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Abstract

In this paper, we design and implement a continuous event detection method for large mobile object data streams
in a distributed parallel environment. The proposed method includes a distributed in-memory grid index and a
continuous query processing method based thereon for effective event detection for moving objects. The proposed
method detects pre-defined events by setting a region of interest and analyzing the location data stream of moving
objects in a continuous manner. Subsequently, in addition to the table storing the location data of the moving object,
we propose a method of separately maintaining a table storing the moving object data in the region of interest for
continuously detecting events. The proposed method is implemented based on Apache Kafka, Spark, and Hbase, and

performance is evaluated through various experiments.

Keywords
mobile object, event processing, continuous query

* St Bty AFE s wAA * Received: Jun. 30, 2020, Revised: Aug. 20, 2020, Accepted: Aug. 23, 2020
- ORCID: https://orcid.org/0000-0002-1769-3136 + Corresponding Author: Seokil Song

#* Sy Ed|sty AFE IS B AAAD School of Computer Engineering & Information Technology, Korea National

- ORCID: https://orcid.org/0000-0002-0110-7155 University of Transportation, Dachakro 50, Chungju, Chungbuk 27469, Korea

Tel.: +82-43-841-5349, Email: sisong@ut.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2020.18.8.117&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

.M 2 1. 2k o4t

GPS7} Az ®=utd 717180 g AR [1]olM e SAHHS] 91X 2~ER(Location stream)
we} ol F A o HAEHE T FHY = ANRIO R BAMste] FAA Y Adgs EA
ol 2Edo] w2 F7sta Utk A, Eut ZAaet A dAst AAAA ¢E F e Al
d AA ©lolE] 2EY 89 FRAE o] F7 28 Aoksla ok 11914 A= HAI7)E
Ha ok olsAAY HolH 2E™A CEP ARoh A oWIE AE W tid AReF A Yol A
(Complex Event Processing)[1]< &3l ThFst o[HIE st AR A HlelHE Tg= 4‘4?_]
£ AAske A 8% S8olth (Grid index)E ©]-83ty A&ty HE ot =g

AT CEPE o183 oS tid oME 2 AABoE FHHE AR 9A HolEd mon
A Q77 9% AGE w gk QAE Ak A A A4l Continuous query)E ] ALY

o] FAAEY 99X ©lolE] 2EH i3] A Aolgh Aot okl oMIEE HEgh
o2 Sk oMIEE HEde WHE At (11914 Aoste 4kt kA oWl EE 3714 o]t}
Atk BlellME ARl ALgEE He olsAA A WA 4ete] B A EA Azt o]%d
Fakg oFsk A dolH 2Ef figk oHE AAske SAMS AEdT F WAe 540
& A8k WEs Aljketal ok o] EAA Ho] Els Zl°d°ﬂ HRAo R o wiEe ds AT
Bl 2Edo| W3 CEPE Ysxie A& 29 g AEd A AAE S HA7F ol &
(Continuous query) *2]7]1&[4] & 73 7% o[ E A=A ge s A&
AZE 71€[5] 5% Agslor df E3h tj8F a8 19 2]ellA ARkske IYE ARl dk
o] A tlole] ~Efd tig AAIZE OlEiE el 2o Al WHE o884 oHEE HEd]
Z< 9g ol .8l & NIEE HoF1 Utk Location ElolEol&
o] mRoAME B4t ¥HE AN T olF BE TSl F71H0E Heste A H ol
AA dlo|f ~EH g A& oME HE ¥ & AR ©] Location H|oJEo] thal wHEZ O
S A AQteE WHE o]FAAE $3 & 2 AE TPt oMIEE AZEse AL w2
A oMIE HES HsiA B QdwEg Hlgo] Hasith [19ME EHFoZ oWEES
(In-memory) 1= Q29 o]5 7Hlo g 3= AZ37] AsliA a2gE Adle FEetal s
A dol A WS Attt oA 24 Q) 7t A F oWIE F& tiAdl A A(COL Cell of
g JglE Qe dA&Ze A WS of Interest) = AMEALES] 7Y, EUS AR
atad [1]014 Ak Atekrge] 98 oWES et Col HolE2 coldz A $Ash= A
2H SAE] BEE5S #E 50, UserINCOI Ho ‘:'—8— A

Aze7] 9 A2ES FHIT. T A
o

Apache Hbase[6], Apache Kafka[7], Apache SR A fAlske A A U3 Ak
Spark[8]< 7|¥FO.E st AFE T3l At W 71E3. o]E B4 ol AF? L37}7‘]/] oHIE
Ho| Aee Bt £ 89408 HE: & F Itk

o] =% T4L U5 2o 2AdME 7|E BldAE AT AHEEE s olsAA g F
of Ak Akl kA oMIE HE WH H UE 2 gt AA oy 2E”d| iz o|HES
CEP WS talA 7Iedth 374 o] = Ak S Aldketa ok ol A7 1 7
oA Adste 4 QW= CEP wWiol s Hhe] ALA A WA Gl ASEY A
A ARt 47 e AFAAE AN Sk 5% 2lE A% R%-E[9] 7]5ke] Al WH S AlQbsta
AN A2E deth A

—
—
—_

Al gl el olMES ZHE3

rir



Journal of KIIT. Vol. 18, No. 8, pp. 117-123, Aug. 31, 2020. pISSN 1598-8619, eISSN 2093-7571 119

ARAQ WS Absta QAR &g A HEE aH0E ASY + Ias Hth
bole] 2Efd tisf oHES AZEsh=de g
b Stk [10]AE (1194 AlgkehE W A Nl 24 EZ 8 7|t Mot ok o|HE
38 BN AT 5+ e ke AAFtuE HE Il A Y 73
A, AP FA olE dFEA ¥ Stk
RIAAE WA R e ol AA o tig &34 UA 71Ed AAR o] =EoAE [1]oA ARt
o oPE AE WS AL AW ST W @ g} ki oMlE AF WL B4 WY 87
ol 2Edfd tigh A WS Adket YA & A A % ?—aﬂ_fﬂt} 9 20014 o] =wolA A
. o] =2l 1% [1elA Alkehs We st dlate B4 3E 340X oHE HZ WY
of B4 WY A AAst FEste] t&F TZE Bzt
A HlolE] 2E- thiE HA7RE QB o]
COI (Cells of Interest)
celliD| start_time last_time user_cnt| time_limit | user_list
57 [20171112-10:55/20171112-11:15 3 19:20 1,2
65 [20171112-10:25/20171112-11:05 2 19:20 4,10
73 [20171112-10:45{20171112-11:15| 1 19:20 3,
1-:.1.9 201711"1-2-19:05201711.;2-19:10 2 19:20 5,11
UserINCOI
userlD start_time last_time celllD
1 20171112-11:10 | 20171112-11:10 | 57->X
2 20171112-11:05 | 20171112-11:15 57
Location
timestamp beaconiD |userID| celliD
20171112-10:05 3 1 1
20171112-10:15 3 4 4
20171112-10:25 2 2 1
20171112-10:35 3 5 103
20171112-10:45 54 2 111
20171112-10:55 54 7 4
20171112-11:05 3 8 2
L [t”‘/ 20171112-11:15 4 9 119
7 ’
O3 1 Ak ofd o|HIE HE it
Fig. 1. Event detection method for mountain safety events
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Fig. 2. Architecture of event detection method based on distributed and parallel environment
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ProcessContinuousQuery()
Input : indexed location data

{
cellD = GetCelllD

for  (userlD in userlDList) {
Add  userlD to COl(celllD).user_list;

callback function : called whenever indexed location data is received

useriDList = GetUserList
diffUserlDList = diff (COl(celllD).user_list, userlDList);
for  (userlD in diffUserlDList)

update  UserINCOl(userlD).celllD = MOVED;

Update COl(celllD).start_time & COl(celllD).last_time;
If (COl(celllD).last_time > COl(celllD).time_limit)
Add (Event1, cellD) to eventList;

Add userlD to UserINCOI;

}
Else {

update

}

if (userlD does not exist in UserNCOI) {

update UserINCOl(useriD).start_time, UserNCOI(userlD).end__time,
UserINCOl(userID).celllD;

If (celllD 1= UselNCOl(userID).celllD)
UserINCOl(userID).celllD;
update UserINCOl(userlD).start_time, UserINCOl(userID).end__time;

If(thresholdi < delta (UserINCOI(userlD).start_time, UserINCOl(userlD).end__time)
Add (Event2, celllD) to eventList;

}

Add userlDs in UserINCOI whose celllD is MOVED to disappearedUserList;
Add (Event3, disappearedUserList) to eventlist;

Return eventList;

J8 3 O|HE HE L12|F

Fig. 3. Algorithm for event detection
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Start_time, last_time The first and last time the user was seen from
the cell.

User_cnt,user_list List of users and IDs staying in the cell

Time_limit Limit Time for the cell.

UserinCol

Start_time,last_time  The last time the user entered the new cell or
was last seen.

cellld cell that is currently located.

a% 4. COl, UserINCOl RDD +=
Fig. 4. Data structure of COl and UserINCOI
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Table 1. Experimental environment

2.1 GHz Intel Xeon E5-2676 v3+ Processor
No. of Nodes : 16

Apache Hadoop.3.2.1

Apache Hbase.1.3.6

SW | Apache Spark 2.4.0

Apache Kafka.2.4.0

Apache Zookeeper.3.5.5

Data | 6.000.000

HW

a9 504 7oA A AE HoFE), 7zt
O Sparke] YASEE 1271 3k dstream 3
715 129 522 WAANA 7HEA 2T 2 79
A Holelol tialA oHIE HAAE FYFI=A
243 Zlolt}y. aga 19 5, 6, 72 47 FA
tolelE AFste AHEA 47F 15007, 30007,
60008 wf A§E 435 Ao},

92053 93575 95329 93897
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Fig. 5. Number of data per second (concurrent users 1500)
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TPS 91589 9188
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dstream size
a8l 6. =2 HMelst= dlolE = (SAIAFZAL 3000)
Fig. 6. Number of data per second (concurrent users 3000)
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Fig. 7. Number of data per second (concurrent users
1500)
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