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Categories and Subject Descriptors. C.2.2 [Network Pro- area of interest at a particular momentin time, and thenan th
tocols]: Wireless Communications next moment there may well be sensors that have moved in).
General Terms: Design, Performance. Given the mobile nature of sensor devices carried by people,
we propose to leverage sensor mobility to extend the sens-
ing range of a node beyond the physical capabilities offered
1 Introduction by its modalities. Based on existing static data-centnc se

The vast majority of work in sensor networks to date has SOr approaches whenever a request is received for data from
focused on static sensor networks and scientific and indus-an area where no sensors are present, the request cannot be
trial monitoring applications, where humans are out of the Serviced and is dropped. VSR attempts to resolve this prob-
loop. There is growing interest in enabling new applicasion lem by delegating the sensing task to a secondary node if this
based on human-centric sensing applications where peoplé€econdary node, being mobile, is heading towards the region
are not only in the loop but serve as the central architectura Of interest indicated by a VSR query issued by the sensing

building block that can be exploited to offer opportunistic range limited originating node. For example, let us assume
sensing at scale [1]. that a series of sensors are placed in fixed locations along a

In this poster abstract, we describe one new service City street and, moreover, assume for certain modalitiats th

that is enabled using a people-centric opportunistic sgnsi  the sensing regions of these static nodes are far apart and
paradigm, one that exploits the mobility of people and is re- do not overlap. Given this scenario it is clear that for some
sponsive to sensing coverage limitations. The ability tsse ~ areas on the street, namely those between two consecutive
any arbitrary region within the sensor field is a fundamental fixed sensors and out of the sensing range of these sensors,
requirement of a sensor network. Sensor devices have a send! is not possible to retrieve sensed data. Such a situaéionc
ing coverage area limited by the sensitivity of the sensing be considered a gener.al predicament of mobile sensor archi-
instrumentation (e.g., acoustic, temperature, light esj)g  tectures that are evolving [1]. In fact a node’s sensing eang
Because of the sensing range limitation there are many in-is likely to be smaller than its radio range in many cases, and
stances when an application needs to acquire sensor data bdbis is particularly true when moving from a 802.15.4 short
yond the range of a given sensor. In this poster abstract, weradio range, currently adopted by most commercial sensors,
propose to extend the sensing range of a mobile or static sento Wi-Fi or even cellular technologies.

sor based on an opportunistic sensing approach [1]. We refer In what follows, we provide an overview of VSR. We

to this extended sensing range as a node’s virtual sensing’@me the fixed nodes, or gatewagallers and the mobile
range (VSR). In what follows, we provide an overview of nodescallees. We use the term callee_because some mobile
VSR, its implementation using TinyOS and Tmote Invents, nodes may be tasked to provide sensing on behalf of a caller.

and an initial result that shows the approach is promising. ~ In Figure 1, the caller is the sensor which has been tasked
2 VSR design to provide sensing about its surrounding environment. The

caller might be a sensor residing in a gateway between the
Mwired infrastructure and the sensor field, thus the caller is

’ ; . . capable of processing any query requesting sensed data from
In this manner coverage is assured via the physical presencgy, o region where a caller is located. VSR exploits the like-
of static sensor devices and their density and distribution ;444 that mobile sensors pass through or by the location
across the sensor field. In contrast people-centric sensingy 5 caller. For example, assume each of thése nodes that
relies on coverage based on the mobility of humans or vehi- o erse a caller's area is characterized by velocity vetto

cles (e.g., a cross enterprise, town, or City). Here CO®I®g | rigure 1 the transmission rangeand the sensing range

probabilistic in nature because complete coverage iselylik g are shown as disks only for the sake of simplicity, but the

at any moment in time (e.g., there may be no sensors in anysg aigorithm supports non-uniform sensing and transmis-
sion range patterns as found in real systems.

Copyright is held by the author/owner(s). The caller, which announces its presence by periodically
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In static sensor networks sensing coverage is achieved b
the physical placement of static devices across a sengr fiel



®caier path toward the caller and, at the same time, callee A passes

O callee the data collected so far to callee B. Once within the caller’

O Wobie radio range, callee B delivers its own sensed data and callee
As sensed data to the caller. Through opportunistic delega

Areaof tion and muling [1] we have virtually extended the caller’s

interest

sensing range to the area of interest, indicated in Figure 1;
this area is beyond the caller's physically limited sensing
range. VSR becomes more useful as the density of mobile

O/ X oo seror nodes per time unit area increases. For example, in a dense
1S urban environment VSR could be leveraged to reduce the
cost of deploying a fix sensor network infrastructure. While
Figurel. Virtual Sensing Rangerealization. both the accelerometer and compass have been used in the

past to realize sensor applications [2] [3], to the best af ou
knowledge they have never been exploited in the design of a
distributed algorithm such as VSR.

3 Experimental evaluation
We have implemented VSR on TinyOS and Tmote In-
vents (which mount a 2-axis accelerometer) for our prelim-
inary experimental evaluation. Because the Invents do not
have a compass, we are planning to integrate a digital com-
pd pass on them. We conducted a simple experiment in a build-
"0 30 60 90 120 15 180 210 240 270 30¢ ing hallway removing the need for a compass (we exploit
Time [s] only one-dimension type of motion). With the compass in-
Figure 2. Sensor readings distribution over time and tegrated with the Tmote Invent we will be able to run the
space. VSR over a 360 degrees angle around the caller. We repro-
duced the setup shown in Figure 1 where the caller is placed
in the middle of a 40 meters long hallway. Five people car-
of mobile nodes to task for sensing beyondSts The met-  ried a Tmote Invent along the hallway for five minutes. For
ric whereby the caller selects mobile nodes is based uponthis experiment the sensing modality we refer to is the light
two factors:i) the Link Quality Indicator (LQI) of mobile  sensor since light is space dependent and a light reading is
nodes’ periodic beacons which start being delivered as soononly meaningful in the immediate proximity of the sensor
as the caller’s radio range is crossed, @deadings from  that made the reading. Figure 2 shows some initial results
a compass mounted on each node, piggybacked in each begor this simple experiment. Each dot on the plot represents
con the mobile node sends to the caller. The caller, which is a sensor reading. The x-axis shows the duration of the ex-
also equipped with a compass, selects nodes heading towargeriment and the y-axis the distance from the caller, which
the area of interest among all the mobile sensors in its radiojs considered the reference point and is placed at position O
coverage. As soon as the LQI of a candidate mobile sen-m. The caller’s transmission power is set up such that its
sor starts decreasing, indicating that the candidate¥éniga  transmission radius is approximately 7 meters. The caller
the caller’s radio range, the caller tasks the candidatesif t  tasks the five callees to collect light readings for 15 m as
candidate is still moving in the required direction. If, for soon as the callees receive the task. The caller light sémsor
example, in Figure 1 callee D is moving from left to right,  this experiment presents a sensing radius of approximately
callee D is a good candidate because it is heading toward themeters. As shown in Figure 2, by introducing VSR it is pos-
area of interest. As soon as callee D approaches the caller'ssible over the duration of the experiment to retrieve sensed
radio coverage edge, callee D's LQI computed by the caller data from mostly every distance within 15 m from the caller
starts decreasing. At this point the caller tasks callee D to on both sides of the hallway. The amount of readings and
start collecting sensed samples. The LQI measurements arghe timeliness of their delivery to the caller would increas
taken per node and are smoothed by applying an exponentialyith the number of mobile nodes passing the caller. This re-
weighted moving average to avoid false positives. sult, while preliminary for a fairly simplistic scenaridy@ws
In our experiment, the callee uses the Tmote Invent's ac- that VSR is a promising technique that supports the notion
celerometer to infer the distance covered from the point of of opportunistic sensing in people-centric mobile sengdr n
tasking. The callee takes samples and stores them in thewyorks [1].
flash until the distance specified by the caller has been COV-4  References
ered. The _Ca".ee probablllstlcal[y re_Iles on other mobile [1] A.T.Campbell etal. People-centric urban sensing BBE/ACM WICON 2006,
nodes heading in the opposite direction to mule data back ~ August 2006.
to the caller once out of the caller’s radio range. In what fol [2] J. Paradiso et al. Design and implementation of exprvessiotwear. InIBM
lows, we illustrate the tasking of a sensor to provide contin System Journal, October 2000. - . .
. . . [3] J.L.Wong et al. Design techniques for sensor applianfoesmdations and light
ued virtual sensing range and the muling of sensed data back™ compass case study. BAC 03, June 2003.
to the caller once the requested data has been acquired. In
Figure 1, callee A tasks callee B to provide sensing along its
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