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Introduc)on*
Depression'is'a'major'health'issue'that'affects'over'21'million'American'
men'and'women'each'year.'Depression'oMen'goes'unrecognized'and'
untreated,'and'even'once'treatment'begins'it'is'oMen'difficult'to'
measure'its'effecPveness.'This'poses'parPcular'challenges'for'the'
diagnosis'and'treatment'of'depression,'parPcularly'for'those'who'avoid'
visiPng'a'doctor'or'therapist'due'to'social'sPgmas'or'a'lack'of'energy.'
Currently,'depression'diagnosis'is'oMen'based'on'subjecPve'screening'
quesPonnaires'or'structured'clinical'interviews'that'rely'on'Pmely'inQ
person'visits'as'well'as'accurate'recollecPons'by'the'paPent.'This'makes'
early'detecPon'of'depression'symptoms'exceedingly'difficult'among'
this'populaPon.'Yet'early'detecPon'and'treatment'of'this'debilitaPng'
disorder'has'been'shown'to'improve'paPent'outcomes'considerably.'
Along'with'depression’s'detrimental'affect'on'mood,'it'can'lead'to'
other'associated'problems'because'of'reduced'social'interacPons,'
decrease'in'personal'hygiene,'increased'alcohol'use,'and'neglect'of'
medicaPons'for'current'medical'condiPons.'Assessment'and'treatment'
are'oMen'hampered'by'a'lack'of'objecPve'data'to'corroborate'paPents’'
retroacPve'selfQreports'about'their'current'funcPoning;'hence'an'
objecPve'symptomQmonitoring'tool'could'complement'subject'selfQ
report'measurement'and'enhance'diagnosPc'accuracy.'
'

Caregiver*Interface*
We'developed'a'web'interface'that'is'designed'especially'for'caregivers'
such'as'therapists,'nurses,'and'doctors.'At'the'main'screen,'the'
caregiver'is'presented'a'list'of'aFending'paPents'with'an'overall'
depression'riskQfactor.'When'a'paPent'is'selecPon,'a'summary'of'the'
basic'behavioral'factors:'sleeping'quality,'social'isolaPon,'PHQQ9'score,'
weight,'movement'levels'and'speech'analysis'are'presented'in'a'column'
graph.'Each'factor'is'represented'on'a'scale'of'1Q5'represenPng'low'to'
high'risk.'When'a'factor'is'selected,'a'new'presentaPon'of'the'data'
appears'explaining'the'subcomponents'that'made'up'the'factor'score.'
The'data'is'presented'with'a'PmeQseries'plot'or'table'however'
appropriate.'

Sleep*Monitoring*
A'number'of'clinical'studies'have'found'that'depression'results'in'
disrupPons'in'sleep'paFerns.'Sleep'abnormaliPes'are'present'in'
80%'of'people'with'major'depression.'To'measure'the'quality'of'
sleep,'there'are'selfQreport'quesPonnaires'such'as'the'PiFsburgh'
Sleep'Quality'Index.'However,'studies'have'shown'that'subjects'
with'insomnia'may'not'be'accurate'in'their'subjecPve'report'of'
sleep'latency,'sleep'duraPon,'and'number'of'disturbances.'
Therefore,'there'is'need'for'objecPve'instruments'that'can'be'used'
where'subjecPve'raPngs'fail.'To'date,'there'are'few'lowQcost'and'
unobtrusive'sleep'monitoring'systems.'To'detect'sleep'cheaply'and'
nonQinvasively,'we'demonstrate'a'new'soluPon'using'Synapse'
SNAPpy'motes'for'the'collecPon'and'wireless'communicaPon'of'
data.''
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Depression*Risk*Factors*
!  Sleeping*–*sleeping'duraPon,'number'of'interrupPons,'periods'of'

restlessness.*
!  Speech*–*amount'of'inflecPon'and'the'speech'pause'Pme.'
!  PHQC9*–*index'from'the'popular'depression'screening'

quesPonnaire.'
!  Weight*–*maintaining'a'healthy'body'weight,'without'gaining'or'

losing'10%'in'the'last'two'weeks.'
!  Isola)on*–*amount'of'Pme'spent'away'from'house'has'decreased.'
!  Movement*–*amount'a'movement'and'ADLs'that'occur'in'the'

home.*

The$Empath$system$uses$commodity$components$to$sense$informa4on$
about$lifestyle$and$behaviors.$The$webserver$provides$a$gateway$for$
caregivers$to$evaluate$the$mental$health$of$their$pa4ents.$

SNAPPy mote

Figure 1: The sleeping monitoring setup. Three tri-

axis accelerometers are taped onto the mattress and

connected to a wireless Synapse mote.

tect motions in the bed that can be used to measure quality
of sleep. But to date, the RFID receiver device that provides
power and communication to the tags is too costly.

To detect sleep cheaply and non-invasively, we demon-
strate a new solution using Synapse SNAPpy RF motes
for the collection and wireless communication of data. The
setup on the bed is shown in Figure 1. We attach three in-
dependent tri-axis accelerometers to the mote and they are
each sampled at 1 Hz, sent wirelessly, and processed on the
laptop which determines the amount of deflection on the side
of the mattress when a person’s weight is applied. Since the
accelerometers indicate the direction of force due to gravity
as a vector, we take the dot product of the last sampled vec-
tor and new to determine the amount of deflection since the
last sampling. If the deflection exceeds a threshold, a move-
ment event has occurred. The advantages of this approach
are that 1) the true orientation of the accelerometer does
not have to be established to measure movements, which al-
lows us to do detection without calibration, and 2) it allows
continued operation even when the sensors may have been
knocked out of place, and 3) since we only store discrete
events and not raw accelerometer measurements, we elimi-
nate noise and lower the storage requirements and increased
scalability. The demo will show participants a scaled down
mockup of a bed, and they will be able to lay objects on the
surface and view the data that the laptop receives.

2.2 Caregiver Display
We developed a touchscreen-driven user interface (shown

in Figure 2) that is designed especially for caregivers such
as therapists, nurses, and doctors. At the main screen, the
caregiver is presented a list of attending patients with an
overall depression risk factor. When a patient is selected,
a summary of the basic behavior factors: sleeping quality,
social isolation, CES-D score, weight, movement levels, and
speech analysis are all presented in a bargraph. Each fac-
tor is represented on a scale 1-10 (green to red) representing
low to high risk level concerning a particular factor. When a
factor is selected, a new presentation of the data appears ex-
plaining the subcomponents that made up the factor score.
The data is presented either with a time-series plot or table
however appropriate.

For instance, when the CES-D self-assessment subjective
test is selected, the previous scores from completed tests
can be evaluated, if particular items are important (such as
contemplation of suicide or the loss of pleasure in doing ac-

Figure 2: The caregiver display shows the an

overview of their patients and a breakdown of their

objective and subjective measurements. More data

can be “drilled down” by selecting a factor and a

time-plot or table is produced.

tivities) they can be individually evaluated. For the sleep
factor, detailed subcomponents such as the bed time, num-
ber of interruptions, and the sleeping durations can be pre-
sented, as well as their changing progressions through time.
Weight trends are shown over the period of months, and can
track significant body weight gain or lost corresponding to
a lack of appetite.

To monitor whether a new treatment is working, time
markers can be added to indicate when a patient started
new therapy or medication, and will be composited onto
each sub-factor view. This system is not meant to perform
diagnosis, rather to be used a tool to improve diagnosis ac-
curacy and more complete monitoring.

Participants will be able to navigate through data of dozens
of simulated patients both depressed and non-depressed. User
feedback will be gathered and exploratory user interface de-
sign surveys will be administered during the demo session.

3. CONCLUSIONS & FUTURE WORK
We have demonstrated how low cost and non-invasive sen-

sors can be installed in a home to collect for comprehensive
information to be used to assist in the diagnosis and moni-
toring of depressive illness.

In the future, we plan to evaluate the user interface by
working with several domain experts in psychology, medicine,
nursing, and assisted-living care. A series of user studies
will investigate whether the screen presents useful data 2)
whether the data is presented in the correct manner, and 3)
can scale to many attending patients and long data collec-
tion periods.
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Sleep$is$monitored$using$three$tri<axis$accelerometers$placed$on$the$
ma>ress.$Changes$in$pressure$cause$deflec4ons$in$the$angle$of$the$
sensors.$The$data$is$transmi>ed$wirelessly$to$a$base$sta4on.$

Sample$of$data$from$one$night$of$sleep.$A$threshold$filter$is$applied$to$
recognize$binary$events$rela4ng$to$sleep$periods$and$restlessness.$$

The'sleep'monitoring'algorithm'converts'discrete'bed'movements'to'
sleeping'acPvity'segments.'The'first'stage'performs'segmentaPon'on'
the'movement'data'using'a'rule'that'a'sleeping'segment'has'a'certain'
number'of'movements'and'lasts'for'a'certain'duraPon.'Next,'segments'
are'joined'if'no'other'sensors'in'the'apartment'have'fired'such'a'a'
refrigerator,'toilet,'etc.'The'assumpPon,'at'least'for'single'person'
homes,'is'that'if'no'other'sensors'fire,'you'can'assume'the'paPent'is'sPll'
on'the'bed.''

9'hours,'no'interrupPons'
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