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Abstract: Radio Frequency Identification (RFID) is a 
promising technology for automated non-line-of-sight object 
identification. Traditional research of RFID middleware 
does not concern RFID related integration with enterprise 
information systems. Considering the requirements of RFID 
middleware and business process integration with enterprise 
information systems, an integration framework for RFID 
middleware based on business process rule and data stream 
technologies are introduced. Main modules of the RFID 
integration middleware, such as devices monitoring, data 
management, XML business documents exchange, business 
process control and RFID event management, are designed 
and discussed in detail. The semantic definition of the 
complex RFID event and RFID event classification are 
presented. A real-time scheduling strategy of RFID event 
which is based on the buffer and priority queue, can process 
the concurrent RFID events. Application system based on 
RFID is realized to control the business process through 
RFID events. 
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I.  INTRODUCTION 

Enterprise applications such as Supply Chain 
Management (SCM) Systems, Enterprise Resource Plan 
(ERP) Systems, and Manufacturing Execution Systems 
(MES) help enterprises to achieve efficiency, reduce 
costs and increase productivity in their operations. 
Automatic Identification and Data Capture (AIDC) is a 
methodology of assigning an identity to a business object 
and automatically capturing the identity of the business 
object as it moves within and across an enterprise. Some 
enterprise applications can generate and aggregate 
information about raw materials, products, equipment 
through their identity by supporting AIDC to improve 
efficiency [1]. 

Radio Frequency Identification (RFID) is a non-
contact technology of AIDC, which identifies objects 
attached with tags. RFID has been widely applied to 
various areas such as railway transport monitoring, 

highway fees and charges, tracking of agriculture product, 
food, medicine [2], animal identification, anti- 
counterfeiting, logistics transportation, etc. Nowadays, 
low-cost RFID has attracted more and more interests 
from industry and academic institutes [3]. In supply chain 
management, RFID tags are used throughout the supply 
chain to track products, from supplier, deliver, to 
warehouse stock and retail. Compared with bar-code, 
which is another popular technology of AIDC, RFID has 
several advantages, including non-line-of sight reading, 
the ability of handling serial number, automatic real-time 
reading, more sensor networks or monitoring systems that 
flavor to it and so on [4]. 

ERP system may not be designed to handle the serial-
number information from RFID data. It may cost a lot for 
enterprise applications with multiple identification 
technologies used but no explicit RFID interface to be 
rebuilt for RFID Integration. Such limitations of 
enterprise applications make it a challenging task to 
integrate RFID to enterprise applications. A graceful way 
to address this challenge is to introduce a layer between 
RFID readers and enterprise applications, which has 
come to be known as RFID middleware.  

RFID middleware should meet requirements such as 
dissemination, filtering and aggregation of RFID data, 
reading from and writing to a tag, privacy [5]. Besides, 
some RFID middleware may be able to manage RFID 
events and to response to data subscriptions from external 
applications. In traditional RFID applications, there is 
little need for an RFID middleware because the RFID 
readers are not connected in a network and the RFID data 
is only used by a single application. However, it is not the 
same when RFID should be integrated with enterprise 
applications, such as supply chain management system. 
Under that situation, many readers which are distributed 
across enterprise and warehouse capture RFID data that 
will be disseminated to a variety of applications [6], and 
an RFID middleware is needed to manage RFID readers 
and data from these readers. At present, IBM, Microsoft, 
Oracle, Sun, SAP, BEA, Sybase and other companies had 
released their respective RFID middleware which are 
more platform-dependent and less scalability. Most of 
these RFID middleware solutions focused on RFID data 
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filtering and ignored the integration between RFID 
application system and real-time enterprise business 
handling. 

This paper puts forward a RFID Integration 
middleware (called Rdspor) for enterprise information 
systems. Rdspor is driven by XML documents from 
enterprise information systems, uses a rule engine to 
control data process, and emphasizes on how to integrate 
RFID with enterprise information systems. Meanwhile, a 
data stream engine is used by Rdspor to filter and 
aggregate RFID data. The paper is organized as follows: 
The related work is described in section II. An overview 
of Rdspor is presented in section III. Section IV explains 
the details of the design and implementation. In the last 
section, we present our conclusions. 

II.  RELATED WORK 

RFID middleware plays a key role to the application of 
RFID technology. So far, there are many achievements in 
the aspects of technology research and product 
development of RFID middleware. For products, as 
mentioned above, IBM, Oracle, Sun, BEA and other 
software companies have introduced RFID middleware or 
RFID solutions. These products or solutions which are 
developed mainly on existing web application servers or 
middleware products of the companies are tightly coupled 
and are heavyweights among the RFID middleware 
products, and only applies to large and complex RFID 
application systems because of their lower expandability 
and high costs. The MIT University, USA together with 
ETH had proposed an open-source middleware platform 
(called Accada) for RFID applications. They also 
conducted some thoroughly studies aimed at issues such 
as data distribution, data integration, data filtering, the 
external sensor-driven reader, events packaging, coding 
management and so on.  

The major domestic RFID middleware products 
include RFID middleware SRM from Shanghai Jiaotong 
University, GDIX-RFID middleware from South China 
University of Technology, ezRFID middleware from 
Tsinghua Tongfang, etc. These products are designed for 
restructuring, and some of them are based on service 
oriented architecture (SOA). The research of RFID 
middleware technology mainly focused on topics such as 
hardware device integration, RFID event management, 
RFID information services, architecture of RFID 
middleware, etc. Zhang Jiehao analyzed the integration 
technology of RFID devices for middleware such as 
SNMP, EPC global Reader Protocol and Reader 
Management Protocol. On this basis, he had implemented 
RFID hardware device management module which based 
on the J2EE platform for the RFID middleware SRM of 
Shanghai Jiaotong University [7]; Yan Guoqing had 
implemented the multi-protocol RFID reader adaptor 
under TCP / IP communication protocol by configuring 
an XML file [8]; Zhao Li studied and designed the RFID 
middleware event management systems. First, he 
encoded the valid RFID events under Manchester 
Encoding, and then post-matches them with business 
rules after pattern recognition and content filtering. After 

that, according to the results of post-match, he called the 
pre-defined SOAP Service in the warehouse system. It is 
a successful interaction between RFID middleware event 
management systems and warehouse systems. However, 
it needs great reconstruction of the warehouse system [9]; 
Xu Qiang, borrowing the Java event model, had designed 
and implemented the real-time event management 
mechanism for RFID middleware [10]; Yang Xiaofeng 
did some research on reader network management, labels 
data smoothing, RFID data encryption and compression, 
RFID event filtering, aggregation, reporting and sharing 
[11]; Christian Floerkemerier used Java Message Service 
(JMS) as the way of information exchange between RFID 
middleware and enterprise information systems when 
designing RFID middleware [5]. 

According to the specification of architecture of RFID 
middleware which was proposed by EPC global, an RFID 
middleware should implement particular interfaces, such 
as Application Level Event (ALE) interface and 
Electronic Product Code Information Service (EPCIS) 
interface, to be compatible with the EPC Architecture and 
Protocol (shown in Fig.1).  

Figure 1. The EPC Architecture and Protocol 
 

ALE is an RFID data oriented processing and 
integration specification that defines how to accumulate, 
filter, and group EPC data and how to send result in the 
form of ALE report to the client which subscribes data to 
ALE, such as enterprise information systems. ALE 
interface allows applications to access to RFID data at the 
tag level in a read cycle or an event cycle; meanwhile the 
EPCIS interface allows applications query RFID events, 
in order to achieve logistics track and trace. ALE now 
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