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Abstract

The advent of Wireless Sensor Network (WSN)
technologies is paving the way for a panoply of new
ubiquitous computing applications, some of thenm wit
critical requirements. In the ART-WiSe framewaovk,
are designing a two-tiered communication architeetu
for supporting real-time and reliable communicason
in WSNs. Within this context, we have been devejopi
a test-bed application, for testing, validating and
demonstrating our theoretical findings a
search&rescue/pursuit-evasion application. Basigall
a WSN deployment is used to detect, localize awik tr

a target robot and a station controls a rescuerfuer
robot until it gets close enough to the target rofitis
paper describes how this application was engineered
particularly focusing on the implementation of the
localization mechanism.

1. Introduction

control station detects, localizes and tracks getar
robot (robot in distress/intruder) and controls a
rescuer/pursuer robot until it gets close enougthéo
target robot. The WSN motes are used for the
localization (RSSl-based) and for communication
between the different entities involved.

This paper focuses on how this test-bed application
was engineered. Namely, we explain why and which
localization mechanism was chosen as well as how it
was implemented. An extended version of this paper
presented in [7].

The paper is structured as follows. Section 2
presents an overview of the test-bed applicatiahain
the used technologies. Section 3 addresses theechoi
of the localization mechanism and how it was
implemented. Finally, section 4 concludes this pape
and provides some directions for future work.

2. Test-bed application overview

Recent advancements in wireless communications and2.1 Snapshot of the test-bed application

micro-sensing embedded technologies are enablimg th
real deployment of Wireless Sensor Networks (WSN).
WSNs offer new ways to monitor/control our
environment in a continuous and almost invisible/,wa
holding the promise of many new ubiquitous
computing applications. Examples include wildlife
habitat monitoring [1], precision agriculture [2]r o
intrusion detection and tracking [3].

At least a subset of these emerging and future
applications is expected to impose real-time
requirements. Thus, we are devoting our efforttheo
development a two-tiered communication architecture
for improving the timing and reliability behavioum
WSNSs, in the ART-WiSe framework [4,5].

In order to test, validate and demonstrate our
theoretical findings, we have triggered the devedept
of a test-bed application [6]. We have opted for a
search&rescue/pursuit-evasion application scenario,
since it imposes stringent timing requirements he t
underlying communication infrastructure. Basically,

The overall objective of the application is to dxte
localize and rescue a target entity, within a derta
region covered by a WSN deployment. Mobile robots
are currently being used to act as target and
rescuer/pursuer entities.

The target robot is supposed to be in distress
(search&rescue context) or to be an intruder (ptirsu
evasion context). A rescuer/pursuer robot will be
instructed by a control station to navigate towatus
target robot, until it gets close enough to it. Ufeg 1
illustrates an example scenario.

The target robot movement is remotely controlled
by an operator, using a joystick. A WSN node modinte
on top sends periodic messages to signal its presen
which are then relayed by the WSN to the Control
Station. The Control Station implements a 3D virtua
display of rescuer and target robots status, based
messages sent from the rescuer robot and on thet tar
localization mechanism, respectively. It also digpl
relevant information related to the rescuer rohatus:



position, heading, mission status, waypoints. The chosen since they feature an IEEE 802.15.4-contplian
Control Station then computes the target robottiona  radio transceiver, which is the federating
and informs the rescuer robot that will immediately communication protocol for the lower tier of the AR
initiate its mission by moving towards the last Wmo ~ WiSe architecture. In this context, we have devetbp
position of the target robot in an autonomous fashi  set of tools, including an open source implemeniati
This process is repeated until the rescuer robcbise of the ZigBee/IEEE 802.15.4 protocol stack [11].
enough to the target robot.
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Figure 1. Snapshot of the application

IEEE 802.11 access point.

3. On the localization mechanism

Figure 2 presents the current test-bed deployment,3.1 Choosing the localization mechanism

showing a rescue mission in progress. ) ) o o
In this kind of applications, the availability of a

Rescuer localization mechanism is crucial for tracking biet
robot target and rescuer robots. The need for absolute

positioning system is also evident, since it is not

feasible to merely rely on relative positioning huaats

(i.e. odometry) when considering long distances, tu

the cumulative positioning error problem.

Assuming that a WSN has already been deployed
in a certain region, it is interesting to use th&NV
capabilities to provide localization functionalityn
addition to other services such as monitoring/aintr
Moreover, with such a WSN-based localization
mechanism, the application is not dependent on
proprietary localization technologies (e.g. GPS)civh

While currently only one target robot and one could be too costly in a large scale WSN.
rescuer/pursuer robot are being used, the number There are many proposals on localization
sensor nodes and the number of robots in each *teamtechniques based on radio range measurements, like
will tend to grow in the medium-term. Time of Arrival (ToA) or Radio Signal Strength (RSS
like the Cricket [14] and MoteTrack [15]. However,
many of these methods either involve special harewa
The WSN nodes are MICAz motes [7], featuring an development or are very time consuming. More detail
ATMEL ATmegal28L 8-bit microcontroller with 128 on these methods can be found in [17].

KB of in-system programmable memory. In order to We have opted for the RSS range measurement
interface the rescuer robot and the WSN, a MIB510 method since it does not involve any additionakige
interface board [9] (with a MICAz plugged in) hardware design and it can be easily implemented in
providing RS-232 communication was used (Figure 3). the MICAz motes by using the CC2420 [18] Radio

The MICAz nodes run TinyOS [10], an open- Signal Strength Indicator (RSSI) function.
source event-driven operating system designed for Since we are estimating distances, the method to
WSN nodes with limited resources. These nodes werecompute position might be Lateration. However, this
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Figure 2. Picture of the current indoor deployment

2.2 Outline of the used technologies



method imposes some practical problems like ité hig
sensitiveness to distance measurements errorghand
fact of being computationally expensive. A much
simpler method — Min-Max — was proposed by
Savvides et al.[19] as part of the N-hop multilatem
approach. The main idea is to construct a bounlng
for each anchor using
estimate, and then to determine the intersectighesfe
boxes. The position of the node is set to the eeotr
the intersection box (Figure 4).

Figure 4. Estimated position (Min-Max and Lateratio  n) [19]

Figure 4 illustrates the Min—Max method for a
node with distance estimates to three anchors. thate
the estimated position by Min—Max is close to the
(real) position computed through Lateration (ithe
intersection of the three circles), which is also
represented in the figure.

The bounding box of an ancharis created by
adding and subtracting the estimated distadagfom
the anchor positiorxg, ya) (1):

[Xa' Ca, Ya- da]’ [Xa+da, ya+da] (1)

The intersection of the bounding boxes is
computed by taking the maximum of all coordinate
minimums and the minimum of all maximums (2):
[max(x - d),max(y:- d)]" [min(x +d), min(y: +d )] 2)

The final position is set to the average of both
corner coordinates.

3.2 Implementing the mechanism

In order for the carry out the implementation oé th
localization mechanism, a set of experiments hdakto
performed. The objective was to build an algorithm
that could relate distance (to the anchor nodehéo

its position and distance

conversion. This was done by establishing a
correspondence between discrete range levels and th
spread of RSSI values encountered for that sangeran
Figure 5 shows the plot of Distance vs. RSSI forgio
levels 3, 4 and 5 of the MICAz, ranging from -25mB

to -15 dBm.

Figure 5. Distance vs RSSI plot

Two different approaches were implemented, based
on the same localization method — one for the mscu
robot and the other one of the target robot. Fighre
provides some intuition on these implementation

approaches.
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Figure 6. Messages for the localization mechanism

For the rescuer robot positioning mechanism, every
WSN node periodically broadcasts a message which
contains the nodexfy) coordinates and address. Some
of these messages are received by the mote on the
rescuer robot that processes the information and
computes its position. In both implementations,yonl
the three nodes with the strongest RSSI are usttkin
computation, in order to reduce uncertainty.

The target robot detection mechanism and the
subsequent mission dispatching to the rescuer raxgot
illustrated in the timing diagram of Figure 7.

The target robot initiates the process by

obtained RSSI measurements, for later processingdnouncing its presence by sending a distressp(’hel

using the Min-Max algorithm in the Control Station
and in the rescuer robot. The most important aspafct
this experimental work are presented in [21]. In

broadcast message (2a) at a pre-programmed
transmission power and periodicity. Every WSN node
that receives that message stores the received &@SI

summary, we have evaluated the most adequate MICAZS€NdS a “Distress Alert message” containing thateva

transmission power level to our environment andaébu

and its coordinates to the control station (2b)e Th

out which intervals of RSSI values were expected at Control Station is expected to receive multiple

different distances, thus enabling RSSI to distance Distress Alert messages” from different nodes. As
soon as a sufficient number of messages is received



(e.g. 7 messages) the target robot's position isfor
computed based on the same algorithm used for thehe
rescuer robot positioning.
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Figure 7. Timing diagram of the messages involved i n the
target detection and localization mechanisms
The Control Station then instructs the rescuer aitier
go (2¢) (e.g. last known position of the targeta)p [Z]
via IEEE 802.11. This process is repeated iterbtive (6]
until the rescuer robot reaches the target robot.

The localization mechanism presented a maximum
error of approximately 70 cm. We did not expectdret  [7]
results for the localization mechanism since, asesdt
in [22], there are many sources of RSSI variabitliigt 8]

may cause errors in the RSSI measurements, evigntual [9]

leading to the computation of a wrong position. ﬁg}
[12]
[13]
[14]

4 Conclusions and future work

This paper outlines the most important aspectsegla
to the engineering of a search&rescue application,
where the mobile entities (robots) are locatedgittie
underlying communication infrastructure — a Wirsles
Sensor Network (WSN). We particularly focus on the
theoretical and practical aspects related to thel16]
implementation of a localization mechanism based on
radio signal strength measurements. This practical
experience on the technology under use in ourbedt-
is of paramount importance for future developments.
We have shown that it is possible to exclusively [18]
rely on the WSN for providing a simple yet effeetiv
localization scheme. Nevertheless, some improvesnent
regarding the application design were identifiale |
the computation of the target robot localizatiorthe
WSN (for a faster identification of the target's
position) and the use of odometry information for
improving the accuracy of the localization mechamis
Future work concerning the ART-WiSe test-bed
application will address issues such as the exdansi
the WSN deployment, enlarging the rescuer and targe
robot teams and the integration of our I|EEE
802.15.4/ZigBee protocol stack in the MICAz motes,

[17]

[20]

[21]

[22]

supporting multi-hop real-time communicatioms i
WSN.
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