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Abstract: This paper analyzes the current situation of business environment and business intelligence systems 
integration at first. With emerging applications of internet and wireless communication technologies, e-
manufacturing is focused on the use of internet, monitoring and communications technologies to make things 
happen collaboratively on a global basis. A wireless sensor network based data acquisition system gives 
enormous benefits such as ease and flexibility of deployment in addition to low maintenance and deployment 
costs. This paper reviews wireless sensor network and its application for e-manufacturing. To provide a 
dependable, non-intrusive, secure, real-time automated health monitoring, a distributed reconfigurable sensor 
network is introduced which consists of real and virtual sensor nods over a communication wireless sensor 
network using Mica2 motes. Copyright © 2013 IFSA. 
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1. Introduction 
 

The rise of the internet and the rapid spread of 
electronic business across world markets have left 
few industries unchanged. The internet redefined the 
way people work and interact. Today more than ever, 
successful businesses must assimilate change rapidly. 
To remain competitive, an organization must 
maximize its use of internet technology with its 
supply chain. As enterprises seek to optimize 
business processes, decisions, and actions, they are 
increasingly turning to products such as the Business 
Intelligence Systems to distill intelligence from 
existing applications and data sources and distribute 

it pervasively across the enterprise to optimize 
business processes, decisions and actions. 

E-Manufacturing uses e-intelligence and web-
enabled tools to integrate information from 
equipment, suppliers and factory floor, Enterprise 
Resource Planning (ERP) and Supply Chain 
Management (SCM) to achieve maximum business 
performance. E-manufacturing is related to software 
architecture that enables the implicit electronic 
collaboration and real-time exchange of data. The 
prime reason for deploying an e-manufacturing 
solution is to reduce the time that it takes to 
communicate between experts who are solving 
problems and expanding technology; also, the 
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method needs to improve the quality of the 
information shared so the solution time is reduced. 
To obtain rich raw data effectively, different 
distribution systems, particularly web-based 
infrastructure, have been investigated [1-4]. 

Wireless sensor networks represent a rapidly 
emerging research topic, driven by their potential to 
extend communication capability beyond the reach of 
conventional networks for the purpose of monitoring 
physical conditions in remote and inaccessible 
locations [5]. Important applications include disaster 
prevention and environmental monitoring. One of the 
main limitations of current devices is battery life, 
since sensor nodes will often be required to operate 
for a long period of time without external 
intervention or access to an alternative power source. 
The medium access control protocol determines the 
means by which nodes access the shared radio 
communications medium, and has a major impact on 
overall energy consumption. The necessity of nodes 
to self-organize, coordinate transmission/reception, 
and relay data in a distributed fashion presents 
particular challenges in achieving energy-efficient 
operation.  

Wireless sensors and sensor networks are 
emerging as sensing paradigms that the structural 
engineering field has begun to consider as substitutes 
for traditional tethered monitoring systems. A benefit 
of wireless structural monitoring systems is that they 
are inexpensive to install because extensive wiring is 
no longer required between sensors and the data 
acquisition system. Researchers are discovering that 
wireless sensors are an exciting technology that 
should not be viewed as a substitute for traditional 
tethered monitoring systems [6]. Wireless sensor 
networks provide great potential for e-manufacturing 
including e-factory, e-supply chain philosophy and e-
maintenance. The rest of the paper is organized as 
follows: Section 2 reviews wireless sensor network, 
the major research issue and their potentials for e-
manufacturing; Section 3 introduces some scenarios 
of using sensor networks and RFID technology for e-
manufacturing, and Section 4 concludes the work and 
proposes future study. 

 
 

2. Wireless Sensor Networks  
for E-manufacturing 
 
The availability of cheap, low power, and 

miniature embedded processors, radios, sensors, and 
actuators, which are often integrated on a single chip, 
is leading to the use of wireless communications and 
computations for interacting with the physical world 
in applications such as security and surveillance 
applications, smart classroom, monitoring of natural 
habitats and eco-systems, medical monitoring etc. 
The resulting systems are often called wireless sensor 
networks (WSNs). Depending on the type of 
application, the senor network is designed with 
different features. Sensor networks were in February 
2003 predicted by MIT’s Technology Review to be 

one of the most important technologies in the near 
future.  
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2.1. Wireless Sensor Networks and their 

Major Research 
 

Distributed wireless sensor networks differ from 
conventional network systems in many aspects. 
Wireless sensor networks usually involve a large 
number of spatially distributed, energy-constrained, 
self-configuring and self-aware nodes. Sensor nodes 
are fitted with an on-board processor. Instead of 
sending the raw data to the nodes responsible for the 
fusion, sensor nodes use their processing abilities to 
locally carry out simple computations and transmit 
only the required and partially processed data [7]. 
Thus sensor network protocols and algorithms must 
possess self-organizing capabilities. Another unique 
feature of sensor networks is the cooperative effort of 
sensor nodes. The wireless sensor networks are 
bringing about a lot of new challenges and design 
considerations, which go much beyond conventional 
network systems. Wireless sensor networks include 
component technologies of wireless sensor networks: 
Sensors/actuation, Distributed embedded systems, 
Energy supply, Wireless communication, Networking 
and middleware and application software. In addition 
to sensors, the emerging research can be summarized 
as follows: 

Energy efficiency both in hardware and software: 
One of the most important constraints on sensor 
nodes is the requirement of low-power consumption. 
Sensor nodes carry limited, generally irreplaceable, 
power sources. To the three main tasks of a sensor 
node, i.e. sensing, communication and data 
processing, the data communication expends 
maximum energy. Therefore, many researchers are 
exploring the new sensor network protocols and 
algorithms to focus primarily on power conservation. 
On the other hand, the latest development in battery 
technologies, especially the fuel cell miniature makes 
the fuel cell becoming the most promising power 
sources for the next generation of wireless sensors. In 
fuel cells, hydrogen is mixed with oxygen to generate 
electric current through water. It generates constant 
power up to 10 times energy capacity of alkaline 
battery, a life of more than 5 years. They can be 
integrated with wireless sensors without maintenance 
[8]. In [9], it reported systematically that the 
microbial fuel cell is combined with low-power, 
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high-efficiency electronic circuitry providing a stable 
power source for wireless data transmission. Energy 
produced by the microbial fuel cell is stored in a 
capacitor and used in short bursts when needed. The 
system powered a transmitter, which gathered the 
data from the sensor and transmitted it wirelessly to a 
remote receiver.  

Robust and flexibility: Researchers are working to 
improve the performance of the wireless sensor 
network in terms of fault tolerance, scalability, 
production costs, topology, communication protocols, 
data management and access techniques. Some are 
working on how to develop a middleware that could 
be used for cooperating objects in applications, 
hardware interfaces, industry applications, etc. The 
background behind that is that the current application 
software is too application-addressed and there is a 
distinct need for a middleware layer to cope with the 
diversity of software layers. 

Security and authentication: Similar to the normal 
network, the wireless network has security risks or 
even higher. For instance, denial-of-service attack is 
a threat for traditional network and for wireless 
network as well. There are many possible ways for an 
attacker to inject malicious code into a node, 
including the exploitation of weaknesses in its 
application code or in protocols used for application 
management, or physical vulnerabilities [10]. 
Algorithms must be designed in a way to withstand 
attacks such as manipulation and injection of 
messages. Security remains a critical research issue 
for wireless sensor applications, but implementing 
effective security mechanisms within tight resource 
constraints at an affordable cost can be difficult and 
complex. 

 
 

2.2. Wireless Sensor Platforms 
 
In recent years significant advances in 

microelectronics and miniature radio technologies 
have enabled the development of commercial 
wireless mesh networks. Companies such as 
Crossbow, DUST networking and Millennial offering 
commercial products have sprung up over the past 
several years. Most products focus on the 
infrastructure and communication requirements of 
ad-hoc networks. These products typically provide 
the self-organizing and self-healing backbone for the 
wireless transmissions and in-network processing of 
collected sensor data.  

Unique characteristics of wireless devices present 
challenges for networking, requiring new ways for 
devices to communicate with each other and the 
Internet. Current standards don’t apply, so new 
standards are needed which support communication 
both between the wireless devices themselves as well 
as between the new wireless devices and devices 
using current standards. To provide the consumer 
with ultimate flexibility, mobility, and ease of use in 
building wireless intelligence and capabilities into 
everyday devices, several organizations and industry 

standards groups, including ISA, the HART 
Foundation, ZigBee, and WINA are working on 
standards.  

Without a right development platform, creating 
and investigating wireless sensor and transducer 
systems are unproductive and difficult to use. Thus 
several platforms and developer kits have been 
published from different companies such as ZigBee 
platform, Dust Networks’ SmartMesh wireless mesh 
networking system, Sun Sport System and 
Crossbow’s Mica platform, etc. 

Crossbow is the industrial leader in sensor 
technology. In our experimental project, we selected 
the 5040 Mica2 MOTE-kit of Crossbow. The 
Crossbow hardware platform consists of 
Processor/Radio boards (MPR) commonly referred to 
as Motes. Motes run Crossbow's XMesh self-
forming, micro-power, networking stack. Each Mote 
runs the open-source TinyOS operating system which 
provides low-level event and task management. The 
Mote Interface Boards (MIB), allow developers to 
interface Motes to PCs, PDAs, the WWW, and 
existing wired/wireless networks and protocols. An 
ad-hoc mesh network is illustrated in Fig. 1.  

 
 

 
 

Fig. 1. A Crossbow Ad-Hoc Mesh Network 
 
 

The components of the sensor network in our 
system are listed as follows: 4 MICA2 
Processor/Radio Boards; 4 MICA2DOT Quarter-
Sized Processor Radio Boards; 3 MTS310 Sensor 
Boards (Acceleration, Magnetic, Light, Temperature, 
Acoustic, and Sounder); 2 MTS510 Sensor Boards 
(Acceleration, Light, Microphone); 2 MDA500, 
MICA2DOT Prototype and Data Acquisition Boards; 
1 MIB510 Programming and Serial Interface Board. 

The possibilities for wireless sensors have been 
exciting scientists and researchers, the business 
community, military and government officials, and 
consumers likewise for many years. Several projects 
and prototypes have taken place in industrial and 
research labs, as well as some products adopted by 
companies. NSNA: Sensor webs – The project has 
the objective of using readily available technologies 
to create a wireless network with embedded 
intelligence [10]. Intel Labs: Practive Healthcare – In 
addition to leading a major force on sensor network 



Sensors & Transducers, Vol. 153, Issue 6, June 2013, pp. 69-74 

 72 

research, Intel Research Labs also initiated an effort 
to explore technology that can help in caring for 
growing elderly population. HP Labs: Smart Rack 
and Smart Locas – HP opened its US RFID Demo 
Center at HP Labs in Oct 2004. The BP oil company 
uses RFID and sensor network to monitor assets and 
react quickly to changes in environment conditions. 

 
 

3. Monitoring and Tracking  
in E-manufacturing 
 
This section discusses how to use wireless sensor 

networks and combine RFID in remote monitoring 
and tracking applications.  

 

3.1. Remote Monitoring using Wireless 
Sensor Network 

 
E-manufacturing operators rely heavily on 

advanced sensors and control systems to ensure high 
productivity levels and low-cost operations. As 
illustrated in Fig. 2, wireless sensor networks will be 
used as low-level devices for data capturing and high 
level information management by replacing current 
wired network for conditioning monitoring data in 
shop floors and manufacturing centres, service 
monitoring e.g. structural health monitoring, 
integration with other hierarchical networked data 
such as management data from enterprises, global 
sales and customers, and distributed databases.  

 
 

 
 

Fig. 2. Sensor network for e-manufacturing. 
 
 

Remote and real-time assessment of machine’s 
performance requires an integration of many different 
technologies including sensory devices, reasoning 
agents, wireless communication, virtual integration, 
and interface platforms. In such system, deploying 
wireless sensor technology in plants is a very flexible 
solution to delivery of real-time data in the e-
manufacturing network. The sensors gather different 
parameters and feed them to the system for remotely 
monitoring and control. To achieve maximum 
performance from plant floor assets, the monitoring 
system can be used to monitor, analyse, compare, 
reconfigure, and sustain the system via a web-
enabled platform. In addition, these intelligent 
decisions can be harnessed through web-enabled 
agents and connect them to e-business tools (such as 
customer relation management systems, ERP 
systems, and e-commerce systems) to achieve smart 
and effective service solutions [11]. 

A product’s performance degradation behaviour 
is often associated with multi-symptom-domain 
information cluster, which consists of degradation 
behaviour of functional components in a chain of 
actions [12]. Based on sensor signals, a critical 
component of the e-Manufacturing concept predictive 
maintenance of plant floor assets can be built. 
Predictive maintenance system provides 
manufacturing, and operating systems with near-zero 
downtime performance through use and integration 
of a real-time smart monitoring and tether-free 
technologies. Sensors can be deployed with stamp 
presses, conveyer belts and other types of machinery 
that measure current, noise, vibration, heat and other 
factors that can be detected to predict when a 
machine might fail or require service. Having the 
ability to detect whether or not a piece of machinery 
in a remote plant might go down from a network 
operations center will help enterprise save 
maintenance costs. 
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3.2. Combination Wireless Networks  
with RFID 

 
So far, the RFID (Radio frequency Identification) 

technology has gained prominence in retail and 
supply chain management. Its fast growth and huge 
potential benefits have motivated a major move 
independently taken by Wal-Mart, the world’s largest 
retailer and the US Department of Defense (DoD), 
that requires their suppliers to install RFID tags by 
2005 [13]. In response, several major computer 
companies, including Intel, HP, IBM, and Sun, have 
announced their efforts and future plans  
to support RFID. 

There is an accelerating trend of the adoption of 
RFID technology in various industrial and 
manufacturing applications. Wireless sensor network, 
in particular when integrated with RFID technology 
becomes a suitable solution in manufacturing. It can 
be used for tracking and control throughout the 
manufacturing process, including pallet tracking, 
component identification, intelligent part routing, 
error-proofing and assembly verification. When an 
RFID tag is given sensing capabilities, the line 
between RFID and sensor network becomes blurred. 
Many active and semi-active tags have incorporated 
sensors into their design, allowing them to get sensor 
readings and transmit them to a reader at a later time. 
They are not quite sensor network nodes because 
they lack the capacity in communicating with one 
another through a cooperatively formed ad-hoc 
network, but they are beyond simple RFID  
storage tags. 

Currently many manufacturers use bar code labels 
to track parts and racks, but RFID tags promise to 
provide a better, less labour-intensive method of 
tracking these racks into and out of production plants 
and are less likely to be damaged by exposure to rain 
and temperature extremes when the racks are stored 
outside, as they frequently are. The new capability of 
combining RFID technology for good tracking 
provides production and supply chain managers with 
insight into their actual material flow. It helps factory 
personnel further reduce waste and inefficiency in 
terms of inventory and manpower, while facilitating a 
smooth, reliable production flow. A manufacturing 
tracking system with RFID is illustrated in Fig. 3. 

More typical applications in manufacture are in 
the automobile industry. Using RFID technology, a 
tag could be secured to a vehicle skid, and then 
custom programmed with a serial number that would 
be referenced through Ford's operating system [15]. 
This serial number can indicate what has been done 
to each vehicle, as well as what still needs to be 
completed further along the production line. As a 
vehicle passes through the different stages of 
production, different parts of the 22- to 23-digit serial 
number are referenced, indicating what needs to be 
done at each station. BMW and Vauxhall use RFID 
tags [16] to enable accurate customization of 
customer orders. A read/write smart tag is 
programmed with the customer order. The tag is then 

attached to and travels with the car during the 
production process. This tracking ensures that the car 
is manufactured with the correct colour, model, 
interior, and any other options a customer specifies. 

 
 

 
 

Fig. 3. RFID based e-tracking. 
 
 

3.3. Applying Mica2 and RFID 
 

As introduced in Section 2.2, Mica2 from 
Crossbow has been selected in our experimental 
project. The main reasons are its ability to deal with 
new nodes entering, or re-entering after brief losses, 
the network, and easy in bringing external sensor 
inputs into the nodes. Since our project requirements 
dictated the need for complex sensor data as well as 
self-healing wireless networking, we moved to the 
Crossbow platform that provided a wide array of 
integrated sensor boards. 

Crossbow provides a number of sensor boards 
like MTS310. MTS310 contains sensors to detect 
light, temperature and sound, as well as a 2-axis 
accelerometer and a 2-axis magnetometer. Therefore, 
they can be widely used in manufacturing 
environment. These devices may be connected 
directly with the radio boards, thus pushing their data 
directly to the microcontroller periodically and out to 
the rest of the network [14]. A diagram and its 
embodiment are illustrated in Fig. 4. Wide range of 
sensors can be deployed for different measurement 
and control, which is important for e-manufacturing, 
where real-time data are required. 

Crossbow also has wireless RFID readers and 
active tags e.g. MTS420. They are compatible with 
MICA2 and TinyOS, providing open-source mesh 
networking and signal processing capabilities. With 
its wireless sensor integration capability, multi-mode 
sensors can be used as low cost active tags providing 
not only simple “electronic bar code” data but also 
temperature, shock and even GPS-enabled tracking. 
Its modular sensing platform can be configured to 
measure physical parameters about tracked material. 
For instance, by combining temperature and 
accelerometers sensors with RFID e.g. MTS420A the 
status of fragile or perishable goods can now be cost-
effectively monitored in real-time [14]. 
Manufacturers and distributors have the potential to 
significantly impact the bottom line from increased 
supply chain efficiencies and reduced inventory write 
offset. 
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Fig. 4. Mica2mote with sensors and its embodiment. 
 
 

4. Conclusion and Future Work 
 
Emerging technology of wireless sensor network 

has great potentials for e-manufacturing, specifically 
e-factory, e-supply chain and e-maintenance. It can 
provide real-time data at proper time and appropriate 
location. After reviewing of the state-of-the-art 
wireless sensor networks and its major research topic, 
the application scenarios for e-manufacturing have 
been discussed. Crossbow Mica2 has been selected in 
our experimental project for condition monitoring of 
manufacture processing and RFID based supply 
chain monitoring in e-manufacturing. As an on-going 
project, further work will concentrate on the system 
implementation and evaluation. In addition to 
develop different sensor motes, security and 
robustness of sensor-based real-time controlling 
systems will be investigated on the system developed 
in the future for e-manufacturing application. 
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