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A Spatial Analysis Supporting System Based
On CRM And Data Mining Technique
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ABSTRACT

Recently, the importance of geoCRM (geographic Customer Relationship Management) systems are
growing rapidly. So, result of the recognition that their applications extend well beyond the traditional
CRM systems with the advent of ubiquitous environment and generalized location based services. A
majority of traditional CRM systems are either incapable of managing spatial data or are not user—friendly
when doing so. On the other hand, the geoCRM systems can be built as providing the geographic-based
functions about CRM, including spatial and market analyses and the visualization of customer data, etc.
However, it lacks the specific model and implementation of the geoCRM systems, being caused by the
incomprehension of needs, the absence of related standards and the difficulties of development, and so
on. In this paper, we develop a new spatial analysis supporting system that to enhance productivity
through the convenient use and management of spatial data. The functionality provided by our system
includes a set of analysis functions based on data mining techniques which allow a user to affect powerful
transformation on spatial data. Particularly, both spatial data and non-spatial attributes can be efficiently

handled as an object through our OODBMS.

Key words: CRM, Spatial, geoCRM, GIS, Data Mining

1. INTRODUCTION

GIS (Geographic Information System) is pointed
end information system that input geographical
and attribute information about various feature
that exist to real-world into computer system and
make so that can support various plan establish—
ments and decision-making and industry activity
efficiently[1]. Past days, most of GIS worked man-
ually that needed much expenses and time are cost
and used in very limited field. But, recently, used

in various application fields by technology devel-
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opment of wireless system, LBS (Location Based
System), Image processing etc. Lately, spatial data
through computer because needs that wish to do
implemented becomes many the importance of GIS
more increase. Also, new concepts of SIS (Spatial
Imagery Information System), GNSS (Global
Navigation Satellite System), ITS (Intelligent
Transport System) etc. are introduced by wireless
and development of distributed system technol-
ogyl2]. Also, geoCRM of that utilize in marketing
operation establishment using spatial analysis
ability of GIS is getting into the spotlight in man-—
agement information technical field. geoCRM ap-
plies geographical element that influence in corpo-
ration business such as form of road or building
location, floating population, transfer path as ter—
minology that compose GIS and CRM in customer
management[3]. In this paper, we design and im-
plementation of GIS based spatial analysis support
system that easy integrated of existing CRM sys-—
tem, such as circulation, banking, manufacture, lo—-
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gistics, real estate, communication. And, we used
spatial clustering method to search point spatial
features such as store candidate locations[4]. Also,
proposed system can be support that extract, re-
trieval, growth and reduction of spatial features.

2. CASE STUDY

2.1 CBMs

Customer Relationship Management system, or
CRM, is how your company develops, manages and
leverages an understanding of customers. Various
technologies are used to aid in this process. Many
of them center around Business Search or some-
times the term Business Intelligence is used
instead. At the center of whatever name vou wish
are the capture, storage and analysis of information
about customers. In the early days CRM was called
Sales Force Automation or SFA. This meant push-
ing through information from first contact to sign-
ed purchase order, and that was all. Later it was
learned that going deep on customer groups and
eventually individual customers could reap large
benefits in terms of loyalty, cross-sales and
up-sales. But in any data capture about customers
the information comes in two forms. Numerical in-
dicators, codes or otherwise structured information
and unstructured information. The unstructured
information is notes or feedback from customers.
The unstructured information are really just sen—
tences but contain valuable information about cus-
tomer wants, desires, gripes, etc. The trouble with
CRM systems up to this time is they ignore the
processing of these sentences for insight -either

for individual records or across many records
[3,5,6).

2.2 geoCRM

Lately, take advantage of GIS technology to
CRM that supply information of simplicity textual
information, competition store analysis, research

about geoCRM that support multi-dimensional
analysis and so on that use customer position in-
formation are consisting abuzz(7]. [8] is various
spatial data mining technique and some relation
such as connection spatial clustering, spatial char-
acter delineation, spatial classification, spatial di-
rection retrieval, generalization, spatial operations
on a geoCRM's function. {9) proposed MAP/CRM
system to support CRM. MAP/CRM used OMEGA
[101 that is OOSDBMS to store and manages map
information and customer information to marketing
aided. MAP/CRM has client/server structure and
added spatial analysis function to existing CRM of
text center like data warehouse. [11] use deci-
sion-making tree analysis that is one of data min-
ing techniques, geoCRM shows customer specifi~
cation class and test examples. For this, that sys-
tem using NeedEve company’'s Marzer tool that
concord to fit customer information and customer’s
administrative division, area custorner ranges con-
necting customer information and map that do
grouping and geographical changes and supply in-
formation about customer that is atomized visually
presents geoCRM’s logical modeling with the fi-
nancial world as the central figure and investigated
about the practical usellZ]. Those proposed
Modeling is collected from corporation’s interior
data and outside data, spatial data transform by
data that application is possible in GIS through
mapping. And, store to spatial data warehouse and
that is G-TOOL using visualization functions to
user variously viewpoint.

2.3 Spatial Data Mining

Figure 1. shows to a breifly about representa-
tive spatial data mining techniques{17,18,24]. The
most important spatial data mining technique is
spatial clustering as see in Figure 1. Spatial
clustering technique is method to find interested
structure or cluster justly from data that unuse
some background knowledges such as concep-
tional hierarchical structure informations.
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Table 1. Spatial Mining Tech's.

Methods Examples
. DBSCANI14], PAM{15]
1 , .
Clustering CLARANSI13,15]
Description Neighbors[13,16]
Classification Spatial decision tree[13,14)
. Pseudo code[14], global trend,
Detection local trend[13]
Generalization Hierarchical structure[15]
. <g_close_to, highway17>[14}
As at; !
ssoclation X — Y(809%)[15]

E * .. Database

Fig. 1. System Architecture

The representative spatial clustering techniques
that k-medoid clustering[13,15] such as CLARANS,
single scan clustering to search neighborhood of
all spatial features in a spatial database and, den-
sity base clustering[14]. Spatial characterization is
method to find concise delineation or description
about selected subset of database[13,16]. Spatial
classification technique is method to allocate one
feature in one class from set of given class based
on attribute value of feature[13,14]. Spatial trend
detection technique is method that defined by reg~
ular change of one or many non-spatial attrib-
utes[13,14]. [15] is introducing about techniques
that investigate connection knowledge discovery
of generalization, clustering and spatial associa-

~tion rule base. Techniques to discovered spatial

association is much concerned with spatial char-
acter descript techniques. In concern with, [15] is
presenting status relation, distance relation and
direction relation by basic three types of spatial
relations. And defined six extended operations us-
ing by these three types. [14,15,19,20) and [21] re-
ify involved neighborship, and define and present-
ing “Neighborhood index” to avoid that approach
space object confidence. Also, presenting “Cost
model” to predict expense that “Neighbors” oper-
existence and nonexistence of
“Neighborhood index”.

ation by

3. A SPATIAL ANALYSIS SUPPORTING
SYSTEM

3.1 System Architecture and Modules

Propose system is consisted of three portions
greatly as appear in subsequent figure 1.

geoCRM using spatial feature manager to sup-
porting user interface of proposed system that
function of map's customer position information
output and search, area population size, subway
flow population size, area selection, position search,
map registration etc. And, support GIS concerned
functions that spatial data mining, commerce area
analysis, spatial analysis of location selection.

Spatial feature manager is divided by six kind
of module that manages data that need to spatial
analysis, and support spatial analysis function.
There are ‘data mapping’, ‘spatial analysis lib.,
‘spatial data
‘Maplnfo object’, ‘data manager’.

visualization’, ‘DB  connector,

Finally, database of most important in the
geoCRM consisted by enterprise database, ex-
ternal database, spatial database. Enterprise data-
base manages customer information, store in-
formation, corporation’s interior data such as
transaction information. External database stores
data such as necessary statistics of population in-
formation, life style information in customer

management. Spatial database manages feature
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based map as like spatial data

3.2 Map and Spatial Area Search Operations

Proposed spatial analysis system in this paper,
feature manager extracted spatial features from
SHP typed map. Proposed system has two kind of
operations that map and spatial operations. The
map operations are extension, reduction, and move
operations. The extension operations divided by
map and windows based, and those operations co-
operated with each other.

Coordinate conversion method between digital
map and window screen for display uses size for
ground and reduced scale about window screen
size. When change map coordinate to window co-
ordinate, map coordinate system and window coor—
dinate system are difference, therefore, must con-
sider following item. First, must consider Y axis
direction of digital map and window. Second, must
change digital map’s coordinate values to window
screen coordinate of pixel unit. Finally, must set
height and width ratio of fixed digital map area and
window screen. Use MBR (Minimum Boundary
Rectangle) to calculate scale of digital map and
window screen. Also, datum point uses center co—
ordinate of map and display that is not influenced
Y axis and size.

Basic principle of extend or reduce map data
which controls size of map's MBR via digital map’s
central point. Also, if map’s central point move to
extend or reduce point then, spatial feature and rel-
ative distance are changed to screen coordinate
from changed central point.

Spatial feature’s retrieval in specification area
can divide by point search of circle and point search
of polygon. Point search of circle can examined that
if small or same than radius length comparing with
radius length and Euclid distance of target point
from central point. Blow figure 2. shows which
method.

To examined target point in specification posi-
tion is situated inside polygon on plane that target

Rorjs-f +{y—4f Refe-s2 2

P2(x2, y2)

Fig. 2. Map Data Manager

point’s Y axis by standard all line segments of pol-
ygon and count number of point that cross over
polygon. If number of point that cross is odd num-

ber, is on interior of polygon.

3.3 Clustering Operations

The best known non-heirarchical clustering
procedure is k-means clustering[13,15]. For n
samples with j selected features, the goal is to se-
lect k centroids in X-dimensional space such that
the when each sample is assigned to the cluster
with the closest centroid, the sum of the dis-
tances-squared to their centroid is a minimum.
Finding the optimum locations of the k centroids
is not an easy problem, and again we are looking
for the set of j features that produce the most ho-
mogeneous clusters.

1'“ I12... Zln
X= 727 Tan Formula 1.

Z Z,

x n2 “nn

nl

An outline of the k-means Clustering algorithm

is as follows.

1. Randomly assign each of the N samples to
one of the K clusters.

2. Determine the centroids (average coordinates)
of each cluster and the sum of the dis-
tances-squared from all samples to their
centroid.
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3. For each sample

a. Sequentially place the sample in each of the
other clusters.

b. Caiculate the change in the centroid posi-
tions for the two affected clusters.

c. Calculate the new sum of distances squared.
This only has to be done for the two af-
fected clusters as long as the sum-of-
squares distance is stored for each cluster.

d. Place this sample into the cluster that has
the smallest sum of squares and update the
stored, intra-cluster sums.

4. If any sample changes from one cluster to an—

other, return to Step 3.

To speed-up the final assignment of samples in
clusters, different algorithms have been proposed,
which includes H-Means Clustering, J-Means
Clustering, and Variable Neighborhood Search.
Though K-Means and its variants will generate a
good set of clusters, they will not be the optimal
set of K clusters for these NUMFSUSE features.
The reason is that in K-Means Clustering final set
of clusters depends on

~ The initial distribution of samples to clusters

- The ordering of the samples.

Since there are KN ways to initially distribute
the points amongst the clusters and N! orders of
the points, finding the optimal set of clusters is
computationally impossible in most cases. The
procedure used in ClassCK can best be described
as a modified H-Means Clustering algorithm. It
can be outlined as follows.

1. Select a set of K samples to act as initial

centroids.

2. Assign all samples to the cluster with the

closest centroid.

3. Use the samples in each cluster to recalculate

the position of its centroid.

4. If the cluster number of any sample changes,

return to Step 2.

In the first pass of this algorithm the samples
do not have an assigned cluster so Step 4 auto-

matically returns the process to Step 2. After a few
iterations, no samples change clusters and the
process stops.

This procedure is independent of the order of the
samples since all samples are assigned to clusters
at the same time. The problem is therefore reduced
to finding the best set of K samples to act as initial
centroids. The total number of unique sets of initial
centroids is

nX(n—l)X}c.'.X(n—k+l) Formula 2.

This can be a large number of initial sets, so
an Evolutionary Programming algorithm is used to
search for the best set of initial centroids. Each set
is then passed to this clustering algorithm and the
cost of these clusters (the number of misclassified
samples, the average cluster size or a combination
of both) is used to search for the best set of initial
centroids.

4. SYSTEM IMPLEMENT AND EXPERIMENT

In this section, we examine method to apply
spatial analysis support system that proposes to
geoCRM. Also, apply geoCRM using system that

is operating in S company for an experiment.

4.1 System Experiment Environment

Apply proposed spatial analysis support system
to [17] that we stored enterprise data, internal data,
and spatial data in S company in an experiment
system. [17] has various functions for customer
management and business support by windows
based business application that has client/server’s
architecture[22,23]. Enterprise data uses S com-—
pany’s database which use [17]. S company’s
DBMS uses MSSQL Server 2000, and server is
Windows2003 environment. Spatial data constructs
by proposed system’s map data manager that use
digital map and managed by Seoul city’s SHP typ-
ed digital maps.
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Table 2. Experiment Environment

CPU Intel Core2 2.4GHz

H/W | RAM 3582MB

HDD 500GB

0S MS Vista Home Premium Ko
DB MSSQL 2000, dbdobject

Tool Visual Studio.Net 2005

P/L C# 20

S/W

4.2 System Experiment

Area search and registration are available in
digital map of necessary area by administrator side
application which map data manager uses in
geoCRM. Also, can input other information such
as color and attribute data. Below figure 3. shows
map data manager’'s execution result.

Figure 4. shows spatial feature type of building,
road, block by result that input from digital map,
and those data managed by its layer typed.

Figure 5. shows that attribute data input and

update captured screen. This module managed
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Fig. 4. Map Data Input

attribute data such as layer type, record counts,
and other attribute data about spatial features.
Also, this module can input and update data of land
lot number data that first you can clicked special
area on the map and inputted land lot number.
Blow figure 6. shows that result of business
point retrieval. According to figure 6., mark shop
which select and denoted together radius 500m in-

ner customer’s number and competition shop.

S

&
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Fig. 7. Commerce Area Analysis
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Figure 7. is captured screen that inspect cus-
tomer's number in area that user chooses specifi-
cation selection area. Its function can be available
if select user area selection menu that mark by box
on screen right side. And, area that select also us-
ing a mouse in form of polygon transformation
possible.

5. CONCLUSION

We, in this paper, design and implemented spa—
tial analysis support system for geoCRM. Proposed
system has following characteristics.

First, spatial feature and attribute data can man-
age integration used spatial data manager.

Second, can get various result because offering
various spatial analysis operations that need to
geoCRM.

But proposed system can be extract spatial fea-
tures in SHP format’s digital map but impossible
from various digital map such as DXF or MIF. So,
in future, we must extends to extract spatial fea-
tures from various typed digital map. Also, do that
can be examined various spatial feature extending
point, polygon and polyline.
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