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Abstract Keyframe extraction is one of the important steps in video processing, and it is popularly
used in video content analysis. A keyframe extraction method is proposed in this paper for the content-
based video summarization. In order to well depict the structure and relation among the frames of a
video, we firstly model the video as an undirected weighted graph, where the frames of the video are
taken as vertices, and the lines among vertices are taken as edges. The weights of edges are computed
using the Hausdorff distances between pairs of speed-up features frame-by-frame which are local and
robust features of frames. Subsequently, based on the representation of the keyframe, the process of
keyframe extraction is equivalent to the selection of minimum dominating set in a graph, and integral
linear programming is used to select the minimum dominating set in the graph. Finally, the keyframes
are extracted according to the vertices in the obtained dominating set. We execute the proposed
method on different types of videos, and evaluate the performance of the fidelity and compression
ratios, Compared with the traditional methods, the proposed method is depended on video content
rather than time and video shots. The experimental results show that the keyframes extracted by the
proposed method have good representation and discrimination, and they also have high fidelity and

compression ratios.

Key words video summarization; keyframe extraction; graph modeling; dominating set; integral

programming; speed-up robust feature
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Fig. 1 Framework of keyframe extraction.
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(b) SUREF of frame “fooball”

the line is the principal direction of the corresponding point, and the
circles represent the SURF points with different signs of Laplacian,
which can be seen in Ref [12].

Fig. 2 Tllustration of SURF.
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O Vertices of Graph
@ Vertices of the Minimum Dominating Set
the black solid vertices represent a minimum dominating set
Fig. 3 Illustration of dominating set in a graph.
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Fig. 5 Original videos of different classes.
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Fig. 6 The bar of fidelity and compression ratio.
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Fig. 7 Video clip and keyframes.
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Fig. 8 Curves of fidelity and compression ratio extracted by keyframes.
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Fig. 9 Illustration of video layer preprocessing.

K9 oy = Bl R K

2) BB AR b

A M) FH A R S 3 SR R AT R B P S TS 4 1 o A
T RBOERE A IR/ N XN N BRI, 22 1
T L KSR A RRR Y A A B S 2% R (H L AR
Me A JERLE O B 1 A0 H 5 B PRl AR SO A
e L I AR P R I A7 Bk 9 T 2Ok AR T B Y

SIRE.

3 & it

-

AR SCHEE T S BC AR R B AL BRI 4R L T —Fh ok
MR U7 % 5 207 3 B 0 R A2 1) A s AR R
S PR 5 2 10 S B T4 JBCAEE o DA AL 0 e B R ) A0 /N 32
Tic 41 F) 2 BC ) AL 5 3) 308 e 6 500 3 A SR A0 ke
P R /N SCBC 5. . 2360k Y A SO 326 4 BB S o
TE DR LR S 46 R 7 T AR B A B i PR fiE. S8 48
JTIEA AR SO B R T T o S ot o 2 i AU

171 {1 B T8] 9 21 J TPy » ] A o 5 B 48 J 15 40 At 5
Sl 73 TR DRI S AR SO 0 T 4 s LT ) e 25 4
TR ARE A R 538 AR SO A O B ot 14 412 J 5
M SRy — A B B 28 i TR R PR A SCAR i BLAT R4
4 HIE .

SR T4 BT LA A5 5 Ak B rh AT A M
37 AR SORF T PRV 7 U S B ot 2 BT T 184 1 P
1 TR BR R, — 0 B TAE 248 b e a4
M ST R0 B B AL R S T L DA T E 48 32 BB
DA BB /N S IE SR R 37 SR ot il 4o AR SCHIE A
JE T 65 2 R i ) 3 R AT Il S5 L A B T L it 1Y
PN AR AL S AELJE: o BT P 0 P 2 A AT i A
A ) LR SE R TRATT T — 2P 2 B ) R 2 —.

2 % X #

[1] Ma Cuixia, Liu Yongjin, Fu Qiufang, et al. Video
summarization method based on sketches interaction and
cognitive analysis [J]. SCIENCE CHINA: Information
Sciences, 2013, 43(8): 1012-1023 (in Chinese)

(2R, Xk ik, ARy . A5, JEF 5 1A 58 B0 A0 40 ik 22
TPEBANR A M [T ]. A E B2 fF B R, 2013, 43(8):
1012-1023)

[2] Wang Shen. Research on key frame extraction based on
clustering algorithm and multi-feature fusion [D]. Wuhan:
Huazhong University of Science &. Technology, 2012 (in
Chinese)

CEWR. HeF RO 09 2 FRAE il & G 5 il 32 UH AR B 5%
[D]. BB APRHLKY, 2012)

[3] Dimitrova N, Zhang H ], Shahraray B. Applications of
video-content analysis and retrieval [J]. IEEE Multimedia,
2002, 9(3): 42-55

[4] Smoliar S W, Zhang H J. Content-based video indexing and
retrieval [J]. IEEE Multimedia, 1994, 1(2): 62-72

[5] Zhang Hongjiang, Wu Jianhua, Zhong Di, et al. An
integrated system for content-based video retrieval and
browsing [J]. Pattern Recognition, 1997, 30(4): 643-658

[6] Wang Fangshi, Xu De, Wu Weixin. A cluster algorithm of
automatic key frame extraction based on adaptive threshold
[J]. Journal of Computer Research and Development, 2005,
42(10): 17521757 (in Chinese)

(CETi . s, RS, SLT 3 0 (E 6 B 3l 5 O HE i
MR RELT ] RIS S & R, 2005, 42(10): 1752-
1757)

[7] Naveed E, Irfan M, Sung W. Efficient visual attention based
framework for extracting key frames from videos [J]. Signal
Processing: Image Communication, 2013, 28(1) . 34-44

[8] Zhang Xudong, Liu Tieyan, et al. Dynamic selection and
effective compression of key frames for video abstraction [J].

Pattern Recognition Letters, 2002, 24(9/10); 1523-1532



75 LA B T ST AR A DG B TR U TR

2887

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Kin W S, Kin M L, Guoping Q. A new key frame
representation for video segment retrieval [ J]. IEEE Trans on
Circuits and Systems for Video Technology, 2005, 15(9):
1148-1155

Ling Laijie, Yang Yi. Key frame extraction based on visual
attention model [J]. Journal of Visual Communication and
Image Representation, 2012, 23(1). 114-125

Jiang Peng, Qin Xianlin. Key frame based video summary
using visual attention clues [J]. IEEE Trans on Multimedia,
2010, 17(2): 64-73

Herbert B, Andreas E, Tinne T, et al. SURF. Speeded-up
robust features [J]. Vision and
Understanding, 2008, 110(3): 346-359

Belkin M, Niyogi P, Sindhwani V. Manifold regularization:

labeled and

Computer Image

A geometric framework for learning from

unlabeled examples [J]. Journal of Machine Learning
Research, 2006, 7(11) . 2399-2434
West D B. Introduction to Graph Theory [M]. 2nd ed.

Delhi, India:
Branch, 2002. 117

(B DB, BigFg[M]. Z=gdth, 35358, %, 2 W, db
s HUA Tl 3 Bkt . 2006: 90-91)

Sanchis . A. Bounds related to domination in graphs with

Pearson Education ( Singapore ), Indian

minimum degree two [ J]. Journal of Graph Theory, 1997, 25
(2). 139-152

[16]

Hyun S C, Sanghoon S, Sang U L. Efficient video indexing

scheme for content-based retrieval [J]. IEEE Trans on
Circuits and Systems for Video Technology, 1999, 9(8):
1269-1279

Nie Xiushan, born in 1981. PhD and

professor. Member of China Computer

Federation. His research interests include

multimedia processing and multimedia
security.
Chai Yan’e, born in 1990. Master

candidate of Shandong University of

Finance and Economics. Her research
interests include multimedia processing and
multimedia security.

Teng Cong. born in 1968. PhD and
associate professor. Her research interests

include graph and large-scale computing.



