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Abstract: Geocoding has gained in recent years a great importance in fields as environment, ecology, engineering and public
health. There have been software applications developed, which, using geocoding, generate different maps based on postal codes or
coordinates considering users’ preferences, but rarely conduct further various analysis. Localizing points of interest on a map and
analyzing then the coverage area can be the start of a wide variety of research and statistics. These rare applications can be usually
downloaded for a fee. Our application, ZipMap, is a free web based application which can be accessed and used for generating
different types of maps using postal codes as points of interest. Using postal codes to generate maps is more user friendly, because
this information is more accessible and less time consuming then using latitude and longitude. Also, the maps can be divided in
smaller units, such as Federal States, counties, districts and also postal codes. Beside map generation, individual statistics can be
generated regarding different incidences. Excel files can be downloaded containing the number of hits for postal code and
theoretical incidences regarding geographical areas and population. The field in which this application has been used until now is
the medical field. Hospitals can upload their patients’ postal codes. The generated maps then show the coverage area of a hospital,
which are the locations from where most patients come to the specific hospital. This can be analyzed and the hospital can then take
actions in order to absorb more patients to the unit. This is just an example of how useful our applications’ results can be in fields
that influence everyday life quality or important marketing or state decisions.

Keywords: maps; point of interest; coverage area; zip/postal codes; geocoding.

I. INTRODUCTION the obvious application in localizing different points of

Living in an ongoing developing world, one needs at some  interest, extensively studied in recent years [5], but provides
point in his/her life to find a location that is previously also further possibilities in analyzing movement patterns.
unknown for him/her. This is when the importance of amap  These patterns can then provide very useful information in
service materializes. The use of digital maps has increased  epidemics for example, localizing ground zero and the
substantially in recent years. Many times we want to localize ~ possible high risk areas [6]. There is a wide variety of fields
more than just one point of interest on a map [1, 2]. in which mapping can be an asset: ecology, environment,

This is when we stumble across the problematic, that  engineering, social science and public health [7].
most of the available free map servicing programs allow us
to localize only one or a few points of interest on a map. II. DESCRIPTION OF PURPOSE
There are also a few software applications that can be  There are many software applications available online in this
downloaded for an additional fee, which allow the field, each of them offering different localization
localization of more than one point of interest by uploading  possibilities. A very detailed comparison can be found in
files which contain coordinates. But when handling Wikipedia [8].
thousands of locations, searching for the coordinates for Shortly, we can resume some of the well-known mapping
each of them can be time- and nerve-consuming. In these  applications regarding localization of points of interest as
situations a simplified search after zip codes would be very ~ follows:
welcomed. -Google Maps [9], OpenStreetMap [10] and Nokia-Here

The problematic of localizing exact geographical points ~ Maps: localization of one point by address, zip code or
has been present since the seventeenth century. The main  coordinates; route planning between two points.
interest at that time was the military field [3]. The lead  Supplementary, Google Maps can import lists of
country in this aspect has been England, followed by France, = coordinates, but the import of zip codes doesn’t work
which tried through different expeditions to the sea, to  correctly for all countries, without additional information.
determine the latitudes and longitudes of the Earth, this -Microsoft MapPoint (a discontinued [11] software
being the base of modern geocoding [4]. This has not only  program): data mapping from various sources including
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Microsoft Excel and Visual Basic for Applications interface
allowing automation of the MapPoint environment [3].
-MapCreator: localization of multiple points of interest
by importing an Excel file with coordinates; multiple
selection (step by step) of cities from a dropdown.
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Figure 1. Example of zip codes map.

Our web-based application, ZipMap (www.zipmap.de)
[12], is a free software which can localize many points on a
map based on zip codes. Beside the conventional use of
localizing one point of interest on a map, ZipMap is an
application which enables the user to localize more points of
interest, this way making it possible to do different analyses
regarding geographical localizations, coverage area, density,
incidence, theoretical probabilities. The application can also
do different calculations considering not just countries, but
also federal states, districts and counties. This way the
search or statistic can be narrowed down to a very specific
area.

The application can be used on a wide range of fields
(geographical, medical and any type of market research). It
can be seen as a management tool creating a link between
technology and different types of market research [13]. Our
point of focus and area of implementation was represented
until now by the medical field.

We uploaded different lists with postal codes of different
clinics and practices. This way we could generate maps for
hospital types, regarding the treated organ types. Very
representative maps were created showing the coverage area
of hospitals in Germany. This is a very important
implementation, because this way we can observe the
distribution patterns of certified clinics in Germany.

This kind of analysis can be made for other fields too,
showing that the implementation possibilities of our
application are wide and can give important results for
different analyses. Another example for usage is for the
hospitals that want to see where their patients come from, by
uploading their zip codes. These types of maps show the
coverage area of a hospital. For example, if we would
consider a hospital in city “A” and want to see the
absorption area of patients, it could be represented like in
Figures 1 and 2. Here we gave as example that 81 patients
come from the city “A” marked with a thick black border,
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and the other patients came from the periphery. Regarding
the federal states, we can observe that patients come from
two states. This way, the hospital can analyze why his
coverage area has a specific pattern. Do they collaborate
with enough private practices or not? Are these sending
patients to this hospital or to other hospitals for further
investigations? Are they treating patients also from other
counties or federal states?

Another advantage of the soft, is that one can use it
simply to verify a list of postal codes from Germany if they
are still accurate, as the application renders a list of the
wrong postal codes that have been uploaded. The maps and
the statistics can be displayed not only for one entire
country, but also divided in federal states, districts, counties,
or postal codes.

Internally, within our company, we use a web service of
ZipMap to generate maps for another application called
StudyBox (www.studybox.de) [14]. This website renders
statistics about certified clinical studies.

» Bayern (5)

Figure 2. Example of federal states map.

II1. TECHNICAL ASPECTS
I11.1 GENERALITIES, FUNCTIONALITIES AND
CALCULATIONS
The application is based on the postal codes of Germany.
Every introduced postal code will appear on the generated
map. German population data were used from the census in
2011. Geocoding and surface areas were calculated based on
the data base from “OW networks GmbH”. As zip codes
often change, it is very important to maintain the data base
actualized [10]. The total number of cancer patients from
Germany was used from the data base of GEKID
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(Gesellschaft der epidemiologischen Krebsregister in
Deutschland e.V.).

Regarding user interface, the user-friendly aspect is a
very important part of an application, maybe the most
important part, which ensures the application’s success. The
user is guided from step one with intuitive buttons and
messages, so he/she can follow the precise steps which must
be followed in order to receive the requested results.

What do the users have to do? A list with postal codes in
” xIsx” format is necessary. This has to be uploaded on the
webpage. A template for this list can be downloaded with a
few zip codes as an example (Figure 3). This can then be
changed and the zip codes of interest can be introduced.
This file has to be saved, changed and then uploaded.

A
1 Zip codes
2 80331
3 10115
4 10115
5 7032
6 38299

Figure 3. Example of upload file.

The software recognizes the valid postal codes and the
invalid ones. The invalid ones can be corrected directly in
the interface or in the Excel file and then re-uploaded. After
the wrong zip codes are corrected, and only then, the map is
generated. Then the user can choose different options for the
map and customize it for federal states, districts, counties,
and cities. Different analysis files in Excel can then be
downloaded (Figure 4).

The analysis of postal codes shows a list with the number
of appearances of each postal code and the affiliation to its
county, district and federal state (Figure 5).

A B &

Zip code analysis

D

1
2 Zip codes |County District Federal state Results
3 [10115 Berlin, Stadt Berlin 2
4 71032 Bablingen Stuttgart Baden-Warttemberg 1
5 |80331 Munchen, Landeshauptstadt | Oberbayern |Bayern 1
6 |88299 Ravensburg Tubingen Baden-Waurttemberg 1

Figure 5. Examples of analyses for zip codes

The analysis of counties shows a list with the number of
appearances of all postal codes for each county and the
affiliation to its district and federal state. It also shows the
population (male and female), the surface area of that county
and the theoretical incidence and probabilities. Similar
analysis can be downloaded regarding the districts (Figure
6). Important to mention, is that not all federal states in
Germany have districts. In these cases the calculations for
districts will contain the federal states.

The analysis of federal states shows a list with the
number of appearances of all postal codes for each federal
state. It also shows the population (male and female), the
surface area of that federal state and the theoretical
incidence and probabilities (Figure 6).

In the following we can see the used formulae and the
explanations with examples. For the examples we have taken
a hospital which wishes to review the absorption area of its
patients with breast cancer. The abbreviation used for
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. Incid. in Germany « Population of the Federal state
Theoret, incid = , (H
Total population of Germany

Theoretically, n persons from a specific Federal State
have the probability to belong to the incidence group, as in
Equation (1).

For example, theoretically, n persons from a specific
Federal State have the probability to have breast cancer.

Resultsof the Federal state
Theoret. incid.of the Federal state

Relative result =

)

Theoretically, n percent of the persons from a specific
Federal state which belong to the incidence group have the
probability to be connected with the tested unit as in
Equation (2).

For example, theoretically, n percent of the persons from
a specific Federal State with breast cancer have the
probability to be treated by the tested hospital.

. Incid. in Germany  Population of the County
Theoret. incid = ; 3)
Total population of Germany

Theoretically, n persons from a specific County have the
probability to belong to the incidence group as in Equation
3).

For example, theoretically, n persons from a specific
County have the probability to have breast cancer.

Results of the County

*

Relative result = —
Theoret.incid. of the County

“

Theoretically, n percent of the persons from a specific
County which belong to the incidence group have the
probability to be connected with the tested unit as in
Equation (4).

For example, theoretically, n percent of the persons from
a specific County with breast cancer have the probability to
be treated by the tested hospital.

The charts in this article were created using ZipMap 1.0,
Microsoft PowerPoint 2013, Visio 2013 and Corel Draw x7.

II1.2 ARCHITECTURE

The system is designed to be a single page web application
based upon a model-view-controller (MVC) architectural
pattern which with the help of front end java-script libraries
and a three-tier back-end manages to present relevant data to
the user in a simple but elegant fashion (Figure 7).

In this article we don’t intend to detail how the MVC
design pattern works [15], but the following basic concepts
should be noted:
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Figure 6. Examples of analyses for County, District,
Federal States
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-Models: these are objects that implement the logic for
the application’s data domain. Many times a model object
retrieves and stores the state of a model in a database. In
small caliber applications usually the model is only a
conceptual separation and not a physical one. If an
application, for example, just reads and sends a dataset to
the view, it might not have a physical model layer with
classes. In such case the dataset will overtake the role of the
model object.

-Views: these are the components used for displaying the
user interface (UI) of the application. Normally, the UI will
display the model data or part of it.

-Controllers: these components handle the interaction
with users, work with the model and finally select a view for
displaying the UI. The view of an MVC application only
displays information, whereas the controller handles
interaction with the user. We can give as an example a
HTTP request which is handled by the controller and then it
is passed to the model which can use this information to
query the database.

Model

‘x\a\.“

L
s
&
&

Figure 7. Model-view-controller architecture.

An MVC design enables the developer to separate an
application in different layers (input, business, Ul), but at
the same time, provides a loose coupling between them.
Through this pattern the application complexity can be
easily managed while building an application. Developers
can focus on one aspect of the implementation at a time, this
assuring a higher precision and success.

II1.3 SERVER SIDE
The back-end of the application is based on the widely used
model-view-controller pattern on top of the ASP .Net MVC
framework from Microsoft were a typical three-tier layer
system is present. The base layer is the Data Access Layer
(DAL for short) where the system manages data
manipulation by connecting to an MS SQL server and over
an ORM fetching and saving the business model entities.
Our object relational mapper of choice was Entity
Framework 5 from Microsoft (Figure 8).

Over the data access layer there is a business layer
responsible for all the calculations, computation and data
processing that is necessary for the transformation of the raw
data into meaningful information which the user expects.
This layer is responsible for deserializing the provided data
from the uploaded excel file and for creating the response
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excel files which contain the analyzed data. For the excel
file generation a third party library is used (EPPlus). The
final layer also coincides with the controller part of the
MVC pattern, the endpoint of the server side where inside
the controller well-structured actions handle the request
from the front-end side of the application. The actions
besides the typical ActionResult response of this type of
architecture also return JsonResult in order to efficiently
communicate with HTTP web request posted by the front-
end javascript services.

Even so the application is meant to be publically
accessible, because it is based on the ASP .Net MVC
framework that can be easily extended to contain an access
control system that can differentiate between users and

implement basic security with authentication and
authorization if needed.
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Figure 8. Microsoft Entity Framework 5 flow.

I11.4 CLIENT SIDE

The front-end or client side of the application is basically a
single-page application where the user will get all the
requested information without leaving the original page.
This is realized with the help of Document Object Model
(DOM) manipulating java-script libraries such as
KnockoutJS and jQuery. The basic concept of Single Page
Application (SPA) is to only load a single web page with a
single URL and then render HTML elements based on the
user interaction. This has the advantage of reducing traffic
because the common parts of the page do not need to be
downloaded again and also has a positive impact on user
experience by making the page more responsive and with a
natural desktop-application feeling for it. Because of the
nature of the application, the front end is also responsible
for presenting geographical information to the user. These
are information like center locations on the map or
occurrence density in certain regions of certain presets of the
map. For these presets GeoJson and TopoJson data is used.
The basic map-related functionalities are handled with
OpenLayer framework which specializes in map-related data
display.

After the user downloaded and completed the template
with the required zip code, during the upload of the file, it
gets validated for any invalid zip codes. In this validation
process an internal database with thousands of zip codes
from the target area is used. In case of the invalid zip codes
the user will need either to delete them or correct them
before proceeding to the next step. During the data
processing for each submitted zip code the geographical
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coordinates are loaded into the system. Based on the
selected view (Postal codes, Counties, Districts, Federal
states) the system will group the input data into the required
categories and create statistical information for each affected
zone. The statistical information will also contain the total
number of centers for each subzone of the selected view.
This aggregated information is then transferred to the front-
end where, with the help of the mapping javascript libraries,
layers will be created both for the selected view and for the
relevant information for that view. These layers will be
stacked upon each other to create the graphical map
representation of the data. The front-end is also responsible
for creating a color scale in order to display different
occurrence densities with a color marker. The more verbose
form of the pre-calculated data can also be downloaded from
the application using the export options where it is
downloaded in excel files.

IV. CONCLUSION AND FUTURE WORK

An easy and interactive user interface can assure the success
of an application. The programmers must pay attention to
the clients’ needs in order to find the perfect solutions for
any problems encountered in the development of a map
generator application [16]. An important aspect for a
successful and widely used application is the possibility to
generate personalized maps with users’ preferences. [17]

As further aims for the program we would like to
mention the idea of extending the coverage area to other
countries too. This would ensure an international coverage.
Another aim would be the upload of files also with
coordinates instead of postal codes. This would ensure more
accurate results with a wide range of possibilities for those
who wish to use coordinates. Also, we would like to
implement the possibility to download the maps, generate
heat maps, customize the colors of the nodes, extend the
supported languages, improve the user friendliness and
layout, improve the web responsiveness for mobile devices,
create also a desktop application, extend the analysis tools,
improve zoom quality and generally improve image quality.
Even though there are similar products available on the
internet, these rarely provide the possibility to localize many
points of interest on the map at the same time and do not
have the possibility to generate different statistics regarding
the density of any kind of elements on a given area.
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