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ABSTRACT 
 

Information sharing systems help supply chain management (SCM) by tracking and identifying an object’s 
or human’s location in real time. However, prior to implement an information system, various technologies 
and the related advantages and disadvantages must be considered. This paper investigates the state of the art 
technologies applied in SCM and presents a study about their benefits and drawbacks. RFID, GPS, NFC, 
ZigBee, ultrasonic, UWB, and infrared systems are discussed and finally Visible Light Communication for 
different stages of a SCM is proposed. 
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1. INTRODUCTION 
 

A supply chain consists of all stages including 
the manufacturer and suppliers, transporters, 
warehouses, retailers, and customers to satisfy a 
customer demand [1]. Supply chain implementation 
is to manage and coordinate the bi-directional flow 
of resources, data and funds through the supply 
chain. Information plays a critical and competitive 
role during the supply chain stages. However, the 
importance of the information for supply chain was 
often overlooked because this concept was not 
clearly understood by supply chain members [2-4]. 

Recent advances in technologies support the 
organization to access information easily in 
different parts of their properties. These 
technologies manage the supply chain by 
organizing the undertakings. Information 
technology (IT) offers a many beneficial features 
for initiative business such as reduction of cycle 
time, implementation of processes, performing 
restructured cross-functional processes. The 
importance of information for supply chain 

management is due to the fact that satisfying 
customer has become a bi-directional cooperation 
and responding the customer in the best way has 
become essential. Also, information is an important 
aspect in the managers' capabilities to decrease 
inventory and human resource demand to a more 
reasonable level. Moreover, information sharing 
among different stages of the supply chain is also 
critical and these incorporations can be realized by 
different information sharing technologies [5-7]. 

Such IT initiatives include RFID, GPS, NFC, 
ZigBee, ultrasonic, UWB, infrared-based systems 
[8-10]. Each proposed and applied technology in 
supply chain has specific features (Precision, range, 
type of electromagnetic spectrum, and etc.), 
advantages and disadvantages. Therefore, they 
should be characterized to be utilized properly in 
each part of the supply chain. 

In this paper, visible light communication (VLC) 
is proposed as a new IT initiative for realizing the 
information sharing for SCM. Rest of the paper is 
organized as follows. In Section 2, the state of the 
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art technologies applied in SCM and a brief 
introduction of VLC are presented. In section 3, 
VLC technology is proposed for different stages of 
the SCM. Finally conclusions are presented in 
section 4. 

2. THE STATE OF THE ART
 INFORMATION SHARING
 TECHNOLOGIES 
 

Information sharing between partners in the 
supply chain is crucial and these integration 
attempts are accompanied by IT initiatives. Such IT 
initiatives include RFID, NFC, UWB, GPS, 
ZigBee, ultrasonic, infrared-based systems. 

2.1 RFID  

Radio Frequency Identification (RFID) is a 
wireless and automatic identification technology 
which applies electromagnetic (or inductive) 
coupling of the radio frequency signal or the 
reflective transmission features to automatically 
identify objects (which are RFID tags). After 
identifying, the object information can be sent or 
received. The automatically identification of an 
object is by far easier than manually identification. 
Moreover, the development of RFID system has 
caused significant productivity improvements in 
many operational areas of the overall enterprise 
supply chain [11-13]. Using RFID in manufacturing 
process provides the possibility to achieve real-time 
information about the items involved in the process. 
The obtained information will be used to advance 
the production efficiency and decrease the 
production cost [14, 15]. 

2.2 NFC 

Near Field Communication (NFC) is an 
emerging wireless short-range technology which 
supports just a few centimeter distance point to 
point communication. Operation principle of NFC 
is based on inductive coupling. NFC enables 
developing devices, like handheld devices, to 
access information inside a smart object like RFID 
tags and NFC tags by holding the handheld device 
next to the smart object. NFC has lower bit rate and 
support shorter transmission range compared to 
other short range technologies such as the Wi-Fi, 
RFID and Bluetooth. The profits of NFC 
technology for industrial applications could be; (1) 
NFC technology provides an easy to use 
communication between two nodes. (2) Initial 
latency to set up each communication for NFC is 
significantly low compared to other technologies 
such as Bluetooth. (3) NFC provides long lifetime 
battery for each node because this technology 

consumes lower power compared to others. 
However, the most important limitation of this 
technology is short communication range between 
two nodes. Moreover, two phones that benefits 
from NFC technology can communicate and share 
news, audio, video files, photos, and etc. Reference 
[16] proposed, using NFC mobile device for 
solving the existence problems of sales data 
management System of Chain Enterprises.  

2.3 UWB 

Ultra wideband (UWB) is a radio frequency 
based technology which applies a large portion of 
the radio spectrum and can support high bitrate, 
short range communication. UWB technology 
enables high precision positioning and tracking. 
UWB is utilized for indoor positioning and tracking 
in [17, 18]. They used active RFID tags to obtain 
accurate position information. In fact, they calculate 
the position by estimating the time of arrival (TOA) 
of received signals. The advantages of using UWB 
technology is that UWB signals offer accurate TOA 
measurements in multi path environment. This is 
due to the high temporal resolution of UWB signals 
[19]. 

2.4 GPS 

The Global Positioning System (GPS) is based 
on the satellite communication system provides 
position (altitude, latitude and longitude) for every 
system, equipped with a GPS receiver device, in 
everyplace on or near the Earth. For realizing the 
GPS, there should be a line of sight among four or 
more GPS satellites. 

In fact, GPS system estimates the propagation 
duration of a signal between GPS receiver device 
and satellite by using this information the position 
of the object can be calculated. GPS is a highly 
available technology but the drawback of GPS is 
that it cannot provide indoor positioning and its 
usage is limited to outdoor [20]. 

2.5 ZigBee  

ZigBee is a technology based on IEEE 802.15.4 
standard for personal area networks. ZigBee offers 
low cost, complexity and power consumption with 
a low bit rate highly reliable communication. 
ZigBee is an ad-hoc wireless technology that 
provides short distance transmission. Therefore, it 
is suitable technology for automatic and remote 
control because it can be easily embedded to any 
device. By using ZigBee, different devices (like 
RFID tags) can communicate to other neighboring 
devices. Therefore, each node is able to 
communicate to the end user through different 
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paths. This is the reason of high reliability of 
ZigBee system. 

ZigBee is an upcoming technology which has 
attracted lots of attention because of its advantages. 
One of the most important advantages of ZigBee is 
being highly energy saving. In fact, ZigBee can 
save energy considerably better than Bluetooth and 
WIFI counterparts as discussed in [21]. Also, it is 
quite cheap. Currently, ZigBee chip costs just about 
2 US dollars [22]. However the bit rate of a ZigBee 
device is low, but it is enough for most of the 
industrial usages. ZigBee can support 
communication between two nodes with 10 to 100 
meters distance. ZigBee applies radio frequency for 
data transmission. 

2.6 Ultrasonic 

AT&T Cambridge proposed active bats which 
applies ultrasonic frequency for positioning and 
tracking of objects. Active bats provide a better and 
more accurate indoor positioning. Objects are 
equipped with ultrasonic tags identified as “bats” 
[23]. The receivers should be mounted on the wall 
or ceiling to receive emitted periodic ultrasonic 
signals by active bats. Actually, active bats 
periodically emit position and orientation 
information of the object. Other types of ultrasonic 
positioning systems are Cricket and Dolphin 
systems which are discussed in [24] and [25] 
respectively. They offer more accurate indoor 
positioning system than active bats. 

Ultrasonic positioning system provides more 
accuracy compared to other positioning techniques 
used in SCM. However, ultrasonic systems require 
large number of receivers across and also alignment 
difficulties. 

2.7 Infrared 

Infrared light is electromagnetic radiation with 
a wavelength between 740 nanometres (nm) to 300 
micrometres (µm). Infrared system applies active 
badge for location sensing [26]. In this system, a 
small infrared beacon is worn by every person or 
each object. The beacon produces an emitting light 
every 15 seconds which contains a unique code. All 
the indoor location should be covered by IR sensors 
to detect the emissions produces by beacons. The 
received information will be send to the location 
server to calculate the location of the object. The 
advantages of infrared system SCM are; license-
free operation, immunity to electromagnetic 
interference, ease of deployment, low power 
consumption, high security caused by the high 

directionality and narrowness of the beam [27]. 
However, infrared beams cannot penetrate walls. 

Each technology has its advantages and 
disadvantages, therefore it is highly essential to 
evaluate available technologies and limitations 
related to each application before implementation 
and product selection. This will help you adopt 
limitations of each application to beneficial features 
of each technology. GPS, RFID, UWB, ZigBee 
systems utilize radio frequency as medium. But 
ultrasonic system uses ultrasound and Infrared 
system uses Infrared. 

3. APPLYING VLC FOR SCM 
 

Visible light communication (VLC) is an 
emerging optical wireless communication 
technology where information is transferred 
through emitted light by Light Emitting Diode 
(LED). VLC is a data communications medium 
using visible light wavelength between 780 nm and 
375 nm. Advantages of LED would be quite energy 
saving, small size, long life, and low investment 
and maintenance cost. Due to these beneficial 
features, LED significantly outweighs traditional 
lighting systems such as fluorescent and it is 
expected to play a major role in the future lighting 
market. Consequently, these outstanding 
advantages lead to apply LED everywhere, 
replacing traditional light sources. The advantages 
of VLC system would be no electromagnetic 
spectrum regulation, immunity to electromagnetic 
interference, ease of deployment, high bitrate 
(Gigabit/second), high capacity (many users), low 
power consumption, high security, and no potential 
health threatens [27]. Moreover, as discussed later 
LED will be the future lighting system so it would 
be energy and cost saving if we use it in supply 
chain. There are two types of receiver in VLC 
systems; (1) photodiode: which is common, small 
and cheap. However, it is susceptible to noises in 
high bit rates (Giga bit per second) but in most 
SCM systems such high bitrate is not required. 
Therefore, photodiode is more appropriate for 
indoor VLC systems. (2) 2D image sensor, which 
can receive high bitrate information and it is more 
unaffected by noises, because it consists of 
independent receivers, that significantly reduce the 
effect of existence noises [28]. 

Practical results proved that bitrate of 100Mb/s is 
feasible and some researches are achieving Gbit/s. 
Beside achieving high bitrates, developing VLC 
applications such as position information for indoor 
and outdoor are under research now [29]. 
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In the following sections, some applications of 
VLC Technology in Supply Chain Enterprise are 
proposed. 

3.1 VLC in Retailers 

Nowadays the retailers should encounter many 
vendors, because of the increased complexity, it has 
become challenging to manage the product 
effectively. To overcome this problem, a cost of 
more material resources and human resources 
should be paid. By using IT initiatives, these costs 
can be significantly decreased. As shown in Fig.1, 
the retailers can apply following aspects to benefit 
from the advantages of VLC technology. 

 

 

Figure 1: Applying VLC for Retailers 

1) Sharing the product information 

The product information and location are 
obtained by a visible light transceiver and a display 
that is installed in a shopping cart. The customer 
and retailers can search the product information by 
connecting to the LED transceivers’ network, 
mounted on the ceiling. Therefore, the customer 
can find the location of the products graphically. 
Moreover, the retailers can review the warranty 
authentication of the products better by checking 
the retailer database. Recently, Information of 
products at a supermarket is experimentally 
obtained by a visible light receiver that is installed 
in a shopping cart [30]. The mentioned options can 
be added to the introduced system in [30] to make 
this system applicable for SCM.  

2) Flow planning survey system for a store 

Visible light ID from LED transmitters, installed 
in each passage in the retailer area, is received by 
the transceiver attached at the shopping cart. 
Customers’ movement can be studied based on the 
received ID from LED transmitters. This system is 
able to analyze how many shoppers passed in each 

passage and how fast they walked. This can help to 
manage product’s location before sale. In fact, the 
shopping experience can be developed. This system 
has been recently proposed by Haruyama in 2011 
[30]. He practically implemented a system which is 
able to analyse how many shoppers and how fast 
they walked in a supermarket [30]. 

3) Customer feedback to the supply chain 

The customers can transmit their demands to 
retailer by using the VLC transceiver and a display 
that is installed in a shopping cart. Then the retailer 
will send the obtained data to the distributer 
through the internet. The distributer also can share 
these data to the manufacturer to inform the 
manufacturer about the customer’s demand. 
According to received data, the manufacturer 
manages the quality and quantity of materials 
which should be ordered by the supplier. 

3.2 VLC in Distributers 

VLC technology can effectively track the 
products in transportation for logistics providers. It 
can reduce the delay time of the products delivery 
to the destination. Thus the transportation cost will 
be decreased [5]. SCM not only contains of the 
manufacture, storage and deliver of the product, but 
also can include the related requirement of the 
customer. This is due to the fact that, the 
information can be feed back in time. VLC delivers 
timely information to all supply chain stages. In the 
new SCM era, the information flow is huge and the 
material flow is small. To satisfy the customer’s 
order by lowest volumes of storage, having the 
accuracy and in time information are quite 
necessary. By doing this, the cost for the relative 
warehouse and transportation will be decreased.  

As shown in Fig. 2, the employee receives the 
information through the network and send it to 
forklift and truck drivers. The received information 
can guide the forklift driver to find the way to take 
the specific loads and then it sends a feedback to 
the employee. The employee will transfer the 
obtain information about the number of boxes 
which should be distributed to the trucks’ drivers. 
Afterward, the VLC transceiver, which is installed 
on the security barrier gate, recognizes the truck 
and then opens the gate to let the truck to exit. 
Moreover, it sends information about the 
destination address as well. As mentioned before 
LED has some significant features. Therefore, it has 
been using in many applications such as LED 
displays, traffic lights, and recently road 
illumination [30]. In fact, VLC is able to provide 
position information with high quality 
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communication. The advantage is that it is not 
necessary to install new transmitters and receivers 
for communication like infrared beacons because 
road illuminations are mounted everywhere. 
Compared to radio and infrared communication, 
VLC uses the large power more efficiency. Using 
VLC system for roads was first proposed in 2003 in 
Japan [31]. In fact, using VLC for intelligent 
transport system delivers real time traffic 
information and the direction finding information. 
As can be seen in Fig. 2, the truck, person and 
forklift are equipped with the VLC transceivers and 
road illumination and traffic light are transmitters. 
The VLC transceiver first receives a code from a 
VLC source such as traffic light or road 
illumination and then it obtains location 
information by accessing to the location server. For 
managing a port logistics environment the position 
of each object is needed. However, managing port 
logistics is influenced by environmental causes that 
can be the source of problem. In fact, steel objects 
affect radio frequency signals and they can damage 
wireless nodes. Therefore, steel objects create 
places that cannot be reached by radio frequency 
signals. In such situations, applying VLC can be an 
interesting alternative. However, visible light 
cannot penetrate objects. In this case radio 
frequency technologies should be applied. 

 

Figure 2:  Applying VLC for Distributer 

3.3 VLC in Manufacturers 

It is very important for manufacturers to keep the 
balance between the customer’s demand and the 
amount of products which should be sent to the 
retailers by the manufacturers. As discussed in 
previous sections, when the retailer and producer 
use VLC technology, they can achieve the 
information of the products timely and the 
consumer’s requirement. By implementing VLC in 
the manufacturer, they can rapidly respond to the 
consumer’s demand. Moreover, manufacturer can 

regulate the ratio of the storage, reduce the products 
inventory. 

 
Figure 3: Applying VLC for manufacturer 

GPS has generally applied for determining 
location on the earth. GPS has an inherent problem 
in measuring the position of objects in places which 
are inaccessible by radio frequency signals and at 
the presence of multipath interference. 
Additionally, GPS is not able to deliver precise 
indoor or underground places. Due to the worse 
performance of GPS, reference [32] applied VLC, 
RFID tags and Bluetooth to accurately calculate 
local position. They implemented fluorescent light 
to indoor position detection with support of RFID 
tags and Bluetooth for better positioning. LED is a 
promising lighting system for future, therefore 
reference [33] proposed a VLC system in which 3 
LEDs in a triangle position are used with 
broadcasting each space location coordinates. They 
used 2D image sensor at the receiver part to 
calculate position more precisely. Moreover, in 
these systems LED is not only used as a low cost 
and energy saving lighting method, but also as a 
communication medium. In fact, VLC is able to 
provide position information with high quality 
communication. Reference [34] proposed an indoor 
optical positioning system using VLC with an 
accuracy of 6 cm positioning error. However, small 
size LED and image sensor are proposed in [33], 
but still VLC positioning needs more future 
research and deployment.  Fig. 3 draws an example 
of applying VLC for a typical manufacturer. 

As can be seen from Fig. 3, VLC provides indoor 
positioning and tracking for both goods and humans 
in a factory. In fact, indoor positioning and tracking 
can be available by using VLC sensors attached to 
the goods or humans and also by using camera 
equipped with VLC transceiver. Additionally, VLC 
offers high speed, low cost and energy saving data 
communication for users, sensors, cameras and 
other data bases on the internet. However, VLC 
signals cannot pass the obstacles. 
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4. CONCLUSION 
 

It can be concluded that each technology has its 
benefits, drawback and challenges. Thus, according 
to each application, proper technologies must be 
chosen. VLC system is emerging as the most 
promising lighting and communication system and 
according to the best of our knowledge; this is the 
first time that VLC is proposed for applying in 
SCM and more researches are needed. Because of 
equipment limitations, this work only presented a 
framework for applying VLC in SCM and it is not a 
practical implementation. Therefore, one future 
work could be experimentally implementation of 
VLC for SCM systems and comparing its function 
and costs with other technologies. 
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