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URB 09.2 Overview
AndWellness,  a  new  project  this  year,  is  a  mobile  personal  sensing  applica:on  for  the  Android  pla]orm  that 
includes  a  suite  of  mobile  services,  and  server‐side  soiware  to  improve  personal  health  and  wellness.  As  a 
collabora:on  between  the  Center  for  Embedded  Networked  Sensing  and  the  Global  Center  for  Children  and 
Families, AndWellness will  transform mobile  devices  into  tools  that  uncover  a user's  behaviors at  the  heart  of 
personal wellness without viola:ng their  privacy, and help users design  customized  interven:ons to  improve their 
health.  While  customizable  spa:al‐,  social‐,   temporal‐,  and  mobility‐triggered  reminders,  assessments,  and 
interven:ons are relevant to a wide array of behavior  change objec:ves, AndWellness will ini:ally focus on obesity 
preven:on and weight management. (See Figure 1.)

URB 09.3 Approach
As  users  go  about  their  normal  rou:ne,  the  AndWellness  mobile  applica:on  will  profile  the  user’s  behavioral 
paqerns using con:nuous/periodic sampling of available on‐board sensors‐‐radios (e.g. WiFi, GSM, Bluetooth) GPS, 
and accelerometer.  The AndWellness server analyzes this informa:on to  iden:fy triggers. Alerts can be based on a 
user's loca:on,  or  a more complex context  ‐‐ authored  by the user  ‐‐  that  includes current ac:vity (e.g. whether 
they are  walking,  running,  or  have  been  sicng  for  too  long), 
seman:cally relevant place (e.g. a restaurant, work, or  home), 
and  :me. When  the  AndWellness  server  detects  a  significant 
trigger, it will prompt the user to record audio, video, or  images 
for  future  reflec:on  or  it  will  launch  an  interven:on.  For 
example, when  the  user  is  likely  to be ea:ng, the  applica:on 
could  prompt  the  user  to  take  a  picture  of  their  meal.  The 
picture will  automa:cally be  geocoded  and :me‐stamped  and 
uploaded  with  the  user’s  contextual  descriptors/tags  to  their 
private  account  on  the  AndWellness  server.   Tradi:onally, 
behavior  monitoring  relies  on  retrospec:ve  self‐reports. 
Through  rigorous  side‐by‐side  pilot  studies  comparing 
AndWellness with  tradi:onal  techniques, we  plan  to  evaluate 
the ability  of mobile phones  to  bring  resolu:on, scale, scope, 
precision,  speed,  and  diversity  of  feedback  to  improving 
personal health.

Two  important  characteris:cs  of  AndWellness  are  the  need  for  personaliza:on  and  privacy.  Data  collec:on, 
journaling, and automated context  recogni:on  algorithms must be able to adapt to  a user's environment without 
undue intrusion. We will  explore two services. First, a privacy preserving data collec4on service will  collect data 
from  sensors  on‐board  the  mobile  pla]orm  and  give  the  user  the  op:on  to  modify,  obscure,  hide,  or  delete 
sensi:ve data before it  is uploaded. Second, an adap4ve event‐detec4on service will process the sensor data and 
classify  events, such as  the user‐specified  trigger. The event‐detec:on service will  incorporate  feedback from  the 
user to adapt the algorithm to individuals and their environments.
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We  will  explore  two  key  research  ques:ons  in  implemen:ng  these  services.  First,  we  will  explore  how  to 
incorporate  feedback  from  the  user  into  run‐:me  algorithms  to  improve  the  accuracy  of  our  event  classifier. 
Second, we will  evaluate which  func:onali:es should and  can be automated  in order  to  limit  the burden  on  the 
user.  We will  leverage our experience in designing par:ally  automated fault detec:on and diagnosis systems  that 
incorporate  feedback from  the user  [Ramanathan08]. We have found few exis:ng systems that  explore  this dual 
approach  of  incorpora:ng  user  feedback  while  automa:ng  key func:onality;  it  is an  exci:ng new  direc:on  for 
designing light‐weight mobile personal sensing systems that gracefully adapt to a user's context.

URB 09.4 System Descrip4on
AndWellness  will  use  the  event‐detec4on  service  to  classify  user‐specified  triggers  and  a  user's  ac:vity.  The 
characteris:cs  of  these  events  vary  greatly  across  individuals.  Therefore,  the  event‐detec:on  service  uses  an 
automated  model  that  will  be  adapted  to  each  individual  by  incorpora:ng  their  feedback  at  run‐:me.  In  this 
context  an  event  is defined  as  an  occurrence  that  can  be  uniquely characterized  using a  small  set  of  features. 
Features can take on numerical or string values.  For example, the features needed to describe a trigger are place, 
:me,  number  of  co‐located  people, and  ac:vity.  Place  will  be  obtained  using  a combina:on  of GPS  and map‐
matching where possible. Ac:vity will be obtained using the event‐detec:on  service  to analyze a  combina:on  of 
GPS and accelerometer data as available. When available, the number of co‐located friends or family member will 
be  obtained  using  Bluetooth  stumbling  to  iden:fy  people  by  their  Bluetooth  devices.  These  techniques  are 
discussed  elsewhere  in  the  report.  Users  will  be  prompted  to  label  people  or  places  that  are  encountered 
repeatedly. The GPS, Bluetooth, and accelerometer devices will be regularly sampled and uploaded to the server.

The event‐detec:on service will use a simple unsupervised clustering algorithm to group similar feature vectors in a 
space. Each cluster corresponds to an event. We chose an algorithm that is simple to modify in real‐:me, making it 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Figure 1 AndWellness will use social, 
place, :me, and ac:vity triggers to 
prompt the user to collect dataand to 
launch interven:ons. The user will 
correct the trigger detec:on, control 
their informa:on flow, and tailor 
interven:ons on the phone.

Figure 2 Screenshot of our AndWellness 
prototype which runs on the HTC G‐
phone.
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easy  to  incorporate a  user's  feedback  into  the classifier.  The clustering algorithm will  operate  in a  space  that  is 
defined by the features. In the example described above,  triggers would be classified in a 4‐dimensional space. The 
dimensions of the space would be: place, :me, number of co‐located family, and ac:vity. The features are specified 
at  ini:a:on, and will  be selected such that  similar  events will have  similar  feature values. Because similar events 
group together in the space, they can be classified using the clustering algorithm.

The privacy‐preserving data  collec4on  service  will  allow users  to 
keep  certain  events  or  their  cons:tuent  data  private.  Users  can 
either  restrict  sharing  of  that  data,  or  take  other  protec:on 
measures (add noise, subs:tute equivalent data). Services, such  as 
FireEagle [Fire08], provide similar support.  Such simple controls are 
not  always  sufficient  to  protect  a  user's  privacy.  Therefore 
AndWellness will  addi:onally include support  for  users  to modify 
their  data.  Local  filtering  and  processing  of  data  can  obfuscate 
sensi:ve  loca:on  traces  before  they  are  uploaded,  further 
enhancing  a  user’s  control  over  their  own  privacy.   Data 
modifica:on, which is not commonly available, is perhaps the most 
interes:ng  and  useful  opera:on  provided  by  our  service.  We 
discuss the  data modifica:on algorithms  in the context of  loca:on 
data because  it  is arguably one of the most  important and difficult 
modali:es to  keep private. The service will support  addi:onal data 
types  as  well.  AndWellness  will  support  two  methods  to  modify 
data.  The  first  method  is  to  add  noise  to  the  data  [Agrawal00]. 
Noise addi:on  cannot be applied in all  campaigns [Krumm07]. The 
second method  is  to  replace  sensi:ve  original  routes or  loca:ons 
with realis:c  synthesized routes and  loca:ons. These methods are 
discussed  elsewhere  in  the  report,  and  are  therefore  simply 
referenced in this sec:on.

URB 09.5 Accomplishments
We have an ini:al  implementa:on of AndWellness running on an Android Phone. A screen shot of the applica:on 
is shown above in Figure 2. Addi:onally  we have submiqed proposals to Google and the NIH to obtain funding for 
the project.

URB 09.6 Future Direc4ons
We  will  design  and  implement  an  AndWellness  client  on  the  Android  pla]orm,  which  includes  the  privacy‐
preserving data  collec:on service and  the  responsive  event‐detec:on service, and  the  infrastructure  required  to 
locally store and upload data to the server.

We  will  design  and  implement  the  AndWellness  server  infrastructure  to  store,  process,  and  visualize  data  as 
needed to highlight paqerns and design customized interven:ons.

We will design and  implement a scien:fically rigorous pilot study of AndWellness, and use the feedback to inform 
the next version of AndWellness.

Each  task will  be  designed  and  implemented  in  :ght  collabora:on  with  the  target  popula:on.  Therefore,  each 
component will be itera:vely designed, implemented, and evaluated.  This itera:ve process is cri:cal to the success 
of our applica:on, but will extend the overall design cycle.

URB 09.7 External Research Partnerships
Global Center for Children and Families (Current)

We plan to reach out to other community groups for the pilot studies.
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