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;INTRODUCTION

WHAT IS CRIME ANALYSIS?
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A fundamental and one of the most challenging tasks in crime analysis is to find
related crime series, which are committed by the same individual or group.
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3-23-T0 2:30 AM: Peccived a coll from Fettersen PD to meet the compleinant st their stet!~:
regording en incident vhich occurred in the County eres. Arrived st the pstterson Pp ot
2:50 AM.

Crime incident re ports (a . k.a . pollce Contacted the complsinant who steted ot mpprox. 11:15 M, 3-22-70 she had been driving on

Rvy. 132 near Interatate 5 vhen she obzerved » late lodei vehicle, light ten in color, no
other description, following her end blinking it's lights es if Q{u operator of the vehicle

repo rt S) are ala rge source of data that by Ao ot (i commigid ot oo ool oo ss S (it

odvived that the exsct ores is unfamilior to her ond that ghe vas not gure vhere the vehlcle
hod been stopped,

Conta|ns r|ch |nfo rmat]on for detect] ng Coszlsinant pteted that o ¥MA, epprox. 30 yrs., 5-0, 1€0 1bs,, drk. hsir vesring blk, riemet

pleztic glanses, veoring o 4rz, skl locket ond Ark, blue tell-bottomed pents, spproached
her vekicle and pdvised her thot her left reor vheel of her vehicle ves vobbling end thet

A e he vould reralr the malfinction. Comploinont stated she sloyed {n her vehicle end oberrve!
re ate Cr“ I Ie Se”es. the pigro:t taze o tire %031 to the reor of her wehicle and vork on the wheel for approx.
one to tvo tos, ot vhick time the suspect approecked the complatnant and edvised her the
vheel vaz ozay ot this time end thot she could proceed, The complainant then cbserved the
suspect pull awey froc the roodvoy end proceed from the sres.

Cecplairent etsted phe started her vehicle and vas attespting to pull avay from the curt vher
the vehicle came to o lurching stop at which time she exited the vehicle in an attempt to
oscertoln vhat the prodles was, che discovered that the left rear wheel had fallen off the
vehicle ond {t had only been secured by one lug bolt, Stated at that time she observed the
. . suspect retirn in his vehicle and he advised her ho vould transport her to o service stotion
ACCO r-d I n to th e Cr-l m e a n a | Sts th e in onler to have the vehicle rejiired. 7The complainent entered the suspect's vehicle corryirs
g ) her mrall doughter, ronrox, 10 ©°4,, and left the sreo under the pretense thot the suspest
vea siteopting to locete n servi ¢ statinn,

free_text na rrative CO nta i nS the most Complatrant eteted the suspact drove sroun! In the Count: sres, possibly neer Trecy for

o;mra:; one Mln:r :o 1t hot.:t ond several -i't Jhe'hn‘. uktih:h; suapect éf he lni:l.\k‘l to

ot o gttlon in orier for her to neci hely o houe herw ired. irornt

useful information form th eir. : . : :cl vo: q-.lx:r.’rle:»l;,avx:h D‘c;, .n".: 5::1:: a:vc-:::‘nc:: to\(-s:phr:‘:r
threo's tow

! her, ont vhen msked 7 ke woz golrg e stor he would merely elude the guestisr
ont ctart telking atout socethine elsc,)

. t- t- Che tezsce q ‘te friphtened, fesling thot paentbll The guspect intended to do some physical
I nves Iga Ion . inlury to ber ant that when the puspect stopped st o Stop slen, the exect area or locotion
unzmown, she Jusped fros the wehicle corryins her laughter, and ran into a ficld nearby,
hiding fros the susject. Complatnont steted the gicpect rerely cloged the door that the
complairant hod orened onler to Jeove the vehicle, and then hed driven avsy., Sho atated
the giorpe) o vehicle on the roadvsy od hod plvised sthe occupants of sasc vhot hal oscurred,
:h; 222.pAnte of this vehicle hal transported her o pstterson PD In order for her to sre-
help,

The persans trensrorting the sampleinment vere not present upsn this writ.r's srrivel, trere-
farc thelr ranes were not obtolned,
Complairant odvisad thot ahe wez not

Sorim wcn 5rs eoving,
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Inspired by the idea of word2vec (word embeddings).

Find a distributed representations for the free-text narratives of the police reports,
which map key information into a feature vector space that automatically captures

the similarity of incidents.
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;METHOD

EMBEDDING USING GBRBM
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DEKALE COUNTY POLICE DEPARTMENT
GA0440200

Terms

NARRATIVE

Stolen

Gun

Break in

Jewelry

Hfidf

0.00345
0.00121

0.00048
0.00725

Georgia

Counts
3

1
1
5

Tech M

Representations of

Questioning the victims Narratives of the
the Bag of Words

or the witnesses crime report
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Tokenization
(tri-gram)

Data

Cleaning Bag-of-Words

Denoised text -{ The| jewelry box contained“nosﬂy costume jewelry
) \

-~.

Tokenizations -{ The jewelry box || jewelry box contained | <<+ mostly costume jewelry

Tri-gram ferm i Tri-gram term i+1 Tri-gram term i+4
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What is TF-IDF weighting

In information retrieval, TF-IDF, short for term frequency-inverse
document frequency, is a numerical statistic that is intended to reflect how
important a word is to a document in a collection or corpus.

TF-IDFtVd = TFt,d x IDF; (1)
fe.d N
TFig = —=——— IDF,=lo
Y S veafrd 0 °HdeD:ted)

Pedestrian Robbery Committed by Suspect A

Burglary happened in Buckhead Area

16 —— mrs (1.869054) 2007 — pizza (1.563869)
== home (1.614854) —— delivery (0.779159)
14 4 —— drawers (1.589252) 1751 = black (0.643182)
—— jewelry (1.491565) —— males (0.611581)
12 4 —— house (1.321998) 15.0 1 - male (0.528808)
—— residence (1.198386) . = vehicle (0.473574)
== door (1.101752) § 12.5 4 —— suspect (0.458568)
101 —— drawer (1.079033) 8 —— ms (0.449708)
burglary (1.010357) 3 10.0 - [ Sf:ene (0.432278)
81 === silver (0.990514) § == give (0.404787)
o
L

0.1 0.0 0.1 0.2 0.3 04 0.5 0.6
tfidf value tfidf value
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Energy Function E(v,h) = — Z wijhj% — Z (v 552 S Z hjc;.
i,j J i J

Independency p(vlh) = Hp(vz'Vl), p(hlv) = [ p(h;lv).

Hidden Layer

Visible Layer = w4

Binomial Bernoulli Gaussian
(i.i.d. Bernoulli replicas)

1 e—ﬁ(vi—bi—ai iy wijhy)?

p (Ui - U|h> - ) Time Location Text
oiV2m
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Likelihood

Contrastive
Divergence
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OE((v\?, 1)
0)y — _ (0) 7
0D (8,0) = = 3o ) =5
OE(v®) | h)
(k) ’
+ g p(h|v'™)) 50 .

A. Fischer and C. Igel, “An Introduction to Restricted Boltzmann Machines,” Lecture Notes in Computer Science: Progress in
Pattern Recognition, Image Analysis, Computer Vision, and Applications , vol. 7441, pp. 14-36, 2012.

T. Tieleman, “Training restricted Boltzmann machines using approximations to the likelihood gradient,” Proceedings of the 25th
international conference on Machine learning - ICML "08 , pp. 1064—1071, 2008.

G. E. Hinton, “Training products of experts by minimizing constractive divergence,” Neural Computation , 2002.
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Table 1. Details of the test data

Id Number | Category

Crime Series 1 | 8 Robbery at Residence
Crime Series 2 | 7 Robbery at Gas Station
Crime Series 3 | 4 Pedestrian Robbery
Crime Series 4 | 15 Attempt Auto Theft
Crime Series 5 | 22 Burglary

Random Cases | 441 Over 89 Categories
Total 497

Table 2. The comparison of the training time.

Methods

Training Time

GBRBMs with 1000 units | ~ 2 mins
GBRBMs with 2000 units | ~ 3 mins
GBRBMs with 5000 units | ~ 7 mins
LDA with 1000 topics

~ 5 mins
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The dataset contains five hand-labeled
crime series that were identified as
committed by five individual arrestees,
and 441 randomly selected irrelevant
crime cases.
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EXPERIMENTS
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Random

Crime Series 1
Crime Series2  ® ., * & o
Crime Series 3 e 0 o ...
Crime Series 4 * L
Crime Series 5 o"®
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Crime Series 1
Crime Series 2
Crime Series 3
Crime Series 4
Crime Series 5

GBRBM (5000 nodes)
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SUMMARY
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» We have presented a novel approach for detecting crime series that are related,
using embedding found by the Gaussian-Bernoulli Restricted Boltzmann Machine
(GBRBM).

» The GBRBM tends to map related cases (that share certain correlation in the raw
feature) into features that are in the vicinity in the Euclidean space.

» Our methods demonstrate very promising results on real police data and
demonstrated that the feature embeddings can have advantages over the
conventional text processing methods on detecting crime series in certain cases.

» 0Ongoing work is to develop an online crime series detection algorithm on a larger
and self-increasing real dataset.
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Thank You
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