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ABSTRACT: 

 

This paper describes the result of a research about diverse areas of the information technology world applied to cartography. Its final 

result is a complete and custom geographic information web system, designed and implemented to manage archaeological 

information of the city of Tarragona. The goal of the platform is to show on a web-focused application geographical and 

alphanumerical data and to provide concrete queries to explorate this. Various tools, between others, have been used: the 

PostgreSQL database management system in conjunction with its geographical extension PostGIS, the geographic server GeoServer, 

the GeoWebCache tile caching, the maps viewer and maps and satellite imagery from Google Maps, locations imagery from Google 

Street View, and other open source libraries. The technology has been chosen from an investigation of the requirements of the 

project, and has taken great part of its development. Except from the Google Maps tools which are not open source but are free, all 

design has been implemented with open source and free tools. 

 

 

1. INTRODUCTION 

The work presented here is part of a collaboration agreement 

between the Institut Català d’Arqueologia Clàssica (ICAC), and 

the Architectures and Telematic Services research group from 

the Computer Engineering and Mathematics Department  of the 

Universitat Rovira i Virgili (AST-DEIM). 

 

1.1 Motivation 

During the Roman Empire Tarragona was capital of the 

Hispania Tarraconensis, highlighted by great entity 

monumental sets like the Fórum Provincial, the circus, the 

Theater, the amphitheater or one of the most important late 

antique necropolis of Western Europe. Under this 

circumstances the creation of a computerized environment in 

which we could manage the archaeological activity of 

Tarragona has been a long story which started in 80’s through 

the work of TED’A (TED'A 1989) and the contributions made 

by the SICAUT (Ruiz de Arbulo, Mar 1999). These teams 

worked only with alphanumeric data as data element, through 

database managament systems without relational connection 

between tables (DBIII and DBIV). This approach was brought 

to its technological limit with the creation about the 

archaeological interventions conducted in Tarragona (Rifà 

2000) in a project done in collaboration by the Museu 

d’Història de Tarragona and the Institut d’Arqueologia of the 

Universitat Rovira i Virgili (subsequent ICAC). The change of 

methodological perspective was motivated because the 

impossibility to create an environment on database (Filemaker 

Pro 5.0) in which coexist both textual data and CAD offering a 

joint visual and spatial perspective of the archaeological context 

of a growing city like Tarragona. The GIS solution emerges 

seeing how this problem was solved in other European urban 

contexts. So in 2002, a first methodological proposal emerges 

(Fiz 2002) using Arcview 3.1 as GIS environment. In 2004, on 

the PhD of one of the authors goes beyond the methodological 

and creates a GIS environment to manage archaeological 

activity of Tarragona. In 2007 the Planimetría arqueológica de 

Tarragona (Macias, Fiz, Piñol, Miró, 2007), a project done in 

collaboration between the ICAC, the Museu d’Història de 

Tarragona and Generalitat de Catalunya was published, and the 

first analysis was obtained of this information (Fiz, Macias 

2007). This project, however, makes a mistake because it only 

focuses in the century period VI BC to 712 AD. 

Having in mind that Tarragona is a city refounded in 1235  on 

Roman foundations, and between centuries XVII and XVIII is 

endowed with a major belt of fortifications, and the model had 

not been developed and validated completely, this severe slip,  

raised in 2008 (Macias, Fiz in press) to propose two future 

work lines. On the one hand to develop a GIS extension on free 

software using gvSIG and allowing archaeological management 

or any other city, and on the other hand to search ways to 

spread and publish through Internet the archaeological 

information of the city. At this point a collaboration between 

the ICAC and the Departament d’Enginyeria Informàtica i 

Matemàtiques was defined in order to get both projects running. 

We present the results of the second project here. 

 

1.2 Overview 

TARRACOMAP is created as a computing solution to 

accomplish the previously described needs. A client-server 

application has been developed, in order to keep updated on the 

ground the set of archaeological actions done and all the 

information that was generated around it. The application will 

be available on the Internet and will allow to display the 

archaeological findings of the city of Tarragona, in conjunction 

with current cartography, integrated with Google Maps. 

There are some applications available that provide information 

to the user on google maps, but not in the archaeological 

themes, http://www.onnyturf.com/subway/ provides the New 

York subway map and on  

http://www.nycgo.com/?event=view.maps users can see a 

tourist map of the same city.  In our case we want to use the 
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technology to bring to the general public information about the 

Tarragona Romana and stimulate interest in this science. 

 

2. SYSTEM DESCRIPTION 

The application that is presented is focused in two slopes, first 

to have a base rigorous computer tool to store and process all 

the information related to archaeological actions done in a zone, 

and second as a tool to release some of this data to non-

scientific community. The first one has led to a detailed study 

of the information to store in the database and to load previous 

shapefile data. The second one has resulted in defining an 

interaction with the information, attractive to non-expert users. 

 

2.1 Specifications 

All the information to store is around the archaeological sheet. 

This element covers all the information available of a specific 

area. Much of the information will come of  archaeological 

actions done along the interventions, but it will be 

supplemented with news, historical references, and analysis 

results obtained from studying the information set. As shown in 

figure 1 all data provided by the old system are loaded on the 

project. 

 

  

Figure 1:  Shapefile data loaded on map of Tarragona 

 

We will be storing both graphic and alphanumeric data for the 

archaeological sheet. In the first case we highlight which area 

occupies the field, which physical elements form it, where are 

located and what graphical representation they have: 

planimetric sketch of different elements. In the second case we 

emphasized about the different findings, descriptions that 

identify them, chronological period where they belong, 

constructive type that represents, level of protection of the zone 

by international agencies, among others. 

 

2.2 Accessing the data 

The application shows the user the combination of a typical 

map of Google Maps, with the available information on the 

database. The user interface is intended to guide the queries that 

the user can do. An example is shown at Figure 2. The 

information is divided in two zones: one with the map, at the 

left, and one with the controls to obtain information, on the 

right. 

 

 

Figure 2:  Integrating google and Tarraco data 

 

Following the educational nature of the application we wanted 

to provide different types of searches closer to the people, like: 

what is under my house? How was Tarragona on a determined 

period? In the version presented we have advanced controls 

such as moving the map, enlarge a certain area with a 

magnifying glass that was added to the tools you already have 

Google Maps and in all cases to select an item. The information 

displayed is divided into layers and the interface itself has 

buttons to switch between them. It is simple. Besides the direct 

selection of an item on the map, there are basic queries 

available: check for address and see an item according to its 

identifier. The first causes the map moved to the indicated 

location and the second lets you view the selected item 

information, hiding the rest. 

To provide usability, the cursor changes its shape if we are 

doing a query on the map or we are doing another operation. 

When an item is selected on the map, a typical information 

balloon from Google Maps is shown, with some tabs according 

to the type of the item we have selected, see Figure 3 for an 

example. The information on the balloon is loaded 

asynchronously, but usually this process takes less than one 

second. The system is prepared to stop the asynchronous load if 

a certain timeout is exceeded.  

 

 

Figure 3: Displaying information with a balloon from Google   

 

Also, a marker is added to the map and to a temporary history 

in the user interface, so we can track back the item if we change 

the location. Each marker has a letter associated from A to Z. 

Obviously, this fact limits the history to 27 items, althrough we 

can delete them at any time changing the active layer. 
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3. SYSTEM ARCHITECTURE 

Described in this section is the set of tools chosen to develop 

the project. The main criterion has been to facilitate and 

optimize the access to the information. The second one is to 

build all the project with free technology. 

 The developed application consists of two parts, the server 

application which manages the database and provides 

information, and the client application based on web technology 

which provides an interface closer to the common user to access 

the information. 

 

3.1 Technologies 

To implement the database it has been chosen the PostgreSQL 

management system, with the geographical extension PostGIS, 

which unlike other database engines provides calculation and 

geographic query tools, and it is free software. The spatial data 

will be stored with the GEOMETRY type. 

The server application has been implemented using Java 

technology, specifically J2EE. We have worked with Sun 

GlassFish as a application server, GeoServer as a GIS server, 

and GeoWebCache as a tool to cache the geographic data. All 

the tools work with the same programming language, providing 

code uniformity. 

To generate the information on the server that the client will 

use, the following possibilities have been assessed: 
 

  Serving the client the set of points. The client application 

would have to draw them with JavaScript, using some class 

like GPolygon on Google Maps API. 

  Serving the client the map as a tile mosaic. Only PNG 

images. 
 

We chose the second option for performance issues. In fact, the 

large data mapping systems use this option, like Google Maps 

or Bing Maps. The point is that we can’t draw more than 400 or 

500 polygons simultaneously without having huge slowdowns 

on the client’s hardware. To generate the tiles we have used the 

Web Map Server tool from the GeoServer application.  

The client application has been developed as a web application, 

separating the basic parts. HTML for the static part, JavaScript 

compression to save bandwith and load faster, AJAX to make 

dynamic content, and CSS to give appearance to the 

information. 
 

3.2 Implementation 

Figure 4 shows the structure of the server-side of the 

application. This leads to a very versatile design, allowing 

scalability in the future if the user base grows. The system is 

prepared to divide the services in different machines applying 

load balancing techniques. 

 

 

Figure 4:  System architecture in the server side 

Figure 5 shows the application structure on the client side. 

Althrough we are using dynamic web pages technology (J2EE), 

the basics are coded in a HTML file to lighten the application, 

since all users will be receiving the same initial map. As stated 

before, to improve load times we have used a technique to 

compress the JavaScript code executed on the client’s web 

browser. This is used by some prestigious web 2.0 applications, 

among others Google Apps, Facebook, or Yahoo! Maps. There 

are several tools to compress the code available, the one used 

on this application is Google Closure Compiler. 

 

 

Figure 5:  System architecture in the web side 

 

The Asynchronous JavaScript and XML technology was 

introduced to manage background asynchronous HTTP 

requests, client-side. In a classical HTTP operation, the browser 

needs to reload the entire web page to see some changes. Using 

AJAX, we can invoke various background requests, and 

JavaScript code will modify the web page with the new content 

without reloading it. 

Due to browser’s diversity on the client side, we have decided 

to use a cross-platform AJAX function. This function is 

provided by the Google Maps API on the namespace 

GdownloadUrl. Google specifies that is implemented to support 

modern desktop web browsers and some mobile devices web 

browsers. 

 

3.3 Adapting geographic data to Google system 

The geographical data is stored in a Coordinate Reference 

System (CRS). To reference this systems, we use the European 

Petroleum Survey Group (EPSG) catalog. The initial data uses 

the ESPG:23031 system, which is focused only on Europe. 

The problem presented was that Google Maps uses a different 

system: ESPG:900913. One of the goals of this system is to 

reference the entire world, having compatibility with the CRS 

of Google Earth and GPS devices. To accomplish this, Google 

works with geometric coordinates, a pair of latitude and 

longitude to locate any point on the Earth. Google Maps is a 

projected 2D map but it works with 3D coordinates. 

At first we assessed applying a mapping reprojection to the 

initial data. We discarded it because it implies changing the 

format of all new data and updates provided by ICAC, that is to 

say, we did not want to change their system. The solution 

adopted is to bring that load to GeoServer, translated 

dynamically as tiles are requested to the Web Map Server. This 

decision may seem contradictory with the performance 

optimization criterion of the project, but in fact it is not. This is 

due to the map caching with GeoWebCache. We draw the tiles 

only once, and then they are sent to the client as prebuilt PNG 

files, saving CPU consumption. 
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4. EVALUATION OF THE SYSTEM 

4.1 Transmittal 

We have made an initial evaluation of the application at 

functional level, and performance tests of the server-side of the 

application as well of the client-side. 

In the first case we have revised that the product provides 

solutions for the initial requirements. The server-side 

performance tests have been done with the NetBeans 

environment, a process viewer, and a Java Virtual Machine 

viewer. The tests revealed that at least, the server needs 1GB of 

memory to run. Of course the more users simultaneously, the 

more hardware needed on the server side. 

 

  The PostgreSQL database needs at least 50MB of memory. 

  The two web applications (GeoServer and WebGIS) take up 

to 1 minute to be deployed on the GlassFish server. This 

load-time is only needed once, when the server is booted 

up. 

  The GlassFish memory consumption depends on the 

number of clients and the tiles to generate, but we can talk 

of a base consumption of 250MB of memory, having in 

mind the Java Virtual Machine. 

  CPU consumption of both application is not quite high, 

althrough if we generate tiles “on demand” without using 

the tile cache it may raise considerably. 

 

In the client application we have measured the memory 

consumption and the time taken to display the information. We 

have used the Firebug tool and we have run additional tests with 

the Opera web inspector (Opera Dragonfly). Variations between 

both browsers have been inappreciable. 

We have studied the average load time with and without tile 

caching on a map of 3x3 tiles. Direct load takes up to 700 ms 

per tile, and cache load with GeoWebCache is less than 200 ms. 

This time difference can be negligible for the average user but, 

again, with a large amount of concurrent users or a slow 

connection it can be easily noticed, so we have decided to make 

the efficient choice. 

 

 

5. CONCLUSIONS 

We have designed an application that meets the project’s goals. 

Studying the tools we have concluded:  

 

  From the conducted research, we conclude that to make 

maps via web with large amounts of data, the best method is 

to use a tile mosaic. 

  The best solution to store the information is with a 

geographic database. 

  To widely spread the information, a good solution is to use 

the Google Maps API and provide an accessible map from 

any web browser. 

  

From the work done in the project, some new ideas have 

emerged for future development, to extend functions or improve 

the application. The main idea is integrate the application with 

mobile devices. At present the mobile devices with Internet 

connection are very popular, and a possible development is to 

integrate the web application with this kind of devices. 

 

Through version 3 of Google Maps API, we can make web 

maps fully compatible with devices such as iPhone, Android or 

BlackBerry. This provides a new experience for the user, who 

may query the map from anywhere. 

Following the previous topic, we can make a practical use fo 

the Google Location Services, which allows to physically locate 

a user, always with user’s consent, and give information around 

him.  

For instance: a tourist is visiting the amphitheatre of Tarragona, 

and has an Android device with him. He does not need longer a 

sheet with the information of the monument, he can connect his 

phone to the Internet, locate himself with the application, and 

point at the map, receiving accurate information from the 

ICAC. 

Another future development is integration with social networks 

(Facebook or Twitter, for instance). An application using the 

public API of this network with a practical goal: while the user 

is visiting at site some archaeological item or museum he can 

tweet it instantly in a easy way. This publication would include 

a link to the web map application, bringing new users to the 

application, a continuous feedback. The main advantage is to 

encourage more users to the application. 
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