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Abstract—This paper presents the design and implementation
of a reconfigurable heterogeneous modular architecture for
service robots. The proposed architecture has five key concepts
which are different from conventional reconfigurable modular
service robots; 1) easy and multiple assembly according to
requirements of users, 2) hardware resource sharing system
with other heterogeneous modules, 3) communication ability
among all heterogeneous modules which have different
operating systems, 4) automatic connection management system
when a new module is attached, 5) automatic software
upgrading system for new module software. We explain the
three parts of the system architecture which meet the five
concepts; mechanical architecture, software architecture, and
connection architecture. To verify our architecture, we
developed and evaluated a reconfigurable heterogeneous
modular service robot by applying the proposed design.

[. INTRODUCTION

Intelligent service robots consist of numerous components
such as actuators, manipulators, visual recognition system,
and many sensors that should be integrated organically in one
robot to perform specific missions. Developing these systems
requires a lot of time and effort of researchers since
integration of these systems is a difficult task. In addition,
some functions may not be needed for a specific task,
although these functions are essential for other tasks.
Considering these problems, many reconfigurable modular
robot systems have been proposed [1-11]. Reconfigurable
modules for service robots are classified as homogeneous
modules and heterogeneous modules depending on whether
their modules are identical or not [1]. As homogeneous
modules are focused on processing some specific tasks such
as manipulating or actuating, they are not suited for service
robots. On the contrary, as heterogeneous modules have
different functions each, they can process many functions at
once which are essential for service robots.

The goal of this paper is to present a design and
implementation of reconfigurable heterogenecous modular
service robot architecture. We consider five key concepts
which are different from conventional reconfigurable
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Fig. 1. The reconfigurable heterogeneous modular service robot
‘Mom’s Friend” which is assembled with seven heterogeneous
modules; SLAM module, power module, main module, vision module,
home appliance control module, manipulator module, and head
module. Speech module operates separately using wireless
communication at this time.

modular service robots. We have designed the reconfigurable
heterogeneous module(RHM) architecture which satisfies
these five concepts. The proposed architecture consists of
three parts; mechanical architecture, software architecture,
and connection architecture. Using the RHM architecture, we
have developed a reconfigurable heterogeneous modular
service robot ‘Mom’s Friend’ as shown in Fig. 1. Each RHM
can operate independently, as well as cohesively, in
combination with other RHMs. An RHM can be assembled
easily and can share hardware resources. It also
communicates seamlessly although its operating system is
different from other RHMs. When a user attaches new RHMs,
the main module detects and reunites them as one robot.
Mom’s Friend connects to the web site of each RHM, and
upgrades the software automatically.

This paper is organized as follows. In Section 2, we explain
the problems of conventional modular robots and the five key
concepts of the RHM architecture. In Section 3, we describe
the RHM architecture which meets the five key concepts in
Section 2. In Section 4, we introduce the reconfigurable
heterogeneous modular service robot ‘Mom’s Friend’ based
on the RHM architecture. In Section 5, we present our
experimental results and evaluations. Finally, we conclude
this paper in Section 6.

II. KEY CONCEPTS OF RECONFIGURABLE HETEROGENEOUS
MODULAR ARCHITECTURE FOR SERVICE ROBOT

A. Problems of Conventional Modular Robots

In homogeneous modules, as the shape or functions of each
module is identical before assembling into one robot, it is
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managed by the connection managing system which is based
on the connection architecture.

For connecting with other RHMs on all sides as occasion
demands, every connector is able to be placed anywhere if it
is connected with the power hub and the data hub. The
functional system, which has various operating systems and
programs, sends the result data to other RHMs or receives the
required data from other RHMs by the data hub. In this case,
the correlated RHMs should have the same numbered data
board to communicate with each other. Fig. 3 shows the
connection of the power hub and the data hub. Every RHM
should have at least one power board and data board for
assembling. Using the mechanical architecture, each RHM is
able to share hardware resources in the robot when it has the
data board which is connected with the required hardware
resources. In the case of the power hub, main voltage level is
supplied to all modules through the power hubs, and each
power board converts to the required voltage level.

B. Software Architecture

We have designed the software architecture for RHMs to
communicate between RHMs, which have various operating
systems and functions because the suitable OS and processors
may be different depending on the functions of RHMs. As
shown in Fig. 4, we use TCP/IP communication for the
processed result data and RS485 communication for sharing
hardware resources. Each RHM converts the processed result
data to a defined markup language format using the data
parser for communicating among all RHMs. If there is
request for the result data from other RHM, the processed
result data is sent directly if they are connected by data hub. If
they are not connected, the processed result data is sent to

other RHM via the main system which is connected with all
RHMs. When RHM needs to use some hardware resources in
other RHM, it gets the information of the hardware resources
from the connection managing system, and requests the data
or the authority to the RHM which has the hardware
resources.

The main system is decided by the connection managing
system according to the purpose of the robot. The main
system plans the schedule of the whole robot and manages the
version of all RHMs using the connection managing system.
When a new RHM is attached, the connection managing
system informs the main system the status and it gets the
information of the new RHM. If the version of the new RHM
is different from the information in the main module, it
connects the website which has the suitable software of the
new RHM by getting the URL from the connection managing
system. Then the main system updates software
autonomously and schedules cooperating functions. Each
RHM can operate independently without the main system, as
well as cohesively, in combination with other RHMs.

C. Connection Architecture

We have designed the connection architecture for
managing all RHMs in the robot. In reconfigurable modular
robots, the requirements are not only expansibility, but also
the stability of operating the system when users assemble
RHMs randomly. For satisfying these conditions, it is
required that new RHMs should be detected quickly and the
information about new RHMs is acquired. We have defined
the five standard information of the connection architecture
for RHM as follows.
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® /D: National Code (3 digits) + Company Code
(6digits) + Product Code (3 digits)
- It uses the number code which is predefined.
®  Version: Year (4 digits) + Month (2 digits) + Day (2
digits) + Time (2 digits)
- It uses only number.
®  Data Hub: (Board Number + Port Number + Data
Format) + (Board Number + Port Number + Data
Format) R
- Data Format: U (USB), L (LAN), S (Serial), A
(Audio), etc.
- The digit of Data Hub packet is the number of
using port x 3.
® /P Address: 1P address of each module
- IPv4: 4 digits (32 bits).
- IPv6: 6 digits (128 bits).
® URL: URL of the website for downloading the
information of the module
- It uses as string value.

Fig. 5 shows the connection managing system which is
hardware system using micro processor. Each RHM has the
connection managing circuit board with one MCU for storing
the five standard information of the RHM and an eight digits
array switch for setting IP address. Especially the first bit of
the eight digits array switch is for setting the host and the
client according to the purpose of the robot. For the host, the
first bit of the eight digits array switch should be set to low,
for the client, the first bit of the eight digits array switch
should be set to high. If there is no RHM which is set to low,

the RHM which has the lowest IP address is decided to host
automatically. If there are more than two RHMs which are set
to low, the RHM which has the lowest IP address among them
is decided to be the host automatically. The RHM with the
connection managing circuit board which is set to the host
becomes the main system.

When a new RHM is attached, the connection managing
system in the new RHM sends the signal to the host
connection managing system. Then the host connection
managing system gets the standard information from the new
connection managing system. It checks which RHM is
attached and whether there is collision of data hub or not,
automatically. If there are some problems, new RHM stops
working and notifies the problem to users. If there is no
problem, it sends the five standard information of the new
RHM to the main system.

IV. IMPLEMENTATION OF SERVICE ROBOT BASED ON
THE RHM ARCHITECTURE

We have implemented the reconfigurable heterogeneous
modular robot named as ‘Mom’s Friend’ by applying the
RHM architecture which is described in Section 3. There are
eight kinds of RHMs and each RHM has common mechanical
structure and different shape, functions, processors, and
operating systems.

A. Reconfigurable Heterogeneous Modules

We have developed eight RHMs; SLAM module, power
module, main module, vision module, home appliance
control module, manipulator module, head module, and
speech module as shown in Fig. 1. Table I briefly shows the
purpose and operating system of each developed RHM and
the details are given as follows.

B. Various Combinations of Mom’s Friend

As shown in Fig. 6, we assembled various combinations
using Mom’s Friend. The top left robot uses seven RHMs
except the speech module. Each combination operates
independently and communicates together. Its specification is
shown in Table II. The top right robot is the chair robot that
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user can sit on the robot and control it using SONY PSP
(PlayStation Portable) controller. It can be substituted as
wheelchair for the aged or the disabled.

Fig. 7 shows the connection managing system in each
RHM. The top left is the connection managing circuit board
with power board. It has the information of the RHM and
sends it to the host connection managing system when it is
connected with other RHMs. The top right is the data board
for sharing hardware resources and data with other RHMs.
Each data board has five ports and each of them supports
various types of data format. The two bottom pictures are
connectors of a RHM which is a part of the common
mechanical structure. The socket and the connecting method

Fig. 6. Various combinations of Mom’s Friend. Using the RHM
architecture, we have developed eight RHMs and it is assembled
randomly. Especially, the top left robot is the service robot which can
go on an errand. It uses seven RHMs except the speech module which
is operated independently at this time. The top right robot is the chair
robot which is controlled SONY PSP controller by user on the robot.

can be changed according to the system.

V. EXPERIMENTS AND EVALUATIONS

We have executed two experiments of the Mom’s Friend.
The first experiment is focused on the operation of each RHM
independently. The second experiment is the scenario based
operation of the service robot Mom’s Friend.

A. Experimental Result of Assembling Each Module

Fig. 8 shows the procedure of assembling RHMs to the
service robot ‘Mom’s Friend’. At first, there was the robot
which had some RHMs; the SLAM module, the power
module, and the head module. Users could attach some
RHMs to add some functions easily. In this case, as the
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connectors were placed on the top and bottom of the RHM,
users just heaped them up to attach without any screw and
turning off the robot. When users commanded the robot to
execute the functions which required additional RHM, the
connection managing system announced it. And then users
attached the RHM for the functions, and the robot connected
it autonomously and performed the job.

B.  Experiment result based on Service Scenario

We have taken the experiment based on scenario. In this
experiment, we checked the seamless transfer of internal
messages and operation of overall robot system without
communication lag. The service scenario is as follows. Fig. 9
shows the diagram of the internal signal flow.

1) Request Hardware Resource Sharing: The speech
module requested for sharing MICs and speakers and the
vision module requested for sharing cameras to the head
module. The connection managing system checked whether
there were some data collisions. We verified the performance
of the hardware resources sharing system.

2) Greeting & Emotion Expression Mode: The robot found
the users by face recognition engine in the vision module and
greeted by speech and facial emotion expression. We verified
the seamless communication among all RHMs which had
different OS and functions.

3) Home Appliance Module Attached: The robot checked
whether it controlled home appliances or not and it notified
the result to users. Users attached the home appliance control
module and the connection managing system connected it
automatically. In this step, users did not need to stop or shut
down the robot for assembling. We verified the performance
of the easy assembly, the automatic connection managing
system, and the automatic software upgrading system.

4) Errand Mode: The robot listened to users’ order and it
went to grab the bottle of water. It got the camera image from
the arm module and sent it to the vision module to recognize
object. During errand, users ordered the robot to control
home appliances and the robot processed multiple jobs at the
same time. We verified the seamless transfer of internal
messages and operation of overall robot system without any
communication lag.

VI. CONCLUSIONS

In this paper, we have considered the five key concepts for
the RHM architecture to solve the problems of the
conventional reconfigurable modular robots. We have
designed the RHM architecture considering the five key
concepts. The RHM architecture consists of three parts;
mechanical architecture, software architecture, and
connection architecture. Using the RHM architecture, the
RHMSs which have different OS and shape can be joined as
one robot. Each RHM not only processes all functions by
distributed computing in any combination, but also operates
independently without the main module. It shares all

hardware resources in the robot and manages all RHMs
autonomously using the connection managing system. If the
RHM architecture is applied to conventional modular robots,
they can be easier for researchers and better performance
system for users.

We have implemented the reconfigurable heterogeneous
modular robot ‘Mom’s Friend’ by applying the RHM
architecture. In some experiments, we verified that the RHM
architecture solved the five key concepts which were
problems in conventional modular robots. In the future, we
will focus on a multi robot system by applying the RHM
architecture.
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