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A Technique for Detecting Companion Groups from Trajectory Data Streams

Suhyun Kang' - Ki Yong Lee'

ABSTRACT

There have already been studies analyzing the trajectories of objects from data streams of moving objects. Among those studies, there
are also studies to discover groups of objects that move together, called companion groups. Most studies to discover companion groups
use existing clustering techniques to find groups of objects close to each other. However, these clustering-based methods are often difficult
to find the right companion groups because the number of clusters is unpredictable in advance or the shape or size of clusters is hard
to control. In this study, we propose a new method that discovers companion groups based on the distance specified by the user. The
proposed method does not apply the existing clustering techniques but periodically determines the groups of objects close to each other,
by using a technique that efficiently finds the groups of objects that exist within the user-specified distance. Furthermore, unlike the
existing methods that return only companion groups and their trajectories, the proposed method also returns their appearance and

disappearance time. Through various experiments, we show that the proposed method can detect companion groups correctly and very

efficiently.

Keywords : Trajectory Data Stream, Companion Groups Detection, Stream Data Mining

A4 golg 2EHA BRF IF "4 7|H

7t

o
i)

o} AA | Holg AEYOREH AASS AHE BAshe A7k
5L e ATE ofn] AU, ol EES AR Fpto] EATH:

2 & 8-0] 7] 8"

OF
2

ofm] o]l v} itk 11 % o] SHoli AAES 1§, = B

AAES IE< B A8l 719 SHAHT 7S ARSRIT

S 2eAE o] Fue BUSS AT 2UAHY 45 e & 4 gAY FUAH) BYolt A71E Aot 4 g uhEo] Hs
B9 252 7] ofele F97} Uk B RS AAZtoR Rt A4 dols AEYAH s12e] SeAEY 74o] ohlet A8 AW
A2E 7o B THS PSS ARE S Aokl 2 =Rl Ak 1ME AR Fble] EAsH: ANEY 15E 771408

—

Sajelo], o] ] ALgAPF Ae Az ol ZASE AASe) 18L vl BEHOR Folfh 71EL A8t wa B4 1F ¥ 19 AR
Sl 71 WE ge) Al MRS BN 180 A4 AT A AZE o] QEET R ERoAL tio Awe £ Al wo]

S I5S Agsia uje a8 oE gAY 4 Jee 2t

7|9E  HH HOlH AEY, St OF A, C0[E AEY Dtold

Soloi Hojeo] that £4
o )97 AAtem Z¥ Sole

#0] =2 20199 FR(ISH)S] AYCR FIFATAEY AU ot
SPE 712 A7AAUNo.2018R1D1A1B07045643).
t & 3 9 SHoteln BRETl A4
11 AT SRSt L ATEYojshE W
Manuscript Received : July 25, 2019
First Revision: September 24, 2019
Accepted : October 15, 2019
* Corresponding Author: Ki Yong Lee(kiyonglee@sookmyung.ac.kr)

I Qe HolHE A4 dlolg AEYelAL JtH. Fig. 12
ARl AA " ARE JEE YEtds A4 HolE AE
HozRg ARl Ade FE3 dolt. AF7HA o]
2et A4 dolg 2EYS BAsH] 9%t gt A=l
o]FofA At 19| dl=A AAS2 HEAQ °o]F WEHE
gAY Hds] TSk FE AdEe He dTs
ol IFHATHL, 21. o2 AFE2 AE 5 24t
AG AHEY oY B2 58 E4ck=t A2 &+ A
A7 28 A Q] A # AR JH
ol =R A S o5 HE F2 A4
o] @ol o]RojFH. o] F B2 A=

-
il
e

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



474 HEXN2[EE|=2X|/AZEY 0 L H0|E 3§ H8H X[125(2019. 12)

HURRICANE MATTHEW

MI_J‘NIJM 5 AM ADVISORY

2 o

2 105 MPH

"’(“'.
o

FRI 2 AM
110 MPH

THU 2 AM
QI
"“ 35 120mPH

Jamaica ¥ g Y TUE 2 M P. RICO
B Max winds: 130 mph |V Radate LEEWARD IS
Min pressure: 943 mb_ 4
Movement: N 6 mph 4

Fig. 1. Examples of Trajectory Extracted from
the Trajectory Data Stream”

]o] 7} Ao FolA A (static) HOlHES thAato
Skl QUEH5, 6]. ol Hls] ZF AFo] A 9 A7te] A
AP R e E0lQ& A4 Hole] AEYCRRE AHE
o] AAE EAste dFe ok s A7 APH= 5
Olt} A tlolg AEfOo2RE AAEY AHS Bt
= AFtole A F 7K 771 ok A WiAs g2 44
59 AXEERH HEHQ A4 52 & A¥ES 294
6} QTFoltH10, 11]. 0152 WEFHo| Wo] IAsh= A=
5 Fofote o AHEE 4 Atk T WAE Zo] olEdhe
7“%11‘: S BAISkE AFtolt14-16]. 2o olEdh= AAE
£ o]

to] AAZEe 2 Z3 502+ HlolH AEHo| ofd, &

ﬁl-rurlrll

&8t 18 (companion groups)°]g &1, o]
= B34 ‘33_ 2ok o AHgE 4 Q. 2 =8

0 o J
o2

ol

l‘

AL o 5 T WA FRIU B IS P BAS
E

?ﬂ;ﬂ. gloje] AEFAA FH IF "9 $8& Eok= ¢
FHA EARI. 7S I8 2 o5 FRE M ARE
GASH= Zlo] 11 djojt}, HIS d& 5559 °olF B=E
TR B2 A EofolA AMEE 4= Sl olFA vt &
ofofl Al A& Holg AEHS &9t FHF 1F o] 582
T AUtk

1A doly AEgomRE T I15S Bk RS
AE 7P| EAlShs AAES F714 0% FAgit ol
o tiFES] A4S k-meanstt DBSCAN 53 -2 7|&9]
Z2128(clustering) 7182 AFHERIH16-18]. AT S
AHY 7S ARgShe] o] 2ol IFS M5k A
= E}Qj 22 A At AA, B FEAEHY gL
PZL k-means?}t Zo] SFHAE Q] $Z ulg 2Fdfof 5}
A, DBSCAN} Zo] S¥AHE F45h= 7“2%]591 24
D v Asfof gt} shAIRE o] 23t e mlE] Ht
3] of= AL "l ofFH &4, tiFe] ST AEY ¢
Y& 119 22 PHE SYLEHY Yoy 2715 A

1 rlo

1) https://news.wijct.org/post/gov-scott-east-coast-residents-leave-
now-hurricane-matthew-hits

ol517] ot wfebd] 9 W Ao] EAJsHe AXSE
el Fej2ed] &3 B 1goR FE Wy S+ Ao
wed B =ge Qe AgAt A4 Ael Hol Exst
< AAsts o AFeE HAse A WHE At
3},

Ak we AgAERE NS 349 F 7.,
Tyistancer Liuration s TETE AL FHZ of® IF9] A
7t m/ﬁ ojgoli, B AA 7 AR AR T
ojstelH, 12| A AlZtel & 7, .., B W HT IF
2 B 1§02 BARh webs Aok e AgAt 9
ol= Tl 152 AEks| gAT 4 ok ESE Ao W2
HAE s 250 19 AlAve viEbske V1S e
g2, S 150 A AR A& ARHA] vhedsfEt
ol #si At WL A= ATt Ty WOl SRS
AAEY IFES F7142= S5k o, oid I5s
o] FAEE= Azl Higt JHE Hr= it

£ =22 A4 Holg 2Ego Ry T 55 B4
St Alze S ARy, & =59 7lde a3 &
ot (1) & =22 A= AG7F 7, 051 AAEY 15
= HEA gAY £ e Az PHE AT Q) B =
Bo 7|& vy}l oy Zut 789 A A7t A& A7
A At M2 FHS ARt (3) & =22 Hatt
A]%J_Q §=H zﬂo]— lﬂ]—lﬂ,] %L_ojj—/\-] o] _QLO/HO qurjr

£ =529 74E v 20 280A s B AFE2
AE Y, 3G A HAE & H, 48M= At T
HE JAIs] Atk SFClME At iR dd Ave
Hold, 6FolA= 488 d=mth

y

-t

2.

ri

8 A7

Fol4l dolg2ie ANESY ofF W T AHL £
Hote ATl A 3 dolelo] fat A7t Hlole AE
Yol et A7 s & ok

A7 goleold AASY ALL BATH: A7t 3
Bol o]0l gt (11 A1 A4S0 152 }%g_e;
RIS Zot (21 F Ale] A2 Apolo] 5 Azk el At
SAE B SR 3, 415 A4 A4S B3 A4 9
Hol $A1% AAg 2ot Felaely Had w44
58 7k AR vie WS theRt g 7] whe] A
RS ARE B o e WAV A 394 A9 2
A7k ohd REAom GA% WS PASHE ATEE ol
oA ek (51 71 AHE HE AREE BolF 4
3 AR T§ok] SARE Fi AR G, of 2o
= o] o}l AISE FALE FrE Ay
(612 B4 w3 e 7HIE 9 el 9% ARk olAESE 2ol
A AAE) FolE Gasit omu} Aot e d
4 2719] 9 ol EAsHe AASo] ohjet BE AR 71e)

O>4
o



ARt 7,0 131 TES SRR Aol7} otk B4
2718 710 A ge] 24 ol Rele] A4 ojng el
A S A ol AR £ UL HoluA HE ol
AR $A 4 ke BAZ Uk 24 17, 812 olF 2
s3] 1of 54 WS 1 o] ofel qlelel mefos
Wgslol $eE olfr 189 A% o2 nwu}
gole AEFe|A AHS] AHL

e 97k 4
o

ﬂil

3 AAEL Aste] AL AHEL 29 Hf A9}
W Aol A, & B 15 PASHE AT A F
R 7E B 4 Aok 1ol A wel Zo] A4

tlole] AEA FARRE HAHE IEFSIete] EAQA A
< E95iFE A0l ov AP=HUS. 9= ZF Az 2F
AoA A%l A HdE(ine segment)E= SELEH
sto] HA9 dE AFS |AL fA49 HHE FE3h
(1012 &3Fol& AAES %‘JW HAEES A2 77k A4
AEE7E IFsete] A0S B8t 121 A= A
A MdEo] FoleW 1 AES 7}% FARRE ATFo = 4elst
of 22 Aol F7Hd X*Xﬂ AL gk 2ot [11] =3
(1012 FAFSHAl AHES] K& A (sub-trajectory)S A&
7FW}° B2 AHE7E AOFCE IF SRehtt shAT [11]
2 AT0FS 7 & UEhd S Qe diE A1FE 7o s 7
A7 7L]-7_1ﬂo1]/\1 5 AT i A-79] FALEE ghofsto]
7P fARE 1502 Adste] 15 fARcE 18a 22
IFES 7K A 3 ¥ SAHPE $30te] 2E A4
< WigeiE (1215 AEA A JIEAE ARgsto] fAF
gt A-7E] AYAE ARSSte] HES AlA F1 ARH HE
A9 HA EE-S RiglejEnt. (1312 F& A4S 33t
AZE B QEgle 92 JEE 7He g AR & ‘%!
e F& A8E S AP0 A5 gt
o] 2o A& dHlole AEJHA Zo] FFol= AAE
o] 18-S £88FLE ATE0] YrHi4l 0134711 Zo] &3
ol= AAEY 1E5E B8 IFol FE 512 AEE
AZHE) 2 AA(z, y) HEE AHESH E‘Ji BA A
(minimal bounding box, MBB)Z YWeFHIL, (a, y t) F
#7} B5 {ARSE MBBES ©45te] MBB7} RASH A&
< WEhe) &t (161 A= 23 AAEY 158 F714
o BaEte] A A7F oA} TIES FAT AXESS =
g 1502 Bt} o] ¥ ol A7t A= LS
AANEY 152 SAsH7] 9o U= 75t =AY 719
< ARgSit o] o SEAET HES £0]7] s ¥ AA
E2 ez FHAHY st Zo| oiyet 7k AAE
< ¥Wd(buddy)zts 22 IFEZ WA Igskie WMo &
= F2HyS APt (17, 18] ES ¥ il 21
F(micro-group)°lgts &olE Aot ARESIAAT
(1419} fAFSHAl 71802 4A0F 992 SHAHPES &
Potil A A AAE I1FS WEdE.
A A3 BRe} o] TlofE] AEROA B 1S ¥
Aok tRES] ATEL2 YA A A=Z Zhrte] A5t

flo ﬂ—4

=

HE G0l AEUM SE OF BM 71y 475
AAZY 252 S 9 7129 Fe2EY 7Y
AHGIIH16-18]. S FHAEY 7L Ag3te] B
la S E]-}\H ]—1— 73] X-1X4’ET]— 5«31/\13_0,] 2 F= 5—31_/_\_
o 4 Yot gol FT2EY] BAF AR 2

ule] @] ofrhe BAVE k. E3 Selxe o] At
2 QYEE FLEY BF EE 2718 Aofst] ofF7]
whol, ulia W Azje] EAfeks AASE Shte] 2 2]
ZEjo] S3k A9 FU IFOR BF WD+ Ut ot
2 B 8L A4 dole AEYSIH B4 15 BNT
W, 7129 SH2EY 71 B A8 AR AL olst
2 AR bto] RSt AAE 1§ G AL
e Ak,

£ =g ARSE we A8t A48 A olF)
2 AR pte] st ANE 1§ BRHOE TA
3] 919 7129 e 73 B FReE Apriori T
B9, 2013 FARE HHE ST EF B EFolA
AQkshe WEe 7)E Wt gl Bu 28 44 A7
A A= FAHE0R EshETt

mlo o, (Eodfo rir

—|—4

. =H F9

£ =woA 7Hgske A4 Hlols AE™ Fig. 29 &
<= FHE 7. o714 7 FEEs 74 A9 A * O
He] AIRE AEE Yerdh object = SiE AAS D,
time,= AN, @, y= AT AAY AXE UEHdLh
S 5 245k ARA S AEslel 9A
=eolA AMgE S8t HEES Fig. 32 &9 (sl
gt

i

(object_ID,, timey, x4, V1)
(object_ID,, timey, X5, ¥2)
(object_ID3, times, X3, ¥3)
(object_IDy, timey, X4, Vq)
(object_IDs, times, X5, ¥s)
(object_IDg, timeg, X, ¥6)

(object_ID,-,'timeg, X5, Vi)
Fig. 2. Trajectory Data Stream

« OF AA 2 "W ALY 1,7 FOIRE W, 152
°1f5 AL 71228 AR T, ©15t Yol EAste
ARG o]Fold Hotks AU] c&E‘r. g £, Fig.
3904 A WA AZE HE (1, ] AtelolA AA
0, 0, 0y 0, 055 AR AZT}F Ty,panee CISTER JIF

FAstaL, AA o o5 0y 0= AZ ZE7H

ojsto|B®E T1&F g5 FATUTH

o
9=

T,

distance

< IF 270 259 e S IR0l S AAEY +



476 HEX2SIE=2X/AREY0 X CI0|E S8t HMgH H12%(2019. 12)

£ 9ulgitt. Al§ £, Fig. 3914 ¢,9 371 5011
9,9 A71= 40l

= 844 IF Aot 54 AAIEe] o1 Al @l
M I5E Az ke Ae AdueH dE =

Fig. 3014 t,0] Rz AZtolzt & wf, g, 3} g,= AT 3F
A [ty t;] AolelA Mz 4" I5e= & 5 3t

)

ofll

F A A7k 28] A AL G 18] A4
°

A 1
FHE A% AL Y A7 Jujict o Sol,

T2 FASKL JeER 1 EVIECE e 1 49 A

& ARk t4*t(]0]ﬂ-,

to ty t3 ty

Fig. 3. Examples of Companion Groups

39l 1 @8 : 24 2] Jd) A2 73,7 FOIFE 1,
wlo of @ A4 1o FESHE AN T 0= {0,0,--0,) 7
e 24 WESY 0% 1golet St

VoﬁojEO, dist(oﬁoj) <T

distance

%, to:"}q 07',‘0’] ‘?45(]% (xﬁyi)ﬂl'?_)‘]-ﬂ Oj‘o’] —?—]i]% (xjvyj)a}
S W, distlop0) = e~ P+~ 2 B,

39 2 (5% 19) : 28 A4 27 7,9 1§ 2 A
& AZF 7,,,,,,° FOIHE W, ol¥ 17 g7} thg 202
wEsH g2 Y ol Wt

size(g) =>1...
duration (g) =3 ];111 ration
o size(g)= 15 ¢9 37|15 YUY, duration(g)L &
A AFE N120R g9 ALARKS ehiict.

el

. ]
o ZF HEETF (o, 8, @ y) FEIQL AIF ol AEH
] = 3

e e o x©

Boli w5t BAL dlolg AEY DREE Y 204
Holat BN 15 BAsHe BAlolt,

4. HI2H Y

£ =RoA Ajbete WH AR 7irte] EA5t= AA
9 15FS F715 o2 gAgitt, o] of At W2 A
B 7S Aok 71 W 22 AR AR T
ojfe]l EAiok= AAEY 152 BT A4 T
= AF&AOIA B 9l9] gholth, whoF ARgA}7E SHAlskaL
1Yg R 158 g6k Ao 75,2 A AA5)
IR B O5E get A e 7, 5 A
A7gstet. oldf 7, ... 2 TAAQ] g2 AAFA AHEo
2 A Ast7] of#2 ko], AFEA] S-&of whet wetsiof
gtk o]gA gAE OFE9 ARE fAsIH 19 A7)
7b T, °VOlAL, A& ARl T, .0, O1ERl A ST 11
52 B8 150 R STt o] of A%t Y2 dd st
TIF0] AAE A A& ATRE ol Y9 & 2 &
oA At WS AAs] At
At W2 Atghe AZE 7HEu Zhto] ek AAE
9] IF5 F71A R AR 2 =Rollde ¢, =1, + At
ojw wj ¢ it T1F FAo] P EThIL TR 7 Al ¢
ol [t t] Ateldl fdE HF=Eo] xghd AA S
[t

ol ﬂ.IlO

r

s 15 B2 ARk weF 1, ] Aolol 5%t A
Aol disf o2 HI=So] EAskE 4%, o2 B FHE

2 Axtstel sig AR HEE I

4.1 S

[ty t;] Atelol fdE HFEESo 23t e AAEZ
0={o, 0, - o,} 012} 3t tol= ol& & A= A7t
Thistance C1HO A5 AAIES] 1ES B3 o]2gh
IEE 2 7P 20ds 3§ ok okt 2o WA
OONA dist(o; 0,)< Ty yunee s 5= BAEY B 0, 05
L& Zo} (H, o, #0) CIEERE F 7Y AAE o]FoiX
IF {0, o= BT &= 719 AR o]Foj7] IFE0]
L APEI U, o]A] o] 1559 A7|E sht A g
Uk, REOF dist(0;, 0,)) Ty yyane 1 0,2 0; BFE IS
k2 A2 I8 34T & 7] "Wl {0, o} o=
o] AAtolA AJE Tt oflA SRl F 7HO] AHE o] Fof
22y IF {o; o;}°l tall 0014 0,2} o, F AQASE ZF AA| o,
O Tl dist(0;, 0,) = Tisstances dist(0;, 0,) = Tiyspane s THEOTH
ols=RE Al /Mo AR olFold IF (o, 0, 0} BT
ok Al 7ie] AAR o] Rold IFE0] BE YAEACT o
Ak oAl ZF TF {o, o) ool WS ONA] o, o) o, F AU
Zk A ool WSl dist(o, 0)< Tyyiyunee. dist(o; 0)< T,

distance»

Gist(0, 0) = Ty S ESHE SRR ] 9] A=



ol2old 1F {0, 0, 0, o} & AQTT o|2A H o4 1
Fol A ke A e M) o] FrY
3 uw P8 18E F 207 7., ool B I
nEEA Qe 1FSTES SAE 1gow v
AT oA 712 18] AAS Py 27lstel B
Wk wale o)tk 7 g dis) s 18] 5
A gre mE AASIO] 23+ Tesior Wt webA A
27} Z71e4R vjS v RE Aol EF ofE 18] AAS
st 2718l7] ASAE S 18 Wl BE Aol A A
79] 72|12 2% lasjor s} meba B ERo]AL oY
A 7k 2150 AR S Z71ste] s ks Hal o
AgHoR 15 Sste] B Y Ak

bste &4 IF B e A (D) =
a &4 WS B B I1F B4 2
%ﬁ]i ?‘}\QQ__T;]_ ;}‘i EH_RH H‘Z”JC___ A“ii ﬂa7]— Eistmmﬁ O]LH
ASe) 1FES F/1402 $HSHE Gl

o ZAIsH: 2 =
= 0 e R U SACIA BaE ES] o)
9 I8 W

sk @At Fig. 32 °] & &4 =
{01, 0, 03 0y 05} & 22 O& UEHATL ofFoA= o] F
FAE Atz Ayt

) #714 I% 9

B AL 2 g, o] RARIAE [, 1] Abolof
F4E BE AAE 0={o, 0, - o,} o HF IFE B
Fe}. o] uf 4178004 At T WS AMgShH oS- u)
ESHo|BR Aot e Bl G8HQ WAL Agalt
At YL 7 2Fo] AAE s Frlstel 152 9
3 Wb ol 3717} kel 3% 274 Wkt A717}
k191 35S AT ol A 7 wao] de) ALeH
L Apriori 2TEET} 7|2 Ho] fAsIh ool A A

WS £ o AAls] At

HA At S e BT SASHA 0014 dist(o,, o))
< Tyanee s U5 AAEY B o, 0,5 BT Zo} (H,
0,=0) O|EERH F /o AF=E o]FoAN IF {0, o}F

i

BAA 7 A AR o] Tl 1FSo] B BT
U, Aok WEe theat Zol M9 1% AA 4L
St 5 A AR ol o7 1FS] EE] Y
2k A o] B8} TE0] S 15| & A4S Ak wrek
ol 47t 7, ~1 mlgolehd o, % ERSHe 18O A71E
Ay 7, ool B & 9ee Edth WAl 08 G
IFES GO IF BHA AL olg Sol, Fig. 4
9 2ol 0={0, 0, 0, 0, 0} ZFH F A AAZ o]l
A 2% 547 BHEREL 7 01714 o, 0, o, o, o
A2 2, 3, 3, 1, 149 28] Saioich webA wop

1=
N

HH CIOIH AEYOM S8 25 M 71" 477

T,.. = 3°] &9, 0% o, F ZIIL U= AFY e
242 1heltt. a8 BER ol 2HT ZY] fiZo dd &
o] 2717k 3 olde] 2 4 YleBR olgg EISIAL Qe 1
F {00 05}, {03, 0} T ITOIA A7 ol A& &
stof 2% AitE Eolal 9 IFe] 2 7eAol &2

e o GRHOR AT 5 Utk

All Objects Groups with 2 Objects Final Groups with 2 Objects
01 {oy, 05}
02 Distance Check {01, 03) Pruning {oy, 05}
03 —— {05, 03} —— {oy, 03}
04 {0z, 05} {oz, 03}
05 {031 04}

Fig. 4. Examples of Group Removal Operation

ojgA & 7o AA = o]FofN AFES FET H =
83 IF=S AASL Y, ofA Al 9] A= o]Fof

02 1§ e Ui ol 1 A e T
3 Zo] % 7o AR o]2ojx 15 shtel 27
Feto] Al o] AR olFold 1S A4 o] oy
2 F Y AA R o]Fol AFES st Al i A
A& o]FofN IFS AT F IF {0, 0} {0, o} T
TEjiA. o@A % 180l 0,8 BUSHA ZeSL o
0.9 o8 ThEA] el o, At HHEE dist(o; o,
= Ty 7t BEHEAE AR, Wk o] 2710] Ty
W Aok WS £ 18-S Wekslel A Ae] AHR ool
OF {0, 0, 0,2 AT Fig. 5& 1FS BHHE oS
Uehde, 94 Fig. 59] 09 A%} Zo] £ Ao} ARz
ojFol IF {o, o}, {0, 05} {0y o5}0l AL T,
dist(0y, 03) < T ymee o] TEE o] AQt WS Fig. 59 @9
QEZI Zol {o 0,}<} {0, oy} WESI {o, 0, 0},
dist(o5 05)< T yunee s WEOF] {0) 05 0;} BAATTE BHA|
B dist(0, 05)) Ty 171 TR {0, )3 {0, 0} B
5]7] gkt ofaiet Hhge A Jlo] AR ool 15
2 Wsio] ) o) A ool TFoR AT Y
sg0] ARG Z, F IF {0, 0, 0J% [0, 0, 0} 2
SkA}. o]FA F IFOl o, 0,5 LA EFSHL o o,
S o, SPLpEt ThEA ERlT QIohE, RISt HRES dist(o, o)
= Tiotane ©1 HFZEEAE A A7 qHeF o] 70| ThEE
A AR S T IFS Wt vl 719 AA= o]FoX
IF {0, 0, 0, o= "4, Fig. 59 @9 A&} o] Al
el AAZ 0|20l IF for 0, b lor 0y 0.} loy 0y 03}
o] AT w, dist(o, 0;) < Tyianee/t WEOFAL, dist(o; 05))
Thistancer ist(05, 0,)) Tyypunee’F EH AL FL2 Fig. 59
@9 LEZEIL o] (o 0, 0,}F {o, 0, o;}TrE HESIA
{01, 0, 0 o1& AATITE. o] 7] A dist(oL 05)£ Tistamee 2

dist(o, o;) < T, 5 2 24 o|u] oA HEHol

distance O



478 FEX2|stEl=2A/AZEN 2 CI0JE J3f MgH HM125(2019. 12)

=IE 71wzl r3‘r/‘l 9}"1% %] P
gha] Aot upy 24 1S aeo
2 5152 %J@—’F UL, AQE HHE o] 25k WAS ANG:
slo] 120] g oA} ERER] kS W7lR] AR At U
WA og ko] AAZ o]FofX TIF {o) 0, 0p_y 0T
{0, 0y 0, 0} N3} o]FA & T1Fo] k1719 A
A Eol7 ZIT o 0,9 o, iR kA wok}
I Qokd, AQF HPHO dzst(ok 0)=< 1, o] HZEEAIE

gheol Z=3tet uf

;O

distance

A=kt whoF o] Zzio] gEEw AR M2 £ IEe ¥
sto] k+1709] AAR oFR IF {0, 0, 0y, o o}

Aggict. o]gA o] TEEY U AHE 15 5 2
717 7., ool b T ZIEHA F= ILH FETS
gaE D50 Higlsitt
k+1709] AAR o]FolX IFE AT o, &
k7H,] AA 2 o]FojA IFET 1719 AAE 7+
iEﬂOHOF giet. whdo] AR HH2 £7)9] AH| = o]Fof
A IFE F 119 AAE 38422 7HAL e IF
7F°ﬂ”} e J_i'4°”% weha] Esjof & FHO| 5
s Ao EN I5FS Wi B&H0F T 4= Qlrh

oL,

I
nE

f 2L
BY rlo

L

Three object group

Four object group

Fig. 5. Examples of Object Group Expansion

Fig. 62 27]14 % EA9] oAtFE=oltt, Fig. 6914 2

- 1094 &2 F 719 7“}11 of tisi AE A4St F A
,,] 714;1]; o]_,_o1x] 82 YT ¥, o] = EFQ3 1
AAss F2oltt. 14 - 20814 &2 w9 ZA = o]
Folil dFES WAt k+1719] AAZ o]Rold IFE
< Aok TAE HERd 21 - 2694 &2 ©A4E 1
FES EL7] 7V 7., oVdelal B g EFEA U=
SAolt}, HEHog gaE IFEL

= 0 i Q_ O 1= =] =
o] HAE i Azt ¢, vith HAE IFES ez 7
IFEY §A o, A& A7t 55 Tdote] HEFHoR &

1:  for eachinterval

2: for o;,0;in O do

3 if &is1(0;,07) = Taizrance

4: groups,.add({o;,0;})

5: endFor

3

7: for each object o; contained in groups, do
8: if count(o;) < T —1

9 remeove all groups containing o; from groups,
10 endFor

11

12 k2

13:  while () do

14 for ¢; in groups; do

15: for ¢; in groups, do

16 if (c;[1]= ¢;[1D A (ei[2] = ;[2D A . A (e [k — 1] = 5[k — 1]}
17 if dist(c; [k, ¢;[K]) = Taiseance

18 groupsy +1-add({c; + ¢;[k]})

1% endFor

20 endFor

21 if groups;.; = @

22 break

23 ifhk+1 = T

24 G add{groups;., )

25 remove non-maximal groups from G

26 Eek+1

27 endWhile

28

29 return G

30: endFor

Fig. 6. Pseudo Code for Periodic Group Detection
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Fig. 8. Examples of Updating Companion Groups Table
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24:

for each group gin Grdo
for each group g’ in G do
/I G is the set of groups found in the current time interval
ifg=g'
do nothing
elseifg C g’
insert (g'. the current time) into Gr
elseifg o g’
remove g from Gr
insert (g', the current time) into Gr
elseifgng' =0
remove g from Gr
insert (g N g', the current time) into G
insert (g', the current time) into Gr
endFor
endFor

remove duplicate groups from Gy with the same start time
remove non-maximal groups from Grwith the same or less start time

for each (g, start time) in G do
duration time = current time — start time
if (duration time = Tyyrarion)
output (g, start time, duration time)
endFor

Fig. 9. Pseudo Code for Group Detection with Durability Judgment
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