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DCPFS.: Distributed Companion Patterns Mining Framework for Streaming Trajectories

ZHANG Kang-wei' ,ZHANG Jing-wei' , YANG Qing® , HU Xiao-li' and SHAN Mei-jing®

1 Guangxi Key Laboratory of Trusted Software(Guilin University of Electronic Technology) s Guilin, Guangxi 541004, China

2 Guangxi Key Laboratory of Automatic Detecting Technology and Instruments (Guilin University of Electronic Technology ) , Guilin, Guangxi
541004 ,China

3 Department of Information Science and Technology,East China University of Political Science and Law,Shanghai 201620, China

Abstract The widespread use of location technology leads to huge volumes of spatio-temporal data collected in the form of tra-
jectory data streams. How to discover useful information from it has attracted more and more scholars’ attention. Mining com-
panion pattern from trajectory stream refers to discovering groups with highly similar behaviors at the same time, which is essen-
tial for real-time applications of traffic management and recommendation systems. However, the existing research only achieves a
second-level response.and it is difficult to respond quickly in milliseconds to large-scale trajectory data. Therefore, this paper pro-
poses a distributed companion patterns mining framework DCPFS, The main contents of our work include:1) In order to reduce
the time consumption of the density-based clustering algorithm DBSCAN for large-scale data,this paper proposes a data partition
strategy and clustering merging algorithm based on a distributed deployment plan to ensure clustering parallelism and accuracy.
2) Because the trajectory movement is directional in reality,we increase the direction dimension to reduce the redundancy in the
clustering. 3) We designed a parallel intersection algorithm to improve the efficiency of the intersection of clustering results in the
pattern mining stage. 4) We implement DCPFS on the Flink distributed big data processing platform and use Chengdu taxi GPS
dataset and Google life dataset for experiments. Comprehensive empirical study demonstrates that the proposed framework has
faster response speed than the baseline method.

Keywords Big data, Trajectory streams,Companion patterns,Density-based clustering, Distributed
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Fig. 1 Pattern mining process
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Gy —ro; F1+7) XA r=c.e WEEEZNEERE.

4 A 8T 0 B0 4 1 43 DK A AR L IR RS B
BB R W e K de /N Z G FEAL B (s ) Bl (a5 320, 3F
AT R /NIMERETE Rectangle; HR 3T Rectangle K #1581 43,
MR o A W A TR s B RIGH -

Bk By
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575 8] Region, — Region, WL HE R Gy —rony, +1r) — (0, —
rons+r),

x1.1) Rectangle
7 n PO ny n
o R o ER o DIy B
O S
Sohe L2 e
= <
Region, Region, Regions  Region, (x2.2)

B4 B o KR W Gl RO R D
Fig. 4 Data partition strategy

5.2 ADBSCAN &%k

LI h A2 IR 3 7 8RB BT LA RS B
Ti) AS [] P9 2003200 B O SE B . B T 9 K 22 R P2 F MR L L4
PE 21 DBSCAN Hvk , A R % B iz gh oy m, R 3%
B R, S BOR & AL H A B S R 25, ADBSCAN &
ST B R E L, F IR BRI 3l T 0] AR B A S
LI 3 S Yk G 7S AR R R T O B A S H A
S0 19 AR BE AL,

E 5 4 T DBSCAN Bk R AR, k. £/ N
W LRI O R B A S R RO R R E S BE X
B RN AR B . R I — A% X G R AR B T
KBRS FE L M U5 I 58 I A 0 45 3] 31 8. ADBSCAN #k
1 DBSCAN F ik iy 2l b B YAt S b — AP IRy
T 45t 55 E b O Y e £, BT A 1] 4 BE A S

5 DBSCAN FjkRAELZR
Fig.5 Clustering results of DBSCAN algorithm

ADBSCAN 3K %5 BEAR 7% 19 B A X i, %00 X 42 15 4B
B 1B PR ST T 25/ T A,
EX QFEB I D HEFH MBI b5, (s y)
H (x5 32 ) IR o) ZEPR W8,y Fils; 1 AL A L300 ) f 5 IE b
J5 ) 19 I 1 B 3l 77 19 05 T LA KRR
Y21

—arc cos = —,
Cyy =y (s — )"

T, >

arc cos Yz N )
(yy —y )i+ (a— 2"
EX 10CH M2 45 8 Pl A BT Koy s 0. DL
MRS T W6 0 I BIE 550 T 7] 22 Dowge Cor 502D AT LA
Ny
D nge (01 50,) =
1o, —6;1,6.>0, 6,0 or 6, <C0,6,<<0
min{2x— [0, —6; |, |6 — 1),
0, >>0,0,<<0 or 0;<<0,0,>0
EX NEEEEE)  HERBs AL o 00, LI
GEBE (o y ) M (s o) s PIAS BT AT 25 18] B Dyoce (o »
0,) AT LARIR R
Dgee (01 50:) =/ (xy —22)* + (31 — y2)*
TE X 12 CADBSCAN) 43 5 R M 5,0 X F V o €
Yo, € Mo o, Z 81 % BEFEHE D e (0150:,) e I

<

D e (01 5050 <8, » Hirret SR IR s, BOEE b AL O, R 1 3
B A B

ADBSCAN Bk sk 2 s , 51 P i BE 8 3 R
BRERHER . HHF 5 2 Hinm i e & D WA &7 5 3
S VBT 24 i3 7 B 90 % G T B4 BT LA L A SR 37 D )
Bad X 4, Uil N — AN X4, A SR SR Bk s Il i WA OE S A% G
MG TS 4 BE p MOV RIS p R AKT - HA
EERKTOMINANES NFS 5—21, R p 4T
Bl PN %t G 50 20, I 7 p RUSRIEE A& N F S 7— 14, if
N WX GE p" B 2T ], )0 7 2 5 2 W 7, G 2R 2
MR L UL p" RIE T AR K " BRSNS S OR R
BMFHE ¥ 5 15— 19, MR p/ Rukiim, WA 1k p7 #9488
N/ FHIMAN 75 22, G5 p (48380 P9 X L 80w /o, , Tl
¥ p bR N S F S 25 AR FIREGEHENEARC, .
Eik 2 ADBSCAN //Rilt6 B0y % B Rk
WA EE o NEIENE AP R B SRR RE o, M RE

8. » A1 3 E 1 1 5,
Wil BT EENREHRESC,
1 WAL D A B9 4 unvisted;
2. for each p in D do

3. if p. visit=visted then continue;

4. @ p N visted, FH 5 p i 2 Dapace << HDangre <8, U EH N
5. if N.size() > &, then

6. for each p’ in N do

7. if p'. visit==visted then

8. if p' RIS IEAE

9. if p' #ibsic R 5 then
10. K p U bR IC TS A
11. end if

12. W p RAEF Y/ F% 5

13. end if

14. else

15. iy p HERT r WA SES N
16. if N'. size >=35, then

17. A NIMASES N,

18. end if

19. end if

20. end for

21. else

22, FRICKL p AR R

23. end if

24. end for

25. return BEJFMREEC, .

ADBSCAN Bk 75 227 ] 24 [ PR B8 o ) B A X 2, X3
5 9A] A R B E T 5 1 B ) & 4% )%, ADBSCAN 1 it 18] &2
FREEHR OG?) s HFIMA T f B4 B 4% & #0319 % 5l
05 Il B AL TE R & AT T — 25 R A I R 242
AT IR RS )RR .

5.3 MCHEi%

W A v 7S 8 B DX B TR ANFE oo B co s A0 AR SR AL
BATIREE R o M e W RE AT 3k, SR o0 S — AN . SR FE 4
A3 IERBE o o R 53 R B A X3, 43 518 T Region, Al
Region, . UL ZEX A X RGBT R G 5 AR
MEMBEAI. THAH T MCHME LRI %,

EX 13(MO) YajH s T X T4 E WA el .,
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2k ¢, € Region, s ¢}, € Region, » Region, () Region, 7 O, N
o ffifio €, Hoi €l Wkl Nel O Wac DA,
HHBWRS X B, MC Bk e T o i AWK
TR R B B B 2 A R i A RN MR B IR, 3R T 40 A
KR E W UHERVE
BEGIHFE MC AL RME % 3 fin. B9 1M
F5% 2, B — IR EHERAES MR AR SR 2
SRR . P53 HIWE i T B R R TR T 5 — B Re-
gion; HHAB Region,; T, WAL ANFELE, WAk S A5 88 T — %,
JP45 4—6 HTAFE o Mo, B AR XS 5 WA o, v iy JiT G 4F
RSB ¢TI0 ¢ NC KR, BE ik,
k3 MC//BEEIEHL
A A KRR 5 C
B IE ARG CY
1. for each cluster i€ C, do

2. for each cluster j € C do

3 If j& Region ;;, then break;
4. if ¢;N¢;>p then

5 ¢; D4 i3

6 end if

7. end for

8. end for
9. return Cf .

L m KRG KB ECRE n, R A R R G DR, m
TR MEFRM P RN B 2 A E 22 O(n®/
noxm), MTRENBEAETELHEN, FELBEEDNED
BIXF 4, R MC (I ] 52 22 R O

B6 AT REMEIH TR, K Region L HFE o,
Region, 15 %% ¢, \Regions B EFHE ¢ or WEX % {01,00505,
01} s LB { 05505505 505 01 ) s 3 BLE KT B {05407 505 5 09 »
010} o Region; 5 Region, H14P, Region, 5 Regions #14F » Re-
gion1 5§ Regions NAHRE . UL ¢ 55 A3 A5 BN [ X 5 {0
03 B a5 I EBEENNR. GIFEMHRLSTNL
{01502 505 501 505 505 507} o FHT €1 5 o3 ZEASAH AP A9 DX 35, [
oA ;WA E, AN e, BT Region, H Region, 5 Re-
gions AR ML oo Al e, B IFE S o S . BB EIF BRI
KM Region; 8] Regions ¥ i 554> X 3 P (19 7% ¥ A A Rl ST R
BIFRM G I & 15 09 15 15 F0 4% 1) 0 T SE 4 L O 91 A A TR
XL WG I .

Region;

Region, Regions

K6 MCHE
Fig. 6 MC algorithm

6 HHHEEXZE

MR RRASE 14 0300 50 v 42 0 0 A2 2% 1 4 e B A e —
PR AR . FE A AR KB B™ A E LT AR AZ
R ASE 275 23 7 BT R 0 BT R 4L R Ay A A A L

BN MAFTE R R WA R4 . WS AR 25 1T S L
Sb PR N AL B R BT R B B 2R AT AR Y
RN Z L LR R T 240 A 2 i 5k
B EEEENT,

AT IR S 25 AT AR B 3299 A B A ) 4 1 R
A YT B ] 0 R R B R SE B L A AR I 4 AR A B 1
(B0, WA it o e A B . — LA B e Bl 1) S 03 0 5 B {0, » 2%
Bl ST BV ol B X 4L TR IS, — i e i AR /N T R
fELO. o B AN P2 45 % 1 M6 0 B B L 107 12 DA A A NI B . 7 i 328
A i A 22 Y B BT T IR AT O 2 (0 A A 3 1 B A0 S
4 iy oV Y 7 TS A 5 SR P R b 4% ) O AT R IR SR 24 i
AN 25 8 (6 45— A 55 78 7] — B 20 g — A0 3k 1 B B 3
£ DRUIESE S B A v A 1

EX 14(PCPM) 4 r RN BEIEAEBE . 6, K 7m B K/,
WP - PAEAE T size () — 8, MR G231 I BLAE 22 U P L T -
T A% 14 35 28 A 2 F= AEAT A K F 0, (45

EX NSCH @R X T — A MEERE . RN
AEA R 7y A 7 = o Hors BN T ) B9 R0 0 e —
AN SR

Bk AT T R BER IZ R Y BUBR B PCPML, 75 1 9)
WRALH R MERESE A R DR IIRIE N . F5 2— %5 16
3 g H S B oA 1 g 3k £ B L Forh )Y S 3 Bl AR L R
LM EE TS 5—7 L 13 Mk 48 v M 4 41 32 2
G I HE T — A0 3 WA A LR A RN R AT A RBCEL /N T
{1 A i 3 R Bt 5 A A 28 X . RS 8 I R B 2R B A
EHFRRANA r.osize— o WIREMRE. 75 9— 75 104
28 S i R B A 0, 1) 285 AL A7 A A i e A AL AR & T TEAE
gl e A RN, B 1k B A G R IR it 5 A BORE 4
BWo BT 1113, U Sk P A 2 45 A 1 A2 A [ 50 1 D)
L. P 18— 20 A E X 14 KA B EHE — A A A
[vi) o G {E 5 0 R SO0 A I B e e o, TSR AT L UK o 0 o 1
AR E AT .
ik 4 PCPM //FFAT i A5 b A0 22 4 A vk
A OB R S, X R RS, B A R A, R RS R
i R — AL S P A o
L WA R RO B S A BESE A R
2. for each ;€ R do
3. Al
4 for each ¢;€ C do
5. If 1. size << & then break;
6. Bl — A B R v <— 10 o
7 r;’. duration=r;. duration+s. duration;
8 MR 25 LIRS
9. if ri. size =>=23, then
10. o RUMIEH v WmE R T

11. if r;’. duration >>=3, then
12. o

13. end if

14. end if

15, KM

16. end for

17. for each ¢; do
18, I AR then
19. o IINE R
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20. end if
21. end for
22, R<—R'.

Lo FoRIT R B e BRI EBEE A R IR,
Bk A RIS OGa * ny) . H Ik DCPFS 53k i) i
[B] 5 2% J Ol +ny * ny)

EB - FE RSB B, ST TR 2 O MY IR 8] 52 24 J R AT
HMERE, EREEGIFB B, MC BT Z 2 O,
TEAE ST B ARV 2 1 A BCAE o, 0B L P B A B 1, R
IRFRI R KN 1 3R 7R A 35 78 1 - 389 N I BRAS 38 AT 55
BINFRIE 2R L % Lo U my % L =nyomy * L =n, A
A2 U BB R B 22 BE R Oy % np) 5 B B 0] 52 2% B2
OGnt +nt +my * my) o T L5 18 0Y 5K W A JF 47 580 3% I 0 AT
DI K2 50 % R B

Bl 745 7 Xy i, Rk AR RAa S 1A [E
B, K/NBIES, R 3, BB BB S, K 4, MR s Blak, s P
WA FRAE M e FERE L BY 7 A0y o PRBE s, BIIR = A B R IT 5
s UORE AR T AE BT I R RS o TRBE s BlIK LT o S
53 WO ER ST A K {05 509 5010 o PRI s, BGA T SR
st WO NT RN, It o B BR . S5, BT o
IS T] LS, B {01 00 50000, b TEMLIS BT R IR Z A
ERCEOSOE
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Fig. 7 Crossover process of coMin algorithm

7 RI§

7.1 SRIGEE

AR S 41 B S R M BR 4

Taxi™™" ZEIGHE N AR 2014 42 8 H 3 H 13640 4
AR 2 TJ7 4 GPSIt &, o A1 T 0 HE% R 6
S0P B

GeoLife!'™ Z KU SE R 17 T 182 44 F U 7E 2008 4F 4
H 1 HWaRIe . MFEAHESWE GPSHER.

* 2 HBEIRER R

Table 2 Trajectory dataset information

Number of Number of Number of
Dataset . . . .
objects timestamps trajectory points
GeolLife 182 17278 76220
Taxi 13640 2160 27363616

7.2 EWHEE
AL E AT LEPN AT 5 A3 A B Flink™) 4 #F F, 44

B BHERAE RGERA N CentOS7. 0, 4b H %8 & 6-core Inter
Xeon CPU Gold 5117CPU @2, 00GHz, RAM & 20 GB, # #%
74k 100 GB, Java L #L2R A JDK1. 8, 4 1 2L Wit 4 K
Flinkl. 7. 2, 345 @ 76 Hadoop?2. 7. 2 1Y Yarn I, A fLA5%#
M Java IEF WS . 08 4 48 2% IDEA2020. 1, {# ] Ma-
vend. 0. 0 Big & AH A, IR 4740 4% 3] Flink &7,
7.3 HETLE

AR S R b AR 4 1Y s [RDR TR BT - L A B DB 1 T
U, IR B A SRR 30 BB /UK. 7E AL BRI O BOHE s 4
0 AV S SR B A T I s L T AR /N 22 R R
HR Y5 [R] — TID 24 Fif i /] 15 R — A~ B[R] 5 /9 AH 3% 1] B2 3H 58 5 0E
ALTT I I f (0°~360°) . FK JG 45 B 4R 47 B 4 b 3 X
gy WIS MEBIREAE SN ER H ID 4 Z R uf
&) % L ff BE 43 X, A1 (6136,30. 663005,104. 089374,810,202,
1),
7.4 LI XL K4S
7.4.1 DCPFS £ 4% &

XAKE T 24050, R IEAL & S 806 DCPFS #:RE Y
P IS ST IR RAE ., S E M 3 Fral, Hop
TR =244 2 RN

£3 LHSHEHE

Table 3 Experimental parameter setting

Parameter Taxi GeoLife
eps 10,30,50.70.90 30,50,70,100,200
minPts 2,8,15,25,40 5,8,12,16,20
duration 5,10,30,50,80 60,80,100,120,140
angle 5,10,15,30,60 5,10,20,30,40

Forr, eps FRom /N RE AR minPrs FoR i/ BFHL
. duration TR PERERE B BN R angle Fo7R f R AR

S T T A 3t A Sk A A DR R Y e TR] 28 L AR 3
SR TS 32 1 B Ak R (i) 54 5 5 A A A I A 2R 7 A TR
HEfY) P 25 e A 2 B O A S T

Time — b8 S 1Y A A2 5L I )
ime Ty

7.4.2 DCPFS 5 Baseline # H 48 3F 1t

TESZ 0 Z | Se R A R B X DCPFS 1942 45 4k
it 5 Baseline™ " #5453 8147 48 45 R A — B ESL T DCPFS
TR SR A E M.

FESEiE R Eh R R AT REAE 1~2s NPk TR, N
T S A R A B 2 47 R T AR T — A DR R
143K Z T B B R RE . S TR I AR S A 43 A 30T TR I AR
P B A ST RS Baseline kAT T e . Hop L 7E Geolife
i1,17278 ANYLBR A3 AR 76 220 AL S L BB AP IRAL A
2y 5 ANHIE A FF Taxi 1.2160 ASH B8 4> 27 363616 4
Bl s RSP A 2 12 668 LI M . Geolife £
AL Taxi T NG 5 SO AS T AR A6 %) B TR g0 T A i 7

A 8Ca) 8 AT eps YA b X 1 bl X 4 & Bl AL %R
52 m, 76 E 8(a) 1 ,DCPES Lt Baseline kU8 /0 T 4 75%
By WIS AE . 7T LU L, DCPES Ml Baseline X} eps B {H 8 8
&, 24 eps 9 100 m B, DCPFS Hll Baseline 7] LI 75 £z 8 1Y B} 7]
A HY I S 5 24 eps BB 200 ), Baseline )1 7 B [6] L e ps
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FIME Ry 100 BN T 2 f%. X 2& i F7E GeoLife Uy &£,
J AT AT A — ¢ 7 5530 14 3 BN I B0 iR AT A 4 5 5 E
AR eI H o A B2 8 U — B BE B . eps TE Geo-
Life (4 BV & 0T LUA 8008 /0 AR 0 B2 I [R] E FE . 7 &8 ()
Tl LB S B2 eps 1 H B4 K . Baseline (4 1R 137 i 5] 3% 57 4
il seps MR K E] 90 m AT, Baseline 75 B 7000 ms FY i 1] 4
L IR 38 B A HE T S A R Ry Y A (D BR . B eps A MY
7, DCPES (1 4k B [H] 22 12 48 fn ABAR SR W] DLAE 1s A i
BEo X2 T Taxi £048 40k A 59289 22 18 £ W8 X R %
JE K, M Baseline 78 51747 50Xk DL AR 3, AT -5 0™ 5 19 8 1
ML,

B 8Ce) B S(DE T minpes 0975 Ak X £ Bl Xt 4 & B
SRR . 8o PR LLE B, 24 minpes BN
DCPFS It Baseline J5 3 W 4> T 24 70 % Wy B[] 74 #€, Bl &
minpts (A K 24 minpts BIE R 20 BF , DCPFS L Baseline
T AL T 2 50 Y6 iy E] T AE 3 2 K 7E ADBSCAN By
Bt minpts WA /NI 2 13 BN 2 B9 5% BB minpts 1H 1
R A3 B0 A W% S B AR R T 48 TS TR 4
KT RIEAIEH B R, R 8D LE
B, Taxi BUHEEE B 24 minpes WME R 2 B, Baseline K 2y 75 &
23000 ms 1 H W0 R, 378 378 8 T S IR B AR X4 B Y s ]
Ko XOEFE R ADBSCAN B BL s minpts WA 2 W 2345 i
AR TC I /N S ol KR I Bt R4 . 4R 1T DCPFS 4% /N
SIATAEZ AT AL A RO A BT 3 Y R J7, B8 DCPFS
TE minpts AL B A R 4 (8 2 P, DCPFS #H [k Baseline
FERORREFE T 29 50 % R KR ETUR /MR MR LKA I

A8 SUB B 1 Bsf ] 9 AR 3 L BE AR T DCPFS %

K 8(e) J& 8D H T angle 7R AL Xt 1 B X 42 % BLAL
FF W, K 8(e) H, Baseline I DCPFS X angle 78 LR
WO, ORI T A B E (/B RE AR 1K, ADBSCAN K 44
T EHERREA YR N X G, MR 38 % R [ B
LA B & B s . BT 2 78 GeoLife 204
4£ I, DCPFS Lt Baseline 33 /> T 29 75 % i) i} 6] 4 #E .
B 8O, 2 angle WH A 5 B DCPFS [ B} 8] 2 AL H
Baseline $2£7F T 29 30 % . 3X &K A 24 angle f{E >~ 5 BF, ADB-
SCAN fre TAEMEKEL /N, S ERZ N /NE, L
DCPFS A 22 1y /N 23 19 i 2R 25 6 1 By B AR 242 48 B Be
B BsF 1) 314 %€ L 15 B2 W DCPFS M s (R thfig. M AR HEfE A .
angle 22 L%} Baseline 3% Wi 5 /N, 78 Taxi 4L L. R T
H angle 12 /51 B /NE S, DCFPS H Baseline J# /> T
24 70 % F IR 18] 91 #E

K 8(e) & 8 U T duration HIZEAL AT RE Bl % 42 % T
BRI, B 8(e) . Y duration FE KT 80, BEH du-
ration {H I3 /i, Baseline [ M 17 05} 18] 72 46 06, 5 % (14 5 )
TR BT A% X JE N B duration (R K, — e i 58
P B ASE X 2 B B S, 42 40 1 BT A 1 R = 8 45 B 0k 1
[ PEBEHR TL . B H Z . 7E GeoLife B4 F, RNE B dura-
tion T DCPFS [t Baseline 3593k 2 T 25 70 % 9 IsF 8] 74 #E .
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M) 7
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Fig. 8 Evaluation of companion pattern mining performance by DCPFS
7.4.3 DCPFS 5 TCompanion #9148 %t b J5 5 DCPFS X tb . X B3I AT # TCompanion Y 2 7 20

AFiXF T DCPFS 5 TCompanion'™ B M €, TCom-
panion Sz K& T4 30 AL AL 1 43 A 30 B A 42 IR AE 42, R
At b 3 %) B AR, TCompanion 4 3 Ff & 7, 0 0 K
Point-to-Point, Point-to-Polyline, Polyline-to-Polyline, & T

A Point-to-Point J& i, X & TCompanion-P2P, f£ GeoLife
Il Taxi H1 09 BRI 53 50 M eps =50, minpts=8,angle= 10,
duration=380 Ml eps=30,minpts=8,angle= 10, duration=
10,
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B 9Ca) (B 9 4 T 5 TCompanion-P2P i ] %% Z 1y
XFE . AT LLE EI#E GeoLife il Taxi | DCPFS 4b P 45 A4~ 18
F4 B[] B2 4 T TCompanion-P2P, 1% J& 1 T 5 TCompanion-
P2P i I a0 A 3t Ak B8 AR L, DCPFS AN 32 £l a1 8 i B
il s 2 A B RS 242 4 B R
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Fig. 9 Performance comparison between DCPFS and

TCompanation-P2P
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