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Development of IoT devices using Sigfox network and application to education and research

Takeshi TANAKA, Masayuki YAMAUCHI

Abstract

(Received November 24, 2023)

We develop the measuring system of carbon dioxide (CO,) concentrations 140 times a day

in habitable spaces using Sigfox along with temperature, humidity, and atmospheric pressure

measurements. In order to apply the education and research, we report the major device

development process. we design and fabricate a printed circuit board to integrate the sensor with

an Arduino processor. Using the developed sensor, we estimate that if one adult male performs light
work for 1 h in a typical living room [3.17m (width 3.17m) X74m (length 74m) x2.6m (height 2.6m)

=volume 61.4m®], the carbon dioxide CO, concentration will increase by approximately 200 ppm. In
the future, the developed sensor could be used for detailed human behavior studies in the context of

CO, concentrations.
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@Molecular weight: 44.0095
@IUPAC Standard InChl: 1S/C0O2/c2-1-3 Copy

@IUPAC Standard InChIKey: CURLTUGMZLYLDI-
UHFFFAOYSA-N Copy

@CAS Registry Number: 124-38-9
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Maodel No. MH-719C
Detection Gas coz
Working voltage 5.01X0.1vDC

Average current

<d40mA  {@5V power supply)

Peak current

Intertace level

125mA (@5V power supply)

3.3V (Compatible  with 5V)

Detection Range

400~10000ppm{optional)

Serial Port (UART) (TTL level 3.3Vv)

Output signal
PWM
Preheat time 1 min
Response lime lgg < 120s
Working temperaturc 10~ 50°C

Working humidity

0~ 95% RH (No condensation)

Storage temperature -20760 "C
Weight 5E
Lifespan > 10 years
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LPKF ProtoLaser U4

Max. layoit area (X,Y,/2)

Max. materisl size (X,¥,/Z)
Laser wavelength

Max. laser power

Laser pulss frequency
Diameter of focused laser beam
Structuring speed

Minimum line/space
Positioning seeuracy In the sean field
Repeatablilty in the scan field
Dimenslons (Wx H x D)

Welght

Fower supply

Compressed alr supply

Coaling

Amblent temperature; humidity
Soltware

Optlons and accessorles

* Depending on material and laser besm param

pebers

229 mén x 305 M X 7 mm (9 X 12° X 0.28%)
230 mm x 315 mm 1 7 mm (9.4° x 12.4" x 0.287)
A58 nm

STW

25 - 300 kHr

2002 2 pm (0.78 = 008 mil)

5.5 cm* /imiin (0.9 in® /min)* on laminated substrates 18 um (0.5 oz) Cu

S0 pm 20 e (2.0 mil /0.8 mil)* on FR4 18 pm (0.5 ox) Cu
£ 10 pm (= 030 mil)

22.2 pm (2 0.09 mil)

210 mm x 1450 mm x 705 mm (3587 x 4407 x 3170
S0 kR (772 Iea)

110- 230V, 50- 40 Hz, 1.8 kW

Min. & bar; 185 1,/min jmin 87 pei; 185 |/min)

Alr-cocled jinternal coaling cychs)
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LPEF CircultPro Advanced

Dust eatraction uit, compresser, starter set
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Detection Gas Formula Detection Range Accuracy
Carbon Dioxide coz 400~2000ppm £ (SOppm+5% reading value)
400°5$000ppm
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Time Delay (s) SeqNum Data/fDecoding
2023-11-24 15:24:20 1.2 670 1d001400F2033a031c039501
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Channel

Custam payload canfig  temp-int 16 litfle-endian humid-int 16-littlle-endian pra

URL syntax: http:f/host/path?id={device}&time={time}key1={var1}
Available veriables: device, time, station, data, rssi, seqNumber, devi
Custam variahles: customData#temp, customData#humid, customC

Url pattern https://api thingspeak com/update?api_key=CACBXI¢
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(Server Name Indication) For 55L/TLS connections

Send SMI

Headers header valua

Content type application/x-www-form-uriencoded
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Channel Settings
Parcantage complate 0%

Channel ID SIS0

Name CO7 optical SEnnsor MH-Z 190
Description TTIE42

Field 1 temperature (degree C
Fleld 2 humidity (%)
Fiald 3 pressure (hPa)
Fleld 4 sensor 1
Field 5 Sensor 2
Field 6 CO2 (ppm)
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