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A Study on Setting Adaptive Thresholds and Weighting Factors

for Real-time Shot Change Detection

Won Hee Kim

Department of Computer Engineering, The Graduate School,

Pukyong National University

Abstract

Shot change detection-iS a main technique for automatic-temporal segmentation
of video. In this’ paper, we survey conventional researches which include
various measurement of feature extraction, threshold setting schemes,
techniques of computation reduction, evaluation measurements of algorithms,
and various problems. Conventional methods require still solutions of the
following problems:' exact frame feature extractor, adaptive threshold setting
scheme, fast and real-time processing, and implementation on hardware device.
To solve above ‘problems,  we propose three algorithms to detect shot change.
Particularly, we propose “the Wweighting variance to ‘extract frames feature,
adaptive threshold setting scheme using ‘average of feature value on variable
sliding window, and automatic decision technique of threshold weighting factor.
Lastly, we present the real-time shot change detection model based on
proposed algorithms. Our experiments obtained the detection rate of about
0.9783 in overall accuracy, demonstrating a higher detection rate and a
computational amount less than the conventional algorithms. We verified the
real-time operation of shot change detection by implementing our algorithm on
the PMP of Homecast. The proposed algorithm will be helpful in searching

video data on portable media players such as PMPs and cellular phones.
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Table 1. Comparison of computation complexity and
running —time -of methods based on pixel

Methods and reference Complexity Time
Simple interframe difference[7] O(p) 1.00
Template matching[7] O(3p) 2.11
Color template matching[7] 0(9p) 5.29
Boolean difference[8] O(2p) 1.80
Improved Boolean differencel8] O(4p) 2.60
Normalized difference energy[9] O(5p) 3.00
Normalized sum of a absolute differences[9] O(5p) 2.58
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Table 2. Comparison of computation complexity and
running-time-of - methods based on histogram

Methods and reference Complexity Time
Histogram difference[12] 0(3n) 4.29
Chrominance histogram difference[13] O(6n) 55.62
Highest histogram differencel[14] 0(9n) 16.47
Histogram intersection[15] 0(2n) 4.29
Normalized histogram intersection[16] O(4n) 12.18
Original chi-square test[7] O(5n) 12.29
Chi-square test Normalized by max[17] O(5n) 12.27
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Table 3: Comparison of computation complexity and
running-time of methods based on block

Methods and reference Complexity Time
Similarity ratio[21] O@Bp+15b) 85.29
Yakimovsky likelihood ratio[9] O(3p+13b) 88.67
Color histogram' comparison[22] O(15nb+ 3b) 206.42
Selective RGB histogram comparison[7] O(2nb+0.5b) 208.42
Selective HSV histogram comparison[27] O(6nb+2b+4p) | 300.00
Neighborhood “color. ratio[25] O(5p-+ 8b) 45.93
HSV block dissimilarity[26] O(2p+38b) 114.25
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Table 4. Comparison of computation complexity and
running -time of methods based on feature

Methodsand reference Complexity
Moment invariants[31] 0(23p)
Edge change ratio[36] O(26p)
Edge-based contrast[32] O(25p)
Planar points[34] O(51p)
Hidden Markov Model with three features[30] O(13p+11n)
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Table 5. Comparison of computation complexity and

running-time of methods based on motion

Methods and reference Complexity
Global motion[38] 0(20p)
Motion vectors[40] O(75p)
Optical flow[41] O(105p)
Frequency domain correlation[42] O(75p)
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Table 6. Comparison of computation complexity and

running-time of methods based on multiple measure

Methods and reference Complexity
Chi-square test and edge analysis[43] 0(26p+ 5n)
Average brightness, pixel value change and color
O(4p+3n)

distribution change[44]

Combination of five algorithms[45]

)

K-means wusing color histogram and pixel intensity
difference[46]

K-means wusing gray-level histogram and pixel
intensity differences[47]
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X 8 YA# 7t €84
Table 8. Necessity of threshold weighting factor

_ ks AR 7k A m AR
- DHM | THHX WH| *}E) DHM | THHx1 | “FH
1 8.210938 0.000000 start 8.210938 | 0.000000 | start
2 11.414063 | 11.581267 | compare | 11.414063 | 8.210938 false
3 8.809375 | 18.335766 | compare 8.859375 | 0.000000 | start
4 12.132813 | 19923497 | compare | 12.132813 | 4.429688 false
5 7.921875 | 22.703057 | compare 7921875 | 0.000000 | start
6 8.625000 | 22592727 | compare 8.625000 | 3.960938 | false
7 8.960938 | 22.794393 | compare 8.960938 |  0.000000 | start
8 9.492188 |-23.031293 | compare 9.492188.] 4.430469 | false
9 9.164063 | 23.379227 | compare 9.164063 | 0.000000 | start
10 11.015625 | 23.527371 | compare | 11.015625| 4.582031 | false
11 10.414063 | 24.161576 | compare |- 10.414063{ 0.000000 | start
12 7.984375 | 24595206 | compare 7984375 | | 5207031 | false
13 8.351563 | 24.361667 | compare 8.351563 | 10.000000 | start
14 15.031250 | 24.253576 | compare | 15.031250 | 4.175781 | false
15 11.101563 | 25411255 | compare | 11.101563 | 0.000000 | start
16 10.046875 |- 25.761083 | compare | 10.046875| 5550781 | false
17 7.593750 | 25914541 | compare 7593750 | 0.000000 | start
18 9.406250.| 25557023 | compare 9.406250 | 3.796875 | false
19 11.015625 | 25.633048 | compare |~11.015625 | 0.000000 | start
20 7.726563 | 25.939230 | compare 7.726563 | 5.507813 | false
21 10.218750 | 25.661856 | compare | 10.218750 | 0.000000 | start
22 11.164063 | 25.724104 | compare | 11.164063 | 5.109375 false
23 12.492188 | 26.028262 | compare | 12.492183 | 0.000000 start
24 9.445313 | 26.337463 | compare 9.445313 | 6.246094 | false
25 12.679688 | 26.421007 | compare | 12.679688 | 0.000000 | start
26 8.851563 | 26.716667 | compare 8.851563 | 6.339344 | false
27 9.726563 | 26.596955 | compare 9.726563 |  0.000000 | start
28 39.039063 | 26.572531 SCD 39.039063 | 4.863281 | SCD
29 11.632813 0.000000 start 11.632813 | 0.000000 | start
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Figure 20. Flow chart of proposed model
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Table 9. Contents of the proposed methods

W i °] WS (A g/ A A G/ 2=/ A)
P1 | FM_AT_FS_SW YA/ AEA /7 EAA

P2 | WV_AT_FS_OW 7bs AR S AEA S v A

P3 | WV_AT_FS_SW 7bs A /S AEA S 7 ) EAA

P4 | WV_AT_FS_AW 7hs A S AEA S 7 A8 A

P5 | IH_AT_FS_SW s|l~Eaf / AgH /v ) FAA

P6 | IH_AT FS_AW Sl ~Eaf / AegH /W ) AL A

P7 |IH_AT_FS_HW Sl~Eaf / AegH /7t ) ]

P8 | IH_AT_FS_AW+BD Sl aEad/AeA 7/ 22 + BDA
P9 || TH_AT_FS_AW+BD+FO | 3| ~E 13/ &2 /718 /2 S 2 +BDA+FO
P10 | CS_AT _FS_AW chi-square test / 284 / 7}¥ / &4
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Table 10. Contents of comparison methods

1 of o] Wy g

Cl | PW_OTIS] sFa gk / A ShA 7k

C2 | MS_OTI72] MSE / A A%

C3 | FV_OTI[8?2] 2443 / A4 8

C4 | HV_OTI45] S|laE o BAkgk / FH A Ak

C5 || IH_OTI[12] 7] slaETs / A LA

C6 | CH_OTI[14] Ao S|ABTH / H A YA #*

C7 || CS_OTI7] chi-square test / 32 47 3t

C8 || LH_OTI18] 5.2 3=/ _ZZe] Algk

C9 | DC_OTI[48] DC Ak / =A%

C10 | FV_AT_FSI6] TAkgk S ASAAAR S AR

Cl11 | IH_AT_FS[16] ] sl2Ead / A AAZ / g}z F

C12 | CH_AT_FS[14] Ay slaEad / ASHAAG / 2 ZFZ2T3

C13 | CH_ME[68] Cheng¢] "

Cl4 | KO_ME[61] Koe] "+

C15 | KI_ME[54] Kime] 3

AY AINE gHHoR oldstal &ojo T s ] fd & 99 10
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Table 11. The number _of shot change detection and video title

g = A SC3E A3 AR
Cetul | Aol A(52), A9 d2(93), Eal= B ao] ZL(88)
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Figure 15. Experimental results : E2-1

W FS | CD | FD | MD P R F1 FM | RT
C1 736 | 622 | 114 115| 0.8451 | 0.8440 | 0.8445 229 23.29
C2 738 | 664 74 73] 0.8997 | 0.9009 | 0.9003 147 23.82
C3 733 | 648 85 89| 0.8840 | 0.8792 | 0.8816 174 30.12
C4 736 | 614 | 122 | 123 | 0.8342 | 0.8331 | 0.8337 245 22.90
C5 734 | 686 48 51| 0.9346 | 0.9308 | 0.9327 99 22.28
C6 737 | 711 26 26| 0.9647 | 0.9647 | 0.9647 52| 131.35
c7 737 | 704 33 33| 0.9552 | 0.9552 | 0.9552 66 23.11
C8 735 | 705 30 32| 0.9592 | 09566 | 0.9579 62 15.60
C9 735 | 952 4183 | 185 | 0.7510 | 0.7490 | 0:7500 368 13.21
P2 | 736 | 703| 33 34 | 0.9552 | 0.9539 | 0.9545 67 | 30.48
P3 | 729 690 | 39 46 | 0.9465 | 0.9375 | 0.9420 85| 30.29
P4 || 738 | 697 | 41 40 | 0.9444 | 0.9457 | 0.9451 81 32.61
E 16. 43 23 : E2-2
Figure 16. Experimental results : E2-2
W | FS |.CD | FD | MD P R F1 FM RT
C10 || 733 | 648 35 389 | 0.8840 | 0.8792 |.0.8816 174 32.33
C11 || 720 | 689 31 46 | 0.9569 | "0.9374 | 0.9471 7 21.48
C12 || 693 | 670 23 65--0.9668 -0.9116 | 0.9384 88| 144.10
P2 | 736 | 703 | 33 34 | 0.9552 | 0.9539 | 0.9545 67 | 30.48
P3 | 729 | 690 | 39 46 | 0.9465 | 0.9375 | 0.9420 85| 30.29
P4 || 738 | 697 | 41 40 | 0.9444 | 0.9457 | 0.9451 81 32.61
3E 1704 AAE A Zo] vl WHES 1690 BN HEE
4ol obF Z S & Tk A& ke WHES 015 We, 3~
Eaf 7ol R ES 05 Wele dEE S48 dEhdnh v A
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Figure 17. Experimental results
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Figure 18. Experimental results : E3-1

ol
oL

FS | CD | FD-[ "MD P R F1 FM RT

Cl || 736 622 | 114 | 115| 0.8451 | 0.8440 | 0.8445 | 229 23.29
C2 || 738 664 | 74 73| 0.8997 | 0.9009 | 0.9003 147 23.82
C3 || 733 | 648 | &5 89| 0.8840 | 0.8792 | 0.8816 174 30.12
C4 || 736 | 614 | 122 | 123 | 0.8342 | 0.8331 | 0.8337 | 245 22.90
Co || 734 | 686 | 48 51 | 0.9346 | 0.9308 | 0.9327 99 22.28
C6 || 737 711 | 26 26| 09647 | 0.9647 | 0.9647 52| 131.35
Cr || 737 704 33 33| 09552 | 0.9552 | 0.9552 66 23.11
C8 || 735 705 30 32| 09592 | 0.9566 | 0.9579 62 15.60
CY || 735 552 | 183 | 185 | 0.7510 | 0.7490 | 0.7500 | 368 13.21
P5 || 737 | 719 | 18 18 | 0.9756 | 0.9756 | 0.9756 36 | 22.86
P6 || 720 | 708 | 12 29 | 0.9833 | 0.9607 | 0.9719 41 | 22.83
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Figure 19. Experimental results
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Figure. 20. Experimental results
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Figure 21. Experimental results : E4-1

ol
oL

FS | CD | FD | MD P R Kl FM RT
Co || 734" 686+ 48 ol | 09346 | 0.9308 | 0.9327 99 22.28
C6 || 7374, 711 |- 26 26 | 0.9647 | 0.9647 |40.9647 52| 131.35
C7 || 737 | 704 | =33 33| 0.9552-1 0.9552 + 0.9552 66 23.11

Cl1 || 720 | 689 | —81 46 | 0.9569 |-0.9374- 0.9471 77 21.48

Cl2 || 693 | 670 | 23 65| 09668 | 09116 | 0.9384 88| 144.10

B 0.9555 | 0.9400 | 0.9477 | 76.4 | 68.46
P5 || 737 719 | 18 18 | 0.9756 | 0.9756 | 0.9756 36 22.86
P6 || 720 708 | 12 29| 09833 | 0.9607 | 0.9719 41 22.83
P7 || 742 722 20 15| 09730 | 0.9796 | 0.9763 35 23.02
P8 || 733 | 718 | 15 19| 09795 | 09742 | 0.9769 34 22.84
P9 || 735 720 | 15 171 09796 | 0.9769 | 0.9783 32 22.87

P10 || 743 | 719 | 24 18 | 0.9677 | 0.9756 | 0.9716 42 23.92

B 0.9764 | 0.9738 | 09751 | 36.6 | 23.06
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Figure 26. Results of shot change detection on a PMP
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