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The coupling of mobile computing techniques with spatial data infrastructures combined with the cur-
rent developments in the communication and the simulation sector offer new options to realize a fast and
cost effective field data management throughout the entire environmental sector (e.g. farming, forestry,
geology, ecological planning etc.). To reduce the time, and hence the costs needed to acquire data in the
field by hand, returning to the office, processing the data and eventually return to the field to do the indis-
pensable measurement adjustments for optimal results, the improvements in the telecommunication
sector are beneficial. The further integration of mobile clients into a Spatial Data Infrastructure, SDI,
enable a direct access to urgently needed data that is stored on remote systems. Other corresponding
SDI-components like WebMap-Server or WebCoverage-Server [OGC (2001a), and OGC (2000)] make
it possible to requests processed data from the field, which allows a more efficient interpretation in-
stantly.

1. Data Transmission and Processing

Data acquired in the field by a mobile user is transmit-

ted to a remote system immediately using mobile phone or

wireless LAN technologies. On the remote system, the data

will be processed and the results will be sent back to the

user in the same way. Depending on the capabilities of the

remote system, the mobile user is able to integrate the

knowledge obtained by the processed data into the current

field operation. Feeding new data into a SDI via mobile

communication even extends the advantages to a broad

field of users. Any number of researchers has direct access

to the data and is therefore enabled to instruct the mobile

team.

This article focuses on the two components mobile cli-

ent and the simulation platform, the High Level

Architecture.

1.1 Mobile client

The mobile user is equipped with an Ipaq PDA, a small

handheld computer with a bright 65k-color display and a

Strong ARM processor (206 MHz). The PDA uses Win-

dows CE (now PocketPC 2002) or SavaJe XE operating

systems. The first allows running ArcPad from ESRI and

small Waba applications in addition. The latter is com-

pletely based on Java and allows writing complex

applications effectively. Due to the full support of Sun’s

JDK1.2, Jini-based components like messaging systems

are implemented quickly.

Furthermore the PDA is connected to a GPS receiver

and a GSM module or a wireless LAN card respectively.

The current generation of PDA even has the mobile phone

module integrated (e.g. Siemens SX45). The choice be-

tween a GSM module and a wireless LAN card depends on

the kind of purpose. Provided that a sufficient GSM

coverage exists, a GSM connection is much easier to estab-

lish. The user just has to connect the module to the PDA and

to tap the telephone number of the Internet provider. For a

wireless LAN connection, a stationary access point has to be

put up first. Usually, this is done at a farm or any other build-

ing that provides a telephone connection and is located close

to the area of interest. The access point could be connected

with different kind of antennas, which are put on a radio

mast if possible. The biggest handicap of a wireless LAN

connection is the necessity of a line of sight between both

antennas. Without, the maximum range is reduced dramati-

cally to less than 30m. If a line of sight could be achieved,

the maximum range is 15km at best using a directional mi-

cro-wave link. The mobile user has different kinds of

antennas to choose. Easiest handlings provide omni direc-

tional antennas. These, about half of a meter in length, can

be easily attached to a backpack and do not have to be ad-

justed towards the access point like the more powerful

directional antennas.

The advantage of a wireless LAN connection over a

GSM connection is the much better data transmission rate of

11Mbit/s at best. In Germany, the HSCSD-GSM system

provides less than 20kBit/s. A normal GSM connection is

restricted to 9.6kBit/s. The promoted 44kBit/s of the GPRS

system, the predecessor of UMTS, are not achieved yet. In

reality, less than 28kBit/s are transferred. High hopes exist

for UMTS, the third generation of telecommunication. Nev-

ertheless, building up this system will not start in Germany

before 2003/4. High-speed communication becomes neces-

sary if complex raster data or a broad variety of different

vector data layers have to be transferred. Therefore the user

has to choose between a slow data connection but simpler

handling and a fast data connection (up to 11Mbit/s) but ex-

pensive handling.

Data acquisition is simplified by client applications. A

first prototype provides a simple graphical user interface

(GUI) in that the user has to type the data measurement val-

ues. Besides, the application’s GUI informs the user about

his current position and lets him input the measurement val-
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ues. After tapping send, a socket connection will be opened

and the data is transferred to the receiving server, no matter

what kind of transmission technique is used. The communi-

cation uses the TCP protocol either on wireless LAN or

GSM. A second application (ArcPad by ESRI) acts as a data

visualization tool. A shows the current position of the user

and the results of the sent and processed data. The influence

on the map design by the user is restricted to zoom and pan.

The next generation of mobile client application will

provide a much more powerful tool which is integrated into

a SDI completely. It will be able to show the current posi-

tion in figures and on a map. It will be able to display maps

achieved from the spatial data infrastructure. The rendered

layers and its corresponding styles will be defined by the

user [OGC (2001)].

2. Architecture

The overall architecture of the distributed remote sys-

tem is shown in figure one. The user in the field, equipped

with a mobile device, running the data acquisition applica-

tion and ESRI’s ArcPad as a mobile geographic information

system (GIS). Remotely runs a data receiving service that

feeds the HLA based federation. To achieve persistency and

to provide the data for the web-mapping server, all data is

stored in database servers. The results, published by a web

mapping service are viewable with any standard web client.

In the next generation, the data server will be accessible di-

rectly and by a WebFeatureServices [OGC (2001a)] to

provide interoperability.

Figure 1: Architecture

2.1 High Level Architecture

The remote system is based on a variety of compo-

nents. Most of these components serve as parts of a High

Level Architecture Federation. The High Level Architec-

ture (HLA) developed by the Defense Modeling and

Simulation Office (DMSO) under the US Department of

Defense (DoD), specifies a framework for distributed

time-variant simulation systems [DMSO (2001)]. In Sep-

tember 2000, the HLA was approved as an IEEE standard

(IEEE 1516). It enables a high level of interoperability that

simplifies the association of new simulators and supports

their reusability.

A Federation defines interplay of different simulation

and other components such as real players, measuring in-

struments, etc., called Federates. There is no specification

about the internal structure of simulations, but the external

is well defined to allow proper interplay. One of the central

components of the High Level Architecture is the RTI, the

Runtime Infrastructure. The RTI provides a set of common

services that are useful across multiple simulation domains

[Calvin, J. O. (2000)]. These common services fall into the

categories Federation Management, Declaration Manage-

ment, Object Management, Ownership Management, Data

Distribution Management and Time Management.

One important fact is that all communication between

the individual federates goes via the RTI. There is no direct

communication between two Federates allowed. One high-

light of the HLA is the time management. It facilitates an

active time management with e.g. deadlock prevention al-

gorithms and enforcement of causality (no event can

influence its own past) [Fujimoto, R. M. (1998)].

In the first prototype, the time management capabili-

ties were not used. The HLA serves rather as a

communication platform, but this will change in the next

version. At the moment, there are four Federates joined into

the Federation. First the data receiver, a completely

multithreaded federate that receives the measurement val-

ues and the coordinates as WGS84, transforms those to

Gauss-Krueger and feeds the data into the RTI. Data within

the Federation is transported as byte streams. Helper classes

do the necessary encoding [Wytzisk, A. (2000)]:

public class MyEncodingHelper extends

EncodingHelpers

implements Serializable

{

public static byte[] encode(GeoObject geo)

throws RTIinternalError

{

try

{

ByteArrayOutputStream bo = new

ByteArrayOutputStream();

ObjectOutputStream os = new

ObjectOutputStream(bo);

os.writeObject(geo);

os.flush();

return ob.toByteArray();

}

catch(Exception e)

{

throw new RTIinternalError(“encoding

failure”);

}

}

...

}
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Every time new data is received the Federate publishes

a new byte stream storing a list of all received measurement

points. This byte stream is received by federates two and

three. Federate number two is only interested in the new

measurement point. It writes the coordinates and attribute

values of each point into a spatial database, which is in our

case an ESRI ArcSDE on top of on Oracle 8i. Actually both

the attribute values and the geometry are stored on the same

machine. To manage bigger amounts of data, the distribu-

tion to different machines as shown in figure one will

become necessary. Itself the database federate acts as a data

sink and doesn’t publish any data.

Figure 2: Federates

As does the second federate, the third federate sub-

scribes the point lists published by federate one as well.

This federate generates a two dimensional grid and interpo-

lates the outstanding data using a Kriging interpolation

algorithm. The generated and interpolated is made avail-

able to other federates via the RTI.

The forth federate receives the results from the Kriging

federate and visualizes the data. The images produced

could be sent back to the user directly, using Microsoft’s

Active Sync software, the standard software to synchronize

desktop and handheld computer. On the other hand the im-

age could be serialized, published to the RTI and written

into the database after being successful received by the da-

tabase federate.

Actually, there are no other federates taking part in the

federation. Due to the high level of interoperability, it’d be

easy to add further functionality to the data processing pro-

cess by attaching suitable simulation components to the

federation.

2.2 Visualization in ArcPad

The user in the field receives the data processing results

either directly from the visualization federate, or he uses the

capabilities of the web mapping service. Connected to the

ArcSDE is an ArcIMS (ESRI’s Internet map server). It pro-

duces maps showing the results of the interpolation. It

publishes its maps to the Internet. The user could easily in-

tegrate the ArcIMS image service functionality into his

running ArcPad program. Figure three shows a screenshot

of such a generated map.

Figure 3: Processed data on the PDA
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