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Abstract. The purpose of the article is to model a smart home with decision-making and the use of the MajorDoMo
IoT platform instead of a cloud platform. The main features of the article are: modeling of the IoT network for con-
trolling the control unit on the MajorDoMo platform, the use of the MajorDoMo IoT platform in the Windows sys-
tem for making decisions when controlling household appliances (fan or air conditioner) based on the temperature
and humidity values received from a smartphone modeling sensors, transmitting the results of controlled data
to the user's home page. The structure of the MajorDoMo platform is given, its functions are described, and com-
mands for decision support are considered. The use of product rules is proposed as a decision-making model.
An example of such a description for data regulation by the household appliances is given. The user can log into
the [oT network and view changes in temperature and humidity in real time, as well as check the regulation of the
equipment. The possibilities of the PHP language for the implementation of the control process are presented,
in which the household device begins to adjust the parameters when the environmental monitoring system detects
that the corresponding data exceeds the set threshold
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MOJEJUPOBAHUE CETH IoT «YMHBIA JIOM»
C IPUHSATUEM PEIIEHUI HA OCHOBE ILLTAT®OPMbI MAJORDOMO

B. A. BULLIHIKOB, UVIOD 101

benopyccruii 2ocyoapcmeennuiil ynugepcumen un@opmMamuxi u paouodneKmpoHuKy
(2. Munck, Pecnybnuxa benapycsy)

Tocmynuna 6 peoaxyuro 27.01.2023

AnHotanusi. CMOIenMpoBaHa CeTb YMHOTO JIOMa C MPUHATHEM pEIICHWH W WCIOJIb30BAaHUEM JIOKAJIbHOMH
loT-mardopmer MajorDoMo BmecTo 00nauHO# mrardopmbl. OCHOBHBIME 3aJauaMi SIBIISUTHCH: MOJICINPOBAHNE
ceru [oT mis ynpaenenus na miardgopme MajorDoMo, ncnosnb3oBatnue riardpopmsl MajorDoMo [oT B cucteme
Windows, onncanne mpuHATHS PELICHUH TPH yIPaBIEHUN OBITOBON TEXHUKOW (BEHTHJIITOPOM WM KOHJHUIIHO-
HEpOM) Ha OCHOBE 3HAUCHHWH TEMIIEpaTypbl U BIQKHOCTH, IMOJYYEHHBIX OT JAaTYMKOB (CMOAEIHPOBAHHBIX CPE/-
cTBamMu cMapT(oHa), repenada pe3yabTaToB KOHTPOIUPYEMBIX JaHHBIX HA JIOMAIIHIOI CTPAHHUILY MOJIb30BATEIs.
[Ipusenena crpykrypa mardopmsl MajorDoMo, ommcansl ee (GyHKIMH U pacCMOTPEHBI KOMAHIBI TS TTOIICPKKH
MIPUHATHSA pelleHui. B kauecTBe MOeny NPUHATHS PeIICHUH MPeAaraeTcsl UCIOAb30BaTh MPOAYKIMOHHbIE Mpa-

64



DIGITAL TRANSFORMATION TECHNICAL SCIENCES
V.29, No 1 (2023)

Buya. [IpuBeneH nmpuMep OMUCaHUs MPABWII IS PEryIUpPOBAHUS JaHHBIX OBITOBBIMHU TprOopamMu. [lomb30Barens
MOXKET BOMTH B C€Th MHTEPHETA Belllel U MPOCMATPUBATh U3MEHEHHs TEMIIEPaTyphl U BIAKHOCTU B PEKUME pe-
aJBbHOTO BPEMEHH, a TaK)Ke MPOBEPSTH PETYITHPOBKY oOopymoBaHus. [IpeacTaBieHbl BO3MOKHOCTH si3bika PHP
IUTS peaji3alii IPoIecca YIpaBIeHHUs, TPH KOTOPOM OBITOBOE YCTPOHCTBO HAYWHACT KOPPEKTHPOBATH MTApaMeT-
PBI, KOTZIa CUCTEMa MOHUTOPHHTA OKPYKAFOIICH Cpeibl 0OHAPYKUBACT, YTO COOTBETCTBYIOIINEC TJAHHBIC ITPEBHIIIIA-
FOT YCTaHOBJIEHHBIH TTOPOT.

KuiroueBble €JI0Ba: CeTh MHTEpHETA BELIECH, MOAEIUMPOBAHUE JATUMKOB, YMHBIM JIOM, NPUHATHE PELICHMI,
mwiatdpopma MajorDoMo, Temneparypa, BIaKHOCTb.

KonpaukT unTepecoB. ABTOPHI 3asBIAIOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.

Jass nutupoBanns. Bummnskos, B. A. Mogpenuposanue cetu [oT «YMHBII T0M» ¢ HNPUHATHEM pEIHICHUI
Ha ocHOBe iatpopmbel MajorDoMo / B. A. Bumiasikos, UylO3 10ii // [udposast Tpanchopmarus. 2023. T. 29,
Ne 1. C. 64-71. http://dx.doi.org/10.35596/1729-7648-2023-29-1-64-71.

Introduction

The smart home management system [1] uses the IoT platform as the basis for the implementation
of the IoT network. It considers household appliances, home electronics, metering devices for resource
consumption (water, electricity) as the main objects of management. It applies the following technolo-
gies: integrated wiring, network communication, security, automatic control, audio and video registra-
tion technology for effective control and management of residential premises. This network can receive
different types of sensor signals from different sensor devices [2] and launch control commands or,
possibly, extract control commands using human remote control or manually starting devices. If people
are not indoors, they can also control all internal devices via the Internet at a distance [3]. In [4], the au-
thors considered the process of modeling the [oT network. Alibaba IoT cloud platform has been selected
as a cloud server for the IoT network project. Since it is not convenient to use cloud resources to manage
small objects, consider using a local platform to manage a smart home. Taking the MajorDoMo platform
as such an example, we will show how to implement the process of regulating the conditions in the
house based on environmental data.

Smart home control system

The smart home management system has five main functions: flexible system composition, con-
venient management [5], numerous control functions, sharing of information resources [6], ease of de-
bugging and installation. In order to integrate resources and provide holistic smart home services, such
as multitasking, intelligence and platforming, a corresponding industry is developing [7]. Intelligent
automatic control of home devices is the main feature of the smart home platform. An ideal smart
home automatic control system should have three main functions. Firstly, it can automatically manage
the home environment without disturbing the user, and free the user from the tedious work of monitoring
home devices (maintenance automation). Secondly, it can accurately predict and correct the working
condition of smart devices at home and avoid improper handling of them, i. e. ensure (accuracy of main-
tenance). Thirdly, it can fully study user habits, understand their needs and optimize user experience,
i. e. create a service environment [8]. The decision-making model proposed in this article is intended
for the first function, that is, “service automation”.

MajorDoMo platform

We used the MajorDoMo [oT platform to manage a smart home, because it has a large number
of users and an experienced forum and community where we can find information from the moment
of its launch. The platform is implemented with open source and is constantly supported by a lot of spe-
cialists and users, it is becoming more versatile and able to help us flexibly solve various problems
we have encountered, simulate a real environment so that we do not have to create it offline [9].

In MajorDoMo, methods and properties are distributed according to the class of the object, that is,
the object that basically introduces the concept, and the collection of objects is divided into different
classes, each with its own properties and methods of interaction. MajorDoMo also supports the intro-
duction of other subclasses that will have their new properties that can be set by inheritance. The original
hardware form of the MajorDoMo object is a controller that can communicate between the controlled
device or sensor and the central system in which the MajorDoMo software package is located. Its struc-
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ture includes primitives of classes, properties, methods and objects, which are introduced with the help
of specialized additions. For a specific user, this means that he does not need to understand the nuances
of device exchange protocols, their internal properties or methods in each case. Fig. 1 shows the general

structure of the system when the MajorDoMo collects data.
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Fig. 1. The general structure of the system when MajorDoMo collects data
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The main scripting language of MajorDoMo is the PHP programming language, which can be used
to write scripts for the system's response to various events. In addition to the basic language structure,
the environment has a library of native functions that can be used to automate any process. In addition
to the built-in system functions, you can create your own custom functions.

Visual programming based on Google Blocky is integrated into this environment using a graphi-
cal representation, and when building algorithms, it is enough to combine them in the required order.
MajorDoMo is designed with many functions, you can interactively set schedules, manage devices
with or perform many other actions that will be performed thanks to the capabilities of the intelligent
assistant. Fig. 2 shows some of the functions that majordomo can implement. Within the framework
of the system, you can extract data from the network and use it in shell scripts.

One of the key features of MajorDoMo is that it supports many communication protocols and seve-
ral switching protocols — MQTT, Z-Wave, Broadlink, etc. It also supports a large number of devi-
ces from different manufacturers and has a very wide range of adaptability. Communication between
the components of the platform system is carried out via Wi-Fi, routers, Ethernet, etc., on the one hand,
and interaction through transport protocols such as MQTT, etc.
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Fig. 2. Some of the features that MajorDoMo has

For most devices in a smart home, it is usually necessary not only to follow the instructions of the
control part, but also to return their state. The platform uses a hybrid approach to task data management,
i. e. the central server remains the largest data storage and collection point, as shown in Fig. 3.
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Fig. 3. Hybrid management of task data

In fact, the hardware components of the central computer itself are not important, the system is rep-
resented by a dedicated network shell operating in the server space of the home network, which can
run under the operating system, Windows or Linux. Client devices can be represented by almost any
device in production, from MQTT devices to Broadlink RF radio control. Being a full-fledged Internet
of Things platform, MajorDoMo has four different components for implementing various interaction
models, namely:

1. IoT devices collect various types of data (voice, video, images, or structured time series data such
as vibration, heat, etc.) from the environment. Some IoT devices also interact with the environment
rather than just collecting data.

2. Solutions for connecting to a global network that allow devices to transfer data to the cloud or re-
ceive commands from it.

3. Data processing software that performs analytics for devices. Based on the results of the analysis,
they can make decisions based on the data.

4. Monitoring and management software that provides a user interface. The most common use
of the user interface layer is remote device management and visualization of analytics results.
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Real-time decision-making models in smart home control systems require the use of so-called pe-
ripheral computing on Internet of Things platforms, which is a technology that allows intelligent devices
to send or receive data to and from the Internet of Things platform, as well as perform other operations.

As an example, here are some of the commands that can be executed on the platform in MajorDoMo, are:

DebMes ($errorMessage, 3logLevel) — writes the message to the main log file. The $logLevel pa-
rameter is optional and is set to debug by default;

sayTo (Phrase, LEVEL, NAME) — can use the system terminal name as the NAME and if it is a ter-
minal on MajorDroid, it will be sent a command to say it;

getHistoryMin ($varname, $start time, $stop_time) — returns the minimum value for the period,

getHistoryMax (8varname, $start _time, $stop_time) — returns the maximum value for the period;

getHistoryCount ($varname, $start_time, $stop time) — returns the number of values for the period;

getHistorySum (8varname, $start time, 8stop_time) — returns the sum of values for the period;

getHistoryAvg ($varname, $start_time, $stop_time) — returns the average of the period;

getHistory ($varname, $start_time, $stop_time) — returns an array of history values.

Real-time decision model of IoT smart home management

MajorDoMo is one of the smart home platforms, and the implementation of automatic control tech-
nology is based on the establishment of rules. Therefore, we set the rules for limiting the system
in accordance with the target tasks and target objects. Assumed that the relationship between the object
and the object was:

— when the humidity exceeds the threshold value, the fan turns on, otherwise it turns off. The initial
value of the humidity threshold is 50 %;

— when the temperature exceeds the threshold value, the air conditioner turns on, otherwise it turns
off. The initial value of the temperature threshold is 25 degrees;

— the user can remotely set the temperature and humidity threshold.

Let's choose a production model for decision-making: if A, then B [10]. Since there was no real hu-
midity sensor and temperature sensor in the simulation to simulate the process of collecting data in real
time, we defined the timer function so that the temperature value and humidity sensor were updated
every minute. The value of the temperature sensor was “minutes of current time — hours of current time”,
and the value of the humidity sensor was “minutes of current time + hours of current time”. The specific
model in this case has the form:

TempSensor01.value = a

HumSensor0O1.value =b

Realtime.hour =h

Realtime.minute = m

Airconditioner].status = {0,1}

Fanl.status = {0,1}

a=m-h

b=m+h

if a <25, then Airconditionerl.status = 0, else, Airconditioner].status = 1.
if b <50, then Fanl .status = 0, else, Fanl.status = 1.

Model implementation based on the MajorDoMo platform

To implement the smart home control function, so that smart home devices will turn on or off de-
pending on changes in temperature and humidity, first create objects. There were several categories
of parent objects in the MajorDoMo objects column: computer, bedroom, weather, operation, room,
device, system status, timer. Since we needed a sensor device object, so the SDevices object class was
selected, a humidity sensor and a temperature sensor object were found in its subclasses, and an instance
of a humidity sensor was created, which is named HumSensor01, as shown in Fig. 4.

Similarly, an instance of a temperature sensor was created, the value TempSensorO1 was set for this
sensor. Then an instance of the air conditioner and fan is created. Inter-object connections have also been
created and temperature and humidity thresholds have been set.
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Fig. 4. Instantiated humidity sensors

After updating the system, you can see that the temperature and humidity on the MajorDoMo home-
page have been gradually changing over time, with a frequency of once per minute, as shown in Fig. 5.
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Fig. 5. The display of temperature and humidity data

Then the threshold values for the air conditioner and fan controllers are set during programming, these
threshold values are recorded in the created StatusUpdated functions (air conditioner and fan, respectively)
in order to achieve a status change depending on the temperature and humidity in the room. Then we set the
temperature threshold for calling the air conditioner at 25 and similarly set the threshold for starting the fan
when the humidity reaches 50 %, and selected “do not call the parent function” in the settings.

The test results are shown in Fig. 6, where the horizontal line reflects the change of temperature
value, the dotted line reflects the change of humidity value, and round dots reflect the change of status
of the fan and air conditioner, respectively.
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Fig. 6. The process of smart home data regulation
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As shown in Fig. 7, for an air conditioner, it did not work when the temperature was below or equal
to 25 degrees, and started working when the value exceeded the threshold value.
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Fig. 7. Air conditioning management

As for the fan, it did not work when the humidity was below or equal to 50 degrees, and started
working when its value exceeded the threshold value (Fig. 8).
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Fig. 8. Fan management

In addition, users can log into the Internet of Things platform and directly change the threshold value
of temperature and humidity.

Conclusion

1. The simulation of an intelligent smart home management system based on the [oT local platform
MajorDoMo is presented. Four different components are given for the implementation of four models
of interaction with the external environment, including Internet, fog and cloud computing. The possibili-
ties of using this platform for the implementation of an intelligent control system with the collection and
processing of data for decision-making (using product rules) are shown. After forming a real-time deci-
sion-making model, the process of regulating the data of the home environment using the PHP scripting
language is implemented.

2. Thresholds of maximum temperature and humidity are set, if the value of the corresponding
sensor exceeds the threshold value, the device turns on, otherwise it is turned off. When the humi-
dity was higher than the threshold value, the fan turned on, and when the temperature was higher than
the threshold value, the air conditioner turned on. During the simulation, since there was no correspon-
ding sensor, a timer was used to simulate real-time data collection.
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