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Abstract:
The new wave of performant technology devices gener‐
ates massive amounts of data. These devices are used
in cities, homes, buildings, companies, and more. One
of the reasons for digitalizing their tasks is that over
the past few years, there has been an interest in reduc‐
ing carbon emissions and increasing energy efficiency
to create a friendly ecosystem and protect nature. One
of which granted the explosion of data. After deploying
these new devices, a significant increase in the use of the
other face of energy to implement the components of the
new devices was noticed. Above all, the interconnection
of these intelligent devices is the central concept of the
Internet of Things (IoT). This domain haswidened the pos‐
sibilities for the interconnection of building management
systems (also named Smart Grids) and devices for better
energy management. Furthermore, its potential is real‐
ized only after organizing and analyzing a large amount
of data. Real‐time management and maintenance of big
data are critical to improving energy management in
buildings. The benefits of big data analytics go beyond
savings on electricity bills. It can provide comfort for
building users and extend the life of building equipment,
enhancing the value of commercial buildings. Intelli‐
gent interconnectionof a building’s technical installations
(lighting, heating, hot water, photovoltaic installations,
etc.) not only allows for connected management of this
equipment but also meets high energy efficiency criteria
that indicate an increase in comfort and energy savings.
With building automation, the technical installations of a
building interact optimally. In this article, wewill simulate
an intelligent building based on the Cisco packet tracer
software. To better manage the energy consumption of
our project, we will focus on the processing of data in
real‐time, especially sincewewill have amassive amount
of data generated by the sensors, which makes the use of
big data mandatory.

Keywords: virtual smart grid, modern electricity net‐
works, intelligently manage, generation consumption,
stability, electricity supply and demand, packet tracer

1. Introduction
In the past, a building needed only four walls,

a roof, and sometimes a ϐloor to function. Build‐
ing projects have become much more complex as
more sophisticated technologies have been created,
including wireless networks, networked computers,
electricity, and telephones. Modern structures are
equipped with sophisticated systems that provide
comfort and information, making them almost like
living organisms [1].

The advent of the Internet of Things (IoT) and
big data has brought about a signiϐicant transforma‐
tion in the ϐield of smart buildings. Smart buildings
are designed to be more energy‐efϐicient, sustainable,
and responsive to the needs of their occupants [2–5].
By integrating IoT technologies and harnessing big
data [6], these buildings can optimize energy con‐
sumption, improve occupant comfort, and enhance
overall operational efϐiciency [7, 8]. One key aspect
of a smart building is the collection and analysis of
vast amounts of data generated by various sensors
and devices installed within the infrastructure. These
sensors continuously monitor different parameters,
such as temperature, humidity, occupancy, lighting,
and energy usage, among others [9–13]. The data col‐
lected is then processed and analyzed using sophisti‐
cated algorithms and artiϐicial intelligence techniques
to gain valuable insights into building performance
and occupant behavior [14].

Energy consumption is a major concern in mod‐
ern society, and smart buildings aim to tackle this
challenge by employing IoT‐based sensor networks
for real‐time data collection. The data collected from
these sensors allows building managers to optimize
heating, ventilation, and air conditioning (HVAC) sys‐
tems, lighting, and other energy‐consuming compo‐
nents, leading to reduced energy wastage and cost
savings [15–17]. Moreover, the integration of smart
building technologies enables better prediction and
control of energydemand,which is particularly crucial
in today’s energy‐constrainedworld. Advancedenergy
storage solutions, such as smart phase change mate‐
rial (PCM) walls, can help store excess energy and
release it during peak demand periods, making build‐
ings more energy‐independent and resilient [18].
Additionally, smart buildings promote occupant well‐
being by monitoring indoor environmental quality
(IEQ) factors, such as air quality, temperature, and
humidity [15–19].
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IoT‐based air quality sensors can detect common
insulation problems and ensure healthy indoor envi‐
ronments by timely detecting and addressing issues
related to ventilation and air circulation. The combi‐
nation of IoT and big data technologies has opened
up new possibilities for enhancing energy consump‐
tion in smart buildings. Through the integration of
intelligent systems, data‐driven decision‐making, and
optimized resource utilization, smart buildings are
revolutionizing the way we construct, manage, and
inhabit our built environments, leading us toward a
more sustainable and energy‐efϐicient future.

The increasing interest in intelligent buildings and
the emergence of new technologies in this area has
resulted in a number of studies that aimed at imple‐
menting different types of applications. These include
energy optimization, simplifying building manage‐
ment, improving resident comfort, reactive alarm
management, personal protection, asset protection,
intrusion management, and so on. Recent research
has suggested describing buildings with consistent
metadatamodeling. These practices are based on sen‐
sory ontologies, subsystems, and relationships, ensur‐
ing interoperability and portability of applications. At
present, we cannot talk about smart buildingswithout
mentioning two inseparable components, namely the
Internet of Things (IoT), which is made of all the con‐
nected sensors, and the storage environment for the
data generated by these sensors. It has become the key
technological element in smart buildings. Anymodern
construction designed to be smart needs to incorpo‐
rate connected objects. In addition, it is impossible to
make such buildings smart and dynamic without ana‐
lyzing the data generated by this mass of connected
objects. One of the most recent advances in this ϐield
is the intelligent building, which is a highly energy‐
efϐicient architecture capable of controlling the stor‐
age, distribution, and supply of energy. It aims to
achieve rational consumption by using the technolo‐
gies of connected objects (IoT) and mass data pro‐
cessing. This notion calls for a concept called “Smart
Grids,” which are currently used in electricity distri‐
bution networks to manage energy in the best pos‐
sible way. This involves taking into account all the
actions of stakeholders (consumers, users, and pro‐
ducers) in order to modify the production and distri‐
bution of energy according to ϐluctuations in demand,
particularly consumption peaks. This method reduces
waste and improves energy supply. The inhabitants
of a building can be assured of a balanced produc‐
tion and distribution of energy by applying this idea
to that speciϐic structure. The main purpose of this
work is to examine existing documentation on smart
buildings, focusing on IoT and big data, which are
the two major technology components in our context.
This paper is structured as follows: it introduces the
concept of intelligent buildings and related technolo‐
gies. Then, it focuses on the ϐield of the Internet of
Things, its architecture, and its applications. An oper‐
ation test follows this section and examines analytical
approaches applied based on a big data ecosystem,
and after that, a conclusion for this paper is the ϐinal
step. The rest of the paper consists of the relatedwork

in Section 2; Section 3 provides an overview of Smart
Grids; Section 4 discusses big data predictive analytics
for Smart Grid stability; the results and discussion in
Section 5, and ϐinally, Section 6 for conclusion and
perspective.

2. Related Work
Concerning the analysis of buildings to understand

energy use, the initial solutions were mainly aimed at
using nondeterministic models based on simulations.
A variety of simulation tools are available with dif‐
ferent capacities. Park et al. estimated that research
into the application of big data to smart city construc‐
tion involves building a technical framework for the
development of smart cities from the point of view
of exploring, managing, analyzing, and applying data
paths. Talaris et al. have analyzed and found thatwhile
search angles are varied, these searches are based on
web API information integration, metadata, seman‐
tic aggregation, and knowledge graphics technology
remaining at the conceptual level, and how to make
good use of big data technology needs further clar‐
iϐication. Simon et al. discuss that if a larger system
is required to extract data from the energy efϐiciency
management platform at a later stage, this is often
not feasible. Even where possible, it is necessary to
customize the development of interfaces and corre‐
sponding transmission protocols, which is long and
expensive. At present, the development and construc‐
tion of smart buildings at home and abroad are in the
development and exploration stage. Jiang et al. believe
that the energy efϐiciency of buildings is the use of
intelligent technologies formeasuring the energy con‐
sumption of buildings and analyzing the energy efϐi‐
ciency of equipment, adoption of systems integration
methods in order to build platforms for measuring
and managing energy consumption, and by a global
management of the energy efϐiciency of buildings in
the supply of hot water, lighting, appliances and other
aspects in order to obtain better energy saving effects.
Chrysi et al. (2020) present practical approaches to
enhance energy efϐiciency and environmental sustain‐
ability through the adoption of smart building tech‐
nologies and IoT‐based energy management strate‐
gies; this is achieved by a nonlinear model linking
power demand to the required temperature proϐile. A
genetic algorithm based on such a model is then used
to optimize energy allocation, match the user thermal
constraints, and allow themixed‐integer deterministic
optimization algorithm to determine the remaining
energy management actions. Consequently, a more
integral vision is needed to provide accurate models
of energy used in buildings [21–32].

3. Theoretical Study
3.1. Smart Grids

A “Smart Grid” refers to an electrical energy distri‐
bution system that autonomously adjusts to produc‐
tion and demand. The Smart Grid integrates andmod‐
iϐies production and consumption models to achieve
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optimal safety and energy efϐiciency. This is facili‐
tated by a network of sensors, real‐time data trans‐
mission, analysis tools, big data, and other advanced
techniques.
3.2. Characteristics of Smart Grids

Smart Grids can bedeϐined by four key characteris‐
tics: ϐlexibility, reliability, accessibility, and economy.

Flexibility: Smart Grids enable precise manage‐
ment of the balance between energy production and
consumption.

Reliability: Smart Grids enhance the efϐiciency and
security of the entire energy distribution network.

Accessibility: Smart Grids facilitate seamless inte‐
gration of renewable energy sources into the system.

Economy: Smart Grids lead to energy and cost sav‐
ings due to improved management of energy produc‐
tion and consumption.
3.3. Internet of Things (IoT)

The IoT refers to a distributed network connecting
physical objects capable of communicating with each
other, other devices, or computers. These objects can
detect or act upon their environment. The data trans‐
mitted by these devices can be collected and analyzed
to reveal insights and suggest actions that savemoney,
increase productivity, or improve the quality of goods
and services.
3.4. Connected Objects

In the context of the Internet of Things, a “con‐
nected object” denotes any electronic device capable
of communication and information exchange via a PC,
tablet, or any other device equipped with wireless or
Bluetooth connectivity.
3.5. Characteristics of Connected Objects

Connected objects possess the following distinc‐
tive attributes:

Identiϐication: Each object has a unique identiϐica‐
tion code, such as a barcode, IP address, or RFID tag.

Environmental Awareness: These objects are
equipped with detection, analysis, treatment, and
alerting capabilities, making them sensitive to
their surroundings. They can measure parameters
like temperature, humidity, gas levels, and energy
consumption.

Interactivity: The connection between an object
and the network can be permanent or temporary,
depending on the object’s speciϐic needs and function.

Virtual Representation: Each connected object has
a unique signature and physical manifestation, repre‐
sented virtually in the IoT system.
3.6. The Constituent Parts of IoT

Five essential components constitute the IoT sys‐
tem:

Sensor: Measures external parameters in the envi‐
ronment.

Embedded Software: Allows the connected object
to store, retrieve, process, and evaluate data before
transmission.

Transmission Chip: Facilitates data transmission
after processing.

Customer Interface: Renders transmitted informa‐
tion understandable and useful to the user.

Battery: Provides power to the connected objects,
enabling their functionality.

4. Home Automation and Its Objectives
4.1. Home Automation

It is the setting up of networks linking the different
equipment of the house (such as the WiiFi system,
the home automation, and the kitchen and bathroom
appliances).

It includes a wide range of services, allowing the
integrationof contemporary technologies in thehome.

As a result, we may distinguish between two areas
of application home automation:
‐ Th management of energy ϐlow (water, gas, and
electricity), which includes the control of heating,
lighting, ventilation, and household appliances

‐ The control of information ϐlow coming from the
computer, radio, and phone

4.2. Objectives of Home Automation

Home automation contributes signiϐicantly to the
realization of a perfect life to the human being, with
four main objectives (comfort, security, energy saving
and health).
Comfort
‐ Open doors and windows without force using the
cell phone.

‐ Turn on and off the light remotely.
‐ Air conditioning of the house (hot inwinter and cold
in summer).

‐ The refrigerator declares its need for food through a
message on mobile.

‐ Create life scenarios and automate your home.
Security
‐ Protect the house against theft.
‐ Avoid accidents of burned gas, ϐire and electrocu‐
tion.

‐ Centralize the house (all doors and windows close).
‐ Monitor the house remotely through cameras and
alarms.

‐ The ϐixed telephone automatically call the ϐire
department in case of emergency.

Energy Saving
‐ Control the lighting of the house.
‐ Set the machines for a certain period of time like
washing machine.

‐ Turn off energy‐consuming objects if you are not
going to use them, for example, if you are sleeping
and leave the TV on.

‐ Control the thermal exchanges with the outside.
Optimization of domestic hot water production
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Health
‐ Home automation helps the elderly and disabled to
handle things in the houses.

‐ Sensors andmeasurements of the health of patients,
such as blood pressure, body temperature, and
blood sugar levels.

‐ Make the medical visit remotely through special
equipment placed in the home.

5. Practical Study
We will present the simulation part performed by

the Cisco Packet Tracer software

5.1. Packet Tracer

Packet Tracer is a Cisco software that allows
the building of a virtual physical network. The user
builds their network using equipment such as routers,
switches, or computers, and recent versions of PT
integrate IoT equipment (smart devices, sensors, actu‐
ators, microcontrollers, smart windows, smart fans,
smart lights, alarm sirens, etc.). This equipment is
linked via connections (various cables, optical ϐiber,
etc.). Once all the equipment is connected, it is possible
for each of them to conϐigure the IP addresses and the
available services.

5.2. Equipment Used for the Simulation

We used a variety of equipment in our simulation,
including connected objects, programmable objects,
test objects, and intermediate equipment.
1) Connected Objects: The following ϐigure illustrates

the different equipment used:
Figure 1 represented the connected objects used

in the simulation.
2) Programmable Objects and Test Objects: For the

test we will use objects like ϐire, and for the move‐
ment, we use the movement of the mouse and
programmable cards like the MCU.

3) Intermediate Equipment: The router, the switch,
HomeGetway, themodem, the cloud, the servers to
control our system, and an antenna for the cellular
network are some of the intermediate devices we
used.

5.3. Configuration Outside the Building

1) Router Conϐiguration: The two IoT and DNS
servers, as well as the Cloud, the central ofϐice
server and the Switch, are all connected to the
router through its three Gigabit Ethernet ports. We
will conϐigure it on the CLI.

2) Conϐiguration of the Servers: We have two servers
to conϐigure IoT server and DNS server, for both
we will specify an IP address plus the address of
Getway and DNS.

3) The3G/4GCellularNetwork:Wehave chosena cel‐
lular network (3G/4G), which allows us to connect
to the server via a Smartphone at great distances,
in order to have the possibility to remotely control
all the equipment connected to the IoT server.

5.4. Configuration Inside the House

1) Home Getway: Its role is to link all connected
objects either wired or wireless and give them IP
addresses. We have secured the system against
hackers by WPA2‐PSK authentication with a pass‐
word, this type is the most effective and takes a
long time for the hacker to access the network.

2) Connected Objects: We have connected the objects
with the Home Get way in a wireless way where
we have made a modiϐication in the network card
(change to WiFi type) and clicked on the Smart
Device button so that they have the possibility of
accessing the network. programming part: We are
going to use the microcontroller “Boards MCU.”
This equipment is programmable to control and
command a task in the desiredway, wherewe have
chosen the Script language in Figure 2.

Figure 1. Architecture IoT connected objects used in the simulation

49



Journal of Automation, Mobile Robotics and Intelligent Systems VOLUME 18, N∘ 2 2024

Figure 2. Programming the MCU board

The creation of the conditions requires that the
objects work at the same time or one according to the
other. There will be a master object and slave objects.
When themaster object turns on, the slave objects also
turn on, and the same goes for turning off.

Intelligent building planning in Figure 3 simulates
just one apartment in the building, and its prototype
is composed of a bedroom, a living room, a kitchen, a
bathroom, and a corridor.

We have placed our objects in the apartment in a
homogeneousway in order to cover all the apartment,
and we have placed the HomeAway so that it is con‐
vergent to all the objects and so that there will not be
cuts of connection or aweakening of ϐlow, thenwewill
control some tasks, namely:
‐ The security system: by using the surveillance cam‐
era equipped with a motion detector and a siren.
Thus, when the detector detects a movement, the
webcam records everything that happens and the
alarm sounds.

‐ The ϐire detection system: We also tested the ϐire
detection system, and found that as soon as a ϐire is

Figure 4. Server interface to control the objects

detected, the doors open, the alarm goes off, giving
people time to escape the building.

‐ The building temperature control system: In this
system, we placed a thermostat that measures the
temperature of the building after it turns on the air
conditioner or the furnace according to the mea‐
sured temperature.

‐ Control of doors and windows: One of the functions
of an intelligent building is the remote control of
doors and windows. As these are connected to the
home network, we can open and close them using
our smartphones.

‐ Lighting control: We can also control the light in the
smart building either automatically with themotion
sensors or with the smartphone using the IoT mon‐
itor application Figure 4, we can access the network
and the IoT server through our smartphone, PC and
tablet.

Figure 3. Intelligent building planning
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Figure 5.World energy consumption

6. Energy Efficiency in the Field of Intelligent
Buildings

When the building’s equipment is intelligently and
effectively interconnected, we can easily manage and
control the energy consumption through a remote
control that enables the piloting of these connected
devices through a cell phone. By doing so, we can
instantly detect any unusual value that will be higher
than the average consumption by energy class and
identify more quickly the errors, ϐlaws, and irregular‐
ities in the functioning.

When we talk about the reduction of energy con‐
sumption, we are necessarily talking about buildings
since they offer a high potential for energy savings
and represent more than 40% of the total energy con‐
sumption.

Daily life requires a lot of energy (Fig. 5), cooling
in summer, lighting at night, hot water, etc. Our energy
supply relies largely on fossil fuels, the combustion of
which generates CO2 emissions.

Buildings are responsible for the largest share
of CO2 emissions in developed cities and can be
classiϐied according to energy classes ranging from
class A (0 to 50 kWh/m2 per year (most efϐicient
housing)) to class G (451 kWh/m2 and more (very
energy intensive)). We consider a low energy building
(BBC)when the conventional consumption of primary
energy of the building for heating, cooling, ventilation,
hotwater production, and lighting is less than or equal
to 50% of the conventional consumption reference
(50 kWh/m2/year). Consumption is expressed in kWh
of energy and brought back to the square meter of
surface.

The main objective is to reduce the needs: “pas‐
sive” energy efϐiciency, and to supervise and man‐
age the technical equipment of the building: “active”
energy efϐiciency.

This gives energy gains by acting on different
human andmaterial parameters, among the best prac‐
tices to use is the use of efϐicient products, to reduce
energy consumption, it is essential to choose equip‐
mentwith the best possible energy efϐiciency, that is to
say the best ratio between energy consumed and the
service provided.

On the other hand, the integration of renewable
energies, the use of these energies in an approach of
energy improvement allows to obtain a part of the
energy necessary to the building (electricity, heating,
sanitary hot water) in a renewable way and thus to
decrease or even eliminate the external energy con‐
tribution. Thus The metering/measurement of con‐
sumption: The energy management of a building con‐
sists ϐirst of all in counting/measuring the consump‐
tions.

For the electrical and gas part, a classic installation
includes a general meter which provides the global
consumptions for their invoicing by the energy dis‐
tributor. An optimized installation includes in addi‐
tion to the general meter, permanent sub‐meters.
Their main role is to establish the distribution of
energy consumption by item (heating, domestic hot
water, ventilation...).

The counting or measurement of consumption
allows the realization of the energy balance, the
awareness by the user or manager of consumption
and is used for the estimation of the energy saving
potential. It also guarantees a follow‐up in time of the
energy performance.
‐ multiply the power of your appliances (in KW) by
the time of use (in hours);

‐ then multiply it by the price per kilowatt‐hour.
The resultwill allowyou to knowwhich appliances

consume excessive amounts of energy.

7. Relationship of Big Data with Intelligent
Buildings
Faced with the evolution of science, technologies

are evolving at the same time, among them the IoT,
which allows objects to be connected to the Internet.
This sees the ϐlow of immeasurable data generated
through the objects connected, which makes it impor‐
tant to be able to link these innovations to big data.

The IoT and big data coexist to allow for signif‐
icant technological advances, as the volume of data
exchanged increases and the number of objects con‐
nected to the Internet multiplies.

The big data collected by the connected devices
can be used in real‐time operations, such as moni‐
toring energy consumption and reacting according to
the situation, either by changing, repairing, or making
another proposal.

The system can be incorporated with functions to
control the energy consumed by the devices according
to the user’s wishes. If the electricity consumption
exceeds a threshold value set by the user, the appli‐
cation is notiϐied.

Smart IoT devices can collect energy usage data
fromeachunit and store it in a database based that can
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Figure 6. General architecture of smart buildings

be analyzed and reported on for energy conservation
and analysis.

Buildings cannot be made intelligent or dynamic
without ϐirst examining the data produced by this vast
network of interconnected things. The ϐirst step in the
analysis process is setting up a proper ecosystem to
store, clean, and prepare the data. However, for smart
buildings, storing and retrieving vast amounts of data
in real time is difϐicult.

In general, there are three tiers that make up an
intelligent system in an intelligent building: At the
input data infrastructure level, all the data sources
produced by the linked building objects are rep‐
resented, including energy usage, humidity levels,
indoor and outdoor temperatures, etc. The system
infrastructure level, which enables the gathering, pro‐
cessing, combining, and storage of data in a NoSQL
database, serves as the brain of the intelligent sys‐
tem. As a result, it permits the use of this data for
reporting purposes only, or for knowledge extraction
by data mining algorithms or machine learning by
artiϐicial intelligence algorithms. The system’s catalog
of services that are available to building managers,
inhabitants, energy suppliers, etc. is represented by
the service level.

Three layers make up the IoT architecture:
The layer of perception is in charge of sensing and

data gathering.
Data transit is handled by the network layer, which

also enables the fusion of different devices and com‐
munication infrastructure.

The top layer where users interact is known as the
application layer.

Several applications will result from the use of
IoT in smart buildings, including: Access to building
facilities that is ϐlexible and real time; Energymanage‐
ment is the macro view of energy usage in relation to
building energy efϐiciency; Location of resources and
occupants increasing indoor comfort.

Figure 6 represents the choice of big data technol‐
ogy based on the enormous amount of data generated
every second in this context of intelligent buildings
and approached critical levels. For processingmassive
amounts of data, numerous solutions have been put
forth. Although Spark and Hadoop, the two most pop‐
ular products on the market, are both large scale data

Figure 7. Overall energy consumption per month

frameworks, their applications are somewhat differ‐
ent. If the operating and reporting requirements are
largely static and we can wait for the batch processing
to ϐinish, the MapReduce method of operation might
be enough. On the other hand, we will probably need
to use Spark ifweneed to analyze streamingdata, such
as analyzing sensor data in a smart building, or if the
applications call for a series of actions.

Spark is the ideal solution in this situation. The
process of examining various forms of data to draw
patterns and information using various data mining
techniques is known as knowledge extraction from
data. The analysis of this massive amount of data con‐
tributes to the realization of the worldwide goal of
smart buildings, which is to simplify building man‐
agement, cut energy use, secure resources and people,
and provide a more convenient living environment.

8. Application and Evaluation
In order to examine energy consumption, we uti‐

lized a dataset named “HomeC” which comprises of
various objects and rooms that have been modeled
after real‐life counterparts.

Through our analysis of Figure 7, we discovered
the energy consumption of each individual room and
object. We observed that some rooms had higher con‐
sumption levels than others, and our goal was to
reduce this consumption. To achieve this, we analyzed
the objects present in these rooms to identify potential
candidates for removal or replacement.
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Figure 8. Information about the data

Figure 9. Consumption for devices

8.1. Dataset Description

Our dataset is thus in the form of a CSV ϐile includ‐
ing weather data as well as household appliance mea‐
surements froma smartmeter for 365 days in a period
of 1minute. The type of variables is important for data
visualization:

used [kW]: Total energy used, gen [kW]: Total
energy produced using solar or other energy sources,
House overall [kW]: Represents the overall energy
consumption of the building, for the other variables,
it is the energy used by a particular appliance (dish‐
washer, oven, refrigerator, well, microwave).
8.2. Data Exploration

After reading the data from Spark, we will per‐
form data preprocessing. This involves renaming the
columns to remove spaces and the unit [kW], delet‐
ing the values, grouping some columns (such as the
consumption of the kitchens we have in the building),
and changing the format of the time in seconds to Y‐m‐
d H‐M‐S. Thus, the information will be available from
2021‐01‐01 5:00:00 to 2021‐12‐17 03:29:00; Then,
we will reorganize the columns. The data in Figure 8
represent the information about the data that will
appear like this:

We can differentiate energy data andweather data
to determine the month in which wewill consume the
most energy.We can see the total energy consumption
for every month. To determine the month in which we
will consume the most energy, we can see the total
energy consumption for all the months.

A furnace consumes electricity to power the fan
that circulates heated air throughout a building, as
well as to ignite the gas or oil used to generate heat.
Figure 9 represents consumption for devices. The
electricity consumed by a furnace depends on several
factors, including the size of the unit, the efϐiciency
rating, and the length of time it is in use. In our data,
the furnace consumes more than 63% of electrical
energy.

We utilized the K‐means technique, which divides
the data into a predetermined number of clusters, to
identify the classes. As a result, there are two classes of
rooms energy: “Home ofϐice,” “Wine cellar,” “Kitchen,”
“Barn,” and “Living room.”

Figure 10. Home activity in day 2021‐10‐4
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There is also a class of devices energy that
comprises: “Dishwasher,” “Furnace,” “Fridge,” “Garage
Door,” “Well,” and “Microwave.”

Let’s consider the class of rooms in order to better
understand howwe canmanage the energy consump‐
tion of the connectedmachines in the intelligent build‐
ing.Wewill monitor the consumption of eachmember
of the class so that if one of them exceeds the aver‐
age of 0.22054800000000002 kW, we must decide to
remove it. This is made possible by communication
between devices. Here, we have analyzed the case of
one day only, but we can generalize it later for all the
days.

Figure 10 shows that the kitchen uses a signiϐicant
amount more energy than average.

9. Conclusion
The modernization of cities has changed the ritual

of energy consumption and new technology usage.
This modernization, now called Smart Grid, hastened
the evolution of interconnection between devices.
This interconnection of smart devices (which are the
source of data sensors like satellites and cameras
and organization like the services granted to clients)
requires important analysis capabilities. This is done
with the help of big data tools to ensure real‐time
analysis and provide environmental context. This way,
the consumer has the ability to remotely control their
energy usage, and price rates can be updated if the
level approaches a certain limit. As a result, they are
allowed to make the choice of the effective time to use
any device. This article has pointed out many features
of home automation and added its objectives, followed
by the utility of a virtual network software (i.e., packet
tracer and its necessary equipment). Finally, this arti‐
cle expounded on the role of big data in the operation,
management, andmanipulation of the generated data.

AUTHORS
Amal Zouhri∗ – Sidi Mohammed Ben Abdellah
University, Faculty of Sciences Dhar El Mahraz,
LISAC Laboratory, Fez, Morocco, e‐mail:
amal.zouhri@usmba.ac.ma.
Abderahamane EZ-ZAHOUT – Faculty of Sciences –
Mohammed V University Adjunct Professor at
SSE “School of Science and Engineering” Al
Akhawayn University – Ifrane Morocco, e‐mail:
a.ezzahout@um5r.ac.ma.
Said Chakouk – Researcher Professor at Faculty of
Letters and Human Society, Mohammed V University
in Rabat, e‐mail: s.chakouk@um5r.ac.ma.
MostafaELMALLAHI – SidiMohammedbenAbdellah
University, High Normal School, Fez, Morocco, e‐mail:
mostafa.elmallahi@usmba.ac.ma.
∗Corresponding author

References
[1] C. K. Metallidou, K. E. Psannis, E. A. Egyptiadou,

“Energy Efϐiciency in Smart Buildings:

IoT Approaches, Journals & Magazines,”
IEEE Access, vol. 8, March 11, 2020. doi:
10.1109/ACCESS.2020.2984461.

[2] L. P. C. Zangheri, D. Paci, M. N. E. Labanca, S. T.
Ribeiro, S. Panev, P. Zancanella, and J.‐S. Broc,
“Assessment of Second Long‐Term Renovation
Strategies Under the Energy Efϐiciency Direc‐
tive,” Luxembourg, U.K.: Publications Ofϐice of
the European Union, 2019. Available: https://ec
.europa.eu/jrc/en/publication/assessmentse
cond‐long‐term‐renovation‐strategies‐under‐
energy‐efficiency‐directive

[3] A. P. Plageras, K. E. Psannis, C. Stergiou, H.
Wang, and B. B. Gupta, “Efϐicient IoT‐based sen‐
sor big data collection–processing and anal‐
ysis in smart buildings,” Future Gener. Com‐
put. Syst., vol. 82, pp. 349–357, May 2018. doi:
10.1016/j.future.2017.09.082.

[4] R. Wegmueller, G. Magnin, J. Robadey, and E.‐L.
Niederhauser, “Controlled active thermal stor‐
age in smart PCM walls for energy indepen‐
dent building applications,” in Proc. 5th Int. Conf.
Renew. Energy, Gener. Appl. (ICREGA), Al Ain,
United Arab Emirates, Feb. 2018, pp. 154–157,
doi: 10.1109/ICREGA.2018.8337575.

[5] N. Khan, N. Pathak, and N. Roy, “Detecting
common insulation problems in built environ‐
ments using thermal images,” in Proc. IEEE
Int. Conf. Smart Comput. (SMARTCOMP), Wash‐
ington, DC, USA, Jun. 2019, pp. 454–458, doi:
10.1109/SMARTCOMP.2019.00087.

[6] M. Sophocleous, P. Savva, M. F. Petrou, J. K.
Atkinson, and J. Georgiou, “A durable, screen‐
printed sensor for in situ and real‐time moni‐
toring of concrete’s electrical resistivity suitable
for smart buildings/cities and IoT,” IEEE Sensors
Lett., vol. 2, no. 4, pp. 1–4, Dec. 2018, doi: 10.
1109/LSENS.2018.2871517.

[7] A. Kumar, A. Kumar, and A. Singh, “Energy efϐi‐
cient and low cost air quality sensor for smart
buildings,” in Proc. 3rd Int. Conf. Comput. Intell.
Commun. Technol. (CICT), Feb. 2017, pp. 1–4,
doi: 10. 1109/CIACT.2017.7977310.

[8] N. Haidar, N. Tamani, F. Nienaber, M. T.
Wesseling, A. Bouju, and Y. Ghamri‐Doudane,
“Data collection period and sensor selection
method for smart building occupancy
prediction,” in Proc. IEEE 89th Veh. Technol.
Conf. (VTC‐Spring), Apr. 2019, pp. 1–6, doi: 10.
1109/VTCSpring.2019.8746447.

[9] S. Antonov, “Smart solution for ϐire safety in a
large garage,” in Proc. Int. Conf. Creative Bus.
Smart Sustain. Growth (CREBUS), Sandanski,
Bulgaria, Mar. 2019, pp. 1–4, doi: 10.1109/CRE‐
BUS.2019.8840089.

[10] G. Cavalera, R. C. Rosito, V. Lacasa, M.
Mongiello, F. Nocera, L. Patrono, and I. Sergi,
“An innovative smart system based on IoT
technologies for ϐire and danger situations,”

54

https://ec.europa.eu/jrc/en/publication/assessmentsecond-long-term-renovation-strategies-under-energy-efficiency-directive
https://ec.europa.eu/jrc/en/publication/assessmentsecond-long-term-renovation-strategies-under-energy-efficiency-directive
https://ec.europa.eu/jrc/en/publication/assessmentsecond-long-term-renovation-strategies-under-energy-efficiency-directive
https://ec.europa.eu/jrc/en/publication/assessmentsecond-long-term-renovation-strategies-under-energy-efficiency-directive


Journal of Automation, Mobile Robotics and Intelligent Systems VOLUME 18, N∘ 2 2024

in Proc. 4th Int. Conf. Smart Sustain. Technol.
(SpliTech), Split, Croatia, Jun. 2019, pp. 1–6, doi:
10.23919/SpliTech.2019.8783059.

[11] P. G. Jeyasheeli, and J. V. J. Selva, “An IOT
design for smart lighting in green buildings
based on environmental factors,” in Proc. 4th
Int. Conf. Adv. Comput. Commun. Syst. (ICACCS),
Coimbatore, India, Jan. 2017, pp. 1–5, doi:
10.1109/ICACCS.2017.8014559.

[12] A. Pandharipande,M. Zhao, andE. Frimout, “Con‐
nected indoor lighting based applications in a
building IoT ecosystem,” IEEE Internet Things
Mag., vol. 2, no. 1, Mar. 2019, pp. 22–26, doi:
10.1109/IOTM.2019.1900016.

[13] A. Zakharov, A. Romazanov, A. Shirokikh, and
I. Zakharova, “Intellectual data analysis sys‐
tem of building temperature mode monitoring,”
in Proc. Int. Russian Autom. Conf. (RusAuto‐
Con), Sochi, Russia, Sep. 2019, pp. 1–6, doi:
10.1109/RUSAUTOCON.2019.8867611.

[14] N. M. Elsayed, R. A. Swief, S. O. Abdellatif, and
T. S. Abdel‐Salam, “Photovoltaic applications for
lighting load energy saving: Case studies, educa‐
tional building,” in Proc. Int. Conf. Innov. Trends
Comput. Eng. (ITCE), Aswan, Egypt, Feb. 2019,
pp. 564–569, doi: 10.1109/ITCE.2019.8646485.

[15] P. D. Leo, F. Spertino, S. Fichera, G. Malgaroli,
and A. Ratclif, “Improvement of self‐sufϐiciency
for an innovative nearly zero energy building
by photovoltaic generators,” in Proc. IEEE Milan
PowerTech, Milan, Italy, Jun. 2019, pp. 1–6, doi:
10.1109/PTC.2019.8810434.

[16] K. R. Babu, and C. Vyjayanthi, “Implementa‐
tion of net zero energy building (NZEB) pro‐
totype with renewable energy integration,” in
Proc. IEEE Region 10 Symp. (TENSYMP), Kochi,
India, Jul. 2017, pp. 1–5, doi: 10.1109/TENCON‐
Spring.2017.8069994.

[17] I. Ilhan, M. Karakose, and M. Yavas, “Design and
simulation of intelligent central heating system
for smart buildings in smart city,” in Proc. 7th Int.
Istanbul Smart Grids Cities Congr. Fair (ICSG),
�stanbul, Turkey, Apr. 2019, pp. 233–237, doi:
10.1109/SGCF.2019.8782356.

[18] T. Sonnekalb and S. Lucia, “Smart hot water
control with learned human behavior for min‐
imal energy consumption,” in Proc. IEEE 5th
World Forum Internet Things (WF‐IoT), Limer‐
ick, Republic of Ireland, Apr. 2019, pp. 572–577,
doi: 10.1109/WF‐IoT.2019.8767171.

[19] D. Alulema, M. Zapata, and M. A. Zapata, “An
IoT‐based remote monitoring system for elec‐
trical power consumption via Web‐application,”
in Proc. Int. Conf. Inf. Syst. Comput. Sci. (INCIS‐
COS), Quito, Ecuador, Nov. 2018, pp. 193–197,
doi: 10.1109/INCISCOS.2018.00035.

[20] A. M. Ali, S. A. A. Shukor, N. A. Rahim, Z. M. Razlan,
Z. A. Z. Jamal, and K. Kohlhof, “IoT‐based smart

air conditioning control for thermal comfort,” in
Proc. IEEE Int. Conf. Autom. Control Intell. Syst.
(I2CACIS), Selangor, Malaysia, Jun. 2019, pp.
289–294, doi: 10.1109/I2CACIS.2019.8825079.

[21] G. Alsuhli and A. Khattab, “A fog‐based IoT
platform for smart buildings,” in Proc. Int.
Conf. Innov. Trends Comput. Eng. (ITCE),
Aswan, Egypt, Feb. 2019, pp. 174–179, doi:
10.1109/ITCE.2019.8646480.

[22] X. Zhang, M. Pipattanasomporn, T. Chen, and S.
Rahman, “An IoT‐based thermal model learning
framework for smart buildings,” IEEE Internet
Things J., vol. 7, no. 1, Jan. 2020, pp. 518–527, doi:
10.1109/JIOT.2019.2951106.

[23] J. Aguilar, A. Garces‐Jimenez, N. Gallego‐Salvador,
J. A. G. De Mesa, J. M. Gomez‐Pulido, and A. J.
Garcia‐Tejedor, “Autonomic management archi‐
tecture for multi‐HVAC systems in smart build‐
ings,” IEEE Access, vol. 7, 2019, pp. 123402–
123415, doi: 10.1109/ACCESS.2019.2937639.

[24] S. Rastegarpour, M. Ghaemi, and L. Ferrarini, “A
predictive control strategy for energy manage‐
ment in buildings with radiant ϐloors and ther‐
mal storage,” in Proc. SICE Int. Symp. Control
Syst. (SICE ISCS), Tokyo, Japan, Mar. 2018, pp.
67–73, doi: 10.23919/SICEISCS.2018.8330158.

[25] A. Gillespie, T. F. Xulu, S. I. Noubissie Tientcheu,
and S. D. Chowdhury, “Building design con‐
siderations for an energy efϐicient HVAC sys‐
tem,” in Proc. IEEE PES/IAS PowerAfrica, Cape
Town, South Africa, Jun. 2018, pp. 1–6, doi:
10.1109/PowerAfrica.2018.8520995.

[26] B. Seng, C. Magniont, S. Spagnol, and S.
Lorente, “Evaluation of hemp concrete thermal
properties,” in Proc. Int. IEEE Conf. Ubiquitous
Intell. Comput., Adv. Trusted Comput.,
Scalable Comput. Commun., Cloud big data
Comput., Internet People, Smart World Congr.
(UIC/ATC/ScalCom/CBDCom/IoP/SmartWorld),
Toulouse, France, Jul. 2016, pp. 984–989,
doi: 10.1109/UIC‐ATC‐ScalComCBDCom‐IoP‐
SmartWorld.2016.0154.

[27] El Mallahi, I., Rifϐi, J., Tairi, H., Ez‐Zahout ,
A., and Mahraz, M. A. . (2023). A Distributed
Big Data Analytics Models for Trafϐic Accidents
Classiϐication andRecognition based SparkMlLib
Cores. Journal of Automation, Mobile Robotics
and Intelligent Systems, 16(4), 62‐71. doi:
10.14313/JAMRIS/4‐2022/34.

[28] Rahman Shaϐique, Furqan Rustam, Sheriff Mur‐
tala, Anca Delia Jurcut, Gyu Sang Choi, “Advanc‐
ing Autonomous Vehicle Safety: Machine Learn‐
ing to Predict Sensor‐Related Accident Severity”,
IEEE Access, vol. 12, pp. 25933–25948, 2024.

[29] Nassim Sohaee, Shahram Bohluli, “Nonlinear
Analysis of the Effects of Socioeconomic, Demo‐
graphic, and Technological Factors on the Num‐
ber of Fatal Trafϐic Accidents”, Safety, vol. 10,
no. 1, pp. 11, 2024

55



Journal of Automation, Mobile Robotics and Intelligent Systems VOLUME 18, N∘ 2 2024

[30] I. E. Mallahi, A. Dlia, J. Rifϐi, M. A. Mahraz and
H. Tairi, “Prediction of Trafϐic Accidents using
Random Forest Model,” 2022 International Con‐
ference on Intelligent Systems and Computer
Vision (ISCV), Fez, Morocco, 2022, pp. 1–7, doi:
10.1109/ISCV54655.2022.9806099.

[31] Nasry, A., Ezzahout, A., and Omary, F. .
(2023). People Tracking in Video Surveillance
Systems Based on Artiϐicial Intelligence.
Journal of Automation, Mobile Robotics
and Intelligent Systems, 17(1), 59–68. doi:
10.14313/JAMRIS/1‐2023/8.

[32] Ndayikengurukiye, A., Ez‐zahout, A., Aboubakr
, A., Charkaoui , Y., and Fouzia, O. (2022).
Resource Optimisation in Cloud Computing:
Comparative Study of Algorithms Applied
to Recommendations in a Big Data Analysis
Architecture. Journal of Automation, Mobile
Robotics and Intelligent Systems, 15(4), 65–75.
doi: 10.14313/JAMRIS/4‐2021/28.

56


	Introduction
	Related Work
	Theoretical Study
	Smart Grids
	Characteristics of Smart Grids
	Internet of Things (IoT)
	Connected Objects
	Characteristics of Connected Objects
	The Constituent Parts of IoT

	Home Automation and Its Objectives
	Home Automation
	Objectives of Home Automation

	Practical Study
	Packet Tracer
	Equipment Used for the Simulation
	Configuration Outside the Building
	Configuration Inside the House

	Energy Efficiency in the Field of Intelligent Buildings
	Relationship of Big Data with Intelligent Buildings
	Application and Evaluation
	Dataset Description
	Data Exploration

	Conclusion

