




Data Annota:on and Analysis are accomplished by web and server‐side applica:ons that analyze individual spa:o‐
temporal paqerns (loca:on traces), calculate corresponding impact and exposure metrics, and display impact  and 
exposure metrics to users. Loca:on trace processing occurs in four stages as shown in the figure above.

Ac:vity classifica:on  enables  the  exposure and  impact 
models  to  be  applied  automa:cally  to  user  loca:on‐
traces.  The ini:al  implementa:on of PEIR uses a simple 
algorithm to classify points as walking,  driving or staying 
in  place  using  GPS‐derived  speed  and  map  matching. 
Our  classifier  users  freeway annota:on  informa:on  in 
addi:on  to  speed  values  as  feature  inputs  to  the 
classifier.  Our  experiments  show  that  use  of  this 
freeway  informa:on  and  map  matching  technique  as 
part  of  our  classifier  increases  accuracy  from  40%  to 
82%,  based  on  test  data  collected  while  a  user  was 
driving in heavy traffic on the highway.

A  web‐based  user  interface  displays  impact  and 
exposure  in  terms  and  graphics  understandable  by  a 
layman. The  interface uses a dashboard  of ac:vity and 
associated  map‐based  visualiza:on  of  user  trip  data 
color‐coded by level  of  impact or  exposure  type. Users 
explore  their  data  by  selec:ng  trips  on  the  map  or 
within a trip log detail view.

Detailed  loca:on  and  impact/exposure  metrics  are 
available to  users  in  a private account. Aggregate data 

as combined  impact and  exposure  scores  are made  available  via a PEIR  Facebook widget  or  PEIR  users can  also 
compare their  overall  impact and exposure scores as well as trends over :me with other PEIR users in their  online 
network accessible from their dashboard.

URB 02.5 Accomplishments
PEIR exists as an end‐to‐end func:onal prototype system with  two sets of ac:ve users. A private beta‐tes:ng user 
group  based  in  southern  California,  and  a  public  trial  group  in  northern  California.  The  public  trial  is  being 
conducted in collabora:on with GoGreen Founda:on [3], Nokia Research Palo Alto and AT&T. The trial will  involve 
students  from  four  high  schools.  They  and  their  families  are  engaging  in  a  sustainability  challenge  to  raise 
awareness  about  environmental  impact  over  a  six  month  period  star:ng  February  2009.  For  this  system  we 
con:nue  to  refine  the  soiware  pla]orms  for  data  capture  and  upload,  having  created  a  version  for  Windows 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PEIR Facebook widget (lei) and network rankings (right).

PEIR Dashboard



Mobile in addi:on to the exis:ng Symbian s60 version of Campaignr, and are working on a pla]orm for Android. In 
addi:on we created a bridge to Nokia’s Nokoscope data gathering pla]orm. Within this year we completed the first 
version  of  web‐based  tools  for  the  user  interface  implemen:ng  the  PEIR  dashboard,  map‐based  visualiza:on 
interface, trip  annota:on and calcula:on detail  view. This user‐facing system pulls data from a PostGIS data store, 
and is implemented in PHP and Flash, served by an Apache Hqpd webserver, using the Wordpress blog engine. (See 
figures above for dashboard, network and detail trip log views)

The near  real‐:me modeling and calcula:on of exposure and  impact metrics  relies upon a set of modeling assets 
and  distributed  data  resources.   These  include:  roads  and  loca:ons,  weather,  traffic  condi:ons,  and  vehicle 
emissions models.  From  last  year  to this year,  we overcame several  technical challenges including context  lookup 
for weather, and performance enhancement to the vehicle emissions model to enable near real‐:me calcula:on in 
addi:on  to the development of a map‐based visualiza:on to enable presenta:on of user data via a web interface 
as described above.

Maps of  local roadways (exposed  through PostGIS) are cri:cal  for  PEIR.  These are essen:al for both map matching 
in ac:vity classifica:on and in compu:ng exposure to PM 2.5 par:culates. We obtain these as well as loca:ons of 
sensi:ve  sites such  as schools and hospitals from Street  Pro  (ESRI 2006 Maps and Data Collec:on). For  fast  food 
exposure  calcula:ons,  types of  eateries  are obtained  from  the  Los Angeles  Department  of  Public  Health  data. 
Weather  data  is  obtained  through  hourly collec:on  of  real‐:me  weather  from  NOAA databases,  and  served  to 
PEIR’s processing modules using a spa:al mapping organized by zip codes.  To enable geographic  scalability of PEIR 
to regions without real‐:me traffic measurements, we developed this implementa:on of PEIR around a traffic flow 
model  from the Southern  California Associa:on  of  Governments  (SCAG)  that  reports  bidirec:onal  traffic flow as 
number of  vehicles per  hour, types and speeds over six  daily :me  frames. Within our  system,  this data resides in 
PostGIS [4].

The  vehicle  emissions  models  for  PEIR  come  from  the  California  Air  Resources  Board  (CARB).  Their  Emissions 
Factors Model  (EMFAC)  [5]  is  a FORTRAN  program  that  computes emissions based  on  current  weather  and  the 
speed and type of vehicle. PEIR makes use of EMFAC’s PM 2.5 and carbon dioxide emissions es:mates. During this 
year  we  completed  an  ini:al  implementa:on  of  EMFAC  and  determined  that  its  performance  cons:tuted  a 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Trip journal with descrip:on of calcula:ons for aggregate exposure and impact scores.



boqleneck  in  our  processing  pipeline.  We 
overcame  this  limita:on  in  speed  and 
p e r f o r m a n c e  b y  d e v e l o p i n g  a n 
approxima:on  to  EMFAC,  computed  via  a 
func:onal  ANOVA  model.  Through  phases 
of repeated ficng and tes:ng, we created a 
tensor‐product  spline  model  that  both 
allowed  for  fast  computa:on  as  well  as  a 
view  in  to  the  dependence  of  emissions 
outputs as func:ons of weather  and vehicle 
calcula:ons. This opened the model  for  end 
users  and  enabled  us  to  display alterna:ve 
views within  the  trip  log  enabling users  to 
see  details  of  the  calcula:ons  underlying 
their  impact and exposure scores (Figure above). These intermediary calcula:ons are made possible by the above 
enhancements to model calcula:on and performance.

Within this year, our work also  resulted  in improved map matching using intersec:on‐based map matching to give 
improvements over  naïve map matching. We created a GPS/GSM‐enhanced ac:vity classifier  to enhance accuracy 
of  classifica:on  in  situa:ons  where  the  user  is  indoors  or  moving  at  slow  speeds  on  a  freeway or  road. Our 
experiments show  that  the GSM‐enhanced  classifier  achieves  an  overall  accuracy of  91%  and  works  well  when 
users  are  on  surface  streets  and  highways,  as  well  as  indoors.  It  will  require  further  analysis  to  assess  its 
implica:ons for PEIR system performance.

URB 02.6 Future Direc4ons
The PEIR project  has a great deal  of poten:al  for con:nued development. One key focus of PEIR  is the con:nued 
development  of  impact  and  exposure  models  as  well  as  further  development  of  a web‐based  user  interface  to 
inform and  advise  user, provide reports,  real‐:me  feedback, visualiza:ons and  exploratory data analysis  tools  for 
non‐professional users. For security and confiden:ality of data we developed a secure database that incorporates 
data encryp:on through the exchange of keys and also restric:ng access to  the data by allowing only the user  to 
access the data.  Addi:onally we plan to enhance the system by allowing users to delete data remotely  through the 
web‐based user interface.

In other areas of the system we plan  to con:nue our  efforts  for  improving power  consump:on management  and 
will  explore  adap:ve  sampling  and  techniques  that  determine  if  users  are  indoors  versus  outdoors  and  adjust 
sampling accordingly.  With the concept of a “trip” func:oning as the atomic unit of data for  end users, it will be of 
interest  to explore moving  from  current  point‐based  representa:on  of  trips, to  non‐point based  representa:ons 
and the poten:al for system op:miza:on and performance  improvement as the number  of users increases. Given 
the nature of the data, an addi:onal future goal for PEIR is the explicit inclusion of uncertainty of the captured and 
computed data along with the primary outputs of the models.

One  highly  requested  feature  for  PEIR  is on‐phone  status  display and  feedback. The  current  implementa:on  is 
designed  to  run  in  the  background  unobtrusively  on  the  mobile  devices.   Future  enhancements  to  the  user 
experience will explore the role of on‐phone display/feedback components.

While  our  ac:vity  classifiers  have  demonstrated  improvement  over  this  year,  an  important  goal  for  PEIR  is 
con:nued improvement in ac:vity classifica:on with more specific modes and higher accuracy. An eventual goal is 
to enable the system to discern between motorized transporta:on modes such as bus versus car, and other modes 
of  public  transporta:on.  For  this  we  will  explore  techniques  to  leverage  addi:onal  on‐board  sensor  types  (e.g. 
accelerometers and WiFi) and addi:onal GIS and map data such as bus routes.
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GPS‐based verus GPS/GSM based accurach. 



[2] Nokia nokoscope. hqp://alpha.nokoscope.com, 2008.

[3] hqp://gogreenfounda:on.com/

[4] Postgis. hqp://postgis.refrac:ons.net, 2008.

[5] CAR. Board. EMFAC: Emissions Factor Model, 2000.

URB 02.7 External Research Partnerships
Nokia Research Center, Palo Alto (current)

Péter Boda, Principal Scien:st, Nokia Research Center

Henry Tirri, Research Fellow and Head of Systems Research, Nokia Systems Research Center

Sun/Jim Waldo (Planned)

Topic: Paralleliza:on schema for scaling PEIR processing pipeline.

Centre for Sustainable Communica:ons (planned)

Stockholm Royal Ins:tute of Technology

Topic:  Localiza:on  of  PEIR  to  Stockholm  and  user  trial  for  research  in  persuasive  technologies  in  encouraging 
sustainability behaviors.
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