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Format try to make interactiveFormat, try to make interactive

Slides & additional info
will be on ALR website

www.activelivingresearch.org
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IntroductionsIntroductions
Who we are

Who’s in the audience?

• Who has used any sort of GPS ever?Who has used any sort of GPS ever?

• Who has called their car GPS bad names?

• Who has thought about using GPS?Who has thought about using GPS?

• Who has used GPS in their research?

What would you like to take away from theWhat would you like to take away from the 
workshop?

www.activelivingresearch.org
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Learning objectivesLearning objectives
Understand for which research questions the use of GPS is 
relevant

Learn best practices of GPS data collecting in free‐living 
studies

L b t l ith f l i i dLearn about algorithms for cleaning, processing and 
categorizing GPS data

Understand how to validate GPS data

Learn how to create temporal spatial variables in GIS using 
GPS data

www.activelivingresearch.org
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Impact of GPS on neighborhoodImpact of GPS on neighborhood 
research

Typical 
neighborhood

buffer

Actual GPSActual GPS
exposure

by weekday
& weekend

www.activelivingresearch.org
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Research impactResearch impact
Better determine strength of relationship

Better assess true impact of resource access

Assess place based interventionsAssess place based interventions

Better understand behavior patterns to 
change behavior

www.activelivingresearch.org
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How does the builtHow does the built 
environment affect 
physical activity?physical activity?

www.activelivingresearch.org
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Where do ourWhere do our 
children play?

www.activelivingresearch.org
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How are our greenHow are our green 
spaces used?

www.activelivingresearch.org
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How do our childrenHow do our children 
travel to and from 
school?school?

www.activelivingresearch.org
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How far are ourHow far are our 
children allowed to 
roamroam 
independently?

www.activelivingresearch.org
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What types ofWhat types of 
activities do we 
undertake?undertake?

www.activelivingresearch.org
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QuestionsQuestions
What research questions do you hope to 
answer with GPS data?

When is GPS data appropriate?pp p

www.activelivingresearch.org
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How GPS WorksHow GPS Works

www.activelivingresearch.org
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How GPS WorksHow GPS Works

www.activelivingresearch.org

www.aero.org
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GPS AccuracyGPS Accuracy

• 3 meters is best case accuracy from 
several studies

•Scott will be presenting more on this, 
later in the day

Daniel Rodriguez & Elizabeth Shay, 2008 ALR Conference Presentation

www.activelivingresearch.org

a e od gue & abet S ay, 008 Co e e ce ese tat o
http://www.activelivingresearch.org/files/GPS-Accelerometers_Workshop.pdf
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Sources of GPS Error: Atmospheric DelaysSources of GPS Error: Atmospheric Delays

Position of the satellite in the 
sky effects accuracy; the 
higher the better.

Other sources of inference 
include sunspots and water

www.activelivingresearch.org

www.geoplane.com
include sunspots and water 
vapor.
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Sources of GPS Error: TerrestrialSources of GPS Error: Terrestrial

i

• Tree coverage when outdoors

• Electronic interference

Also:

www.activelivingresearch.org

www.garmin.com
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Other Problems with GPSOther Problems with GPS
Doesn’t work well indoors

• Poor view of satellites

• Error due to multipath reflectionsError due to multipath reflections

Delay in determining initial position (first fix)

C d b GPS d t fi d t llit d d l t th• Caused by GPS need to find satellites, demodulate the 
navigation message and acquire the GPS constellation data

• When moving from indoors (no signal) to outdoors initialWhen moving from indoors (no signal) to outdoors, initial 
position is often reported some distance from indoor 
location.

www.activelivingresearch.org

• Difficult to obtain first fix when moving > 50 km/hr
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GPS Jitter and Building InterferenceGPS Jitter and Building Interference

Jitter while in 
building

Building 
interference while 

outside

www.activelivingresearch.org

outside
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GPS Issues: Urban CanyonsGPS Issues: Urban Canyons

www.activelivingresearch.org
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GPS Issues: Time to Acquire FixGPS Issues: Time to Acquire Fix

www.activelivingresearch.org
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So why would you bother???So why would you bother???
Research benefits are great

Solutions to problems being created

Still more accurate than self reportStill more accurate than self report

More impactful on policy makers

www.activelivingresearch.org
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Any questions all questions areAny questions, all questions are 
good!

www.activelivingresearch.org
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Existing GPS devices on marketExisting GPS devices on market
Constantly changing

• Garmin watchesl• Garmin watchesl

• GlobalSat DG‐100

• GlobalSat BT‐335

• GlobalSat TR‐203

• QStarz BT‐Q1000X

• Telespial Trackstick

• FRWD B100

• Anyone else used something else? Or had

www.activelivingresearch.org

• Anyone else used something else? Or had 
different experiences?
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Device selectionDevice selection 
Test them for yourself!!

Battery life

Memoryy

Device features: Size, cost

I t fInterface

Fix time

Chipset 

Software for downloading

www.activelivingresearch.org

Software for downloading
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Open source free GPS softwareOpen source free GPS software ‐
BT747.org

www.activelivingresearch.org
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GPS in SmartphonesGPS in Smartphones
Capabilities

• Assisted GPS

• Wifi and cellular positioning

• Integrated accelerometers

• High resolution cameras

Limitations
• Battery life and data restrictions

• Positioning inconsistency

www.activelivingresearch.org

• User interference?
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Smartphone distributionSmartphone distribution
63M US smartphone 
owners in Q4 2010, up 
60% from previous year

S t h t tiSmartphone penetration 
higher in ethnic minorities

Can this existing networkCan this existing network 
of smartphones be 
harnessed?

www.activelivingresearch.org
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Current applications of GPS in mobileCurrent applications of GPS in mobile 
technologies

Patient monitoring – diabetes, 
cardiac rehab

Lab based activity recognitionLab‐based activity recognition 
or validation studies

Pilot studies in free‐living 
populations

www.activelivingresearch.org
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GPS in other devices used by researchersGPS in other devices used by researchers

www.activelivingresearch.org
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Any questions all questions areAny questions, all questions are 
good!

www.activelivingresearch.org
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GPS Device TestingGPS Device Testing
When you have made your choice and bought your y y g y
devices you need to test all units

Device Malfunctioning Testsg

• Signal Acquisition

– Cold/Warm/

• Static Validity

• Dynamic ValidityDynamic Validity

www.activelivingresearch.org
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Signal AcquisitionSignal Acquisition
Test to determine the amount of time needed to acquire a signal in 
cold and warm start conditionscold and warm start conditions

Ensure that the signal acquisition times are within the manufacturer’s 
specifications

Procedure:

• Configure GPS and turn it off for the appropriate amount of time (cold: 
over night; warm: 10‐30 minutes indoors)g ; )

• Go to an open area and turn on the device and record the time at which it 
was turned on

Ch k th GPS d t fil t d t i th ti f th fi t d t t• Check the GPS data file to determine the time for the first data capture 
and calculate the difference in time from when you turned on the device 
and when it first captured data. 

www.activelivingresearch.org



Active Living Research
Building the Evidence to Prevent Childhood Obesity and Support Active Communities

Static ValidityStatic Validity
Test the accuracy and precision of location data 

h h GPS d i i icapture when the GPS device is not moving

Use manufacturer’s specification as a guideline for 
error rate

Procedure:

• Locate geodetic point (point with a known latitude and 
longitude coordinates, usually based on a land survey)

• Collect data at geodetic location

• Determine the accuracy and precision of estimated 
di ( ll i GIS)

www.activelivingresearch.org

coordinates (usually using GIS)
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Dynamic ValidityDynamic Validity
Test of the accuracy  and precision of location data 

h h GPS d i i icapture when the GPS device is moving

Look for variation between devices

Procedure

• Travel along a known path during a specific time periodg p g p p

• Compare the GPS trace from devices collecting data at 
the same time to determine if any one device has a 
trace substantially different from the others

www.activelivingresearch.org
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Preparing devices for deploymentPreparing devices for deployment 
Deciding on # days

Deciding on epochDeciding on epoch
• Sensitivity

• Data management

• Memory

Deciding on settings (e.g. elevation, indoor/outdoor)

Matching times to other devices e.g. accelerometers

Fully charge battery

D bl h k ttiDouble check settings 

Checklist for staff

Keep devices off till shortly before giving to participants

www.activelivingresearch.org

Keep devices off till shortly before giving to participants
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Participant compliance issuesParticipant compliance issues 
Wear time expectations

• Locations/activities of interest• Locations/activities of interest

Initialization requirements
• Cold, warm, and hot startso d, a , a d o s a s

• User input

Battery charging requirements
Additional instrumentation
Logging of wear time
Reminders for increasing compliance
Incentives

www.activelivingresearch.org
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SMS remindersSMS reminders 
Successful use of SMS reminders, morning 
and evening, to 11‐15 years olds to wear 
and charge device

Compliance rates can vary over time, on 
weekends, & in different populations, p p

Be prepared for data loss and drop out in 
your sample size calculationsyour sample size calculations

Other tips from researchers in the audience 

www.activelivingresearch.org

to improve compliance?




