
Abstract : The main aim of supply chain management 
is to produce, distribute, logistics and deliver goods and 
equipment in right location, right time, right amount to 
satisfy costumers, with minimum time and cost waste. So 
implementing techniques that reduce project time and cost, 
and improve productivity and performance is very important. 
Wireless technologies such as GSM,GPRS (2.5G),UMTS(3G), 
WiFi, WiMax , RFID and GPS play important role as value 
added services in communication systems and mobile 
commerce these days. One of the important usage of these 
telecommunication technologies is Location Base Services 
(LBS) as a good solution in Supply Chain Management systems 
for tracing and monitoring goods and products and capturing 
data on movements of goods and other events. (Mobile SCM). 
Describing wireless communication technologies and usage 
of RFID in a supply chain management is the most relevant 
aspect in this paper. At the end we will discuss it in a firm as 
a node of a MSCM in which we balance the assembly line by 
authors program in c#, based on RPW algorithm.

Keywords: Mobile commerce, Mobile Supply Chain 
Management, RFID, RPW, Wireless Communication 
Technology.

I. Introduction
These days implementing techniques that reduce project time 
and cost, and improve productivity and performance is very 
important. The need for new ways to face these challenges 
has long been recognized. Recent years have also seen a 
movement towards using methods that influence and effect 
on the internet platform, in this way evaluation of mobile 
technology from second generation network (2G=GSM) towards 
2.5G (GPRS, EDGE), 3G (UTMS) and Next Generation Network 
(NGN) which are all IP based technologies, and other wireless 
techniques such as Wi-Fi, WiMax, RFID are take placed to allow 
their users to use web services and semantic web services 
through mobile devices. Managing and sailing the Web content 
to mobile users, based on their preferences and locations 
and controlling the products during producing, distributing, 
logistics and delivering are becoming now a leading point in a 
mobile electronic commerce (m-commerce) and mobile supply 
chain management. In this paper we will introduce wireless 
technologies and then focus on RFID as a solution for Mobile 
SCM.
In a brief view, this paper is structured as follows: Section 1 
is an introduction .In section 2 the meaning of supply chain 
management and mobile supply chain management will 
be reviewed. In section 3 the wireless telecommunication 
technologies such as GSM/GPRS/EDGE/UMTS, WiFi, WiMax 
and RFID will be discussed and section 4 will show integrating of 
SCM and RFID as a telecommunication techniques and usage 
of location Base Services. In section 5 some decision support 
listed. In section 6 authors discuss RFID in balanced assembly 
line with their own proper program in c# which is based on 
RWP. Section 7 gives some related works illustrating how HP, 
BMW, use RFID in SCM. In section 8 some issues happened 

in the implementation of RFID systems will be discussed. We 
see summary in section 9 and the paper ends with some 
conclusions in section 10.

II. What is Mobile Supply Chain Management?
Before describing mobile supply chain management describing 
of these two items is necessary supply chain and supply chain 
management .

A. Supply Chain Management
Supply Chain Management (SCM) is the series of activities 
that an organization uses to deliver products, services or a 
combination of both to its customers in a right time and right 
place [1]. 

B. Mobile Supply Chain Management
The mobile SCM causes timesaving and highly accurate means 
of capturing data on movements of goods and other events. 
They simplify checking and monitoring tasks, and provide up-
to-date information on process status, enabling you to react 
rapidly to unexpected events specially on bottlenecks.

III. Wireless Telecommunication Technology
In this section some of wireless telecommunication technologies 
will be described such as GSM/GPRS/UMTS, WiFi, WiMax, GPS 
and eventually RFID. 

A. What is GSM/GPRS/UMTS?
GSM: Global System for Mobile
It is the second generation of mobile network after analog 
mobile systems it is based on circuit switches and specially 
uses for voice because the it has low bit rate of data (max. bit 
rate:9.6 kbps) 
GPRS: General Packet Radio Service 
 GPRS represents the first packet-based technology for evolution 
from 2G (GSM) networks to 2.5G networks. Data speeds in this 
generation are:
theoretical :up to 171.2 Kbps 
practical :40-60 Kbps
UMTS: Universal Mobile Telecommunication System 
Maximum bandwidth in the third generation networks is 
2Mbits/sec.

B. What are WiFi, WiMax and GPS?
There are different standards in medium and broadband access 
networks .The IEEE made them standard and categorized by 
the range of coverage. These standards are IEEE802.11, 
IEEE802.15, IEEE802.16 and IEEE802.20. These standards 
are useful for location base services in m-commerce.
IEEE 802.11 family contains IEEE802.11a, IEEE802.11b, 
and IEEE802.11g which are Wireless Local area Network 
(WLaN). Members of this family work on 2.4 GHz and 5.2 GHz 
(IEEE802.11g) with bit rate of 22Mbps (IEEE802.11b) and 5.4 
Mbps (IEEE802.11a, g) [2,3,4].
WiFi is the most famous product in this family it works on 
2.4GHz frequency with data rate of 22Mbps with maximum 
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typical range of 300 meters.
IEEE802.15 or personal or Wireless Personal area Network 
(WPaN) in this family we have Bluetooth and ZigBee.
IEEE802.16 or Wireless Wide area Network (WWaN) is another 
member of this family WiMax (Worldwide interoperability for 
Microwave access) is the most famous one of them.
IEEE802.20 or World Wide Interoperability for Microware access 
(WMAN) .this standard hasn’t finished yet by IEEE802.20 group 
and it uses for broadband mobile access networks [2,3,4].

Fig. 1: Wireless Broadband access Networks

GPS: The Global Positioning System (GPS) is a worldwide radio-
navigation system formed from a constellation of 24 satellites 
and their ground stations. GPS was developed by the United 
States Department of Defense (DOD), for its tremendous 
application as a military locating utility. The DOD’s investment 
in GPS is immense. Billions and billions of dollars have been 
invested in creating this technology for military uses. However, 
over the past several years, GPS has proven to be a useful tool 
in non-military mapping applications as well. We can use GPS 
for location base services, logistic services and so on.

C. What is RFID?
The abbreviation RFID (radio frequency identification) has come 
to signify system solutions for tracking and tracing objects both 
globally and locally using RFID tags. RFID is one of several 
technologies collectively known as auto-ID procedures – 
procedures for identifying objects automatically. It bridges the 
gaps to IT systems that were previously bridged by manual 
data entry [5].
Track and trace describes the process of tracking and locating 
products automatically within supply chains. In this process, 
RFID technology requires RFID antennas and readers, for 
instance at warehouse entrances and logistics hubs. The 
antennas could, of course, be connected to mobile devices. 
Nokia is the first company to provide a cell phone with an RFID 
reader, which could prove attractive to consumers and industry 
alike. When the movement of containers or other mobile objects 
is being tracked, a different auto-ID technology comes into play 
such as the global positioning system (GPS). This technology 
has become familiar through its use in vehicle navigation 
systems. It is used to locate objects around the globe, and is 
not discussed further here.
GSM, GPRS, UMTS, or the INMaRSaT satellite communications 
system is used to transfer localization or RFID data when mobile 
devices are being used. Permanently installed RFID antennas 
have either a cable connection or a wireless WLaN connection 
to “back-end” systems, where the data received is processed 
further. (Other technologies such as GPS or location-based 
services can, of course, also be used for such purposes).

1. How RFID Works ?
an RFID system consists of two main components, tags and 
readers. a tag (also called transponder or transceiver) is a small 
device equipped with a microchip carrying data and an antenna. 
There are two types of tags; active and passive. Passive tags 
require no power and are much more common. Incoming radio 
waves induce an electrical current in the antenna, just strong 
enough to feed the tag’s circuit and send out a response. Due 
to constraints in the on-board power supply, passive tags have 
a relatively short range of operation (from about 10 mm up to 
about 5 meters, but typically a few centimeters) and can only 
transmit a limited amount of information. Yet, the lack of a 
power supply gives passive tags their unique and main selling 
point, that they can be very small in size. One of the smallest 
passive RIFD chips, Hitachi’s “µ-chip”, is only 0.4mm x 0.4mm 
in size and barely visible with the naked eye. It contains a 
unique 128-bit number that is written onto the chip during 
the manufacturing process and cannot be changed. active 
tags function the same way as their passive counterparts, 
except that they have their own power source and thus longer 
ranges (dozens of meters) and more memory. Because of this 
power source, active tags today are bigger and more expensive. 
Becoming smaller and cheaper, they might be the choice of 
the future. For example, a new generation of active tags called 
“Dice” was presented by YRP Ubiquitous Networking Labs 
in april 2005. They are about 15mm x 15mm x 15mm and 
according to the manufacturer, the battery will last for 2 years 
and 3 months if the tag communicates every 5 minutes. If 
manufactured in volume, the price of a “Dice” tag will might 
be at the “lower end of several dollars”[7].

Fig. 2 : example of RFID tags

a reader communicates with a tag in order to capture the data 
stored in the tag. The reader usually sends a low-power radio 
signal to activate the tag and the tag then sends data back to 
the reader. Most readers are – as their name suggests – only 
capable of reading data, although some also have the capability 
to write to certain tags. Normally, readers forward the data 
to other systems (such as PCs) for subsequent processing. 
In comparison to tags, readers consume more power, are 
larger - and more expensive. RFID systems use radio-signals 
to communicate, but only certain frequency bands are available 
for license-free use. There is international variation in the 
frequencies and power levels available for RFID systems. Due 
to different national regulations, an RFID system produced in 
one country may not work in another country. Four different 
kinds of frequencies are currently used: Low frequency (125 to 
134 kHz), High frequency (13.56 MHz), Ultra High Frequency 
(868 to 956 MHz), and Microwaves (2.45 GHz). The main 
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differences are in the Ultra High Frequency band, where for 
example the EU (865-868 MHz, 869.4-869.65 MHz), the USa 
(902-928 MHz), Korea (908.5-914 MHz), australia (918-926 
MHz) and Japan (950-956 MHz) use different frequencies and 
the power limits [7].

Table 1: The Key RFID Frequency Range and their 
applications

1.1 RFID Readers/Writers and Antennas
antennas are connected to electronic control devices: the 
readers. They generate electromagnetic fields, via which data 
is received from or transmitted to RFID tags. Data is transferred 
without a line of sight to the tag. Note, however, that unfavorable 
conditions can cause transmission problems with certain 
technologies, such as metallic environments or liquids. Tags 
and readers/writers must have compatible frequencies.
Fig. 3 illustrates the most important frequencies and their 
ranges of application. Other important factors besides the 
frequency are the antenna design and range (the maximum 
distance between the RFID tag and the antenna) and the 
transmission power. The necessary antenna geometry always 
has to be determined and verified on site, that is, at the point 
where the data is to be read.

Fig. 3: System architecture for RFID applications

1.2 Middleware and Edgeware
One characteristic of the tracking and tracing with auto-ID 
procedure is data has to be accepted at the time it is identified 
and transmitted by an antenna. In addition, much more data 
accumulates than is required by the downstream business 
systems in the back end. as a result, such IT systems require one 
or more special functional layers. In Fig. 2, these layers are the 
middleware and the edgeware. The edgeware cleanses the data 
of any read errors and multiple readings not already cleansed 

by the readers and buffers it in a database. Next, the data is 
filtered in accordance with the business process requirements 
and transferred to the ERP systems. Since the ERP systems 
may have to trigger other actions in response, the data has to 
be transmitted in real time. Buffering the data means that it is 
available for additional analysis or review purposes. In the case 
of permanent antennas/readers, the event data is transferred 
from the antennas/readers to the edgeware or middleware 
via Ethernet or WLaN technology, and in the case of mobile 
devices, via GSM, GPRS, or INMaRSaT. In addition to its RFID 
related tasks, the middleware is responsible for integrating 
distributed application systems across the company. That’s 
why it is also referred to as enterprise application integration 
(EaI). Business process management can take place within 
the ERP modules or alternatively in the middleware, if it has 
to function across different modules.

1.3 ERP and business IT systems (back end)
This is usually the highest layer in system architecture. It 
comprises IT systems from standard software makers such 
as SaP, Oracle, Retek, and Microsoft (Navision) or systems 
that have been programmed individually. They use the data 
they receive to support the business processes. The umbrella 
term for such systems is enterprise resource planning (ERP). 
Application-specific aspects can be covered by complementary 
systems such as a manufacturing execution system (MES) or 
supply chain management (SCM).

2. Current RFID applications
Transport and logistics: toll management, tracking of goods, etc.
Security and access control: tracking people (students etc.), controlling 
access to  restricted areas, etc.
Supply chain management: item tagging, theft-prevention, etc.
Medical and pharmaceutical applications: identification and location 
of staff and  patients, asset tracking, counterfeit protection for drugs, 
etc.
Manufacturing and processing: streamlining assembly line processes, 
etc.
agriculture: tracking of animals, quality control, etc.
Public sector: passports, driver’s licenses, counterfeit protection for 
bank notes,  library systems, etc.
Sports and leisure: tracking runners, automated payment for ski lifts, 
ticketing  etc.
Shopping: facilitating checkout procedures, etc.

IV. Integrating SCM and RFID
among its other uses, radio-frequency technology is ideal for 
monitoring activities, enabling you to spot potential bottlenecks 
fast. New instructions are then displayed on the mobile devices 
of the employees concerned.
Radio frequency identification (RFID) is an emerging technology 
that has been increasingly used in logistics and supply 
chain management (SCM) in recent years. RFID technology 
can identify, categorize, and manage the flow of goods and 
information throughout a supply chain. Basically, it is made up 
of two components: the transponder, which is located on the 
object to be identified, and the reader, which, depending upon 
the design and the technology used, may be a read or write/read 
device. according to the International Data Corporation (IDC), 
the market for RFID technology in US retail supply chains will 
rise from $91.5 million in 2003 to $1.3 billion in 2008[8].

The Freedonia Group, a research firm, estimated that through 
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the year 2007, the total US market for smart labels will grow 
more than 23% annually, approaching 11 billion units and a 
value of $460 million. Through 2007, RFID will be by far the 
fastest-growing smart label market segment, with an estimated 
growth of 180% annually from sales of around 10 million RFID 
labels in 2002 [8]. 

Fig. 4: Projected U.S. retail supply chain spending on RFID (US$ 
millions), source: IDC
 
By 2006, Insight forecasted that tagging will be well on its way to 
becoming commonplace within supply chains, including among 
smaller retailers and suppliers, with an expected tag price of 
1 to 2 US cents. Insight Research expected that tagging at 
the item level to be widespread, virtually replacing bar coding 
[8].

A. Architectural Framework of an RFID Technology in 
M-Commerce
Integrated m-commerce system for a container depot The 
architectural framework of RFID technology integrated with 
an m-commerce system consists of the following fundamental 
parts [9]

Fig. 5 : The architecture of RFID integrated M-commerce

1. System Specifications
The system uses electronic product code (EPC) compliant Ultra 
High Frequency (UHF) (915 MHz) tags and readers from Thing 
Magic, as well as computer software developed in-house. RFID 
tags are attached to the containers and readers are installed 
in the stackers. a wireless LaN system is installed in the 
container depot, which allows the readers to communicate 
with the backend system. The developed computer system 
can be integrated with any RFID reader and tag with a reading 
range of 3–4 m.

2. Wireless Network
a wireless local area network (WLaN) is one in which a mobile 

user can connect to a LaN through a wireless (radio) connection. 
A standard, IEEE 802.11, specifies the technologies for WLANs. 
The standard includes an encryption method—the Wired 
Equivalent Privacy algorithm. In the container depot, apart from 
identifying the containers, the RFID prototype system also plays 
a role in positioning the containers in the depot. This involves 
tracking the containers and assigning a location for each 
container. To provide such functionalities, the exact location 
of each container must be known by the system. However, the 
traditional positioning system can only provide a near-exact 
location of the objects being tracked. Sophisticated software 
has to be designed and a huge investment will be incurred. 
However, with RFID technology, we can make use of reference 
points to determine the exact location of each object. a detailed 
algorithm for positioning the container is beyond the scope of 
this paper.

3. Integration of Wireless LAN with RFID
The RFID readers are installed in the stackers. In order to 
transmit the information from the tags in real time, a wireless 
network between the RFID readers and the computer system 
is needed. Therefore, it is necessary to integrate WLaN and 
an RFID network.The RFID reader will have to interface with 
the WLaN with a TCP/IP protocol. Not all readers have the 
capability to provide this protocol stack. Therefore, the RFID 
may be interfaced with a mini-computer or mobile device that 
supports TCP/IP, as well as WLaN.

4. RFID Integration with CDMSS
The Container Depot Management Support System (CDMSS) 
is a management support system designed to support the 
container depot using RFID and m-commerce technologies. The 
CDMSS is comprised of four modules: an account management 
module, a container management module, a transaction 
management module, and a monitoring and a data analysis 
module, which perform various kinds of decision making and 
analyses of data.

5. Account Management Module
It handles customer and partner accounts and EDI profiles. 
Details of each customer and partner are stored in the system. 
Each member is assigned with an EDI profile. The information 
is used in other modules.

6. Container Management Module
To have better control of each container, the container 
management module provides the functionalities to keep 
track of the maintenance status of the containers. This lets the 
operators know exactly where the containers are. The stacking 
of containers is also managed under this module. Containers 
are tagged with RFID tags when they arrive at the container 
depot. The tag is attached to the container until it is checked 
out. The location of the container is then recognized in real time. 
Detailed information is then stored in the CDMSS database. 
The operators can also electronically mark the containers to 
indicate whether a container needs to be maintained. 

7. Transaction Management Module
This module interacts intelligently with the container 
management module to assist in scheduling orders, recording 
transactions, and predicting costs/profits. The system can also 
interface with the systems of customers/partners using EDI.
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8. Monitoring and Data Analysis
as data accumulate, a data analysis can be conducted to 
evaluate the efficiency and cost of the operations of the 
container depot. The results are then fed back to the system 
to further improve the operations in the depot. at the same time, 
the depot is continuously monitored. In case of any improper 
operations due to human errors, the system will alert the 
operators of what problem has been found. alarms can also 
be set to fit different situations in different container depots.

B. The Portals
The portals are the interfaces between the users and the 
system. The users can be either staff in the container depot 
or partners and customers of the container depot. There are two 
different kinds of portal in this framework: the Wireless Portal 
and the Web Portal. a Short Message Service (SMS) Gateway 
is added as an alternative to the portals as SMS is widely used 
and easily accessible. There are trade-offs among the three 
choices. The Web Portal, which provides more user-friendly 
interface and functionalities, is not available everywhere, while 
the SMS service, which provides the least userfriendly interface 
and functionalities, is available nearly everywhere.

V. Decision Support
The RFID integrated m-commerce framework discussed 
above provides a great deal of valuable realtime data such as 
information on the location of a container and the transactions 
related to it. The data are gathered and stored in the data 
analysis module of the CDMSS for data mining. We can make 
use of the data to extract business information that enables 
better decision-making. Using Online analytical Processing 
(OLaP), with RFID technology and OLaP technology, instant 
decisions can be made based on the data collected from the 
RFID integrated m-commerce framework. Different popular 
data mining techniques such as Discriminate analysis (Da), 
Decision Trees (DT), and Artificial Neural Networks (ANNs) 
can be applied in the framework to enhance the data analysis 
process.
Traditionally, container depots have depended on operators to 
decide where the containers should be put and located. The 
quality of customer services also depends on the experience of 
the operators. Even if computer systems are installed, data are 
only stored for future reference and no instant decision support 
can be given. With the decision support from the framework, 
better risk management can be achieved. In the container 
depot, based on the movement of the containers, transactions 
made, and customer behavior, different predictions can be 
made to enhance the operations of the depot and customer 
services.

A. Predicting Customer Needs
Based on the transaction history and the behavior of the 
customers under different conditions, we can always guess 
what they need now or even in the future. However, there are 
usually thousands of customers for large container depots. The 
operators will not be able to accurately guess the needs of each 
customer. In order to provide better services for customers, it is 
necessary to perform a better data analysis for each customer. 
We can predict when they will return or pick up containers, how 
many of each type of containers will be needed during different 
shipment periods, what kinds of information they are most 
interested in, and so forth. Different kinds of advice can then 
be given to the depot operators to better serve the customers. 

at the same time, customized reports and recommendations 
can be given to the customers as a value-added service.

B. Predicting Container Usage
a shortage of containers is usually the problem faced by a 
depot and its customers. If the depot cannot provide enough 
containers for customers, the customers will usually rent 
containers from other container depots, thus resulting in a loss 
of customers and a drop in revenues for the depot. Being able 
to predict container usage in different periods of time allows 
a container depot to provide the best customer services and 
to make all kinds of containers available to customers at all 
times. Container usage can be predicted by transaction history 
and related events. Once it is predicted that there will be a 
shortage, the container depot can request more containers 
from its suppliers.

C. Assigning the Location of a Container
assigning the best locations to containers has always been 
a difficult task for a container depot. The operators can only 
assign a location based on their experience. Wrong decisions 
are usually made, necessitating the relocation of containers, 
thus wasting manpower and fuel required by the operation car. 
assigning locations to containers is a very complicated task.
Many factors affect the choice of the best location: the space 
available in the depot, where the entrance and exit are located, 
pending container return and pickup orders, estimations of 
future container usage, the maintenance status of other 
containers being repaired, the container stocks in the depot, 
and so forth. Being able to determine where to store the 
containers in the best way can lead to reductions in the cost 
of fuel and in manpower, and especially shorten the lead time 
needed for container pickups, about which customers are 
always concerned.

VI. Case Study
In this section we assume the assembly line as a node of a 
SCM network. At first we balance the line by RPW method by 
authors program is C# and finding the bottleneck of assembly 
line as a critical node of a line and eventually our SCM. now by 
using RFID devices in bottlenecks real time reaction against 
critical failure in assembly line is possible.

A. How RPW Balance the Assembly Line? 
RPW(Rank Positional Weights) algorithms assign the proper 
component with minimum time consuming in the assembly 
line to the proper stations. as we know the output of each 
assembly line has a meaningful relation with the bottleneck 
station .Bottleneck station is a station which has the longest 
time duration in the assembly line comparing with other station 
in it. by balancing the assembly lines we can minimize the time 
of bottleneck station and by using of RFID in these station ,real 
time problem solving occurs.

B. Finding Problems of Bottlenecks in Balanced Assembly 
Line by RFID
At first we run the RPW program in C# and after assigning the 
components to each proper station we put RFID readers near 
the bottleneck station to have a real time Fig. out problems 
and doing the proper reaction. 
RPW algorithms implemented in these steps:
Calculating of through put of assembly line ratio 
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Through put ratio=(total time of work(e.g. in a day))/(products 
value= number of products(e.g. in a day))
In this program we assume C=1.0 as a maximum C for our line. 
We can change it as we need.
Drawing of activity networks
Drawing of activity matrix

ij=1 for related activities
ij=0 non relevant activities

calculating the weight of components
Wi=ti+∑ ij tj j=1… n
ti= the time of ith component

ij= 0 or 1
wi= the weight of its component
assigning the component to the proper stations
T acceptable = C – T sum_for_current_station

VII. Related Works
In this section related works of using RFID in SCM of 4 companies 
has been reviewed. 

A. Logistics Processes at Hewlett-Packard GmbH
With a product range exceeding 23,000 different products and 
trade relationships with over 110,000 suppliers, HP has been 
using RFID procedures for some time now. Doing so reduces 
stockholding and shipping costs not only within HP’s own supply 
chain but also for its trading and sales partners.
RFID is currently deployed in 30 HP plants and logistics centers, 
primarily in China, South East asia, the United States, and 
Brazil. HP originally installed the technology with a view to 
optimizing its own logistics processes. When Wal-Mart also 
required products to be labeled with RFID tags, HP was one 
of the first suppliers able to comply.

Fig. 6:Goods Hssue with RFID antennas at HP’s Chester Plant, 
Source: Hewlett - Packard

RFID tagging is used for packaging units and pallets in the 
Sao Paulo plant (Brazil) and in the two HP logistics centers in 
Chester and Memphis (United States). RFID is used differently 
in the three locations: The plant in Sao Paolo produces printers 
and ships them to various logistics centers. Ink cartridges are 
packed and stored temporarily in Chester before being shipped 
to the Memphis logistics center, where RFID is used in the final 
packing, storage, and shipping of quality printers. In Memphis, 
RFID has eliminated the need for time-consuming bar-code 
readers and thus reduced the length of the logistics planning 

process for pallets from minutes to seconds. In Chester, the costs 
for handling packaging units and pallets within the distribution 
centers have fallen significantly because there are now fewer 
cost drivers, losses, and manual errors. and the full potential 
of this technology is not yet exhausted. Further benefits could 
be gained, for instance, by using other information in addition 
to the standard EPC information. The global use of RFID in the 
Hewlett-Packard supply chain is being systematically developed 
and implemented in collaboration with logistics companies, 
trading partners, and major customers. Thirty HP plants and 
logistics centers currently use RFID, a Fig. that is set to rise 
in 2005, and the company also plans to implement RFID 
transponders of the second EPC generation.

B. Flexible Automotive Production Processes at BMW
RFID is a key technology for industrial manufacturing when it 
comes to realizing flexible Production concepts. One of its major 
attractions is that the data carriers (tags) are not very sensitive 
to harsh conditions and dirt – specialized industrial tags can 
be used at temperatures in excess of 200°C. The possibility 
of saving data on the fly also opens the way for creative, local 
system architectures.

Fig. 7: Basic architecture for RFID in Industrial Manufacturing, 
source: Siemens aG

RFID is often used to identify support modules that (in a 
number of forms) transport a range of articles from single 
circuit boards to vehicle bodies around a particular site. an RFID 
tag is mounted on the supports and accompanies the article 
being manufactured along the entire production route. Since 
the support module and the tag can be reused for subsequent 
production runs, this is an example of a “closed loop”.

Fig. 8: RFID Transponder with Data Store On the Body Panel 
at BMW. Source: Siemens aG

an extremely simple scenario could involve storing the production 
order identification number in the data stores, making the article 
automatically identifiable at the individual processing stations. 
A shop-floor control system (manufacturing execution system, 
MES) uses the number to define which production step is 
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required at a given station. With more advanced concepts, such 
production instructions are stored directly on the data carrier. 
The advantage of this is that it enables the production line to 
produce goods independently (those that are fed onto the line, 
at least) without accessing higher-level system components. 
RFID technology consequently increases the availability of the 
equipment. BMW has successfully implemented a concept of 
this kind. 

C. Mobile Maintenance Solution at Fraport AG
With global sales revenues of 1.8 billion euros, Fraport aG is a 
leading player in the international airport industry. It also owns 
and runs Frankfurt airport. Its business areas ground services, 
traffic and terminal management, communication services, 
and property and facility management cover the entire range 
of products and services found in the airport industry.
Lead-managed by SaP Consulting, an ambitious mobile RFID 
maintenance scenario was realized for Fraport aG. It combines 
SaP Mobile asset Management (MaM) software with mobile 
handheld computers and RFID technology to give Fraport an 
innovative complete system that enables it to plan maintenance 
work for a wide range of different technical components, such 
as fire shutters, on the airport grounds and to be sure that such 
work is legally watertight.
The mobile RFID maintenance scenario is based on the MaM 
software solution and increases safety at Frankfurt airport. It 
replaces working papers, provides detailed real-time data, and 
bridges the information gap between back-end systems and 
events on the ground.

VIII. Optimized Paperless Maintenance Processes
Property and facility management for Fraport aG involves 
servicing approximately 420 buildings and systems at Frankfurt 
airport. One of this area’s key tasks is to regularly service 
and check technical components that are subject to legal 
maintenance requirements. as airport operator, Fraport is 
obliged to provide supporting documents. The company uses 
the powerful SaP Plant Maintenance solution to control its 
maintenance activities. This application was enhanced to include 
a mobile solution, Mobile asset Management. Transponders 
with innovative RFID technology interact seamlessly with robust 
handheld computers to create an efficient complete system.

IX. Winning Combination of Innovative Technologies
Rather than printed work instructions, maintenance mechanics 
now use a robust front end, which can read and write data from 
and to the RFID transponder chips and communicates with the 
MaM application. Fraport supplies the mobile devices with due 
maintenance orders from the central SaP system. Following 
authentication and login, a controlled, step-by-step dialog 
begins between the MaM application, the mechanic, and the 
RFID labels installed in the ventilation systems. This procedure 
ensures that the equipment is maintained in a sequence of 
precisely defined process steps. Any defects are recorded using 
a comprehensive system of damage codes.
The result is a complete, electronic record of every maintenance 
activity along with the on-site conditions. When maintenance 
is complete, data is read from the mobile devices and the 
information is transmitted electronically to the back-end 
system. In all, MaM has greatly accelerated the maintenance 
processes, dramatically increased data quality and security, 
and opened new options for reporting on damage and product 
life cycles. For Fraport aG, the SaP solution is a future-proof, 

modern, and mobile maintenance solution that can be adapted 
to cope with any maintenance task. In May 2005, Fraport aG 
went live with the most recent version of the SaP MaM solution, 
Version 2.5, which includes RFID functions as standard

Fig. 9:Paperless Maintenance Scenario at Frankfurt airport, 
Optimized by RFID, Source: Claus Heinrich (SaP): RFID and 
Beyond (see sources of information)

A. Six-Fig. Savings
Fraport gained a complete electronic maintenance process 
ensuring that equipment is serviced correctly. Innovative 
technologies enable the maintenance tasks to be conducted 
faster than before. and it is now possible to reproduce every 
process step at the push of a button. Consequently, Fraport 
benefits from the highest possible transparency when it comes 
to fulfilling its duty to supply documentation to review panels 
and legislators. Fraport has mounted RFID tags on 22,000 fire 
shutters at the airport, for which it previously needed 88,000 
order data sheets annually for maintenance purposes. In 
an interview with Dr. Roland Krieg, CIO at Fraport aG, (Issue 
25, June 24, 2005, page 24), said that RFID had enabled 
the company to cut the costs for essential documentation by 
approximately 450,000 euro annually. For comparison, he 
quoted the one-time costs for RFID tags and reading devices at 
below 100,000 euro. This is a convincing return on investment 
in less than one year.

B. Large-Scale RFID Roll Out for Metro AG Logistics
Metro aG is planning an extensive RFID implementation, 
covering its own logistics processes through to the restocking 
processes in retail outlets. This calls for RFID to be implemented 
in many stores as well as in the associated merchandise 
distribution centers. Since different IT applications have to be 
connected to the RFID hardware, standard middleware would 
be advisable. The middleware checks the status of the RFID 
readers, controls the feedback providers, and supports the 
process-based tasks of the RFID readers, writers, and printers. 
It transmits the relevant data to the business applications. The 
software is based on the RFID domain model developed by IBM 
for processing RFID events and connecting them to business 
applications. In 2005, Metro aG selected the WebSphere 
product family, IBM’s RFID middleware, for the large-scale roll 
out in its stores and merchandise distribution centers. It forms 
the backbone for supplying the application systems with RFID 
events and for integration in the existing system management 
tool.
Research showed the UHF technology to be most suited to 
Metro’s Future Store initiative. The manufacturers of the retail 
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goods attach the RFID tags to the logistical units (such as pallets). 
These details are transmitted to Metro in a standardized EDI 
message. When goods are received in merchandise distribution 
centers or when direct shipments are made to supermarkets, 
the expected goods receipt can be compared with the actual 
delivery quantity recorded by the RFID reader. The result of the 
comparison can be sent to replenishment planners by means 
of a signal, enabling them to take immediate action if variances 
are identified. Other postings required for the deliveries take 
place in the retailing systems.

Fig. 10: Layer Model for a Comprehensive auto-ID application 
architecture, Source: IBM

The system would typically be structured as follows: The edge 
domain, the software installed in the stores, controls the 
RFID reader hardware. The data is transferred by means of 
a communication link (uplink) to the “WebSphere Premises 
Server,” which is the core of RFID system integration. The next 
level of application integration takes place in the integration 
layer, which – like the premises infrastructure – is operated 
centrally in the data center. This central integration layer enables 
the RFID data to be supplied directly to different applications. 
The WebSphere RFID middleware is connected to the different 
business applications by a process integration layer in order to 
optimize the number of IT interfaces. Similarly, the maintenance 
and operating requirements of these interfaces are significantly 
lower than for point-to-point couplings between the middleware 
and the individual target applications. The advantage of 
RFID technology is that it accelerates loading and unloading 
processes (in merchandise distribution centers, for instance) 
and enables data to be updated far more accurately in the 
business applications. In the old, bar-code-based procedures, 
much depends on the reliability of the employees reading 
the labels. RFID technology also eliminates the problems 
associated with dirty bar codes. another advantage is that 
incorrect deliveries can be prevented or at least reduced, since 
employees can be given compulsory confirmation of correct 
loadings.

Fig. 11: Configuration of RFID Antennas on Doors in the Metro 
Warehouse, Source:IBM

Kurt Salmon associates analyzed the improvements. The 
study found that RFID technology had reduced losses during 

transit by 11% to 14%. The availability of articles in stores had 
increased by up to 14%. Costs in merchandise distribution 
centers had fallen by around 11%. The analysis also shows that 
substantial savings can be made if migration to new technology 
is supported by process changes. Metro plans to equip a total of 
250 stores with this technology. Its suppliers will be introduced 
gradually to the tagging process, from pallet tagging progressing 
to case/item tagging. IBM Global Services realized the complete 
implementation. The following subprojects were also carried 
out: process analysis, description of the new process, basic 
tests for selecting necessary hardware and software, check on 
(documentation of) environmental conditions in target stores, 
setup of RFID hardware in target stores, configuration and 
integration of Web Sphere RFID middleware. The system has 
been in operation since November 2004 and is used daily.

C. Hong Kong-based Container Warehouse
The case study company is a leading Hong Kongbased 
container warehouse that provides spaces to store empty 
shipping containers, container maintenance services, as well 
as container return and pickup services. It is located in Tin 
Shui Wai, occupies an area of 21,000 m2, and has a maximum 
storage capacity of about 32,000 twenty-foot equivalent 
units (TEU). The company provides major shipping lines and 
container leasing companies with container repair services. 
The company, which relies on a computer information system 
to process order requests to place and locate the containers, 
suffers from the following disadvantages:

1. Walkie-Talkie Limitation
Inside the container depot, operators and stacker drivers 
communicate with one another via a Walkie-Talkie system. 
However, usually more than one driver in the depot wants 
to communicate with the operators in the control office to 
acquire information related to the containers. This will lead to 
air channel congestion.

2. Container Misplacement
The drivers of the stackers have to access information on 
the containers and on the positions of the placement of the 
containers via the operators in the control office. This increases 
the chances of human errors in deal with information on the 
containers.

3. Ownership of Containers
The depot also faces the problem of not being able to determine 
the ownership of the containers. Though the containers usually 
have company logos on them, customers may sometimes 
exchange containers. This has led to the problem where 
workers in the depot are unable to determine the ownership 
of the containers.

4. Dependence on Experienced Staff
as the operation of the container depot is not fully computerized, 
the container depot depends on experienced staff to determine 
the location of the containers. It takes a long time to train new 
staff. Should some experienced staff retire or resign, the normal 
operations of the depot would be seriously affected.

5. Inefficiency in the Search for Containers
It is sometimes very difficult to look for containers that meet 
the specifications of customers. As usual, whenever there is 
a pickup order, the stacker operators will have to look for the 
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desired containers that are wanted. However, because they 
may have been misplaced, the containers may not be in the 
locations shown. In such a situation, it usually takes workers 
a long time to look for the containers in the depot and they 
may sometimes pick up other unwanted containers instead. 
Research questions a research question evidently arises from 
these disadvantages. Can information technology be used to 
improve this situation? What kinds of technologies would be 
most appropriately employed to tackle the problem? With these 
questions in mind, we propose a solution that can be integrated 
with the existing system. The proposed solution takes the form 
of RFID technology that is integrated with the existing system. 
The use of RFID technology is motivated by the following:
1) To keep track of the locations of stackers and containers 
in the depot
2) To give greater visibility of the operations data
3) To improve the business and control processes
4) Using the latest RFID technology can promote the technical 
advancement of the company in the industry and so it can act 
as a marketing tool for the company
5) aN RFID system involves very little maintenance
The major operations in the container depot are the return 
and pickup of containers and the maintenance operations. 
Operations reports that are requested are generated to 
customers via an electronic data interchange (EDI) system.

X. Issues happened in the Implementation of RFID 
Systems
although the implementation of an RFID system is an 
advantageous move for container depots, there are issues 
that need to be further addressed. Because the container 
depot business involves different parties from container 
manufacturers and suppliers to maintenance contractors and 
users, it is possible that the entire industry is not technologically 
advanced enough to incorporate RFID. The major issues of 
implementation are described below. 

A. Technical Issues

1. Material Matters
For the implementation of RFID in container depots, the 
shipping containers are metals which reflect radio wave. Water 
absorbs radio waves so it is difficult for RFID to track products 
with high water content, or that are in metal. The performance 
of the system will be adversely affected by both factors. a 
careful design in placing the tags is required to overcome this 
limitation.

2. Electromagnetic Interference
Onsite testing must be carried out carefully if multiple sources 
of electromagnetic interference (EMI) are to be found, such as 
other readers, other tags, wireless LaNs and data transmission 
systems.

B. Behavioral Issues

1. Resistance to Change
The implementation of information systems is affected by the 
way people perceive these systems and how people behave. 
RFID systems are no exception. Resistance to change is another 
important issue. It is a major behavioral factor that can have a 
significant impact on the implementation of RFID systems.

2. Organizational expectations
Over recent years, RFID has gained great publicity. The general 
level of expectations regarding the system held both by top 
management and users may now be too high. Over-expectations 
can be dangerous to the success of an RFID system.

C. Cultural Issues
People may not have confidence in the RFID system because 
it is relatively new to them. It may take them a long time to 
understand and trust the technology.

D. Business Process Issues
as is the case with most breakthrough technologies in container 
warehouses, implementing RFID can require the fundamental 
redesigning of business processes if optimal benefits from 
using RFID are to be obtained.

E. Security Issues
The security and integrity of information and the privacy of 
consumers are always primary issues surrounding the adoption 
of RFID.

F. Code Conversion Issues
There is lack of standardization on codes. Some may use 
ISO or EPC standards. Code conversion may be required for 
implementation.

G. Data Management Issues
RFID systems capture and deal with enormous volumes of data. 
We need to filter out the useless data, identify what needs to 
be stored, and consider how and where to store data. 

XI. Summary
With RFID in mobile supply chain management we can trace 
and track goods, products, services during supply chain. With 
this technology we can find the bottlenecks in Supply chain 
and finding realtime solutions and manage the work and we 
never see insufficient inventory, incorrect shipments, Missed 
delivery deadlines, Interrupted production. 
Provide a convenient, timesaving, and highly accurate means 
of capturing data on movements of goods and other events are 
the other benefits of this technology. They simplify checking 
and monitoring tasks, and provide up-to-date information on 
process status, enabling you to react swiftly to unforeseen 
events. These capabilities are exactly what we need to create 
and manage a sophisticated, adaptive supply network.

XII. Conclusion and Future Research
The goal of using RFID in container depots is to enhance 
efficiency, thus providing better customer services while 
lowering the cost of operations.
While most container depots are moving towards adopting 
mobile technologies, implementing RFID integrated systems 
will enable them to realize true, real-time tracking of containers. 
Wireless technologies are changing the way businesses serve 
their customers. This has now evolved as m-commerce. With 
RFID technology, m-commerce can be enhanced to a fully 
automated process. 
1. With the RFID-based system, the drivers can access the 
system anywhere inside the container depot via handheld 
devices. Information on the containers will be updated and sent 
to the system via a wireless system to the backend computer 
system. This reduces human errors, and drivers no longer have 
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to wait for the system computer operator in the depot control 
office to become available. 
2. The system can determine where to put the containers based 
on developed algorithms and prescheduled orders. The system 
can inform workers where to put and get the containers. The 
time needed to train new staff is shortened. Dependence on 
the experience of staff to pick up and deal with the containers 
is greatly reduced.
3. All of the containers are identified by RFID tags. Workers can 
access detailed information about the containers easily via their 
handheld devices. The system can inform the workers where 
the containers of the customers are located. In case mismatch 
containers are found, an alert can be sent to the operators. any 
misplacement of containers can be detected by the system in 
real time and the system will inform the drivers to correct the 
problem. Chances of mistakes made by computer operators 
are reduced. The drivers will also immediately know about 
any misplacements as indicated by the system. The system 
enables the RFID system to keep track of the location of a 
truck and container. Based on the information sent from tags 
attached to the floor and the container, a PC in the operator’s 
cab wirelessly receives confirmation of the container that needs 
to be dropped off at the correct location. The wireless PC can 
then direct the operator to a specific location in the depot at 
which to place the container and, later on, where to quickly 
find the container when it needs to be retrieved. A system 
architecture is proposed to integrate RFID with m-commerce 
technology of the management support container system. The 
framework is examined and explained in the context of a case 
study. at present, the RFID system reported in this study yields 
a number of advantages:
There is a need to calculate deployment costs and estimate 
the business risks and value of adopting an RFID system to 
satisfy customer demands before implementing the system. It is 
necessary to carry out a detailed survey of RFID systems before 
deciding on what type of RFID technology to adopt so that the 
technology can be harnessed to yield satisfactory results. There 
is a need to be aware that implementing an RFID system is not 
just an IT issue. Rather, it involves behavioral issues and issues 
of organizational culture, although most organizations view the 
adoption of RFID as strictly an IT issue. It is necessary to have 
a very detailed solution analysis from the selection of tags to 
the locations of the readers to integrate the RFID system with 
the existing system. Every implementation requires a detailed 
solution analysis.
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