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1. INTRODUCTION

Personalinstrumentation and monitoring servicesthat col-
lect and archivethe physical activities of a userhaverecertly
beenintro duced for various medical, personal, safety and en-
tertainment purposes. SATIRE is a software architecture,
implementation, and preliminary evaluation of a wearable
personal monitoring servicetransparently embeddedin user
garments. It allows usersto maintain a private seardable
record of their daily activities as measured by motion and
location sensors,which are two of the most popular sensing
modalities in personal instrumentation.

A typical operational scenarioof the SATIRE jacket is as
follows - an everyday user wearing the SATIRE jacket goes

Permissionto make digital or hard copiesof all or part of this work for
personalor classroonuseis grantedwithout fee provided that copiesare
not madeor distributedfor pro t or commercialadwantageandthatcopies
bearthis noticeandthefull citationonthe rst page.To copy otherwiseto
republisho poston senersor to redistrituteto lists, requiresprior speci ¢
permissiorand/orafee.

MobiSys'06 Junel9—-22,2006,UppsalaSweden.

Copyright 2006ACM 1-59593-195-3/06/0006.$5.00.

Praveen Jayachandran
Department of Computer Science
University of lllinois, Urbana-Champaign
Urbana, IL 61801-2302

pjayach2@uiuc.edu

John A. Stankovic
Department of Computer Science
University of Virginia
Charlottesville, VA 22904-4740

stankovic@cs.virginia.edu

Hardware

&<

MicaZ mote

MTS310 sensor board

Resident
Mote

)

Figure 1: A typical user wearing the SATIRE jacket

about his/her daily activities as usual over the course of a
day. During that time, the jacket records sensorydata per-
taining to the owner's activities and whereabouts. When the
system comesin the vicinit y of an accessmote (a basemote
connectedto a PC), the loggeddata is uploaded reliably to a
private repository assaiated with the person. Further, this
data can be usedto reconstruct the activities and locations
of the person. A typical user wearing the SATIRE jacket is
shown in Figure 1.

Our current prototype records human activities and lo-
cation information using 2-axis accelerometersand GPS re-
spectively, storing the measuremers locally until they can
be uploaded. This is achieved using a network of a few Mi-
caZ motes [1] woven into the lining and padding of a winter
jacket. MicaZ motes are o -the-shelf devicesof the sizethat
is roughly half that of modern cell-phones. These devices
have sensing, processing, storage, and wireless communica-
tion capabilities. This data collected is uploaded to a PC
through an accessmote connected to the serial port of the
PC. This data is then usedto identify various human activ-
ities using discrete alphabet based Hidden Markov Models
(HMMs). Accelerometers are devicesthat measure acceler-
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Figure 2: Map of X vs Y EWMA values for certain
activities (Data obtained by performing specic ex-
perimen ts)

ation and can be used to identify human activities. As a
proof of concept, Figure 2 shows a map of the EWMA (Ex-
ponential Weighted Moving Average) Iter valuesof average
energy of x axis of the accelerometerversus average energy
of y axis of the accelerometer. We obsene from this gure
that di erent activities have clearly identi able regions.

To accommadate a heterogeneous system that changes
rapidly (e.g., due to introduction of new hardware, new
system software, new sensor modalities, or new applica-
tions), we developed a layered architecture that advocates
modularity and transparency, where the user involvemert
is kept to a minimum. Figure 3 shows the architecture of
SATIRE. As we notice from this gure, the architecture is
two-dimensional, the rst is the PC/laptop and the second
is the motes On the motes side, the application, operating
system and the hardware layer abstractions have been well
developed by the sensornetwork community. TinyOS [2], a
widely used operating system for sensornetworks, provides
the necessaryabstraction to enableintro duction of new sen-
sor modalities. We developed data collection and storage,
upload, and data synchronization proto cols at the operating
system layer. We alsointro duce the sensorspeci ¢ protocols
layer, layer 3.

On the PC side, data is uploaded at layer 1 and is parsed
and stored in appropriate data formats at layer 2. For exam-
ple, the accelerometric data is stored as (time,sample) value
pairs, whereas the GPS data is stored as (time, latitude,
longitude) values. The data collected at layer 2 is passed
on to layer 3, the data interpretation layer, which interprets
the data collected using various data mining or statistical
and signal processingtechniques. Dieren t algorithms for
reconstruction of the type of human activit y can be plugged
into this layer, thus enabling easyupgrade of garment func-
tionalit y. Finally, the application layer (layer 4) is preserted
with the results in a standard format from layer 3 for the
userto view it.

2. DEMONSTRATION

SATIRE is a next-generation wearable personal monitor-
ing service that is transparently embedded into user's gar-
ments. It records the owner's activity and location infor-
mation using 2-axis accelerometersand GPS for subsequen
automated uploading and archiving. This personalarchiveis
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Figure 3: SATIRE architectural framew ork
usedto identify various activities, such assitting, reading

a book, walking and typing and the location information
of the person. Our demonstration consists of three stages.
In the rst stage, a user will perform a few activities, dur-
ing which time the jacket will record the activity and lo-
cation information and store it in the ash memory of the
MicaZ motes. In the secondstage, we will show the trans-
parent data upload. When the user comesin the vicinity
of the accessmote, the data collected is uploaded transpar-
ently to the PC through the accessmote connected to the
serial interface of the PC. Finally, the data collected over
the course of the demonstration will be usedto identify the
user's activities during that period of time. We usediscrete
alphabet basedHidden Markov Models (HMMs) to identify
human activities. Our current implementation requires that
the HMM be trained for eath user separately for it to be
accurate in identifying activities.
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