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Abstract. This demonstration paper presents a prototype multi-robot system of va-
cuum cleaning robots. System was designed with the aim to join multiple robots in
a team able to accomplish tasks that are beyond the capabilities of a single robot.
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1 Introduction

Vacuum-cleaning robots are becoming more popular among household users. Such
robots are capable of cleaning individual rooms and small offices. Nevertheless,
cleaning large indoor areas such as hangars is still a challenge, which had not been
addressed by commercial applications yet.. To address this challenge we have devel-
oped a multi-robot vacuum-cleaning system. We use existing iRobot Roomba '
vacuum cleaning robots as robot platforms. We improved them with additional capa-
bilities required for participating in a multi-robot system by attaching a custom-made
extension on top of the robot. This extension includes a computational element with
an Intel Atom” processor, a web-camera for localization purposes, additional bumper
sensor and an additional battery. The added computational element provides means to
address localization, map building and path planning as well as interaction functional-
ity with team members.

System architecture is partially centralized, where a central server plays the central
role by allocating tasks to individual robots and merging individually created robot
maps. When a task is assigned to a robot, the task is executed autonomously and the
server has no direct control over the low-level actions of the robots.

System operates in the following way. User initiates the task allocation procedure
by requesting a cleaning operation using the user interface. This request is then sent
to server and it spreads the whole cleaning area into smaller sub-regions called re-
sponsibility areas. Each robot is assigned a responsibility area. After receiving such
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an assignment, robot travels to the responsibility area and performs the cleaning oper-
ation. After the operation is complete, next unassigned responsibility area is assigned
to that robot. The process continues until all areas are properly cleaned.

2 Main Purpose

The main purpose of the developed solution is to join multiple existing robots in a multi-
robot system to accomplish tasks that are beyond capabilities of a single robot. Particular
task can be defined as area coverage or sweeping task where multiple robots are required
to cover a particular area, however we focus on the overall system architecture and im-
plementation not the sweeping algorithms themselves. The following constraints are
assumed to be held: a) capabilities of a single robot are not enough to cover the whole
area; b) each robot is capable of autonomously covering some part of the area; c) a task
can be decomposed into subtasks in such a way that each subtask can be accomplished
by a single robot. An example of such a task is cleaning a large area warehouse using
vacuum-cleaning robots that are designed to clean a hotel room — no robot is capable of
cleaning the whole warehouse in a reasonable time, but the warehouse can be divided
into smaller areas each of which can be cleaned by a single robot.

We use iRobot Roomba vacuum cleaners as robot platforms. These robots already
have a built-in algorithm for cleaning a designated area. Our objective was to use
these robots as a basis and extend their capabilities to produce a multi-robot system.
To reach the set objective the following interrelated challenges were addressed:

e Task Allocation. To use the built-in cleaning algorithm of the robots, they must
each operate in a distinct designated area. This was achieved by splitting the total
cleaning area into smaller ones called responsibility areas which are then assigned
to individual robots.

e Localization. For the robot to be able to travel to assigned responsibility area and
perform cleaning afterwards, it is essential for the robot to “know” at least the rela-
tive coordinates of itself and the target area. To provide the necessary means of
localization, we use a combination of artificial landmarks (glyphs) observable by
robot onboard camera and robot odometry (wheel encoders) to estimate robot posi-
tion and angular direction in the environment. Our approach is based on assump-
tion that the indoor environment is available for landmark use — it means that it is
possible to install specially designed landmarks for robot positioning in global
coordinates. Details on applied localization techniques are published in [1] and [2].

e Path Planning. To travel safely while avoiding obstacles, an obstacle-free plan for
the path towards the goal area must be constructed. We use Rapidly-Exploring
Random Tree (RRT) algorithm [3] for robot path planning. The aim is to find the
shortest path from current position to destination point while avoiding obstacles in
the way. A modified version of original RRT algorithm is used as published in [4].

e Map Building. To construct an obstacle free-plan, it is essential to know the coordi-
nates of the obstacles, as well as the source and destination positions. This is why a
map of the environment is required. Robots build their map using only the factory-
installed iRobot Roomba sensors. We do not add any additional sensors motivated by
sustaining reasonable cost of the solution. More specifically we use short-range
infrared and bumper sensors to detect obstacles in the environment. We start with an
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empty map of the environment with (approximately) predefined size. Map is popu-
lated with information about obstacles and “free spaces” while robots move in the en-
vironment. Refer to [5] for detailed information on applied mapping algorithm.

System Architecture. Organization and management of multi-robot system must be
supported by appropriate software architecture. To address this problem a partially
decentralized solution is adapted in the following way. An application runs on-
board each robot and is responsible for the low-level control of the robot and
serves as individual localization and mapping source. A server component is also
introduced and serves as a central point of the system. Detailed description of sys-
tem architecture can be found in [1].

Robot Hardware Enhancements. To cope with challenges previously described in
this list, a specialized hardware platform is designed and developed. This platform
is attached on top of iRobot Roomba vacuum-cleaning robots. It consists of a com-
putational element with Intel Atom processor, a rechargeable battery to support the
computational element, a web camera for glyph recognition used in localization
and an additional bumper sensor to compensate extra height of the platform. Only a
few screws and a UART cable are necessary to connect the platform to an existing
robot — no interference with internal robot design is required.

Demonstration

Demonstration consists of 8 minutes long video showing the system in operation,
complimented by the interviews of main contributors (see Fig. 1). The interview
include complementary information about the used methods, approaches and achieved
results as well as outlines the future plans of the team.

Fig. 1. System operation
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4 Conclusions

By solving the challenges of task allocation, localization, path planning, map build-
ing, system architecture and robot hardware enhancements, a working multi-robot
system is produced, successfully joining multiple robots in a unified system capable
of completing tasks that are beyond the capabilities of a single robot.
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