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Deborah Estrin
UCLA, Center for Embedded Sensing System

Enabled by >3 x 10° mobile Motivated by 6 x 107

phone users, increasingly people on planet earth
with gps, imagers, Ul and their concerns...

¥V | Ambulation R W TR T
o SRS . e NN

Current state: A e Padbain —
. =) o ool 7 - €0 sestermter 28 Octeber 3, 2008 B>
419 /m*s ' Qo 88 ¢f
m— T o || EEER - |z==
: Current mode: |
Walk

Speed: 0.55
Accuracy: 16.0
Lat: 34.0692740670346069

-
»
L
‘ . 3 Long: -118.4430456161499
references
I

- =
. (an't let trucks idle here!
- :‘
S

Friday, October 16, 2009




Mobile smartphones + web/cloud services + social networking

Dashboard

Tell us what you think! Send feeback to peir-info@cens.ucla.edu.
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Civic and Citizen Data Campaigns

coordinated, real-time, geo-coded, tagged, images and prompted entries

GarbageWatch

Recycling Practices on Campus
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Paper
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Plastic Waste
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What’s Bloomin
Blooming Flora on Campus



Invasive Plants Campaign - “What’s Invasive!”

w/National Park Service, Santa Monica Mountains
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Invasive Plants Campaign - “What’s Invasive!”

The weed survey that
ended in 2006 took 2
years and thousands of
person-hours to complete.
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Results from the two-
week What’s Invasive!
indicate data quality is
comparable.

2009

New distributions and significant advancement of some invasive species
have occurred within that last 3 years since the original survey.

Conservation specialists at the NPS, armed with this new data, can
focus attention on managing areas that are newly invaded.

Hansen, Graham, Reddy, ...
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Personal and community sustainability tool:
PEIR: Personal Environmental Impact Report

http://peir.cens.ucla.edu

Location Trace Processing Trip Aggregation

Location Trace + Weather
+ Activty Classification

_—
Trip Summary
Avg. PM 2.5 time spent over
Trip Exposure 0.112716 (hours)
2432 0.470002 0.15
2423 0.235333 027
2410 0.210576 0.04
EMFAC = S
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« Back to Article

GoGreen Foundation

YOUR GO GREEN RANKINGS

Your rankings are displayed below for each group you're in:
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Program helps kids find their carbon impact
Catalina Gutierrez (center) and twin brother Trevor are learning to make better
carbon-based transit decisions. (Brant Ward / The Chronicle)
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Example: Biketastic:
bicycle commuters document, plan, share route data
...to promote safe cycle commuting

location+motion trace augmented
with images and tagging .

Capture & share route features

Collects: location, duration, stops/
starts, roughness, prompted
images/tags

Web interface compares route
qualities

Mash up routes with air quality,
traffic conditions, accidents

o—

http://biketastic.com
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Monitoring exposure to cookstove pollution in rural India:
profile daily activities, exposure to indoor air pollution, at unprecedented detail
(Ramanathan et al)
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GPS, accelerometer Bluetooth temperature Images of a special
traces sensor beacons filter
Outdoor activities Cooking duration Pollution levels

Exposure Model
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Participatory Sensing for health and wellness

what can we learn,
what impact can we have,
with access to

...the other 167 hours of the week...
...the other 1439 minutes of the day...

-
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Ambulation: monitor chronic disease progression and response
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Geocoded imagery:
health behavior data through self monitoring
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Putting it together: Your Living record

{ UI SKETCH } Jane Doe | Messages (1) | Create ODL

Automatically prompted,
prevmonth  May 2009  nextmonth geocoded’ uploaded:

Interventions Drug Prescribed

‘ ‘ Patient prescribed new daily medication. o .
Physiological (BP, glucose...)

Weight in pounds Measurements and trends for the month. AMOUNT: 200 mg

FREQUENCY: One pill twice per day, once in the

“l Patient reporting
| L (medication, symptoms,
stress factors)

150 ;
May 1 i May 31
Location t
Blood Pressure Measurements and trends for the month. ]
‘ {moves up and down
11 meta dat:
230 sysrovric I lepending on
I lected on lef

Contextual/Environmental

\/\/ factors

May 1 i May 31

Map Traces and stationary times with points of interest highlighted

R /7 TIGE) s Creates a living record...
-~ And it doesn’t require a smartphone

to generate telling traces...
http://your.flowingdata.com

—

switch to full screen view map

Center for == Embedded Networked Sensing
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Yau, Hansen

Get Started Now »

Step 1. Follow @yfd on Twitter

Step 2. Sign in to your.flowingdata with Twitter

Step 3. Start recording data (via direct messages)

following a few simple guidelines

Collect data anywhere.

The ubiquity of Twitter allows you to
record data from just about anywhere. If
you can tweet, you can record data.

drinking, etc | This page is Public (Edit)

Share your findings.

Some data is meant to be private, but
some is worth sharing. You decide what
others can and can't see.

data

Making Choices

tweet

We make tiny choices every day. Those choices become habits,
and those habits develop into behaviors. your.flowingdata helps

Interact with your data.

Data is meant to be played with. Use
interactive data visualization and explore
your data.

L
et e — -

Understand yourself.

In the same way you can see growth from
reading old entries in a diary, monitor your
growth and progress through data.

you record these choices.

e el Logoes By Mowr i Dy

W W L0000 Owi T

Customize views to your data.

All data is not created equally. Create
custom visualization pages for what
you're most interested in.

| ] | Il
oco moom
| 1 [
H EEE I | L}
-
Apri May Juw
sEnbes ‘m-@ @ com 08
m im Lm
Explore your data easily.

your.flowingdata was designed by a
statistician, but you don't have to be one
to play with your data.

Follow @yfd on Twitter and Get Started Now

Friday, October 16, 2009
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Previous Year | 2009 | Next Year // This Year

Actions Calendar/

January

October

Yau, Hansen

Friday, October 16, 2009

February
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March
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December

Saturday, July 18

VAN VA W VAN

drank water 10:46 p.m.

ate grapefruit sorbet 9.13 p.m.
ate pho 9.02 p.m.

watched | love you, man 7.00 p.m.
drank water 659 p.m.

drank diet squirt 531 p.m.

ate hot tamales 5.30 p.m.

ale peach cake 4 .47 p.m.
watched garden state 2:31 p.m
ate hotdog 147 p.m.

ate cherries 147 p.m.

drank diet coke 12:44 a.m.
played nba2k8 12.44 a.m.
drank water 10:27 a.m.
exercised jump rope 10:05 a.m.
drank water 9:19 a.m.
gmorning self 9:00 am.

gnite 1:23 a.m.

feeling tired 1:09 a.m.

Total Recorded

1,345

Actions (17)

Recent Actions

gnite 3 days ago

listened This American Life 4 cays ago
ate turkey artichoke panini 4 days ago
feeling annoyed 4 days ago

gnite 1 week ago

drank water 1 week ago

gnite 1 week ago

drank diet dr pepper 1 week ago
feeling hopeful 1 week ago

drank diet coke 1 week ago

429
203
185
154
121
62
a3
21
15
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Example application scenarios

« Chronic disease management---medication titration/stabilization (Activity traces + prompted entry of
physiological measure + prompted entry of side effects--activity features analyzed as an indicator of
functional health)

« Acute health-behavior change---post cardiac surgery support implementation of radical change in
nutrition, exercise, stress, smoking (Activity traces + Prompted entry surveys/entries on targeted
behaviors--food/smoking/phys activity)

« Cancer survivor checkups--3 day living record along with lab tests (Activity traces + prompted entry
about mood, stress, and physical exercise)

e Youth preventative health app (obesity/asthma)---tie in activity and prompted input to social media
and games

 Clinical trial antidepressants--interesting features extracted from activity traces such as trends about
work and weekend time; as well as prompted inputs about mood, avoidance activities, medication and
sleep...

» Research study for stroke rehab protocols--Activity traces to determine ability to cross the street, and

achieved acceleration, in the persons natural environment; important indicator or functional mobility

e Promotora/CHW support --data gathering, patient management including prescribing SMS based EMAs
for the patient). A tie in to personal health records and participatory health where these data become
topics for discussion and problem solving by patient and providers

» Elder Caregivers -- across the collection of caregivers, ability to measure basic health status and track,
alert, over time---the things that don’t get on the chart but that are relevant to patient health status,

interaction, alerts, etc...
Friday, October 16, 2009
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General mobile to web architecture

General flow Potential Examples
APPLICATIONS Chronic disease Health behavior
web, researchers/ monitoring/mngmt  change/adherence

health providers/community

D OO

PROCESSING
mobile device and Activity, mobility = Health behavior

trends diaries
web Services

SO OO

DATA CAPTURE
mobile device Location Geo-coded
and individual traces mobile EMA

—_—

Center for &= Embedded Networked Sensing
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Privacy concerns: Granular Personal Data

Sensitive data

* Quantify habits, routines, associations
* Increasingly easy to share, mine

* Anonymizing location traces/geocoded
time series is often infeasible

 Available to government, insurance,
employers, creditors, ...

Diverse usage

* Collected by individuals

» Using apps authored by ... anyone?
« Shared with nobody, everybody, or some

set in between

—
—
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@ Human Resources

From Incentives to Penalties: How Far Should Employers Go to
Reduce Workplace Obesity?

Pubished January 05, 2008 n KrowldoeBWha=on
I cownLoAD @ rar -

This month, more than half of Americans probably made health-
related New Year's resolutions, Judging from past data, but few
are likely to stick to them, Employees at CF1 Westgate Resorts, an
Orlando, Fla.-based vacation properties company, might consider
themselves lucky: They have an incentive to get healthy, if they
in in the company-wide weight-loss contest this month and
succeed in reaching their goals, they could win cash prizes or a
luxury vacation

inspiration for the contest, now in its second year, came from CEO
David Siegel, who himself recently lost more than 20 pounds, “"He

- Pt put it on the radar,” says Mark Waltrip, chief operating officer at
T Oct as o FOF Westgate, adding that in the contest's first year, some employees
< lost up to 60 pounds. |
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PROTOTYPE

Predicting Where You'll Go and What You'll Like
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AlG Auto Insurance Launches GPS Based Teen Driver

Pilot Progra
Dusiness Wire ., Ape y, 2007
-
NEW YORX AlG Auto Insurance today announced the ALG Teon GPS Program for auto
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Calls for new best practices

Different concerns than data held by
mobile carriers/credit card companies/
etc: regulated usage

Individual captures and shares data: :
- lure of free apps, free services Data Filters

- “Everything is free except for the \ /

data we collect about you”

(adapted/paraphrased from Ondi Timoner, Personal Data Vault
We live in public ) ~

Explore legal and technical mechanisms
to protect our telling traces.
- difficult to anonymize location
traces
- Personal Data Vault (PDV)

User Interfacewmsss—

Data Capture

vault + filters =
granular control

Friday, October 16, 2009 20



Exploring new best practices

Beyond consent: Personal data vault
Beyond access: Legibility
Beyond redress: Long-term engagement

1[0V | ]

Mon, Jan 5, 2009, 4:00 pm - 4:48 pm
Carbon impact: 0 kilograms

Sensitive Skes mpact 0 Klograms

Partculaio Exposure. 0 hours

Fast Food Exposure: 0 hours

VIEW DETALS »»

>

Empleados
Foderalos

Cuauhtemo

More yellowy indicates higher
impact or exposure. White is

'
fr
m J.-‘- uol\ -‘s- .

Frlday, October 16, 2009



Personal Data Vault (PDV):
allowing participants to retain control over their raw data

vault + filters = granular, assisted control over what you send to who, what that data
says about you, whether you reveal who you are or share anonymously, ...

— ——

-.\.-

/ Personal Data Vault

Data Capture
Pov)

Data Filters

Third Party

Partitioned
applications

Applications

User Interface

~
~ ’

— _./

—~— o

——— ——

data legally-accessible filtered data shared with
only to Individual specific service providers

—
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Data legibility
Help participants make sense of, decisions about, data

Legible phone &
service interfaces

Average: 0 vows |2 A
High: 0 ok B
Low: 0 i I8 224

Basic visualization in

vault Average: 406.799
High: 492
. Low: 363
User epgagement in e
analysis E—
High:g 0
Low: 0
Speed
R
o [ {ul
| jr‘l I‘ ‘
| !Wm“'
| ;I ‘ ‘ 'J..‘)’
r{\ ‘ I‘ ‘ | ;- /'»“_:‘ ';" \
' 5 \ ' \ 3 S'llze/fLa# '4.-_7 g ) % \lc
Average: 7.60745538 WP\ s B :
— High:  21.81075 | : 4
Low: 0
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Longitudinal Engagement

Participation from collection through analysis, retention, deletion.

Support ongoing practice of informed-sharing of data streams; not just
protection of already-stored data.

Example mechanism: Configurable, Adaptive Filtering

Share the 10:15 - ' W 'mw' f'.'-m.'o'lu i we
pm trip? s

10:15 pm -
trip detected

Filtered __y, i
t T GPS T
‘_
Data Vault
Policy 1: Don't
release data
after 10 pm

—
—

Center for &= Embedded Networked Sensing
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Legal Privilege

Protection of vault data from subpoena, discovery?

M S A 11 WO MU MU TV o i

_ Mon, Jan 5, 2009, 4:00 pm - 4:48 pm
Cesar

e Carbon Impact: 0 kilograms
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Transferring data from r3.ortho.tiles.virtualearth.net...
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Mobile Personal Sensing
common workflow and services

\
Configuration
.
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s e/
Trace Personal Historical
Data Stream S '
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Social Context
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: Advocacy/
Context Scientific
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i .
—af S e . A
Media 7~
User ]
% Personalization
Tags
DEVICE/SERVER SERVER APPLICATIONS,
DEVICE CAPTURE PROCESSING PROCESSING ANALYSIS, ACTION
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Conclusion

If you can’t go to the field with the sensor you want...go with the sensor you have! (Anon)
The power of the Internet, the reach of the phone (Voxiva)
A trace is worth a thousand images (Anon)

Its not too late to establish legal and technical mechanisms to protect our telling traces

—
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