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Abstract

Multi-Agent Robotic System (MARS) is a system that independent autonomous robots in the restricted environments infer their status from
pre-assigned conditions and operate their jobs through the cooperation with each other. In the MARS, a robot contains sensor part to percept
the situation around themselves, communication part to exchange information, and actuator part to do given work. Especially, in order to
cooperate with other robots, communicating with other robots is one of the essential elements. Because Bluetooth has many advantages such
as low power consumption, small size module package, and various standard protocols, Bluetooth is rated as one of the efficient
communicating technologies which can apply to small-sized robot system. In this paper, we will develop Bluetooth communicating system
for autonomous robots. For the purpose, the communication system must have several features — separated module, flexible interface. We

will discuss how to construct and what kind of procedure to develop the communicating system.
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1. Introduction

In the Multi-Agent Robotic System (MARS)[1][2], each
independent individual robot understands its situation through
the swrroundings, and then operates its jobs through
cooperation with each others. For these cooperative works, the
exchange of the information between the robots should be
essential and communication module is an important element to
construct a distributed autonomous robot.

Bluetooth [3][4] is a kind of short-distance wireless
communication methods. It is developed for portable device
and has several kinds of more advantageous things than other
wireless communication methods - low power consumption,
cheap price, and small package size. Moreover Bluetooth
provides various standard protocols. In these reasons, Bluetooth
is regarded as the most suitable wireless technology for build
up the small-sized robots.

In this paper, we will introduce Bluetooth network for
distributed autonomous robotic system. First of all, the
Bluetooth network has the ability of independent operations.

We will design the system to organize a network scheme and
to maintain the network scheme in the small sized
communication module. In addition to these features, the
network module should serve a kind of standard interface
which commonly used by the most people. If the Bluetooth
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network is developed in this way, development convenience
will be increased because of independent operation of each part
in the robots and this Bluetooth network will be applicable to
other embedded systems easily.

Except the previous hardware features, many considerable
view points are remained - about network scheme, constructing
sequence, and routing problem. We should deliberate on how to
organize the network system, what kind of network form to be
constructed, and what sequence to be used.

In this paper, the features of Bluetooth are briefly
demonstrated in the chapter 2. The constitutions of network
module are described in the chapter 3. The problems related to
network formation are investigated in the chapter 4. The
conclusions and future works about the Bluetooth network
system are denoted in the final chapter.

2. Concepts of Bluetooth

2.1 Features

Bluetooth is designed for portable devices using the power
of a battery, so it satisfies the conditions - low cost, low power,
and compact size. With these reason, Bluetooth is recognized
as suitable wireless communication technology for applying to
robotics. Besides, this technology commonly supports various
standard protocols. Basically most of Bluetooth modules serve
HCI level interface and higher protocol stacks are implemented
by software. Sometimes, the rest serve RFCOMM level
interface - higher protocol than HCI- in the Bluetooth module.
Fig. 1 shows compositions of Bluetooth Stack in the typical
system using Bluetooth.
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Fig. 1. Bluetooth stack and typical Bluetooth system

2.2 Network Support

Fundamentally, Bluetooth is developed to support master
and slave structure. One master should have up to 7 slaves.
Master and slave role- can be operated in a module. There are
two kind of network concept in Bluetooth network as shown in
Fig. 2. The first, a piconet is made up of only one master and
several slaves. The next, a scatternet, which consists of several
piconets, is larger than the piconet.

Fig. 2. Bluetooth network structure ( piconet/scatternet )

3. Bluetooth Network Module

Bluetooth communication system consists of Bluetooth
network modules as shown in Fig. 3 and Fig. 4 - define as a
hardware module in this paper - and each module operates
independently of the embedded system connected to it. In a
word, Bluetooth network module takes charge of constructing
wireless networks. Since only Bluetooth module can’t construct
and maintain networks, Additional circuital elements are
required. Moreover when this network system is applied for
other system, standard interfaces are necessary for serving
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more convenience to developers.
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Fig. 3. Bluetooth Network Module

3.1 Hardware

Bluetooth network module is composed basically of a
Bluetooth module and a network controller to organize a
network system with the Bluetooth modules. We use the
Bluetooth module which contains CSR Bluetooth chipset [5] -
It support UART interface - and use ATmegal28 [6] - Atmel’s
8bit RISC microcontroller - as a network controller. The reason
why we choose the CSR Bluetooth chipset is simple. This
chipset supports UART interface and is the most commonly
used. An ATmegal28 contains about 128KB memory and
supports 2 UART interfaces and is widely used in the world.
The network controller communicates only HCI commands
with the Bluetooth module. Interfacing with network controller
and Bluetooth module, logic voltage difference problem may
occur. However, it is easily solved by a level shifter device. If
external UART use the same voltage of Bluetooth module,
exchanging ATmegal28 for ATmegal28L can solve the
interfacing voltage problem.

Fig. 4. Bluetooth Network Hardware Structure
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3.2 Adaptation to Robots

In our laboratory, we are developing MARS robots. In this
MARS robot, Bluetooth network module takes an important
role of communication part and uses UART as an interface
with other parts. Our small mobile robot consists of four
subparts and a main controller part.

Fig. 5 shows each subparts, that is, (a) sensor part, (b) motor
driving part, (c) main control part, (d) Bluetooth control part, (e)
vision processing DSP module, (f) the appearance of robot. Each
subpart has its own controller, PIC16f873A, to perform its
unique function more efficiently. The main controller part,
Atmegal28, controls the other subparts to avoid process
collision and to determine the actions at each state. Then, drive
the motors to move the robot toward the next state under the
appiied algorithm,

Fig. 5. (a) sensor part, (b) motor driving part, (c) main
control part, (d) Bluetooth control part, (¢) vision processing
DSP module, (f) the appearance of robot

3.3 Construction and Test of Bluetooth Network
Bluetooth module which we use supports several kinds of
interfaces such as UART, USB, and SPL. In order to test

Bluetooth network system in the same environments that robot

operates, we had better directly program to the robot. However,

if only the operation of Bluetooth module is inspected, the
result would be similar to that of direct programming.
So we take the following procedure strategies.

[1] The operation procedures of every Bluetooth module
should be designed in order of time sequence.

[2] After that, to test the designed procedures is executed.

In this stage, we recommend test with serial dongles,
because HCI level command is standard and HCI level
test program is offered [7].

[3] If thus much is correctly performed, network controller
may be programmed. After the programming, test of
each Bluetooth network module and entire Bluetooth
network system should be examined. Passing the test,
the Bluetooth network system would be operated well.

C =)

Fig. 6. Bluetooth Development and Test

4. Structure of Bluetooth Network

4.1 Researches in Scattenet

There are three major parts about researches in scatternet —
scatternet structure formation algorithm, routing algorithm, and
scheduling in the bridge node. Routing and Role scheduling is
dependent on the network structure, so these three parts of
scatternet researches are organically associated with each
others.

There are three kinds of representative formation algorithm
by the shape of the scatternet structure — tree, star, and ring.
Representative tree structure researches are MIT-TSF [8], MIT-
BSFA [9, 10], and Bluetrees [11]. This structure has high
extensibility but also has potentiality of bottleneck at the root
of the tree. In the star structure, BlueStar [12] is the
representative algorithm. Star structure is connected to a
number of piconets through the bridge node. In the ring
structure two kinds of algorithms exist by whether the basic
unit is node or piconet. Nevertheless, the connected form of
basic units is a ring. |

4.2 Formation of Bluetooth Network

In this paper, we use the tree structure of the network
formation, because tree formation is easy and light to adapt for
small embedded system. Besides, in order to implement self-
organized Bluetooth networks, self-organizing algorithm is
essential and wusually has four procedures — discovery,
organization, maintenance, and re-organization [13, 14].

+ Discovery phase :

All of Bluetooth modules are initialized and receive unique
module name from network controller. After initializing, each
module sends inquiry command to detect neighbor modules
and stores information about neighbor modules.

+ Organization phase: .
Using stored information about neighbor modules, Bluetooth
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network structure would be constructed. At this time, efficiency
of the structure is affected by which is the root of the tree. To
estimate the efficiency thorough the tree root candidate, we
define simple fitness function. The Bluetooth module, which
has the largest Fitness function value, becomes the root of the
tree.

[Step 1] Initialize variables :

sum =05 Joomdidare =0

[Step 2] Number of neighbors around candidate module :

sum+=n Soandidate+ = SUM

neighbor *

[Step 3] Candidate is replaced with neighbors during the origin
candidate’s neighbors and operates the followings.
(a) Initialize variables :

sum =10

(b) Fitness function adds multiplied sum by
coefficient of neighbor order :

1
f;'andidate += (__)‘”d” sum
2
[Step 4] Unless the neighbor module does not exist, repeat the
step 3.

¢ Maintenance phase :
Each module updates the information about neighbor module
through periodic inquiry command.

¢ Re-organization phase :

Through the updated information, recalculate the simple
fitness function value of every Bluetooth module. If necessary,
change the structure of the tree.

4.3 Routing of Bluetooth Network
Bluetooth transmit rate is up to IMBPS in Bluetooth core

specification 1.1. Hence, transmission of the massive packet -
such as image data - could lead any problems. Also, because of
the structural problems, the larger numbers of modules exist,
the heavier transmission load is concentrated at the root of the
tree. As these reasons, we should use the pre-processed and
light-weight packet data.

Except these problems, data packet usually hops a number of
steps. Accordingly, we must design the tunneling packet
structure and related algorithm.

5. Conclusion and Future Works

In this paper, we develop the Bluetooth network system for
the MARS. In this system, we use Bluetooth modules, because
of its advantages — low power consumption, cheap price, small
size, and various standard protocols. To guarantee the
applicability and flexibility of the hardware module, we design
Bluetooth network module with a microcontroller and
additional circuits. Also to build simple and light weight
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structure, we select tree-shaped network scheme and define a
simple construction algorithm. Nevertheless, this Bluetooth
module has several problems. After understanding about this
module’s features, we could use the Bluetooth network system.

This Bluetooth System has numerous rooms for performance
improvements in the circuit, network formation algorithm, and
routings. We should try to increase the performance in various
ways — hardware improvement and other network structure
formation algorithm.

For hardware improvements, there are several possibilities.
We can replace the Bluetooth module with another module
which has more high speed transmission rate. Also circuital
modification is needed for convenience of usage. If the higher
profile stack and application program interface (API) are
contained in the network controller, it is certain that easier and
more flexible than that of the old system.

In the network scheme, we should compare a tree formation
algorithm with the other network formation algorithm. We
should examine what kind of algorithm is really suitable for the
Bluetooth network system.
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