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Abstract

Cadastral systems include a database containing spatially referenced land data, a set of procedures and techniques for systematic collection, updating, processing and distribution of data and finally, a uniform spatial reference system. Recent developments in Geo – Information and Communication Technology (Geo –ICT) have a serious impact on cadastral systems. New disciplines like TeleGeoProcessing, TeleGeoMonitoring and TeleGeoMatics can be implemented in applications including cadastral surveying and mapping as well as distribution of spatial cadastral data. 

This paper describes a method that was followed in order to face numerous indicative updating procedures of both spatial and descriptive cadastral data by using the state of the art technologies and on the same time, by following the Hellenic Cadastral Standards.

The basic idea was to suggest and implement a model for facing the changes that occur on the cadastral data. A model that would be realizable in the minimum required time (an almost real time application) and it would use the capabilities of new technology. The aim was to improve the quality, the cost effectiveness and the maintainability of a cadastral system through the implementation of such a model.
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The implementation of Geo –ITC in the Cadastral Systems

Cadastral systems include a database containing spatially referenced land data, a set of procedures and techniques for systematic collection, updating, processing and distribution of data and finally, a uniform spatial reference system. The ability to predict and face various spatial problems as well as to update the data at the moment changes occur is provided in the GIS systems with ‘real time monitoring procedures’, which are being realized with the use of mobile GIS and the wireless distribution of the data through a wireless cellular network (Van Loo, 2001).

Recent developments in Geo – Information and Communication Technology (Geo –ITC) have a serious impact on cadastral systems (Van Oosterom, Lemmen, 2002). The term Geo –ITC includes procedures of acquisition, use, maintenance, exchange and distribution of geo-data by using GIS, DataBase Management Systems and communication systems.

New disciplines like TeleGeoProcessing, TeleGeoMonitoring and TeleGeoMatics can be implemented in applications including cadastral surveying and mapping as well as distribution of spatial cadastral data. TeleGeoProcessing is defined as a new discipline that combines Spatial DataBases, cartography, data exchange by any telecommunication mean and on line resolution of the spatial data. TeleGeoProcessing is considered to be any system that includes a GIS and a telecommunication system (Laurini, 2000). TeleGeoMonitoring, as a child of GIS and telecommunications can be considered as a new discipline characterized by positioning systems, cartography, the exchange of information between different sites and real time decision-making. (Laurini, 2001) TeleGeoProcessing and TeleGeoMonitoring coexist under to TeleGeoMatics scientific umbrella, were real time applications, in terms of exchange information and decision-making, are emphasized (Tanzi, 2000).

In this paper, the acquisition and distribution procedures of spatial cadastral data are placed among TeleGeoProcessing and TeleGeoMonitoring Systems, since GPS and field GIS are being used and the data are send to remote sites by means of wireless telecommunications.

The updating Procedures

Numerous indicative updating procedures of actual Hellenic Cadastral Data were faced in almost real time applications. These were: updating data related with the legal rights, like creation, abolition, conveyance or changes in the rights percentages. Furthermore, updating procedures of data related with the persons’ element’s, as well as procedures related with the land parcels, like mutation or change of use or address were faced. Another category of updating procedures was those related with buildings, like creation of a building, demolition of a building or addition of a floor. Finally, changes that deal with the roads were faced, like widening or extending an existing road, opening up a new road or changing the name of a road. The updated procedures that were faced are considered to be the most indicative of all. By composing these procedures, others, more complex updating procedures are resulted (Koukopoulou, 2002). 

This paper suggests and describes a method that was implemented in order to face the above-mentioned procedures that occur on the cadastral data, by using the state of the art technologies and on the same time, by following the Hellenic Cadastral Standards. For every single one updating procedure, diagrams depicting the spatial changes were made, tables showing the measured coordinates were presented, new cadastral entities were created and the relevant cartographic layers were changed. The new updated GIS files were sent to a PC, which worked as the main server of the application. Finally, for each procedure that has been faced, the Cadastral database was also updated. All the tables and the fields that are influenced in each updating procedure have been altered and analyzed. One of those procedures, which is the creation of a new building will be presented, as an example, in this paper. 

The equipment

The acquisition of the data was accomplished with a real – time differential GPS system, which was linked with a field GIS application where cadastral mapping took place. The data were distributed to remote sites by means of wireless telecommunications. Those applications which include GPS incorporating with mobile systems and have on line connection with cadastral data bases are called ‘Field offices’ (Boagerts, 1999).
The differential GPS system was chosen for two basic reasons. The first one was the ability to transform the measurements from the WGS84 to the local spatial reference system and the second reason was the required from the Hellenic Cadastral Standards accuracy. Two stations operating as a reference and a rover receiver composed the system, which were communicating wireless by radio modems.  The GPS rover receiver was connected with a palmtop device by a null modem cable. A field GIS application was loaded in the palmtop including all the spatial layers of the area in which the measurements took place. The GIS recognized the measurements as points, which constituted the basis for the creation of new spatial ontologies in the cadastral GIS. The new updated data were sent to remote sites (ex. the main GIS server that is responsible for the management of the entire cadastral data) in a wireless manner. That was accomplished with a PCMCIA card phone with a sim card that had a data connection in a cellular wireless network. The card phone was inserted in the palmtop through an expansion pack. With a dial up connection e-mails including attached GIS files of the new updated information were sent to other distanced destinations. In several cases, were the use of GPS was impossible, an EDM was used to survey the spatial change. At the next figure, the used means and the connection between them are being presented.
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Figure 1: the connection between the equipment

The cooperation of a real time differential GPS system with a palmtop, a field GIS application and a card phone has proven to be possible. Although, the success of the method is not always guaranteed because the connection between the different equipment is not very stable. Moreover, new technology equipment like palmtops and card-phones need to be improved in terms of memory capacity, speed and stability.

The creation of a new building

One of the indicative updating procedures that were faced will be presented. This procedure is the creation of a new building. 

First of all, the recognition of the land parcel in which the building was created, took place in the field, as well as in the GIS. 

In the next figure, the land parcel before and after the creation of a new building is shown.
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Figure 2: The land parcel before and after the creation of the building

The following step was the choice of the point where the GPS reference receiver was placed. The survey was carried out by moving the GPS rover receiver in each boundary of the new building following the semi – cinematic method. Four new points were measured, the coordinates of which are presented in the following table.

	POINT
	X
	Y

	7630
	417121,0266
	4488113,5508

	7631
	417132,4262
	4488127,7130

	7632
	417160,1544
	4488105,6824

	7633
	417148,6138
	4488091,3450


Table 1: The coordinates of the measured boundaries

At this point it is important to mention the fact that because the GPS receivers measure in the WGS84 system, a network was created in the area before facing the updating procedures. This network was composed of points of known coordinates in the local system. Throughout a transformation set the differential GPS system was capable to perform the measurements and extract the results in the local coordinate system called HGRS (Hellenic Geodetic Reference System) (Fotiou, Livieratos, 2000).

The coordinates of the new four points were transferred through the GPS to the field GIS software and new points were created in a cartographic layer. That was realized because the GIS software reads NMEA protocol from the GPS. 

The polygon that constituted the new building was created by the user in the appropriate layer, as it is sown in the next two figures, where the GIS file before and after the creation of the new building is being presented.

Figure 3: The GIS file before the creation of the building

Figure 4 : the GIS file after the creation of the building

The updated file was saved and finally sent to the main server in a wireless way. That was accomplished by making a dial up connection using a wireless card phone that had a data connection in a wireless cellular network.

Finally, the Cadastral Database was informed about the changes. The tables concerning the spatial data of the buildings were altered plus the tables concerning the descriptive data of the landowners of the buildings were informed.
The Problems

A few problems came up while the updating procedures were being faced. These problems were:

· The connection between the different parts of the equipment was rather unstable which made the cooperation between them a difficult task to achieve, considering the fact that all the equipment should remain connected while being carried out by the user during a fieldwork. More specifically, the unstable connections were between the GPS receiver and the palmtop device, which was realized through out a null modem cable, as well as between the palmtop and the expansion pack. Both the above-mentioned connections did not ‘lock’ in a steady and firm way. Therefore, in several cases, the repetition of the measurements was necessary, so that the field GIS could re –read the NMEA protocol and the point’s coordinates could be re- placed in the cartographic layer. That process required some extra time and effort in the fieldwork, but the problem was solved.

· Another basic problem was the limited memory of the palmtop. Although the palmtop’s functions include is a setting in order to dedicate more memory of the device to the software (rather than to the available data), the simultaneous loading of the field GIS program and the software of the card phone, caused crucial problems in several cases. There were some times when the palmtop device could not recognize the card phone (for no obvious reason), so it was impossible to send the data wireless from the field. In these cases the data where downloaded to a PC through out a serial cable. The information was not lost, and the measurements should not be repeated. But the updating procedure did not occur in a real time application. 

· The biggest problem of all was the fact that sometimes the palmtop device could not respond at all during the registration process of the software of the card phone. In these cases, the device was completely out of order and the user had no solution but to wait a few days until the battery run out and begin everything from the scratch. This resulted to the postpone of the measurements for some days, plus to the loss of every data stored in the palmtop that was not send to the main server. The suggestion in order to solve this problem is to own a second palmtop, considering the fact that it is not very expensive and on the same time it is extremely useful.   

In all of the problems, which were analyzed above, the source that actually causes the problem is the palmtop device. Thankfully, in that area the evolution is enormous and rapid, so there is a big possibility that in the near future the problems will be solved. Palmtop devices will be expanded in terms of memory capacity, speed and stability. The whole operation system (which is Windows CE for mobile systems) will hopefully become steadier in the following versions, and most important of all, the devices won’t lose all the stored information once they run out of battery.
Conclusions

It has been pointed out of from other scientist as well, and it has been proven in this particular application that the development and maintenance of the cadastral systems can benefit a lot from the new GEO –ICT and even completely new functions like internet  - based GI systems and mobile GIS, are now becoming possible (Van Oosterom, Lemmen, 2002).

In this paper, a model has been suggested in order to face the changes that occur in the cadastral data. The model faced the procedures in almost real time by making use of the new technology. The implementation of the whole method was rapid, effective and reliable. The possible mistakes dealing with the recognition of the land parcels and the measured coordinates, were limited because all the steps of the model were automated. Hence, the result was characterized by high quality as well as time and cost effectiveness. 

New disciplines like TeleGeoProcessing, TeleGeoMonitoring and TeleGeoMatics can be implemented in applications including cadastral surveying and mapping as well as distribution of spatial cadastral data. The cooperation of a real time differential GPS system with a palmtop, a field GIS application and a card phone has proven to be possible.

Although, the success of the method is not always guaranteed because the connection between the different equipment is not very stable. In all of the problems, the source that actually causes the problem is the palmtop device. Thankfully, in that area the evolution is enormous and rapid, so there is a big possibility that in the near future the problems will be solved. Palmtop devices will be expanded in terms of memory capacity, speed and stability. The whole operation system will hopefully become steadier in the following versions, and most important of all, the devices won’t lose all the stored information once they run out of battery.
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