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Our focus and potential use of microsensors

e Focus on vertical transport of air pollution
(stagnation and normal meteorological
conditions)

e Mast meteorological measurement (80 m),
SODAR wind profiler (600 m), ceilometer (3
km), LIDAR (in preparation)

e Use of microsensors for ,,in motion”
measurement (in horizontal and vertical
scale)

e |n cooperation with UAVs producers ans
operators — Robodrone Industries, s.r.o.
and Kelcom International, spol. s.r.o0. (CZ)
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Use of New Generation Light-weight Sensors

Experience from abroad:
* (OpenSense pI‘OjECt - ETH Zurich, CH (http://www.opensense.ethz.ch/trac)
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Characteristics that must be taken into account

-+ -

e Usually constructed for the indoor
measurement

e Low weight

* Low cost
e | Air humidity / Temperature ! ->

NEED FOR additional data control
e High risk of coincidence and errors

 |Immediately useable
e Portable

e Battery autonom i : .
Y Y e Higher detection limits

* |nternal datalogger
88  Lower measurement accuracy

e +++ research purposes

e Limited calibration possibilities

e Limited time of power supply

source: http://www.co2meter.com
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Testing Light Sensors for UAVs platform

Kingfisher
e Dimensions 1200 x 1400 x 220 mm
* Load capacity up to 5 kg

e  Flight duration up to 45 min (25 min with
Max. load)

e  Max. speed 70 km/h

e Max. altitude 1000 m AGL

e  Wind resistence 10 m/s

e Temperature range -10 to +50 °C

e Camera + GPS in real-time, videorecords

%’2;%.

L T
Strix Sparrow
*  Load capacity 15 kg * Load capacity 11 kg

e  Flight duration 30 min (15 min with load) *  Flight time 60 min (35 min with Max. load)
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Thermography of stack plumes

IR camera Pl 450 (Optris)
- range: from -20°C up to 900°C e b
- spectral range: 7.5 to 13 pm WITH VERY HIGH OPTICAL RE
- weight: 320g

Detection of

- Usable at ambient temperature up to 70 °C minimal temperature

differences

- Detector with 382 x 288 pixels
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Power Plant Tusimice Il — Cooling towers
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Power Plant Prunérov |, Il — stacks
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Cairpol (FR) Light Sensors SO2, CO2, NOx, NO2 and O3

Miniature air quality monitoring sensors network

SPECIFICATIONS: RONges :

= LD ctsgscy with concontranion levats of tha ¥R 0 750 o
e e pdiul onis L nhs Lo

[y 4] =l

wintiarnal Gato koggeng copacity; up 7o | vear, . ¢
napendng a1 s seireg o (=20 oo

wirmaemal FriciopaneEEsar o vl and rima H.S / CH,5 [0 TEHE sl # O- 240 g £ - 2000 pom
cokcigation M, 0-2% ppm

wl e Wfl'm'l mq 1] 1Iir'H'.'|1f|l1

w Opeeroting timee 24 10 36 bowry s lully 0L/ Drooric wvend - 10
choiged Yor LFH warsions (dally 1achargs for it hRddede o
eprime o) YL -1 pizn

w PO SUDply: SYOLC /200 ma fechangeatie
by LISE vin P or 220011V with 5 ndogiee
Corber pcwnad o}

= Ok puil. USH w UART [Anuicg skgralon
damahdl

w Clwroaris s (emmitn 32 rom {1267, leagh
B2 e (24407

o'Wkt 55 ¢ 11,94 wl

®IF 42 [gcconding ILCG0529)

= oo poriions s b 20°C (0T Lo BETT)
B0 b G096 R it 1013 0 200 s 14,69 10
&5

= i atieg Conion depandirg of Tha sensor,
ingeniml - 20°C 1o +d5 °C[-4"F in3*FL
B b S0 W, b 1000 11 2000 {pest 1,65 1
2.0

=Lipctine shordonds: LLIANL oA W01
20008 / ENRHND- L2001

¥ Dermaien ] e Pl o e e e O peas

2, O

e

(]
E... o — T — s ————a
ﬂ]h-—.-—pq.-l;-uu.- P




o iGdlkee

Dust Particles Light Sensors

Particle Analyser (GRIMM
MINI-LAS 11E, DE)

- PM10, PM2.5 and PM1
- range: from 0.25 to 32 um
- weight: 2,1 kg

http://wiki.grimm-
aerosol.de/index.php?title=ENVIRO-11E

Ll LAFEH
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Fidas Fly 200 (Palas, DE)

Ultra-light dust monitor Fidas
Fly 100 integrated into
HORUS flight robot

- PM10, PM4, PM2.5 and PM1

- range: from0.18 to 18 um

from 0.40 to 40 um
- Weight (Fidas Fly 100): 1,4 kg

http://www.palas.de/en/product/fidasfly200

Fidas Frog (Palas, DE)

- PM10, PM4, PM2.5 and
PM1

- range: from 0.18 to 40 um

- weight: 2,1 kg

http://www.palas.de/en/product/fidasfrog



Flight Scenarios and Data Processing /
Visualisation

Flight in Horizontal Plane

Measured Values Interpolated

Flight in Vertical Plane
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Comparison of CairClip O3 / NO2 Sensor with
Reference Measurement gy ——y

e CairClip parameters: _
- Equivalent value of 03 + NO2 (ppb) ‘
- Data sampling: 1-min or 15-min

- Range: 0-250 ppb

- Detection limit: 20 ppb

- Repeatability in 40% of range: +/-15%
- Uncertainty: < 30%

e Testing period:
- At TuSimice Observatory
- 3 month, from June 2015 until September 2015

- Located at the reference height 2 m, in housing
(a meteorological shelter)
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Reference Measuring Method — NO2, O3

Automated Air Quality Monitoring Network of CHMI

ﬂh. CIECH HYDROMETEORDLOGICAL INSTITUTE

TELEDYNE API

O T YOO

Analyzers: Teledyn API (California, US)

* 03: T400 * NO2: T200
Min. range: 0 - 100 ppb Min. range: 0 - 50 ppb
Max. range 0 - 10 ppm Max. range: 0 - 20 ppm

Detection limit: < 0.4 ppb Detection limit: 0.4 ppb



MS vs. Reference Measurement O3 + NO2
(July 2015)

i = Feference O3 (pph)
e Feference NO2 (ppb)
B0
—— M5 03+NO2 (ppb)

[it]

03 + NO2 concentration (ppb)
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Strong Correlation between MS and Reference
Measurement

95
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03 + NO2 Cairpol Microsensor (ppb)

y=0.9655x%- 6.6307
A= 8813

10 20 i 40 50 60 70 a0 a0
032 + NO2 Reference measurement (pphb)
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Influence of air temperature and humidity on
measuring accuracy of MS

oO)
\0

@
A «‘5&
UMy >
a,
"y (% ) &06&

03 + NO2 MS / Reference Measurement

e The largest deviations between MS and RM in measured
values at low temperature and high relative humidity
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Effect of temperature and humidity

 Dewpoint temperature calculation

240.97 (17.502-1)
Ta= A=|In(RH /100
"7 [a7.502/ A)-1] I ))]{(240.97 +t)}
 Dewpoint deficite
Td deficite = T — Td &ir Temperature
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MS measurement quality increases with
decreasing air humidity

1.1

Proportion of values MS Cairpol / Reference Method

(=]
0.4
Q
03 v = =0.0009x% + 0.0302x + 0.6431
B¥=0.58595
0.2
Q k) 10 15 20 &3

Dewpoint Deficite (°C)



Data verification according to Dewpoint Deficite

L)

v = 1.0077x- OLBO1S
5 At = D.EEXT

y = 0.9655x - 6.6302
AY=0.8813

03 + ND2 Cairpol Microsensor (ppb)

& Measured
# Verified

03 + NO2 Reference measurement [ppb)
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Summary
Comparative Measurement MS vs. RM

Accuracy of MS measurement is lower than the
accuracy of Reference Analysers

Cairpol MS O3 + NO2 values are highly correlated with
reference measurement of O3 and

Measurement quality of microsesor depends on
meteorological conditions (air temperature and
humidity)

Possibility to validate data according to relevant
meteorological variables




FAIRMODE meeting, Utrecht , NL, 2017 — microsensors session

Conclusion

Microsensors are very promising instruments in
air quality research

Conectable to mobile carriers (car, plane, drone,
public transportation) => getting real-time
hetero-spatial data

Use of data in air quality modeling and hotspots
identifying
The need to know the , behavoiur” of the sensor

The need for appropriate interpretation of
measured data! (regarding to measurement

quality of MS)
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