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SUMMARY
Radio frequency identification (RFID) is an enabling technology for a variety of applications in nextgeneration network (NGN). Although several RFID management frameworks are proposed in the literature,
they have limitations in terms of service extension. In this paper, we propose an extensible RFID management framework called SIP-based RFID management system (SRMS), which can support various RFID
applications. SRMS employs session initiation protocol (SIP), which is an Internet standard protocol
adopted in NGN for session management and mobility support. SRMS enhances the existing SIP architecture by introducing a surrogate user agent (SUA) and an SRMS name server (SNS). The SUA performs
SIP signaling on behalf of RFID tags with limited capabilities, whereas the SNS provides name resolution
services. To illustrate the extensibility of SRMS, we demonstrate two representative application scenarios.
Compared with the existing RFID management frameworks, SRMS has advantages of service extensibility
and reusability. Copyright q 2009 John Wiley & Sons, Ltd.
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1. INTRODUCTION
Next-generation network (NGN) [1] is an advanced and converged network of heterogeneous
networks (e.g. Internet and cellular networks), in which all information and services are transported
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based on the Internet Protocol (IP) technology. NGN decouples service functions from network
technologies, which allows new services to be created easily independent of the underlying transport technologies. In addition, the following features make NGN the most prominent of the future
networks: broadband capabilities, fixed/mobile convergence, unfettered user access to difference
service providers, multiple last mile technologies support, and so on. Owing to these characteristics, various applications, such as VoIP, multimedia streaming, instant messaging, presence, and
conference applications, can be easily supported in NGN.
On one hand, radio frequency identification (RFID) applications are considered as the emerging
applications in NGN. RFID is a technology that allows an object (e.g. product, animal, or person)
to be identified from a short distance using radio frequency. The RFID technology performs object
identification without the user’s intervention, thus becoming one of the representative enabling
technologies for ubiquitous computing. Various types of RFID tags and service platforms on a
global scale are now available in commercial markets [2].
Representative RFID applications are location tracking in supply chain and mobile RFID
services for ubiquitous information retrieval. For location tracking, inexpensive RFID tags are
attached to objects to keep track of their current locations. With this location information,
the efficiency in business transactions, such as inventory or supply chain management can be
significantly improved. On the other hand, in mobile RFID services, it is assumed that RFID
readers are embedded in mobile terminals [3]. Hence, users can read the RFID tag information
through their mobile terminals and retrieve the information about their interests from application
servers.
When designing an RFID framework, extensibility and ubiquity should be considered to support
the various RFID applications in NGN. Although several RFID management middlewares are
proposed in the literature [4–8], they cannot satisfy these requirements. As most of them define
separate network architectures and components, they have limitations in terms of service extension,
e.g. interworking with web services and mobile Internet. Moreover, mobile RFID services should
be provided at any time regardless of the geographical locations of mobile terminals. However,
most of them are specialized middleware solutions only for the RFID data management; they have
weaknesses in terms of ubiquity.
Meanwhile, it is advantageous to design RFID management systems based on the IP. As diverse
network technologies are expected to be converged based on the IP in NGN, an IP-based RFID
management system allows low-cost deployment and easy integration with other IP-based services.
Moreover, in NGN, IP multimedia subsystem (IMS) has been adopted to support a variety of
multimedia services [9, 10]. IMS employs session initiation protocol (SIP) that provides session
control and mobility support [11, 12]. Therefore, we can achieve easy service extension and
ubiquitous access in NGN by adopting a SIP-based framework.
In this paper, we propose a novel RFID management framework called SIP-based RFID management system (SRMS). SRMS uses SIP as a basic protocol; thus, it can be easily integrated with
various Internet applications. In addition, SRMS can be implemented over IMS, which enables
ubiquitous mobile RFID services. Our contributions are summarized as follows: (1) we propose an
extensible and ubiquitous management framework that can support various RFID applications and
can be easily integrated with NGN and (2) we demonstrate two interesting application scenarios
to show the extensibility of SRMS.
The remainder of this paper is organized as follows. In Section 2, we summarize the related work
on RFID management frameworks. Section 3 describes the SRMS architecture and components.
After that, we introduce two applications based on SRMS: location management services and
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ubiquitous information retrieval services in Sections 4 and 5, respectively. In Section 6, we compare
the SRMS and the existing RFID management frameworks in terms of extensibility, reusability,
and scalability. In Section 7, we analyze the location registration latency in SRMS and present the
numerical results. Section 8 concludes this paper with the future work.

2. RELATED WORK
Representative RFID applications are RFID data management (e.g. RFID tag location management
in the supply chain or logistics) and mobile RFID services. The well-known RFID management
framework is EPCglobal Network [4]. Two main components of EPCglobal Network are EPC
information service (EPCIS) and object name service (ONS). The EPCIS is responsible for RFID
tag information processing and data exchanging between EPCISes. On the other hand, the ONS
provides a simple lookup service, which takes an RFID identifier (i.e. electronic product code
(EPC)) as an input and produces a contact address of the EPCIS managing the EPC of interest as
an output [13]. EPCglobal Network can be extended from middleware layer to application layer
for interworking with other systems. However, EPCglobal Network does not propose a unified
architecture for both RFID data management and mobile RFID services, yet.
Various RFID management frameworks have been introduced in [5–8]. Although some middleware solutions are compliant with the EPCglobal Network [5], others are specialized middleware
solutions, and thus have limitations in service extension, e.g. interworking with web services and
mobile Internet. In addition, these platforms have limitations in supporting ubiquitous information retrieval services or mobile RFID services: they can only support RFID applications such as
inventory, supply chain, or logistics management.
To support mobile RFID services, several systems have been proposed in the literature [14, 15].
In [14], mobile RFID service scenarios and system architectures for each scenario are illustrated.
Park et al. [15] enhance the security for mobile RFID services. However, they are based on
a special middleware or cellular network architectures, and thus have difficulties in supporting
various IP-based applications. They only focus on information retrieval using mobile phones
and do not consider typical RFID applications such as inventory, supply chain, or logistics
management.
In NGN environments, a unified RFID framework for various services enables the easy creation
of new RFID services and reduction of management costs. For these reasons, an RFID management
framework supporting both EPCglobal Network and mobile RFID services has been introduced in
[16]. However, as it integrates both services based on an application level gateway, the gateway
can be a single point of failure. In addition, it has protocol translation overhead at the gateway to
support both services simultaneously.
For easy integration with NGN and reduction of infrastructure costs, SIP-based location
tracking system called SIP-RLTS is proposed in [17]. SIP-RLTS supports push- and pull-based
location tracking services. Similar to our framework, SRMS, it adopts the SIP and thus can
be integrated with NGN or even with SRMS easily. However, it has the limitation in that it
only considers the location management aspect of RFID applications, and not mobile RFID
services.
To overcome these shortcomings of previous RFID frameworks and to make RFID applications
successful and proliferous, we propose an extensible and ubiquitous RFID management framework
over NGN, which supports the various applications within a unified framework.
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3. SRMS: SIP-BASED RFID MANAGEMENT SYSTEM
SRMS exploits session management and mobility support function of SIP for RFID applications.
Normally, the hardware capability of an RFID tag is not sufficient to fully support the IP stacks
and SIP signaling. In other words, RFID readers are expected to perform only limited functions
such as tag reading and collision handling. Therefore, we introduce a surrogate user agent (SUA)
in charge of SIP signaling on behalf of RFID tags with limited capabilities. The SUA can be
incorporated into the RFID tag or the reader if it has enough capability. In addition, we propose
an SRMS name server (SNS), which is designed for the resolution between an RFID identifier
(i.e. EPC) and a SIP universal resource identifier (URI). For SIP message routing, SIP servers in
the existing SIP architecture can be used.
3.1. SRMS architecture
The SRMS network architecture is depicted in Figure 1. The typical SIP architecture consists of
SIP servers and user agents. SIP servers are classified into proxy, redirect, and registrar servers
depending on their functions. The proxy server relays received SIP messages to other SIP servers
or user agents, whereas the redirect server performs redirection of the received SIP messages [11].
The registrar maintains location information to support location management services, so that it is
employed to manage the RFID tags’ current locations in SRMS. Each RFID tag has its own home
registrar at its home domain. When the RFID tag moves to a foreign domain, it should perform
a location registration procedure to inform its home registrar of the up-to-date current location.
Therefore, a tracking node (TN) can consult the registrar to find out an RFID tag’s location. The
application server colocates with the registrar and can support various RFID applications such as
health care, transport, logistics, or mobile RFID services. On receiving RFID tag information from
the registrar, the application server generates domain-specific RFID events (e.g. baggage shipping
events in an airport, a movement of a patient in a hospital, etc) for application decisions. On the
other hand, user agents are classified into user agent client (UAC) and user agent server (UAS).
The UAC initiates SIP transactions by sending a request message, whereas the UAS responds with
reply messages with suitable status codes [11].
3.2. Surrogate user agent (SUA)
The SUA is a SIP user agent that performs SIP signaling on behalf of RFID tags with limited
capabilities. The SUA fulfills three functions: EPC filtering, tag-location registration, and handling
tag-tracking requests. The EPC filtering performs a similar function to the filtering/collection
middleware in EPCglobal Network. As the RFID reader has only a simple scanning function, there
may exist multiple readings for one tag. To resolve this redundancy, when an RFID reader scans
an RFID tag, it sends scanned information to the SUA. On receiving the information, the SUA first
performs two filtering processes: temporal filtering (i.e. whether it is redundant EPC or not) and
product filtering (i.e. whether it is EPC of interest or not). For these filterings, an RFID application
can register its filtering criteria to SUAs in advance.
After two filtering processes, in case of location management services, the SUA triggers a
location registration procedure on behalf of the RFID tag. To do this, the SUA needs a SIP URI
for the RFID tag and thus it obtains the SIP URI by referencing the SNS. After obtaining the SIP
URI, the SUA updates the current location of the RFID tag by sending a REGISTER message
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Figure 1. SRMS network architecture.

to the registrar in the tag’s home domain. The current location, i.e. the SUA’s domain name, is
contained in the contact field of the REGISTER message.
For location tracking of RFID tags, the SUA also plays a crucial role. If a TN wants to track the
current location of an RFID tag, the TN sends an INVITE message to the corresponding SUA.
Then the SUA replies with the tag’s current location. In other words, if a tracked tag resides under
an SUA’s administration, the SUA informs the TN of the tag’s current location by sending a 200
OK message that contains the reader’s IP address in the contact field. On receiving this 200
OK message, the TN learns the tag’s current location by parsing the contact field. In addition,
if the TN wants to monitor the tag’s condition, it can receive data (e.g. video clip) from the SUA
by exploiting the established SIP session. For example, through the established video session, a
passenger can check his/her baggages in the airport baggage tracking system.
3.3. SRMS name server (SNS)
The SNS is a distributed database that maintains mapping between EPCs and SIP URIs. The SNS
provides lookup services similar to DNS and ONS; i.e. the SNS takes an EPC as an input and
returns a SIP URI. The SUA or TN sends the concerned tag’s EPC to the SNS in order to obtain
the SIP URI of the tag for location registration, tracking, or mobile RFID services. Then, the SNS
finds out the SIP URI for the received EPC and returns it to the SUA or TN.
The EPC is divided into three parts: general manager number, object class, and serial number
[18]. As depicted in Figure 2, the general manager number of an EPC is used to generate the home
domain in a SIP URI. Namely, the general manager number tells the manufacturer of a product
or service provider for mobile RFID and thus it enables the SNS to find out the home domain
(e.g. factoryA.com) of the corresponding RFID tag. After that, SNS learns the product type (e.g.
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Figure 2. SNS hierarchy and resolution.

laptop) by examining the object class. In addition, the serial number is used to identify an RFID
tag uniquely. As a result, the SNS can generate a SIP URI in the form of laptop1@factoryA.com.
Owing to the performance and practical reasons, the SNS will be deployed in distributed and
hierarchial manners. In this case, when requesting lookup services to the SNS, an SUA or a TN
first asks a local SNS (e.g. AS1 in Figure 2). If the local SNS can resolve the request, it replies
with a SIP URI. However, if the local SNS has no information about the tag’s home domain,
it cannot resolve this query; it cannot make a SIP URI. Then, the local SNS asks another SNS
recursively, which is at the higher level in the SNS hierarchy, to resolve this query (e.g. Root in
Figure 2). When another SNS at a higher level can resolve this query, it delivers the result to the
local SNS and the local SNS relays this result to the SUA or the TN. This resolution result can
be cached for possible future queries.

4. LOCATION MANAGEMENT SERVICES
In this section, we explain location management services based on SRMS. SRMS makes it possible
to track an RFID tag’s current location at the resolution of the RFID reader level. That is, a TN
can learn the identifier of the RFID reader around which the tag resides. To this end, each RFID
reader is assumed to have an IP address. Note that the RFID data management services for health
care, transport, or logistics can be supported through the application server colocated with the
registrar, in the same way as other RFID middlewares support.
For an illustrative example, it is assumed that the concerned RFID tag’s home domain
is factoryA.com and the tag’s SIP URI is laptop1@factoryA.com. In addition, SUA1 is an
SUA that resides in the foreign domain, retailShopC.com and the domain name of SUA1 is
SUA1.retailShopC.com. The RFID tag moves from factoryA.com to retailShopC.com and it is
identified by RFID reader1 whose IP address is 147.46.0.1 and RFID reader1 is under SUA1’s
administration.
4.1. Location registration procedure
The location registration procedure is illustrated in Figure 3, where an SRMS entity in domain X
is referred to as SRMS entity (X ).
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Figure 3. Location registration procedure in SRMS.

Step 1: RFID reader1 scans an RFID tag attached to a laptop and learns the laptop’s EPC.
Step 2: The reader1 forwards the read EPC and related information (e.g. its own IP address
and time stamp for a filtering purpose) to SUA1. Receiving the EPC-related information, SUA1
performs two filtering processes, where SUA1 checks whether there are redundant readings or
not and whether the laptop is an interesting product or not. To reduce the overhead in per-tag
processing, multiple readings are buffered during a time interval and they are delivered to the SUA
in the form of a batch [19].
Step 3: After completing filtering processes, SUA1 consults the SNS to obtain the SIP URI
corresponding to the EPC.
Step 4: The SNS finds out the SIP URI and then returns the SIP URI (i.e. laptop1@factoryA.com)
to SUA1.
Step 5: SUA1 performs a location registration by sending a REGISTER message that contains
the current location of the tag, laptop1@retailShopC.com, in the contact field.
Step 6: If the REGISTER message is successfully processed, the registrar (A) sends a response
message, 200 OK, back to SUA1.
Step 7: SUA1 also registers the current location of the tag to its local registrar, i.e. registrar
(C) in retailShopC.com. The aim of this registration is to forward tracking messages that arrive at
retailShopC.com domain to the tag’s current location, i.e. SUA1. Unlike the previous REGISTER
message destined for the registrar (A), this REGISTER message’s contact field describes a more
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detailed tag’s location, laptop1@SUA1.retailShopC.com. By this message, the registrar (C) learns
the precise location of the tag and future SIP messages for the tag can be forwarded to SUA1.
Step 8: The registrar (C) sends a 200 OK message to SUA1.
As shown in Figure 3, SRMS supports a hierarchical location update [12]. Therefore, SRMS can
reduce the amount of SIP signaling similar to Hierarchial Mobile IPv6 [20]. For instance, if an RFID
tag moves within the same domain, retailshopC.com, a new SUA updates only its local registrar
(C), while the home registrar (A) is not updated. For RFID data management, the registrar can forward
the received tag information to the colocated application server. The application server processes
the received tag information and generates domain-specific RFID events for application decisions.
For example, the application server might generate an RFID event saying that ‘patient A has physiotherapy in ward B at time T 1, and has electrotherapy in ward C at time T 2’ for health-care services.
4.2. Location tracking procedure
Figure 4 illustrates the location tracking procedure invoked by a TN in domain B. The following
are the detailed location tracking procedures:
Step 1: A TN that would like to know the current location of a laptop first consults the SNS to
finds the laptop’s SIP URI.
Step 2: The SNS finds out the corresponding SIP URI and returns it to the TN.
Proxy
Server(B)

SNS

TN (B)

Redirect
Server(A)

Registrar(A)

Proxy
Server(C)

SUA1

(1) SNS lookup
(2) SIP URI
(laptop1@factoryA.com)

(3) INVITE
To: laptop1@factoryA.com

(4) INVITE
To: laptop1@factoryA.com (5) Registrar
Lookup
302 Moved
(6) temporarily
Contact:laptop1@retailShopC.com

(7) INVITE
(8) INVITE

laptop1@retailShopC.com

laptop1@SUA1.retailShopC.com

(9) 200 OK
(10) 200 OK

Contact:laptop1@SUA1.retailShopC.com
laptop1@147.46.0.1

(11) 200 OK
(12) ACK

Figure 4. Location tracking procedure in SRMS.
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Step 3: With the found SIP URI, laptop1@factoryA.com, the TN sends an INVITE message to
a proxy server (B) in its domain.
Step 4: The proxy server then forwards the INVITE message to the redirect server (A) in the
factoryA.com.
Step 5: Receiving the INVITE message, the redirect server (A) queries the registrar (A) to find
the current location of the laptop. For lookup process, directory management protocols such as
lightweight directory access protocol [21] can be employed.
Step 6: If the correspondent laptop has moved to another domain, say retailShopC.com, the
redirect server (A) informs the proxy server (B) of the movement. This notification is accomplished
by sending a 302 moved temporarily response message, which contains the laptop’s new SIP
URI, laptop1@retailShopC.com in contact field. This new SIP URI has already been registered
through a location registration procedure when the laptop moved to the retailShopC.com domain.
Step 7: After receiving the response message, the proxy server (B) sends an INVITE message
again to proxy server (C) in the retailShopC.com domain.
Step 8: By consulting the registrar (C), the proxy server (C) learns that SUA1 manages the RFID
reader, which scanned the corresponding RFID tag. Now, the proxy server (C) sends an INVITE
message to SUA1 by using the learned SUA1’s domain name, SUA1.retailShopC.com.
Step 9: SUA1 sends back a 200 OK response message. To track the current location of the laptop
at the RFID reader level, the contact field of the 200 OK message includes the IP address of the
RFID reader (i.e. 147.46.0.1) as well as the tag’s SIP URI (i.e. laptop1@SUA1.retailShopC.com).
Steps 10–11: Receiving this response, the proxy server (C) relays the 200 OK message to the
proxy server (B), which in turn relays the response to the TN.
Step 12: At last, the TN sends back the ACK message to SUA1.
With the received 200 OK message, the TN learns the current location of the laptop by parsing
the contact field in the message. In addition, if the TN wants to monitor the laptop’s condition,
it can receive data (e.g. video clip) from the SUA1 by exploiting the established SIP session.

5. UBIQUITOUS INFORMATION RETRIEVAL SERVICES
In this section, we describe how to support mobile RFID services via SRMS. Unlike location
management services, mobile RFID services provide additional information about an object, i.e.
it is a kind of ubiquitous information retrieval service. In mobile RFID service scenarios, objects
can be commercial products as well as non-commercial products such as paintings in a museum
or product advertisements on the streets.
When users want to acquire related information about products, paintings, or advertisements,
they read the RFID tags using their mobile terminals with RFID reader functions. The EPCs of tags
are delivered to the application server (or contents server) that maintains additional information
about the objects. After receiving these EPCs, the application server responds with the message
containing corresponding information back to mobile terminals. After that, mobile terminals display
the information to users.
5.1. Mobile RFID service architecture
Mobile RFID services can be supported in SRMS over IMS as shown in Figure 5. We assume
that IMS terminals have RFID reader function and SIP signaling capability. That is, the SUA
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Figure 5. Mobile RFID architecture based on IMS.

functions are incorporated into IMS terminals. In the IMS architecture, there are SIP servers for
session control called Call/Session Control Function (CSCF). CSCFs are classified into Proxy (P),
Interrogating (I), Serving (S) CSCF depending on their functions. P-CSCF is a kind of proxy server
connecting IMS terminals to the IMS network. P-CSCF also performs user authentication and
compression/decompression of long SIP messages. I-CSCF also acts as a proxy server. However,
unlike P-CSCF, I-CSCF locates at the boundary of the administrative domain. S-CSCF is a central
node in IMS SIP signaling. All SIP messages from IMS terminals should be routed through
S-CSCF. S-CSCF inspects all SIP messages to decide whether the messages should traverse the
application server or not. On the other hand, the Home Subscriber Server (HSS) is a database
maintaining user-related information such as location, security, and user profile. In the user profile,
there are filter criteria deciding which services are provided to the users. To support mobile RFID
services, the filtering criteria should be specified in HSS. According to the predefined filter criteria,
the S-CSCF can forward SIP messages to the corresponding application servers.
5.2. Mobile RFID service procedure
A ubiquitous information retrieval service scenario is illustrated in Figure 6. In this scenario,
we assume that a user wants to obtain repairing information for the broken laptop. The user
reads the RFID tag on the laptop and receives movies explaining how to fix the broken laptop
from the application server. Thus, we assume that the user’s mobile device supports multimedia
functions such as audio and video. We also assume that the SIP URI of the EPC for the laptop is
laptopAS@AS1.com. This SIP URI will be used to route SIP messages to the application server
(i.e. AS1.com) to obtain repairing information for the broken laptop. In addition, the username
part of the SIP URI (i.e. laptopAS) can tell the application server that it should deliver repairing
information for the laptop to the user.
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Figure 6. Mobile RFID procedure in SRMS.

Step 1: The user reads the EPC in the RFID tag attached to the broken laptop using a mobile
device (i.e. IMS terminal). The IMS terminal consults the SNS to obtain the SIP URI of the
application server that maintains repairing information about the laptop.
Step 2: The SNS finds out the SIP URI of the applications server (i.e. laptopAS@AS1.com) and
returns it to the IMS terminal.
Step 3: The IMS terminal tries to initiate a multimedia session with the application server to
receive the repairing information movie. The IMS terminal first sends INTIVE to the P-CSCF
which is the initial point of contact. This INVITE message contains multimedia session information
such as IP address, port number, audio, and video codec in the form of Session Description Protocol
(SDP) [22].
Step 4: The P-CSCF consults the HSS to see if there exists a dedicated S-CSCF for mobile
RFID services. The HSS returns the SIP URI of the dedicated S-CSCF as a response.
Step 5: On receiving the response, the P-CSCF forwards the INVITE message, containing the
received SIP URI of S-CSCF in Request-URI field, to the dedicated S-CSCF.
Step 6: The S-CSCF first evaluates initial filter criteria and learns that the received SIP message
is for the mobile RFID services. Then, the S-CSCF forwards the INVITE message to the corresponding application server.
Steps 7–9: On receiving the INVITE message, the application server sends 200 OK back to
the IMS terminal through S-CSCF and P-CSCF. This 200 OK message also contains information
about a multimedia session in the form of SDP, which will be created between the application
server and the IMS terminal.
Steps 10–12: After receiving 200 OK, the IMS terminal sends an ACK message to the application
server to create a multimedia session.
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After creating the multimedia session, the application server will send the repairing information
movie to the IMS terminal using real-time transport protocol/real-time transport control protocol
[23]. The IMS terminal shows the received movie to the user using its own audio and video
functions. Or by using instant message service based on Message Session Relay Protocol [24], the
IMS terminal informs the user about the URL of the web site maintaining repairing information
about the laptop. In this case, the user can access the mobile Internet service using the URL and
get the repairing information.

6. DISCUSSIONS
In this section, we compare SRMS with the existing RFID management frameworks in terms of
extensibility, reusability, and scalability.
First, SRMS is extensible. The existing RFID management frameworks [6–8] are designed
as middleware solutions with special goals. Hence, they have limitations in service extension,
e.g. interworking with web services and mobile Internet. In addition, although some frameworks
including EPCglobal Network [4, 5] provide extensibility for other services, they are not considering
mobile RFID services, yet. On the other hand, SRMS is based on SIP, which uses text-based
encoding similar to HTTP, and therefore new services can be easily added at the application level
or user level. SRMS can be easily extended and integrated with mobile RFID services and other
Internet-based services via SIP. For example, push-based RFID location tracking system [17] can
be easily integrated with SRMS without any modification.
Second, SRMS can reuse the existing network infrastructures, e.g. SIP-based VoIP networks. To
manage RFID tags, middleware-based RFID management frameworks require a separate network
architecture and components [8, 14–16]. On the other hand, as SRMS uses SIP without any
modification, SRMS reuses the existing SIP elements such as SIP proxy server, redirect server,
and registrar. Currently, SIP is widely employed for a signaling protocol (e.g. VoIP services, IMS)
in NGN. Accordingly, it is possible to integrate the SRMS with the existing NGN infrastructures
and hence this reusability allows low deployment cost and quick development.
Third, SRMS provides comparable scalability to the EPCglobal Network because it has no
central server to manage SIP servers and SNS. SIP servers (i.e. proxy and redirect servers) are
distributed in multiple domains and each server performs its own functions in its domain similar
to EPCISes. In addition, the SNS can be implemented in a distributed manner as the DNS or ONS
does. Similar to the DNS query resolution, EPC lookup in SRMS can be resolved in a local SNS
first, and if not, it will be resolved at the higher level in the SNS hierarchy.

7. PERFORMANCE EVALUATION
7.1. Registration latency analysis
To evaluate the performance of SRMS, we model the location registration latency, which is defined
from the time instance that a tag is scanned to the time instance that an INVITE message for the
tag arrives at the home registrar. Figure 7 shows the system model under consideration. In a SIP
domain, M readers are managed by an SUA and N SUAs are managed by a local proxy server.
Scanned information about X distinct tags is transmitted to the SUA as a unit. Therefore, the SUA
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Figure 7. System model.

can be modeled by a queue with batch arrival, i.e. M [X ] /M/1 queue and it is assumed that X
follows a geometric distribution and its probability density function is f (x) = p(1− p)n−1 with
success probability p. M [X ] /M/1 queue means Poisson-input, exponential-service, single-server,
and the number of tags in any arrival is a random variable X .
For location registration, the SUA sends INVITE messages to the local proxy server. As the
departure process of an M [X ] /M/1 queue can be approximated to a Poisson process, the local
SIP server is modeled as an M/M/1 queue. On the other hand, intermediate SIP servers and
destination registrar are modeled by M/M/1 queues in series. As there has been no report about a
realistic RFID traffic model, the constant arrival rate or Poisson arrival is used to model the arrival
process of RFID tags and M/M/1 queueing model for the RFID networks [7, 17]. Similarly, we
model the arrival process as the Poisson and the SIP servers as M/M/1 queues. However, unlike
the previous works, we model the number of tags in arrivals as a random variable as RFID tags
usually come in bulk with variable sizes [19].
Now, the location registration latency in SRMS is given by
L = t + E[SUA]+ E[Local]+ K × E[SIP]

(1)

where E[SUA] and E[Local] are the processing delays at the SUA and local proxy server, respectively, and t is the propagation delay. K is the number of remote SIP severs including intermediate
SIP servers and destination registrar. E[SIP] is the processing delay at the remote SIP server.
Let SUA and SUA be the arrival and service rates of the SUA M [X ] /M/1 queue. By [25], the
processing latency at the SUA is computed as
E[SUA] =

E[X ]+ E[X 2 ]
2SUA (1−SUA )E[X ]

(2)

where E[X ] and E[X 2 ] are the first and second moments of batch size, respectively. SUA is the
utilization of the SUA and is given by
SUA =
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As the local proxy server is modeled as an M/M/1 queue, E[Local] is given by
E[Local] =

1
Local −Local

(4)

where Local and Local are the arrival and service rates of the local proxy server.
Let A(s) and B(s) be the Laplace transforms of inter-arrival time and service time at the SUA,
respectively, and they are given by
A(s) =

SUA
s +SUA

and

B(s) =

SUA
s +SUA

Then, the Laplace transform of the inter-departure time, D(s), is derived as





SUA
SUA
SUA
D(s) = (1−SUA )
+SUA
s +SUA
s +SUA
s +SUA

(5)

As SUA is equal to SUA E[X ]/SUA , D(s) can be rewritten as
D(s) =

SUA (s E[X ]+SUA )
(s +SUA )(s +SUA )

(6)

Consequently, the average inter-departure time is computed as

dD(s) 
T = (−1)
ds s=0
=

SUA +SUA −SUA E[X ]
SUA SUA

(7)

and the average inter-departure rate is 1/T . Thus, the inter-departure process of an SUA is approximated to an exponential distribution with rate SUA SUA /(SUA +SUA −SUA E[X ]) and a local
proxy server covers N SUAs. Therefore, Local is given by
Local = N ×

SUA SUA
SUA +SUA −SUA E[X ]

(8)

Let E[S] and SIP be the average service time and utilization of a remote SIP server, respectively.
Then, the average processing time at the remote SIP server is expressed as
E[SIP] =

E[S]
1−SIP

(9)

The location tracking latency can be expressed as a similar equation to the location registration
latency except the fact that the tracking latency does not include the process delay at the SUA.
We omit the location tracking latency analysis due to the lack of space.
7.2. Numerical results
Table I summarizes the parameter values used for the numerical analysis [26, 27]. The propagation
delay t is set to 40 ms as cited in [27]. The service rates of an SUA and a local proxy server are
Copyright q

2009 John Wiley & Sons, Ltd.

Int. J. Commun. Syst. 2010; 23:1093–1110
DOI: 10.1002/dac

EXTENSIBLE AND UBIQUITOUS RFID MANAGEMENT FRAMEWORK

1107

Table I. Parameters for numerical analysis.
Parameter

Value

Propagation delay (t)
Service rate of the SUA (SUA )
Service rate of the local proxy server (local )
Average service time of a remote SIP server (E[S])
Utilization of a remote SIP server (SIP )
The number of remote SIP servers (K )
The number of SUAs (N )

40 ms
125 tags/s
100 tags/s
10 ms
0.5
5
4

220
E[X]=4
E[X]=2

210

E[X]=1

Latency (msec)

200
190
180
170
160
150

0

2

4

6
λSUA

8

10

Figure 8. Location registration latency versus SUA .

set to 125 tags/s and 100 tags/s, respectively. The average service time of a remote SIP server is
assumed as 10 ms and the utilization as 0.5. Furthermore, we assume that there are four SUAs
covered by a single local proxy server and a SIP message traverses five remote SIP servers including
a registrar.
Figure 8 indicates the location registration latency (L) as a function of the SUA’s arrival rate
(SUA ). As the arrival rate of the SUA increases, the registration latency also increases due to
the increased processing latency. In addition, when E[X ] is large, the SUA should perform more
registration procedures, so that the registration latency is also long.
The effects of N and K are illustrated in Figure 9. Intuitively, as N increases, the registration latency increases because more SIP messages should be processed by a local proxy server.
Therefore, it is recommended to deploy multiple local proxy servers in a large domain where many
SUAs exist. On the other hand, a large K represents that the home registrar is located far away.
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Latency (msec)

220
200
180
160
140
120

0

2

4

6

8

10

N

Figure 9. Location registration latency versus N .

Hence, the registration latency increases with the increase in K . This observation indicates that it
is possible to reduce the location latency by employing hierarchical registration [12].

8. CONCLUSION
In this paper, we propose an extensible and ubiquitous RFID management framework in NGN
called SIP-based RFID management system (SRMS). SRMS is based on a standard IP, SIP, which
provides an efficient mobility solution and session control in NGN. In SRMS, the SUA is introduced
to handle SIP-related messages and tag filtering. In addition, the SRMS name server (SNS) is
proposed to provide global naming services between EPCs and SIP URIs. We also demonstrate two
representative application scenarios based on SRMS: location management services and mobile
RFID services. Compared with the existing middleware-based RFID management frameworks,
SRMS has the advantages of extensibility and reusability because it is based on a distributed
architecture using SIP. We are currently building a SRMS testbed using partysip SIP proxy server
[28] and we will conduct a comprehensive performance study over the testbed. We will also
investigate the interoperbility and security issues in the large-scale SRMS.
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