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Abstract: Crime prediction is a technique to predict places where crimes will occur in near future from
crime records, and it is getting widely applied to patrol planning in police. In this paper, we propose a
crime prediction method that estimates the density distribution on number of crimes from crime records
with spatiotemporal kernel functions, and predicts high-crime rate area based on high-density area. Our
method applies machine learning to optimize the bandwidth parameters of kernel functions that maximize
the crime rate within the predicted area under the given condition of patrol area size constrained by patrol
resource availability. This optimization enables our method to select the best bandwidth parameters, while
traditional approaches required criminological knowledge to select them. We conducted experiments with a
crime dataset provided by the National Institute of Justice and found that our method estimated reasonable
values of the bandwidth parameters for each crime type from the point of criminology. We also evaluated
the average precision of crime prediction and found that our method outperformed against traditional hot
spot analysis. We thus confirmed the effectiveness of our method for crime prediction.
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Fig. 1 Block diagram of optimized KDE.
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WHUL L (z,y) 5 & HILIRFEEALE (2, y;) SO EE
BEE (v,y,), §%D6, o=, —x, yr=y;—y &7
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Fig. 2 Kernel density functions.
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Fig. 3 Arrangement of training datasets.
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FAT, BRI A 5 12350 B BEEHEER f 2,y tF) %, tF
5 BERERI N Y NG by RO TF OIS EIRIET — 5 % 5
Br—5 LT () TRtHET 5.
ZLTFHNET) THOLL VDS, f(z,y,t5) 258
WIS, VA= B UHOEEDOE L EHIH LT, tF
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NV RIRfERE Y A ST ofh S, FEEBENO /S g —
VAN =B R EEICT 2 8% ol NIE (W9, hQ) kL
TEY, 3.1 HOREHRHEHOFEX (1) ITHWS.

3.3 FHERI%K

L KDEFEOT VI AL %K 1 ICEHET 2. &
VA N=EE )N O — LA N—KORRIE, BEICE 4
WRT X9, FHE®EY), BV aN—Robne & b1
FRAHI R L7 B2 5 2 LT b a— LN —
EKHPWMT LT LR, §TOLLVEFHTS L8
FE = B N=FIZ100%I12% 5. ZOT 4 IR (1) T
FHET 2 HEHEEB TR, F— A IVEED NV Nig
TEIWRRLEIA L, BB, —EMIIHDL LT
IN—=F|ZH L TIRE DN S — )L hN—R L 72 5N RNiig
AT 5. 41%, WY PIEMA, BISHLTELSLT
A HBELN, ST =L HN—EOE N R,
LIV AN—R 0% T F TIEN Y FIEM B, 20Ul ETIE
NV REAL A ICZEALT B2 RT.

—7, BEAFWFZETIE, JRIR TR EE OFFmIRIE & L C,
T 5L VoEfEEE & FNTEAEEEORTH S
PAI % v 2% [2], [17], [18], [20]. T &b b

n i PMTE225ENS N BRI AN agE R
a: FRILZZEVE AL TFHRHRT ) 7V

& L TPAT IR TREAT 5.
PAI = (n/N)/(a/A) (5)
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® 1 L KDE 07 )T X4
Table 1 Algorithm of optimized KDE.
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T HN— R R RE.
Step 2: /N2 NEHLZ LT % b — Ll N—R % 315
Step 3: /N kB — /L N—RP @I BN g2,
N RIE L U TR

AIETI (3.1 )
?éep o i N RigZ& 6, TR A ORI AR %

iE.

Step 2: EEEB EHE MA@V ANBIEID, B I AA—F
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Fig. 4 Image plot of patrol coverage versus cell coverage.
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PAT % FHifEE & L TRl b3 556, R LTS
N5 PALICHIET 22V A N—FE, LFLb/SE—
W)Y = ZORBEMICEH LR, —F, REFFETE
BN b — VETICEID BT v —Ama, TillEf
DHFIFM L L TEEFEICMY AND., BEHLITH /3 b
O— W E—IC—HEICE EF 20D TR A0, &
WA IN=FRDLEMETT/N b — )b AN =25 OJLGRE I E8
FTHDIF TRV, ZNTHREFEE, N ba— V¥R
EHREOBEEIET L ZERICAN - FTEE VR 5.

4. FER

i b KDE #:% NIJJLIRFilla > 7 A b [2] 2B 7 —
AL T, BEiHE, BEILGE, BAKOREMI LI
FM AT . RIS, SCHK[20] 23R Y F ARy Mt e
LTHhIT7)y Ry ¥r 7B L TRBEDDH 21T
W, fERAE I - RS L. Sy Ry B ZIE T RN
FTA=FFENVDRESDARDIZD, FEEDENIZL L
WAL VT LA, HBTFEE LCGRIRL 7.
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5 K— 7Y FERELY 7 LRABIEEM A
Fig. 5 Portland police district and geographic plots of bur-
glary.

® 2 FAILIREIEET -5 B
Table 2 Number of crime events by type.

JEFdE FRIxIRT Y 7N T BT K
EETERYS 9,658 1 0.141
% 3058 163,785 1 2.395 4
(EINS 5,277 0.077 14

() FHBAST U 7THNEALH  68,400.

4.1 EHETE

ABT =% 27 13KRR— 7 ¥ FEZD5E3I I AHD
JRIRFAEIERE T, JRAE, SRR H H, FAGHT OB DS
ft5anTws, B 5 IRAEOT— ¥ &G LR
IV REHET) T [271] O, WHEE#HRS AT 4 QGIS [28]
WL BFERTHE. TR 7 & LTRENRET S
Wi & P GRPER 23km, BILR 17km) ZFEL,
NI 27T AMDEHESEILTEVIZHET S, 20
FFE, LV OTEIRIZYE — ChR/NAZ 62,500 F 57 1 —
Fo%F D 5806m? TH5H. —LOEE 75m DIEFEL I
FERETAHE, LVEHAEIL5,625m2 &0 R/NERICE
Wiz, Rl I oL E v, 75m & BIVIE & .
xR 2 TSR E T — Y B, TR TN
EELVHIZDIZOVTIRT.

LIV AN T S NI 2 27 A FfFi, Pl
HEOHIEDSH B, ZHEKR— T v FEFELY) 7 ik
14771 FFH<A VI L, 0.25 FHXANVH5 0.75 FF
<A NVORT, WEEE 0.17%25 0.51%DBIARS T 5.
—75, SCHk [18] 1, BEOPIL b O — VTSV %
THNOH 5T TONRFRELEEEIEE L2 25, Fill
BRI T 5 LM OHEE AL, 4%0 5 5%12
ol LTWwh, bt KDE O+t )L A1 /8 —3 (33 k
=)L)V —A%HfT MO0, KXW G % s%
LT, ¥ AN—F1%E 5% xikET 5.

At KDE #1252 B HEZEM A — 2OV DN v Nl
%3 3IRT. BRI N NIEE, 1EM e A HEAL O M7
WX 5 7T H, 28 H, 37 ARREOFHEE IIHIET S
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&3 NV FIEERY A B
Table 3 List of candidate bandwidths.

TR fE ik
R 7,28, 91, 183, 365, 730, 1095, 1460 8 i
N RIE(H)

2218 75, 100, 150, 200, 300, 400, 500, 17 4

N2 RiFE@m) | 600, 700, 800, 900, 1000, 1200,
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Fig. 6 Patrol coverage versus candidate bandwidths for each training case (Cell coverage 1%).
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x5 /Ny FIEML (R N> RIE (), Z=2# > FIE (m))
Table 5 Optimal combinations of bandwidths (Temporal
(days), Spatial (m)).
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Table 6 Average patrol coverage of all training cases.
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Fig. 9 Patrol coverage for each training case.
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xR 7T EVHUIEOTY PAI
Table 7 Average PAI of all training cases.
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