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This paper presents the process of development of an intelligent remote Smart Home system, 

which includes the definition of system functionality, the realization challenges and the elaborated 
solutions. The system is aimed at monitoring and managing elements of the smart home (or work 
environment) on the Home Assistant platform and its integration with voice assistants. The developed 
intelligent system solves the problem of using various interface applications, communication protocols 
and standards of the used devices. The system uses the location detection of the household members as 
a part of the Smart Home functionality. For the realization of some of the functions of the system, IoT 
control boards have been designed, manufactured, tested and implemented.  
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Разработване на интегрирана система от тип Умен Дом (Георги И. Колев). В тази 
статия e представена разработена интелигентна система с отдалечено управление и гласов 
контрол от тип Умен Дом. Системата е насочена към мониторинг и управление на елементи 
от умния дом или работната среда на платформа Home Assistant и към интегрирането й с 
гласови асистенти. Разработената интелигентна система решава проблема от използването 
на различни интерфейсни приложения, комуникационни протоколи и стандарти. За 
реализирането на някои от функциите на системата са проектирани, изработени и тествани 
IoT управляващи платки. 

 

Introduction 
The concept of home automation, as well as 

workplace and building automation, aims to integrate 
different technologies to a level where most everyday 
tasks are automated. Systems, that include functions 
such as motion detection, intelligent temperature 
control, adaptive luminescence, IR technology 
(infrared) and CCTV (closed-circuit television) 
security systems, are already common. Advanced 
automation technologies, such as facial recognition, 
voice-controlled commands, planning assistance and 
counseling in daily life tasks, are also being 
introduced. Nowadays, smart homes, as well as 
workspaces and buildings, are mainly oriented 
towards security, comfort, energy efficiency, 
healthcare, indoor and outdoor care [1], [2].  

The rapid development of Smart Home systems is 
closely related to the development of networked 
devices and related services that enable the control, 
monitoring and regulation of functions in a private 
household. An essential component of intelligent 
home automation systems are devices that are 

connected directly or indirectly via gateway to the 
Internet which allows their remote control and 
monitoring of individual devices as well as their direct 
communication with one another (Internet of Things).  

According to Statista’s Digital Market Outlook 
forecasts [3] the number of households worldwide that 
can be addressed as Smart Homes (SH) will reach 
478.22 million by 2025, thus achieving an estimated 
increase of 115% compared to 2020 (222.9 million) 
and 237% compared to 2017 (141.91 million). The 
growth of the Smart Home market in the World is 
expected to provide revenue of about 180000 million 
U.S. dollars in 2025. The revenue of the Smart Home 
by segment of the Smart Appliances in the World 
amounting to nearly 80000 million U.S. dollars for 
2020 is presented in Fig. 1 [3]. 

In 2020, there are around 4.2 billion digital voice 
assistants being used in devices around the world [3]. 
The most popular voice assistants are launched: 

- Siri – by Apple (2011); 
- Cortana – by Microsoft (2013 for Windows 10); 
- Alexa – Amazon’s Echo (2015); 
- Google Assistant  (2016). 
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A significant volume of new consumer products 
are compatible with Alexa and Google Home. The 
virtual assistant is an increasingly common feature of 
many consumer electronics devices. It can respond to 
commands, provide users with information, and assist 
in the control of other connected devices.  

 
 
Smart appliances 
Control and  
    connectivity 
Security 
Home entertainment 
Comfort and lighting 
Energy management 

Fig.1. The revenue of the Smart Home by segment of the 
Smart Appliances in the World for 2020. 

In voice assistants the graphical user interface 
(GUI) is replaced with conversational user interfaces 
(CUI) or voice user interfaces (VUI). The dialog 
systems use Natural Language Processing (NLP), 
based on text in different languages, to analyze speech 
in text form and to understand the user’s command. 
After identifying the command, the required action is 
carried out via the underlying Application 
Programming Interface (API) connections. For the 
conversion of spoken language, text-to-speech (TTS) 
engines are used, which generate a text from speech 
that can be used by NLP. For output or feedback 
either text is used or the text is converted back into 
spoken language using the speech-to-text (STT) 
engine. The converted into text voice commands can 
be directed toward the microcontroller or the mobile 
device for processing and execution of specific 
predefined actions, operations or algorithms. 

Currently, there are several most relevant open 
source home automation platforms that are used [1], 
[4]: Home Assistant [5], openHAB [6], openRemote 
[7], Domoticz [8], qToogle [9], etc. Nevertheless, they 
are using different programming languages (Java, 
Python, C++, PHP, etc.) and APIs [1], they are 
sharing a similar vision, can integrate many devices, 
support many protocols and many plugins are 
developed. 

Nowadays, everything can be connected with 
everything, creating a new distributed system that 
goes beyond the concept of Internet of Things (IoT). It 
is defined as Internet of Everything (IoE) [10], [11] 
and it incorporates four main components people, 
things, data and processes, which are combined into a 
common interrelated system with virtual data center 
and intelligent network communication. Thus, 

connections of the type machine to machine (M2M), 
people to people (P2P) and machine to people (M2P) 
are implemented and new services are provided.  

This article presents the process of development of 
an integrated remote Smart Home system, which 
includes the definition of system functionality, the 
realization challenges and the elaborated solutions. 
The system aims monitoring and managing elements 
of the smart home (or work environment) on the 
Home Assistant platform and its integration with 
voice assistants. The developed intelligent system 
solves the problem of using various interface 
applications, communication protocols and standards 
of the used devices. The system uses the location 
detection of the household members as a part of the 
Smart Home functionality. Solutions with pre-set 
default functions [2] have been implemented. For the 
realization of some of the functions of the system, IoT 
control boards for stepper motor control, RGB LED 
strips control, as well as IoT boards for control of 
small relays for concealed installation have been 
designed, manufactured, tested and implemented.  

Smart Home design 
The functional and operational design [2] of an 

intelligent Smart Home (SH) system includes several 
stages: the choice of its elements (sensors, actuators, 
controllers, network connection elements, electric 
devices, software solutions and interfaces, etc.), 
defining its layout and structure, modelling the SH 
subsystems, developing the user interface, estimation 
of its cost, testing and validation of the SH system, 
optimization of the system, etc. 

Generally, the main functions in each SH depend 
strongly on the requirements, way of live, special 
health issues, availability of pets and appliances etc. 
of the household members, as well as the house 
architecture, location etc., but they can be summarized 
in the following groups [2]: 

- Security – video surveillance, sensor protection, 
locking/unlocking front doors, gates or garage 
doors, fire alarm system, flood protection, etc.; 

- Comfort – lighting management, management 
of curtains and/or blinds, control of electrical 
appliances (smart or standard), TV control (by 
phone or tablet), sound and music system, 
temperature control via air conditioner (heater) 
or central heating, etc.; 

- Healthcare – indoor living conditions –pressure, 
dust, temperature, CO2/humidity, illumination, 
biometrical data management, alarms or 
notification for taking medications, medical 
procedures, etc.; 
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- Energy efficiency - renewable energy sources 
management, power, water, heat consumption, 
etc.; 

- Indoor care – irrigation of the flowers, pet 
feeding, cleaning, ventilation, etc.; 

- Outdoor care – irrigation of the garden, 
swimming pool, fountain, lights management, 
greenhouse management, outdoor weather 
station, etc. 

Each individual SH design project should be 
developed by defining specific functions for each 
group and then to realize each function by defining the 
devices, their number and location, their connection 
with the SH system, the need for additional support 
devices or actuators, operation of the devices and 
operational conditions and constraints, type of the 
used data, energy consumption (if applicable), control 
interface or/and voice control programming, actions 
and feedback information (if applicable), price 
evaluation and optimization. 

The challenges that need to be overcome during 
the development of an intelligent voice-controlled SH 
system can be summarized as follows: 

- Connectivity: control and communication with 
devices, which are not smart or networked; 
selection of appropriate sensors and support 
devices; 

- Control and communication with smart or 
networked devices, as a part of integrated 
intelligent SH system; 

- Voice assisted communication and control of 
desired operations or actions; 

- Intelligent decision making and adaptation of 
the functions of the SH; data acquisition, 
management, analysis and storage; 

- Integrating different varieties of applications, 
that are using different communication 
protocols and standards, in one environment; 

- Flexibility toward expanding the functions of 
the SH system; 

- Cost effectiveness and energy saving. 

Smart Home development 
An intelligent monitoring and control system (Fig. 

1), which includes voice control, consists of the 
following main modules: 

- Sensor (measurement) module; 
- Networked appliances and devices module; 
- Processing module; 
- Visualization module (interface); 
- Communication module (voice communi-

cation). 
 The sensor module consists mainly of various 

sensors (including a microphone) that interact with the 
environment by receiving and measuring environment 
signals, power consumption etc. and the obtained data 
are processed by the Raspberry Pi microcontroller. 
The sensor components are connected to the 
microcontroller directly or remotely (in the developed 
SH system, by ESP8266 integrated Wi-Fi MCU). The 
acquired data can be stored, visualized, analyzed and 
can be used as conditions for performing operations 
with appliances or devices, messaging, starting 
alarms, sending data etc. which allows the tasks to be 
performed in real time, taking into account the values 
of the sensors depending on the environment. They 
can use different communication standards like: Wi-
Fi, Bluetooth, Ethernet, Zigbee, Z-wave, IFTTT, 
GSM/GPR, etc. and can be connected to SH system 
by corresponding smart hubs. 

The developed SH system gives also the possibility 
for building actions according to the geolocation of 
each of the devices (users) via the GPS system of the 
phone. The logical algorithm can include the entry or 
exit of the phone from a given radius around a defined 
destination as a condition rule. This is done through 
the mobile application, which sets a radius of, for 
example, 20 meters around the house, and when 
entering this radius, the front door/garage door will 
open, and at entering it will close. This function can 
be implemented also for sending notifications for 
arrival or departure of the child at school/home, etc. 

Other sensors of the mobile devices also can be 
used for data acquisition in the sensor module. 

The developed SH system includes smoke-optical 
and thermo-differential sensors, humidity, 
temperature, pressure, light sensors, CO2 sensors, gas 
sensors, motion sensors, sound sensors (for breaking a 
window or breaking a door) and/or for opening them - 
magnetic sensors, GPS in a mobile device. IP video 
cameras can be considered here, since they are used 
for data acquisition about the environment. 

The processing module is responsible for 
performing the necessary calculations, processing or 
submission of control signals to actuators after the 
signals and pulses generated by the sensors are 
received by the sensor unit (according the SH system 
architecture) or directly the main unit - 
microcontroller Raspberry Pi, which coordinates all 
system activities. 

The collected data and information are stored on 
the server and are analyzed by different intelligent 
methods for data analysis. 

A common shopping list is realized in the 
developed SH system, available for all household 
members (Fig. 2a). 
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 The visualization module consists of any device 
that supports a web browser or a smart mobile phone 
with a mobile application can be used for 
visualization, but the purpose of the presented 
development is visualization via mobile phone of an 
interface that simultaneously provides access to 
signals, options for setting algorithms for management 
and direct access in order to carry out specific actions.  

The current SH project is realized in Home 
Assistant platform (Fig. 2 and Fig. 3). 

 Communication module (voice communication) - 
The voice communication in this project is realized 
through an application for Android - Google 
Assistant, which is connected to Google Home, to 
which we have access via a smart mobile phone.  

 

 a)          b) 
Fig.2. Home Assistant: a) living room element: lights, LED 
strip, temperature and humidity sensors; common shopping 
list of the household members, b) video surveillance camera 

and location of household members. 

On the other hand, the open-source Home 
Assistant application (Raspberry Pi) (Fig. 2), 
developed on the local server, is synchronized via the 
API with Google Home (Fig. 3). Thus, through the 
voice control application, voice control of the 
developed SH system is performed. 

 

 
Fig.3. Synchronized SH system in Google Home. 

The networked appliances and devices module 
includes all connected smart or standard electrical 
devices used in the household.  

a) Standard devices 
The standard devices can be connected to the SH 

system by smart plugs, smart light switches, wireless 
relay-devices (for the cases the device is working by 
switching on and off) and control boards of different 
type for ensuring both control and wireless connection 
to the SH system. The market nowadays is flooded 
with smart products and many of them are compatible 
with Alexa and Google home voice-control and can be 
integrated with the SH system. The main issue here is 
the speed and differences in communication (Wi-Fi, 
Bluetooth, Ethernet, Zigbee, Z-wave, GSM/GPR, etc.) 
with different APIs, standards and service-providers. 
The prices of smart devices also differ some-times 
seriously from that of the standard devices and also 
depending on the producers. 

 

a) 

b) 

c) 
Fig.4. IoT control boards for: a) stepper motor control, b) 

RGB LED strips control, and c) control of small relay 
switches for concealed mounting. 

For the operation of the actuators, the connected 
devices and appliances in the integrated monitoring 
and control system, IoT boards for stepper motor 
control (Fig. 4a), RGB LED strip (Fig. 4b), as well as 
an IoT board for control of small-size relays for 
concealed mounting (Fig. 4c) have been designed, 
manufactured and tested. The boards were subjected 
to accelerated tests for reliability in operation in on 
and off mode and have shown excellent performance 
(no failures were observed). 

The developed SH system uses Wi-Fi, Android, 
Google Home and Google Assistant communication 
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for control of the curtains, lights, speakers, ventilator 
(heater) and humidifier. For communication they use 
the designed IoT control boards presented in Fig. 4. 

b) Smart devices 
Currently, more and more smart appliances and 

devices can be used in the modern household: smart 
TVs, conditioners, vacuum and water cleaners, 
microwaves, dishwashers, fridge/freezers, cameras, 
thermostats, window blinders, door lockers, water 
taps, etc. 

All these smart appliances and devices typically 
come with the corresponding support from the 
producers, they are using different APIs and 
standards. Many of the appliances have remote control 
option and due to this they can be integrated in the SH 
system by implementation of smart universal infrared 
(IR) remote control devices (for this project - 
Broadlink RM4 Mini Wi-Fi IR universal remote 
control – Fig. 5).  

 

 
Fig.5. Wi-Fi to IR universal remote control. 

Wi-Fi to IR remote control assists in controlling 
devices with infrared connection. This is a universal 
remote control with which you can control a TV, air 
conditioning, sound system, automated blinds and 
curtains, etc. It can be connected to Google Home or 
Amazon Alexa and in such way also to add voice 
control of the IR controlled devices. The device 
identifies the infrared signals for remote control and 
stores these signals with a self-learning function. 
There is a built-in library of IR codes, which by 
default support most brands of infrared devices. Its 
small size allows it to be installed in a convenient 
place. Broadlink RM4 Mini Wi-Fi IR universal 
remote control has a work range up to 12 meters at 
360 degrees. 

 

 
Fig.6. Smart TRV radiator thermal head valve (for central 

heating) and Zigbee hub. 

The connection of devices (or sensors) that use 
different communication protocols can be realized by 
adding a corresponding hub to the SH system. Thus, 
for example, Smart TRV radiator thermal head valve 
(for central heating) can be included into the SH 
system by Zigbee hub (Fig. 6) and optimization of the 
heat consumption can be done.   

Energy consumption efficiency 
The energy utilization (consumption) efficiency 

should be considered in wide sense – electricity, water 
and heat consumption efficiency. The optimization of 
the consumption is directly connected with cost 
savings which adds an additional benefit to the to the 
undeniable advantages of the Smart Home system 
development. 

Algorithms have been developed on a small scale, 
to reduce energy consumption (ARIIMA) [12]. The 
developed approach can be modified and implemented 
in different use-cases to reduce energy consumption 
[13] in temperature control systems of houses, or the 
usage of networked appliances and devices.  

The consumption (or wastage) of water or central 
heating can also be controlled and reduced by the 
implementation of smart electric valve actuators and 
smart radiator thermal head valves (Fig. 6). The smart 
TRV radiator thermal head valve can be configured to 
change its settings, depending on the geolocation of 
the household members and thus the heat consumption 
to be reduced during their absence in the house or in 
the room.  

In addition, by obtaining information from 
different sensors in or on machines, and by 
implementation of machine learning, the usual 
running conditions of the machines can be defined 
(modelled). So, when some irregularities occur, the 
machine can be identified in time and precaution 
measures to be taken in order to prevent damage or 
failure of the appliance, as well as to avoid accidents 
and to save cost from repairments. A good example is 
the implementation of vibration and ultrasonic 
sensors, installed on the Augury equipment [14], 
which has exceptional reliability due to predicting any 
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malfunction before it happens and thus saving money 
from repairs, larger damages and activity suspension. 

In [1] a solution for energy and power monitoring 
of a solar installation with 33 photovoltaic (PV) 
panels, two PV power inverters Fronius and 
MPPSolar, is presented. MPPSolar is a hybrid 
inverter, which is capable of switching between grid, 
solar, and battery energy sources, depending on 
various configurable conditions.  

 

 

 

Fig.7. ZMAi-90 power 
meter. 

Fig.8. Single-channel relay 
with power metering. 

The smart power meter ZMAi-90 (Fig. 7) allows a 
continuous monitoring of active, reactive, or apparent 
power, power factor, current, voltage, frequency, and 
total energy consumption (60 А/12 kW).  

In the developed SH system Wi-Fi Relay Switch 
Shelly 1PM (Fig. 8) is applied for monitoring the 
power consumption of appliances. It can control 1 
electrical circuit up to 3.5 kW. It is intended to be 
mounted into a standard in-wall console, behind 
power sockets and light switches or other places with 
limited space.  

Some devices have constant power consumption 
when they operate and their consumption can be 
easily evaluated through the time they are turned on. 

Development of forward chaining rules for IoT 
The topology of the developed SH system can 

include a master hub and several other hubs, 
depending on the number of the connected devices, 
their location and system functions and actions. The 
actor nodes for completing one function can be 
different. The development of a dataset of 
interoperable rules integrated in the SH system should 
be done function by function.  

The structure of an interoperable rule can be 
presented as: 

“if CONDITION (&CONDITION2, …), then 
ACTION (ACTION2, …)”. 

The conditions can be set by the user (directly to 
by timing) or to depend on the obtained values by 

sensors (Sensor-based Linked Open Rules).  
Condition action rules engines provide a good 

framework for expressing conditional (Boolean) logic. 
However, combining multiple non-binary outcomes of 
functions (CONITIONS) in the rule is not possible 
with forward chaining engines, since conditions are 
applied on Boolean (true/false) outcomes. Fuzzy logic 
is applied to compute based on "degrees of truth" ra-
ther than the usual "true or false" (1 or 0) Boolean 
logic. 

The appliances and devices can be easily con-
trolled, if the CONDITION is set by the user directly 
by pushing a button on the mobile phone or voice 
activation (“Hey, Google turn on/off the lights!”).  

The action can be planned also by setting time for 
the performance of certain ACTION - for example: 
turn the lights on or turn the lights off. In that cases 
the CONDITION is the logical equality (‘==’) to the 
Set time.  

An example for a sensor-based rule is: if movement 
(is detected), then turn of the lights, else turn off the 
lights (with delay of 3 minutes). Such simple rules do 
not cover most situations in our everyday lives, but 
are useful in some cases. Usually, it is better to add 
more conditions, based on the analysis of more data, 
in order to support the intelligent decision making of 
the SH system. For the considered case it is good to 
know what is the natural illumination or is there a pet 
in the house, is there somebody from the household 
members in the house etc.  

In Fig. 9 the forward chaining rule for turning ON 
of the heater in the living-room. 

 

 
Fig.9. Forward chaining rule for turning ON of the heater 

in the living-room. 

In order to estimate the values of the variables 
(used as conditions): 

- the status of central heating (on or off) – C1, 
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- the presence of household members at home – 
C2, 

- the presence of a household member in the 
living-room – C3, 

as variables of Boolean type, sensor-detection by 
geolocation, by motion detector and/or other sensors, 
or by other activity is needed.  

The rules can be presented also in Table form 
(Table 1).  

Table 1. Forward chaining rule for turning ON of the 
heater in the living-room 

T<=20°C C1 C2 C3 Action 
true true true true Heater ON
true true true false Heater OFF
true true false - Heater OFF
true false - - Heater OFF
false - - - Heater OFF

 
Intelligent methods can be applied for the SH 

system data analysis. In intelligent SH systems, fuzzy 
logic can be used to imitate human reasoning and 
cognition. In this case instead of binary cases of truth, 
(fuzzy logic includes 0 and 1 as extreme cases of 
truth) various intermediate degrees of truth are 
applied. 

 
Fig.10. Developed SH system – remote and voice control 
with Home assistant, Google Home and Google assistant. 

Developed SH system – remote and voice 
control  

The developed SH system – remote and voice 
control realized with Home assistant, Google Home 
and Google assistant is presented in Fig. 10. In Table 
2 the connected SH system devices, their type, 
functions and communication are presented. 

New devises can be easily integrated in the 
designed and developed SH system. With the increase 
of the devices new functions can be developed and 
realized. The implementation of intelligent methods 
for data analysis will make the control and monitoring 
functions more human-independent. 

 
Table 2. SH system devices, functions and communication 

№ Device/Type Function Communication
1. Adafruit CCS811 

sensor TVOC, eCO2 NodeMCU 
ESP8266, Wi-Fi 

2. Sharp GA1A1S202
sensor illumination ESP8266, Wi-Fi 

3. LPS331AP  
sensor barometer ESP8266, Wi-Fi 

4. TMP007 - sensor temperature ESP8266, Wi-Fi 
5. 

BME280 - sensor 
temperature, 
humidity, 
pressure 

ESP8266, Wi-Fi 

6. SparkFun Sound 
Detector

Sound 
Detection ESP8266, Wi-Fi 

7. Smart smoke 
detector - sensor 
(batteries)

Fire 
prevention Wi-Fi 

8. Motion sensor 
Well

Motion 
detection Wi-Fi 

9. Door/window 
Smart Hama 
sensor

Detection 
opening/ 
closing 

Wi-Fi 

10. Wi-Fi Relay Switch
Shelly 1PM - 
sensor+relay

Power 
consumption 
measurement 

Wi-Fi 

11. Mobile phone Geolocation Mobile internet 
service / Wi-Fi

12. 1080P Wi-Fi Pan 
and Tilt Indoor 
Camera

Video 
surveillance  Wi-Fi 

13. IR appliances 
(TV, set-top box, 
Audio)

Control of IR 
devices by SH 
system 

Wi-Fi to IR 
universal remote 
control, Wi-Fi

14. Smart TRV 
radiator thermal 
head valve

Conditional 
control of heat 
consumption 

Zigbee hub, Wi-Fi 

15. Heater or other 
standard devices 
(refrigerator, 
speakers, 
ventilator, 
humidifier, etc.)

Integrated 
remote/voice 
control of 
devices by SH 
system 

Relay Switch 
Shelly 1PM / 
developed by the 
author relay 
switch board (Fig. 
4c), Wi-Fi

16. 

Lights  

Integrated 
remote/voice 
lighting 
control 

Developed by the 
author relay 
switch board (Fig. 
4c), Wi-Fi

17. 
RGB LED strip 
lighting 

Integrated 
remote/voice 
lighting 
control 

Developed by the 
author control 
board (Fig. 4b), 
Wi-Fi

18. 
Curtains  
(stepper motor) 

Integrated 
remote/voice 
curtains 
control  

Developed by the 
author control 
board (Fig. 4b), 
Wi-Fi
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Conclusion 
This paper presents the process of development of 

an intelligent remote Smart Home system. The 
process includes the definition of system functionality, 
consideration of realization challenges, selection of 
appropriate elements and solutions. The system is 
developed on the Home Assistant platform and 
integration with Google assistant voice-control is 
realized. The developed intelligent system solves the 
problem of using various interface applications, 
communication protocols and standards of the used 
devices (integration of Zigbee devices, IR controlled 
appliances, video surveillance etc.). The system uses 
the location detection of the household members as a 
part of the Smart Home functionality. The definition 
of operational rules is also considered. For the 
realization of some of the functions of the system, IoT 
control boards have been designed, manufactured, 
tested and implemented. 

The smart home allows use various smart and 
standard appliances and lighting through a mobile 
application and voice control from anywhere in the 
world via an Internet connection. The SH system uses 
the location of the mobile phone for control of the 
thermal head for radiators, as well as control with 
timers or logical algorithms related to data from 
different sensors. The SH system can warn for 
intruders (whether or not the occupants of the home 
are in or out of the SH), the system can report for the 
energy consumption, thus giving possibility for its 
reduction and the avoidance of accidents or damages, 
and also allow to control any appliance.   
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