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Mining Moving Object Gathering Pattern Method Via Spatio-Temporal Graph

ZHANG Jun-Ming, LIJing-Lin, WANG Shang-Guang, LIU Zhi-Han, YUAN Quan, YANG Fang-Chun

(State Key Laboratory of Networking and Switching Technology (Beijing University of Posts and Telecommunications), Beijing 100876,
China)

Abstract: Moving object gathering pattern represents a group event or incident that involves congregation of moving objects, enabling
the prediction of anomalies in traffic system. However, effectively and efficiently discovering the specific gathering pattern remains a
challenging issue since the large number of moving objects generate high volume of trajectory data. In order to address this issue, this
article proposes a moving object gathering pattern mining method that aims to support the mining of gathering patterns by using
spatio-temporal graph. In this method, firstly an improved density based clustering algorithm (DBScan) is used to collect the moving
object clusters. Then, a spatio-temporal graph is maintained rather than storing the spatial coordinates to obtain the spatio-temporal
changes in real time. Finally, a gathering mining algorithm and its improved version are developed by searching the maximal complete
graphs which meet the spatio-temporal constraints. The effectiveness and efficiency of the proposed methods are outperformed other
existing methods on both real and large trajectory data.
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Fig.1 Trajectories of moving objects graph
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Fig.2 Structure of moving object gathering pattern mining method
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Fig.3 A sample graph of clustering moving objects at different timestamps
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Fig.4 An example of spatio-temporal graph
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Tf PLBEAG GR vk P iR R I R 42 5 I 1P R 25 ) (B9 3 2B 4 AT~38 11 4T).

MM 1. w—MEKBN G'=(WV',E"fG'F1 bG' 53 WA G4 (N} 75 BT 5 1 fe /ME RN e KA % T i 4R
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(107 BT T DR 225 ] o — A SR (BREV 3 385 247) K XA RURME S I ProcBK,Z I A T BK SLVE IR 1S 254
AR A TS AR B IR LR SRS Gk 3 5 25 AT~38 34 47 F AR 1 45 /s T RS 56 (¥ A% K A ik
A FIVE 3 5 8 AT KWL RN 1 45 1F (M T3 28 0 i 1 AR OK FREAT AR AUME LA in SR 5 G e Rl K T
ASHHAL, TR FE IO G 3 58 9 AT 58 10 4T) AN 2 FUU) 1 b 4 AR I L 0N G 3 58 1147, 38
12 A7) X3 A A v R A — AN RO B B0 E DK /)N 2 107 6 T Bl 57 B g, Gt SR 45 A, DU 56 1 6 T, 5 P PR LA
SE A KT HE B BE (B0 3 36 13 AT~36 21 A7), 3 v Jun B — AN A5 R AT 2 R0 000 2 m 4 BT A 0 D, e AN A B2 42
GBI T AR T B3 SRR 1B S L 0 WK i N B IR AR & Ga T (BVE 3 5 22 AT~28 24 17).

E3E 3. GRHEE

BN B GLBR AL R IR BE mg, B 1 {E 8,3 SR B I] ¢,

BN R REES Ga.

1. %4 G AMREW KEES, GG Tk Mk K55

2. N<«GetNode(G,t),

3. AH TR ProcBK(D,N,D), /Wi i FH i3 VA B 4L ProcBK(C,T,DYWI A 19 T~5 28 17

G'<ProcBK(D,N,D);
4. foreach g'eG' do
5 if G"=C then
6. G"«g';
7 foreach g"eG"” do
8 if [fg',bg'1N[fg",bg" =D then
9. if VerifyCliqueSimilarity(g' ,g")=false then /U1 o' 5 g" AL
10. G"«g";
11. else
12. G"<g";
13. foreach g"eG" do
14. edgeSize«GetSize(g");
15. if edgeSize>m, then
16. foreach edge e do
17. if e.weight< then
18. qualifiedEdgeNum++;
19. searchedEdges++;
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20. if (le|-searchedEdges+qualifiedEdgeNum)<m, then
21. break;

22. if qualifiedEdgeNum>m, then

23. Ga<g";

24. return Ga,

TILFE: ProcBK(C,T,D)

25. & (v) ¥ vy IO AT AR 4 A

26. if T=J and D= then

27. B CH A — MR,

28.  return;

29. M(TUD)HILEFE—AHKENTT £ vy

30. T'«<-T\N(v,);

31. foreach ve T’ do

32, TeT\{v};

33.  call ProcBK(CU{v},TNN(v),DNN(v));

34.  D<Du{v};

B 3 FRATI TR 4 F0 181 A ] 24 b i ) AT T ) SR SRS A it o e, G o ok 5 AL =3, 8 5 0 {1 6=200. 4%
SE AN I HE N={A4,,45,Cy} S T i — AN a5 A8 ] BK S5 3k B4 5 XA S BT Bk 41,43 Bk 14 4

G'={{4,,42,43,44,45},{41,42,43,44,45},{C1,C2,C3,C4,Cs} .

A FH R 1R AR K AR 15 AT B R A5 8 G'={{A41,42,43,44,45},{C1,C2,C3,C, Cs} } A% FREGUE G AR K ]
FE AT A AR I L R G DT 55 I OR/NOR T 0 B (E R B 5 {A),40,43,44,45} T A3 5 As (RER
BT BB AR, A 45 AR TP L R BIR S RIR LR 1Y Ga={{41,42,44,45},{C),C2,C5,C4,C5} ).

3) SiLERE AT

GR SR B4R AR 11 A B A0 0 T8 A I 1) sl 2 ) 0 SRR e A1 0, 5 AR P P g 2" A 148,
TERY I A A AR, TR I n(n—1)/2 4530, T LARROK B R IS 305 1 eF ) 2R3 K O(n™2") R ) i B2 m A
WK AT b R — AN HEAT S0 E, B K ke 41202 10 00 i 2 2 1 SR, AT AL 56 1 A K [T 2 75 e 88 T s 2R ., I
1] 53 2% % Ky O(mk).J5e i ,GR HVE B RV A4 FE ) O(n?2"+mk).

GR+SIAL ) HAT 55 il R 1) BK S5, I 1) 52 2% B2 2 03P A i GRSV AT AR 1 338 m MK
P AR AR R 00 A PRI 2 5 A6 A2 3 2 SR K AR ORI A A S S AR K AT SRR FE R - O(log(mk)). 8,
GRHEE B R B I E h O(3"+log(mk)).
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Fig.5 Trajectory dataset graph
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Fig.6  Average gathering number of GR+ vs. Crowd-TAD
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Fig.7 Running time of four gathering retrieving algorithm
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