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ABSTRACT

We describe Emuli — a method of replacing sensor data with a

network-wide model of stimuli events. Sensor readings areg
ated on demand from the modeling data stored at each deviég. T
approach allows for both repeatable and variable expetatien
with a network of physical devices for existing and plannedss
ing modalities. We illustrate the approach with (i) a ligkhsor
and (ii) a hypothetical range sensor used in a tracking egiadin.

Categories and Subject Descriptors: C.4 Performance of Sys-
tems: Measurement Techniques

General Terms. Measurement, Performance, Experimentation
Keywords: Sensor Stimuli Modeling

1. INTRODUCTION

Repeatable experimentation is critical when evaluatinglivel
components or high-level applications for wireless senstworks.
This is confounded by the very nature of wireless sensor oy
which are highly dependent on their environment to provixtere
nal stimuli. Without the means to fully control the enviroam
it becomes difficult to draw strong conclusions from expetinal
results.

To achieve repeatability, Emuli provides control over thasor
networks’ perception of the environment. Through modelihg
stimuli of interest can be represented compactly at eacltelév
the network. By using a model-based instead of a trace-based
proach [2, 3]; there are no timing-dependent anomalies sirice
tions, inconvenience or peril of collecting trace recogdir(con-
sider a biotoxin sensor), nor even the need for the sensitglity
to exist. Emuli replaces a standard ADC component (sengor) o
TinyOS [1] with a component that utilizes node specific repre
tations of the modeled stimuli to generate sensor readingiee
mand (see Figure 1). That is, other than a rewiring, the eaftitin
is unaware the readings are not being generated by the ha&dwa
ADC.

We illustrate the use of Emuli by modeling a light sensor and a
hypothetical range sensor.

2. LIGHT SENSOR EMULATION

We demonstrate Emuli’s statistical modeling capabilibgsol-
lecting light sensor readings, compiling the cumulativetritu-
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Figure 1: Applying Emuli to an example sensor application.

tion function (CDF) of the readings and storing the resglfimc-
tion on a mote in a tabular form. When the application recuast
reading, Emuli generates a psuedo-random number usingaihte R
domMLCG component and returns the associated value stored i
the CDF (see Figure 2).
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Figure 2: Statistically modeled light sensor.

3. RANGE SENSOR EMULATION

The hypothetical range sensor determines the distance from the
mote to the target within its range. We arbitrarily fix the sgn
range to32 meters. For the results shown, the modeled target
moves in a zigzag pattern with speed3aheters per second across
a surface. We compute the environment model5fanotes. The
modeled track of the target and mote positions are showngn Fi
ure 3.

To generate range sensor readings, each mote stores theanfo
tion about segment(s) of the target track that are withinrémge
of its sensor (c.f. Figure 4). These segments are compufkaeof
from the simple physical model and loaded onto each device. T
coordinate these distributed events, we use FTSP [4] to syne
chronize the motes. To optimize the calculations and s&rag
segment is represented by two points: the closest to the amate
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Figure 4: Target distance computation with Emuli

) ) ) (e) 4 sample/sec (f) 8 samples/sec
the furthest sensed (i.e. the intersection of the track hedénsor
range). Note that the track of the target through the serfaidy Figure 5: Analysis of tracking measurements.
of individual mote may be represented by multiple segmeFitss
is especially so if the target changes direction within taesing
range. ) separate motes that are the closest in time. As the samplteg r
For the track segmeritd, Bo|, the mote stores the following increases, the time between measurements at separate deotes
data: timest, andt,, when the target is at the endpoints of the creases.

segment, target speegand distancea® = |C, A|*> andby. Note
that if ¢, < tyo then the target moves from to By. Assume that : 2
this is so. Times are stored as integers, distance and spaed — [
floating point numbers. To compute distancef the target at time s l ] { Pt ] ¢ 5
t, the Emuli component first determines whettids within the
time interval of this segment. If it is, Emuli computes thetdnce
b = (t — ta)/s. The actual distance to the target is computed BT T TRy S e sl
asc = v/a2 + b2. Emuli also handles special cases for the target e [
passing exactly over the mote or just toSching the sensimgera ’ (a) distance differences (b) time differences
To demonstrate the operation of range sensing simulatitim wi
Emuli, we implement a simple trilateration application. eTtni-
lateration requires target distance measurements fraee thotes.
We compute intersection points of the circles whose radies a

these measurements. We select two arbitrary pairs of autos 4. TOWARDSCOMPREHENSIVE SENSOR
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Figure 6: Analysis of tracking measurements.

points and draw lines through them. The target location was a
the intersection of these two lines. In our triangulatioplagation, EM l.JIfATI ON o ;
motes report their timestamped target distance measutémtre Our preliminary results indicate that Emuli's model-basgs

base station. Offline, for each distance measurements, leet se ~ Proach for sensor emulation is feasible. Emuli sensor niiaglel

two other closest in time measurements and compute thettarge ~ €an be enhanced with relative ease to represent more ieatst

cation. sors: for example, by combining the deterministic and pidisaic
To showcase Emuli, we vary the sampling rate of our applica- Components. Emuli can be of particular service to the conityun

tion while using the same model. The results are shown in Fig- in the form of a library of models for common modalities thatew

ure 5. The precise track emulated by Emuli is known. Thissadlo €SS sensor network designers can experiment with.

us to compare the results computed by tracking applicatidhe

modeled “ground truth”. In essence this comparison evafutte 5. REFERENCES
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