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Abstract: As a key technology in content-based video indexing and management, the video shot boundary
detection has attracted considerable research attention. However, the traditional detection algorithm can only handle
a hard cut boundary. No satisfactory results have been achieved on gradual transition until now. A method based on
the combination of adaptive threshold and Fourier fitting is presented in this paper to detect shot transition. A
non-uniform histogram in HSV color space on each frame is first accumulated to calculate a similarity sequence of
videos, depending on which thresholds are generated by the adaptive threshold to detect hard cut transition. Gradual
transition has a much more complex transform in its span. After extensive experiments and observation, the study
has found that fixed patterns exist in every gradual transition. Candidate transitions are detected by finding
segments which show traits of a gradual transition pattern. Gradual transition boundaries of different types are
collected to train a set of standard templates, which can be used to judge whether a candidate is a real gradual
transition boundary and also, to further determine its transition type. The algorithm is accelerated by exploiting the
parallel computation power of GPUs using CUDA. The effectiveness is verified through extensive experiments and
is compared with other methods.

Key words: shot detection; hard cut detection; gradual transition detection; adaptive threshold; Fourier fitting

 OE ARTAZGII R LT 0 — R KPR IS K LA L FRAFET 2R S &
A A2 R A G G DU Sk 3 A ) ik R A AL 3200 AL Sk AR ALk R4 A ) 48 RN AR T A 89 H 2 4%
A B E N BEEE Rt BEISEARE T —A A TR T S ik ZALk ARG 7 ik % kB St AU A
—WiE HSV A& 2 0] Lag k34 4 ok B 77 B, FARYE B 77 B B 3 13 B\ AURALIE 9 AR ML 7 R B e 3k EAR A iE
L AR 53 b AR AL 4 BB AN Ao e 0 AL Sk SR i LSk AR A 5 ) B A s K Z 49 IR AL IR R I 7 AL

« FEETH: EHEHARRERE4 (61073098, 61021062); [ 5K T st FERIT 7T K B 1FR(973)(2010CB327903); {LJ5344 H AR} 2% 3
4:(BK2009081)
W R TA): 2012-05-20; 5 Fa i il 2012-09-29

© HEBEERAET hipd/ www, jos. org. cn



106 Journal of Software #)4F33R Vol.23, Supplement (2), December 2012

3K R AL A A A A ) TACAE R, AR A 5] LT B A A WAL 89 7 AR ARk i R e AT et
AT A — 0 R T MR TR £ A 697 TA R N4 T — AT A# TAER R T PIBT4E L 20 R T 2 it R 1 A
B R b RRR AT R G FRCE R @A FAT I B R A SR AT ek s8I K09 IR MK AR S AT
AR P, BRE T ik 49 AT UM,

IR AR A MY T A A H T S R A ) 18 5 AR B et B A s

Bt 22 WU S A (1 T e o, K PR ARSI T A5 0 AN N ATTERD 8 A3, 3 L e il s s s
A5 AP ) Y DU R i HE S T R RS L g H LA R R S BRI k2D B Sk A0 S B T RES AE AL
SRR A BRI BT Sk AR RA B T e S

BES AR — 2L o () — B AR WLAN 18] W7 471 45k 103 St — B 58 B (0 AL %t 22 > 5 S 4% T — 5 (0 U 342 2
118, 598 Sk 22 1) PR 8 4 R AR 8 S 30 0 B Sk A AT P B AR (R Y, — P U AR 5 i 4 N — Bk B D)
BT B ALK, TR ANFAEAT AT S 10 3 T80, AH A P T8 2 e A AR AR o I i 22 55 50—
Tof 32 W AR 3 5 B Sk S AR NN T I ) 22 ) b () 2 4, 300 5 AN 4 G D7) A S AR i b 9 A 30 5T DA 53k 2 bl
AR LR RN L ik LR R TR 2 A I, L 5 A AR AR A R 9 N DU 5 A S T B AR o, B 0
BTG T, 8N 0 L T AR A AR v S 3 B R, AR B T — A B SR AR AR R R A Bk e
20 TT Ui e e, P9 BB T P IS TR) P9 8 N AE 298 R T 5 Bk AN Bk iR AN ER I e e 1) 46t
B Sk B IR T A2 30 S IX Pl 55 WA PR 2% TR AR A5 A A 8 1A B2 Sk 30 A0 DN 7 32 R 28 B R T AR 5 Sk Bt o
{OE el DI RPNESHITRTAS S a3

Zhang 55 NAESCHR[3]H 4 T 88 Sk a4 S Ul 4003 b (6 — AN TGk B0 A% 2% 07 48 A — LA R e
Jil 3 X ST [ (10 P 5 A, B i L e R v A I 5 Sk 30 AR T, 1% R 52 PR AR (38 3 K R A 2
7 AR, i 3o /) ) A U 2 5 TN 2 ) R BB Sk T S O T A — AL AT LUE 1 BT AL Ekin
A5 NI T SCHRI31 T 0 125 A T A T N ) % A s 4 B AT R R R R A s 4
DR AE B fia S oRAS U B Sk D0, 1 2% SCHR v B4 210 110, 05 AN REAT 280U H T AR (KIS R D 17 SR 2 Hoxt
BESK 3 R I 7 A K B, Zabih 55 N FESCHR[S ]R3 T Bl T BB Gk Ak (1 R 0 S0 AR ATDIA N AE Bk
A, 5 U PR 3 S 328 LA T U PR T O A VAR AR AR i 2 A L LR S N
S 55 2 T 3 i oK IR AT ARG DM TR ) AR 2 Y KA S AR 3 S D o 23 BTN 2 T A3 G 3R K )
I3 A AR SRR ANV 5 A% S35 0 e i AR T L GG DN S E AN RE A B 4 Jg 1) 5 AR 4, 4 JR B0 42 1, e i
TILLRA5 .53 40 Z T 15 (1938 B A2 51 AN e Ak HE 2 490 Ak DRt i 5 1 47 00 3 4 9 Nam 45 1Mt i i 43 47 ¢
S VI Ja (K A SR 5 R B 2470 1R S A WA K0, DA T AS: 00 - D30 B Sk AELIRE 1R AN B8 HE £ 3t 37
BESK AL T T UG AL B 25 AR, RN 35 H ARG P 7 O T 2 ) 9 2 8 Sk 3 S RS DN, i 5 325 F A
U5 SRR AR A 52 K 1) 5% ). Efthymia 25 A UVRI PR - b Iv) 2506 £ 328 S0k T SR AUIT A I TR 481 11 22 o
RFAE, o PR I 0 T S0 SRR 17 2 P T SVML 20 228 00 28, T R 5 5k 34 9 (ELJE ,SVML 73 S48 K I R 5 236
WAL 2 (T SRR, HL o TR N S 3 R 2805 T Rk 28 ) DR, AT PR e A o i B B, (45 SVML 73 248
AN REAEAS ML DX 731X Pl AE

7 PR R D) AR 320 5 E AR 0 HUA AR e 1 2 SR 20 (LI 33K 2J8 1y i T 4 4 52 39 B {3 B ) 1) TR 4 o
IR B /A (1 LS 2 55 W e 00 FRD K5 6 58 R 49 [0 236, I T AR D702 7 e 00 A B2 0 49 Tt I L e ) Ak, 11 30 58
JCARG IO AR A5 Sk 1 AR 2R 3 2 AT (R LA ORI 5 SRATS IR AN B B AT I FUYI, 2 A 475 1 1 7 A 2 2 )
FL, R U 8 R A7 AR 30 A, — 2 ME Tt TR AR T S PR 2 T

N T iR R L5 PR 1R B ) A LA B T A 3 (0 5 A7 5 ) ) AL, AR SC A L P R SR il b ofg SRt
HSV e 4% ) H 1R AR 32729 23 B T 7 B R SRR A ABLRE F> 51, 8% I A P 19 3 7 B L B AR T 5 e AR ADLE )y
AR VG 14 B SR ACT I D7) 2 300 5 010 A 300 S A M A A S b AN 38 A 0T 2 5 HL R A AR vy 11 A UK 8 52
AR 30 F MR T U0 AR 3 S B AT T D SRk R A A B Sk AR AT B BRI R 0 I - AR A 8O T 2R AR A S

© HEBEERAET hipd/ www, jos. org. cn



M ST g i B ARG 2 et A 0945 3k i R e 107

A FH AL T 2 M) P 25 TR AR A0 B JRAR AU AT P 25 1 8 L R G 8 R 2 ) A T 8, A T PR 20 2 A it 2 T 1 P 2%
RAEAFE A8 T 1 W 8%, AR SC R BT AR 120 7 Akt o 28 784 A7 — 5 1R AR v 08, T o e 2k 1) R B 2
ARREAE. LA AR AE by ZE A, TR AT T 5 N 255 T HH 7 2 0 (0 e A X, A7 0 AR v R 0 15 81 (4 i i 10 L 5
ABEAR 25 v () A R T AR A 2R R AT B A5, AT A S T A8 S 2R JRATT A AT rh A — i o1 5 HSV B8 2 [ op i 3 50 43
BB 7 VA A8 M) (AR ARLEE T LB T S R B 1 P (R IS RN 45 3] I v SR AR o it ) ) A
ABLEE T LA BIREAR 1 — A v [8) 2 7, BUARABA B2 55 470 ARABLE J3e S0 FEAR R AR B B ORKR T A8 s AT 1R AR A R 1k, B2
R T VRS AR S A 1 2D Rk 1 A AR R B B D AR AR )R A S B AR R
[ 1 B AR 10 SR (R 56 2 A0 R SR T AR L 0 o AR o 32 1 A i — IR 3R R R S S R T ) A v
AR AF R AT Bl DA W 2 5 b B AR 9 28 3 SR s T P 2R B B I A SO IR T AR B0 A 1308 94T 48
R HEAT S35 0 T8, 7E 1 080p (1 v AT _E n] LAk 1) 206ps [ 4 FIH .

A TAER EZETTIR R, H S 7E V) A SR I 7 T B2 H 3 A oy B B 5 KIS G B IS N B A DA B Bk i )
AR Sk T T AN B B AT 2 H LR T (0 il 3 AR 2 AR AT 1) V2, R TS N R T e v i A
R 0477 A0 300 SRS AR RS A0 B 5 A3 [l 3R b AR ST VAR S I Sk HoA R M St R AU S 4L
B AT VB8 ) BT SR e A T B v R

AR SCH 1T A FRATRE AT A R ) R T RS 2 AN IR IR D) AR B Sk il S5 AR A Sl S AR
D5 3 W REAT S I A OC AR BEAT AT LU SR 4 AR SC AR HEAT B T R e R ok AR

1 {RS0FF5 Ry o iE SRR

MU AR, JC L TE 25 ¥ K 1) v i ) — A T SRS e A, Bl B K O T DU LR st i A7 5
S 100 FAS I AR SCE S A ORI ESHR 1) o 1) s AR 8 BT B s AT R ke i (AL 2R TR 320N
AL EAR B T A SCR AT SO HSV B 2 8] P AR 320 20 B B 5 B A 40 K 0 240 243 G o] 24 )t BKiais 1)
) 7R LA 5 TR MR . L7 P o 5 AHABLBE A B5 A

PR ES (R BN H i, LA SR AT o SR R 3 A% 8 1Ay R o o BB AR R 2 (i X A B
S 30 F Ak, N R AT BB 21 R 2 [ 76 B 4% 1] _E 58 20 R AN IE ek AR BT Sk SR I P R BEE BT Bl
N R I R A8 ABL £ 1 2 58 ok 34 7= AL A, O 9 A K T 088 v S 0 11 e 2 4 5 TE A L A S o S B E T
HSV i (0 2% 1818k o A A28 6 R St g LA S 00 0 20 €625 ) 76 HSV € 2 ) v (30 HE WA S e
BE VX 3 A7 EAN TR ST TR A A A A PR 5 Sk P Rt R AR ABLE S A, T 5 Sk TR FR) g ) A BURE B /S A7
Glsw-& kS Subis

e 5 R E T5 BT B AL FAS I T L B 2R s e MU A AT o S L B R LB AN I Tk
I S5 e 300, 55 A0 B 77 B AT LAk 58 S AR WLz Iy R 4R 8% sl ond A 0 45 SR ) 56 i AEL A% S8 10 42 Ry LT BAS
AE 10 SR AR 3R m A B, X LS WAL 25 [ £ R, DR b A SR P 5t 18 23 e BT P 5 A0, 2% 18 BN S AL i SR
RS TR ALK TR 8 43, 1 320 B Ak — 5 P Dl 22 T Sy AR S B T L B R AR SC A, 3:5:3 () 3
3 L AR A 3 ) R AR 23 DXL 1T 7R ), £ 4 A> DSR2 30 - 55 0 € L7 PR AL, A A LA
P 5 PERE AR DU AT Al 8 0 € 15 VS AL T S, R (e () Y-

K1 ARSI o) B

© PEESEBPSTIT hups/ www. jos. org. cn



108 Journal of Software #AF5¥# Vol.23, Supplement (2), December 2012

FEMRLEE B 8 AR SO ST — /I AHACLEE B FH 487 S A AT 2 170 (0 P 2 70 A o) B 56— ol o, R £y, SEARBA
JEE T DAIE S v SR R B T T BRI 43 31,

d, =37 we-dis(h (/). () 1
Horb ()it rb 25 k e (¥ HSV 25 18] 50t 17 B dis( , )28 AR AR AL AT v 5ot 3 Bk 2 Ta) 1) B 5wy 6 78 Wk 77
SRR, F b s AT R 5 A DO B A TR 1R B 3 AR L R B R T 3 AN I A A K e
114, B wy R we TUBE S 1/7, 55 o 18] IS A ws BEE N 2/7.

FEMBLFE AR %030 i I SR R AT S 8 T ) AR B4 31— 2R AL EE 19 7 410, R AR50 1) o ) 3
IR A MRACLEE AR R AL A 28 AR Ak R 1, O ELAE A5 I AN 06 B B 7 SR AR B0 b AT W K g v T
MR AT — B BE R n WA, FEARALRE e Bl

Q={d,d,,....d, 1} 2

PR PN 25 (1 Jat) B0 A8 Ak, 2 A8 AR ARLEE F 40 7 A 5 2 119 Jmd 350 3 0, BT .00 b 6 12 188 2 A s A s R o T X 3 1) e
B, 3 A gl U ) il T S/ 1B S 2 S IR B A AT AL RE S B R 2 i Bl e AT ARk AN B A A
IR 2% 51 N2 (1 R I Sk T R X — ) L, AR SCAE QB SR FHHK BE A 2- of ) — ot T R 5 AT B o 15 31
T 50

Q'=0-exp(—x*/2-6%), xe(~0,0) 3)

2 KB FEM

5t S 10 R I e R S a0 2R A (R AN TR AT LA 3 g U1 AR B Sk 3 SRS I R AR B S 1 SRS DU AR G 2
Pt B B 2 7 9 SR 1] 5 4 J) 1 R 1) 170 2% 00 A 0 98, AT 0 )k 8 52 R T 1 L 1 8 o, TV 0T B A (R AR
PECHE P S — 19 BIAE, A9 TR e b e AR SC VT T 3l R 1R BT VR A AS U0 AR 1 SR I S B A B4, TG
S P T AR B Sk AR 480 2 AR I 9T 2 S5 T AR A — A S35 (R 0 7 28 Tt 93 AT TGS 1R A = 38 el
RS 52 7 A8 B 300 5 D R VR3] o7 A ) A B A S TR e W % R e B T AR T L, R IR I AR 1 S A A AR S AR
A A, BT AR AE R AT T R A S IR DL A AR iR N ¥R BRI 2R it 3 bR HEAF A AR AR, S T
FlRE 8O St — A bR HE R AR AR T 5 T MR ATU AR ABLRE 13 41 b 54 5L A 3 AR R A 1 1 B L0 AR Mk i 1 5
A B 3 10 S 8 4s FHLAE FL eR B AT LA AR AR — 3RS RS R A HR (A o 2 A5 2R 1R AT T Bl M T )
B A& T8 i AR 10 5 UL K A e 3 A
2.1 PITSESLAREM

) A5 300 5 R o B Sk 5 B Sk 22 1) A AT A 3 3 oot A 00 ) A 30 D 2 T A 4R e R Sk T P i ) A AL
B AR T88 Sk A (10 o (D AR AR 308 i AGr 0 1) AR 10 S 1) 77 9 0 W 8 BRI E T, 408 I 36 EUARADLRE I 71 PP 08 1) | 1R 457
BAE VAT T B

he(€2') =, (max(0,sig(d, ~T))-i) )
oA 7 & P8 G ARALE 7 P K E he FRR DI I A 4G sigOa2 B TR 9] 0 8% 1 1945 5 BR 20 A (4, BE
T 135 8 1 12 5% R A I 48 SR 1 47 3R AS [R) 4 % 56 R AN [) 5 20 F A0 00 T . 1 7 P 1 A 2 8 R, 2 SR AN i X 4
AP ) 52 (AT AR I, 002 7 AR A T AT T 1) 5 SR AR SCR 3 4 R T AL RE 3 B B
AR A A ] 2(a)FR s T — BOHABLEE 231,00 T K 3L i 00 48 10 5340 28 H SR A SOOGS e AR AL B )3 B AT T
PG, W 2(0) 7, vl LA S E B P AN IR 06, 43 ) e I A 32 S 5 00 S XS AR ABURE 43 A, 2 b, S 4R D) AR i
i B 119 1) A0 J00) A A DAy i M i b 43 1 9 4 38k e S SC R Gonzalez 78 SCHR[1 1] 4 H 2R AR T BRVE SR TG
14 43 A 2, B R FH 0 4 B AR AMCRT 20 43 1)) 3 1) 1 1 799 20 25080 40 0 v E S5 35 48, P A~ 350 1 T AM0CF 35 45 210587 17 13
B, J5 5 FH BT 07 1A A7 1A, L 3 B T 4 S B S 34 3 1 38 0 348 (1) D) 28 00 S A il 3 R dn vk 1
FioR.

© HEBEERAET hipd/ www, jos. org. cn



M ST g i R B ARG 2 et A 0945 3k i R e 109

AABLE AL

I Y, B

0 R )
(a) HBLRE 31

Giil i

0 AHALLE A
(b) HHALLEEE ZE vt
B2 SN B
oL T AIEN EE D) AR S,
Initialization:
Set £=0.1; T=0; T,=¢; su=0; sb=0; hce={D}; Q2'={d\,d>,...,d}};
Iteration:
1: while |T-T,|>¢ do

2: i<-0; ncu<—0; ncb<—0; su<«0; sb<0;

3: while i<length of similarity sequence do
4 if ©2'(i)>T then

5 su<—su+ ' (i); ncu<—nuc+1;
6 else

7: sb<—sb+ Q' (i); ncb<—ncb+1;
8 end if

9 end while

10: T«T,

11: T<(su/ncu+sb/ncb)/2;

12: end while

13: j<0;

14: While j<length of similarity sequence do
15: if Q2'(j)>T then

16: he=hcU{j}

17: end if

18: end while
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