Development of Multi-agent-based Spatial Analysis
Model Analyzing School Crime Vulnerability

Jihoon Kweon’
Department of Architecture, Keimyung University, Daegu, Korea

Abstract

Background The purpose of this study is to develop a spatial analysis model evaluating school
crime vulnerability with the use of multi-agent-based simulation. The recent tendency of school
crime implies the need for crime-prevention design in the environment.

Methods This study was composed of three steps. Firstly, the research documents were
investigated for finding the rational background of the crime situation. Secondly, a multi-agent-
based model evaluating crime vulnerability in school spaces was developed. Thirdly, the model was
applied to a school environment for finding local spaces vulnerable to rime situations.

Results The developed model used a user agent group and a criminal agent group. Its
environment component was implemented with equal-spacing nodes. The interaction part in the
model included spatial accessibility, natural surveillance and a crime situation. The result derived
from the analysis of a school indicated the mean difference between spatial accessibility and
potential crime vulnerability. It also showed a moderate correlation between them.

Conclusions This study implemented a multi-agent-based model evaluating school spaces
vulnerable to crime situations. The developed model showed the possibility of clarifying the
difference and relationship between spatial accessibility and potential crime vulnerability by using a
2-sample T-test and correlation analysis.
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Table 1 School crime occurrences from 2012 to 2015

R 2012 2013 2014 2015
el 1 0 0 1
ERIEES 2 2 2 2
Z= 7 6 2 2
a4t 0 28 21 28
FABZ 0 2 3 19
LH= 163 187 227 249
JIEtZU ZHFA S 0 20 13 3
o 644 606 484 471
=¥ 715 700 479 530
AR S 692 443 287 246
H 3295 4251 2117 1664
B o) ZEHE A7 2224 1994 1518 1551
D= ZEHE A 5519 6245 3635 3215
HEO| 7 HIZ(%) 5907 68.1 5 51.8
H o 2|9 14 H|E(%) 40.3 31.9 48.2
0.0
70.0
60.0 A“’/' Bee
50.0 .‘h_‘“’é
o
5, 00 E\://L
i3 30.0
20.0
100
0.0
2012
AL
=t = BT O] M| B (%)
—0— = 019 Z Y E O] FHHIE(%)
Figure 1 School crime tendency
2| ASlolA] SZXIQ TIaHKIO| 39| =2

EABRA e EE}ELJ A+ (Cornish & Clarke, 1986)°] k=2, 7}

HHES] el WA}

A E e B

A7} A efake ekt

o A

o R oo (B
o
1o

Jﬁrp
>~

33} FE0] A (Cohen & Felson, 1979)F AA|H dAFEH=o0]
A Al WAL A2l WA T 3)j9] tiato] HAst BAIFo] Q)

158 Archives of design research 2018. 05. vol 31. no 2

,_1_

ﬂ 907} 9let. wkeb el

7O HAFO.

ET o1

CERE

A A

R R S |

BQJ5he efoluh Aajok sh 91
H3E B 27k glom o]S FaA
Stek. ol AR 7|ute] WAt AR WHANS WA Aol w2
atol AT 8 B9
a1 ofsiel, WSt ol WA 4% 2 TAHIA e AT ol Lot
ol £0] Bl WS A% @%ﬂ]ﬂzﬁ4%44Lu
geh Fgel A the A9IAe] AL EHo] gl 4SS Ae it o] 5]
AL A Aoltt. ol WAL FA

y}skA o
=T

285 A =80 vEE

o)

4okt g

},°ﬂ A 5= HOF s



£k Bkt (Felson, 1995). WA7H SAEA 4 4L E719k Sw7k 9l AH WA B A et
B4 el BAT A TS REAE Gl B AdelA £9eHE ZAOT aobHT, o]
A7k WSS A RH 02 AEctel Aok TP oFe Aok WAS O AN FUT
F25F A1) AR WA Aokt F k] G914 ool RASAL BTt EASkE 2AAA

W7 e

rlr ol gE ook

QAFFol oA BT Fe AL Ao 24 o] AWs] AR QAPA BEE ALK o]

Eﬁ‘l 01 ‘ﬂ#x}"ﬂﬂl = EH & Addshs 9AE AlEetths 2ot (Cohen & Felson, 1979) 0}1]“?

o
B
1o
m
o
f
N
il
i)
_C‘Z
P‘_ll
N
2
o
N
=
gN
2
_IN
xﬂ
i)
by
rir
e
o
)
O
ﬂﬂﬁb
é
o
u};l_‘
:>x~1:,‘
n
o,
o
%
24
o
g
=
U
o
Ruj

2 AP 5 Uk

Feld) Mol 2t AT FOl RO WEE thedt B =2 E5S 2ok T} (Comish & Clarke, 1986;
Cohen & Felson, 1979). 3, W27k 2A8al7] o] 7k M40 & 4 gick. B4, FAHA WHAE 5
B3 5 glow AR AT SHT 5 gk o 5L WA AAHE VR 2ol AL LA
oF Jhek. VAL, AHAIE R A7 QAR BE-E sHEo] AAH WAHAE WA A o Aol A B

5 A& WA, WA QA B F A4S AT TR, AaT geld deol2g vel
S ol e AL AL $151o] AR AN} Al 45 Aelsian] 15 Bt HAon
BAAS TGRS S £ E 228 T PP 029 AL AL AT AL
= Rpo] w1l Welo.2 WA ek o714 AAH 7ML ke AslAutet Hol7t QA olFo] A
How AHA g APlNE Theluelos FAE Bart

2% (Crowe, 20000 SF4AE &3 A e
& Aetsleitt. ZHA ol BagRtol o5k A A Sl 74X

ESER
AV AL AN A% 2R GAS A YT 94, £ DS AT, R
£ AgAQl F5o] ol Rl A RE A4S BE A7) ZAISH 1414 A% 2429l 27t ERjgch

|
57)= olgrh. ofell HlshA ddA <l BF2 FAI A%t ol A= FAlol A A9 FA[0)7] = 3
o Ao ﬂéiﬂou/ﬁ% AR 34 o] et FUF 2 A A Aol EARIE. of
= AT AR Ao r &89 et 9l

3. 3. O3 ALIXL 71 AlE20]4

el ol 2e ARt el WABAS AWsleS But ohjel BeRHEe] Holk njA K9l A}
gozne A48 AN o] AACNA ARk A ol2e] iAol Hgich A o EolAE A W)
L kel AEo] ghzolet, A ol o] WA 7H ATTAC] 7]8hE FI OAFAH 0] BAZ SAIRTHE

A7 715 ke JEAl AHE JgH o A FHole s LAHE A|AFo|tt (Cornish & Clarke,
1986; O'Sullivan & Perry, 2013; Von Neumann & Morgenstern, 2007). B1€ & (Taylor, 2014)= J9A} 7]
gk 2o 2 8 4E 3, PR, AR ookt 2 APE St A AlAY EAlE0] &
Aotz 71 AA eIt @4 AlAS] BE £A4& gt 5o 7MY AAR Ry 3dtol= A2 B7H50t
02 RYos 1HEe FE2 AFA thFe AU ol¢t Belo] e EASCE ARtHT o] A9A
AT A0 A YoM E A8EE Folth Felxte B9 AU WSk tidE R 2 40]
ok =224 gl A 3919 FA= 1Y o] &R olH o] 59| Y9l T} AXHe WIS FRekth EAIL
A537re EAo] wslotal &A1 9] diifo] Hrhd o] st 8 A% PR FAE 4 Yk TAE ol
A7 o2 AR T AT 7= A2 ARG ] olnh AR A oy 9] Ftol o FYAEY &

A ARE Thofobe A2 WAL 7 AL it AE Eol, HoR AdH HFROF oot ¢
AL PAA7} A Hol= Ao a-golrt.

www.aodr.org 159



o5 A 71N A2 ohao] PR AehS Eotohs AR 7] Belolok, W S LR St 5
Az e} Bl R PARE FRoe BB o5 P9 7N RER B 5 93, TA] 7FRY ASFA
o849 K g HASh: L2 AR B e shtE s o). At Ao
tol= FAATE Bfshe 5449 ZEAQ] Aol oulstr o= Fdet A o] S 4
A Heehes Beoks EE g S0, B LA FARtE ofF Srehe $4& 3542
ARk 7N P AEe] o5 Sz Apol7) glrt. o et Aol PR HekE 1ol WX A=
g5t F AR wsAtol A= ol E T 22 35 A%l A FEE AAT FA A sk ATE
S theol S0 SloiAs T2AR] Afol7) 9ler ol= AR JHe R . ol E 5o, shte] 3
A= é % L %Z—‘ & e ‘“HX} A2 W voiE SR 75T 5 At o3t Bl dA=

O Moo

ol
Lok

)
Fll"
)44

O

ol
—.~ _.
l' _, _1_4

RO VST - 1 AR )
_]N :10 :L

Hokr 7Hk“?‘4°1 P2 ] o)A /HE“.% ﬁ?‘k s
She 22 TA9t A& £AE HetHo g gag = &)
#l<& (Malleson, 2010)2 EA 37 iAo R A& A-g-oto] {A7F Aok 38U
HE-& 451 oot pAT EAIFEe] Aol thtR 33hE BYstafiof ke 714 EAE ©9E
s et iR R AAsks eAIZE FEE QI Ee o] B2 AF o] 2 Y EYAE o] &5t AU Tt
TAETe] BdS AMESE9l 7o AEET 2ol AAR HAF SAskE FAHA FAE vAFoR gAY

AL gk

FA| Yol A o552 AFSE FAE AT A0 F o] R =X E AT AP ATl AL 718t
mads *}2] AZAT 24 (Social Network Analysis) & A 2|37 5.oF AAsto] o]-§AHE0] =o] el 4t
A e Folzl FH oA o8 A5G FHsHe REE JHet vt ot (Griffin, Schmidt, Nara,
Torrens, Fewell, & Sechler, 2007). ol YA} 715F RS o] &5h= AlEd o] Holl A 243 o] &4}, o] &2}
o} o] g2o] AT AL F AT AFE B 4 9l o= 7o AFAS B4 BN o] 84t PEE S
ol A3 AASHe 20 & woE

Aedtol et 1 HE F shaol| A HAshe WA o] A BAo2RE ¥l FEHS Fulete 4
o] vt WA o] 47420 £5E At oS Bl ole Ak, £, A2y} 22 HFt
St W& F AAIE R d-go] AEE HHAS ofugich. WAl Fokeh st W F3te] ek A2 Fdst
éh‘fu} o}qg i]-017} gom o= BE St g YUl FHAE 9 A HA] grotof g ofn|gitt, W

H AT} o] 82k IAARI o) F T A A WLl A Sl

B EA G Ao g Bgo] 7hesitt. BT o] gAY 28-S A5k 7 AAAY T A7

w2 ste] 4

B
o¢
ool
=2
s}
=
o
2
)
e
el
tlo
=)
T@
il
>
e
s
£,
2e)
et
g,
(]
-
el
ol
rlr
N
[e}
&
o
=
)
K

W20 ek Shil B BASHE thE W9IR} 7ur mele] AAAel THE Figure 29 Zo] B4 2Ae]
4%, B840 AH§FIE 5 719 879l 2ol i(Rhino)%h 31 Jupyter) 1 Hlolel FAle] 4, w1 W=
219 7, 87 o] A4, W9IR T B ol 84 Ho] Ay, WA FAY FA WA Prel 44 F8
& Zokih, A BUOIAS Sk HES TUR B4 abo] BAAE WATHE 34, BANEE 0|55

160 Archives of design research 2018. 05. vol 31. no 2



O:
olol
o
o
i
ol
FfF
i)
ox,
o=t
i)
ofN
2
(o
il
M
1%
i)
-
it
N,
e
o,
rlr
i)
ox,
(o
b
-
el
i,
&

& A7 o W 3 Ao R o A 7N RS RS AL A7) o] RolAl= AR 24
A AR e wE 910 30 LS vtelshs A7 3PS A ofof Aste] Hlaw
et 714 ¥ i

O
= (e}
g RS 2 ste] o] 5 Ao A& 7HsA3S Al sk I olch. Figure 39014 AA ==
& B35} A (Turner, Doxa, O'sullivan & Penn, 2001)lA] AFEE QW T A
2 WYt Aolot, ot AP = 7 BHE FallA] o] 849 &

)
>
|
il
2
e,
o
-
rel
Q‘L
R
>
il
)
o
[l
A=
oX,
o
P
ok
m_?_]:
e,
o
3
30,
&
o,
|
)
r
-
1o
Ao ookl B 2

AN E o A= 20mx 20m9] F7HE Imx 1me] @93 tog &
T AHES olF ke ol 8AVF AR HE F2E vz Aol o
2 30071A19] o] gAY} 5% Bk 1571A19) 52
S5 g2 A TAE TEste] o]FoH Lt A4
9] o] gA7t Gl Aol o] 5ol AHH o2 W FHS
ARE Addiths 2710& AAskqlth 2E PA4= 3
o7 A P99 o]F HEE A5ttt e B4 it iE
3 Ao HAYsh= Wz olch B4 9 34 Hol= Figure 3914 A4 Fo 2 BAIH P97} o] gAfol ]
A Fog AE FARTE A A L HF 7 ol T,

[ = u\s:laawa |

| osrelwemzsy |

b 4
| wmrelwemzeny |

l 22 Lﬂ‘é;ﬂwwlil ‘

¥ w0
\ ezl ols ks
I_J
: 5
= 0j
[ wuzasmeze |
Y
\ gazmevE |

O Ixxg

Figure 3 Simple multi-agent-based simulation
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Figure 4 Simple multi-agent-based simulation

Figure 5 User’s visiting frequency at individual spot
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LiF: » Grasshopper = Jupyter Notebook = Grasshopper

Figure 6 Simulation sequence
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Figure 8 Algorithm part implemented on Jupyter Notebook

Table 2 Agent component for analysis
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Table 3 Environment component for analysis
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Figure 9 Simulation process with indicating users as green dots and criminal as red dots
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