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Summary 

•  Background / Why air monitoring needs new technology 

•  Elm sensor network experiences in year 1 

•  Performance 

•  Events 

•  Trends 

•  Where are we headed and how will we get there. 



Mass Market Understanding of Air Quality 

•  Population shift into mega-cities is driving increased 
exposure to poor environmental conditions

•  Environmental conditions are known to negatively 
impact human health, with continually strengthening 
research in scientific community

•  High cost of health care resulting from chronic 
conditions

•  Cities and municipalities want better data to 
drive policy decisions and to demonstrate the benefits of 
those decisions to stake holders

•  Industry is looking to understand their actual 
environmental impact to plan actions proactively 
rather than waiting for regulation and imposed requirements

MARKET TRENDS 

“Air pollution can cause 
changes in the brain 
seen in autism and 

schizophrenia” 

“Air of danger: 
Carcinogens are all 

around us, so scientists are 
broadening their ideas of 

environmental risk” 

“Pollution Can Change 
Your DNA in 3 Days, 

Study Suggests” 

“Public health often 
ignored in transportation 

policy, study shows” 

“Pollution link to irregular 
heartbeat and lung 

clotting” 



We Simply Cannot Deploy Enough Stations 

Monitoring stations 

Illustrative  example, not representative of actual network 



Better Air, Better Life 
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State of the Air Monitoring 
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Complication 

$20k + 
10-20 per city 

~$200 
1 per family? 



Bringing clarity to air and health 

Elm transforms how air quality is understood. 

Few lab stations 
per state 

Air data  
for regulators 

Local Conditions 
Unknown  

High density 
sensor networks 

Data to drive decisions; 
real time, online, mobile Data for every location 



Network overview 

SENSOR NODES NETWORK OPERATIONS USER INTERFACE 

CLOUD SERVER 
(Data Processing) 

API 
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Sensor technology is complimentary to monitoring 
stations 

We have the capability 
to understand the 
details 
 

Monitoring stations 
Elm sensors 

Illustrative  example, not representative of actual network 



Practical Experience with Elm 

•  Comparisons with reference methods 

 

•  Local events detected in the network 

 

•  How density improves data 

 



Ozone colocation – CO, USA 

Element  Ozone     Units 

Averaging period  5 min 1 Hour 8 Hour Time 

True value average  45.4     ppb 

Average absolute error  6.0 5 3 ppb 

Average percentage error 15 12 6 % 

Error Standard Deviation  5.2 4.1 2.8 ppb 

R squared  0.68 0.76 0.91 N/A 

y = 0.9272x + 1.9318 
R² = 0.9124 
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Elm O3 vs EPA O3 Boston (10 months) 



ELM O3 Asia Reference Comparison 
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Where are we headed and how we will get there? 

•  Demonstrate the value of truly local real-time pollution data 

•  Create effective mechanisms to operate low cost networks 

•  Communicate the relevant information to the right audience 

•  Overcome new issues  

•  Make the data even more valuable 



The Back Yard Bonfire 

8/4/2014 6:00:00 PM 8/5/2014 12:00:00 AM 8/5/2014 6:00:00 AM 8/5/2014 12:00:00 PM 

•  What exactly happens to the air when you 

have a fire 

•  How does that travel through a neighborhood 



July 4th 



Yard Care 





ELM	  

ELM	  

ELM	  

ELM	  

Airport	  

TSP Resulting from a Jet Crash 



Wind	  Direc1on	  
(Deg)	  	  

Time	  of	  Crash	  

Importance of Meteorological Data 



Back Trajectory to VOC Sources 

Time series VOC data (input) 

Location Source direction Time analysis 



Boston’s Diurnal Pattern  – 25 units averaged over 6 months 

Traffic Traffic 



Boston Weekly Pattern  –25 units averaged over 6 
months  

Weekend 



Boston Weekly Pattern  – No2 6 units nearby 



NO2 Boston vs close AQM stations 



How can we add even more to the data? 



Noise Vs NO  



What will truly dense networks enable? 

Valuable insights 

•  Real-time decisions and recommendations 

•  Be it traffic management, walking to school, 

where to jog… eventually where public 

health risks are highest? 

•  The ability to understand your exposure 

•  Ubiquitous devices or mobile sensors 

•  Individualized exposure data 

•  Data to link exposure with health 

•  Event detection 



What are the new Challenges will we face? 

•  Enabling the masses to measure will bring up a whole series of 

complications. Relevant info for the right audiences. 

•  Litigation and indicative data? 

•  How do you rationalize historical legislation and standards with new 

technology? 

•  What about industry? 

•  Networks can enable industry to further improve their processes. 

•  Risk of measuring something that is not mandatory. 



How do we communicate the relevant information to 
the relevant audience? 

•  Providing technical audiences a means to 

evaluate the performance of the system real-

time. 

•  Tools to fully use heterogeneous air quality 

data. 

•  Explaining complicated ideas such as precision 

and accuracy of a dynamic system to lay 

people. 

•  Summarizing it in a means that is most useful in 

the specific setting. 



Putting it together – how we will get there. 

•  Demonstrate the value of the data to many stakeholders including the 

public. 

•  Deliver the information in through customized applications that enable 

specific decisions. 

•  Make the data personal and interesting, enabling people to make decisions 

they feel good about. 

•  Make it social 

•  Make it positive - Air pollution exposure is often something we have some 

control over. Empower people. 


