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Abstract 

 
Despite the popularity of current Radio Frequency 
Identification (RFID) and Wireless Sensor Networks 
(WSN), current research fails to propose the global 
vision that is needed for truly pervasive computing. In 
this paper we introduce our effort to build a global 
standard infrastructure for WSN and RFID based on 
the EPCglobal standard Architecture Framework. By 
leveraging the EPC Network infrastructure, our 
proposed EPC Sensor Network will effectively provide 
standardized WSN/RFID integration framework to 
support sensor data sharing. 
 
1. Introduction 

 
Since ubiquitous computing [1] was first envisioned 

as the third wave of computing by Mark Weiser, many 
research efforts have been made to realize the vision. 
Among the researches the most important technologies 
are Wireless Sensor Networks and RFID (Radio 
Frequency Identification).  

The general application domain of RFID and WSN 
are different. Most WSN applications have been 
designed and realized to provide physical environment 
monitoring, while RFID applications have been 
applied historically for asset identification in the 
supply chain. These different considerations bring out 
different research directions although both of them use 
information technology to interact with physical world. 

For identification of an RFID attached asset in the 
global scale supply chain a well-designed network 
architecture which can handle global scale operations 
is essential. To realize the “Internet of Things” [2], 
which links physical assets to information in the 
Internet, Internet based architecture was proposed and 
developed by EPCglobal [3] and the Auto-ID labs 
(previously Auto-ID center) [2]. 

Dislike RFID WSN tends to be implemented as a 
disjoint network for dedicated services in the local 
(edge) domain. Thus, most research efforts on Wireless 
Sensor Networks fall into developing an effective in-
network data aggregation mechanism with limited 
resources, while connection to infrastructure networks 
is hardly considered.  

Due to these different characteristics of RFID and 
WSN they are considered as different technologies and 
they have been developed separately. However, 
according to technology research groups [4] and 
visionaries [5], the RFID and WSN technologies will 
eventually be converged in the future as shown in 
Figure 1.  

RFID Evolution ©Auto- ID Lab Korea-

Sensor networkSensor network

( In-network 
processing

)Ad- hoc 
Communication

Ad- hoc 
Communication

mesh 
networking

)

Identification

( Read/Write)

( Sensing)

SensorsSensors

Fu
n

ct
io

n
al

 c
om

p
le

xi
ty

Sensor networkSensor network

( )

Passive RFID

Smart Sensor 
Network

Ad- hoc 
CommunicationCommunication

Active RFID

( )

Identification

( Unique ID )

( Sensors )

Semi Passive RFID

SensorsSensing

Ad-hoc

networking

 
Figure 1 RFID Evolution 

 
However, the current Internet based architecture of 

RFID can not support more complex tags such as 
Active Tags and smart Sensor Networks. The de-facto 
global standard, EPCglobal Architecture Framework 
only support identification of an asset with passive tags.  

On the other hands, current WSN are far from 
global network vision. Although the WSN is 
considered as the future technology of RFID tag 
evolusion one WSN can not talk with other WSNs. 
Current WSN are pre-configured to serve a single 
purpose service in a local network domain, which 
makes it almost impossible to share information among 
multiple WSN.  

There are no standard based research activities 
which can integrate separate RFID and WSN into one 
network, probably due to a limited research focus and 
different research backgrounds.  

To overcome these challenges we propose the EPC 
Sensor Network. The EPC Sensor Network goal is to 
build global network infrastructure which enables 
various sensor data oriented services using both RFID 
and WSN. EPC Sensor Network integrates the 
advanced in-network data aggregation and processing 
of wireless sensor network with the Internet based 
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architecture of the RFID technology. In this paper we 
will explain our EPC Sensor Network infrastructure. 
 
2. Requirements for the EPC Sensor 
Network 
 
2.1 Wireless Sensor Network 
 

A Wireless Sensor Network is generally defined as 
a network consisting of a large number of sensor nodes 
which have processing, sensing and communicating 
capabilities. Any physical information relevant for a 
WSN is sensed, collected and transferred 
autonomously to a wireless base station. Because 
sensor networks have limited resources, most of the 
research on this area focuses on how to effectively 
manage the information with scarce resources such as 
communication, energy and processing.  

Current WSN are designed to support dedicated and 
disjoint applications as shown in Figure2. Most 
researches concentrate on the processing mechanisms 
inside the network, and they are normally based on 
proprietary technology. There are some efforts to 
standardize WSN [6], but until now none of them are 
real standard infrastructure to support multiple sensor 
networks and various users together.  

 

 
 

Figure 2 EPC Sensor Network infrastructure 
(network of RFID and sensor networks) 

 
2.2 RFID 
 

The goal of RFID is to identify an asset and provide 
the means to link the user with further information 
located on the Internet about that asset. Some RFID 
applications require additional features aside from 
asset identification. The Auto-ID center, predecessor 
of the current Auto-ID labs, proposed a RFID class 
structure according to the functional diversities [5]. 

Any RFID tag falls into one of five classes, and 
higher layer RFID tags include lower layer RFID 
functions. Specifically, RFID class 1 and RFID class 2 
provide pure assets identification. RFID class 3 or 

higher tags have a battery to power sensor processing 
logic, so asset status as well as identification can be 
obtained. RFID class 4 provides ad-hoc 
communication, and RFID class 5 tags are the readers 
which can communicate with all lower level tags. The 
RFID class 5 reader is connected with both tags and 
backend systems. 

The current EPC network infrastructure only 
supports the simple identification enabled by RFID 
class 1&2 tags, while high functional tags with sensing 
or ad-hoc communication are not supported. 
 
2.3 EPC Sensor Network applications 
 

The biggest advantage of the EPC Sensor Network 
comes from that it provides an infrastructure to link 
different RFID systems and sensor networks together 
so that unconsolidated users can adopt physical data 
from heterogeneous sources according to their 
application requirements. In this way, useful 
information can be retrieved by mixing or adopting 
raw data which is expressed in a standardized manner.  

For example, wireless sensor network and RFID can 
be used to build cultural property management system. 
These networks may have a large number of nodes 
with various sensors, enabling precise monitoring of 
property assets. At the same time, RFID can be used to 
track tourists movement and prevent them from enter 
prohibited area.  

Here, if there is no infrastructure different sensor 
networks for different cultural property assets should 
be developed independently and the number of 
participants having interests on the data have to 
monitor them separately.  

On the other hands, our infrastructure assumes the 
environment which has multiple sensor networks for 
different cultural property assets, and multiple users 
which want to monitor them. The potential users may 
include ministry of tourism, some temple management 
offices, cultural property administrations, firefighter 
station and some uses. Those participants can easily 
share and process raw sensor data to build their own 
different services. 

 
3. Introduction to the EPC Network  
 

The EPC (Electronic Product Code)[2] is the base 
for the RFID identification in EPC Network. Each 
RFID tag embeds an EPC, which is a globally unique 
identification code, into the memory of its chip. The 
EPC is later read by RFID Readers via an air interface 
called Gen2. Readers have a network connection to the 
EPCglobal backend systems, so the data captured by 
the readers can be transferred to an Application Level 



Event Middleware (ALE). The central role of this 
middleware is to manipulate large volumes of tag data 
coming from multiple readers. Typically, the ALE 
includes filtering and grouping of data as a request of 
high level clients in order to reduce data volume. The 
filtered data is reported to an EPC repository to serve 
data queries by accessing applications. The EPC 
repository also stores sensor data and business logics 
called master data. The communication interfaces 
between components are called ALE and EPCIS 
respectively.   

The EPCglobal Architecture Framework also 
supports discovery services. The ONS (Object Naming 
Service) returns the IP address of the server which has 
information about a certain EPC, while the EPCIS 
discovery provides a conceptual search engine of tag 
related data. 
 
4. The EPC Sensor Network 
 

Because the EPCglobal network architecture is 
designed to identify any asset in the global supply 
chain, its initial focuses are unique identification 
system and Internet based network architecture to 
support it. In contrast, WSN operates using more 
complicated algorithms for data aggregation and 
processing inside the local disjoint network.  

The differences become clear when we compare 
wireless sensor networks with typical passive RFID 
tags. In the case of RFID tags, control is limited to 
reading and writing and a few security options, but a 
sensor network generally bears additional network 
management and sensor data processing related issues.  

To address this distinct technologies in integrated 
network the most basic idea is to distinghuis data  and 
control mechanism in both RFID and WSN. In spite of 
the different complexities between WSN and RFID, 
the fact that they produce sensor data is a identical.  

Once we assume WSN is properly pre-congifured to 
forward collected data from physical world to Internet 
based architecture essentialy both RFID and WSN can 
be identically considered as elements of the 
architectures’ network edge, which produce sensor 
data for the rest of the infrastructure.  

Then another important considerations to our 
architecture is the control support for heterogeneous 
edge sensor elements from RFID and WSN. In EPC 
Sensor Network different edge network complexities 
are managemed and controled by an additional 
component called reader management. They can 
configure the data source through the reader in order to 
provide the proper configuration so that the sensor 
information can be transferred to upper layers. To 

extend current reader management in EPC 
archtiectuere to include WSN existing protocols such 
as UPnP and SNMP can be adopted. Figure 3 and 
Figure 4 shows data abstraction and control 
mechanism respectively. 

In general, attributed based naming is preferred in 
wireless sensor network due to the lack of effective 
identification over a large number of sensor nodes and 
the data aggregation properties. The EPC Sensor 
Network assumes every RFID tags and sensor network 
nodes to carry a globally unique EPC so that data can 
be abstracted and presented in the pair of sensor data 
and identification codes. The data presentation scheme 
should uniquely support different kinds of sensor data 
from different data source.  

The EPC Sensor Network uses the concept of 
readers instead of the base stations present in 
traditional WSN. The different complexities from 
RFID networks and WSN can be encapsulated and 
abstracted throughout the reader. Thus, upper layers do 
not need to distinguish the sensing source of the RFID 
and WSN. 

 

 
Figure 3 sensor data abstraction 

 
Data is then transferred to the ALE middleware to 

reduce the data volume by filtering and grouping 
information from the edge sensor elements. As current 
ALE provides filtering to only tag data, we need to 
adapt it to cover also sensor data manipulation. Clients 
to the ALE middleware may subscribe on a specific 
sensing cycle and sensing data, and reports are then 
provided back to the client which include the sensing 
data status and identification information. 

EPCIS is the interface for the data repository, and it 
stores various sensing data and identification 
information. The EPCIS should contain the sensor 
hardware specification and some RFID application 
service logic in order to make them into useful 
information. The information contained in the EPCIS 
is produced by integrating sensor data and their related 



above description data. Finally, accessing clients may 
communicate with the EPC repository in order to use 
the sensor data for their various applications service 
because all possibly useful data is stored in distributed 
EPCIS rather than base station or central repositories. 

 

 
Figure 4 control mechanism on EPC Sensor 

Network 
 
The EPC Sensor Network provides a discovery 

service of sensor networks and sensor data translation 
service. The discovery service looks for specific sensor 
networks by providing their description in addition to 
the EPCIS and the ONS. Some global scale discovery 
protocols such as the Universal Description, Discovery 
and Integration (UDDI) may be also adapted for this 
purpose. Figure 5 shows our overall architecture.  

 

 
Figure 5 EPC Sensor Network architecture 

 
5. EPC Sensor Network Implementation 

 
We are currently developing a initial prototype 

system to verify system design based on open source 
EPC network implementations from Auto-ID Labs [3].  

An internally defined sensor data format and EPC 
code are applied into sensor nodes. The reader links 
the sensor data to upper backend system. The ALE is 
tuned to provide reports on filtered sensor data to the 
EPCIS. Information of sensors and service logic are 
stored as master data and they are linked with the 
sensor data to serve accessing client applications. we 
adopt UPnP for our sensor network management and 
control. 
 
6. Related work 
 

There are a few works for connecting WSN with 
Internet or providing infrastructures to interconnect 
them [7][8][9]. However, some of them do not support 
Internet scale infrastructures, and the others do not care 
about RFID and WSN integration. Most of them are 
proprietary and they are far from standard consensuses, 
which is the most essential factor for global scale 
networks.  

 
7. Conclusion 
 

In this paper we explained the limitations of current 
RFID and WSN research, and propose the vision of a 
global scale infrastructure based on the standard EPC 
network architecture. We plan to extend this 
architecture to fully become true a infrastructure for 
RFID and WSN integration. 
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