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PREDICTING ABIOTIC FACTORS TO DEVELOP A SMART
OFFICE SYSTEM

The article deals with the prediction of abiotic factors for the Smart Office system. Scientific research in
the field of forecasting is given. This article discusses the technology for installing an energy-saving system
and its operating principles. Methods of building and managing smart systems are used. Also describes the
increase in comfort, thanks to the Smart Office technology. User-friendly interface is used. Affects functions
such as: optimization of lighting, heating, protection and control of the house remotely, using mobile
devices and special key fobs. Mainly considered the system of automation of business structures depending
on the scale. All currently available methods were suggested, which are key factors in the optimization
of all business processes. And also considered options for modeling and system development, taking into
account all the current problems of automation of smart systems. The importance of the scientific topic
affects the high potential for the development of smart home systems and the lack of uniform standards
for devices included in these systems. The hardware-software complex under development can be used
both in ordinary homes, offices and production facilities. The system is scalable, allowing it to be used for
almost any purpose. The article deals with the creation of an autonomous microprocessor-based climate
data transmission system. In this paper, we developed a microprocessor-based climate measurement
system designed to measure relative humidity and air temperature. The measuring system of climatic
parameters is designed to collect measuring information, its further processing, storage and display in a
form convenient for the operator s perception.

Keywords: smart office, smart systems, smart switch, automated home, controller, microprocessor
system, temperature and humidity sensor, Raspberry microcomputer, Arduino UNO platform.

Introduction. “Smart office” — control system in the office, apartment or building.
Automated system integrated into engineering tools with intelligent multimedia complex
and information systems to create an effective and efficient workflow of the company
and specialists. This is relevant to companies in different fields, making optimal use of all
resources and achieving modern comfort in everyday work. It includes sensors, control
elements and actuators. Technology is advancing so rapidly these days that it consequently
affects the office environment and operations. That’s why the Smart Office is becoming
popular in terms of energy-saving systems and automation. So, let’s delve into this modern
system and understand why office and business owners should apply such automation
processes to their business [1-2].

The main task of the system is to ensure comfort, safety, and energy savings. The
relevance of the topic of research due to the high potential for the development of
smart home systems and the lack of uniform standards for devices included in these
systems.
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Experimental. The hardware-software complex under development can be used both
in ordinary homes, offices and production facilities. The system is scalable, allowing it to
be used for almost any purpose.

Results and Discussion. One of the effective methods of forecasting is the method of
group accounting of arguments (MGAA). The MGAA is based on the principle of multi-
row selection of self-organization models, and the MGAA algorithms reproduce the scheme
of mass selection. The MGAA algorithms synthesize and select the terms of the generalized
Kolmogorov-Gabor polynomial in a special way. This synthesis and selection is performed
with increasing complexity, and one cannot predict in advance what the final form of the
generalized polynomial will be. First, we usually consider simple pairwise combinations of
initial features, from which the equations of decisive functions are composed, as a rule, no
higher than the second order. Each equation is analyzed as an independent solving function,
and the values of the parameters of the composed equations are found one way or another
by the training production. Then some of the best functions are selected from the resulting
set of solvers. Verification of the quality of individual solving functions is carried out on the
control sample. The selected partial solver functions are further considered as intermediate
variables serving as initial arguments for a similar synthesis of new solver functions, etc.
The process of such hierarchical synthesis continues until an extremum of the quality crite-
rion of the solver function is reached, which in practice manifests itself in the deterioration
of this quality in attempts to further increase the order of the polynomial terms relative to
the initial features [3].

MGAA algorithms based on the principles of self-organization allow to synthesize
different filters: smoothing or predicting, algebraic or differential, linear or by full power
polynomial. The accuracy of the latter is the highest, usually the error on the verification
sequence is on the order of 1% [4].

Due to the development of neural networks and the expansion of their applications, they
have found wide application in predicting various dynamic processes [5-7].

The above approaches are included in the software of many statistical data processing
packages have been developed in the form of application software packages or procedure
libraries [8].

Overview of control sensors. Temperature and humidity sensors can be used to auto-
mate control of these parameters. The following is an overview of the types of sensors [9].

Any type of temperature sensors that are used for automatic control work based on the
principle of converting the measured temperature value into an electrical physical quantity.
This principle is related to some of the advantages of electrical measurements: 1) the recep-
tion and transmission of electrical quantities over distances is easily accomplished at high
speed; 2) universality of electrical quantities (any physical quantities can be converted to
electrical quantities and vice versa); 3) their precise conversion into a digital code, which
allows to achieve high accuracy, sensitivity and speed of measuring instruments [10-12].

Temperature sensors can be used wherever parameters that characterize the system under
study depend in some way on temperature factors. Due to the development of microelectron-
ics and nanoelectronics, the following types of temperature sensors exist: thermocouples and
thermistors, as well as thermoresistive sensors, which have a linear dependence of the output
signal, along with these and semiconductor sensors, which have a digital output.
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Autonomous microprocessor data transmission system. Modern opportunities for
the development of various sensors [13] and the cheapening of microprocessors have also
opened a wide opportunity for the introduction of hardware and software for monitoring
climatic parameters. In particular, it has found wide application in applied tasks of relatively
cheap Arduino controller, which has a large base of developed sensors and means of their
communication with the computer o [ 14-18].

To create an autonomous microprocessor-based climate data transmission system, we
used a Raspberry Pi 3 B+ single-board microcomputer. Power is provided by a solar
panel.

The system includes a set of necessary sensors and software. The measurement
modules are connected to the computer via a USB adapter. The software presents the
measurement results in tabular and graphical form, and allows you to view and print
the accumulated database archive of measurements for any period of time. It is possible
to view data from sensors both on other computers in the local network and via the
Internet.

Figure 1 shows the elements of the block for obtaining climate data and transferring
them to the Raspberry microcomputer. The specified block is implemented on the basis of
the Arduino controller, the characteristics of which are given in Table 1.1.

Arduino UNO is a device based on the ATmega328 microcontroller. It includes
everything you need for easy microcontroller operation: 14 digital I/Os (6 of which can be
used as PWM outputs), 6 analog inputs, a 16 MHz crystal pickup, a USB connector, a power
connector, an on-chip programming socket (ICSP) and a reset button. To start using the
device, simply power it up with an AC/DC adapter or a battery, or connect it to a computer
via a USB cable.

Figure 1 — Temperature and humidity sensor: 1— Arduino UNO; 2 —Ethernet Shield W5100;
3 —DHT11 Temperature and humidity sensor; 4 - 3 wires to connect the DHT 11 sensor to the Arduino;
5 - USB cable for Arduino
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Table 1.1 — Characteristics of Arduino UNO

Microcontroller ATmega328

Operating voltage 5B

Supply voltage (recommended) 7-12B

Supply voltage (limit) 6-20B

Digital inputs/outputs 14 (of which 6 can be used as PWM outputs)

Analog inputs 6

MaxkcuMaJibHBIH TOK OJJHOTO BBIBOJIA 40 MA

Maximum output current output 3.3V 50 MA

Flash memory 32 KB (ATmega328), of which 0.5 KB are used
by the loader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock frequency 16 MHz

The Ethernet Shield is an expansion card that is installed on top of the Arduino itself. It
allows you to act as a network device and communicate over a wired network with similar
devices, with ordinary computers, printers, services on the Internet and other network
resources. This is the latest version of the board: Ethernet Shield Rev3, it is fully compatible
with Arduino Mega 2560, unlike its predecessor and a number of unofficial clones.

The board is based on the Wiznet W5100 chip, which supports both TCP and UDP
protocols. Up to four connections can be open at the same time.

The board has a standard 8P8C ethernet port for networking with twisted-pair patch
cord and a set of pins for connecting to the Arduino. The Ethernet Shield and Arduino use
pins 4 and 10 through 13 to communicate with each other, so their use for other purposes in
the presence of the expansion card is not possible. All other pins are connected directly to
the base board, so they are essentially «extensionsy.

The «Ethernet» library from the standard distribution is used to program the network
communication. In addition, sample programs are also built into the Arduino IDE.

The board has a slot for a micro-SD flash card, which can be used to store resources
distributed over the network. The sdfatlib library can be used to interact with the SD card.

The following indicators are built into the board:

— PWR lights up when power is applied;

— LINK lights up if the network is available. Flashing when receiving and transmitting
data;

—FULLD is lit when a duplex connection is established. That is, simultaneous reception
and transmission is possible;

— 100M illuminates if the connection is at 100 Mbps (not 10 Mbps);

— RX blinks when receiving data;

— TX blinks when transmitting data;

— COLL flashes when there is a collision in the network. That is, when in half-duplex
mode two devices try to transmit a packet at the same time;
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there is also a reset button connected to the base board so that when pressed it resets
both devices.

The sensor consists of two parts - a capacitive temperature sensor and a hygrometer.
The first is used to measure temperature, the second to measure air humidity. The chip
inside can perform analog-to-digital conversions and produce a digital signal which is read
out by a microcontroller.

on DHT11 is a small sensor in a small plastic case. At the sensor output there is a
digital signal, and two parameters at once and temperature and humidity. The point of
communicating with an Arduino controller is:

— The microcontroller asks for a reading and changes the signal from 0 to 1.

— The sensor sees the request and responds by changing the bit signal from 0 to 1.

— Then the sensor gives out a data packet of 5 bytes (40 bits), whereby in the first two
bytes temperature, in the third and fourth humidity. The fifth byte is a checksum to exclude
measurement errors.

Figure 2 shows a view of the RaspberryPi microcomputer and the display.

Figure 2 — Raspberry Pi: 1 — Raspberry Pi 3 B+; 2 — 5inch HDMI LCD; 3 — HDMI Connector

The Raspberry Pi is a single-board computer the size of a bank card, which means that
the different parts of the computer, which are usually on separate boards, are presented here
on one. The Raspberry Pi runs mostly on operating systems based on the Linux kernel. It is
also possible to install Windows 10 1OT.

Sinch HDMI LCD is a five-inch LCD display with a resistive touch panel designed for
use with the Raspberry Pi minicomputer. The display module has 800x480 resolution and
connects directly to the Raspberry Pi with the included compact HDMI connector. The
exception is the very first Raspberry Pi model B, which cannot be connected with a compact
HDMI connector and requires a standard HDMI cable.

The Sinch HDMI LCD display module is connected to the Raspberry Pi expansion slot,
and the I/O pins are not used for image transfer. However, the SPI interface is required
to communicate with the touch panel controller and the corresponding 1/O pins are
used. Battery-powered solutions have the ability to control backlighting to reduce power
consumption.
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Figure 3 shows the components of the autonomous power supply unit.

Figure 3 — Standalone power supply unit: 1 — rechargeable battery (MHB); 2 — solar panel;
3 — charge controller for the solar panel; 4 — car charger providing 5V current

On the basis of the above-mentioned blocks an autonomous microprocessor data
transmission system is assembled (Figure 4).

Figure 4 — Autonomous microprocessor data transmission system

The computing center of the system is the Arduino UNO platform, and the Ethernet
Shield is used to communicate with the network. Using the Raspberry Pi, the sketch is sent
to the Arduino UNO, which sends temperature and humidity data to the web browser via the
Ethernet Shield. The Raspberry Pi uses a rechargeable battery for autonomous power, which
is charged via solar energy. n addition the figure shows a USB hub with external power
supply and a wireless mini keyboard. Figure 5 shows the connection diagram of the sensor,
their characteristics are shown in the table.
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Figure 5 — Diagram for connecting the sensor to the Arduino

Table 1.2 — Characteristics of the elements of the Arduino connection scheme

MCU Microcontroller or single board | Arduino / Raspberry Pi etc.

computer

DHTI11 Temperature and humidity sensor | Pins 1Pin, 2Pin and 4Pin are involved in the cir-
cuit, one of the sensor pins - 3rd pin 3Pin - is not
connected to anything.

DATA Data bus network If the length of the connecting cable from the
sensor to the microcontroller does not exceed 20
meters, then it is recommended to pull this bus
to the power supply with a 5.1 kOhm resistor; if
more than 20 meters - then another suitable rat-
ing (smaller).

VDD Sensor power supply Voltages from ~3.0 to ~5.5 volts DC are accept-

able; if a ~3.3 volt supply is used, it is advisable
to use a supply wire no longer than 20 cm.

Figure 6 shows the operation of the stand-alone microprocessor data transmission system.

Figure 6 — Receiving temperature and humidity data on the screen

For Arduino operation with DHT11 and DHT22 sensors there is a ready-made library

(DHT).
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The sketch for receiving data from the temperature and humidity sensor DHT11 and
outputting the received data to the serial port is given in listing 1.
Listing 1.

Then the specified sketch is loaded into the Arduino board and the port monitor opens
to view the received data (Figure 7).

Figure 7 — Port monitoring in Arduino
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The Ethernet Shield connects the Arduino to the server using the Internet or a Wi-Fi
router. Currently using a Wi-Fi router to transmit information from the sensors. The sketch
for receiving data from the temperature and humidity sensor DHT11 and displaying the
received data in a web browser is given in listing 2.

Listing 2.

#include <DHT.h>

#define DHTPIN 3
#define DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);

#include <SPI.h>
#include <Ethernet.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, OxFE, OxED };
TPAddressip(192,168,0,20);

EthernetServerserver(80);

void setup()

{
dht.begin();

Serial.begin(9600);
Serial.printin(“DHT11 test!”);

Ethernet.begin(mac, ip);
server.begin();
Serial.print(“server is at «);
Serial.println(Ethernet.locallP());

}

void loop()

{

int t = dht.readTemperature(); // reading the sensor on pin 3
int h = dht.readHumidity();

EthernetClient client = server.available();

if (client) {

Serial.println(“newclient”); // The http request ends with an empty string
boolean currentLinelsBlank = true;

while (client.connected()) {

if (client.available()) {

char ¢ = client.read();



50 Becmnux Hayuonanvhoti unsceneprou akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

Serial.write(c);

// if you have reached the end of the line (received a newline character),
// and the line is empty, the http-request is over,

// then you can send a reply

if (c == “\n’ &&currentLinelsBlank) {

// send a standard http response header
client.println(“HTTP/1.1 200 OK”);
client.println(“Content-Type: text/html”);
client.println(“Connnection: close”);

client.println();

client.println(“<!DOCTYPE HTML>");
client.println(‘“<htmlI>");

// add a metarefresh tag so that the browser refreshes every 5 seconds:
client.println(“<meta http-equiv=\"refresh\” content=\""5\">");
client.println(“<title>");

client.print(“Temperature and Humidity”);
client.println(“</title>");

// DHT11 temperature and humuidity results output
client.println(“<center>");

client.println(“<h1>");

client.print(“Data Center”);

client.println(“</h1>");

client.println(‘“<h2>");

client.print(“Server Room Temperature and Humidity”);
client.println(*“</h2>");

client.println(‘“<h4>");

client.print(“Temperature : “);

client.print(t);

client.print(“<sup>0</sup>");

client.print(“C”);

client.println(“<br />”);

client.print(“Humidity : );

client.print(h);

client.print(“%”);

client.println(“</h4>");

client.println(“</center>");

client.println(“</htmI>");
break;

}

if (c=="\n’") {
currentLinelsBlank = true;

}
else if (¢ 1= “\r") {
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currentLinelsBlank = false;

b
b

}+ // allow time for the web browser to retrieve data
delay(1);

// close the connection:

client.stop();

Serial.println(“client disonnected”);

}

b

The data from the temperature and humidity sensor can be viewed on the web browser
of the computer (figure 8) and any device connected to the internet network to which the
Arduino is connected by writing 192.168.0.20 in the browser line.

Figure 8 — Displaying temperature and humidity data on the RaspberryPi web browser

Conclusions. This paper analyzes the capabilities of a prototype “smart office” system.
Partial use of resources is convenient for reducing the cost of office maintenance. Smart
Office can even be controlled via smartphone, as long as the device is connected to the local
network. In this paper, an autonomous microcomputer system for climate data transfer is
developed, a general characteristic and the task of abiotic factors forecasting is given. A
program was developed for the regression model to predict the value of the output parameter
in real time, by eliminating the recalculation of data from the beginning of the count and
the lack of the need to turn the matrices. Based on the solution of the model problem, the
effectiveness of the developed program is shown. The results of this work are the basis
for the research and implementation of a comprehensive solution to the problem of expert
evaluation of climate data.
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unmep@eitic Kondanvinowl. Ocwl dHcyliede Keneci QyHKYUALAPObIH KOIOAHbLIAMbIHLIK aman aiimyea 6o1a-
ObL: AHCAPLIKMAHOBIPYObL OHMATLAHOBIPY, JHCHLABINGY, YUOI KAUBIKIMAH KOPEAY JdcaHe 6acKapy, MoOuiboi
KYPblIZbLIAP MeH apHailbl Kiimmepoiy komecimen backapy. Heeizinen aykvimbina bainanvicmol OusHec-
KYPbLIbIMOApObl A8MOMAMMAHOBIPY JiCyteci Kapacmulpwlidobl. By ocymvicma kaszipei yaksimmasol
bapnvik OusHec-npoyecmepOi OHMAUNAHOLIPYOLIY He2izel ¢hakmopnapsl O0nbin Mabbliamuli OapiviK
Kon oicemimoi a0icmep YcuiHblIObl. COHOAU-AK, aKbLIObL Jicylienepoi asmomammanoblpyoObly Oapivlk
03eKmi Macenenepin eckepe omuIpbln, HCYUeHi MOOeIbOeY HcaHe d3Ipiey HYCKAIapsl 0a KapacmblpblieaH.
Folnvivu maxsipulnmoiyy Mabl30bLIbI2b1 AKLLObL Vil JCYUENePiH OAMbIMYObIH JCOAPb dleyemine JcaHe
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ocvl dcylienepee eHeiziieer KYpuligbliapobly OIpbIH2all CIandapmmapulibly Ooimayvina acep emeol.
O3Ipienin  sHcamkan Oa0apiamanblk-annapammsly, KeueHoi Kapanaivim yiliepde, KeHcelepoe oe,
oHOdipicme Oe Kondanyea 6onadvl. Kapacmulpolivin omvipean sicytie macumabmanaovl, OY1 OHbl Ke3-
Kelleen MaKcamma nanoaiany2a MymKkiHoik oepedi. Maxanada xnumammolx depekmepoi 6epyoiy asmo-
HOMObL MUKPONPOYECCOPIBIK JCYUECiH KYpy OAcmbl HA3apoa Kapacmulpuliadvl. Byn scymvicma canvl-
CMbIPMATbl bLIIRANIOLLILIK NEH aya MeMnepamypacbii oauleyee apHaiean KIuMammuolk napamempnepoi
onueyoiy MUKPONpOYeccopavlk Jcyiieci sicacanovl. Knumammulx napamempnepdi onwey aicyiieci onuiey
aKnapamuln AHCUHAY2A, OHLL IPI Kapail onoeyze, CAKmayaa JHcane onepamopobly KaoblioayblHa bIH2ALTb
mypoe Kopcenyze apHaiaHu.

Tyitin co30ep: axvliobl Keyce, cmapm Jcyiienep, CMapm KOCKblild, agmoMammanoblpbliean mypevit
YU, KOHmpoiep, MUKpPONPOYECCOpablK Jicylle, memMnepamypa MeH blieaidblivlk cencopul, Raspberry
Mmuxpoxkomnvromepi, Arduino UNO naameopmacei.

I 3. BUATEEKOBA'?, JI. C. KOIIBOCBIH?, A. K. CAMBETBAEBA?,
JK. JYHCEHBFEKKBI3BI, E. b. MYPATOB?, A. JI. BYPTET'Y/IOB?

Hnemumym ungopmayuonnsix u evruucaumensvhovix mexronozuti KH MHBO PK,
Anmameir, Kasaxcman
’Kaszaxckuil nayuonanbHwiil ynueepcumem umenu ano-Dapabu, Aimamol, Kazaxcman

NNPOI'HO3UPOBAHUE ABUOTHNYECKHUX ®AKTOPOB
JIJISI PASPABOTKH CUCTEMBI « YMHBI O®HC»

Cmamwsi nocesujeHa nPOSHOZUPOBAHUIO ADUOMUYECKUX (PAKMOPO8 ONisl CUCIEMbL « YMHbLIL 0pucy.
IIpusedenvi HayuHble uccIe008anus 6 061acmu NPOSHO3UPoBanus. B 0annou cmamve paccmampusaemcs
MEXHON02UsL YCMAHOBKU dHepeochepe2aioweli cucmemvl U e20 NpuHyunvi pabomsl. Mcnonvsoeanvl me-
MoObl NOCMPOeHUs: U Ynpasierus cmapm-cucmenm. Taxdce onucvleaemes: nogwiuleHue KOMGopmHocmu,
brazooaps mexnonoeuu « Ymuwlii ogucy. Hcnonvzosan yoobuwlil unmepgetic 0ns noavsosamens. 3a-
mpazusaromcs maKue QYHKYuU, Kak OnmumMu3ayus 0C8EeUWeHHOCMU, OMONIEeHUs, 3aWuma u ynpasieHue
00MOM OUCMAHYUOHHO, NPU NOMOUWU MODUILHBIX YCMPOUCME U CReYUAIbHbIX Openkos. IasHvlm 0bpa-
30M, PACCMAMPUBACCI CUCEMA ABMOMAMU3AYUYU OUZHEC-CIMPYKIMYP 6 3A8UCUMOCIU O MACumaoa.
Boiu npeonooicenvl 6ce docmyntvle memoosl HA OAHHLITL MOMEHM, KOMOpble SAGNSIOMCs KIIOUegbLMU
Gaxmopamu 6 onmumuzayuu écex busHeCc-npoyeccos. A maxice paccMoOmpensl apUAHNbL MOOETUPO-
6aHUSL U PASPAOOMKU CUCIEMbI, YUUMbIGAs. 6Ce AKMYALbHble NPoOieMbl A8MOMAMU3AYUL YMHbIX Cl-
cmem. BaosicHocms HayuHoU memvl 61uUsem HA 8biCOKUN NOMEHYUAN PA3GUMUs CUCeM YMHO20 00MA U
Ha omcymemeue eOUHbIX CMAanOapmos yCmpoucme, 6KIIOYeHHbIX 6 amu cucmemvl. Paspabameisaemolil
nPO2PAMMHO-ANNAPAMHbLI KOMILEKC MOJCem Oblib NPUMEHEH KaK 6 0ObIYHbIX 00MAX, ogucax, max u Ha
npouzsoocmee. Cucmema A8ACMCst MACUMAOUPYEMOT, YMo NO380SeM UCHONb3068AMb €€ NPAKMUYECKU
0n5 0bbIxX yeneil. B cmamve paccmampusaemcs co30aHue aémoHOMHOU MUKPONPOYECCOPHOU CUCTEMbL
nepeoayu KIuMamuueckux OaHHolx. B 0annoil pabome paspabomana Mukponpoyeccopras Cucmema us-
MepeHUst KIUMAMUYeCKUX napamempos, NPeOHA3HAYeHHAs 0I5l USMEPEHUs OMHOCUMENbHOU BIIANCHOCIU
u memnepamypul 6030yxa. Cucmema usMepeHust KIUMAmuyecKux napamempos npeoHasHaiena ois coopa
usMepumenbHol uHgopmayuu, darvHeluel ee 06pabomK, XpaHeHUs U OMoopaxceHus: 8 hopme yOOOHOU
0151 6OCHPUSIMUSL ONEPAMOPOM.

Knrouesvie cnosa: ymuuiii oghuc, cmapm-cucmemvl, UHMENNEKNYAIbHbLI GbIKTIOYAMENb, A8MOMAMIU-
3UPOBAHHOE JHCUNUULE, KOHMPOLLED, MUKPONPOYECCOPHASL CUCIEMA, OAMYUK MEMNEepantypbl U LANCHO-
cmu, mukpokomnstomep Raspberry, niamgopma Arduino UNO.



