video summari-
zation. IEEE Transaction on Circuits and Systems for Video
Technology, 2007, 17(3). 273-285
[7] Wang H, Cheong L. Affective understanding in film. IEEE
Transactions on Circuits and Systems for Video Technology,
2006, 16(6): 689-704
(8]

Treisman M, Gelande G. A feature-integration theory of at-

tention. Cognitive Psychology, 1980, 12: 97-136



9 4 BPCWIAE - T TP OQ T 2 1) 4530 3 20 A i AR UG R 4 2 45 kT 1621

[9] Posner M I, Petersen S E. The attention system of the hu-
man brain. Annual Review of Neuroscience, 1990, 13: 25-42

[10] Cai Rui, Lu Lie, Hanjalic Alan, Zhang Hong-Jiang, Cai
Lian-Hong. A flexible framework for key audio effects detec-
tion and auditory context inference. IEEE Transactions on
Audio, Speech, and Language Processing, 2006, 14 (3):
1026-1039

[11] Lu Lie, Hanjalic Alan. Towards optimal audio "Keywords"
detection for audio content analysis and discovery//Proceedings
of the 14th ACM International Conference on Multimedia.
Santa Barbara, USA, 2006. 825-834

[12] Zheng Yi-Jia, Zhu Guang-Yu, Jiang Shu-Qiang, Huang
Qing-Ming. Visual-aural attention modeling for talk show
video highlight detection//Proceedings of the IEEE Interna-
tional Conference on Acoustics, Speech and Signal Process-
ing. Ohio, USA, 2008. 2213-2216

[13] Xing L, Yu H, Huang Q. Ye Q, Divakaran A. Subjective
evaluation criterion for selecting affective feature and modeling
highlight//Proceedings of SPIE Conference on Multimedia
Content Analysis, Management. San Jose, CA, USA,
2006, SPIE-6073;: 188-195

[14] Zhu G, Xu C, Huang Q, Gao W, Xing L. Player action rec-

ognition in broadcast tennis video with applications to seman-

HUANG Qing-Ming, born in 1965,
Ph. D., professor and Ph. D. supervi-

sor. His research interests include mul-

timedia content analysis, image and vid-
eo processing, computer vision and pat-
\ ‘ , tern recognition.

!
ZHENG Yi-Jia,born in 1982, MS. Her research inter-

ests include multimedia content analysis. pattern recogni-

Background

With the emergence of more and more digital video in-
formation, fast and automatic extraction of user oriented per-
sonalized video summarization from massive video database
has become an issue to be solved. On one hand, by labeling
the semantic information expressed by the video and realizing
the automatic video content analysis and understanding, we
can reduce the work load of manual browsing for video con-
tent and save retrieval time, which is of great value in re-
search and application. On the other hand, with the unceas-
ing emergence of many kinds of new application scenarios
such as 3G wireless communication environment, a good vid-
eo analysis system calls for stronger personalized informa-

tion, so that we can carry on the target-oriented operation ac-

tic analysis of sports game//Proceedings of the ACM Interna-
tional Conference on Multimedia. Santa Barbara, USA,
2006 431-440

[15] Hanjalic A. Generic approach to highlights extraction from a
sports video//Proceedings of the IEEE International Confer-
ence on Image and Processing. Barcelona, Spain, 2003: 1-4

[16] Xiong Z, Radhakrishnan R, Divakaran A. Generation of
sports highlights using motion activity in combination with a
common audio feature extraction framework//Proceedings of
the International Conference on Image Processing. 2003, 1:
5-8

[17] Tong X, Lu Q, Zhang Y, Lu H. Highlight ranking for
sports video browsing//Proceedings of the ACM Internation-
al Conference on Multimedia. Singapore, 2005.: 519-522

[18] Cristianini N, Shawe Taylor J. An Introduction to Support
Vector Machines. Cambridge, UK. Cambridge University
Press, 2000

[19] Zheng Yi-Jia, Zhu Guang-Yu, Jiang Shu-Qiang, Huang
Qing-Ming. Highlight ranking for racquet sports video in us-
er attention subspaces based on relevance feedback//Proceed-
ings of the IEEE International Conference on Multimedia and

Expo. Beijing, China, 2007. 104-107

tion.

JIANG Shu-Qiang, born in 1977, Ph. D. , assistant re-
searcher. His research interests include multimedia process-
ing and semantic understanding, pattern recognition, com-
puter vision.

GAO Wen, born in 1956, Ph. D. , professor, Ph. D. su-
pervisor. His research interests include multimedia technolo-

gies, video coding, computer vision, artificial intelligence.

cording to the user's personal demand, and return the results
most concerned by the user. If we make computer to under-
stand the video content in a human-being way, we can draw
closer to the user’s request, thus will cause the video parsing
technique to conform better to the characteristics of human
perception. In this regards, based on the previous work, the
authors further propose the new methods to solve video sum-
marization and highlight ranking issues, trying to understand
the video content based on user attention space and attention
analysis. The target is to realize an expandable video summa-
rization and highlight ranking system based on the definition
of user attention space and construction of user attention

model.



