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What is the (real) problem? i N Northesstern University

AIR 1S A SHARED RESOURCE
AIR POLLUTION IS AN URBAN HAZARD

City-level planning could

Air pollution is the Communities deserve benefit from TOOLS

world’s LARGEST Air quality can vary NEIGHBORHOOD SCALE Individuals could benefit

ENVIRONMENTAL BLOCK-TO-BLOCK AIR QUALITY tobe a from DATA to Suoport
HEALTH RISK DECISION METRIC HEALTH PROTECTIVE

DECISIONS



What is the (meta) problem? i N Northesstern University

« Simple community questions do not have simple answers (even
if we had perfect measurements)

» Sensor data are only a starting peek into a complex story about
a heterogenous and changing environment

» Academic incentive, timeline structures, funding structures
misaligned with realities of community engagement and
municipal projects



What is the (meta) problem? £ N Northeastern University

* Simple community questions do not have simple answers (even
if we had perfect measurements)

» Sensor data are only a starting peek into a complex story about
a heterogenous and changing environment

There is not enough expert person-time to provide technical
assistance to communities/municipalities individually.

We need standards, guidelines, automation to scale.
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But: sensors go where? to do what? &\ Nontheasern Universey

Chelsea, MA

Public transit (diesel)

Upcoming
construction




Example driving questions £ N S o pation
Stakeholders

 What is the impact of
greenspace? (Is park/near-park
air quality better than in other
areas?)

 What is the impact of traffic
light or pedestrian crosswalk
timing settings?

 What is the impact of
separated bus or bike lanes?

* Is my air dangerous? When?
Why?



Example driving questions 4 N D ey ion

Academic
 What is the impact of « What sensor placement (how
greenspace? (Is park/near-park many, where) will support
air quality better than in other answering these questions?

areas?)

 What data quality is needed?
* What is the impact of traffic

light or pedestrian crosswalk ,
timing settings?  How can we interpolate

between sensors keeping in
mind hyperlocal emissions and
 What is the impact of events + urban form?
separated bus or bike lanes?

* Are there prototypical question
* Is my air dangerous? When? types we can build tools
Why? around?



Example driving questions 4 N D ey ion

Academic
 What is the impact of « What sensor placement (how
greenspace? (Is park/near-park many, where) will support
air quality better than in other answering these questions?

areas?)

- wha| How do we build something so useful
't'ﬂ‘itr] that | engineer myself out of a job?

mind hyperfocal emissions and
 What is the impact of events + urban form?
separated bus or bike lanes?

* Are there prototypical question
* Is my air dangerous? When? types we can build tools
Why? around?
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Permissions...

But also just
existence of
appropriate
infrastructure at the
right place



Partnerships make it possible N Northeastern University
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Partnerships make it possible 1N Dopbesten Universty
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Public transit (diesel)

Upcoming construction
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Meeting "data” needs

B ——— = Community suggestions:
| i+ Show all sensors + EPA data
* Show pollution sources

Overlay weather (e.g., wind)

Use AQI colors to show risk - but
convert to health-related context

« Continuous spatial maps
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Decision support tools (health-
8 %% protective, change advocacy)
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GreenRoots 7

bllution sources
weather (e.g., wind)

= | colors to show risk - but
+ 1D: 211 4 P ?

: What should | do now: to health-related context
* What could improve the future?

nnnnn

WWWWWW

*=—contmuous spatial maps

 Confidence in numbers

i ooo§ O%oogﬁo  Decision support tools (health-
~ 8% protective, change advocacy)



Northeastern University
Solutions to Urban Pollution

WERITAS
VIRTVS

 Listen to community perspectives
and observations

 Inform residents on sensor
technologies, air pollution science,
and where to find data

* Engage in the spaces & activities
the community already values

CHELSEA
RESEARCH
FESTIVAL!



Our (5yr) project “product” goals 1N Sotorsiovanpotuio

* Leverage limited high resolution studies to
* Understand true urban heterogeneity
« Rationalize sensor network design to support stakeholder
actions/interventions at a scale that can be realistically maintained over time
« Build/leverage (physics & ML) models to minimize # sensors needed

* Tools to make data useful (“data to insight”)
« Layers of related information & tools to correlate with AQ
* Tools tuned to stakeholder needs (alerts, what-if scenarios)
* Prototypical types of questions with automated analyses
« Communicate uncertainty / data quality

 Minimize overhead of sensor network management

« Automated fleet health checks and alerts
» Decision support tools: symptom = response
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 Intercomparability of data demands some consistency in
installation - standardized height + no hyper local anomalies

* All tools need to be open-source & useable by communities
» Sensor fleet management
» Data portals with layers, tools, insights
« How to ingest “on the ground” knowledge from community members?

I))

 What are the “prototypical” types of questions?

« Near term (personal decision support?) & Long term (infrastructure
design, advocacy)

 Communicating uncertainty
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 Intercomparability of data demands some consistency in
installation - standardized height + no hyper local anomalies

 All tools nee Inmunities
» Sensor fleet| How do we work together to get here?
« Data portal

 How to ing Inity members?
Where do such tools live in perpetuity?

* What are the

* Near term (pe.rsonal decision s(u.aport?) & Long term (infrastructure
design, advocacy)

« Communicating uncertainty



Others here this week!

Northeastern University, Boston, MA

Project Background & the iISUPER Pilot Sensor Networks

Background

Ajr pollution is 2 major environmentzl health risk

In urban zreas, measuring air quality {40} gradients
requires & high-resolution sensor network, but._.

The cost, labor, and Lack of guidance for A} networks is
prohibitive for communities and policymakers.

iSUPER is building end-to-end tools to support
(1) easy sensor network management

(2) stakeholder-driven sense-making from data
({3) advanced decision support tools

pa—1""
+ Piloted with natworks of QuantAQ MODULAIR AQ Fig. 1: MODULAIR™ oir suaitiy
monhor solar-powered assemisty

monitors (Fig. 1.

Challenges for Urban Sensors

» Insufficient solar input: Shadowing from nearby buildings/trees, espacially
due to low winter sun angls

~ Bxtrema cold: Li-lon batteries cannot charge below 0 °C (zafety imit)

» Tue south: Difference betwesn magnetic and true narth can be significant
[2.g.. 147 in Boston) - reguires precise compass & careful installation to
optimize solar charging

@Cumarty Actia s sy At .
@Pcartly Az L e mp—— o
gt e
113728 . 410,74

Fig. 32 Brooktin: AQ sensor

Community Sensor Networks

Filot s2nzor networks with partnering communities of Brookline znd

mounted to poles (strestizmps, utility poles), fences, gerden sheds, stc.

[ asml

Fla. 22 AIr quallny manisor e twerc b Erooklio: (Lefr) and Cheties (fghe) & of &/10,2024.

Quality Assurance (Ops & Maintenance)

Understending symptoms and how they link to root causes is critical for
building decision support tools for effective and efficient 0 &M.

Knawn symptoms, czuse, and sclutions (Table 1) have been determinad basad
on naarly 7 months of dztz collaction and fleet operator experienca. Az sn
example, the dacizion tree in Figura 5 shows a root cause anzlysis for when a
sensor has been offline for * 3 days.
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Comparable & consiztzn
reguire installation consi

- Height: Air inlet =t 10

= (Qrientation: Solar p2
15347 [true south in Baj

(Call signal: Access to

Chelses, MA - 50+ sensors of 160+ availzbls installed so far Fig. 2). Sensors

Mars L. Keeseyl, Nicolas Minutillo!, and Amy V. Mueller’?

Department of Civil & Environmental Engineering and Department of Marine & Environmental Sciences

Sensor Network & Data M:

As network size increases, automation tools ar
data manzgement includes:

Saeparate public & operator portal functions:
they need in the form they prefer

Public - mzp of s2nzors with cument/past re:
to simultansously view other urbzn detassts
Operator - automatz anomaly detaction, trai
create maintenznce tickets see belaw for de

Anomaly Detaction r -
Rules based an operstor-
identified sensor symptoms &
solutions (Teble 1)
= Error flags - ==nzar offline,
broken, ete.
= Waming flags - datz losz,
abnarmal rezdings, etc.
Device State
» Recent state - based on %
data last within the Lzst haur
Device health - bzsed on % .
data last within 3 week
Priar issuas and operatar
notes for gach sensor

=

Fig. 62 Thehtes ercack
Ticketing for Tracking 0&M
Create tickets to plan sensor interactions - in:

= Group inte “trips” - easy use as in-field che
= In-progress and completed interactions sta
= Support identification of recurring problem
The SUPER portzl can be used with any A se1
1Goal is supporting sensor network managemar

Next Steps & Ongoing Proj
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ogerations pra- and post-deplayment: e 10 nurs of HOCULAIR (1), tancary (2,

salir panid (3, anseomaser (4]
= Each compeonent iz 2ssigned an identification number (Fig. £).
= All parts tracked individually - deployment (location, date) & maintenance

Sensor affsst Expecied uncertzinty
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Thiz work is supported by the Mortheastern Un
= Collaborators: lack Balaguer, Yasser Aponte, 2
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» Community Partners: The Town of Braokline,
The City of Chels=a, GreenRoots, The Neighb
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Sensor network design & evaluation
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Thanks to:

 All collaborators on this project:

 Interdisciplinary NU faculty, staff, and student team
* Municipal and community partners

* Funding from the Northeastern University Impact Engine program
* [SUPER Community Advisory Board

Scan me to
see air
quality data!

For more info:

Amy Mueller - a.mueller@northeastern.edu

ISUPER: https://impactengines.northeastern.edu/ie/isuper/
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Chelsea’s population e am penation

Minority: the block group minority population is >=
40%, or the block group minority population is >=
25% and the median household income of the
municipality the block group is in is < 150% of the
Massachusetts median household income

Income: at least 25% of households have a median
household income 65% or less than the state
median household income

Language isolation: 25% or more of households do
not include anyone older than 14 who speaks
English very well

Minority and Income
. Minority and English isolation

Income and English isolation

\/\ h . Minority, Income and English isolation

How do we learn what “data access” means to diverse groups
of people?

+ Information, MassGlIS (Bureau of Geographic. “Massgis Data: 2020 Environmental Justice Populations.” Mass.Gov, www.mass.gov/info-details/massgis-data-2020-environmental-justice-
populations. Accessed 28 Mar. 2024.




QuantAQ air quality sensors
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Hose clamp

2" ID U-bolts (x5)
+ washers and
SCrews

Velcro cable tie

1 % in. (nominal) x
40in PVC pipe

Solar panel
bracket +
SCrews

Battery
bracket +
SCrews

~ Sensor
AN bracket +
SCrews

Pre-assembly:

MODULAIR bracket attachment
Solar panel bracket attachment
Battery charging (~5-10 hours)
Battery bracket attachment
Anemometer attachment assembly

Attach MODULAIR and battery to
PVC

In-field assembly:

Attach solar panel to PVC

Attach anemometer to PVC
Add antenna to MODULAIR

Plug in all cables and secure



