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> Introduction/Motivation
Crime

Crime can be defined as breaking or breaching of criminal law (penal code) that governs a
particular geographical area (jurisdiction) aimed at protecting the lives, property, and the right

of citizens in that jurisdiction.

Crime is an offense against a person, or his/her property, violation of socially accepted rules of
human ethical or moral behavior.

Robbery Burglary Larceny
* Prevent
Law enforcement agencies deploy resources * Control
in a more effective manner to: * Reduce

Crime activities



> Introduction/Motivation

Search for patterns, trends, structure, irregularities, relationships among data

mA

@ | Data Storage

) . .

% Numerl.cal Computation Visual Analysis

< | Searching ’ . .

«. | Compression & Filtering Uman=t o]

9 Interaction

a (Information Visualization)
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Human Cognition

Perception
Creativity

General Knowledge
Visual Intelligence

Human Abilities
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Time

> Introduction/Motivation

Crime Mapping

A branch of Geographic Information System (GIS) devoted to explain spatio-temporal behavior of

Time

criminal activities.

NEVY NTFGV

Victim v
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: Type | Location
v -
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Space

Demonstrate the importance
of local geography for crime
frequency and type.

Identify and visualize
hotspots.

Identify the seasonality of
crime  types in  certain
locations.




- Introduction/Motivation

Brazil is a dangerous place, with a high murder rate and surprisingly high disparity when

compared against other large countries®.
-f'ln. e T F‘-

China
United States

all Europe
Northern Africa <
New Zealand
Indonesia
Australia, M u rd ers

Canada

NEVY NTFGV http://metrocosm.com/homicides-brazil-vs-world/

Brazil



- Research Group

Dr. Marcos
Raimundo

@

Dr. Jorge Poco N>"#4 Dr. Claudio silva
NEV 2“WTFGV 7



Research Group - Projects

Crime Visual Analytics

HotspotViz

NEVY NTFGV 8



- Initial Data Set
@ From 2000 to 2006

car robbery
oooooo

@ The data set contains 3 attributes:
« Census unit code where the crime happened. .. passerby larceny
» Type of crime.
« Date and time of the crime.

@ (Crime types range in 121:
» Passerby robbery

Auto theft

Larceny

@ Categories are: 5
* Roubo - 691954 $i0 Paulo has

- Furto - 587885 30815
« Roubo de veiculo - 295 081 census blocks.

NEV N\"FGV



Problem Analysis

@ P1. Analyzing the characteristics and dynamics of crimes in particular
regions of the city.

@ P2. /dentifying crime hotspots within a particular region.

@ P3.Understanding and comparing crime patterns.

NEV W"FGV
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CRIMANALYZER |

Understanding Crime Patterns in Sao Paulo



- CrimAnalyzer - Pipeline

User Interface

777777777777 —y

Query

(

\

g lery &
fi tering

Sao Paulo Crime
Data Base

= W b = W w % n

Hotspot Visualization

rendering

™

Juery &
filtering

NEVY NTFGV 13



Data Modellmg with NMF
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rimAnalyzer: Paulo Crime Data Analysis
L+ B X
ra
L
-
2F e
.
{ (<]
|
@ Lea
&0 1,400 !
0 0 1,200 100
40 ‘-;‘;; )
20 3
:” 0. o
100 200 400 )
100 200-
l Y
T T T T T T T T T e T "
R R RIS fo s
FEFECEFSTIIFFES FSFFCTS Yo g 2000 A My Ootober
Years and Crime Types o

2000 ) 2000 April Juty

o
0
«»BRRRR
g

|furto - transelinte: 1
|roubo - interidr veic. I
|fGiibo=est comerc.
Jfiibo - documento
{foubo - bus

furto - residencia
roubo - estbanco
roubo - moto

roubo - carga
\roubo - est ensino

- DOCUMENTO
0-8US

g
88300
3
2
E
Z

Hotspot Detection

Dataset.

CrimAnalyzer - Framework

Roubo

hd Discretization:

Number of Hof

E 550 550
50 50 50

450 420 420

400 400

350 350 350

00 200 20

250 Lm0 250

200 200

150 180 1%

100 100 100

50 50 50

0 ) )

<
| i | | i | i | |

Juy  October 2002 April July  October 2003 Al July  October 2004 April July  October

October 2001 feri oy

49.61 %

Lopz

g §

2800

z00z z00z

FURTO - TRANSEUNTE ROUBO - INTERIOR VEIC.

200%

2002

ROUBO - EST.COMERC

73

October 2003 i July

z00z

ROUBO - DOCUMENTO

2002

ROUBO - BUS

October

NEV W"FGV

17



- CrimAnalyzer - Framework

—_— G- -
Map View .

NEV W"FGV
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CrimAnalyzer - Framework

Hotspot View

Hotspot Detection

NEV W"FGV
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- CrimAnalyzer - Framework

Cumulative Temporal View
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- CrimAnalyzer - Framework

5 .
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CrimAnalyzer - Framework
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CrimAnalyzer - Framework

NEV W"FGV
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CrimAnalyzer - Framework

NEV W"FGV
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- CrimAnalyzer - Paper
CrimAnalyzer: Understanding Crime Patterns in Sdo Paulo

Published in: IEEE Transactions on Visualization and Computer Graphics

Case Studies

Comparing Crime

Patterns over the City

Hotspot Analysis and
Cargo Theft
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https://ieeexplore.ieee.org/document/8869805
NEV " FGV

(b) SP230

(d) Commercial street 1.(e) Commercial street 2. (f) Commercial street 3.

Seasonality and the
Temporal Element of
Crime
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- CrimAnalyzer - Paper
CrimAnalyzer: Understanding Crime Patterns in Sdo Paulo

Published in: IEEE Transactions on Visualization.and Computer Graphics
_!\f“x:‘q . * ; “{: \

auto . cargo ‘*‘ com. place . document passerby
burglary theft burglary theft robbery

https://ieeexplore.ieee.org/document /8869805
NEV NW"FGV



CrimAnalyzer - Paper

CrimAnalyzer: Understanding Crime Patterns in Sdo Paulo

Published in: IEEE Transactions on Visualization and Computer Graphics

Case Studies
Hotspot Analysis and

Cargo Theft
g 4 B o " :
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2 [ o v a
e I3 e >

Comparing Crime
Patterns over the City

== (a) Commercial dist. 1. (b) Commercial dist. 2. (¢) Commercial dist. 3.
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(a) Sdo Paulo clustering (b) SSI distribution for k = 3 hotspots.

https://ieeexplore.ieee.org/document/8869805
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Second Data Set

@ From 2006 to 2017

Sao Paulo has
@ Atributes: 30819
« ANO_OCORR: Year of occurrence. census hlocks.

« DATA_OCORRENCIA_BO: Date of occurrence.
« HORA_OCORRENCIA_BO: Hour of occurrence (many of

them nominal: Madrugada, manha, Noite).
« NOME_DELEGACIA_CIRC: station name
* RUBRICA: Crime type (16 types)

140000

120000

* FLAG_STATUS: status (consumado). 100000
« COD SETOR: code of census block 80000
- |GOORD_KX: 1at 60000 -
J lelll=Y: Ing 40000 -
20000 -
o categories are: ° _2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
* ROUbO’ more than 1’0007000 B OURO m=PRATA BRONZE ™ PIRITA mCHUMBO

NEV W"FGV



MIRANTE

I de Notas de Transgressdes e Eventos

f

Monitor Interativo de Reconhecimento e Analise



MIRANTE - Data ModeliAng
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~ MIRANTE - Data Modeling
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~ MIRANTE - Data Modeling
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http://crimeanalyzer.vicg.icmc.usp.br/
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http://crimeanalyzer.vicg.icmc.usp.br/
http://10.10.7.4/

MIRANTE - Framework
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RANTE - Framework
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- MIRANTE - Framework
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MIRANTE - Framework
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- MIRANTE - Framework

N4

(' Comparative )

=

ICMGCos  NEV  \FFGV

39



x:‘ X § g Ipiranga, S0 Paulo - SP, Brasil X & y qusPos
g : s | i J 2
- ey e | ua e R Dados referente ao periodo de: 112/2006 - 311122017 b
| o s o GBS P i e 2 i Limpar Filtro %
‘o Sy 1 51 Loty
use boichicking g 3 3 Rt O S : S
oo Sk - g | ecocmane g z 3 I :
s Ui 3 % a 5 S
80 T T > F ° £ 3 E
80% s Hist B ! & 3 104 Shbat =
B0% 50 s Laba ' H
z o
70% " g i EIPIRANGA
. 0% < 5 '3 s Lo {8 . ¢
0% : i 3
e Vorsieie
o Lo} r T T T T T T T T T T ™
c 50 100 150 200 250 300 380 400 450 500 550
0% 20 oK
2% . ‘
% \ v —— -
. E o b
e |
VILA FIRMIANO e, A Ml W/ - *
; ; A ! onE
» VLA DOM pEDRO E— N
——TTT—T—T— —————
& 8 4 0 20 30 ° 0 L] 100 15 200 250
; i %o S % 2 Evolugio. ®Més amés DAcumulado Anual [Todc
« 4
312
g 10
8
Se
° 3
H N
0
010172007 01/01/2008 01012000 01/01:2010 01012011 01012012 01012013 01012014 01012015 01012018 010V201T + {
=1
F . gy & 5 Leaflet | Colaboradores: CEMEAI 8 NEV |

ICMCe  NEV  \ZFGV.

MIRANTE

40



200m , ! = | Ipiranga, S#o Paulo - SP, Brasil
500 W .

|
|
)

- U 5 Dados referente ao periodo de: 1/2/2006 - 31/1212017
ilfn G F 3 o Limpar Filtro
& : : > 5 s e
usP N 3 : o
E el . : g
w16 3 :
o0% ., ; 3
80% ”
12 0
i : l g SIPIRANGA
s0% 10 S 2 L 2 )
50% & ; ¢
0% o e r T T T T T T T T T T o)
0% L Q % 100 150 200 250 300 380 400 450 50C 820
. g .
2%
0% < 3 Seg
Lo ] feoTmR s & Ter
INDEPENDENC Qua
v o HIA 4 1 | { Qui
3 1 Sex 3
VILA FIRMIANO S ¥ 3 >
PINTO L . Sab
e i) Dom
r T T T T y
- 2 %0 ) 8
VILA DOM PEDRO e ) Noi
| avenida Doutor Gent ) Mad
e 5 2 —— T T T r - —
o ; Q 10 20 k. 40 50 80 0 50 10C 150 200 250
4 2 Evolugéio. ®Més amés Acumulado Anual Todos ]E ~
U o]
B L
= 5 @
% N
5 iz |
£3 : i
s 8 . a . s A A ' Emm——
Y ©W o W . .o o sl .. BB A — e g 2 pw W N N -
' 010172007 0110172008 0110172000 01012010 01012011 otov2012 oti012013 01012014 c10v2015 01012018 onotzor '

Lealet | Colaboradores: GEMEAI 8 NEV |

MIRANTE

ICMCae  NEV  \FFGV




S
7 ) o
- # %,
it o Dados referente ao periodo de: 1/2/2006 - 31/122017
2 ]
3 B Limpar Filtro
3 i
7 ord CoERTARE —E 2
= e : 2
o 2 g
af o £ »
oo% ¥ A s g g 5 :
0% 4 W B B &
35 o
i it i SIPIRANGA
i s ¥ : i Afcspreste e AN 3 % ] s
50% 2% 5 \ a Asciprest )
a0% 20 @rgueiro i 2 r T T T T T T T T T T ™
1 s Ribelts do Amar) ? [} % 100 %0 200 250 30 400 4 x50
30% 4 03 Ribalio 88 AT e o
20% 10 g %
0% 5 3 Gall 1 : 3 - s =
Y o [ affeoroRsyd : ; 4 _
U =% INDEPENDE% _
i fRngujo WA g PRACH | OUTOR A Y 4
g “"’/‘-’5”‘:' > | BOSGIAS ADOAD. [ { |
w..,é‘“;:* — ] i
VILA FIRMIANO P
PINTO ¥ N

& Moz, 2 y
| venida Doutor centil 68, 0K

o
2
El S e s e e e e
3 V?_ Q 10 20 40 50 80 0 50 10¢ 150 200 250
3 %
g %
k % e Bcssn =
- F Sle3, F 4 Evolugio. ®Més amés Acumulado Anual Todos | (] —
; : g )
: 2 ,, [2]
L 18 @ (o]
x B '
34
E% 0
5 ¢ =
% 3 +
010172007 011012008 01012000 01012010 o1/01201¢ o202 or/on2013 oroi2014 01012015 ororz018 owotzor? ) |
vay 3 Koy - LT < g LeaTet | Colaboradores: CEMEAI 8 NEV |

MIRANTE
'?ﬁﬁcﬁ NEV “W"FGV

42



t

Ipiranga, S&o Paulo - SP, Erasi| )ﬂ

T T
o

Seiecio

msP g
20 2 \ 3
s £
o s Hilo Rt 5 : g
0% It
0% 45 E R Vialra e A
% 10 N2 & s
0% ergueirg § p
0% 8 > Tee g Amar
10% \ 5 S 3 i)
s 0 o £
) % % ) 3

Dados referente ao periodo de: 14/2/2006 - 8/11/2010
Limpar Filtro

IPIRANGA "
: T T T T T T T ™
0 2% 30 3% = 0 50
Jan Seg
g W fFev “Ter
Py = - { - VIl Mar Qua
O i, eoecn Ep— o
g M08 PRAG ( OUTOS Vi
i Bty - e —
(ST | Sab :
VILA FIRMIANO # 3 ‘| R *
PINTO ! B Dom
& p r T T T T 1
{ Yook % 0 2 0 L) 8
F | d Ago
3 AN e
n VILA DOM PEDRO ; Mo e Mad
- “Cantil de Mou —r—TT— 7T r T r T T —
v ! 3 Avenida Douto 0 22 30 4 5N 6 % 10 150 200 250
"a Santa crg—3 £
Y Evolucao: ®Més a més OAcumulado Anual Todos | [B]
- N A
LA \
i .
3 .
= |
o 12
£ 1o
% 5 e A\
° 4 -
§ 4+
010172007 01012008 010172000 010172010 oto172011 ovo2012 oto12013 0172014 ono12018 101201 on012017 =
| -

l

Leaflet | Colaboradores CEMEAI & NEV. j

MIRANTE

ICMGCas  NEV  \FFGV.



= 5 (3 = 5 = & »,OA ‘
2 [ Ipiranga, S3o Paulo - SP. Brasil X 4 % 90 w
% o %
2 o 14 2 . - < v
2 o | 51 Lot Dados referente ao periodo de: 27/1/2011 - 15/672012
2 3 yiwo— & b Limpar Filtro
4 : st £ J
i 0 4 7 S - = A
£ Uabldeat 5 &
; o et BEEs e . Ariara & %
3 r T T T T T T T T T ™
g o %0 100 150 200 2% 300 %0 400 450 500
F N VILA ) =
PRAGA DOUTOR
DOUGLAS HADDAD e
ANO A ? . 4
5 7o)
| 1 1 3 1
VILA DOM PEDRO ; i
I 3 3 Avenida Doutor Gentil de Mous,

ep

- —
0 2%
" SACOMA \
g o (o]
e W b | @ ‘
L
13§ @
b
. K
H |
10 s
g% /[0
5 ¢ &
g v A
3 T+
01012007 01/01/2008 010172000 010172010 01012011 010172012 01012013 01012014 010172015 01012018 011012017 ‘ I
g & & i Leaflet | Colaboradores: CEMEAI & NEV |

'?ﬁﬁcﬁ NEV “W"FGV



T T ™
450 50C 820
!
ffeoneRsay e ‘ v
B, gy e bRk OUTOR : \
% 1 R e ; |
; L
VILA FIRMIANO P
PINTO
g line -
Caspoidina
" s Do Lsopoidii ;
" ] VILA DOM PEDRO R
| 3 Avenida DouLor Gentil de Mouzy
uz t
H i ,; £ fRuaAcaral
« B
14
£g
E's
5 g .
4 I— AN
! 4 —
o B o T T 0 v " d \ +
010172007 01/01/2008 01012009 01012010 01012011 010172012 01/012013 010172014 01012015 0170172018 010172017 | {
L
3 g 3 3 5 < Lealet | Golaboradores: CEMEAI 8 NEV |

i WL BaCEaY

o Amaral
s Blbeles o

{
l Ipiranga, S&o Paulo - SP, Brasil

o31u
0158}

Dados referente ao periodo de: 13/11/2010 - 26/11/2017
<" Limpar Filtro

ICMGCE: NEV \#FGV.

MIRANTE

45



2006 - 8/11/2010

Blés OAcumulado Anual Todos | ]

. @
- Q
s
£ Q
§
010172007 01/01/2008 010172000 01012010 010172011 01012012 :x:-":mz JVN‘ZJ!I :101'20'5 DKOV':‘Q\O :vc:':m' : +

Leaflet | Colaboradores: CEMEAI & NEV |

MIRANTE

NEV “W"FGV




ICMCeo

200m Ipiranga, S&o Paulo - SP, Brasil X
500t . >

crimes

g/l \\\»(\\1\\. |

==

=\
ot

Dados referente ao periodo de: 1/2/2006 - 31/12/2017

Limpar Filro

Leaflet | Colaboradores: CEMEAI 8 NEV |

MIRANTE

NEV NW"FGV

47



Problem Analysis (2)

@ R1. Exploring and analyze physical characteristics of particular place.
@ R2. Detecting hotspots based on the probability and intensity.

@ R3. Inspecting similar time series.

@ BRA. Clustering similar patterns.

@ R3. Explaining and understanding crime patterns.

NEV W"FGV
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Hotspot Visual nalysis




HotspotVis - Data Modeling
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~HotspotVis - Pipeline

User Interface
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 HotspotVis :

P 10 km diameter with center in Praca da
A{/[,g ] 1»;‘ g 3 3 Sé

More than 50.000 nodes
Crimes are aggregated in the nodes
(street corners)
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HOtSpOtVlS Probability
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~ HotspotVis

@ Hotspot based not only in the number of crimes, but also in the probability
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~ HotspotVis

Passerby Crime Location
(19.971)

130,043 crimes

NEV “W"FGV

Most Likely Hotspots
(1.522, 7.6%) -

&

58,634 crimes (45%)
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~HotspotVis - Crime Pattern Analysis
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- Research Planning [ — -
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~HotspotVis - Crime Pattern Analysis
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- HotspotVis

Intensity & Probability
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- HotspotVis

Hotspot Scatter Plot

NEV 2" FGV



- HotspotVis
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HotspotVis
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 Example 1:

cid: 494609038,
class: 0,
inte: 38,
lat:-23.4891319,
Iny: -46.6755504






- Example 2:

cid: 4823032893,
class: 4,
inte: 76,
lat:-23.5410622,
Ing: -46.6444054






i H'ﬂ"‘u,"'-.'uﬂu"'.'\'"l,-’lu @ cid: 2577302644, class: "1", inte: 24, lat: -23.6107653, lng: -46.6774362

Gas station Construction



() ‘ }, ~ @ cid: 2466086492, class: "0", inte: 31, lat: -23.6040577, Ing: -46.6365428

Pharmacy Construction



cid: 135556901, class: "0", inte: 39, lat: -23.5616755, lng: -46.5623344

Shopping Construction




> Conclusions:

@ We introduced CrimAnalyzer, a visual analytics tool to support the analysis of
crimes in local regions. We also propose a technique based on NMF to identify
hotspots.

@ We introduced MIRANTE, a visual analytics tool to represent Sdo Paulo crime
data based on network city modeling.

@ We introduced HotSpotMis, a visual analytical tool to identify and explain crime
hotspots. We also propose a new method to identify hotspots based on the
probability and intensity in a street-level of detail.

@ There are some sings that there is a direct relation between the
infrastructure and criminality in some places.
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