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(Shot), 1 {4 i (Frame).

H 1K 2 B0 5T 32 AR rp T8 Sk 30 SRS TR S B it 30 B, %o 5 Sk 1) P9 5 43 W A RN s 5 Sk i R 40 11
H AR G5 A8 70, B8 S N A o AT 2 T N A AR IS R IR A% O B R 22— 78 40 SCHR P A0 8% Sai 5 FH LA
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SRJG 5F =G A I 37 S50 3 S (1) 40 B 2k 55 5 T AN BE S AR (2) 24 AT B Sk 55 AT 9 B Sk AH ARk (3) 24 i
Bt S B H G B S AR A AL AR B T )5 Sk 58 i T PR B S ARBL SR (638 i bG E OC BRt ot 1) SR AR B8 LT
Pl T B8 S AR ABL RS SBR[ 7] B AR PR AN B Sk DB it 9 B 62 15 07 R RH R AR ) 3 i, AR )5 R i — A v () 25 4y
%%k 41 (group), P T L8 AH ALK AH AN AH AR 1R B Sk 46 9 0 — /N3 556 SCRR[8 1% P N8 Sk v 14 T A I 45 it 7 795
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L DX 3 (BB 0 B — AN HEXRT B, R B AT EE AR IS A RedET B 2) IR MU 5 SO 5.8 T B R AL GE AR
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(1) E4H 75 El(Dominant Color Histogram )i # i 7] f5 B Al N 21 i€ B 77 Bl R i 3 — 21 Pl 5o
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PR Sy /b 7 55 B 0 RT3 5 1 5 7 T W T ) 2 TR, TR g e AR 17 e 2 B 1) B P 25 T AN ) 52 3 e
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P €6 1) ) 7] A8 Ak, 3 b 3 7R D VAR T WA S 32 ] R) A (0 A . B L B S e BT BAN R 2 4k
SR T AME B B AT SR O Wi, < — AL A — S, e T DU B Sk, T Bk,
BH Bk AE R SCRUR L R AT — AN BT SR AE A — A B, R X A B Sk RS 1 8 (P
B3O AW, AT XA G L) 5 A LA B — B0 T8 S E D — A B R i 4.
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Fig.1 Color objects extraction and tracking 1035 g AT 3 Bk X R B
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P AEAS T2 LI B 7 RS (bin) 4 8 LA X FR 452 I TA) 3R 47 A «

hist} (x,y,z) = histi(x,y,z)%d, / d,

3N 7 BRI B B5 LR, A8k 1 B B B R AR s B A BRI R S R 9, RS T AN
S PR IR ) A 2 /N Sk a R b 2 T R ARMBM P 2 AN Sk 1) S B 7 B B B A o A )
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Fig.2 Color-blob images after color quantization LA IT B 4 R TR A 2 e e AN 1.
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Ay BL B gty =0 i

Sim(a;,b;) =Wcx DchSim(a,,b;) +Ws % SshSim(a,,b;) 1)
Sim(a;,b;) = DchSim(a;,b,) % SshSim(a,,b,) 2)

DchSim(.) WA 158 Sk B0 5 5 B 22 0] AT ALLRE ,SshSim () J& PIAN 588 S~ 24 1) 2 ) 45 4 155 B 22
() AR ARABLEE. X7 (D) ) e T Ws 2 b L PR RS, 7 S 58 v ek AH A 1 0.5,
3 IBREHRER

P B3 5 SCHBE Sk AR AU P2t vy LU I 70 A0 JF ) S84 1O VR 0 — R BE S Bk 1A — A
5w G A BER S BB AR ) B4R . — Bl 2ok B TS PEANTT 1 023 2805 0 FX AN 77 1) 1 73 DT EE
BRI 2T BE SR AR AT AR AE —ANBT K32 SEIKIA I b 55—l & & 0 00, e BHLL 24 i B8 Sk e 2007 o) 149 23
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Fig.3 Scene boundary detection by force competition M]), C & — A (52 i 3 20 Fhéh) .

3 MRG0 ) 55 S AT I = 10 R EE 3 A RN, W
S BT 0 2 S Sk I A S i+ 1) e - ANEEk | BN R IIA Fs(i) = lefi(i) / right(i),
Hoop

left(i) = max{sim(i,i-1), sim(i,i-2), sim(i,i-3)}

right(i) = max{ sim(i,i+1), sim(i,i+2), sim(i,i+3)}

G 5L 5 i+ D5y 20758 W Fs(ili+1) = (Fs(i)+1/Fs(i+1))/2, '€ W) B SORAE Rk 0 FE
ki1 3R D)L Bk i K BN A T 0 o U R SO B 8 5k @ i Bs1 ) -

i1
Fm(i) =§ Zmax(sim(j,i +1),sim(j,i+2),sim(j,i+3))
j=i3

METATREMK 3 S L R Gli+ DI & IR e R
Fm(ili+1) = (Fm(i)+Fm(i+1))/2
FEay N Fsili+1) R Fm(li+1) BEATU0F 36T 50777 ZZ2 P E Mg 1H— 4 O x B3 x 7 )

23] Fs’(ili+1) F1 Fm @li+1), CATBE Y FELE [0, 112 (8 IR K KT 99%.
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—ANEAR I L S i+ D RNAZAE Fs (li+ 1)k B AE IF BLIRISAE Fe @i+ 1)38 B8 ME. 9 W R 44
(DBLEAF Q)i I, FRATIN B KA TE dli+]) R— st Rt

(1) Fs (i|i+1)i& B KAB T RN Fme (i) i+ D3k 28 /ME, H. Fs (i)i+1)>T1.

(2) Fs’(i|i+1)IE BINRAR, B Fm (i)i+1)38 B AME AR JE 225K Fs'(6)i+1)>T2 It B Fs(ii+1) - Fm’(ili+1) >
T3.
Hodr 71,72,73 Jy Wi SCRME SRR 4350 364 0.6,0.7,0.2) A W AR 1 A B AR 43k 15 A -2,2].
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4.1 EIBE

B S ZR ) S 5 s A MO SR B ) - B AR B H LS AT 110 208,815 ATk, 163880 it [ 153X 4
MU AR H BAT PRk, 0 e 20K 5 I H s MRSz 3, 42, Bk, 22 45 18 4 RS )y

T SSSSS——— X HH P S APk T 8 ANiE X RE Al
SEEREI (N W OB B UM MOS0 gy hn SRR TR RS B Bk W
el il e e e Wevk &t Sk, AR E ) (S0 WIE 5). % 44~ 28
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Fig.4 User interface for shot retrieval experiments ML (6 LR
B4 SR RS 0 P R HILZ I IAUA;
VI. i H 7 RN A ) 45 4 E T K

HAALLEE (3R B
VIT.  EBUEE Ty B2 R 450 By

i I
ﬂ m | e ATMUJEE f 0BT, BT 34
!'.-" L 1B § Ex

VITL. R 5 B o) 4 4 E 7
FEABLRE (R TR, DA K 78 Sk 4R B
SEUGSR A T B FIE MPEG-7 AvEAL G s
HIVET $E b P39 00— L 42 5 (1R R Fk ANMRR (average normalized modified retrieval rank), FI>F-3 £ 4 %
AR(average recall) (4175 WA S 5K) . ANMRR (B8], =K R 22159 20 14 Rl — 2882 Sk 1 HE 4% ML AT AR
R, B TENT K (K 2R 2R 45 5 1k W (i) A2 25 R b AR O Sk v B AR DB SK W L9 ok, 5% 1 F SR
2 735 ANMRR HIl AR XA Gk (N 0 2] 7) FIAN 7595 OA T 21 VI I SE K 45 3 AR R, LRI T 1A
Fh BT ) S T 0 T IR R R I e 22, R AE — AN B Sk b s ) 5 A AR A U (0 AR A R AS 22, T HLi%
H% BT8P 7 =B H oy B kb, EEE B 7 R IR S LG S R e B I R e
Bl — 28, S AT =35 1) ANMRR B LT —FF, 1 E B E 7 B AR EILE P @ 1%, SEE0E e, X178
BEAT 0 R PR BE A AR ORI B Sk, B 5 B A R R B L e WA 49 2 7207V, VI, VI,
VIIL 1, BE T IACRT ) AR ABL Y & B 308 AN 4 SR AR 22 SR 4, it WA RT3 2 768, 1 PRI R 74 i) 45 g 11 5 B
= IBCIAS & — R i A5 05 2K A8\ ROy iy, Jrvdk VIIL AR 72 ANMRR Il AR PR 1 IRAS T S

Fig.5 Sample images for eight semantic video classes
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I, Tt W AR SCHR H R B S 20 BT FH 2 R D7 VETE B SR 2 TP I
Table 1 AR values for different shot classes (0,1,...,7) with different methods (LI1,...,VIII)
T AAFEELAE N0 2] 7) FAFTE T H] VIID 5256143 21 AR {H
I 11 111 v v VI VIl VIII
0.3951 0.3996 0.3916 0.3637 0.3925 0.4018 0.3850 0.3965
0.4417 0.4514 0.4556 0.2694 0.4722 0.4889 0.4708 0.4792
0.4967 0.4967 0.5025 0.5475 0.5558 0.5125 0.5667 0.5150
0.8485 0.8515 0.8758 0.4727 0.7742 0.8894 0.7682 0.8939
0.4737 0.5158 0.5000 0.2553 0.4053 0.5000 0.4211 0.4947
0.8227 0.7818 0.7818 0.6409 0.7818 0.7909 0.8318 0.8636
0.7387 0.7403 0.8016 0.3177 0.7145 0.7919 0.7129 0.7823
1.0000 1.0000 1.0000 0.7000 1.0000 1.0000 1.0000 1.0000
AR 0.7453 0.7482 0.7584 0.5096 0.7281 0.7679 0.7366 0.7750

NN R W= O

Table 2 ANMRR values for different shot classes (0,1,...,7) with different methods (LII,...,VIII)
F2 WAFERLE ON0H T AARRGE ALE VIID 461330 ANMRR {H
I 11 111 v \% VI VII VIII
0.6919 0.7046 0.7093 0.7405 0.7066 0.7031 0.7097 0.7075
0.6925 0.6780 0.6930 0.8145 0.6882 0.6810 0.6843 0.6801
0.4691 0.4724 0.4690 0.5687 0.4558 0.4711 0.4502 0.4696
0.3023 0.2970 0.2932 0.6853 0.3477 0.2629 0.3274 0.2516
0.6276 0.5903 0.6163 0.8230 0.6699 0.6214 0.6620 0.6212
0.2526 0.2514 0.2706 0.4552 0.2521 0.2539 0.2650 0.2620
0.3361 0.3401 0.2945 0.7630 0.3590 0.3000 0.3517 0.3029
0.0142 0.0108 0.0128 0.4357 0.0057 0.0037 0.0060 0.0045
ANMRR 0.4838 0.4778 0.4800 0.7552 0.4978 0.4710 0.4937 0.4714

N O R W= O

4.2 FREHIIRE

SEI K 2 W Bt MPEG-7 WX AA 1gerca_lisa_1.mpg Fl lgerca_lisa_2.mpg. T/ fIT#R 2 32000 Wi A 1) 5K
BEFAR ALK 3 FIR 4 B WA A3t DL S 3 25 L 6 5 R 6 &P BRI r 241 569100
7 g P ) 2R 1 R R LA A IR 3 S

N

> | 2
o8 § —e—Splitting
< Force
0-64 —&®—Merging
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0.2

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
K 6 lgerca_lisa_l.mpg 431561, R4 B Hh 7 WA A 13 sl
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7 I Force

|
0. 6 I ’
gi —l— Merging
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0 2 4 6 2 1416 20 22 24 26 2 36 : ] 50 52

Fig.7 Splitting and merging forces for Igerca_lisa_2.mpg
7 lgerca_lisa 2.mpg 733155 0, R L (5 O AN K 3 553 5

~
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AT LAE 8 R 2 H 5 5l FAk, 73 20018 I AR JF B4 JF 11k B /M . Igerca_lisa_1.mpg 1 3
MBI ) 5 5 BT IR A S B G4 O 3 AT gerca_lisa_2.mpg W) 5 AN R AR A 4,
PR A 3 55— A M, € FR) 228 LIS 2 1) I 2% 18 RUFE DR 3R (BRI 22 KR I 5 LA O — N3 50 4 LA 2.
B, 50 1 A 5 MR E MBI, 5 9 2 11 ki # L 8F G 3% 5 13 14 #OR ek it i 5.
AR TR R T3 SOXFE SR T8 SO RESRAT WL ROR 38 JE 4 A0 XA 1.

Table 3 Experimental results for scene structures in lgerca lisa_1.mpg
%* 3 lgerca_lisa_l.mpg 37 g IRIUEE R, "\ RnToE X

Scene Scene Description Shots Correct Missed False
0 Kids learing roller-skater 0-1 112

1 Kids playing in gym 2-15 15|16 12|13
2 Kid playing with water with parents 16-24 | 24|25 21122
3 Hot balloon event 25-42 | 4243

4 Kids playing with parent on lawn 43-51 51152 47|48
5 Indoor exercise 52 \ \ \

Table 4 Experimental results for scene structures in lgerca_lisa 2.mpg
F 4 lgerca_lisa 2.mpg WIS MIRIEE R, 7 \” g X

Scene | Scene Description Shots | Correct | Missed | False
0 Kids at home with cat 0 01

1 Kids in 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 Kids in Gym 12-13 | 13|14

6 Kids playing games in 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 I of Play) 33-36 36[37

10 (Part II of Play) 37 37|38

11 (Part III of Play) 38-39 | 39/40

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 \ \ \

5 #ig

ASCIEH T PO (K58 250 W7 T3 32, S AR B SR R AN St de O b IR 1 L BRATTIHE T 7 8 Sk P K
(s BEE SR T 7 BRI BAR SR, SIN T WA B 0 A 2 A 1 T B B Sk P R AR A AR R 1 8k
U L5 VR 1) G A L BT ) Rl AS [R]85 Sk 2 s AR AL 2 8 T v Al B AR S R v
T B 5 R 2 ) 45 4 5 B R 78 Sk) 4% i ANMRR R AR W FPE AR IS T B U (K8 S i R R L A
SOEFEH T 3T 0 35 G0 D1 Se A I B8 Sk 73 AU VA T3 U S ah ), 459 BL MPEG-7 SR L #EAT
037 BB IS B0 AT T A R 45 R JAT TR R B AR 2 48 B iz stk 1 AT R A2 3 5 B S B
DL R 2 (A A S R kR, I E T PR 5 R 7 3 BE 20 B v B Sk 0 T VAR B Sk K 2RO 37 55 4R O 1
R
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SR U — {b 1 2 A R Bk ANMRR (average normalized modified retrieval rank) fII*F-3 25 4= % AR(average recall) {11541
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B BE K P IR K AR BE Sk AN BN GTM = max{ng(q)) 3 T #1853k ¢, 76T K MR &R A IER AN EGLN nr(g), s 45
LA M(q) = ng(q) — nr(q). AN R(q) = nr(q)/ng(q) FAEMHE ZER RS RPDHA — D F(rank) r(i), I = 1,...,ng(q) 1EH K
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Shot Content Analysis for Video Retrieval Applications

LIN Tong', ZHANG Hong-jiang?, FENG Ju-fu', SHI Qing-yun'
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Abstract: In this paper we present a novel scheme on shot content analysis for two video retrieval

applications: shot retrieval and scene structure extraction. To characterize the temporal content variations in one
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shot, we developed two descriptors: Dominant Color Histograms and Spatial Structure Histograms. 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 Histograms is a set of features extracted from color-blob maps to describe spatial information
for one 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 prove that our proposed approaches 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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