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URB 11.2 Overview
Par:cipatory  sensing  is  distributed,  real‐:me  data  collected  by a  community of users, aggregated  across  spate, 
:me,  and  diverse datasets, and visualized in  engaging and accessible ways  to uncover  and  highlight the paqerns 
that  shape  individual  and  community  behaviors.  Par:cipatory 
sensing introduces familiar  technologies, such  as mobile phones, in 
innova:ve  ways  to  aid  people  in  observing  and  discovering 
unexpected paqerns through real‐:me, prompted or automa:c data 
collec:on.

Three  current  CENS  par:cipatory  sensing  campaigns  include 
GarbageWatch, Networked Naturalist, and CycleSense.

GarbageWatch  is  a  project  that  asks  members  of  the  UCLA 
community to perform a coordinated waste audit using their mobile 
phones. Individuals use their phones to collect and upload images of 
the  contents  of  garbage  bins  to  help  UCLA  Facili:es  determine 
where  new  recycle  bins  should  be  placed.  Students  from  the 
Educa:on  for  Sustainable Living (ESLP) Program at  UCLA along with 
interested  students  involved  with  CENS  were  recruited  to  collect 
data. The  use of mobile phones made  it  easy for  many concerned 
students to contribute data to this campus‐wide effort.

Networked  Naturalist  is  a  data  collec:on  system  to 
enhance  ci:zen  science  learning  for  users  of  Project 
BudBurst  [Budburst‐URL, Henderson09], a na:onal  ci:zen 
science field  campaign  aimed at  collec:ng phenology data 
across the U.S. Par:cipants are volunteers who record  the 
events of  plant  life history stages,  including first  leaf, first 
flower,  etc.  We  are  working  to  ensure  data  quality  and 
improve data submission techniques, thereby transforming 
Project  BudBurst  as  well  as  general  Ci:zen  Science 
campaigns  for  the digital  era. Par:cipants can submit text 
and  images  by  web,   email,  or  SMS,  thereby  enhancing 
par:cipa:on  in  Project  Budburst.  Addi:onally,  access  via 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the  Networked  Naturalist  website  to  expert  and  peer‐based  discussions  will  engage  par:cipants,  add  to  their 
knowledge, and reinforce the community of par:cipants.

CycleSense is a system to help bikers plan safe routes and  collect 
data  to  improve those  routes. CycleSense  differs  from standard 
mapping  applica:ons  by  harnessing  the  wide  array  of 
technologies  available  on  mobile  phones,  such  as  a  GPS, 
accelerometer, microphone, and imager, for  real‐:me distributed 
data  collec:on. A mobile  CycleSense applica:on  running on  the 
phone automa:cally gathers and shares data with the Cyclesense 
server  such as loca:on; starts and stops; roughness of  road; and 
noise level of route.

URB 11.3 Approach
Our three campaigns tackle three different  technical and usability 
issues  that  aim  to  increase  par:cipa:on  in  campaigns  and  are 
fundamental  to  designing  successful  par:cipatory  sensing 
campaigns. GarbageWatch will  provide a system to  aid  in  recrui:ng par:cipants by matching an  individual’s past 
reliability and spa:al mobility with  the needs of the current  campaign. NetworkedNaturalist aims to  improve  the 
quality  of  data  collected  by  ci:zen  scien:sts  by  providing  almost  real‐:me  feedback  to  par:cipants  using 
automated  data quality analysis and immediate data visualiza:on.  CycleSense aims to engage target communi:es 
in a par:cipatory design process and automate data capture as much as possible to reduce the burden on the user. 
We elaborate on each approach below.

GarbageWatch:  In  tradi:onal  sensor  systems,  one  of  the  fundamental  problems  concerns  the  placement  of 
sensors.  The analogous problem  in par:cipatory sensing is  choosing users  to  perform a par:cular  data collec:on 
task. Ideally, volunteers cover areas and :mes of interest (e.g. day:me hours and major campus walking paths) and 
have a high par:cipa:on rate. The system considers the availability of the user  to par:cipate in terms of spa:al and 
temporal contexts, the reputa:on of the user as a data collector, and the cost associated with the user as elements 
involved in the process of choosing data collectors.

This recruitment system can be used by a campaign designer or sponsor, such as the Facili:es Department at UCLA 
or a group concerned with sustainable prac:ces (ESLP), to quickly help iden:fy individuals that would best provide 
the necessary coverage and par:cipa:on rate needed to assess waste usage and help in providing feedback to the 
volunteers to obtain higher u:lity informa:on.

Networked  Naturalist:  We  are  crea:ng  a  data  collec:on  system  to  enhance  ci:zen  science  par:cipa:on  by 
improving the quality,  feedback,  and submission of data. We wish to increase par:cipa:on and reten:on in Ci:zen 
Scien:st campaigns through three avenues afforded by the use of new technologies:

• Opening the methods for successful data collec:on, as through the web, email, mobile phones, and automa:c 
data uploads from user‐owned hardware.

• Providing immediate feedback on data through automated analysis and real‐:me display of graphical and map‐
based representa:ons of par:cipant’s data.

• Leveraging the tremendous par:cipa:on in social networking sites to further enhance the user experience, as 
well as expand and retain par:cipa:on.

CycleSense: CycleSense is being developed with the advice and par:cipa:on of the city’s biking advocacy groups to 
design  a  system  that  will  be  useful  for  bikers. Pilot  testers  from  the  Los  Angeles  County  Bicycle  Coali:on  and 
BikeSage will have input into what data to capture, how to capture it safely, and how they would like data analyzed 
and shared.
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CycleSense also aspires to capture as much data as possible without user interven:on to reduce the burden on the 
user.  While photographs can help document a route, bikers may not wish to stop  to pull out their phones.  Instead, 
phones stowed in a backpack or mounted on the bike can automa:cally detect loca:on, as well as features such as 
roughness  (using  the  accelerometer).  This data  can  then  be matched  against  exis:ng  sources  of  data,  such  as 
eleva:on maps, traffic maps,  or accident maps. By combining exis:ng informa:on about condi:ons in Los Angeles 
with biker contributed data (such as pavement  roughness es:ma:ons),  CycleSense will enable area bikers to plan 
routes with the least probability of traffic accidents,  best air quality, or according to personal  preferences,  such as 
best  road  surface  quality  or  connec:ons  with  public  transporta:on.  CycleSense  will  also  encourage  bikers  to 
contribute informa:on to improve the safety and well‐being of the Los Angeles bike community.

URB 11.4 Systems Descrip4on
Each  of  our  three  systems  uses  different  mechanisms  to  increase  par:cipa:on.  GarbageWatch  aims  to  model 
par:cipants past  par:cipa:on  as accurately as  possible using sta:s:cal  analysis techniques. NetworkedNaturalist 
uses mechanisms that are simple and accessible  in  order  to be as user‐friendly as possible. CycleSense, unlike the 
other two campaigns, provides some soiware to run on the mobile phone that will automa:cally collect data,  even 
if the rider never clicks a buqon.

GarbageWatch:  To  model  the  availability  of  par:cipants,  we  explore  obtaining  different  resolu:ons  of 
“mobility”  (loca:on  and  ac:vity  traces)  from  individuals.  This  mobility  informa:on  can  come  in  the  form  of  a 
detailed GPS trace annotated with  ac:vity, a descrip:on of building  level  occupancy sent  via text  message, or  a 
submiqed  :me‐ac:vity  form. From  the mobility  informa:on, which  is an  “associa:on matrix”  that  captures  the 
amount  of :me spent  in a par:cular context and determines coverage,  the system creates a profile. Solving a cost 
constrained  set‐cover  problem,  the  system  finds  the  ideal  set  of  individuals  to  perform  the  campaign.   Since 
availability  can  change  from  the  generated  profile,  system  components  compare  the  similarity  of  profiles  for 
different  periods.  By  using  Singular  Value  Decomposi:on  (SVD)  to  obtain  eigen‐behaviors  for  the  associa:on 
matrix, we are able to get a sense of whether individuals are following their profile or behaving differently.

To  calculate  reputa:on,  par:cipants  perform  calibra:on  tasks  where  ground  truth  informa:on  is  known.  The 
reputa:on of individuals as data collectors is calculated by comparing their  individual contribu:ons to what could 
have  obtained  in  an  ideal  case.  This  reputa:on  score, which  is modeled  using  the  Beta distribu:on  due  to  the 
ability  to  get  a  sense  of  epistemic  and  stochas:c  uncertainty,  is  used  as  an  addi:onal  factor  in  the  process  of 
choosing data collectors for the campaign.

To  support GarbageWatch  and explore  some of  the research challenges outlined above,  a system was developed 
that  involved three basic  components. First,  a data  collec:on client was  created  for Nokia N95 phones to  collect 
mobility  traces  and  submit  images.  Second,  an  image‐processing  module  was  created  that  handles  obtaining 
images from the mobile phones (via email) and  sending it  to Flickr  for storage and future retrieval. Third, a set  of 
modules were wriqen  that analyzed where data is contributed, who  contributed data, and under what context  to 
validate both availability and  par:cipa:on models during a campaign. The system was used  by the ESLP students 
along with members of CENS for a period of 1 month to perform data collec:on.

Networked  Naturalist:  Networked  Naturalist  is  an  open‐source  pla]orm  to  help  manage  the  Project  Budburst 
Ci:zen Science data collec:on campaign. Our primary goal  is to design Networked Naturalist to be easy for anyone 
to use, and easy for developers to extend. Networked Naturalist supports campaign crea:on and recruitment, user‐
friendly interfaces to submit data, and data processing, aggrega:on, and visualiza:on to make data accessible and 
legible to all users.

Networked Naturalist  will  need  to  manage terabytes of  data, hundreds‐to‐thousands of par:cipants,  occasional 
soiware  revisions,  and  changing  data  analysis  algorithms.  These  features  combined  will  support  many 
simultaneous campaigns. Currently, Networked Naturalist users can:

Use the website to set up plants that they would like to observe as part of Project Budburst.

• Submit SMS, MMS, and email messages with observa:ons, images, and personal notes on their plants.
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• Receive confirma:on messages, error messages, or query responses over SMS and email.

• Access, sort, filter, and visualize individual data or everyone's data over a web interface.

• Modify or delete old observa:ons.

CycleSense: CycleSense bikers carry a GPS‐enabled mobile phone during their  commute. The phone automa:cally 
uploads bikers’  routes to a secure and private website. The phone also uses its accelerometer  to register bumps in 
the route, and takes sound samples to calculate a rela:ve comparison of noisiness along the route. Par:cipants will 
be  able  to  log in  to  see their  route combined with exis:ng data,  including  eleva:on change along  the  route,  air 
quality,  :me‐sensi:ve  traffic  condi:ons,  and  traffic  accidents.  Par:cipants  can  also  use  the  system  to  share 
informa:on  about  their  routes with  other  riders.  Bikers  can  document  impediments by taking  photos with  the 
mobile phone or sending a text message to CycleSense.

URB 11.5 Accomplishments
All three of our systems have been used in pilot studies.

GarbageWatch: We have created a system that enabled 30 users to contribute over 2000 images. The exis:ng run‐
:me system con:nually  operates during a campaign and provides feedback on needed coverage and also individual 
par:cipant  sta:s:cs. Furthermore, we have  tested  our  ini:al  algorithms  in  regards  to  recruitment  both  on  the 
fronts of mobility models for coverage and the reputa:on framework for par:cipa:on.

Networked Naturalist: We have established a working rela:onship with  Sandra Henderson at UCAR, the leader  of 
Project  BudBurst.  Through  this  contact,  Project  BudBurst  has  expanded  on  some  of  the  concepts  outlined  in 
Networked Naturalist for their 2009 campaign. Indeed, we have jointly applied for funding through several agencies 
for  further  collabora:on. We have  also  arranged  mee:ngs with  the  Santa  Monica branch  of  the  Na:onal  Park 
Service,  in  order  to  expand  on  Networked  Naturalist  to  incorporate  local  par:cipa:on  in  invasive  species  data 
collec:on. Our general pilot  campaigns have indicated that campaign organizers and  system designers are able to 
easily  and  systema:cally  manage  all  of  the  en::es,  system  components,  and  informa:on  flow  involved  in 
suppor:ng a campaign from start to finish. Networked Naturalist is extensible, built on top of Code Igniter (hqp://
codeigniter.com/),  an  open  source  PHP  Framework  for  web  applica:ons.  Code  Igniter  uses  the  Model‐View‐
Controller  approach, which  allows separa:on  between  logic  and  presenta:on. By separa:ng data management 
from the web pages, Networked Naturalist is easier to manage and modify.

CycleSense: We have developed  soiware that  collects  and  uploads GPS data, accelerometer  readings, and sound 
samples  from  Nokia N95 mobile phones. A  rudimentary user  interface currently  displays this  data, and  a more 
complex  user  interface  is  currently  under  construc:on. Using  this  soiware  and  interface, we  have  pilot  tested 
collec:ng loca:on, sound, and accelerometer data in an:cipa:on of beta tes:ng the CycleSense system as a whole. 
In addi:on, we have established partnerships with leaders in  the Los Angeles bicycle community, including the Los 
Angeles County Bicycle  Coali:on  and  BikeSage,  an  emerging cyclist  mentoring group. We  have  also discussed  a 
poten:al partnership with MapMyRide.com to pilot test CycleSense with their 30,000 Los Angeles‐area riders.

URB 11.6 Future Direc4ons
All  three  systems  aim  to  do  more  pilot  studies  in  the  next  year.  In  order  to  get  there,   GarbageWatch  will 
incorporate different forms and reliability levels of data; NetworkedNaturalist will  incorporate data from different 
sources, improve par:cipant privacy, and include social forums; CycleSense will complete the user interface.

GarbageWatch: Future direc:ons for the project  include exploring methods to  deal with different  resolu:ons and 
quality of mobility  informa:on given for  availability profile crea:on.  Project plans also  include considering  ra:ng 
availability informa:on  based  on  how  it was  collected  and  submiqed  and  also  considering completeness  of  the 
informa:on (e.g. does it represent a whole week or just certain parts of week). Calibra:on tasks seem to be a good 
method to es:mate reputa:on for  individuals before a campaign occurs, but it  is unclear how we can make these 
tasks  convenient  for  users. We  are in  the  process of  crea:ng algorithms that  indicate  areas  of maximum mutual 
coverage  for  this purpose. Availability of informa:on at  larger scales (weeks or months) can be reliably  compared 

2009 Annual Report  163
Center for Embedded Networked Sensing  2.7 Urban Sensing



using the SVD mechanism men:oned above. But further explora:on is needed to see if these algorithms would be 
appropriate  in  shorter  :me‐scales  (days  as  opposed  to  weeks).  Finally,  planning  data  collec:on  tasks  for  users 
based on queries for possible par:cipa:on areas when the campaign is running.

Networked Naturalist: We will soon adopt a system for incorpora:ng exis:ng web‐based services and systems into 
our data flow. Near future capabili:es include:

• Methods to protect par:cipant privacy. Sensi:ve informa:on submiqed to the project includes loca:on 
coordinates of personal plants; personal login and contact informa:on.

• Social forums on the website, and a beqer interface to other social networking sites such as MySpace, 
Facebook, and Friendster.

• Incorpora:ng GIS visualiza:ons that will draw on external data‐streams, from freely available meteorological 
data to user‐uploaded spa:al data sets.

• Allowing alterna:ve data inputs, such as from personal webcams or from image sharing websites such as Flickr, 
with some automated analysis of such data.

• Con:nuing with increasing robustness features to save data during crashes and iden:fy faulty inputs.

• Storing data in the database with an open API so that anybody can access their own data and “anonymized” 
versions of others' data using a programma:c interface.

• CycleSense: In the next year we will complete the user interface for the CycleSense system and begin beta 
tes:ng the system with experienced Los Angeles cyclists.

URB 11.7 External Research Partnerships

• GarbageWatch: UCLA Educa:on for Sustainable Living Program (current)

• Networked Naturalist: Sandra Henderson at UCAR, lead on Project BudBurst (pending grant proposal, future 
collabora:on is also planned)

• CycleSense: Los Angeles County Bicycle Coali:on (current), BikeSage (current), MapMyRide.com (planned)

URB 11.8 Cita4ons
[Budburst‐URL] hqp://www.windows.ucar.edu/ci:zen_science/budburst/

[Henderson09] S. Henderson, K. Meymaris,  P. Alaback, K. Havens, J. Weltzin, and L. Benton. 2009. Project BudBurst: 
Ci:zen Science for All Seasons. 18th Symposium on Educa:on, American Meteorological  Society 89th Conference, 
Phoenix, AZ.
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