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In order to make the vision of 
the "real time enterprise" a 
reality, a wide range of sen-
sors, potentially spread across 
the whole company, must be 
integrated into the existing IT 
infrastructure. The benefi ts of 
sensor integration are probably 
most drastically in the fi eld of 
warehouse- and supply chain– 
management. Sensors typically 
used in a real world scenario 
are for example RFID, accelera-
tion sensors, temperature sen-
sors, movement sensors etc. 
Currently the typical approach 
adopted by most companies is 
to incorporate proprietary soft-
ware in order to achieve the 
desired level of automation for 
each type of sensor. This re-
sults in highly heterogeneous 
application landscapes which 
are hard to maintain and hard 
to integrate. If newly adopted 
business processes span across 
business boundaries, this fact 
causes a lot of severe problems. 
In this paper an approach is pre-
sented, that shows how these 
problems can be avoided by 
using a standard based fl exible 
architecture to integrate sen-
sor data into an ERP back end 
system. The central paradigm 
applied to the design of the 
integration architecture is the 
concept of service-oriented ar-
chitectures which facilitates the 
integration of heterogeneous 
systems. The approach present-
ed in this paper was developed 
in the context of the AmbiSense 
project which will also be intro-
duced briefl y.
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1 Introduction

It has always been the desire of 
the management of any kind 
of enterprise to be able to view 
the state of the company’s value 
creation chain by the push of a 
button. An example would be 
an accountant executive offi cer 
checking how many open trans-
actions are to be processed. For 
the accounting part of a com-
pany this vision of a "real-time 
enterprise" [Kuhlin & Thielmann 
2005] has already been imple-
mented in some sort way in 
most companies. 

A different, but not less im-
portant part of company value 
creation chain is the production 
side. Most enterprise resource 
planning (ERP) suites out on the 
market today provide applica-
tion components that offer the 
means for in depth production 
planning. Before being able to 
use these applications on a daily 
basis, the engaged machinery 
available for production has to 
be mapped to the software sys-
tem in use. In order to make the 
production of goods as effi cient 
as possible, a good warehouse 
management and supply chain 
management have to be in 
place. At present, the issues de-
picted in this paragraph are all 
addressed by pieces of software 
in most ERP systems. The prob-
lem is that there is a mismatch 
of the state of the software and 
real life. An example for this 
mismatch could be the state of 
a warehouse. As there are hu-
mans working in a warehouse, 
you can be sure that an inven-
tory would reveal a mismatch 
between the nominal and the 
actual value.

A means to encounter this prob-
lem would be the use of mod-
ern sensor equipment directly 
connected to the ERP back end 
systems and carefully integrated 
into existing business processes. 
A technology that is becoming 
more and more popular in this 
area is Radio Frequency Iden-
tifi cation (RFID [Finkenzeller 
2002]). This technology enables 

enterprises to track and trace 
their goods and operations 
more easily than with bar codes 
for instance. But RFID is not the 
only type of sensor information 
relevant for integration into ERP 
back end systems. Location or 
positioning information col-
lected through sensors already 
in use in companies, like WLAN 
(IEEE 802.11) or Bluetooth 
[Bluetooth 2007] present op-
tions that could bring signifi cant 
value increase in some business 
processes. Integrating sensor in-
formation into existing ERP back 
end systems is a very complex 
task for many different reasons 
depicted later. 

This article is based on the 
work of the AmbiSense project, 
which for the sake of better 
understanding is introduced in 
section 2. After this introduc-
tion we will delineate the state 
of technology in section 3 be-
fore describing the integration 
architecture in detail in section 
4. We will conclude this paper 
with a short summary and the 
future prospects in this area in 
section 5.

2 Overview of the 
AmbiSense Research Project

One of the main objectives of 
the AmbiSense project [Ambi-
Sense 2007], which is funded 
by the Ministry for Science and 
Research Baden-Württemberg, 
is to provide a framework which 
enables the usage and fusion of 
sensor data in enterprise report-
ing software. The focus on the 
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sensors in this research project is 
RFID, wireless LAN (IEEE 802.11) 
and Bluetooth. This framework 
combined with a powerful 
graphical end user interface in 
the form of an ambient intelli-
gence display could present sig-
nifi cant advantages over present 
day solutions. Application areas 
of the AmbiSense project are 
warehouse and inventory sce-
narios, logistic scenarios and 
surveillance tasks.

The project is split into 5 project 
groups working closely together 
to achieve a maximum outcome. 
For the sake of clarity the overall 
project apportioning is depicted 
in fi gure 1. The fi rst part of the 
project deals with the communi-
cation infrastructure both as in-
frastructure for communication 
between the application sys-
tems and as a means of locat-
ing agents based on methods as 
described in [Günther & Hoene 
2005]. The second part of the 
project deals with autonomic 
systems and bio-analogue algo-
rithms. Its goal is to facilitate the 
infrastructure needed to allow 
for an autonomic system, be it 
robotic or human, to commu-
nicate with the whole system, 
as well as to gather informa-
tion from sensors connected to 

the autonomic agent. The third 
project is centred on bluetooth 
technology, used for communi-
cation and allocation purposes. 
In order to allow reasonable 
interaction by users with the 
system, the fourth project deals 
with the presentation of an am-
bient intelligence user interface. 
This article is written with a fo-
cus on the fi fth project, which 
deals with the integration of the 
multi sensor system into the ERP 
back end system. 

3 State of Technology

This part of the article describes 
the state of technology that is 
relevant both for the sensor 
side and for the integration al-
together. As the main focus of 
this article lies on the architec-
ture of the whole system and 
the integration of the ERP back 
end systems, the sensor side 
is only covered to the extent 
that is relevant for the overall 
architecture. In section 3.1 the 
relevant technologies for the 
sensors used in the project are 
described. Section 3.2 describes 
the standards used to integrate 
the ERP back end systems into 
the project. 

3.1 Sensor Related Aspects

The main focus of the Ambi-
Sense project with respect to 
sensors is delimited to the fol-
lowing types of sensors:

Wireless LAN (access points 
and mobile WLAN cards) 
used for communication and 
localization
Bluetooth [Bluetooth 2007] 
(BTNodes [Beutel et al. 
2003]) used for communica-
tion and localization
RFID [Finkenzeller 2002] 
used for localization and 
identifi cation
Laser scanners (robot) used 
for localization
Ultrasound (robot) used for 
localization
Cameras used for identifi ca-
tion

As most of the sensors listed 
above do not provide direct in-
put for the ERP system, nor re-
quire data from the back end 
systems, the main focus on the 
sensor side lies on the RFID tags. 
In this respect there are some 
standards that are vital for a cor-
rect integration. These stand-
ards are listed below and briefl y 
described.

›

›

›

›

›

›
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EPC [Asher et al. (a)] – the 
electronic product code 
EPCIS [Asher et al. 2007 (b)] 
– the electronic product code 
information system
ALE [Asher et al. (c)] – appli-
cation level events

All of the standards listed above 
have been adopted by EPCglo-
bal, a subsidiary of GS1, which 
itself was formed when EAN In-
ternational, the Uniform Code 
Council (UCC) and the Electron-
ic Commerce Council of Canada 
(ECCC) merged. The codes pre-
viously provided by these or-
ganizations already play a vital 
role in today’s global economy. 
The EAN Code for instance is 
used on 90 % of all consumer 
products. Another widely used 
code is the UPC code published 
by the former UCC. Therefore in 
context of ERP integration with 
the intent of providing product 
data, these standards can not 
be disregarded.

The EPC is a standard that com-
prises the capabilities of a bar 
code with additional informa-
tion such as serial number and 
individual information on an 
RFID chip that allows contact-
free and bulk reading [Asher et 
al. (a)].

The EPCIS standard describes an 
information system that stores 
data about collected EPC infor-
mation in the vicinity of a com-
pany. This could for instance 
be the results of bulk readings 
at an RFID reader located at a 
warehouse entry door [Asher et 
al. 2007 (b)].

Application Level Events (ALE) 
presents a standard that is used 
to fi lter the data collected by 
RFID readers and stored in an 
EPCIS. ALE provides a frame-
work that makes it possible 
for an application to subscribe 
to specialized events and fi lter 
data, so that it only receives 
data relevant for the application 
[Asher et al. (c)]. 

›

›

›

3.2 Architectural Aspects

The key concepts behind the 
architecture of the integration 
layer of the AmbiSense project, 
which is the main focus of this 
article, are amongst others de-
rived from the following re-
quirements:

Flexible adoption of differ-
ent kinds of ERP back end 
systems
Implementation neutrality
Easy extensibility
Vendor neutrality.

A simple yet very powerful ap-
proach that fulfi ls the require-
ments mentioned above is the 
paradigm of service-oriented ar-
chitectures (SOA) [Weerawarana 
et al. 2005]. Based upon open 
common internet standards, 
services are implementation-
neutrally described via the Web 
Service Description Language 
(WSDL) [Christensen et al. 
2001]. Almost any proprietary 
application can easily be fi tted 

›

›
›
›

with a web service interface and 
embedded into a business proc-
ess using the Business Process 
Execution Language for Web 
Services (BPEL4WS, short BPEL) 
[Andrews et al. 2003]. A busi-
ness process described through 
BPEL can itself be presented as a 
web service and embedded fur-
ther into a new process. These 
facts make SOA the fi rst choice 
in this project.

4 The Integration Architec-
ture

Keeping the requirements and 
standards described in section 3 
in mind, the focus of this part of 
the article lies more on the actu-
al design instead of the premises 
presented above. Service-orien-
tation allows for the focus to be 
set more on the process part of 
the integration rather than on 
the technical layer. For a better 
understanding fi gure 2 shows a 
coarse overview over the archi-
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tecture used in the AmbiSense 
project.

A "world model server" is used 
for the storage of different 
kinds of maps used for localiza-
tion of the agents and objects in 
the "hemisphere" of the server. 
In the fi rst version of the server, 
the project team has decided 
to store fi ve different types of 
maps on the server. 

The fi rst kind of map is a 
fl oor plan, which is acquired 
using a laser scanner. It 
presents the basis for the 
localization of the agents. 
Robots or agents can utilize 
this map to navigate through 
the area covered by the 
world model server.
The second kind of map is 
a WLAN map into which 
the stationary WLAN access 
points are inserted. This is 
also used for localization 
purposes [Günther & Hoene 
2005]. 
Another kind of map used 
and stored on the world 
model server is the object 
map. Objects are identi-
fi ed using RFID equipment 
consisting of a reader and 
the tag used to identify the 
location or object. 
Analogue to the WLAN map 
the fourth map is the blue-
tooth map in which all active 
BTNodes are listed. There 
can be stationary BTNodes 
and BTNodes attached to 
agents.
The fi fth and fi nal map 
type is the map used by the 

›

›

›

›

›

graphical user interface. It 
presents a 3-dimensional 
space generated out of 
the data collected by the 
"Waegele", a mobile 
platform for the acquisition 
of 3D models [Biber et al. 
2006].

The communication of the 
agents with the ERP integra-
tion server will always be served 
through the "intermediary" 
world model server. This is done 
for two reasons. The fi rst being 
the redundant interfaces that 
would have to be provided if 
the agent would be allowed to 
communicate with both the in-
tegration server and the world 
model. The second and cogent 
reason for this intermediary ap-
proach is the vast amount of 
traffi c that could be induced 
on the ERP system if a rising 
number of agents would be in-
volved in a real world scenario. 
If all requests by all agents were 
always serviced by the ERP in-
tegration server, the connected 
ERP systems would have to be 
scaled up signifi cantly in order 
to be able to service the rising 
amount of requests imposed 
upon them. In this context the 
world model server can be seen 
as an object cache similar to the 
EPCIS. In order to fulfi l some 
of the communication require-
ments by the ERP integration 
server, the world model server 
also comprises an ALE service as 
mentioned in section 3.1. This is 
used when an event needs to be 
propagated to the control cen-

tre or the ERP integration server 
and vice versa. In order to make 
the architecture more fi gura-
tive a standard usage scenario is 
shortly described in the follow-
ing few lines. 

If an agent identifi es an object 
that has not been identifi ed 
before, the object data (EPC) is 
stored in the world model server. 
If the control centre or an agent 
requires more information about 
an object, the intermediary 
(world model server) queries the 
ERP integration server through 
a Web Service call and relays 
the results back to the agent. 
In order to keep the workload 
balance of the connected ERP 
systems as low as possible, the 
world model server caches the 
object information passed to 
the requesting agent. If another 
agent queries the same object 
again, the results are served by 
the world model server’s cache. 
In order to keep the cache of the 
world model server up to date, 
the integration server commu-
nicates any changes made to 
objects / products inside of the 
connected ERP systems to the 
world model server.

The ERP integration server is 
based on an application server 
that supports BPEL processes. 
The actual integration process 
of the integration of different 
ERP systems is thereby reduced 
to the modelling of the proc-
esses necessary for the interac-
tion in the project context on 
a non-technical business level. 
As BPEL allows a process to 
expose itself as a web service, 
more complex processes can be 
modelled without over strain-
ing the modeller. The interface 
of a BPEL process is determined 
by exactly two activities of the 
process. These activities are the 
starting (receiving) activities at 
the beginning of a process and 
the fi nal (reply / invoke) activity 
at the end of the process. The 
overall integration structure of 
the ERP integration server is 
outlined in fi gure 3.
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For reasons of understanding 
fi gure 4 shows a sample process 
as it is used on the integration 
server. It depicts the request for 
product description from an at-
tached SAP ERP system which 
is invoked through a Web Serv-
ice interface exposed directly 
through the new Enterprise 
Service Repository (ESR) advo-
cated by SAP. In order to keep 
the exposed interfaces stable, 
the start and end activities are 
not changed throughout the life 
cycle of the process modelled. 
To fulfi l this requirement, the ex-
changed data was modelled at 
the beginning of the project. This 
had to be done very thoroughly 
by analysing the business proc-
ess with respect to the business 
objects required for the success-
ful execution. This was done by 
means of a XML schema defi ni-
tion (XSD). To fulfi l the differing 
needs of the integrated ERP sys-
tems a data conversion has to be 
done. In fi gure 4 this conversion 
is implemented before and after 
the activity "invokeSAPClient". 
The fi rst assign activity converts 
the relevant parts of AmbiSense 
specifi c data structure to the 
SAP specifi c structure.

By replacing the "invokeSAPCli-
ent" activity along with its cor-
responding assign activities and 
replacing them with an invoke 
activity on another ERP system 
that supports Web Services like, 
SAGE, Compiere or the Oracle 
e-business suite, the interface 
is not affected as mentioned 
above. Only the transformation 
of the data types needs to be 
changed.

5 Summary and Future 
Prospects

In this paper we described the 
overall architecture of the Ambi-
Sense system. It uses two central 
servers to integrate the attached 
agents and ERP systems. The fo-
cus of this paper was the archi-
tecture of the ERP integration 
server which integrates different 
ERP systems by using web serv-

ice technologies and a fl exible 
process orchestration and trans-
formation layer. The integration 
of sensory data like RFID or mo-
tion sensor data can improve 
business processes, for example 
in the supply chain, drastically. 
Use Cases for effi cient RFID utili-
zation for instance can be found 
at [ECC Stuttgart-Heilbronn].

Based on a service-oriented ar-
chitecture, the platform is set 
for future extensions and inte-
gration into larger scaled archi-
tectures. By using scalable tech-
nologies like application servers 
and business process engines 
the system itself can be scaled 
to service a large amount of cli-
ents connected.
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