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(nearest feature line, NFL) ,
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[2,5~9]. [5] , 3
(1) (2 HE)
: - (6]
-7 : :
(group), - 18l :
(subshot). , )
(2 ; :
“ ” HSV
( , )
(D) (dominant color histogram). ,
(group of frames, GoF) 5
2 (spatial structure histogram). ,
1 , ;
2 3
1
11
(content-based image retrieval, CBIR)
: . [10] ]
(alpha-trimmed average histogram),
(bin) , , : ;
10 , ,
[11]. ] ’ ’
: : ( )
(1 : :
(2 : . /
/ , )
/ )
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[9].
(
HSV [ll]'
JHSV .
X Y 20 Z
( ) 10 , 1 . ,
DC ( MPEGL1/2 ),
HSV . ,
X Frame i X Frame i+1
3 Fig.1 Color objects extraction and tracking
« " 1
(
20 ) “ ” :
: HSV ,
HSV ' ,
, st (e p,2)(a ),
, , , (bin)
hist} (x,v,z) = histi(x,y,z)xd, | d,.
do d1 (xp,2) histAd(x,y,z) ,
a b

DchSim(a,b) = zx Zy zz min[kist} (x,y, z), hist5 (x, v, 2)] .

12

, K

[12] )
Water-Filling Algorithm

(color-blob map) ,

y TR
1 |n ﬁh“

Fig.2 Color-blob images after color quantization
2

) k=1 K

=1 , 1.

(spatial structure histogram),

2 ) HSV
K
k
k +n.
pl) =3 max (T
k o A<jsk, ;_j
,7 J J 15 ij i J
k={1,2,3,...,10}
p(k) k
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MPEG ) DC 10 DC
1 Hareaa Hpos: X Y
Hvanvy X Y I-stvHsy-
(1) H,.G)= Y Area(R,),i=01..7,

Rjef;

0, :{Rj |Area(Rj) €l4,,4,,)},i=01...7, 4, =1/ 2% =128 A4, =0;

2 H (i)=Y Area(R;),i =012,...15,
Rje;
Q, ={R; | Center(R,) € Block(i)},i = 012,...,15,
(©)] H, ()= ZArea(Rj),i =012,...,.7,
R
2, ={R, |c,(R;)€[B,,B,)},i=012,..7, B, =1/2°"i=1..7,8B,=0
4 H ()= ZArea(Rj),i =0L2,...,7,
R;e&;
Q. ={R, |Width(R,) € B,,B,,,)},i =012,...7, B, =1/2"",i=1..7,8B,=0.
Area(R;) R; ,Center(R)) R; Block(i) i (
16 )ox(R) R X , Width(R) R, (minimum
bounding rectangle, MBR) H,, H, H,.H,,,
) , a
b
SshSim(a,b) = WO x Sim0 + W1x Siml+ W 2x Sim2 + W 3x Sim3.
Sim0,Sim1,Sim2  Sim3 HeypeasHpos Hye  H,y Wo,w1,mw2
w3 , 0.25.
13
P1, | | P2. ,
P1>T1, P2>T2, P1+P2>T3.
71,172 T3 ( 0.2,0.2,0.6). a b
Sim(a,b) = max(Sim(a, ,b,)).
LJ
Sim(a;,b;) a i b j , (
) .
Sim(a;,b;) = Wex DchSim(a, ,b; ) + Ws x SshSim(a,,b,), Q)
Sim(a,,b;) = DchSim(a,,b;) x SshSim(a,,b;) . 2
DchSim(.) SshSim(.)
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(@] We  Ws , 0.5.
2
w=1/(1+d/C) , d (
),.C ( 20 ).
3 ’ Merging force Fm(.)
(i]i+1).
: Fs(@=1efi)right() s@oc:
NN NN NN () >
lefi(i)y=max{ sim(i,i~1),sim(i,i~2),sim(i,i-3)}, _O v oy U U U U
right(i)=max{ sim(i,i+1) sim(i,i+2),sim(i,i+3)}. -3 i ﬁ #+1
(i]i+1) Fig.3 Scene boundary detection by force competition
Fs(i|i+1)=(Fs(i)+1/Fs(i+1))/12, 3
i i+1 i ( i ):
Fm(i)z% imax(sim(j,i-kl),sim(j,i+2),sim(j,i+3)).
Jj=i-3
(ili+2)
Fm(i|i+1)=(Fm(i)+Fm(i+1))/2,
Fs(ili+1)  Fm(i]i+1) ( x x'):
R
vo 80
2
Fs'(ili+1)  Fm'(i|i+1), [0,1] 99%.
(ili+1) Fs'(i]i+1) , Fm'(i]i+1) 1)
2 : (ili+1)
(1) Fs'(i]i+1) Fm'(i]i+1) . Fs'(ili+1)>TL.
(2) Fs'(i]i+1) . Fm'(i]i+1) , Fs'(i|i+1)>T2, Fs'(i|i+1)—Fm'(i|i+1)>T3.
T1,72,73 ( 0.6,0.7,0.2), [-2,2].
3
31
20 , 110 ,815 , 163 880
, , 4
8 ;
( 5 ). 20
. 8
D ;
2 ;
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E—— |
e gENTNTE:
- = O — . B — O — - ]
E ™= K= & NN
e P NN R W,
: T mEENLECme
S Elms— T W O R s R M T
'_'_'?‘:"_'"E‘I!IIIH'_:,
Fig.4 User interface for shot retrieval experiments
4
©) ;
4 ;
©) ;
(6) ;
7 ;
8
MPEG-7 : ANMRR
(average normalized modified retrieval rank) AR(average recall)( ). ANMRR ,
) K(K )
o1 2
ANMRR AR ( 0~7)
= ( (W~®) :
Fig.5 Sample images for e|ght semantlc video classes 3
5 8 ’
, ANMRR , AR 1%. ,
, G~@® .
8 () ANMRR AR ,
Tablel AR valuesfor different shot classes (0~7) with different methods ((1)~(8))
1 (0-7) (1)~) AR
@ @ ©)] @ ® 6 ™ ®
0 03951 03996 03916 03637 03925 04018 03850 03965
1 04417 04514 04556 02694 04722 04889 04708 04792
2 04967 04967 05025 05475 05558 05125 05667 05150
3 0.8485 08515 08758 04727 07742 08894 07682  0.8939
4 04737 05158 05000 02553 04053 05000 04211 04947
5 08227 07818 07818 06409 07818 07909 08318  0.8636
6 07387 07403 08016 03177 07145 07919 07129  0.7823
7 1.0000  1.0000 10000 07000 10000  1.0000  1.0000  1.0000
AR 07453 07482 07584 05096 07281 07679 07366  0.7750
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Table2 ANMRR values for different shot classes (0~7) with different methods ((1)~(8))

2 (0~7) ((1)~(8)) ANMRR
@ @ ©) @ ® 6 ™ ®
0 0.6919 0.704 6 0.709 3 0.7405 0.706 6 0.703 1 0.709 7 0.707 5
1 0.6925 0.678 0 0.6930 0.8145 0.688 2 0.6810 0.684 3 0.680 1
2 0.469 1 0.472 4 0.469 0 0.568 7 0.455 8 04711 0.450 2 0.469 6
3 0.3023 0.2970 0.2932 0.685 3 03477 0.2629 0.327 4 0.2516
4 0.627 6 0.590 3 0.616 3 0.8230 0.669 9 0.621 4 0.662 0 0.6212
5 0.2526 0.2514 02706 0.455 2 02521 0.2539 0.2650 0.2620
6 03361 03401 0.2945 0.7630 0.3590 0.3000 0.3517 0.3029
7 0.014 2 0.0108 0.0128 04357 0.005 7 0.003 7 0.006 0 0.004 5
ANMRR 0.4838 0.477 8 0.4800 0.755 2 0.497 8 0.4710 0.493 7 04714
MPEG-7 Igerca_lisa_1.mpg lgerca lisa_2.mpg. 32 000

3 4( “\ ) > 6

1 - > 4 <

8 g ¥ - ® | | ——splitting force

07 & e, * N ~ | *

06—R—L AN |\ A A A e A | .

o IIWANAY ]| —e—Merging force

0.4

0.3

0.2

4

"0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
Fig.6 Splitting and merging forces for Igerca lisa 1.mpg
6 lgerca lisa_1.mpg

1 "
) p force
< Merging
0.4 force
0.2
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
Fig.7 Splitting and merging forces for Igerca._lisa 2.mpg
7 lgerca lisa_2.mpg
, , 1 Jgerca_lisa_1.mpg 3
Jgerca lisa 2.mpg 5 ,
, ( )- ,
1-5 ; 9~11 , 13 14 . ,

’

Table3 Experimental results of scene structuresin lgerca lisa_1.mpg
3 lgerca lisa_1.mpg

Scene Scene description Shots Correct Missed False
0 Kids learing roller-skater 0~1 12
1 Kids playing in gym 2~15 15|16 12|13
2 Kid playing with water with parents 16~24 24|25 2122
3 Hot balloon event 25~42 4243
4 Kids playing with parent on lawn 43~51 51|52 4748
5 Indoor exercise 52 \ \ \
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Table4 Experimental results of scene structuresin lgerca lisa 2.mpg
4 lgerca lisa 2.mpg

Scene  Scene description Shots  Correct Missed False
0 Kids at home with cat 0 o1
1 Kidsin gym 1-5 5|6
2 Two kids playing high-bar (over-illuminated) 6~8 8|9 718
3 Kid + teacher with high-bar 9~10 10]11
4 Kids jumping 11 11]12
5 Kidsin Gym 12~13 13|14
6 Kids playing gamesin Gym (over-illuminated)  14~24 24|25
7 Kids playing at home (dim lighting) 25~27 27|28
8 Kids driving outside home 28~32 32|33
9 Kids dancing on stage (Part | of play) 33~36 36|37
10 (Part 11 of play) 37 37|38
11 (Part 111 of play) 38~39 3940
12 After play 40~50  50[51
13 Swimming pool 51~52 52|53
14 Crowded swimming pool 53~54 54|55
15 Kid's party 55 \ \ \
4
8 , (
) ANMRR AR
, , MPEG-7
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ANMRR(average normalized modified retrieval rank) AR(average
recall) . 0,
, (ground truth). q ng(q). q, K
min{ 4xng(q),2xGTM}, GTM . GTM=max{ng(q)}.
g, K nr(q), M(q)=ng(q)-nr(q).
R(q)=nr(q)/ng(q). (rank)r(i),i=1,...,ng(q)- K ,
(i) , (i) K+1. q,
ARR@) =S O, viRR(q) = ARR(G) - "9) o5
o ng(q) 2
MRR(q) [0,1] , NMRR(q):
_ MRR(q)
NMRR(q)f%K_&(q)ﬁ—OS.
E )
0 q NMRR(q) R(q) ] ANMRR AR:

1 & 1&
ANMRR ==Y NMRR(q), AR = EZR(q).
g=1

Shot Content Analysisfor Video Retrieval Applications'
LIN Tong', ZHANG Hong-jiang?, FENG Ju-fu}, SHI Qing-yun®

YNational Laboratory on Machine Perception, Center for Information Science, Beijing University, Beijing 100871, China);
Y(Microsoft Research Asia, Beijing 100080, China)
E-mail: tonylin0602@sina.com

http://www.peking.edu.cn

Abstract: A scheme on shot content analysis for two video retrieval applications, shot retrieval and scene
structure extraction is presented. To characterize the temporal content variations in one shot, two descriptors:
Dominant Color Histograms and Spatial Structure Histograms, are developed. By fusing temporal information into
color content, Dominant Color Histograms for a group of frames are trying to capture the dominant colors with
longer durations, which would be the colors of the focused objects or background. Spatial Structure Histogramsis a
set of features extracted from color-blob maps to describe spatia information for an individual frame. A shot with
significant content changes can be segmented into several subshots that are of coherent content, and shot similarity
measure can be computed from the similarity between corresponding subshots. Scene structure is extracted by
analyzing the competition of splitting and merging forces. Experimental results on real-world sports video show that
the proposed approaches can achieve the best performance on shot retrievals and promising results on scene
structure extraction.

Key words:  content-based video retrieval; shot content analysis; shot similarity measure; scene structure extraction
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