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ABSTRACT

This paper is based on the so called 1981 "Yorkshgper", which is the British criminal suspected13 murders.
To crack the serial killing, the triangular distution and cluster analysis are used to analyzed#ils of case.
Combined with criminal psychology, we can find th# mass center of criminal attack sites and obthia
geographical contours, so as to eventually narrtw searching scope. These two different methodsrmmte
that the criminal sites approximately concentratetwo regions, Leeds and Bradford, of which Leedthé key
areas of criminal perpetrators. The place wheredP@&utcliffe was arrested is closed to the locatérour model
given. It shows that this model is feasibility.
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INTRODUCTION
1 Serial murder’ characteristic
Serial murder is a kind of serious violent crimeisththe offenders kill many innocent people in enfof interval
in a certain period of time. This kind of murdeasises great fears to the local residents whererittne occurred. If
the mobility of the offenders is great and a langgnber of people are killed, then it will even lgrithe whole
country into a terror. They enjoy killing, remaimdifferent to the suffering of victims, and event gkeasure from
the torture to the victims. Offenders commit thiener recondite. They have strong capability of aetiennaissance
and strive to avoid being captured; therefore,tadi®n rate of such crimes is low[1].

2 Criminal psychology and geographic profiling anaysis

Recently, we mainly use criminal psychology profilianalysis and criminal geographic profiling as@to study
these issues. Criminal psychology can provide thknawn offenders’ characteristics, including phiiy,

psychology, behavior, and social. Then, it can ®eduto narrow the scope of suspects, determinketheoint of
investigation, and improve the detection rate. @rahgeographic profiling is based on the linksvmn the
geographical information and the tendency of vicimd criminal site target, to narrow the scope itdssand
effectively help the police crack a criminal casesaon as possible.

“Geographical analysis”, which has been focuseétharcent years, is different from “dichotomy” atimehavioral
evidence analysis”. In the strict sense, it is agisychological analysis method, but a more vigadlistatistic
inductive method.

3 Current research

From the early 1990s, There are already some sadtisahe most widely used in the prediction ofreriand arrest
consecutive[2], there are three geographic portraitle: (1) Rassmo mode, with Rigel its softwarg; G2anter

mode , with Dragnet its software; (3) Lenine moded its software is Crime stat. Rassmo model camis

geographic targeting model (CGT), abiding by thacfion of distance digressive from the criminaksiv the
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offender residence. Canter mode bases on the seipipaismost offender crime near offender residelmcthe strict
sense, Lenine mode is not a psychological analysithod. It is based on the Rassmo mode, and usesdhe
strictly statistics to estimate the offenders’ &ldistance and the initial of crime[3].

For this situation, we use Topology; Probabilitydastatistics; Geometric with Criminal psychologyda@rime
Graphics[4-5], zhong Established area overlap weiyimodel, this methods could prediction the samigses.peng
chen has researched Timing of criminal act invitelesing the day, and researched Long-term timesseri
forecasting of social interventions for narcoticge wand property crime[6],liu applied the Grey systieory to
prediction of dynamic tendency of crimes, The opti@M(1,1)model was applied to the prediction @ufie of
Serial Criminals[7], Chandra use the clusteringrapph for crime trends prediction[8],pangchen aaplARMA
model to forecast the crime[9].

In this paper, we take the British criminal suspdcdf 13 murders, known as "Yorkshire ripper," éxample, to
find the “center “of the activities of criminalsn lthis paper, we use two mathematical statistiesth@ds which
include the triangular distribution and cluster ges.

THE TRIANGLE DISTRIBUTIVE MODEL

1 Model hypothesis

A serial murderer usually has three criminal temiks) i.e. stick to familiar crime locations; tooay familiar
people; to not be too far away from dwelling place.

2 Triangle distribution speculative knowledge
2.1 Triangle distribution function and density funcion

0, x<0;
2
—, O0<sx<1;
Triangle distribution function F(X) = 2 , (1)
—%+2x—1,15 X< 2;
1, X2 2.
X, 0sx<I
Triangle distribution density functien p(X) =4 2— X, 1< X< 2; )

0, other.

2.2 Examine if it obeys the triangle distribution heory

As the general distribution only picks finite siagfalues and each' is known, now we examine the fitting of
distribution; the procedures are as following:

X’ = Z(n;—np)g Y3(k-1)

calculate and examine the statistic quantity = ;

2 2
= > -

to the given significance Ievefr(0 <as< 1), the rejection region of examination }/sv Xz Xl‘”( K=1)}

Compare the results of the examination. If the ealfithe statistic quantity is in the rejectioniceyg the original

assumption is refused; if it is not in the rejestiegion, the original assumption is accepted.

2.3 Test if Peter William Sutcliffe’ s serial murders obey the triangle distribution
The geographic locations of the 13 serial murdegsshown as below [11]
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Fig. 1: Location map of crime

By using software, we can calculate the differerafelsititudes and longitudes of each of the 13 erlptations to
the 8th crime location, which is shown as below:

Table 1: The differences of latitudes and longitudes of therime locations

Number 1 2 3 4 5 6 7
D'Igﬁrgﬁt”uc dee°f 273236 27031.4 -30674.9 -1710.88 -15136 49913.14 40777.88
D'flf:t'ifﬁgee of 18134.62 17258.96 20881.57 17565.75 17996.8 -20087. -13233.1

Number 8 9 10 11 12 13
Difference of 0 48934.97 35026.03 10369.39 -11786.1 -25252.3

longitude
Difference of 0 -21124.2 -10822.2 11819.34 17293.8 16777.96

latitude

From the table above we can get the coordinatésegboints on side EB and BA on triangle ABE. Shasrbelow:

Table 2: coordinates of crime locations

Number 1 2 3 4 5
Coordinate (1.74, 0.22 1.65 0.23 2, O (1.1, 1.0D (1.92, 0.2
Number 7 8 11 12 13
Coordinate (1.03 0.97 0, 0 0.86 0.78 (1.46, 0.48 (1.87, 0.23

As the rectangular coordinate system in Fig. 1@bee choose intenfd, 0.3],[0.3,0.5],[0.5,0.7],[0.7,1.0] on
the axis Y, the possibilities of the cases happening onittee £B. BA are: 0.5 0, 0.1, 0.4.
Each cask s possibility of happening in different intervassshown below:

Table 3: possibility of cases happening in differdrintervals

Interval [0,0.3] [0.3,0.5] [0.5,0.7] [0.7,1.0]
Possibility 0.5 0.1 0.1 0.3

Proceed the following steps
a. Establish hypothesis and its alternative hymishe

H, : the distribution obeys triangle distribution
H,:the distribution disobeys the trianglistribution

b. Calculate and examine the statistic quantityrejettion region.
This is a test of goodness of fit of distributiomsich has 4 types as a whole; its possibilitiekayfpening are 0,5

0.3, 0.1, 0.1 respectively. A8 = 13, we examine the statistic quantity
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Xzzz(ni_np)

i=1 np
_ (5-13*0.5¥ N (1- 13*0.1j N (& 13*0.]3+ (3 13*0.3)
13*0.5 13*0.1 13*0.1 13*0.3
=0.243693

—[v2> y2 = 2
As k=4, we get the examined rejection reg\llgn Xz X1—0(3)} = x"=2r.8147} )
c. Come to a conclusion.

2 — <
The examined statistic quanti’K/ =0.24369: is not in the rejection region, so the originabwaption is
accepted. The geographical location of this semialder obeys the triangle distribution.

3 Model solution
3.1 Solving the geographical profile of crime

Taking E as the origin, EA is axis, axisY perpendicular to EA; we set the rectangular coatiisystem as below:
1}-""

:

E A -
Fig. 2: Triangle distribution rectangular coordinate system

From Fig.2: the possible crime locations are distied on sidesBEandBAon triangIeABE. So that
sidesBEandBA and the areas nearby create the crime geogramhétdabution map.

Supposé’is a parameter of the populatioiits parameter space i© ; EIRC TR is a sample from the
population. To the giver? (O0<a <1) it there are two statistics

0 =0 (% % %) gngfl =8 04 %0, X‘), if to the random&@ 1 © | there will be
RO <6<8)=21-a £6’L, &1 is the interval of confidend@

P{X<B =1 -a

, then the stochasti

Given @ (0<a<1) inthe question from , we get

P=PFx<k-P x<-tk= E)k- €k 3

1-a
k== (1<k<2)
According to equation (1), we get 4 .When @ =0.05, k=0.237¢,
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Table 4: longitude and latitude of the 13 crime loations

Crime sequence longitude latitude The distance to the 1st pointmeten The distance to the 8th poititneten

1 1.529958 53.81588 0 53815.88
2 1.532939 53.80799 927.1343 31252.96
3 1.498125 53.84062 4222.307 30572.28
4 1.763831 53.81075 23880.04 35234.3
5 1.641267 53.81463 11344.06 17652.99
6 2.236572 53.47153 87105.43 22881.49
7 2.149433 53.53328 75081.24 54436.11
8 1.779778 53.65239 32448.37 42798.67
9 2.2284 53.46219 86795.49 0

10 2.096494 53.555 68608.87 54018.03
11 1.873389 53.75898 36337.65 36413.24
12 1.671956 53.8083 14534.29 15333.72
13 1.549317 53.80365 2401.851 20515.44

Because of evedt=®> 22 3+ 5 13 | gyenE :{8}, using the average distance method, accordinghéo t

n 2
Euclidean distance formulal; = /ZM - )ﬂ (i, j=1,2;-- ,n), we can get the Euclidean distance between
t=1

eventAand evenE as below:

Table 5: the Euclidean distance between event A arelvent E

Crime sequence Longitude LatitudeThe distance to the 8th poiritmeten

1 1.529958 53.81588 53.81588
2 1.532939 53.80799 31252.96

EventA 3 1.498125 53.84062 30572.28
5 1.641267 53.81463 17652.99
13 1.549317 53.80365 20515.44

Average distance -- -- 20009.5
EventE 8 1.779778 53.65239 0

From Table 5 we can know the distance between é¥amid evenE is 20009.5 meters.

In the triangle distribution density function grafffig. 2), the numeral value from A to L is 2. Acding to the
proportion relations:

actual distance a _actual distance a, actual distance 20000.5 actud distance L
axi s nunber a, axi s nunber a, ; axi s nunber 2 “axis nunher 0.2375

Valuek represents the actual distaes2376.128 meters. Thus, the crime geographicallpnsfformed with each
point on the 2 sides of the triangle distributiencanters and 2376.128 meter as radius. 1tgeographical profilé
is as below:

}rll

Fig. 3: Geographical profile of crime Fig. 4: Geographical profile of crime
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3.2 Solving the criminaf s living place
3.2.1 rationale of geographic drawing

“Rationale of geographic drawifig refers to the detecting method that marks eaditilmt of crime scenes in the
serial murders on the map, and analyzes the spsitédbdtion graphs of each location of crime sa@sletermine
the territorial scope where the suspects hide.dJgia geographic drawing to analyze the spatiaticals of point,
line and surface which are formed in each locatiborime in the serial murders, we can comparagieglcurately
deduce the most likely position of the criminalsother words, if we can make clear every locatibattacks of the
criminals, we are most likely to find out th&center of mass of the criminal$ crime activities; and the” center
of mass is mostly the criminalfs home or living place.

Criminology believes that the criminals will considnany problems when they choose the locatiosgél crime,
but generally they mainly have three tendencies:isrihat they will choose familiar locations. Masiminals will
plan how to escape from the crime scene. Two isthey will try to avoid their familiar people. Theisually have
the thought that “a villain doesn't harm his next-door neighborsThis thinking indicates that when the criminals
are choosing the crime location, they will keep pram their familiar environment. Three is theré location
cannot be too far from their living place. If ittigo far, it is not easy for them to escape fastt #ney also lack the
familiarity. But if the location is too near, it Walso be easy for them to encounter familiar pepwhich lead to
problems committing their crimes. In most cases, dhiminals will unconsciously take their own ligiplace into
account when they are choosing the locations efcks$t This offers the possibility that the policetetmine the
detecting scope through geographic drawing [12].

3.2.2 Use the geographic drawing to deduce theimairn s living place
a. The criminal will be dominated by the thinkinfy & a villain doesn't harm his next-door neighbBorsnd chooses
the place that is either too far nor too near ftosliving or working place to commit a crime.

Living Places

Fig. 5: criminal”’ s living place (1) Fig. ériminal’s living place (2)

b. The criminal will be dominated by the thinkin§ d‘not being too far away from horfie his living place is
usually located in the center of the crime scope.

3.3 Solving the next crime location

The criminal in this case attempted 23 crimes, seded 13 times and failed 10 times. The basict&ituas as
below:
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Fig. 7: criminal’ s locations of crime

Analyzing Fig. 7, we can predict the next crimezdtion with every 2 neighboring points in random.

E.g.: take the 1st, 2nd and 3rd locations of cram@n example, the direction from the 1st to 2rapjzosite to that
from the 2nd to the 3rd.

Take the 11th, 12th and 13th locations of crimaragxample, the direction from the 11th to the i2thpposite to
that from the 12th to the 13th.

Take the 21st, 22nd and 23rd locations of crimaraexample, the direction from the 21st to 22napjgosite to that
from the 22nd to the 23rd.

In the map, every neighboring 3 points of crimesallisfy the above-mentioned law. Therefore, omgwing the
neighboring 2 points of crime, we can deduce thé oeme direction. With the geographical profiécrime (Fig.
3), we can comparatively determine the next criinection accurately.

If we know the former 2 locations of crime like ptf'and point N +1, we can more deeply predict the scope of
the next location of crime. The shadow in the graelow is the scope of the next location of crime.

Fig. 8: next location of crime

THE SHORTEST DISTANCE CLUSTERING

1 Clustering Model

It is one of the important work of the police tdw&othe case finding out the region of the crimioften committed
a crime. Through investigation of these areas, areget a lot of information about offenders, sushhe offender
of the living environment, working environment, aptlen physical appearance characteristics. Détaitse
information will help the police to solve the caseely and accurately.

During the period between 1974 and 1980, Peteliffeitcommitted 22 crimes in total, which killed J#ople. We
observed all sites in Fig. 1 and found these $ite@® some certain concentration regions. In oradintd out the
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region of the offender often committed a crime watiscientific method accurately; we conducted eluanalysis
based on the shortest distance through using tiggtlmle and latitude (Annex1) of 22 crimes. Themdpproximate
sites will be together. The program of the shortistance cluster analysis can be seen in Annéxg2.2 and 3
below show the clustering results. Given theseoregiwe can see more clearly whefecenter of mass of the

locations of the attacks is.
Cluster History

Hin i
HOL @ —————— Clusters Joined-----—-- FREQ SPREO RSQ ERSQ [HHH PSF P5T2 Dist e
21 7 13 2 0.008688 1.88 a T
28 CL21 28 3 0.008688 1.88 - - - - a
19 L3 8 2 8.0608688 1.88 - - 53ES - a.ae1
18 18 18 2 8.0608688 1.88 - - fEL - 8.8188
17 CL1? cLz28 5 8.0608688 1.88 - - 16E3 1522 8.815%1
16 15 21 2 8.0608688 1.88 - - 1EY4 - B8.826%
1% 9 14 2 8.8861 1.88 - - 3297 - 8.8516
14 CL17 5 ] 6.08882 1.848 - - 2136 43.3 0. 8566
13 CL15% CL18 L) 0.00884 .999 - - 1178 8.8 0. 08644
12 CL14 11 K 0.080886 .999 - - 718 16.6 8.8738
11 2 17 2 8.08882 .999 - - 7oL . 0.8818
18 12 16 2 0.08883 .998 - - 746 . 8.1866
9 CL12 6 8 8.8827 .90% - - a59 28.2 8.1376
8 CL9 22 9 6.6818 .99y - - a59 2.8 8.1486
7 CL13 19 5 0.08833 =991 - - 279 23.2 0.2543
] 1 3 2 8.8825 -989 - - 278 - 0.2946
5 CL8 CL? 14 8.8677 921 - - 49.5 97.3 0.2986
13 CL11 CL16 13 8.8125 -988 -878 1.92 50.6 117 0.4377
3 CLY CLS 18 8.1627 -Tu6 -885 -1.6 27.9 29.4 8.5148
2 CL6 CL3 28 8.1068 639 667 -.43 35.4 7.6 0.5427
1 cL2 cL18 22 0.6398 -8e8 908 a._a88 - 35.4 1.6697
Fig. 9 the Clustering Process of the Shortest Datice
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Fig. 10 the Shortest Distance of the Pedigree Chart

2
Pseudo-statistict (PST2) is used to evaluate the combined effectlo$tering process indicators. From the

2
statistic knowledge, we can know if the pseudo-@/atuis large, it is showing the two categories of th& Imergers
are separated, namely, the last clustering effeqtiite good. Let us have a look at the clustepiragess of Fig. 4;

the biggest value of pseudo-statistiEzs (PST2) is 1522, sub-big as 117 while the third9ds So, it is more
appropriate can to divide it into 5,6 or 18 catég®r. Combining with Fig. 5 Pedigree Chart and phactical
condition in the place of occurrences in West Yhiles we believe it is most appropriate to divideoi six
categories. Specific categories are as follows: Ct1(1,3), CL2 = (2,17), CL3 = (15,21), CL4 =
(4,5,6,7,8,11,13,20,22) , CL5 = (9,10,14,18,19)6GL(12,16), of which 1 to 22 mean committing crinkecations.
After clustering, we marked these areas out ircth@dinate axis, regionalization results shownim B.

Since we can get the committing times of the oféerdid in each region, we can easily count the cittimg rate of
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the offender did in different kind of regions are

P (CL1) =2/22=9.09% P (CL2) =2/22=9.09% P (CL3) =2/22=9.09%
P (CL4> =9/22=40.91% P (CL5) =5/22=22.73% P (CL6) =2/22=9.09%

Set Peter Sutcliffe is not arrested after his 2@es, we have reason to predict the crime pladgsofiext crime will
probably be in CL4 CL5.

53.95 -
53.90 -
53.85
53.80
53.75
53.70
53.65
53.60
53.55
53.50 4 7
53.45 1 b
53. 40

Latitude

2.3 -2.2-21 -2 -1.9-1.8-1.7T -1.6 1.5 1.4
Longl tude

Fig. 11Coordinate Diagrams of Case High-Occurring Rgions

Usually, offenders commit a crime in a particulezaa We call it “Crime Zoné’ . On the serial murder case, victims
are not often selected randomly. In order to shbev directions of the serial killer committing thenee, we
calculate the percentage of the number of the icasach Crime Zone (the number of each Crime Zerlil, CL2,
CL3, CL4, CL5 CL6, Fig. 4).From Table 6 below, wancsee the probability of the direction of the offer
committing the crime next time. For example, assuingelast crime site is CL1. Because CL2 and Clvehae
same probability, 50%, we can predict the offerwiéirgo to CL2 or CL4 next time.

Table 6 Predictions on the Direction of the Crime bthe Offender

Region CLi CL2 CL3 Cl4 CL5 CL6
The rate of direction of committing a crime 0 1 0 10 0
percentage 0 50% 0 50% 0 0
region CLl1 CL2 CL3 CL4 CL5 CL6
The rate of direction of committing a crime 1 0 0 0 1 0
percentage 50% 0 0 0 50% 0
Region CLl CL2 CL3 ClL4 CL5 CL6
The rate of direction of committing a crime 0 0 0 10 1
percentage 0 0 0 50% 0 50%
Region CLl CL2 CL3 ClL4 CL5 CL6
The rate of direction of committing a crime 0 0 1 4 2 1
percentage 0 0 125% 50% 25% 12.5%
Region CLl1 CL2 CL3 ClL4 CL5 CL6
The rate of direction of committing a crime 0 0 1 2 2 0
percentage 0 0 20% 40% 40% 0
Region CLl CL2 CL3 Cl4 CL5 CL6
The rate of direction of committing a crime 0 1 0 10 0
percentage 0 50% 0 50% 0 0

Note: Table 6, the blue regions with underlines areréiggons we predicted that the offender would confisitnext crime in.

From Table 6, we can see thas the 22nd crime place is in the regional CLAgifwas not arrested after the 22nd
crime ,then the rate of his next crime will occarthe regional from CL1 to CL6 probably are asda: 0%, 0%,
12.5 %, 50%, 25%, 12.5%.

2 Solution and Result

Combining the method of round covering face and shertest distance clustering method, we can get a
geographical outline shown in Fig. 12(A combinatafngeographic map). Fig. 12 shows the place tistion of
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committing crime between getting few informationdamore information the two situation in the casesefial
murder. Finally, we predict the perpetrator will khis 23rd crime still in District CL4. So the padishould pay more
attention to Zone CLA4.

j? The possibility
1 of regional cases
(| 4 ooouring. r
9 Large i o
d\
Ly
. A
- / Smal | "
- J -
_,,..-", }" —

Fig. 12 Geographical Profile
CONCLUSION

When we looked for the geographical distributionpnud the serial killers commit crimes, this papdopts two
methods. One is the triangle distributive modeleblasn the geographical locations, while the othee & the
shortest distance clustering method.

Based on the past crime data and geographicalidocate can probably determine that they obey tingular
distribution. Using the knowledge of mathematidalistics to be tested, we can determine the pexoes of crime
region. Of course, when crime information is litgeerhaps it is not so accurate. Scheme one usdsitwledge on
possibility and mathematical statistics to congttbe Simpson distribution model, and test andfyé¢hiat the crime
location obeys the Simpson distribution. Then aditwy to the interval, we can estimate that the riratk of

confidence of the“geographical profilé is [-2376.128m 2376.128m)] under the condition of the confidensele

1-a. Taking all the points on the edges of the Simpdistribution as the centers and 2376.128m as sadie
draw circles and connect all the circlesdges, which form an area that is thgeographical profil8 of the serial
criminal.

However, using the shortest distance clusterindhatkt the presupposition is already getting moferination on
the case, especially , the information of geogieglareas where the offender often come and gthdrcase of
serial murder, only by making sure a more accungtory crime area can narrow the detection rasgeing time
and cost of police, and improving the successtia of capturing the criminals.
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