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5 minute data for 1 day
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Early Air Sensors ... 5
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* Initial products were very low cost £
* Time-resolved streaming data was fun %
 Maybe betterat T or RH than tVOC =
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Applications
Education

Project-Based Learning in Rural Schools
9 years, 3000+ high school students,
200 CU students

 (Quantification isnot critical
* Low cost opens more doors _
i Support learning with CU students




Applications
Near source impact

& emissions
guantification

.‘;I" I\lﬂ"‘ ]

o

Al ‘ BRI

\‘ ' N\ = 2 g > ;; ‘ s % 7
Quantification of change of concentrationis important
Low cost opens spatial network to explore diffuse sources

Multi-pollutant capabilityis critical



Applications
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= 500 m

Supporting communities that are concerned

Low cost opens spatial network to that collects data over time

e Multi-pollutant capabilityis critical

e Short duration pollutantspikes
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Spatial network study design

1:1

spread is the result of
measurement noise

O; (ppb) from C2

O; (ppb) from C1




Spatial network study design

11
N
Q
:
g spread is the result of
=2 measurement noise
o
O; (ppb) from C1
slope deviation . -1
~ from 1:1 indicates .-
(@) .
- c cold or hot spot’s‘..
C2 o
< 200m —> =
o) .
o spread bigger than
— noise is a result of
© PO spatial differences

O; (ppb) from C1



How does that look with real data?

DA

DO ozone (ppb)

DC ozone (ppb)
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Deployment fit
Calibration fit
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D7 stayed at RubidouxSCAQMD site
D3 was in an industrial park

DC was closest to Highway 91

DA was in a commercial zone



(Slides from 2013 Air Sensors Conference)
Quantification in the lab — Metal Oxide Sensors

/

R/R°

—

Sensor Signal

In lab calibration takes time as you have

280 0 to cover a lot of parameter space.
T(K) ppm CO

R
== PTexp(p,C) + p.H exp(p,C) + ps exp(p;C)

0]



concentration ppm

(Slides from 2013 Air Sensors Conference)
Quantification Check — Metal Oxide Sensors

Colocation Experiment (sanlty check)

5 I

—Reference data

—— M-pod chamber calibrated
4 |
| il | H ‘»M, |
T I )L . J‘hw i w’: \‘ |
| ' ‘IHG ww | _
EJ:IIH? 01;’18 01}19 01;’20 01}21 01}22

01/23

Lab-calibrationappliedto field data

* Substantial bias was seenin all CO sensors, possiblydue to an
unmeasured oxidizing gas interfering with the sensor

* Resolving this bias should involve adjustmentto the R, value, the
sensorresistance in clean air



(Slides from 2013 Air Sensors Conference)

Quantification with colocation — Metal Oxide Sensors

concentration ppm

Colocation Calibration
Co-location calibration applied to field data. R>= .78,

standard error = 0.24ppm
o}
5 . .
— Reference data
——M-pod co-location calibration 0 R 0®
at . g 60 %
: @
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15F o o]
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Quantification, best case — Individual Calibration

Pod

Reference
Instrument

Colocation

(b)

[tVOC]Reference Instr — fl (TPod' RHPOd' MOxl! MOxZ)

Timeline

ABA
AAA

Deployment

Colocation

Deployment

Colocation

Colocation needs to be in similar environment as deployment — extrapolation is bad




Light VOC Sensor Voltage (mV)

Can we do something to simplify?

3000
2500 ¢
2000 1
1500 1

1000 £ . . . - - . . . .
Sept. 1 Sept. 6  Sept. 11 Sept. 16 Sept. 20 Sept. 1 Sept.6 Sept. 11 Sept. 16  Sept. 20

: ' '

Raw Data Z-Scored Data

Pod

w— B2
= B3
w—B5

2020 2020

normalize the sensor signals



Quantification, simplest case — 1-Calibration

\( ) Reference
JL y Instrument /\: /\: /\:
T i 4
N A
Colocation Deployment
(a)
| A A A

[tVOC]Reference Instr — f (TPOd' RHPOd' MOxl' MOXZ)

* If the sensor signals are normalized, then this isn’t too bad.
* Challenging for spatial network that explores small differences.



Quantification, in between - 1-Hop

Pods

o W i

L o

o Y !
Reference

- J ) Instrument

# N T

" L A

Colocation location Harmonization

[tVOC]Reference Instr — f(TPod' RHPod' MOxl! MOxZ)

A 0N
(o =

Deployment

[tVOClguepod = 9i(Tpoa» RHpoq, MOxq, MOx;)



Predicted
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Latest gerantification scheme

-

AN

=

Re
y Ins

-

) supervised learning regression

CW

[tVOC]Reference Instr — f(TPod' RHPOd! MOxl' MOxZ)

normalized sensor signals

arence
‘ument

(i
1

sensorsignalg;epoqa = hi(sensorsignal)

7

7

A A
& A

Deployment



Quick check on new
approach

1-Hop harmonization

180
160
a0 y = 0.9283x + 3.3462
e
] L A
120 L .g* S .
100 . s T
80 PR L
ot A&
6O ;IIJ..
]
40 e .
29 .
-
-50 i 100 150

1-Hop New
R2 0.89 0.96
RMSE 11.5 6.5
MBE -1.5 0.09

New harmonization approach

200
.
150 y = 0.9549x +i.ﬂﬁ2§
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-50 Mw 100 150

200
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Probability Density

mike basecase TVOC gradboost - Actual vs Predicted
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500 Supervised learning regression — be careful of overfitting
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Predicted
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Peak weighting can be useful
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