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Abstract
In the present scenario everyone turned into smart applications by including the intelligence into the applications and this 
reduces the burden of frequent interruption or control by the humans. Smartness makes the ability to interconnect more real 
time parameters by M2M (Machine to Machine) interaction and make wise decisions in harmful situations. Many low-cost 
devices are available in the market to collect the real time data and transmit them using Internet of Things (IoT). So, the 
control can be done remotely. In this work, few basic applications in smart buildings are going to be studied to analyze with 
the technical advances which can bring better solutions automatically. The details collected from different sensors will be 
useful for analytics and the need for smart design models for better buildings. The services needed in smart building such 
as security control, energy management, control and monitoring of HVAC system, water management, lighting systems, 
health system of elders and fire detection are going to be surveyed. The major objective of this study is to identify the issues 
faced by current methodologies with these applications and give a guideline for future research. From analyzing the relevant 
methods and needs it is observed that, the buildings construction and usage can depend on the applications, the smart system 
can respond intelligently for further events. In future all the traditional buildings will be automotive based on HVAC.
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1 Introduction

In recent scenario, a building means not only considered as 
simple structures. It is considered along with the systems 
and technology available within it, so the users can mod-
ernize and select the fundamental facilities such as lighting, 
security, heating, ventilation and air conditioning along with 
entertainment. In these applications the better utilization of 
advanced technologies and conservation of energy is to be 
given as more priority.

Conservation of Energy is becoming a global priority, so 
the primary goal of today is to achieve smart and sustainable 
development meanwhile lower energy buildings are having 
biggest threat, because of carbon emission both direct and 
indirect. Studies show 28–30% of energy consumption glob-
ally takes place due to buildings and construction. Hence, 
smart building or home is the only solution for energy con-
servation to produce the better environment with advanced 
technology using IoT. Smart homes are inbuilt with many 
innovative technologies which let humans to communicate 
with buildings through smart devices furthermore it also car-
ried out many advance functioning in monitoring of home 
such as security surveillance, water management, energy 
management, smart lightings, smart energy management 
and elderly care.

Security system is very essential to protect our self from 
unusual events so, automated surveillance system can be 
adopted using IoT by providing CCTV images of multiple 
private locations then it is processed by desktop, laptop or 
smart phone with a help of advanced transmission technolo-
gies such as WiFi, ZigBee, Blue tooth etc. and it is known 
as third generation surveillance system (D’Orazio and Guar-
agnella 2015). To prevent the occupants from vulnerable 
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threats, smart homes employ IoT technology that helps to 
make use of Artificial Intelligence(AI), cloud computing, 
sensors and actuation (Heartfield et al. 2018). In order to 
play a huge contribution for 24/7 monitoring, smart home 
should be intelligent enough to record and analyze the data 
with proper communication through computational tech-
niques (Abbas et al. 2018).

Energy management system helps to reduce cost, carbon 
emission and wastage of energy however, this technology 
needs improvement in some deficiency such as excessive in 
cost, not an easy handling and maintenance possibilities are 
hard and less. Therefore, using advanced IoT and bigdata 
analysis, it can provide better energy consumption assistance 
to smart building (Al-Ali et al. 2017). Heating, ventilation 
and air conditioning (HVAC) system can be adopted to 
increase the indoor comfort level and it constitute around 
50% of energy requirement in Europe, meanwhile it rises 
the attention and priority of using this HVAC in buildings 
(Solano et al. 2017). HVAC system energy in residential 
buildings reduces around 6% of consumption and also great-
est electricity user of home (Kristen and Catilyn 2016).

Requirement for food and water rapidly increasing every 
day together with scarcity of water becomes major hazard 
in many countries including India, so water management 
system is very essential to save water furthermore applying 
metering system with IoT, automated system, and helps to 
predict the water consumption and usage (Punit et al. 2017). 
Figure 1 describes the application of IoT system in smart 
building.

IoT technology uses sensors for monitoring the tem-
perature for controlling HVAC, water management, energy 
management, health system of elders and fire detection with 
the combination of sensors inside the home and connect-
ing these details to remote server for decision making and 

controlling the usage or giving alarm to specific events with 
the help of advancement in the technologies.

Advancement in the technologies:

• Sensor technology
• IoT
• Software packages
• Artificial intelligence
• Data analytics

Smart lighting system is one of the important features for 
smart home to look, aesthetic various lighting system are 
available in market as per design requirement, occupants’ 
comforts and activities (Chao et al. 2012). Fire accidents are 
barely happening but turns out to be a disastrous event that 
makes occupants clueless about the situation and they won’t 
be having enough time to evacuate themselves. In order to 
overcome this situation smart alarm system can be applied in 
smart homes by adopting smart IoT technology which gives 
indication about all of sudden hazardous events which leads 
occupants to evacuate or make remedial action to stop fire 
(Kunal et al. 2017). Monitoring is very necessary for elderly 
peoples to keep them in active communication with smart 
home to follow their illness, diet, emergency call and other 
activities using smart devices, IoT and advanced wireless 
sensors (Almeida et al. 2019).

1.1  Overview of the article

The article begins with introduction about smart buildings, 
in that it covers the concepts which are most valuable and 
necessary to be executed in smart homes such as fire detec-
tion, elderly care, water management, energy management, 
smart lighting system, smart building surveillance and con-
trol of advanced HVAC system. Figure 2 depicts the smart 
overview of concepts covered in this article.

The overall application applicable to smart homes are 
portraited in the Fig. 2.

2  Security control in smart building

The surveillance cameras are used widely to ensure the 
safety of the people. If the camera is fixed in the building, 
the theft, vandalism and other crimes will be reduced. These 
cameras will capture the video in real time, so that owner of 
the smart home shall increase the security. In some cases, 
the recorded video can be useful for polices for investigating 
other crimes happened in nearby smart houses.

Heng et al. (2014) adopted infrared sensors (samsung 
s3c2440processor) and arm9-linuxas podium for continuous 
monitoring of real time surveillance in smart home and for 
video streaming, Moving Picture Experts Group (mpeg-4) Fig. 1  Application of IoT technology in smart homes
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algorithm was used. The recorded video had been sum-
marized and sent to the PC that was connected via Local 
Area Network (LAN) and the application was established 
on Video4Linux(V4L2),finally it had been compared with 
the traditional methods of surveillance systems and results 
showed that this design concept provided more clarity and 
defended the system resources. Tiziana and Cataldo (2015) 
presented a survey of automated event detection using multi-
camera to consign multi view issues and information were 
collected using single processing framework by applying 
image processing methodology for intelligent 3G surveil-
lance system in smart home.

Ryan et al. (2018) classified 25 different smart-home 
attacks and discussed about integration with new technolo-
gies such as AI, Cloud Computing and IoT which prevented 
and secured the occupants in home through immense level 
of sensing and actuations from cyber threats. Peng et al. 
(2013) discussed about advanced robot surveillance control 
by adopting the IoT technology to overcome the problems in 
traditional methods such as information interconnection and 
human intelligent control. The system consisted of Linux 
operating system and Samsung S3C2440 hardware platform 
by employing ZigBee sensor to attain the robot surveillance 
video, temperature information and intelligent supervision 
and these systems helped to improve the occupant’s living 
standard and quality.

Surantha and Wicaksono (2018) adopted Rasperry Pi 3 
and Arduino embedded systems with Pyroelectric Infra-
red Sensors (PIR) and all were connected using Universal 
Serial Bus (USB) cable. PIR sensors helped to detect the 
intruder (object recognition) using Histogram of Gradi-
ent (HoG) and Support Vector Machine (SVM) in 2 s, 

and the alarm was activated to provide the signal to the 
occupants. Furthermore, the system gave 89% success in 
terms of detecting the intruders. Abbas et al. (2018) imple-
mented a motion detected activation recording technique 
for automating the video recording process by adopting 
Multi-Scale Structural Similarity (MS-SSIM). For smart 
home security, this system is cost effective and saved 
more storage space. Jay et al. (2019) presented a work 
related to the image prototype instead of video to avoid 
the internet traffic and make cost effective, the image pro-
vided the facial recognition and labels the person who trig-
gered, meanwhile the images uploaded by the system were 
received through mobile application. The mobile applica-
tion mechanism had been used to house the doors with 
remote switching in smart home.

Ravikumar and Kavitha (2020) enforced severe inscrip-
tion to secure the data in cloud storage in order to prevent 
the data from the intruders and also to maintain the con-
sistency by using two ESP32 cameras for video sensing. 
Junge et al. (2015) proposed ISEE system for smart home 
to analyze the video synopsis, flexible video retrieval, 
alarm generation in real time, abnormal behavior and also 
other contributions were:

• Nomination of smart home complete system had been 
considered, based on the home security intelligent 
video surveillance.

• Novel foreground segmentation system had been rec-
ommended as per history pattern

And it will be very useful for indoor monitoring.

Fig. 2  Smart homes overview
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• In order to speed up the human detection, two methods 
such as scene culture modeling and Region of Interest 
(ROI) had been adopted.

• To predict the entire behavior and process, robust behav-
ior representation model had been developed

Cristian et al. (2017) discussed about computer vision 
using IoT to make use of pictures and cameras as sensors and 
concluded that this automated technique could able to moni-
tor all the sequences that user needed to make a reliable to 
communicate with smart homes and also helped to improve 
the security surveillance. Aimen et al. (2020) discussed 
about the design of IoT architecture for smart building by 
adopting wireless technology and sensors as key technology 
and observed the following:

• Design of hardware and software systems should be con-
sidering the low consumption of energy

• For security and privacy of smart homes using advanced 
IoT should have proper wireless technology devices such 
as ZigBee,WiFi, GSM/GPRS etc.

• Predicting the performance of smart homes through WiFi 
technology was better than traditional methods

• Stereo matching algorithm provided more accuracy for 
monitoring system

3  Energy management in smart building

In Eco-system, living and non-living things form cycles 
to make the sustainability of nature and environment. In 
the advancement of technologies, multiple components 
or parameters in particular domain are available and each 
depend on others with some relationships either directly 
or indirectly. All these components are related by complex 
technology and bring the optimized outcome. The nature 
inspired ideas are implemented in the algorithms for opti-
mized outcome, Benítez-Guijarro et al. (2019).

Ali et al. (2017) discussed about Energy Management 
System (EMS) with data acquisition chip that helped to col-
lect the energy utilization data in smart homes using IoT. 
Heating, ventilation and Air Conditioning (HVAC) were 
turned out to be a case study that came up with 60% of elec-
tricity consumption and small residential prototype was built 
with HVAC system and tested in laboratory. Xiuwang et al. 
(2021) adopted multi objective home energy optimization 
system using the advanced butterfly algorithm to speed up 
the process, furthermore Zigbee wireless system had been 
used due to minimize the consumption of energy, later on 
comparison had been carried out between the multi-objec-
tive optimization with Particle Swarm Optimization (PSO) 
and Butterfly Optimization Algorithm (BOA). Moreover, 
results showed that it was cost effective and satisfactory.

For example, in energy management, the parameters 
such as lights, home appliances, power generation systems, 
power storage and utilization are related with each other. 
If one is changed or affected, it causes changes in others. 
Eco-system for energy management is given in the Fig. 3.

Kanae et al. (2018) proposed Home Energy Manage-
ment System (HEMS) in smart homes to predict the 
indoor comfort level of the occupants and tests were car-
ried out around 12 days for three households in japan and 
results showed that 5.15% of electricity consumption and 
increased in comfort level around 16.4%. Cristian et al. 
(2017) demonstrated an Advanced IoT Energy Platform 
(IoTEP) based on FIWARE that provided IoT energy data 
with several features and functionalities. Three buildings 
with more than 100 sensors were taken for study together 
with and it was found that this platform was highly suc-
cessful. Chankook et al. (2018) discussed about electro-
magnetic radiation risk in IoT based smart home such as 
environmental extermination, electricity cost changes, 
performance risk, financial risk etc. Figure 3 represents 
energy management systems in smart buildings.

Naeem et al. (2019) discussed about monitoring and 
management of IoT based home using sensors, WiFi, and 
microcontroller, furthermore it was equipped with small 
circuit to provide a proper layer for Applied Load Moni-
toring (ALM) that helped to predict the energy consump-
tion through smart data collection. Hong et al. (2020) 
adopted IoT mechanism to predict the indoor temperature 
of the smart homes and the data received through experi-
ment helped to build the performance and energy efficient 
in smart building. The following were observed by the 
method:

• The prediction accuracy level of was 91.5%
• For Neural Network (NN) gave accuracy of 89.3%
• Random forest (RF) gave accuracy of 87.8%
• Support Vector Machine (SVM) gave accuracy of 78.5%

Fig. 3  Energy management system in smart buildings
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Uthpala et al. (2015) had discussed about energy con-
sumption in smart homes by adopting robust technique to 
collect the accurate information such as dynamic real time 
data, nature, and contextual information for entire resource 
management system. Hoon et al. (2020) discussed about 
AI with advanced wireless technology for energy manage-
ment to look energy flow and predict the wastage of energy 
together with special strategy that had been adopted to moni-
tor a smart home based on human behavior and this system 
provided valid information and energy efficient.

4  Control and monitoring of HVAC system

All the basic devices used in the HVAC system have to be 
monitored and analyzed for effective utilization power to 
balance the cumulative loads of all appliances. The loads 
generated by each component in the building comes under 
the HVAC system should be audited for balancing the sup-
ply and usage.

Feng et al. (2020) demonstrated a new technique for 
energy management termed as two stage Conditional Value 
at Risk (CVaR) model to determine the optimization in 
energy by adopting HVAC system. First stage of model 
reduced the electricity consumption whereas second stage 
minimized power exchange with external grids. Erdem and 
Inallı (2018) performed thermal design system around 50 
cities located at turkey by adopting general directorate of 
meteorology together with the following studies has been 
done:

• Artificial neural network (ANN) and adaptive network 
based fuzzy was considered

• Prospective data forecasting and modeling were done 
using Matlab

• To create solar radiation maps, temperature and humidity 
ArGIS and Surfer software were employed

• To validate the results coefficient of determination 
 (R2), Co-efficient of Variation (COV), Mean Absolute 
Error (MAE) and Root mean square error (RMSE) were 
adopted

• R2, MAE, COV, RMSE results were found as satisfied
• MGM was compared with annual data of solar power 

potential maps and results showed favorable for MGM.

Solano et al. (2017) carried out both experimental and 
analytical studies by adopting Battery Energy Storage Sys-
tem (BESS) and HVAC system with Photo-Valtic (PV) 
system to predict the PV generation, thermal loads. HVAC 
consumption were simulated and the results showed that 
30% self-consumption rate for building without BESS and 
possibilities were higher to attain 50% with BESS. Adopt-
ing the combined experiment of both showed that 49% of 

energy consumption with 77% of contracted power reduc-
tion. Paulo et al. (2018) adopted HVAC system to reduce the 
energy consumption and increase the comfort of occupants 
and introduced an advanced monitoring to track the occu-
pants, managing, and learning using HVAC automatically. 
To reduce the energy consumption k-means learning tech-
niques had been employed. Figure 4 conveys HVAC system 
in smart building using IoT.

In the Fig. 4, load factors such as thermal and energy 
needs are considered for supply and return. In case of effi-
cient usage, the extra supply will be returned.

Alfonso et al. (2017) carried out real time monitoring and 
simulation in Zaanstad town hall, Netherlands using HVAC 
system and outcome of the monitoring showed that 14% of 
reduction in electricity consumption. Kristen and Catilyn 
(2016) had carried out continuous monitoring of residential 
buildings which had HVAC system by using history-based 
model approach and found that 6% of reduction in annual 
energy usage. Francesca et al. (2017) used wireless sensor 
network in HVAC monitoring to predict the faults in sensors.

Kwonsik et al. (2020) carried out real time HVAC control 
monitoring in seven dormitory buildings located at koreato 
maintain the consistency in usage of energy during the win-
ter season for both night and day time. Ricardo et al. (2020) 
examined the people’s mind set and willingness to pay and 
stay in smart homes and also studied about few strategies of 
home energy managements and smart energy technologies. 
Jose et al. (2019) investigated about recent technological 
development in data processing and computing to collect 
the sensors output from smart buildings, automatic energy 
controllers and control algorithms, furthermore introduced a 
simulation environment using tenser flow combined citysim, 
building energy simulator and also presented the demand 
response and energy savings in smart building.

Fig. 4  HVAC control in smart building
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Tianyuan et al. (2019) evaluated the run time of the 
HVAC system by adopting the temperature methods and 
real time data was collected from three places such as aus-
tin, ontario and Toronto. Finally, temperature method was 
compared with direct methods to predict the outdoor tem-
perature and ambient conditions and concluded that tem-
perature methods were reliable for relevant smart home. 
Dashamir et al. (2013) carried out both real time and sim-
ulation with15 apartments with floor area  1050m2under 
three different climatic conditions and modeling had 
been done using energy plus. Five HVAC systems were 
approached for studies.

• Boiler and Split system (B&S)
• Air to Air Heat pumps (AAHP)
• Air to Water Heat Pump (AAHP)
• Ground Water Heat Pump (GWHP)
• Ground Couple Heat Pump (GCHP)

The results showed that GWHP and GCHP saved around 
62.6% and 59.6% respectively. Furthermore, AWHP and 
AAHP heat pump system saved energy approximately 
around 23.3% and 14.8% respectively and compared with 
B&S system meanwhile as per 20 years monitoring period, 
outcome of GWHP was found more cost effective after 
9 years.

Bichiou and Moncef (2011) considered three algorithms 
to carry out the optimization on HVAC system in residen-
tial building with sequential search algorithm, PSO algo-
rithm and Genetic Algorithm (GA) and compared with 
simulation performance. Monitoring had been carried 
out for five US family’s homes in different climatic con-
ditions and design application concluded that life cycle 
optimization was 10–25% depended on type of homes and 
climate. Antoine et al. (2014) carried out monitoring and 
simulation for multizone HVAC system for non-residential 
buildings to reduce the energy consumption and increase 
thermal comfort. GA was used for optimization and Ener-
gyPlus software was used for modeling, furthermore 
another studies adopted Predictive Mean Vote (PMV) and 
ANN algorithm to reduce electricity consumption and 
increase thermal comfort.

Wei et al. (2017) carried out real time monitoring to 
detect the occupancy in office buildings which used HVAC 
system by adopting Time-Window based Markov chain 
(TWMC) model and advanced WiFi technology. The data 
had been compared with model and the results showed 
that 88% of air supply in energy reduction. Turner et al. 
(2017) carried out experiment to detect the faults in HVAC 
system in residential buildings for both indoor and outdoor 
temperature to increase the thermal comfort and reduce 
energy consumption.

5  Water management in smart building

The requirement of water and food is increasing in world-
wide and propositional to the population. Water manage-
ment in smart buildings is needed to create the awareness, 
better utilization and also reduce the water scarcity in the 
future at the possible extent. For prediction of water usage 
related to geographical position, the current research ideas 
are explained in this section.

Punit et al. (2017) employed an advanced wireless tech-
nology and automated learning to upgrade the water man-
agement system in smart home using IoT and cloud comput-
ing for daily usage. Luciana et al. (2020) applied automated 
ML algorithm to categorize people’s messages and tweets 
through social media to improve the management of water 
as well as sanitation. This technique employed two social 
media colab.re (65,000 post) and twitter (1900 tweet) for dif-
ferent International Organization for Standardization (ISO) 
categories. Sophie et al. (2017) demonstrated new initiative 
called as smart water consumption approach to aware and 
encourage the household for smart usages of water.

Mohd et al. (2020) adopted several technologies such 
as IoT, protocols, AI and wireless technology to com-
municate with smart home and smart cities. Various sen-
sors and actuators were employed for automated deci-
sion making to predict the water usage to improve water 
management. Other advanced technology such as Nano 
technology, quantum technology and sustainability is also 
adopted. John et al. (2019) presented a review through 
complete study of 82 peer reviewed journals to focused 
on strategy, vision, framework and benefits to water man-
agement system in smart home. Figure 5 shows graphical 
information about water management systems in smart 
buildings. The sensors give the information about the 
rain, ground water level and harvesting details. All these 

Fig. 5  Water management systems smart buildings
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details are collected, transmitted and stored in the cloud 
systems by wireless communication. Then region wise 
data-analytics can be done to create awareness and pro-
vide better solutions for recycling needs, remarks by Fong 
et al. (2018).

Mohammed and Bagavathi (2016) employed advanced 
technology and predictive analysis to detect water con-
sumption and leakage in smart home such as IoT and 
advanced computing. Furthermore, they mainly focused 
on improving smart water management system to reduce 
the scarcity of water. Sonali et al. (2020) adopted KNN 
based ML and IoT technologies to minimize the wastage 
of water through two levels of focus, first level was seg-
regation of water for individual house and second level 
was to receive the alert messages from three sensors to 
indicate the water wastage.

Shaun et al. (2017) carried out experiment using IoT 
and semantic web technologies to apply the advanced data 
analytics, art sensing, smart metering, telemetry and geo-
graphic information system meanwhile the results indi-
cated that these technologies were more powerful and 
satisfactory. Manu et al. (2020) used hybrid multi-criteria 
decision making methods (MCDM), then it spotted out 15 
IoT Barriers (IoTBs). The following approaches are used 
to develop framework:

• Total Interpretative Structural Modeling (TISM)
• The fuzzy Matrices Impacted Croises Multiplication 

Appliquean Classment (MICMAC) model
• Decision Making Trial and Evaluation Laboratory 

(DEMATEL) method
• To develop a structural framework of IoTBs in Smart 

Cities, Waste Management (SCWM) projects TISM 
approach has been used

• To calculate the dependence and driving power of the 
IoTBs fuzzy-MIMAC approach has been used

• In order to reveal the strength of IoTBs which dis-
turbed SCWM, the method DEMATEL had been 
adopted

Marijana et al. (2020) adopted ML algorithm and big 
data platform to enhance the water management and 
energy efficiency in smart building. The ultimate motive 
and focus must be on reducing energy consumption and 
cost. Hariprasath et al. (2020) used WSN technology to 
produce the proper communication for water management 
system and MATLAB model was also presented to predict 
the response and acquiring data. Yuanping et al. (2019) 
presented a in depth review to promote smart homes and 
smart cities in energy efficiency sector to produce low 
carbon and better industrial planning for future renewable 
energy and sustainability.

6  Advanced lighting systems

Smart lighting is one of the energy saving systems to com-
bine the natural lighting with the required lighting within 
a room or in the buildings. The lighting necessity depends 
brightness needed for the users and the activity to be done 
inside the building. If the lighting can be adjustable from 
the remote or decided from previous trained scenario, the 
task can be automated. The method called task-based light-
ing and user-based lighting and evades the waste of energy. 
Integrated control in all the rooms of the building may save 
the cost up to 40%.

Chao et al. (2012) demonstrated a new lighting system 
termed as context –aware lighting control system to over-
power manual lighting system using advanced IoT, further-
more it was automated technology to detect context changes 
in lightings in smart homes. Zhenfeng et al. (2020) employed 
arduino as primary controller meanwhile it was combined 
with light sensors and infrared sensors to detect the light-
ing environment, dimming condition, delay in lightings and 
control in turn-off to provide low carbon and low cost for 
environmentally friendly. Tang et al. (2017) developed a 
prototype for intelligent lighting for security issues in smart 
homes using ambient light sensors and results showed as 
cost effective and long performing. Figure 6 describes about 
smart light system in building.

In the Fig. 6, the smart assistant system converts the 
voice command into on/off mode of light in remote access. 
Phone App also can be created by using blue tooth or wifi 
connectivity.

Yingming et al. (2019) combined electric light and day 
light to predict the dimming level of the electric light, fur-
thermore this method was based on PWM dimming approach 
by employing photo sensor TEMT6000 and final outcome 
was successful. Bicakci  and Huseyin (2020) developed 

Fig. 6  Smart lighting system using IoT
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advanced technique termed as hybrid smart home simulation 
that was ran in real and virtual smart homes simultaneously 
together. Initially, real smart home system was installed for 
hybrid simulation, later with occupants living virtual home 
and in finally with both real and virtual occupant in a hybrid 
simulation. After operational evaluation of hybrid simula-
tion, results was better with AI after two months of monitor-
ing under different condition.

Arunkumar et al. (2017) adopted advanced WiFi to sup-
port the communication for Wireless Sensors and Actuators 
Network (WSAN) in smart home study. Different energy 
protocols and designs had been implemented for advanced 
lightings system with smart LED and finally the system 
reduced the energy approximately around 60%-70% to pro-
vide the delightful visual comfort zone for occupants. Juan 
et al. (2016) carried out real time testing and operational 
evaluation for smart intelligent lighting system by combin-
ing several techniques together such as AI,ANN, Expecta-
tion Maximization algorithm, service oriented approach, 
multi-agent system and method based on ANOVA mean-
while, it attained optimization in both cost and energy and 
the experiment was successful.

Nandha et al. (2018) adopted ANN and Internal Con-
trol Model (IMC) to control the smart lighting system to 
be favorable for Net Zero Energy Buildings (NZEB). ANN 
and IMC received signal from sensors to increase the acces-
sories for smart lighting to provide better visual comfort for 
occupants. Ivan et al. (2017) presented a review by focusing 
on advanced smart lighting system, energy saving, current 
technology in smart lighting technology to control the light-
ing system by adopting various sensors, cloud services and 
user data.

Vanus et al. (2013) carried out optimization in energy 
saving and cost reduction process in smart home by pro-
viding smart lighting system with artificial lightings which 
works with daylight combination and smart home usages 
with efficient care. Jan et al. (2016) adopted KNX control 
system to acquire the data from sensors to control the light-
ing system in smart home for long term in indoor places 
of office and regression model was created to examine the 
system, meanwhile results showed that it was not only all 
cost effective but satisfied requirements.

7  Fire detection in smart building

Fire alarm is one of the important aspects of Intelligent 
Building management which directly affects all the people 
inside the smart building. The reasons of fire may be leak-
age of gas, problems in power cables in any electronic items, 
climate (extreme heat). So different kind of sensors should 
monitor the changes in all the above parameters should be 
monitored and give correct alarm before the fire.

Kunal et al. (2017) adopted a fuzzy logic based smart 
rules to detect the gas leak before the fire and also to reduce 
the number of false alarming. This approach assisted to 
reduce the fire calamity, furthermore it was reliable, cost 
effective and simple. Xia et al. (2014) demonstrated a proba-
bilistic approach to initiate the occupant’s response in mid-
rise building and various fire alarms such as central alarm, 
sprinklers and local alarm were used. The study showed 
prolonged response that was essential for asleep occupants 
and evacuation possibilities were slower and lower compar-
ing to the awake occupants. Figure 7 describes fire alarm 
system using IoT.

The Fig. 7 shows the different sensors for detecting fire 
by the temperature, heat, water flow and some detectors. In 
case of fire/fire causing symptoms, the alert can be given by 
flashing lights, chimes, horns and annunciator. The smart 
system also communicates to other systems through network 
to activate the emergency operations to safeguard the people 
in smart building.

Allan et al. (2014) adopted k-Nearest Neighbor (k-NN) 
algorithm to detect the fire in initial stage based on the burn-
ing smell occurs due to fire. The real experiment were car-
ried out by using smell samples with frequently available 
odour sources, mosquito coil, newspaper, plastic materials, 
air freshener, joss sticks, wood, styro foam including candle 
and for measurement Portable Electronic Nose (PEN3) from 
air sense analytics were employed and 99.6% average accu-
racy were found. Abdalsalam et al. (2015) had designed and 
fabricated a sprinkler fire system to detect the smoke which 
activated alarm. Integrating microcontroller in circuit of 
smoke detector had a sensing capability and sent the signals 
to air suckers, valves and water pump. The design was cost 
effective, easy to install and solid design.

Wonju et al. (2013) proposed a new fire safety system in 
high-rise residential building to predict the false alarm and 
battle fire by adopting new sensors which grants information 
via alarms and LCD and experiment. This showed that 63% 
of successful rate compared with other devices. Fernandez 
et al. (2020) carried out real time monitoring using data 
from 289 fatal dwelling fire to determine the safety precau-
tion and prevention strategies to protect peoples from death 
along with installed household sprinkler and automated 
extinguishing system to prevent occupants from fire. Yufeng 
et al. (2020) adopted two techniques Infra-Red Beam Smoke 
Fire Detector and Fire Dynamics Stimulators (FDS) to pre-
dict the smoke spread across the smart homes so that both 
experimental and numerical simulation were carried out by 
employing basic alarm in large area buildings.

Rasyid et al. (2019) adopted an advanced WSN technology 
with multiple sensors for smart home to predict the possibility 
of fire occurrence and early detection of damage. To process 
the data, fuzzy logic system was used to detect various stages 
of fire danger such as smoke, carbon monoxide and humidity 
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and also approached methods of sleep schedule. Sierra et al. 
(2012) carried out real time monitoring in 146 hotels in the 
year 2004 to inspect and check with technical requirement 
such as defective signage, smoke detection, alarm devices and 
firefighting equipment. Rahardjo and Morry (2020) investi-
gated about fire safety and building sustainability for high rise 
building in Jakarta and results shows that 40% were low in safe 
condition and 18% were not safe through data received using 
Analytic Hierarchy Process (AHP), Objective Matrix (OMAX) 
and traffic light systems.

Geraldine et al. (2020) carried out experiment to detect 
the smoke alarm in thermal environment when signal started 
to receive in  56○C then stop around  144○C. NIST home 
smoke alarm tests were conducted and results showed as 
failure. So, it needed improvement in broad-spectrum of 
alarm and advanced methodology were to be studied. Zahra 
et  al. (2011) adopted WSN technology to detect fire in 
smart home to evacuate occupants at right moment using 
sensor nodes and numerical simulation utilizedNS2 and Tcl 
approach to determine secure path for occupants.

8  Health system and elderly care in smart 
building

Some elderly people or patients may not have take-carers 
in all the times. That people should have safety related 
services and also able to access the house-hold appliances 

with minimum movements or mental mapping. For them, 
the health status should be monitored frequently and also 
able to access the emergency services.

Aitor et al. (2019) adopted Ambient Assisted Living 
(AAL) system to monitor the elder peoples in smart home 
meanwhile the target of this analysis are three primary 
system components.

• Risk analysis and prediction module
• Cloud based centralized data
• City–wide data capturing layer

These systems are used to early detection of health 
issues to provide the medical support and care. Mahdi 
et  al. (2020) employed advanced IoT technology with 
Wireless Body Area Network (WBAN) to interact with 
patients. Prove if tool were adopted for all safety and secu-
rity authentication and simulation executed using OPNET 
network simulator however when compared with related 
system WBANs provided more feature for security con-
cern. Maheswaree et al. (2019) introduced a new platform 
in smart home for elderly peoples called SofiHub that pro-
vides emergency assistance, passive monitoring, interac-
tion and sensing. multiple experiments were carried out 
for elderly people which really helped them emotionally 
and responded according to emotional requirement and 
provided outstanding response from elderly occupants.

Fig. 7  Fire alarm system in smart building
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Figure 8 provides authentic information about health sys-
tem and elderly care in smart buildings. The elderly people 
should be able to access the basic appliances in the house at 
the same time able to make the emergency call.

Debauche et al. (2019) adopted Fog IoT cloud-based 
health monitoring system for health care system in smart 
building, furthermore to process the data and storage lambda 
cloud architecture had been used meanwhile, it helped the 
hospital staffs to access the data more quickly and granted 
them legitimize automatically. Dimitrios and Burgos 2017) 
developed an advanced design of IoT technology to predict 
the health status of the elderly peoples through smart device, 
meanwhile managing their health and also enhancing the 
quality of activity. Sugam and Johnny (2020) demonstrated 
a graphical interface suitable for mobile, laptop and desktop 
to predict the stress and illness of the elderly people in smart 
home and this method auspiciously applied in smart home 
laboratory which is present in Lowa state university.

Tiziana and Cataldo (2015) adopted IoT platform for 
health care system in smart home to follow essential diet 
for occupants and the smart home appliances, Faisal et al. 
(2019) which acted as a e-health platform which indicated 
all food intake, nutrition intake and record of food consump-
tion then it kept occupants to stay healthy and active. Hos-
seinzadeh et al. (2020) used geographical and the historical 
details of elder people or patients along with IoT technology 
to track the status of patients to give the better care.

9  Conclusion and future scope

In this entire article, different types of applications in smart 
building were discussed. The first application is security in 
smart buildings. Most of the smart home applications use 
low cost sensors used to collect the images or videos and 
periodically send them to central-control stations by means 
of IoT technology. The Image processing or MPEG algo-
rithm was used for video streaming. These applications are 
remotely assessed using mobile systems.

Automated control of lighting system makes the adjust-
ment of dim level of lights based on the day light and 
lighting required in the room by the occupants. This light-
ing requirement is connected with energy conservation. 
This saves the consumption of power and makes better 
visual comfort. The comfort level of ventilation and air 
conditioning differs from one person to others and one 
climatic condition to others. Based on the scenarios, the 
automatic adjustment will be helpful for efficient con-
sumption of power.

Water scarcity is the most important problem in today’s 
scenario. The scarcity level differs from one zone to others 
(based on geographical regions). Not only urbans, even 
small villages peoples are facing scarcity problems. Using 
sensors, the usage level meters for building can be used as 
monitors and giving the awareness and alert which will be 
helpful to manage the water in the summer seasons.

The fire detection algorithms in smart buildings focuses 
on detection of smoke and temperature before the fire 
level becomes great. Here, the main objectives discussed 
are rescuing the occupants as early as possible in the 
secure path and also usage of household sprinklers. The 
real experiments with different smells of fire on various 
objects can be used for training to predict correctly and 
also reduce the false alarms. For the training and testing, 
ML algorithms such as ANN, SVM and K-NN etc. Can 
be used.

The current issues/findings are:

• The amount of data collected may be huge and sensitive 
(as video and image are involved) and there is a pos-
sibility of cyber threat if location of building and occu-
pants’ details are shared. The attack may happen during 
the time of transmission to remote data center. This 
data collection may also affect the privacy of occu-
pants. Also, these applications consume most transmis-
sion bandwidth and needs huge system resources.

• To reduce the transmission bandwidth, encoding and 
decoding methods can be suggested, but this will 
reduce the clarity of image or video.

• To avoid the cyber threat, security algorithms such as 
encryption and decryption and authentication algo-
rithms can be employed.

• In this article, the content was framed based on the gen-
eral applications needed in smart building. In real time, 
the specification of the needs will be changed based on 
the locality. If all the applications are combined in a 
smart building, the data transferred will be more and 
there is a possibility of missing any important event.

• The usability should be key concern in the smart build-
ing along with functionality.

Fig. 8  Health system and elderly care in smart buildings
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10  Future scope

• Each component inside the smart building has to be 
adoptable to change in the technological advancement 
to give better feel to the users.

• In future, all the buildings will be constructed with provi-
sions of sensors and communication methods according 
to the comfort desired by the occupants. Therefore, it will 
shape the construction of buildings in future.

• Even non-residential buildings such as hotels, air ports 
will be like smart buildings. Many creative smart build-
ing life cycle models will be available.
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