1000-9825/2003/14(08)1409 ©2003 Journal of Software %% 1 % R Vol.14, No.8

— @SS A BT SR B
HFF ", NgoChong-Wah', XA, FEM"Y, HiEE"

‘At Kz WEEHARFE AR AE S 100871)
bR SCAAE BAL PR R [ 7 A SE R 5, b R0 100871)
SFEWIN Y HEHRI R, F)

An Approach for Video Retrieval by Video Clip

PENG Yu-Xin'?", NGO Chong-Wah?, DONG Qing-Jie'*, GUO Zong-Ming"?, ~XIAO Jian-Guo'”’

'(Institute of Computer Science and Technology, Peking University, Beijing 100871, China)

?(National Key Laboratory of Text Processing Technology, Peking University, Beijing 100871, China)
3(Department of Computer Science, City University of Hong Kong, Hong Kong, China)

+ Corresponding author: Phn: 86-10-62752426, Fax: 86-10-62981438, E-mail: peng_yuxin@jicst.pku.edu.cn
http://www.icst.pku.edu.cn

Received 2002-11-25; Accepted 2003-03-20

Peng YX, Ngo CW, Dong QJ, Guo ZM, Xiao JG. An approach for video retrieval by video clip. Journal of
Software, 2003,14(8):1409~1417.
http://www.jos.org.cn/1000-9825/14/1409.htm

Abstract:  Video clip retrieval plays a critical role in the content-based video retrieval. Two major concerns in this
issue are: (1) automatic segmentation and retrieval of similar video clips from video database; (2) similarity ranking
of similar video clips. In this paper, motivated by the maximal matching and optimal matching in graph theory, a
novel approach is proposed for video clip retrieval based on matching theory. To tackle the clip segmentation and
retrieval, the retrieval process is divided into two phases: shot-based retrieval and clip-based retrieval. In shot-based
retrieval, a shot is temporally partitioned into several sub-shots based on motion content. The similarity among
shots is measured according to the color content of sub-shots. In clip-based retrieval, candidates of similar video
clips are selected by modeling the continuity of similar shots. Maximal matching based on Hungarian algorithm is
then adopted to obtain the final similar video clips. To rank the similarity of the selected video clips, four different
factors: visual similarity, granularity, interference and temporal order of shots are taken into consideration. These
factors are modeled by optimal matching based on Kuhn-Munkres algorithm and dynamic programming.
Experimental results indicate that the proposed approach is effective and efficient in retrieving and ranking similar
video clips.
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A AT AT R (1), deAh & AR BA BB A & Ae B B R AR RS RN A R ARAGE 5013 &, — AN R AdR
KB KA A A B — B8 T4k, AL 35 AR A8 ST 3 B T4 3k AR o S 5 A B & 2R,
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T A 0 45 A 1 T A MR 18, 38 7 — A ) BN 81T BB A — 32 AR 9 SO O 1) S S W 1, R 7R TR 2 — AN 1 X
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i 5 1) 4 SR A A AH LA B 5 4 WT e LA AN [R] R B S U, it ] — AN T 5 RO AS (] 4 2 () B, 3K o 5 s it 19 L
B AN A ARG RO R LA 18 7 ¥ (2) A JEAR LU A 3 (ELIR P O V2 A L B SCRR L IR B IR AT R o i B R 1)
i) . SCRR[8~1014% Y T 56 Wi AATUAF DA% J5 1 AU TR DR 7 R R 7. THRER T (H 0 B2 T
I3 ENUF B, I WA R P B TR IE S AT B B B 3020 ¥ 2 AN AL B ) 5 SCHR[8~10T4H &2, SCik[11]
SEA MG T BRI R TR 10 5 M, B AN v B R ARARL R S A B B T e AT AR B Sk 1) i, DR bk, RO
FB Y T A B SAR B X I — AN SRR Y WS 5 XA, 73 4, 85 Sk B AR ALY 2 A 48 P A5 3k
AL F B A T 510 oK ST BT, 30K ol 43 T P B 88 R SR [ S~T7128 AL, 1 BB ) A 2R it e 18

BEXS b3 ) L, A SR H i R BORT R AN I ) —ANBE O T A BIR AR BUARSCRA T B Uik
Q) BAR A Rl 2 2 b B S A R A B R AN B B 7R B Sk A R B B, 2 T R R I TR R — A
B8 Sl NS B INF [ AR A0 B P9 28, 93 18 Sk JLAS N 5 — B0 -85 Sk (sub-shots), 1 A 3 T 784 Sk 19 LU IR 4 T b S ik 7 7
AT S AR AL LR BRI B, 18 s 2 B A AL Sk IR S WA A B — AN AN AR AN B, F s SR K IR RE 1Y
Hungarian 59206 5 B 1E BIAREUR B oA T HEFUAR AL B B 2R ALT SCIRR[8~101, 48 30 % 18 T v BOMIALLRE B 52 I AN
[&] &7 AN [R] F SCHR[8~10], 32 H FH i VE L ) Kuhn-Munkres 5535 150 25 LRI ST 40 &5 4 0k 5 B 3 S8 IR 7 1) 3%
Wi A SCE IR SRS P PR ) TG T S R iR R A AR, 2% i 83X 2 ATk DTG TR Py JeE AR B SR ARABLBE S b 00— — o |
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FEG L2 HEA REAE B K AR RO i ?

X1 X2 X3 Xq4 Xn
Q) O O O O
0 O O o} O 0O
Y1 2 Y3 Y4 & Ym Y1 Y2 V3 Ya t Vm
Fig.1 Maximal matching Fig.2 Optimal matching
K1 BoKULAS K2 mLltic

7 18 31| f5g VG HE AN 5 DL DG IC A AN [R5, O Hodm K DL RC O V55 2 BEAR T B AU UL IS, AR 55 2 19 A0 Jtis
FIE RV FE AT BRI B SR TS AR5 3 719,38 F SR DG Fe ke o S0P AN AR AL BERO AL E PR 7.

2 BmodEURR

2.1 BREE

DA 2 A S DLBR Sk (R ARARL I D BE R 18 Fr BRI ARABME, B DL, DG 18 2 A0 PR, 3 2 20 v B, 1 AT 45 2
SRR EATE B Sk H AT AR 2 Bk A SR M B SRR AR T R A SCAE R T Ngo I D B
(spatio-temporal slice)[lz],yﬂﬁjﬁﬁfi B (1) AN BEAR L Hu S I HH 85 Sk 5 A% (cut), 38 BE AN H B 3k 2% A%
(gradual transition), W X% (wipe). % N i% Hi (dissolve);(2) H A MPEG ¥it L/ #T DC B s, H A 1R B A6
WU B B kg — AN Skt ) 1F) b ) 3 227 90, B I W BT S A B AR A, T —ANBE Sk PRI N AR Ak 2
AL AR HLIZ B 51 19, A SCAE T T Neo 873U ARSEAH ML IS 317 12,30 A 9 AR 4k (0 B 3k 4 JLAS A
25— T4 Sk (sub-shots). Tl 5B — AN Sk & 1 (static) J5 28 £5 (zoom), I 4 185 Sk w20 AN 1485 3k SR B
1B FEfffi(pan)s F LI 2 85 A 3 AT 8k ARG B A RIS 30 1 T 55 Sk, M0 386 AN [F) 1) S Bt i 8 7, i 1 7%
Skl PR — AN B R s F 4 F 8% Sk 0l i A i — > 4 5 ] (panoramic image) >R 3R 8, AR £ R Sk nT DU AR A
ZHTFAZ G WA SIS R X B T4z Sl A il 1) 11 38 . O SR i) s, TT LA A T R s Sk R A 88 4k

TEMC A b SCBEM {ry1 ri, . ora RN BE Sk s, 308 Sk 5 A0 s, IARALLEE 52 SR

Sim(s;,s;) = %{M(s[,sl.)-kM(si,s/)} s

o,

M(s;,s;) = pgll:dzfu)q:rg%f}{Intersect(np,r,.q)} ,

M(s.,s.)= max max {Intersect v, }
(5:5;) max  max (5730 >
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A(r,r) :min{zhzzs:;Hi(h,s,v),zh:zs:zv:Hj(h,s,v)} )

max F7 8~ KON max DR A SO HSV 60 7 Bl 2o 5 B, 1 A2 R A
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B 7530 P B X i} B A T BE SRS B Ym (1} FE oy 75 e T8 4,X 15 7, RO AL
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Gt 8 2.2 IR 0T AR B, A0 55 T SRS P BRI 201 FROR S P B 3o £ 52 30 00 ¢, 17 L1 4
Tyt 3~H S FiR i 3 AR SEeR I 3 R 4 AR B 4 LI S ALY B 4L T
0 B S 1 e ) A VSIS A, BRI — A WA A S 1 P 35 S A5 59 38 2 A0, A SRR A
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5 AT T P B MR, T LA AR 0L Sk 1 B S 2850 25 2.2 40 1 U F, 77 LA B A A y, 76
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RS0, B Y, (0 KR T R 2 AN T X 0K 2 B S 0 S BRI X et — 03k 7E ¥, sh R B R S
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Y1 Y2 V3 Ya s Y6

Fig.3 Two dissimilar video clips
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Yoo y2 ¥z ya ¥Ys Ve Y1 V8 Vo i y2 )3 Ya ¥Ys Y6 Y1 Y8 )9
Fig.4 Two dissimilar video clips Fig.5 Two similar video clips
B4 PASAALE A B K5 PSRRI B

PRIk, 3 — S WRERAE Y, X X N AR FE S K D0 e AT Do 1 40 B 5 SRR

JURZA Hungarian $005, A E1 A 6. [ 7 BTt o, o v > m (SRR M < B, JF FL M P E 95 4 0 M AH
B, n AW BLX BBERE0, 800N Y, 5 X MBI SR EUE Y 2 IR e FUE R A AL B
Hungarian algorithm ¢ Hungarian algorithm %
X1 X2 X3V X4 X5 X¢ X7 Xg X1 X2 X3 X4 X6 X7 Xg
0O 0 0 0 O 0O O
0 00 0 OO ¢} 0 (O}
Yio Y2 Ys ya Vs Yo V1 Vs )9 Yi Y2 ¥z ya Vs Ve V1 V8 )9
Fig.6  Result of Fig.4 after maximal matching Fig.7 Result of Fig.5 after maximal matching
(NS SN UNWETHETE S K7 K5 &oRILEC S 48 R

IXFE N 64 1B 7 AT LA 2 4 X 2 H AR BORUAR DL B, 565 4 719 1) S 36 45 JEAIF B 73X AN D7 VR IR A 250k
HAKM Hungarian 5L R AR Z 55 B G XY Er s 45 bR e 0 Fom MR R, 1 Fom IR A2 Fon 2
ToiEP K UCHL (F45 £):

(1) B4 —VIUEVCIR MZ5 MR S 17k ;

(2) FIWT X H A5 4 AU O AT HE T AR L2

(2.1) 2, M ZECKULE, 4R
(2.2) A5, 3—<0"bri H xy € X , 2 A< {x,},B< D, 4, B EFNMES
(3) FIWTEEA A MAE U5 N(A) =B (N(A) Y, &5 4 4 sl B4 iR 4)?
(3.1) 72, x, TLVEF KILHL, 45 x, bRic«2”,5%(2);
(3.2) 7,76 N(A)—- B H4— iy, JIlr y, 2 hR<17?
(3.2.1) &M (ynz)eMA A AU{z},B <« BU{y,} K (3);
(3.2.2) WAFEN x, 2y, KIATHE " P2 M <~ M ©@ P (M 5 PIEATINNN, S x,, v, ARid«1”, 54 (2).
Hungarian F3E IS 1B 2L 2 O(ne) , n & — 0 G={X,YLEL T X HI4E S 8Le IO E.

3 SRR RARMERE

S H 2 W, C A8 85 Bl R BOL At AU 2 AN B TR B A AU A B HES
AT RABL T SCHR[8~101, A 3L 5 F& T 1 BOABLEE L 5 (1 1 1 I 7

(1) PUBE R AHAURE: A BEAEARJZ A S A1l (€))L (K AR AR

(2) FLPEERIARBLEE -ty 18] 3~K 5wl RLARUT BURI Bk — Bl — X2 . ZX—. 22X 2 HARLLIX RS Dl
S B 25 I AALLRE P2 Bl 5 X 2268 — AR Y I A BN AR AR ALLEE

(3) I TP R ARALLRE - 5 ity B X AR B 2 A 7 B EATT S X PRI TGP A BEAS — S5 AE IR 5L
N5 X IR A ABL ) BN %A B e A AR AL ;

(4) T & B X SHEUR B Y, B 10— L8553k, AT BEAN BE HR 2 E AT B AR LBE Sk, IX A 0 23 5
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Wi fg 24 AR ALLJ3E 3

AN ) T SCHR [8~107, 4% 3¢ 2 J55 -1+ P 18 1) d5e I DG P SR 3R 7 ARV ASE 1 3R (99 A AL B ASE 28 R A 1) — AN S5 35 0
S AN SC T VA I A B0 1 0 30 I F A0 VG SR 36 T 5 A, DR A WL 2 A AR R B B T ) A WA T AR SO S B
HR[8~LOTHSHE R FH b3k BRI 7 1 £ W 20 & SR K7 AN iy B 75 A AL, T 2 S8 ) FH 5 K VG G A9 30050 F I AR B Bt
S , B 2 T A DA D P Sk 2 s AR S A A A P A4S 20 X R AN bR ARLIR P B AN 2 BT Sy A TR 1 5 e T VR 4. 7 4b,
DR Ay 5 VG P 9 U 550 52 % FEEATG T e 0 DG P S A ATt vy A R A 2 1 T 8 e U UG P 1 e UG B — e, 40 A2 7
FEMATEE T AT VR 8, R T B A T S LA 3 AT
3.1 RMEERTENERETF

AT AL Sk A AR BLAE M AU IR 48 Gi={X, Yo By IR 45300, X IR Gy B A0 ol — AN R — 23 181, A
PR L UCIE () Kuhn-Munkres 230510 R

(1) & HBAIEA S I(x) = mje_lxa)[/.,l(yl.) =0,i, j=1,2,....t,;=max(n,m);

() RHILE E = {(x.y ) 1(x)+1(y) =o,} , G, = (XY, E) S G, PII—AIER M ;

(3) # M THIA X M A S, M BUE G s AUULES, v S5 o, B M EAT T — 20

4) 75 X Pk M AR x, , 2 A< {x,)},B< D, 4,B PN EA,

(5) # Ng, (A) = B JUEZEO) L, EWHATE 2B b, No () ¥, 15 A4 P85 AL G kG

(6) Hk—4iriye Ng (4)-B;

(7) # y R M A U y RS S 2,4 A<« AUz}, B« BU{y} JEH(5) 1 MBEAT T 25,

(8) AFAE—4 M x, B y TTIG) ¥ P A M « M @ E(P) #5(3);

9) T Halliza= min {I(x) +1(y;) — o} MBS

¥ €Ng, (4)
IV)—a,fived
I'V)=:1(v)+a,#veB,
1), A

G sk E } Gy,

(10) 1<1,G, < G, % 55(6)5.

Kuhn-Munkres 5% (I [ 5 4% 2 O(F)),t=max(n,m). 3K H 5 KA o RIS o BIULES M &, SCRLSE AL
P Vision = % AT HE Y, 5 XA i BOA S I X OCTR M KTy, WS BIRHEE  (y ey g0 B ye 1ml.

TERAME A, 3,9, THEIEARIELE By, — y, > 1 AR BOESERE 100 LIy, 5, 2 00 A7 B8 9
JRAHAL A B YiEayarts-- V-
32 BEMYEEHEIFE T

76305 SR AR DLIE M TR e 35 2% 58 v/ R X 450N 0GR I e 0 B0 1) 7 4500 TGP0 X
30 199 45 K Sk L, LA SR P B 35A ) E T B O 45 D K 2 3 T 810 (LCS) B < 48 7 A5
X1 Xl B Y = Dnyastoe oy, EARAR U XORT Y 00— AN A I T 51 30 A5 MR S0 T LA 2 A
JEA TR TSI B AL 5y ot RN 1720w =p=act LI i, jLESRIPH) X ALY B KA SE T
PPN K S I 5 2R T R

0, i = 08y = O
i, jl=qei—1,7=1]+1, Hiij >0Hx.y)eM .

max(clij —1],cli —1,]),  Hij>0Hy) ¢ M
FISMRNFERIN MR 258 O(nl) , n AW B X MBLEH, 1 RAUUF B Y, B8k 30 H e i

SRR orderzM .
n
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3.3 HEFHETF

TERARICHC M, X F Y 237 /D 45 Sk A 1 DRI, 1 13 W) T 8 455 S AN e 0508 1 (R AHBL % S, AT T 7
EW%TH&%XE%%%X%%H%MMwww:%%%ﬁﬁﬁﬁﬁ%E%¢MMﬁ&Xﬁ13%%%
B3t B HR B0 AR AU Sk 1 B K LE A5
3.4 HERMBEME

AR A1 T 194 23 17, A SO R 0 24 2o S A e Be X R (AR B Y7y (R AR AL
Similarity(X,Y' )=, Vision+ w,-Order+ ;- Interference.
Hor, oy, 0,005 F W] T NATARLGE S WRE« 4R 7 B SRR 2, AN A (0 P Al UK 19 XX 3 ) Wb o £
UFRRE SRR T AL 4 ISR, 2 B 0,=0.4,0,=0.3,0,=0.3. 55 50 45 TR W, XA UL RE B AT & K 2 5
N AR ) BT A v

4 LIHR

S0 B A A SR TR Y H e BRI X AN RN o R A B, B KO 3 N 11 43,3k 4 714
ANBi3k,286 936 WIEME, AT & BiiE. AE . W SRISALTY B, IX B AT R 0 R AR B, Wk
VR (0 Sk T 5 5 ORS00 BEAGL 2R, L 265 4.1 1) B AT 1R 22 5 52 K AR LRI B, A 75 I+ RS [) o9 B L 5
AN [ e TR P88 R G 66 P A [ T 75 45 CRRABL IR BER R, LS5 4.2 ). 0 T B i 88 1 U7 9 A A 2%, A S0 S Bl 17 Sk
[LL0A 5 ¥ 3 LA 5 VA A S 36 56 b, 72 A IR AN B R (1) SCHR[ 1112 H AT H 00 S 56 S50 S i 1) 7 1%,
WL SR T —FP 7 105(2) 5 AR SCI 77 i T e — 35, RE A6 7E MLATL PR 1L 1 3 43 ) th AR BL B AR I 4 TR ALLEE AN o
FIMEHE S E AT ARSI BT Z2h B8 TR R K v A 0 LA AR R 2 0 2 R T — AN, B T X R 5 R,
ASCAR LA T RO R AR 2R T A FH 1 IR WL 4% /2 PTIT Dual CPU 1G Hz, N AF 256M.

P 8 S S A5 7 I P S i — AT R B R R4 T i R IR R R BT, TR A R 1 45 R AT
ABLEE 38 9 R L 2 5 HE A AT R I 3 1 AT RIDR 7500 BUAR B8 I AR BLRE 2 8 2 o v 1, I 42 10 B A SR R
JE 36 9 0 W 4 J HE 91 0] LA 21, HE A A AU BEARBIL T 58 3 AN IR BR - O L A 3 AN v BORNE A B AE
ST IR MG 1 56 kg A AL LA 1) S0 45 43 AR 56 4.1 AT RIS 4.2 T4

- A IEX RGBT B RE = 1ol x|
nEHEE A

= e
N £l [
I il 4l
bzt s, 020010, 000000, 10 080 00 b he 0902 L D015 00 052231 e 0592055 nsgaaa_l_l

] ~, X v ' .;,
F cir»rwmmn@lw o
Fig.8 Retrieving and ranking similar video clips

B8 A ATHESIAH LIRS A B

4.1 HBHHREEER

MF 1 AT LLE B, AR SCH 7y RSCHR[ 118 B T 100% M 7Y 42 2 (recall), {HE 7 #E K | (precision), A SCHI J7
VEAR T SCHR[11], 32 22 R R 7E T SCRR [ LA AT 55 T A A BORABUBE Sk 1 B30, 10 A SC 19 75 625 18 T AU Sk i
TR ZR (LA 2.3 1) AR A R IR b R SO D7 VAR T SCR[ 11 ], AR 40 S 6, o PR A 2R I R A b &5 T AR B 2k
A T (%) W D, S AR [ 1 1)K FH 42 BF T T3 28 it L 288 %) 2135, T A S 1A 7 9 I L TR A A 5 Sk 190 DX o, DR IR A R
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BEPT3CHR[11].
Table 1 Result of exact video clip retrieval
F 1 B BOR iR 28 10 5230 45 2R
Query clip Frame The proposed approach Match and tiling approach!
numbers  Precision (%)  Recall (%) Speed (s) Precision (%) Recall (%) Speed (s)
News logo 832 100 100 108 75 100 230
Football games in news 715 100 100 74 100 100 196
HuiYuan commercial 367 100 100 167 333 100 97
GuangMing commercial 374 100 100 89 100 100 101
FuLinMen commercial 432 100 100 99 100 100 116
Average 544 100 100 107 81.7 100 148

42 HUBMFEERE

FER 2 IR AL 1 42 2 302 AR AN T A0 T SCHR 11 ] 2090 4 B 1 A 2 2 S i BEAROK (1 7,
FEASCHIRLAEE B ER ELBEIC B 4 O BRATTIR 3 7 JErh Py A, S AR A W €5 0 B3y 28 ) T s st — > 1R 0
BRI e g 0, 53 A — A R IR T RO AEE Sk, S W (BRI 1 B8 SR AR D SCRR TR R A R 2 T XA B S
BB 1 AL AW B 2 A SCIR Sl i A Ry A AR XA P B Py B, 2 A8 B S R A o S 2
AR BRI, A SC IR 5 1 AT T AN IR R RO IX R B 1 e LA B Sk 4 R WA BB A A, E A8 B A LE P
AN S o ) A A A ORGSR DR T SCRR (110, 20 BB AR SO VR I A
B A A0 0, £ 2 0 BE 2, AR S5 5 IR B L SCRR 110 T 5 4 22 e 4, 1 B 8 B AH B SCRR (110170 35, AR 307
T2 10 S 25 4 00 AR BLAE AR U AR ABLEE AR 20N HESIAR LU Be B, A R B 1 A S ik, AR SCIR 2% 18 1 ARABL A Be ity A
(7l PR3, 10 SRR [ 1) R ARAB RE ASCASC I ke AR Sk P 0 30 3o 6 JLAS N BRIk 45 SR AR W AR SCTTVEAE A B B
(K3HE P B BN AT G A B R AL A O PR AE.

Table 2 Result of similar video clip retrieval

=2 IR BOR B AS 28 () S 06 46 R

Query clip Frame The proposed approach Match and tiling approach!' )
numbers Precision (%) Recall (%)  Speed (s)  Precision (%) Recall (%)  Speed (s)
Tennis ball game 507 100 50 49 100 50 140
Doctors salvaging patient 1 806 60 85.7 93 50 50 507
TCL commercial 374 100 100 116 85.7 100 100
NaoBaiJin commercial 374 100 100 134 100 100 100
XiaXin commercial 374 100 100 108 100 50 99
Average 687 92 87.1 100 87.1 70 189
5 IE\ éél:

ASSCHRE T 0T A0 T B 1 i K WG e A e DAE DG e 5 ik PO AR B A 28 5 vk e K DG IS P - AL A8 L
I AW BORAR 2 A4S B B D0 VS B T2 7 A0 A S kAN [ PR 7 (R A AL RE A 20 s 6 &85 SRR W, 5 A
A7 IRV T Rt 1 7 v AR B AR SCHR H (9 5 35 T LA B8 v (R 2O R S AR 0 RS, 23, ) I 2 ALY B v
HUMY b, SEIRAF 5 A FR 0 FEAF AL

BR T AL Bk 2R LAAR A SR HY 10 JE198 DR HE 7 9245 22 AR R K ARBL L P2 AT 5 32 (A N T 491
B Z AT RATE N S W0 900 1) HE At b 4 B A T 2 b B3 Sk 2 TR AR ARABA R FRATT R — 28 10 A, 2 B 4k 2k
18 %7 R MR pIZ — 2RI B % 1)

Bugt  VEE B AL sURF T REMUR A EOR R 7R B 2 IR 2 2T R AR s TR .
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