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DEVELOPMENT OF INTELLIGENT CONTROL SYSTEM OF HVAC
BY USING MACHINE LEARNING

The article is devoted to the problem of regulation of heat supply and air conditioning in the room.
An automated system for monitoring the dynamic characteristics of such sensors is described, which is a
software and hardware complex for setting up a test bench and analyzing the parameters of sensors for
dynamic temperature control and air conditioning. The main purpose of this system is automation of one
room by controlling air conditioning and supporting a temperature. The system performs the functions
of controlling the Google Coral USB Accelerator, configuring the ADC and determining the amplitude-
frequency and phase-frequency characteristics of temperature sensors, switches, leak sensors and air
conditioning based on the results of their experimental studies on the stand for monitoring the dynamic
characteristics of sensors and monitoring in the SCADA Genesis64 program. The scheme of the test
bench, the generalized algorithm of the system operation and the screen form of the program operation
are presented. The software of the automated system for temperature control and air conditioning in the
room is developed on the basis of ModBus TCP, OPC UA and SCADA programs.

Key words: SCADA Genesis 64, intelligent system, machine learning, neural systems, air and
conditioning system.

Introduction. The majority of current health management products are used in medical
institutions and do not pay enough attention to students. This research develops a student-
centered and functional autonomous health management system based on this.

Currently, the regulation of indoor temperature and air is one of the most common
problems in residential complexes. In the process of creating an intelligent control system,
the task was set to create a supply system in a specially separated laboratory, which is
located in the smart laboratory.

An important element of the Laboratory is a software package built on the basis of the
leading Software-the Internet of Things platform Genesis 64. This is the so-called “Upper”
level of the system of “Smart” cities, in which processes are displayed, managed, indicators
are analyzed, and predictive modeling of processes is performed.

Air conditioning is an automated process of maintaining the microclimate in the room
(air temperature, humidity, air circulation rate, air purity). This is necessary for the normal
functioning of a person or to ensure the conditions of safety measures at the workplace in
polluted areas in the enterprise. The air conditioning system of large areas is usually carried
out by complex automated control systems. An automated air conditioning system controls
the indoor climate, regardless of the parameters of atmospheric conditions. The main devices
are placed in an apparatus called an air conditioner. Before proceeding to the gradation of
air conditioning systems, it should be noted that there is still no standard classification of
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air conditioning systems and this is indicated by the fact that the basic schemes, technical
and functional parameters of the SLE are diverse, as are the rooms for which this or that
system is intended. Air conditioning is achieved by providing a complex of technical and
technological means, in other words, an air conditioning system. The air conditioning
system consists of a complex of installations, such as an air intake, cleaning and processing
equipment, heat exchangers, filters, dehumidifiers or humidifiers, air circulation systems
- fans, automation systems and remote control. As a rule, such air conditioning units are
assembled in one or two boxes, and in this case the values “air conditioning system” and
“air conditioning” are similar.

Comparison of neural network architecture. Researches were carried out on an
experimental sample of the color sorter [3], the block diagram of which is shown in Figure
1. The sequence of technological processes in the color sorter includes: SH - storage hopper;
VT - vibrating tray; IPT - inclined pitched tray; VC - video cameras; RU - recognition unit;
MC - microcontroller; PE - pneumatic ejectors; SA1; SA2 - respectively, amplifiers for
signals of pneumatic ejectors and vibrating tray; Ifr. and Ilfr. - respectively, outlet pipes
for the first (alfalfa seeds) and second (seeds of quarantine and hard-separable impurities)
fractions.

The experimental setup is equipped with CCD Nikon AF NIKKOR cameras (52mm)
with a minimum resolution of 1800-4500 pixels. A Raspberry Pi3 processor was used as a
microcontroller, and a JMGD LED-W LED lamp was used to supply lighting, providing
32Ix illumination in the object recognition area. Also, the color sorter is equipped with a
Vibrator1 10V Small modei vibrating tray, Ejector 20 Blocks pneumatic ejectors, a Trays
size 306mm profile pitched tray, a 64 Holes nozzle plate blowing panel, an air filter and a
valve.

The optical-electronic control unit operates on the basis of its own software product
“Digital Seed Cleaning”, which makes it possible to recognize seeds of quarantine and hard-
separable impurities with defects of up to 64 classes [4]. The performance of the separator
was regulated by the speed of transportation on a horizontal vibrating tray, at which uniform
movement of the flow of seeds was ensured in one layer. Once in the survey area, each seed
is examined by cameras separately, so that a high degree of purity of the seed fraction of the
main crop can be achieved with a color sorter.
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In the result of researching they get the output function which was effective in summer
months.

f(x):SgnaaiyiK(xi’x)"'bE 2)

The method, which is using for our researches is based on machine learning and dataset,
but in this time, in papers and researchers [7] and [8], they based on their mathematical
model of hybrid neural system. There was presented the data output, which collected
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predicted faults in normal and negative sample of system. For example, in works [9], there
was shown and made the monitoring different kinds of dataset, which was combined to
econom the electricity of HVAC system, results are below:

Figure 1 — FDD model for system

The glitch of the warming, ventilation and cooling (air conditioning) framework is
viewed as a Moderna significant issue in present day structures. Because of the intricacy
of the Structure The executives Framework (BMS) with the contribution of functional
information from an enormous number of sensors utilized in the air conditioning
framework, a breakdown can be truly challenging to recognize at a beginning phase. While
various strategies for shortcoming identification and analysis (FDD) utilizing measurable
and preparing models have exhibited amazing outcomes as of late, early finding stays
a test, since numerous cutting edge approaches are unfeasible for diagnosing specific
infringement of Moderna air conditioning and have exactness issues. In such manner,
this review presents another half breed FDD approach by joining arbitrary timberland
classifiers (RF) and a reference vector machine (SVM) to apply FDD to the central air
framework. Exploratory outcomes show that the proposed half and half woodland irregular
number machine svm (HRF-SVM) is better than different techniques with higher forecast
precision (98%), in spite of the way that the indications of disappointment were moderate.
Moreover, the proposed construction can essentially lessen the quantity of sensors required
and function admirably with few mistaken examples of preparing information accessible
in genuine applications [9].

Also to think about neural organization models, this article presents a drawn out transient
memory (LSTM) model for anticipating [AT for a multi-zone building in view of direct
multi-stage expectation with a consecutive methodology. Two techniques, LSTM-MISO
and LSTM-MIMO, are made for a long time with one result and numerous result with
different results, separately. The adequacy of these two procedures was assessed in view of
two contextual analyses of truly canny structures utilizing variable wind stream (VAV) and
consistent wind stream (CAV) frameworks. For the two structures, the exploratory outcomes
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showed that LSTM models are better than multi-facet perceptron models, lessening the
expectation mistake by 50%.[10]

Creating own neural model. The framework is a product and equipment complex for
ideal control of the room’s central air (Warming, ventilating and molding), gas, moistness
and temperature. It comprises of a module for gathering, handling and observing room gas,
stickiness and temperature information, a neural organization - based expectation module, and
a choice - making module [11]. The information obtaining module communicates temperature
information from sensors situated along the space to an equipment programmable regulator.

The synthetic research facility of the Organization of Burning Issues, for the creation of
materials for the dental business, with three rooms, an area of 70 square meters, was picked as
the premises. In this work, we utilized 13 sensors, these are temperature, moistness and tension
sensors, which were put in each room, for more exact information estimation, and for preparing
the neural organization. The motivation behind gathering information from these sensors was
a checking framework, as indicated by which we will control the warming and cooling in the
room. Three sensors would be hung in each room, these are DHT11 (temperature, dampness),
CCS811 (pressure). Nonetheless, in enormous rooms, you can introduce sensors each 10 meters,
and in little rooms - each 2-3 meters, and this won’t essentially influence the outcome. The
information from the sensors is gathered through the 12C convention to the regulator, we utilized
the regulator - ESP32, then, at that point, the regulator by means of WiFi sent the information to
the server in the MySQL data set, we conveyed our own neighborhood server in the labs. The
information move rate has been decreased to 250 bytes/s because of impediments because of the
qualities of the sending gadget. The Arduino Nano regulator is customized utilizing the Arduino
IDE. The remote organization is utilized to communicate information to the expectation module.
The information assortment module sends temperature information from sensors situated along
the space to an equipment programmable regulator [ 11]. From the server, the expectation module
sent on Raspberry PI, in the Python language, processes sensor information from the server and
utilizations them to prepare the neural organization [11].

In this trial, we took just temperature information for preparing the neural organization,
and we will utilize it to control warming and cooling in the room. In view of a pre-prepared
LSTM neural model, the forecast module gives temperature circulation expectations
to various methods of activity of the air conditioning framework. The dynamic module
chooses the ideal temperature method of the warming and cooling framework to acquire the
objective hotness conveyance work in the room and communicates the fitting order signs to
the regulator to control the temperature.

The counterfeit neural organization (ANN) structure depends on the human sensory
system and the learning system of the human cerebrum and neurons.

The In strategy incorporates a bunch of interconnected neurons partitioned into
information, yield, and secret layers. The framework utilization is determined in light of
the framework input and the organization weight, as well as the organization transmission
work [11]. By adjusting this strategy to oneself help process, the ANN technique is broadly
utilized in central air frameworks. The ANN practice is accomplished by changing the
weighting element to diminish the expense work. An ANN Framework Distinguishing
proof Model isn’t needed. In view of the construction of non-straight capacities and
articulations of information through the shells of interconnected neurons, the purported
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counterfeit neural organizations or straightforward neural organizations, which are a typical
technique for showing or showing associations among data sources and results. This can be
an alluring decision for controlling and characterizing non-direct frameworks like central
air frameworks. As indicated by Deponte and Grimaldi, the design or calculation of this
strategy depends on a neurobiological framework. This implies that this technique should
be visible as a black box with a ton of unsurprising power for the models. This is extremely
helpful, particularly broadly utilized in obscure models or without a numerical model, or
when all images are depicted in an obscure case and can prepare ANN [11].

To anticipate the activity of temperature sensors in the time series, two kinds of neural
organizations were utilized. The first is a basic neural organization with a few secret layers,
and the second is an intermittent neural organization (LSTM). A neural organization of
the LSTM type was picked, since there are time information here, and this kind of neural
organization is more ideal for this task [11].

As a module for information expectation and direction, we utilize a Raspberry PI single-
board PC. On it, we send our neural organization and utilize the information recorded in the
data set to prepare the neural organization. We split our tangible information into tests and
train to prepare the neural organization [11].

The neural organization comprises of an information layer of 120 neurons (10 sensors
x 12 time spans) and a first secret layer of 128 neurons, a second layer of 256 neurons, and
a result layer of ten neurons, considering that the result 10 neurons are a forecast for every
one of the ten neurons .

Information cleaning. In the data set, information was gathered from sensors for quite a long
time. While composing temperature information to the data set, some of it contained commotion
and mistaken information. Hence, as an example, we take information from ten sensors recorded
with the right time list, and take an example in which the time series is accurately marked. We get
an example where every one of the ten sensors are available. We likewise fill in information that
contains mistakes. While cleaning the information, a few sensors showed a temperature of 150
or - 127 degrees, as the information is erroneous, so we sift through such commotion and select
information under 40 degrees or more ten degrees Celsius.

As a model for the neural organization, we utilized an intermittent neural organization. The
thought behind RNN is to involve data in a steady manner. Customary neural organizations accept
that all sources of info and results are autonomous. Be that as it may, for some assignments this
isn’t appropriate. To foresee the following word in a sentence, it’s ideal to think about the words
that precede it. RNNs are called repetitive on the grounds that they play out a similar undertaking
for every component of the grouping, and the outcome relies upon past computations. One more
understanding of RNNss: these are networks that have a “memory” that considers past data.

We utilized the Mean Squared Mistake (MSE) equation as the result work, and the SGD
work as the enhancer.

The MSE-RMS expectation mistake is utilized in circumstances where we want to
underscore enormous blunders and select a model that gives less huge forecast mistakes.

MSE - the standard mistake of the estimate is utilized in circumstances when we really want
to underscore enormous blunders and pick a model that gives less huge figure mistakes.

14 ,
MSE=HZ(yi -¥) 3)

i=1



102 Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 3 (89)

Forecasting and obtaining results from neural networks. In this way, we analyze the
gauge of the neural organization and the genuine worth of the sensors in a given time stretch.
In this diagram, we look at the genuine qualities and the qualities taken from the estimates.
In the chart, we deduct the base worth from the greatest worth, then, at that point, it will be
equivalent to 95-100 percent a model that gives less enormous conjecture blunders.

Figure 2 — Neural network prediction

Figure 3 — Visualization losses

Figure 4 — Dataset of air conditioner working modes
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As we can find in the above diagrams, forecast blunders decline essentially with every
age of neural organization preparing and reproductions.

Subsequently, we think about the figure of the neural organization and the genuine worth
of the sensors in a given time stretch. In these diagrams, we look at the genuine qualities and
the qualities taken from the gauges. On the diagram, we take away the base worth from the
greatest worth, then, at that point, it will be equivalent to 90-95%. In this paper, based on the
prediction of temperature parameters, we have developed a neural network that allows you to
control air conditioners in an intelligent optimal mode, in the form of a recommendation system.
We tested this system and got excellent results. In the future, we will add data parameters of
other gases and more input parameters to improve the scalability of the system.

Conclusion. In this research, combination of heating ventilation and air conditioning
(HVAC) system was concepted by the architecture and the methods of optimization neural
network. A model was built to optimize using HVAC system in the buildings. As a result
of our research, we have developed an intellectual system that optimizes the problem
of consumption and waste of heat supply and air conditioning in the room through a
management and monitoring structure and an intelligent system model. The functionality
of the system with the help of an intelligent automated system allows you to minimize
human influence, increase the efficiency of the system, manage and control all the states
in the system locally and remotely, analyze and examine data for a certain period of time,
identify violations and failures of elements and sections of the system, optimize all work
processes. The developed intelligent automated system solves the problems associated with
the use of excessive heat and its costs, which allows the developed technology to function
as a centralized system to supply heat to the room in the right amount and turn on air
conditioning all year round, regardless of the time of day and weather conditions. The use
of monitoring and regulation of the set parameters allows the intelligent system to provide
electricity only in the amount in which it is needed and at the same time save unnecessary
consumption. The system is easily scaled and can run for many years without interruption
and is safe for the environment.

This research was funded by grant of Ministry of Education and Science of the Republic
of Kazakhstan NeAP09260767 “Development of an intelligent information and analytical
system for assessing the health status of students in Kazakhstan (2021-2023).
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MAIIINHAJIBIK OKBITY KOMEI'IMEH KKAB 3USTKEPIIK
KYUECIH 93IPJIEY

Maxkana 6eamedezi dcoliymen HcabObIKMayobl JicoHe ayamvbl 6anmayovl pemmey Macenecine
apuanzan. Hdamuuxmepoiy OUHAMUKATLIK, CUNAMMAMANAPLIH  OAKbLIAYOLIY  A8MOMAMMAHObIPLIIRAH
Jicylieci cunammanzan, 01 ColHAK CMEHOIH OPHAMY2A JICIHe MeMnepamypansvl OUHAMUKATLIK OaKblLIay
JiCoHe  ayaHvl Oanmay O0amuukmepiHiy napamempiepin mandayed apHanear  Oagoapiamanbik-
annapammulix, Keuien 60avin maobwvlnadwl. byn ocylieniy nezizei maxcamol-ayanvl 6anmay dcane memne-
pamypausl ycman mypy apxulivl 0ip 6enmeni asmomammanovipy. XKytie Google Coral USB yoemxkiwin
oacxapy, ADC napamempnepi ocone memnepamypa OAmuuKmepiniy, KOCKbIUMAapObly, a2bll Kemy
damuuxmepiniy dHcone aya banmay Oamyukmepiniy amniumyoarblK-JCuiliK Heane asanvik cunamma-
Manapuvin cencopaapovly OUHAMUKATBIK, CUNAMMAMAIAPbIH OAKbLIAY JIcaHe OAKbLIAY Ywin cmenomesi
9KCnepuMeHmmixk 3epmmeyiepiniy Homudcenepi ne2izinoe anvikmauiowsl. 6agoaprama SCADA Genesis64.
Coinarx cmenoiniy cxemacwl, JHCYUeHiH JCATNbIIAHEAH ANCOPUMMI Jicane 6a20apramanbly IKPAHOLIK Hbl-
canvl ycvinvinean. lwiki memnepamypansl 6aKwviiay dcone ayamvl oanmayobvly ademoMammanobipbliaH
grcytieciniy 6az0apnamansvix scacakmamacvt ModBus TCP, OPC UA ocone SCADA 6azoapramanapul
neeizinoe Jcacanea.

Tyitin co30ep: SCADA Genesis 64, unmennexmyandvl dxcyie, MawuHanblk OKblmy, HeUpOHObIK
Jrcytienep, aya banmay dHcyieci.
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PA3PABOTKA UHTEJUIEKTYAJIbHOM CUCTEMBI YIIPABJIEHUSI
CHACTEMOM OBUK C UCITIOJIb30BAHUEM MAIIIMHHOTO OBYUEHMUSI

Cmamusi noceésujena npobreme pe2yiuposanust menioCHAOX CeHUs. U KOHOUYUOHUPOBAHUSL 6030YXA 6
nomewenuy. Onucana agmomMamusupoOBaHHAas CUCemMd KOHMPOs OUHAMUYECKUX XAPAKMePUcmux ma-
KUX 0amuuxos, npedcmasisiowast cooou npocpamMmHO-annapammblil KOMIJIEKC sl HACMPOUKU UCHbIMA-
MeNbHO20 CMeHOa U AHANU3A NApamempos 0amyuKo8 OUHAMULECKO20 KOHMPOIS MeMnepamypul U KOH-
ouyuoHuposanus 6030yxa. OCHOBHOIU Yelblo YMOU CUCTEMbL SIeMCsl A8MOMAMU3ayUsi OOHOU KOMHAMbL
nymem ynpasienus KOHOUYUOHUPOBAHUeM 8030yxa u nodoepaicarus memnepanypul. Cucmema 6binonHsem
@yuxyuu ynpaenenus USB-yckopumenem Google Coral, nacmpouxu AL u onpedenenus amniumyono-
YACMOMMBIX U PA304ACOMHBIX XAPAKMEPUCUK OAMUUKO8 MeMnepamypbl, nepexiiovamenei, oamuqu-
KO8 YmeuKu u KOHOUYUOHUPOBAHUS 8030YXA HA OCHOBE PE3VIIbMAMO8 UX IKCNEPUMEHMATHBIX UCCTE008a-
HUll Ha cmeHnoe 011 KOHMPOJA OUHAMUYECKUX XAPAKMEPUCMUK 0amyuKos u Monumoputea 6 Ilpoepamma
SCADA Genesis64. [Ipedcmasnena cxema ucnblmamenvbHo20 cmenod, 0000WeHHbIL aleoOpUmm pabomul
cucmemyl U IKpanHan Gopma padbomel npoepammul. IIpoepammmoe obecneuenue agmomamusupo8anHoll
cucmemvl KOHMPOIsL MEMNEPamypul U KOHOUYUOHUPOBAHUS 6030YXd 8 NOMeUeHUU PA3pabOmaHo Ha OCHO-
6e npoepamm ModBus TCP, OPC UA u SCADA.

Knrouesvie cnosa: SCADA Genesis 64, unmenniekmyanbHas cucmema, MauwuHnoe obyuenue, HetipoH-
Hble cucmembl, cucmema KOHOUYUOHUPOBAHUS 8030YXd.



