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Abstract

Recently, there have many researches interest to mine the frequent pattern in the video
databases. There are two main problems to find the meaningfully frequent pattern from the
video databases. The first problem is the presentation of frequent patterns of videos. One of
the methods is the spatial-temporal relations that exist between the objects in a video. We
proposed the 9DST presentation method of video that can use the minimum bounding
rectangle to represent spatial-temporal relations between the objects in a video and also can
use to mine the frequency pattern in video databases. The mining approach is another
problem. Most of the proposed video pattern mining algorithms used the Apriori-like
algorithms. The 9D-SPA image mining approach based on the Apriori-like algorithm and can
use spatial relation to mine the image database. Accordingly, in this research, we develop a
new video mining method based on 9DST presentation and the 9D-SPA image mining
approach to find the frequent patterns of spatial-temporal relations between objects in the
video database.

Keywords: Data mining, Video mining, video database, 9DST video model, 9D-SPA image mining
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2.19D-SPA®: tfd 7 2
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% 1:9D-SPA = =B (% @]

Area 4 Area 3 Area 2
(00001000)2=8 | (00000100)2=4 | (00000010)2=2
Area 5 Area 0(MBR) Area 2
(00010000)2=16 | (00000000)2=0 | (00000001)2=1
Area 6 Area 7 Area 8
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2.2 ODST AR % 77 &
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Bl 1. § bl4R31 Video A
# 29DST-string &= i* B 4p B 0% 2 pF I B 02 YA 4

Temporal Topology | Operators | Conditions Binary code/Value
. P<Q Er<Bq (00000000),=0
Disjoin

P<*Q Eq<Bs (00000001),=1
To PIQ Er=Bq (00010010),=18
oin

PI*Q Eo=Bs (00010011),=19

P/Q BP<BQ<EP<EQ (00100100)2=36
Part-Overlap

P/*Q BQ<BP<EQ<EP (00100101)2=37

P[Q Bp=Bq.Er>Eq | (01000110),=70
Belong P%Q Bp<Bq,Ep>Bp | (01000111),=71

P1Q Bp<Bq.Ep=Eq | (01001000),=72

P[*Q BQ:BP,EQ>EP (10001001)2=137
Inside P%*Q BQ<BP,EQ>EP (10001010)2=138

P]*Q BQ<BP,EQ:EP (10001011)2:139
Equal P=Q Bp=Bq,Er>Eq | (11001100),=204

ODST % 51 & inigiE & 3 v @ 4§ i 12 VideolD: {(O;, O))(TR;j)(Shot)(Relation)} % 7 >
#?(0,0)5 A F 2 endsh > TRy s F it e A M % 5 Shot i — o s AL 8 47 (Fo-
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Fer | Fs2 - Feo|... | Fsk- Fek) 72 XEHIR 5] F - BERRUEFFTE D rlJ T5 %l Fs
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o PIFs#r 5 Al - BShot®w ¥ » FEHE 3 R 2 B2 e M G &8
f&rRelation® - Relation 5 Djj ~ D2 Ty#rle = éng 71 > 4R B8 1|, T35 % kg LR
1enVideo A : &) » 9DST % 51 & 4: Video A = {(1,2)(6)(1-4/5/6)(1,16,0]129,24,0|128,8,0),
(1,3)(3)(3-4/5)(12,192,0|14,64,0),(1,4)(3)(4-6)(131,16,0),(2,3)(3)(3-5)(8,128,0),(2,4)(3)(4/5/6)
(131,16,0[3,16,0[3,48,0),(3,4)(2)(4-5)(129,16,0)}
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P13, TP TPy} * 3¢ TPy 3 4 i BdRit ¥ e BAp M o @ AR 7 eh B4Rt
(Spatial Topology)#7 % % % 4 7 4c : PS'={01,0,,03,...,0,ST12,ST13,ST1k,ST23, ..., STk}
HeSTija O B0jend 2 Al Y e pF NI A b7 ae e BMAp M 2> 2 5
S-tuple:ni i > (OL0STy) » 4o 2 SHF 2 § 5 BB A 5 W Ap e W > U 5
Tl Wt o 40(010;,STi)(05,0;,STi..- (0,0, STy)" » % 7 4 £ #0;,01% § b Hnfg %
R T o AR P h R % (Spatial Topology)# % 5% % 7 40 : P5R={0,,0,,...,
OkSR12,8R13,SRuk, -, SRy} » # ¥ SRy 5 A4 1 hdljn @ el p5 LR PE Y ch 2 Y B
> 3 5 4-tuplesh2E 4 > (0,,05,Dy,D;) » £ # Dy(Dji)# 7 + i Oi(0j)4p $13+ 4= i Oj(Oi) =9
B ez BB 4oOD-SPAR T E o dedr BHFEE G S B M AR
v Bi‘}? 8 T ® K 40(04,05,D505)(04,0;,D,D5)|(0i,05,D4,D5)" » # 7 4+ £ $10i82 O
@ gnfay R R o A8 7 74 1) 599DST Spatial Relation Algorithm4e™ #7577 o

Algorithm: 9DST Spatial Relation Miner
Input: the object index table OT, the 9DST index structure DI, and the spatial relation matrix
MR, the minimum support min_sup.
Output: all frequency patterns of spatial relation FPgg.
Begin
FPSR:@;
Scan the object index table to find all frequency 1-patterns, and collect into FPsg’;
FPsg= FPsr;
k=1,
While(FPSR >1) Do
FPsr*"'=Generate-Spatial-Relation-Patterns (FPsg*, k, MR, DI, min_sup);
FPsr= FPsg U FPsR“™;
k++;
End While
Return FPsg;
End
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Procedure: Generate-Spatial-Relation-Patterns
Input: all frequency k spatial relation patterns FPsR¥, the length of patterns k, the spatial relation
matrix M®", 9DST index structure DI, and the minimum support min_sup.
Output: all frequency patterns of spatial relation FPsg"".
Begin
For each patterns py of P={0;,0,...,0x, ST12,ST13,...,ST1 k.-, STk1k} IN FPsRX:
For each patterns gy of Q={04,0,,...,0x, ST12,ST13,-..,ST1k,---,STk-1 .k} IN FP<R® that is
joinable to P;
0= and i=1;
While (i=1 or (620 and i<k))
Let @ be all the possible SR-relations between p, and g, by using the SR-relations
of p,={0;, O, STi\} and q,={O;, Ok, STix’} to look up M°%;
0=06No;
i=i+1;
End While
| F(6£2) then
Let V be the videos that are the intersection video list of py and q;
For each SS-relations s in 6 Do
Generate a frequent (k+1)-pattern fpy.; according to py, x, and s;
IF( all sub-patterns of fpy.; are frequent) Then
Scanning 9DST index structure to find all the videos that contain s and
let V'’ be these videos;
V’=VNV’;
I F( the number of videos in V” < min_sup ) Then
Gotostep 2
Else
Continue;
EndIF
End For
End IF
I F( the number of videos in V” > min_sup ) Then
Add the fpy.; to FPgg"*
End IF
End For
End For
End
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#4975 0 ek 2 0 L3 B e9DST % 31 BH2 A2 MLy AL lphe & 55 & A
(710 Lp & A Caez AP BE tads > D2 DA f2 X2yl 7 B 7 & eng B
A BEHENC ¥ AKSE L BCEE It ";f“i"";f‘ﬁ,\;}i#ﬂ’;fi%&éil_3,
%697 » He discard& T o7 A 4 R R 23iEER P BNl e A EFER A?
Foom BAZE- A BT fd Ly FCenA 4 w0 Flh g F’“%ﬁﬁi’% - PR
EF PRBFZEHOARRES R R B R T R F R 2 ﬁ’m:,
BB RaEH o SR A2 AR EIEP B A B LR S H - B RRNEFER R
FH AR R R ERE S AL > Flick y H- B2 SN G AR LE- M%7

./
.1

-~

REN
ES
22

[l

B
4
4o

7180



KE

The 9th International Conference on Knowledge Community KC2013

= M 15 anti-monotone eI gs » 5 ABR T A R T A d RER A L AIE
LRI RAAFI VA OMAEL (RO B RET IR EULALC 45

Shed 707 > Fla2l A4 { Lo RN G LKHE- TR GELI MR BY
Flrera 2 B- BGOSR E  EARPHPCEF T AN GED > APl agy
Iy B GATE Nk AR - B AR

# 3 : The example of video database of six videos and their 9DST-strings

VID | 9DLT-string

Vi | {(1,2)(6)(1-6)(48,3,0),(1,3)(6)(1-6)(3,48,0),(1,4)(6)(1-6)(192,12,0),(1,5)(6)(1-6)(32,2,0),(2,3)(6)(1-6)
(3,48,0),(2,4)(6)(1-6)(128,8,0),(2,5)(6)(1-6)(112,7,2),(3,4)(6)(1-6)(96,6,0), (3,5)(6)(1-6)(32,2,0),
(4,5)(6)(1-6)(8,128,0)}

Vo | {(1,2)(6)(1-6)(48,3,0),(1,3)(6)(1-6)(3,48,0),(1,4)(6)(1-6)(192,12,0),(1,5)(6)(1-6)(32,2,0),(2,3)(6)(1-6)
(3,48,0),(2,4)(6)(1-6)(129,24,0),(2,5)(6)(1-6)(112,7,2),(3,4)(6)(1-6)(96,6,0),
(3,5)(6)(1-6)(32,2,0),(4,5)(6)(1-6)(48,3,0)}

V; {(1,2)(6)(1-6)(48,1,0),(1,3)(6)(1-6)(2,32,0),(1,5)(6)(1-6)(32,2,0),(2,3)(6)(1-6)(2,32,0),
(2,5)(6)(1-6)(224,4,0),(3,5)(6)(1-6)(32,2,0)}

Ve | {(1,2)(6)(1-6)(48,1,0),(1,3)(6)(1-6)(6,96,0),(1,5)(6)(1-6)(8,128,0),(2,3)(6)(1-6)(2,32,0),
(2,5)(6)(1-6)(6,64,0),(3,5)(6)(1-6)(24,129,0)}

Vs | {(2,3)(6)(1-6)(192,12,0),(2,5)(6)(1-6)(129,24,0),(3,5)(6)(1-6)(6,96,0)}

Ve | {(1,2)(6)(1-6)(2,32,0),(1,3)(6)(1-6)(131,16,0),(1,4)(6)(1-6)(14,64,0),(2,3)(6)(1-6)(192,12,0),
(2,4)(6)(1-6)(48,3,0),(3,4)(6)(1-6)(24,129,0)}

34 UREEEB SR AL S M GLE S

Object list Length Frequency pattern Video list
1 1 1 1,2,34,5,6
2 1 2 1,2,34,5,6
3 1 3 1,2,34,5,6
4 1 4 1,2,6

5 1 5 1,2,34,5

Obiject list Length Frequency pattern Video list
1,2 2 {1,2,(1,2,48,3)} 1,2
1,2 2 {1,2,(1,2,48,1)} 3,4
1,3 2 {1,3,(1,3,48,3)} 1,2
1,4 2 {1,4,(1,4,192,12)} 1,2
15 2 {15,(1,532,2)} 1,2
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23 2 {2,3,(2,3,3,48)} 1,2
23 2 {2,3,(2,3,2,32)} 34
23 2 {2,3,(2,3,192,12)} 5,6
2,5 2 {2,5,(2,5,112,7)} 1,2
34 2 {3.4, (3,4,96,6)} 1,2
35 2 {3.5,(3,5,32,2)} 1,2

4. 612 7% 5 ;2 9DST Spatial Relation Miner & L, &2 C3% Ly %%

Obiject list Length Frequency pattern Video list
1,2-13 3 {1,2,3,(1,2,48,3), (1,3,48,3), (2,3,3,48)} 1,2
1,2-1,3 3 {1,2,3,(1,2,48,1), (1,3,48,3), (2,3,2,2)} discard
1,2-1,4 3 {1,2,4,(1,2,48,3),(1,4,192,12),(2,4,2,2)} discard
1,2-1,4 3 {1,2,4,(1,2,48,1),(1,4,192,12),(2,4,2, discard
1,2-1,5 3 {1,2,5,(1,2,48,3), (1,5,32,2), (2,5,112,7)} | 1,2
1,2-15 3 {1,2,5,(1,2,48,3), (1,5,32,2), (2,5,7,7)} discard
1,3-1,4 3 {1,3,4,(1,3,48,3),(1,4,192,12),(3,4,96,6)} 1,2
1,3-15 3 {1,3,5,(1,3,48,3), (1,5,32,2), (3,5,32,2)} 1,2
23-25 3 {2,3,5,(2,3,348), (2,5,112,7), (3,5:32,2)} | 1,2
23-25 3 {2,3,5,(2,3,3,48), (2,5,112,7), (3,5,2,7)} discard
34-35 3 {3,4,5, (3,4,96,6), (3,5,32,2), (4,5,7,7)} discard
% 7 :v/ % B ;% 9DST Spatial Relation Miner ™2 Ly & # L, %%
Object list Length Frequency pattern Video list
1,2,3-1,3,4 |4 {1,2,3,4,(1,2,48,3),(1,3,48,3),(1,4,192,12), discard
(2,3,3,48),(2,4,7,7),(3,4,96,6)}
1,23-125 |4 {1,2,3,5, (1,2,48,3), (1,3,48,3), (1, 5,32,2), 1,2
(2,3,3,48), (2,5,112,7) , (3,5,32,2)}
4. B

R F B A ERATHY Py F TR AP TRIARAYFEREFZEY
GHERRNFER L Nd AR TREY B HmIE RS A a2
Bt RPALAY 2 2 B2 PR AT ALK AR Y E R T
MBR # i » xd gt & 4 f§ it e ODST AR A 772 ka2 = M FHLE - 12 308 %A
HERFRNED o

AFT Y TR e AR R N o % > @ FODSTARM A 72 i A
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