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Perspective:

 Sensor Developer 

 Single Project Researcher

 Government

 End User

 Multiple projects



Outline

SCAQMD Sensor Networks

Development Drivers

Requirements (High-level; Back- and front-end)

Current Draft Architecture

Lessons learned



Sensor Network Model



SCAQMD Sensor Networks
Fugitive dust 
monitoring

9 PM sensors

IoT vendor platform

Cellular to SaaS

API Access

Regional Monitoring 
Project

~ 100 Aeroqual AQY 

Measuring: 

O3, NO2, & PM

Cellular to PaaS

API access

Community 
monitoring

~ 390 PM sensors in 
14 communities

Wi-Fi connected

Data sent to:

• Purple Air Map

• AQMD Azure

Future monitoring 
projects

Mobile monitoring

AB617 community 
monitoring

SCAQMD Rule 1180 
implementation

15 million rows 44 million rows/ yr. 50 million rows > Past 
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Sensor Network Deployments



Why is a Data 
Management 

Platform needed?

Drivers for 
development 

Multiple sensor / IoT data platforms used for various projects 
with data in different formats

Data analysis workloads larger than typical tools can handle       ~ 
- 50 million rows of Purple air data and growing 

- 44 million rows of Aeroqual data will be generated in 12 months 

- 14 million rows of fence-line monitoring data

Limited data analytics available on individual IoT platforms

Limited external user experience with potential for confusing user 
experiences

Apply QA/QC functions to create validated data set

Apply correction algorithms for sensor performance limitations

Quickly visualize and provide results to public in a clear and 
meaningful manner



Cloud-based computing platform to ingest, store, analyze, and visualize data

 Platform agnostic 

 Device/sensor agnostic

 Scalable

 Secure

 Reliable 

 Data standards based 

High level platform requirements:



Back-end Requirements 

Server side of platform

• Includes infrastructure that does 
the heavy lifting of the project

• Not seen, yet requires significant 
effort to design and implement

• Essential for end-user experience in 
front-end application

Requirements: 

• Ingest IoT air quality sensor data

•Manage IoT devices

•Stream data and perform stream analytics

•Store and process geo-spatial time series



Visual experience of the 
platform

• Conversion of data to graphical 
interface for web viewing 

• Dependent on back-end infrastructure

• Involves HTML, CSS, and JavaScript

Requirements: 

• Create dashboard through a query builder 
platform

• Ability publish dashboards

• Ability for geo-spatial time series data 
analysis 

Front-end Requirements 



Draft Cloud Architecture 

Distribution Layer

Stream Analytics

IOT hub

Sensor Layer

PurpleAir Sensor

Sensor Layer

Batch Layer

Insights Batch View 
Reports & 

Dashboards

Alternate  Data Sources

AQMD DMS 
Air Now
Traffic
NASA AOD
Weather Underground

Data Science 
VM

Internet

Web Page 
Mobile Apps

Data Persistence Layer

Raw 
Database

Database
- Corrected conc.
- Calculated values 

Raw 
JSON

QA/QC 
JSON

Data Key

Real-time Layer

Dashboard
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Interactive Dashboard

Dashboard Link

https://plot.ly/dashboard/bfeen001:26/view#/


Best Practices

Data Streams
Inputs / Outputs

o Track metrics

o Provision appropriately

o Set alerts

o Know your anomalies



Best Practices

Database
# of Request / hour

o Track metrics

o Provision appropriately

o Set alerts

o Know your anomalies



Thank you

South Coast Air Quality Management District

AQ-SPEC team

Brandon Feenstra

bfeenstra@aqmd.gov

mailto:bfeenstra@aqmd.gov
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Solution Approaches

 Ground up custom build
 Time intensive, costly, potentially limited flexibility for future changes

 More difficult to keep device agnostic

 Open source implementation
 Less time intensive as build upon prior work

 Pay for development of features that need that are not already available with OS

 Data standards based approach
 Leverage tools (visualization and analysis) already built on data standards

 More likely for broad acceptance of work when based on a data standard

 Hybrid approach


