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Map of the Talk
 Time Geographies and the lifeline of exposures

 Ubiquitous sensing in a Ubicomp World

 Applied examples with air pollution, built environments 

and physical activity

 Smart phone sensors

 Stand alone micro-sensors

 Embedded sensor networks

 Some key issues and future directions



Time Geographies of Exposure
 Physical space-time paths are the dominant 

determinants of environmental exposures

 Torsten Hägerstrand’s “Time Geography” a 

critical geographic concept for the exposure

 Exposure can be viewed as summation of 

travel through “hazard fields” in space over 

time



Space-Time Prism: 

What Exposures and Activity Levels?

Source: Shaw (2005)  



Lifelines of Exposures

 What is the activity level, activity type and 
physiology at the moment of contact?

Source: Briggs and Gulliver (2005)  



What is the Activity Level in the 

Exposure Field?



Air Pollutant Concentrations on 

Bike Routes in 3-D

Source: Jarjour et al. (2013)  



Inhalations During Exercise by 

Mode of Transport

Source: de Nazelle et al. 2011



Time Geographies
 Important conceptually, but have remained more theoretical 

construct than empirical reality

 Or attempts to develop them have had to rely on simulation 
models which often have had weak data support

 New technologies offer the first realistic possibility of direct 
measurements on large numbers of subjects

 Opportunity to understand “micro-geographies” of personal
exposure – which can be used in epidemiological studies and 
everyday life



Time Geographies of Exposure in a 

Ubicomp World

 Following the vision of Mark Weiser (1991) – ubiquitous 
computing or “Ubicomp” world

 The complete embedding of computational technology 
into our everyday lives

 Being driven by health care sector (e.g., field of 
telemedicine) and other commercial applications 
related to mobile phones  (now 7 billion cell phones 
globally, more than 1.5 billion smart phones)

 Huge potential to sense many aspects affecting 
environmental exposures and health



Components of Cellular Smart  

Phone



Type of 

Sensor

Type of 

Sensing
Opportunistic

Personal

Sensing

Participatory

Personal

Sensing

On Cell Phone Location with GPS, 

Physical Activity, Trip 

Mode (e.g., walk, bike, 

drive, public transit), 

proximity to others 

Ecological Momentary

Assessment of Mood 

and Affect, Gait and 

position, Noise, UV 

Exposure, Blood 

Oxygen, Heart Rate, 

Dietary Assessment

Connected to 

Cell Phone, but 

Requiring 

External Device

None Air Pollution, Water 

Pollution, Noise, 

Ultraviolet Exposure, 

Blood Pressure, Sleep 

Stand Alone 

Sensors

None Physical Activity, 

Location, Noise, Air 

Pollution, Chemical 

Exposures, Numerous 

Biological Functions
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Review of 25 Smart 

Phone Models
Key Points: 

All smart phones 

measure location, 

proximity, orientation

physical activity

Large variation in types 

and quality of sensors 

on smart phones

COMPLICATES the 

collection of comparable

data from large 

populations

Source:

Nameti, Batteate Jerrett

(2017)



Smart phone study: Location, 

activity patterns and air pollution

Aim: Test novel opportunistic and 
participatory sensing technology to assess 
activity patterns and air pollution exposure

Methods:
36 volunteers equipped with 3 activity 
measurement devices including novel smart phone 
technology CalFit and reporting daily travel activity 
during 5 days 



A. Methods

Hour and day 

specific ratio using 

background station

Indoor/Outdoor 
Ratio

Mode 
correction 

factor: Bicycle, 
car, walking, 
bus, train (…)

Personal 
exposure 

to air 
pollution

Air pollution 
inhalation

Energy expenditure 
from accelerometer 

dataSource:

Courtesy of A. 

de Nazelle



GPS tracking and physical activity for 1 workday for each 

volunteer 

+ air pollution map (NO2)



Travel microenvironments, air 

pollution, and health
 Travel microenvironments

 (Barcelona sample, de Nazelle et al. 2013):



Next step: 174 participants

Home
39%

Work
24%

Travel
20%

Others 
17%

TOTAL INHALED DOSE

Home
47%

Work
28%

Travel
11%

Others 
14%

TIME-WEIGHTED AVERAGE 
CONCENTRATION

Home
59%

Work
21%

Travel
9%

Others 
11%

TIME SPENT

Source: 

Juan Pablo-

Orjuela’s 

MSc thesis 

2014



Comparing home-based vs. 

activity (i.e. phone) –based 

exposure assignment

NO2

(µgm-3)
PM2.5

(µgm-3)

Home-based 
exposure

56.5 24.6

Activity-based 
exposure

67.8 30

+20% +22%



GPS Traces from 174 

Subjects: Big Data Fast!

Some 10,886,400 

observations per 

week for just 2 

sensors on CalFit

Phone

If cohort is 

1,000,000 people

60,480,000,000! 



Lessons 
 Location and physical activity can be linked to 

exposure surfaces to derive “lifelines” of exposure

 This information can significantly improve estimates 

when fused with models

 Data are very big, messy and a lot of work to deal with

 Sustainability of the applications and distribution to 

mass populations limited



Activity Tracking with Commercial Cell 

Phone Applications: MOVES











ActiGraph wGT3X-BT for accelerometry GlobalSat BT-500 for GPS/location

Nested Validation Study

(subsample of 150 participants used to validate 

MOVES app data using research-grade 

monitoring devices)



External Sensors, Technology Moving Fast

Radiation



Cambridge Pollution Monitor 

(R. Jones)



Correlation of NO with 

Reference Monitor



Differentiating Micro-

Environments

Source: Jerrett et al. 2017



Lessons
 Decent correlation with reference instruments, but 

there is bias, unreliability and extensive post 

processing needed

 Human resource cost of post-processing 

counterbalances low cost of equipment 

 Currently infeasible for large studies, but potentially 

useful for smaller studies with lots of $$



Rapid Development of Real-time 

Biomonitoring

Source: Smoulders and De Boever 2014



Propeller Health 

Asthma Sensor



Use of short-acting bronchodilators in 

relation to nitrogen dioxide and ozone 
NO2 O3

Source: Su et al. 

in review



Real-time Biomonitoring

 Offers potential to understand instantaneous 

biophyiscal response to environmental exposure lifeline

 Leads to much greater capacity to assess causality of 

observed associations



Citizen Science and Ubiquitous 

(Embedded) Sensors

 Citizens often very interested and attuned to 

environment exposures, which  gives them motivation 

to help

 They represent a huge resource for data collection in 

partnership with government and academics



Imperial Valley CA Location

Source: https://www.worldatlas.com/na/us/ca/c-

imperial-county-california.html



Community-based mapping and 
monitoring of air pollution

English P (PI), Bejarano E, Carvlin G, Jerrett M, King G, Lugo H, Meltzer D, Northcross 
A, Olmedo L, Seto E, Wilkie A, Wong M



Major Problems with Agricultural Crop 

Burns: Episodic Beijing Levels of 

Pollution 



Current Sensor Distribution

Largest Community Air Network in U.S.



Citizen Scientists with 

Dylos Particle Monitor and Enclosure



Land Use Regression Model with 

Smoothed Prediction Surface

Slide Courtesy of 

C. Carvlin and E. 

Seto



Detecting Pollution Episodes
 Community monitors detected 1426 episodes of PM2.5

above 35 ug/m3 for 1 hour or more over 11 months

 Government monitoring networks detected only 703 

episodes (49% of total)

 Huge increase in the opportunity to warn public about 

health risks



Lessons

 Higher spatial and temporal coverage could lead to 

much better predictions of exposure for epidemiological 

studies and public health protection

 When combined with locational and physical activity 

data can provide near real-time exposure estimates

 Data analyses extremely laborious



Routine Video Monitoring
 Routine collection at millions of sites worldwide

 Can be use for tracking behavior change before and 

after natural experiments occur

 Particularly useful for tracking pedestrian and bike 

flows

Source: Hipp 2017 

Pers. Comm.













CITI-SENSE-MOB Architecture & Products

Sensor platform
NO2, NOx, CO, O3, 
PM, RH, T, noise

Data Services

Cloud services

Data providers VGI

GNSS

User services
COT

AQ Models

Traffic situation

Citizen Participation
Participatory Governance through Social Media

Processing raw data, fusion, modelling

Data storage

Public & Private
Sectors

Special Interest 
Groups

Souce: N. Castell, pers. comm.



Challenges with Sensors
Ethical/Institutional

 Privacy issues

 Data ownership and protection

 How to foster participatory sensing on large populations

Analytical

 Data are messy (missingness, GPS errors) 

 Massive amounts of data are computationally intensive (biased 
samples)

 Need more attention to integrating models and measurement

 Need to think about how to analyze too much data rather than too 
little!



Conclusions

 Location and physical activity essential for linkage to 
estimating the a time geography of exposure – high 
quality info possible from smart phones

 Other sensors show promise, but need more 
evaluation/validation

 New analytical techniques are essential for 
processing and understanding the BIG DATA that 
streams from sensors

 More attention to ethical and privacy issues needed



Acknowledgements
 U.S. National Institute of Environmental Health Science

 U.S. National Cancer Institute

 U.S. National Science Foundation

 European Commission

 UCLA Center for Occupational and Environmental Health

 UCLA Sustainable LA Grand Challenge

 ISGlobal CREAL Pilot Grant

 A. de Nazelle, A. Hipp, N. Castell, G. Carvlin, J. Lipsett, E. 
Seto, P. English, E. Nameti for sharing slides and figures

THANK YOU!


