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Abstract—We present MOTEL: a robotic-assisted mobile wire-
less sensor network testbed. It is able to deploy and conduct
mobile WSN experiments, where sensor nodes are piggybacked
on mobile robots. The system consists of two main components:
Multi-Robot Architecture for Coordinated Mobility (MuRobA)
and Flexible WSN Runtime Management Software Architecture
(FLEXOR). The first controls the mobility of the robots and the
second controls the sensor nodes without the use of a backchan-
nel. In this demonstration, we show the general architectures
and usage of both components. Most importantly, we show
the deployment and usage of MOTEL as whole, which can be
conducted in any indoor environment in only few hours.

I. INTRODUCTION AND MOTIVATION

Wireless sensor network testbeds have developed to be the
de facto standard for testing WSN applications and algo-
rithms. However, most of these testbeds rely on a complex
infrastructure (backchannel) to provide power to the nodes
and to disseminate code and data. This infrastructure is not
only costly, but makes the testbed rigid. The nodes cannot be
moved between or during experiments and re-deployment of
the complete testbed is time and effort-consuming.

On the other side, mobile WSN testbeds offer a new envi-
ronment to the WSN developer. However, it exhibits two major
challenges: First, the backchannel disappears and second, the
mobility of the nodes needs to be implemented. The problem
of the backchannel has been addressed many times in terms of
remote re-programming or debugging of nodes, e.g. the tool
Marionette [1] or the Contiki toolchain [2]. However, such
tools are rather rigid and support only one operating system
(TinyOS or Contiki), while we are looking for a general-
purpose lightweight user-controlled tool, which enables the
testbed user to implement its own debugging commands and
to easily exchange software modules at runtime.

The second challenge, the mobility of sensor nodes, has
been usually adressed by piggybacking sensor nodes on large
indoor robots. This has been implemented in the Wisebed plat-
form as RoombaNet [3] or in the integrated CONET testbed
(conet.us.es). However, all these system use autonomous
robots, which rely on complex localization and navigation
algorithms, which often prove to be unreliable and slow. On
the other side, there exist also centralized solutions, called
also global vision, for mobile robots, like the ones used in the
RoboCup small size league [4]. Here, the robots are observed
by overhead cameras and localization and navigation becomes
fast and reliable. This suits the purposes of a WSN testbed

much better and is also less costly and more scalable. In the
next paragraphs, we present our solutions to both problems:
FLEXOR and MuRobA and will demonstrate their deployment
and usage in MOTEL.

II. FLEXOR: FLEXIBLE RUNTIME MANAGEMENT
SOFTWARE ARCHITECTURE FOR WSN

FLEXOR is a general-use software architecture for pro-
gramming WSNs. It is platform-independent and has extensive
graphical support for implementing, programming and man-
aging WSNs. Its general architecture is detailed in [5] and
depicted also in Figure 1. For MOTEL, the most important
properties of FLEXOR are its general-use remote function
call mechanism (implemented by the Callback Manager) and
the possibility to exchange software components at run-time.
For the latter, we define Images, which consists of several
specifications, which in turn describe software components
architectures. For example, one specification might consist
of an application and routing modules and another of the
same application, but different routing module. At run-time,
these specifications can be exchanged with a single 1-byte
command instead of complex re-programming and reboot of
the complete system.

FLEXOR provides the following further functionalities and
abilities to MOTEL:

• Remote function call of user-defined functions
• Parameter change of individual modules
• Runtime exchange of software modules
• Remote debugging, status inquiries and data logging
All together, these properties enable MOTEL to run sophis-

ticated, structured experiments with WSNs in both mobile
and static environments without the need of a backchannel.
In order to enable the mobility of the nodes, we piggyback
them on mobile robots and implement the robotic architecture
MuRobA, described briefly in the next section.

III. MUROBA: MULTI-ROBOT ARCHITECTURE FOR
COORDINATED MOBILITY

The general architecture of MuRobA is presented in Fig-
ure 2. It consists of one to several cameras, overlooking the
robots; the component camview, which tracks the colorful dots
on top of the robots to localize them; the FleetManager, which
consolidates the information of all cameras and decides the
movement commands for all robots; and finally one or several
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Fig. 2. MuRobA architectural overview, with its main components the camera input, the fleet manager and the bluetooth–supported robot control. Note that
the system can have several cameras as input and several bluetooth controllers as output.
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Fig. 1. FLEXOR system overview with its main components. Most important
for MOTEL is its remote function calls (CallbackManager) and the possibility
to exchange software components at run-time (the specifications).

BluetoothTransmitter, which sends commands to the robots via
bluetooth. Note that the system is very flexible and scalable,
as it allows for several camera inputs and several bluetooth
controllers. Note also the modularization of the system makes
it hardware independent. It allows for the usage of any cameras
with any lenses and any robotic platforms.

IV. OVERVIEW OF MOTEL

Figure 3 depicts the MOTEL deployment. It consists of
the playground with the camera overlooking it, the robots
with sensor nodes piggybacked on them, and the two control
stations for MuRobA and FLEXOR. Additional sensor nodes
can be freely placed wherever it fits the experiment and will
be also controlled through FLEXOR.

V. NEXT STEPS

In the next future, we will implement and enable a remote
testbed control unit, so that experiments can be planned and
conducted also remotely on MOTEL. This is a major challenge
especially because of the batteries needed by both robots and
sensor nodes. We plan to supply the sensor nodes with power
through the robots and to implement hardware and software for
the robots, which will enable them to re-charge autonomously.
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Fig. 3. General architecture of MOTEL with its main components for
controlling the robots and the sensor nodes.
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