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Denver Street View validation project

● Focused on testing mobile laboratory
○ Accurate measurements for 

advancing platform
● Instrumented 3 Google Street View cars

○ Deployed simultaneously for QA and 
spatial analysis

● Evaluate as mobile measurement platform
○ Inlet, manifold, instruments
○ Sampling, power, comms, operations
○ Driving approach

● Validate mobile platform as basis for 
development and performance verification 
of small-scale, sensor-based devices
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Science objectives

Application

1. Mobile Lab (reference equipment) Agreement to Stationary Sites
2. Agreement Between 3 Mobile Labs - moving and parked

3. On-road vs Central Monitoring Site
I-25 Near Roadway Site

4. Stationary Site Representativeness of Nearby Area
5. City-wide Pollutant Variability
6. Local Pollutant Variability

System 
Validation

LaCas
a

CAMP

Chatfield 
Park

I-25 NRS

NREL South 
Table Mtn.
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Mobile platform – what was measured

Ozone
Nitrogen Dioxide
Nitric Oxide
Black Carbon
PN 2.5

Reference Equipment

Latitude & Longitude
Vehicle Speed and 
Heading
Wind Direction
Wind Speed
External Temperature
External Pressure

Location + Meteorology

Sample rate = 1 Hz
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Driving patterns designed to explore 
variability over different length scales

Very Dense:
~100-200m

Dense:
~500-1000m

Sparse:
~1500-2500m

Local Community Region
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Driving a new class of data

Diurnal Cycle Distribution Weekly Cycle Distribution

● 22 days of data collection - July 25 through Aug 15
● 750+ hours of drive time 
● 150 Million data points correlated to EPA sites
● Driving distributed temporally

Presenter
Presentation Notes
Three Street View cars took measurements of nitrogen dioxide, nitric oxide, ozone, carbon monoxide, carbon dioxide, methane, black carbon, particulate matter, and Volatile Organic Compounds (VOCs) -- air pollutants which can affect human health or climate change.Aclima instrumented three Google Street View vehicles to perform a month-long system test in the Denver metro area during the DISCOVER-AQ study conducted by NASA and the U.S. Environmental Protection Agency (EPA). The cars clocked 750 hours of drive time and gathered 150 million data points, correlated with data from EPA stationary measurement sites. EPA provided scientific expertise in study design and instrument operations as part of a Cooperative Research and Development Agreement (CRADA) with Aclima.To assess if air quality is meeting – or exceeding – public health standards, the EPA relies on an extensive network of stationary equipment, placed in urban areas, that measure carbon monoxide, nitrogen dioxide, sulfur dioxide, particulate matter, hydrocarbons and photochemical oxidants. The monitoring network is designed for air quality regulation, but does not give a detailed picture of a community or urban area such that people can get a real sense of what air pollution is in their immediate surroundings. Aclima’s mobile sensing platform on Street View cars complements EPA’s regional air measurement network by introducing a new body of knowledge about air quality at the street level.“Our research partnership with Aclima is helping us understand air pollutants at the local and community level, and how they move in an urban area at the ground level,” said Dan Costa, Sc.D., National Program Director, EPA’s Office of Research and Development. “New mobile air measurements can complement existing stationary measurements for a more detailed picture of personal and community air quality.”
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Platform assessment

● Good correlation between cars

○ Parked - agreement better than 10% (except NO)

○ Moving - correlations better than 0.75

● Collocation with NAAQS site show influence of street 

emissions, but results fall around the 1:1 line
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Driving pattern around I-25 NRS
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Driving pattern around I-25 NRS
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Measured concentrations vary between 
vehicles and NRS with time of day

Presenter
Presentation Notes
I put 5 plots in here, from early morning, morning, noon-ish, afternoon, and late morning.  I know it seems like a lot, but I was thinking that these could be quickly moved through, as though “animated” (after the first plot is described so folks know what they are looking at), pointing out the general comparison between the red NRS data and the vehicle data.  The 5 plots are then followed by a summary calculation of all of the I-25 drives for all cars.As this comparison is only to the one site (NRS), I did a quick review of how the Camp and LaCasa data compared to the NRS data.  (i.e. Is the car in general reading higher than the NRS site, but is similar to one of the others?)  I tried putting the other two sites on this graph, but it really becase too busy.  A brief note on the comparison is listed in each of the slide notes.Camp and LaCasa both lower than the car measurements during this drive period
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Measured concentrations vary between 
vehicles and NRS with time of day

Presenter
Presentation Notes
Camp and LaCasa similar to NRS durign this time period
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Measured concentrations vary between 
vehicles and NRS with time of day

Presenter
Presentation Notes
LaCasa and Camp similar to NRS durign this time period, with car slightly lower
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Measured concentrations vary between 
vehicles and NRS with time of day

Presenter
Presentation Notes
Camp and LaCasa data similar in concentration.  NRS data much more dynamic
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Measured concentrations vary between 
vehicles and NRS with time of day

Presenter
Presentation Notes
Camp and LaCasa similar to NRS.  Camp a bit more dynamic.
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Difference (vehicles - NRS) varies with 
time of day

8-12-14 8-12-14

Presenter
Presentation Notes
These plots show the difference between the 1 minute averaged car concentration and the concentration measured at the NRS calculated for the entire drive pattern. (The drives were in general between 1 to 2 hours, so there are between 60 to 120 data points in each calculation.) Posative numbers inidicate that the mobile concentrations are greater than the NRS, and negative the NRS is greater than the car.  The lines are the standard deviation of the difference calculation.  The SD reflects the spread in the calculation, but I believe that the overlap in the SD for two different times does not necessarily indicate that there is no difference between the times.  Interesting patterns supporting what seemed to be the case when inspecte by eye.   What is driving the pattern is not immediately obvious - could be both difference in traffic patterns/emissions or reflects the something in the diurnal behavior of the pollutants.  �All - I can put the NRS, LaCasa, Camp timeseries for each of the time times above into a document for you to review if you would like.
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Spatial analysis of street types and 
neighborhoods

I25 West
I25 East
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Higher levels in neighborhood east of 
freeway 

NO2 NO
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Magnitude of difference between 
vehicle and NRS is variable

Presenter
Presentation Notes
I made two separate figures of the detailed drive - one that highlights meteorology and one car speed.   The difference between the car and stationary measurements in influenced by not only what street the car is on but also the meteorology, and there are some interesting details in the car speed comparison as well.  
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Difference between vehicle and NRS 
shows spatial variability

NO2 NO
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Key Points

● Broke new ground - 3 mobile platforms

○ Allows simultaneous measurements of multiple pollutants at different 

spatial scales

● Daily pattern:  Car minus NRS

○ NO2 shows strong daily pattern

○ NO peaks AM rush hour, flat rest of day

● Hyperlocal emissions observed on roadway

○ NRS does not necessarily measure highest concentrations on average

■ Freeway concentrations can be much higher on average

■ Local areas concentrations can be high on average

○ NRS may not represent on-road exposures of NO and NO2

● On-road conc of NO and NO2 exceed NAAQS community site concentrations 

Measurements using mult iple mobile plat forms allow for more realist ic 
concentrat ion and exposure data for model evaluat ion and use in air 

quality models and risk assessment  that  have not  been available before 
except  in special short -term studies
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Measurements using mult iple mobile plat forms allow for more realist ic 
concentrat ion data, which have only been available in short -term studies,
to support  risk and exposure assessment , air quality model evaluat ion, and 

empowering individuals to reduce their health risks from air pollut ion.
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