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Abstract - This paper discusses some issues on the 
Bluetooth-based wireless communication and its 
suitable application in communication between 
autonomous cooperative mobile robots. 
 

I. INTRODUCTION 

BLUETOOTH Wireless Technology is a newer 
standard for short-range radio communication. It 

is designed by the Bluetooth Special Interest Group 
(SIG) as a low-cost wireless interface between mobile 
devices that provides low power consumption on the 
2.4GHz ISM frequency band, which is available in 
most countries without the license-permission [1]. 
Within the last few years, some efforts have been made 
to explore the application of Bluetooth for wireless 
short-range communication under several industrial 
environments. Bilstrup et al. have reported an initial 
study of use of Bluetooth in a paper-mill and an office 
environment and concluded that Bluetooth has the 
potential to offer a wireless transmission link even in 
quite hash environments [2]. In contrast to a home or 
an office environment, the automotive environment 
represents a relatively underdeveloped application 
field. Nusser and Pelz [3] described potential in-car 
network architecture for the provision of 
communication, information and entertainment 
services by integrating Bluetooth technology in an 
automotive environment. In this paper, we introduce 
the basic concepts of communication network 
standards, recommendations, as well as application. 
We conclude with presenting our general idea on how 
to apply this new technology to the ICSL cooperative 
autonomous robots. 
 

II. The Communication Network Standards and 
Recommendation 

• WLAN & WPAN 
Network technologies and radio communications could 
be integrated to join wireless networks (figure 1). In a 
wireless communication network field, there are three 
categories: WANs (with distance over 200m), WLANs 
(within 200m), and WPANs (also called Home 
Networking, distance within 100m or over 50m). IEEE 
802.11 standard is a typical example of WLANs. It 
specifies an over-the-air interface between a wireless 
client and a base station or between two wireless 
clients. IEEE 802.11 is extended as 802.11b to provide 
the technical support (high transmission 11Mbps on 
2.4GHz band). 
 

• Mobile Ad-Hoc Wireless Network 
From the network point of view, there are at present 
two network architectures defined, in particular short-
range area networks, infrastructure network and the 
mobile ad-hoc wireless network. 
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Figure 1: Short Range Radio Communication Network 
 
‘A Mobile ad hoc network is a system of wireless 
mobile nodes dynamically self-organizing in arbitrary 
and temporary network topologies’ [4]. One of the 
successful applications in the commercial sector is 
IEEE 802.11 standard, which the MAC (Medium 
Access Control) layer is specially designed as the 
solution. Another example is Bluetooth Wireless 
Technology, a new Ad-Hoc standard, which is drawing 
a great deal of attention in wireless research 
community due to its potentially low-cost. The first 
Bluetooth core & profile specifications were released 
in 1999 and currently both of them are at version 1.1. 
Figure 2 shows the basic concept of the Bluetooth 
Wireless Ad-Hoc Network. It includes two sorts of 
networks, PICONET and SCATTERNET. The piconet 
contains only one node/Bluetooth-based-device as the 
master and up to seven others as slaves. The 
relationship of the master and slaves is similar to the 
client/server model in the computer network. Groups 
of piconets, up to ten, form the scatternet. 
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Figure 2: Bluetooth Wireless Ad-Hoc Network [1] 
 
• Bluetooth architecture and protocols 
Bluetooth refers to a short-range radio technology 
aimed to provide the interoperability between different 
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applications that may run over different protocol 
stacks. Up to date, Bluetooth specification is version 
1.1. The Bluetooth protocol stack (figure 3), contains 
the Bluetooth core protocols, Bluetooth Radio layer 
(RF), Baseband layer (BB), Link Manager layer 
(LMP), L2CAP layer (Logical Link Control and 
Adaptation Protocol) and RFCOMM layer. Bluetooth 
radio provides the physical link among Bluetooth 
devices by utilizing the FHSS-TDD (Frequency 
Hopping Spread Spectrum - Time Division Duplex) 
technique of transmission. There are four tasks done in 
the Baseband layer: establishing the physical 
connections between master and slaves, 
sending/receiving packets, synchronization of devices 
in a piconet on master clock, and power management 
[2]. There are two types of links: Synchronous 
Connection-Oriented (SCO) and Asynchronous 
Connection-Less (ACL) links, to be established 
between master and slaves in this layer. One slave can 
support up to three SCO links, which provide the 
circuit-switched connection from the same master. 
Only one ACL link, which provides the packet-
switched connection, can be supported between one 
slave and one master. The L2CAP layer is responsible 
for the transport service of packets, whilst LMP layer 
and RFCOMM layer provide services on management 
of physical links and interface with other protocols 
such as WAP (Wireless Application Protocol). After a 
number of years of development, WAP uptake has 
been hesitant in the wireless communication market 
due to two main shortcomings: interoperability and 
technical maturity in areas such as security issues. The 
real challenge for security researchers is how to 
implement WAP with security on small-footprint 
devices, such as Bluetooth products with low power 
consumption and small memory space. 
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Figure 3: Bluetooth Protocol Stack [1,5] 
  
• Bluetooth system modules: state of the art 
Since Bluetooth SIG released the standard in 1999, 
there are many products, based on Bluetooth wireless 
technology. After investigation of the market over the 
Internet, table 1 gives the summary of the state of the 
art Bluetooth system modules. The description of the 
table follows four aspects: integration, processor & 
memory capability, transmitted power, and footprint-
size. At the technical development standpoint, a single-
chip solution, like BCM2033 from Broadcom, 
CX72303/CX81400 from Conexant, ROK101007 from 
Ericsson and EYSF1SAXX/EYSF1SSXX from Taiyo 
Yuden Center, have more advantages such as 
flexibility when compared with others. Some 
companies for example, Atmel, Conexant, and TI 
(Texas Instruments), use the latest processor, ARM7 

RISC processor, and the SRAM & flash memory to 
build their modules faster and efficaciously. Bluetooth 
technology is designed for short-range wireless 
communication within 10m at the beginning and now it 
is possible to extend up to 100m by increasing the 
transmitted power. The module from Taiyo Yuden is 
the first one around the world achieving such a 
technique, power output class 1 (20dBm). In general, 
two modules, from Taiyo Yuden and Conexant 
respectively, are better. However the latter has a larger 
size (Motherboard - 23x26.7cm2). 
 

Table 1: Overview of Bluetooth Products [1] 
 

Company
Name

Atmel
Corp.

BroadCom
Corp.

Conexant
Corp.

Ericsson
Corp.

Philips
Corp.

Taiyo Yuden
R&D Center

Texas
Instruments

Products AT76C551
(BB)
T2901
(RF)

BCM2033
(BB+RF)

CX72303/
CX81400
(BB+RF)

ROK101007
(BB+RF)

PCF 87750
(BB)
BGB100
(RF)
PCF26100
Adapter IC

EYSF1SAXX/
EYSF1SSXX
(BB+RF)

BSN6040
(BB-RAM)
BSN6030
(BB-ROM)
TRF6001
(RF)

 
III. Communication with Bluetooth Technology 

between Robots 
Bluetooth Wireless Technology is a newer standard 
and particularly designed for short-range 
communication. Many manufactures at present have 
been involved in design of their own Bluetooth-based 
modules so that the solution will meet and exceed the 
marketing requirements. Our goal is to target the 
improvement of the robotic radio communication 
system. Thus we investigated the Bluetooth-based 
products from different companies listed in table 1. 
Later on, those products shall be diagnosed and 
analyzed, examining the suitability of Bluetooth 
application in autonomous mobile communication 
systems.  
 

IV. CONCLUSION 
Throughout the literature review of WLAN/WPAN 
and investigation of short-range devices, we have 
given a rough picture of how to improve our robot's 
radio communication system. However, the 
recommended solution still needs to be tested and 
measured in the near future.  
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