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The article presents methods for constructing and implementing an automated electronic system for col-
lecting and analyzing information about various physical parameters of the environment under conditions of
long-term continuous measurements. The system is based on microprocessor devices using wireless technol-
ogies with the implementation of the EKF SLAM algorithm for localizing places with an uneven distribution
of environmental parameters to minimize pollution of cleanrooms. Also, it can then transmit signals through
the operator's computer to the control elements of the room. Thus, the minimization of environmental fac-
tors for physical diseases and high-precision equipment is carried out, thereby extending its service life.
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1. INTRODUCTION

A physical experiment in modern electronics is
based on the use of a personal computer connected with
separate mechanical, optical, power, and other parts of
the experimental setup. However, the constant devel-
opment of computer technology and the complication of
a physical experiment require regular modernization of
automated systems, taking into account modern circuit-
ry and a change in the very concept of interaction of all
parts of a physical experimental setup with a computer.

In various branches of experimental science, espe-
cially for researching micro- and nanostructures for
micro and nanoelectronics, the availability of so-called
cleanrooms is a key factor in the successful conduct of
observations. This is the name for those zones in which
the size and number of particles per cubic meter such
as dust, microorganisms, aerosol particles, and chemi-
cal vapors are maintained in the air in a certain prede-
termined range [1]. Also, frequent requirements for
sample research are the need to control parameters
such as humidity, pressure, and temperature. A clean-
room can be considered a room in which the countable
concentration of airborne (aerosol) particles and the
number of microorganisms with sizes from 0.005 to 100
microns in the air are maintained within certain limits.
Such rooms are assessed by the countable concentra-
tion of particles, that is, the number of particles per
unit volume of air, the sizes of which are equal to or
exceed a certain value (0.1; 0.3; 0.5 microns, etc.).

An important applied direction of today's engineer-
ing channel is the development of environmental moni-
toring systems for various technogenic spaces using
new technologies in the fields of electronics, namely
robotics, data transmission networks, and intelligent
analysis. Considering, that one of the main sources of
indoor pollution is the human factor (microparticles of
hair and skin, fibers of tissues, and animal hair that
can be on clothes, cosmetics, and sneezing), the issue of
remote access to places requiring increased cleanliness
control is relevant.

Complete this task, systems with implemented ma-
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chine learning methods are used, which allow exploring
the territory without the direct participation of the op-
erator in this process [2]. Thus, constant monitoring is
carried out for contamination of various parts of the
cleanroom, and if problem areas are identified, the sig-
nal is transmitted to the operator's screen for addition-
al measures to clean the room. Cyber-physical (elec-
tronic) systems consist of sensors, computational ele-
ments, and actuators, in which computing machines
monitor and control physical processes using feedback,
and what happens in physical systems affects computa-
tions. They provide close communication and coordina-
tion between computing and physical resources. This is
achieved thanks to the rapid development of technolo-
gies in recent decades, such as fog and cloud compu-
ting, the Internet of Things, machine-to-machine com-
munication, and recognition. And so, one of the im-
portant directions of optimization with the help of vari-
ous sensors is their used to control the parameters of
the microclimate and the unevenness of their distribu-
tion during physical experiments in laboratories.

2. DESCRIPTION OF THE OBJECT AND
RESEARCH METHODS

Sensitive and intelligent sensing in robotic equip-
ment is essential because the effective performance of
ML/AI systems is highly dependent on the performance
of the sensors that provide critical data to them. Both
for economic reasons and for reasons of simplifying the
infrastructure of the room by reducing the number of
sensors, it is advisable to use one sensor on a moving
system to measure each of the key parameters.

The main functional elements of the electronic sys-
tem for monitoring the physical parameters of the envi-
ronment at the experimental site is a microcontroller
module that provides data collection. The advantages of
this system over its counterparts are the development
based on the MSP432P401R microcontroller, which
supports low-power programs, a large selection of sen-
sors that can be used to execute projects with MSP432
products, open access to all Texas Instruments docu-
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mentation, a wide range of free programs for a product
research company, the accuracy and reliability of mi-
crocontrollers when used by the consumer, low cost and
the possibility of additional integration of various sen-
sors for scanning space. All this makes it possible to
implement the EKF SLAM method of building a room
map with identification in space.

For monitoring rooms for physical experiments with
increased environmental requirements, it is important
to self-orientate the robot in the room. This is achieved
by using 2Y0A21 infrared rangefinders to determine the
distance to obstacles [3], as well as tachometers to de-
termine the distance travelled. Since the directional pat-
tern of IR sensors is 3o, it is advisable to use a system of
three sensors that scan space in three directions (Fig. 1).

The system is also equipped with a group of bump
switches to restart the movement, if it does collide with
an obstacle. These elements allow the robot to make
independent movements inside an enclosed space while
studying the parameters of the environment.

Fig. 1 — Location of infrared sensors on the robot

The main principle of ensuring cleanliness is to cre-
ate excess pressure in a cleanroom concerning the adja-
cent rooms. The amount of supply air must exceed the
exhaust by at least 20-30 %, which ensures the move-
ment of air from rooms with high cleanliness require-
ments to adjacent rooms with lower requirements.
Therefore, it is very important to monitor the pressure
in these rooms, which ensures the use of the BMP388
sensor. It is a compact sensor designed by Bosch Sen-
sortec specifically for robotic applications with lower
energy consumption and improved accuracy. So, it pro-
vides an accuracy of measurement of absolute pressure
up to 0.5 hPa and relative 0.08 hPa, supports connec-
tion via SPI and I2C buses. The absolute pressure
measurement range is 300 ... 1250 hPa.

In physics experiments, ambient temperature is of-
ten the key to success. Monitoring this parameter can
help eliminate both unwanted effects in materials and
achieve the desired stability of the parameter through-
out the study and its uniformity throughout the room.
A robotic system equipped with a TMP117 sensor from
Texas Instruments will be able to provide high meas-
urement accuracy (from +0.3 to +0.1°C) in a wide
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temperature range — from — 55 to +150 °C.

Using the PMS5003 optical sensor for measuring the
number of fine dust particles suspended in the air,
which is an indicator of the total air pollution, it is pos-
sible to determine the overall level of pollution in a
room. It reacts to particles ranging in size from 0.3 to 10
micrometers, belonging to three conditional classes -
PM1.0 (0.3-1 microns), PM2.5 (1-2.5 microns) and PM10
(2.5-10 microns). The key factor is that cleanrooms are
characterized precisely by the countable concentration
of particles, that is, the number of particles per unit
volume of air, the dimensions of which are equal to or
exceed a certain value (0.1; 0.3; 0.5 microns, etc.). This
is how they differ from ordinary premises, in which air
purity is assessed by the mass concentration of pollu-
tion in the air. Thus, using the PMS5003 counting algo-
rithm, it is possible to estimate the degree of air pollu-
tion in the room.

The moisture indicator is also important since ex-
cessive moisture concentration can destructively affect
both the test samples and the testing system itself.
Therefore, it is advisable to use the AM2301 sensor, the
accuracy of which is 2 % RH.

It was decided to simulate the terrain mapping al-
gorithm and test a robot that will study the cleanroom
microclimate according to the presented work algo-
rithm, collecting data on the state of the environment
and sending it to the operator's computer using the
BLE CC2650 module.

The readings of the sensors and sensors enter the
centralized control electronic system of the experiment
process, and at this level, decisions are made to im-
prove the indoor microclimate. Also, the robotic system
can be used to deliver the test sample to the installa-
tion to prevent the ingress of biological microparticles
into the cleanroom. It is known that each separate
study requires its environmental parameters, some of
which can have a detrimental effect on a robotic system
up to its complete failure. The use in such conditions
implies the replacement of not only the sensors but also
most of the rest of the equipment of the system, howev-
er, this does not require significant changes in the op-
eration algorithm itself.

A block diagram of our electronic system that corre-
spond to the functionality described above can be seen
in Fig. 2. In addition, the system will be able to easily
integrate additional sensors to study other characteris-
tics of the state of space.
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board
3 IR sensors |—> N Humidity
sensor
2 tachometers [ ‘ - [ Temperature
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Fig. 2 — Block diagram of the device
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When controlling the movement of an autonomous
mobile robot or a group of robots [4] to explore the
space, the premises must be used to accurately assess
the position of the robot in space [5]. To solve the prob-
lem of planning the trajectory when making a detour of
the room, it is necessary first to determine the location
of the robot and establish the situation to solve the so-
called problem of simultaneous localization and cartog-
raphy. It implies that the apparatus is placed in an en-
vironment that contains no a priori information. Using
only onboard sensors, the robot must pass in this envi-
ronment from the initial position to the given one, while
building a map of the area. In this task, it is required to
exclude unplanned changes that affect the course of the
experiment, performing an accurate assessment of the
environmental parameters in the room [6].

The principle of the algorithm is to perform two cy-
cles. At the first stage, the state is predicted at the next
moment in time (considering the inaccuracy of their
measurement), that is, the extrapolation method 1is
mathematically implemented to predict the values of
the system. The inputs captured by the sensors are
used to predict the state of the system one step ahead.
Then this theoretical data must be corrected with new
values, which are constantly changing at the input of
the system. The memory stores two different quantities
that are stored in the state of one dynamic process: the
extrapolated value of the dynamic system and the
measured value. It is necessary to determine to what
extent they are valid. Based on the data values, the
deviation of the actual state of the system from the
extrapolated one is determined [7]. It is also necessary
to determine the optimal value of the payoff, the degree
of confidence in the calculated and empirical values [8].
The system value and the state event covariance ma-
trix are adjusted based on this data. Next, the correct-
ed covariance matrix of the state of the dynamic system
is calculated. This is a constantly repeating cycle of
data updating, recording those values that have not yet
been registered by the robot (Fig. 3).
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Fig. 3 — The scheme of the SLAM
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3. RESULTS AND DISCUSSION

A test was carried out for the effectiveness of the sys-
tem in residential areas. When the robot was launched
on-site, observations were obtained that demonstrate
that the system is performing it assigned task of avoid-
ing obstacles and transmitting it position data in real-
time to the operator's screen.

Simulation and display (Fig. 4) of EKF SLAM were
performed using Matlab software. The graphs of the
analysis of accumulated errors based on the results of
the study are below. It examines how errors influent on
the overall uncertainty of the mapping results and the
simultaneous localization of the object. The execution
of the task of minimizing errors can be seen from the
data obtained. Unknown areas, that is the space be-
hind the walls and tables are marked in gray, and the
borders fixed by the robot are white.

The graph of the forecast of the position of the robot in
time is obtained (Fig. 5a). The graph shows the error in
determining the position of the robotic electronic system
over time. The algorithm used an average error of no more
than 1.5 m, and a large error appears when turning.

A graph of errors in determining the position of the
robot during the simulation was obtained (Fig. 5b). A
significant error is noticeable at the corners: the steeper
the turn, the greater the error. It shows how many me-
ters each second the robot accumulates error because the
position of the robot directly affects the location of obsta-
cles. The figure shows that over time errors of up to
0.4 m appear. The robot rotates 100-150 s to scan the
area around the table with laboratory equipment, and
then the system accumulates the error. This is because
it takes some time to define oneself in space when turn-
ing on new landmarks. It is worth noting that position
prediction errors decrease over time, which suggests that
the robot remembers and compares the data. A high
speed of positioning is not required due to the presence
of the above elements of the protection of the robot. For
the most part, the SLAM EKF is needed here to plan
trajectory changes for faster cleanroom scans.

This electronic system simultaneously scans the
environmental data and, in the event of a discrepancy
in the microclimate parameters, transmits data to acti-
vate air conditioning systems, and so on.

The received data is transmitted to the consumer in
portions, which allows ensuring the safety of infor-
mation during its local storage, which allows it to be
saved in the event of a failure of the system itself.

—,

Fig. 4 — The resulting map
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EKF SLAM: position error over time
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Fig. 5 — Graphs of position error over time (a) and position
uncertainty over time (b)

4. CONCLUSIONS

This article implements a model of the electronic
robotic system based on the TI-RSLK platform which
can move in an unknown space, analyze, and transmit
data about the state of the environment through the
BLE module to the operator's device without direct
operator participation. With the help of IoT, it trans-
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M. Rahmoun,

CrBOpeHHs npoToTUIly 0araro)yHKIIIOHAIFHOIO Biia/IeHOro pod0oTa MPHUCYTHOCTI
Ui (piSUMYHUX JOCIIIAMKEeHD Y €JIeKTPOHII

B.M. Bepecues!, B.A. Yeryb6amesa2, O.B. I'nyxos2, 0.0. KpaBuyxk?2

L Xapriscvrull HaylonanvHull yHigepcumem imerni B. H. Kapasina, maiidar Ceob6oou, 4, 61000 Xapkis, Yrpaina
2 XapkiscoKuli HAUIOHAIbHULL YHI8epcumem paodioesiekmpoHriku, npocnekm Hayrxu, 14, 61166 Xapkis, Yipaina

¥V crarTi mpezacraBieHi MeToau MOOY0BM Ta BIIPOBAKEHHs aBTOMATH30BAHOI €JIEKTPOHHOI CHCTEMHU
300py Ta aHaJTI3y iH(OpMAIIi Ipo PisHi Qi3UYHI TapaMeTpH HABKOJUIIHBOTO CEPEIOBUINA B yMOBAX TPUBA-
ux OesmepepBHUX BuMipioBanb. CrcremMa po3pobisieHa Ha 0a3i MIKDOIIPOIIECOPHUX IIPUCTPOIB 3 BUKOPUC-
TaHHSIM 0e3IPOTOBUX TEXHOJIOTH 3 peaJsarrieno airoputrmy EKF SLAM is sokastisariii MicIib 3 HEPIBHO-
MIpPHUM POSIIOJLIIOM IIapaMeTpiB HABKOJIMIIHBOIO CEPeIOBUINA JUIS MiHIMI3aIl 3a0pyJHEeHHS YUCTUX IIPH-
mimtens. KpiM Toro, BoHa Moske mepegaBaTH CUTHAJIHN Yepe3 KOMIT'IOTep OIepaTopa A0 €JIeMEeHTIB yIIpaBJIiH-
HA IpuMinieHHEaM. TakuM YuHOM, 3OIMCHIOETHCA MiHIMI3allid (PaKTOpPiB 30BHIIIHLOIO CepemoBHINA IJIa (i-
3UYHMX 3PA3KIiB Ta BUCOKOTOYHOTO 00JIaTHAHHS, THM CAMUM IIPOJIOBIKYIOUN TEPMIH ii CIIys:KOm.

Knrouori ciiopa: AsromarusoBana cucrema, SLAM, Qinbrp Kanmvana, IndpadvepBonuit narumk, PoGor,

Yucre npumimenss, MikpokaiMar.
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