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ABSTRACT The paper substantiates the choice of methodology and develops an electronic measuring system that provides
opportunities to study the sensors of Internet of Things systems. Based on the analysis of existing methods of building
similar systems, we chose an approach and offered a method of ensuring the given level of temperature and humidity in
the climate chamber. In particular, the determination of the level of relative humidity for its further regulation is carried out
using a reference sensor of relative humidity and temperature. The parameters of the sensor studied by the students are
determined based on the measurement of the frequency of the generator built using the NE555 chip. The necessary
humidity level in the climatic chamber is maintained by mixing wet and dry air, which flows are regulated by valves of
different diameters. The developed electronic measuring system was manufactured, and its experimental testing was
carried out. The experimental results of the dependence of the humidity in the climate chamber, measured using the
reference sensor DHT22, on the ratio of the areas of the holes in the valves indicate its nonlinearity. At the same time, the
dependence of the frequency of generated oscillations and the capacity of the analog capacitive humidity sensor on the
relative humidity in the climate chamber is practically linear. According to the results of the experiments we obtained an
empirical formula, taken into account when programming the device and intended for further measurements of relative
humidity. The main characteristics of the developed electronic measuring system are the relative humidity adjustment
range (40—80 %), the temperature change range (20-80 °C), and the time to set the specified humidity level after replacing
the valves (6—7 minutes). The electronic measuring system can be used for educational purposes, as well as for solving

practical tasks related to the control and regulation of temperature and relative humidity of air in a closed space.
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I. INTRODUCTION

he widespread application of the Internet of
T Things (IoT) in the practice and life of modern

society has made especially acute the question of
studying the physical basis of the functioning of such
systems. End devices of "smart home" systems contain a
variety of sensors. So, for example, the end sensor Smart
Room Kona (TEKTELIC Communications, Canada) [1]
contains seven different sensors. In many cases, despite
the different methods of determining the measured
values, the output data of such sensors are presented in
digital form. This causes the use of digital sensors or
digital measuring modules in their composition.
Acquaintance with the principles of their operation,
technical characteristics and circuit-technical approaches
to use is an important stage of training specialists in the
field of electronics and telecommunications. Based on
this, the technical task for the device under development
was formed.

The measuring system can be used in conducting
scientific studies of the influence of humidity on the
parameters and characteristics of small-sized objects, as
well as in the educational process. Both areas of possible
application provide an appropriate level of safety during
its operation. In this regard, when choosing the principle
of ensuring the required level of humidity, methods
using, for example, the pressure of saturated steam over
solutions of chemical substances were not considered
[2-5]. It was in the aspect of maximum safety, reliability

and simplicity of the developed device design that the
analysis of literary sources was carried out. Most of the
information regarding devices for creating and
maintaining the humidity regime in climate chambers
that meet the formulated requirements is found in
patents [6-9]. The closest in design features is the
device for creating and maintaining a heat-humidity
regime, described by the authors [10].

Therefore, the goal of the work was to develop an
electronic measuring device suitable for use in scientific
research and in the educational process. In the latter
case, the possibility of experimental study of the
principles of implementation and functioning of digital
sensors (in particular, humidity and temperature sensors)
is realized.

Il. ELECTRONIC MEASUREMENT SYSTEM
CONSTRUCTION

The principle of operation of the developed device can
be explained using the structural diagram [11] shown in
Fig. 1.

The source of stable air flow 1 forms two (if possible
laminar) air flows 2 directed to the heater 3. Passing
through the heater, the air flows can be heated to a
maximum temperature of 80°C.

The temperature of the heater is regulated using the
REX-C 100 temperature controller. The use of a
thermocouple as a temperature sensor, which is
characterized by a small specific heat capacity, provided
the ability to regulate the temperature of the heater.
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FIG. 1. Electronic measurement system for IoT sensors block
diagram (1 — fan; 2 — air flows; 3 — heater; 4 — humid air
channel; 5 — dry air channel; 6 — wet filter; 7 — valve of the
channel of humid air; 8 — valve of the dry air channel; 9 — air
mixing chamber; 10 — measuring chamber; 11 — humidity and
temperature sensor).

The air stream, heated to the required temperature, is
directed along air channels 4 and 5. Air humidifier 6 is
placed in channel 4. The principle of operation of the
humidifier is similar to the one described by the author
of the patent [8], but it is structurally different from the
one specified in the patent. In this case, the
humidification module contains a three-dimensional
structure of wet hygroscopic tapes, formed in such a
way that it prevents the formation of through air flows
and maximizes the area of contact of air with the
moistened surface [11]. The ends of the tapes are in
water, which ensures a constant level of their humidity.
Thus, when passing through the humidifier 6, the air is
saturated with moisture. Valves 7 and 8 are placed in the
humid 4 and dry air channels 5, respectively. Depending
on the diameter of the hole made in the center of the
valves, the ratio between the values of the air flows at
the exits of the humid 4 and dry 5 air channels changes.
Both streams are fed into the mixing chamber 9. After
mixing, the air flow of the resulting humidity enters the
climate chamber 10. Humidity and temperature control
in the climate chamber is carried out using the relative
humidity and temperature sensor 11.

Two switches are placed on the front panel of the
device (Fig. 2); one of them (15) turns on the power of
the stand, and the second 12 - the heater. The front panel
also has a thermostat 13 and a display 14 (LCD 1602)
for displaying data from sensors. The display is built on
the HD44780 controller and connected to the Arduino
nano board using a parallel 4-bit interface.

Climate chamber 10 is made of transparent acrylic,
and its side walls are printed on a 3D printer. The
reference DHT22 and the investigated humidity sensor
11 are placed inside the chamber. Fig. 2 shows the case
when the air duct of the dry channel is completely open
(100%), and the duct of the humid channel is completely
closed (0%).

Humidifier 6 is shown without the top cap. The white
rectangles in the humidifier are the attached ends of the
moistened hygroscopic strips. The bottom of the
humidifier is filled with water. To increase the
efficiency of air flow saturation with moisture in the
humic(l)iﬁer, the direction of flow propagation is changed
by 90".
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FIG. 2. Electronic measurement system for IoT sensors. Used
number markers match the block diagram in Fig. 1 (1 — fan;
2 — air flows; 3 — heater; 4 — humid air channel; 5 — dry air
channel; 6 — wet filter; 7 — valve of the channel of humid air;
8 — valve of the dry air channel; 9 — air mixing chamber;
10 — measuring chamber; 11 — humidity and temperature sensor;

12 — heater switch;
15 — power switch).

13 — thermostat; 14 — display, and

11l. EXPERIMENTAL TESTING AND ANALYSIS OF
MEASUREMENT SYSTEM CHARACTERISTICS
The parameters of the sensor under investigation are
determined based on the measurement of the frequency of
the generator built using the NES5S55 chip [12]. In
calculating the capacity of a humidity-sensitive capacitor,
we used an empirical formula

1865 , (1)
SHz]

where fis the frequency of generated oscillations (in Hz).

This expression was obtained by experiments with a
capacitive sensor separated from the measuring module
and used to find the capacitor capacity as a function of the
frequency of the generated oscillations. Formula (1) is
used in the software.

The most important experiment was studying the
dependence of humidity in the climate chamber on the
ratio of holes in the valves. During these studies, the total
area (measured as a percentage of the duct pipe area) of
the valve holes remained constant. When this condition
was fulfilled, the speed of air movement in the climatic
chamber also remained constant with sufficient accuracy.
This made it possible to state that the pressure of the air
flow on the sensor practically did not change. Fig. 3
shows the experimental results of the dependence of the
humidity in the climatic chamber, measured using the
DHT?22 sensor, on the ratio of the areas of the holes in the
valves. In the numerator of this ratio, the percentage of
the area of the valve hole in the dry channel is indicated,
and in the denominator, the percentage of the area of the
valve opening in the humid channel is indicated,
accordingly.

The minimum value of relative humidity in the
climatic chamber was determined by the humidity of the
room. It is possible to ensure a lower level of relative
humidity by using an air dryer in the dry channel, for
example, silica gel (silicon dioxide SiO, ).

C[pF]=1000x
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FIG. 3. Dependence of humidity in the chamber on the ratio of
holes in the valves.

Fig. 4 shows the experimental dependence of the
frequency of the generated oscillations on the humidity in
the climate chamber.
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FIG. 4. Dependence of the frequency of generated oscillations on
humidity.

Fig. 5 shows the dependence of the capacity of the
analog capacitive humidity sensor on the relative
humidity in the climatic chamber. It should be noted that
the value of the capacity depends almost linearly on the
relative humidity.

Capacitance C, pF

Humidity in the chamber, %

FIG. 5. Dependence of the capacitor capacity on the humidity in
the chamber.

The deviation from linearity (Fig. 5) at a relative
humidity of 50%, as well as the deviation from the linear
dependence of the frequency of the generated
oscillations on the relative humidity, should be
considered random. Most likely, such a deviation could
be caused by interference. Further research will provide
an opportunity to find out the reason for obtaining such
a result.

At a fixed temperature of the heater, the air
temperature in the climate chamber changed when the
ratio of the valve holes changed (Fig. 6). This fact should
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FIG. 6. Dependence of the temperature in the chamber on the
ratio of holes in the valves.

be taken into account when conducting experiments to
study the influence of humidity on the parameters of
certain objects.

To a large extent, the effect of lowering the
temperature in the climatic chamber can be explained by
increasing the proportion of air with increased humidity.
The initial air temperature in both channels was the same,
but the process of air saturation with moisture in the
humid channel was accompanied by a decrease in
temperature.

IV. CONCLUSION

The paper substantiates the choice of the humidity
measurement method and the type of sensors that should
be used in the developed device. The measurement
system was designed and manufactured.

The range of changes in relative humidity is from 40%
to 80%, and the range of temperature changes is from
20°C to 80 °C.

The time to establish the required level of humidity
after replacing the valves was 6—7 minutes. After the
completion of the transient processes, the deviation of the
relative humidity value was within the error of the
DHT?22 digital sensor humidity measurement, i.e. + 2%.

Analysis of developed device characteristics
confirmed the linearity of the sensor capacity dependence
on the humidity in the climatic chamber and allowed us to
obtain an empirical formula taken into account in the
programming of the device.

The developed electronic measuring system can be
used both in the educational process and for scientific
research that requires regulation of air humidity in a
closed space.
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EneKTpoHHa BUMipIOBa/ibHA CUCTEMA ANA BUBUYEHHA

ceHcopis loT

Bonoaumup Bpa‘n‘noscwuﬁ*, borpaH ®iuak, FaanHa JlactiBka, Maprapura PoxkaecTBeHcbKa

Kadepnpa pagiotexHiku Ta iHbopmauiliHoi 6e3neku, YepHiBeLbKnit HauioHanbHWIA yHiBepcuTeT iMmeHi IOpis PeabkoBuya, YepHisLi, YKpaiHa

*ABTOp-KOpecnoHaeHT (EnekTpoHHa agpeca: 2021vvbrailovsky@ukr.net)

AHOTALLIA B poboTi obrpyHTOBaHO BMbGIP METOAMKM i PO3p0obAEHO eNeKTPOHHY BUMIpIOBasbHY CUCTEMY, WO HaAAE
MOX/IMBOCTI BMBYATU CEHCOPU cUCTEM IHTEpHeTy pedveil. Ha OCHOBI aHani3y icHytlouMx meToais MobyAoBM aHaNOMYHWUX
cuctem 06paHo niaxig Ta 3anponoHOBaHO METOAMKY 3abe3neyeHHsA 3a4aHOro PiBHA TEMNEPATYPH | BOIOTOCTi Y KNIMaTUYHIN
Kamepi. 30Kpema, BW3HAYEHHs piBHA BiAHOCHOI BOJIOFOCTI A4/ WMOrO MNOAANbLIOIO PEry/toBaHHA 3A4iMCHIOETbCA 3a
[,0NOMOrOI0 eTa/IOHHOMO AaBaya BiAHOCHOI BONOrOCTi Ta TemnepaTtypu. lNapameTpu [ocCniaXKyBaHOro CTyAeHTaMKu CeHcopa
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BM3HAYalOTbCA Ha OCHOBI BMMIipPIOBaHHA 4acTOTM reHepaTopa, peanizoBaHoro Ha mikpocxemi NE5S55. HeobxiaHui piBeHb
BOJIOTOCTi Y KNIMaTUYHIN Kamepi MiATPUMYETbCA LUAAXOM 3MillyBaHHA BOJIOTOrO Ta CYXOro MOBITPA, MOTOKU AKMX
perynoTbcA 3acyBKaMu pisHoOro agiamerpa. Po3pobieHa eNekKTpoHHa BUMIpOBA/ibHA CUCTEMA BUFOTOB/IEHa, NpoBeaeHe Ti
eKcrnepumeHTanbHe BUNPobyBaHHA. EKcnepMmeHTaIbHi pe3y/ibTaTh 3a/1eXKHOCTi BOIOTOCTi Y KNIMaTUYHIM Kamepi, BUMipsaHI
3a AOMNMOMOrOK eTaNloHHOro ceHcopa DHT22, Bia cniBBiAHOLWEHHA NAOL, OTBOPIB Yy 3acyBKax CBigYaTb MPO ii HENMiHINHICTb.
BoaHouac 3aneXHicTb YacTOTN reHepOoBaHUX KOIMBAHb Ta EMHOCTI aHAa/N0roBOro EMHICHOrO AaBaya BOOrOCTi Bif, BiAHOCHOT
BOJIOTOCTi Yy KAIMaTU4HI Kamepi € MNpPaKTUYHO AiHiMHOW0. 3a pe3ynbTaTaMu EKCMEPUMEHTIB OTPMMaHe emMnipuyHe
CniBBiAHOLIEHHA, BpaxoBaHe Mif 4Yac NporpamyBaHHA MPUCTPOIO i NPU3HaYeHe ANA NPOBEAEHHA NOAa/blLIMX BUMIpOBaHb
BigHOCHOI BoJsiorocTi. OCHOBHI XapaKTEPUCTUKU pPO3P06NEHOI  eNeKTPOHHOI BMMIPHOBANbHOI CUCTEMM: AianasoH
peryntoBaHHsA BigHOCHOI BonorocTi — 40-80%, Aiana3oH 3miHM Temnepatypu — 20-80 °C, yac BCTAHOB/NIEHHA 3a4aHOrM0O PiBHSA
BOJIOFOCTi NicaA 3amMiHW 3acyBOK — 6-7 XB. ENIeKTpOHHa BUMIipIOBasbHA CUCTEMA MOXKE 3aCTOCOBYBATUCb ANA HaBYa/bHUX
uinen, a TakoX ANA PO3B’A3aHHA MPaAKTUYHMX 3aBAaHb WOAO KOHTPOAIO Ta PeryatoBaHHA TemnepaTypu i BiAHOCHOI
BOJIOTOCTi MOBITPA Y 3aMKHEHOMY NPOCTOPI.

K/IKO4YOBI CJ/IOBA ceHcop, BoJioricTb, LndpoBe 06pobaeHH: cUrHanis, BUMiptoBasibHa cMcTema.
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