
Metwally et. al., /IJSSAH/7(4) 2020 78-86 

International Journal of Social Sciences Arts & Humanities                                                                                                                                     78 

 1        

 

 

 

 

 
 

 

Full Length Research Paper 

A Conceptual Framework of Internet of Things Interdisciplinary 

Enhancement in Architectural Buildings  
 

EsraaA.Metwally1, Ayman.A.Farid2, Mostafa Refat Ismail3 
1 Demonstrator, Faculty of Engineering, Ain Shams University, Cairo, Egypt.  
2 Assistant Professor, Faculty of Engineering, Ain Shams University, Cairo, Egypt. 
3
 Professor, Faculty of Engineering, Ain Shams University, Cairo, Egypt.  

 
 ARTICLE INFORMATION       ABSTRACT 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Introduction  

The current development pace of the internet, digital control 
and connectivity technologies is exerting profound changes 
(A.T. Kearney, Cheryl Martin, and Helena Leurent, March 
2017). According to the market insights for IoT report, the 
number of Internet of Things (IoT) devices is expected to grow 
up to 22 billion by 2025 versus 12 billion the non IoT devices 
(John-David Lovelock, Alan Priestley, Susan Tan, Jim Hare, 
Alys Woodward, March 12, 2018). According to McKinsey & 

Company Global Media Report in 2015, IoT is a macro-
economic trend that affects all industries and it is expected to 
spend $11 trillion of economic impact via IoT technologies by 
2025 (Mckinsey& Company, October 1, 2015). Actually, there 
are many challenges posed by rapid digitalization, new 
applications, the full interoperability of connected devices for 
increasing the demand for human health and productivity (E. 
Lakshmi, 2018). The target is to reduce the global energy and 
resources usage in building 20% by 2025, according to United 
States environmental protection agency. 
 
Universal standardization for applying IoT technology is 
required at architectural level. However, the potential of 
applying IoTtechnologies is considerable, but more research is 

required to the adaptation and standardization of applying IoT 
in architectural buildings. In addition to developing the design 
standards in the era of IoT and related networking technologies 
(Rushan Arshad, Saman Zahoor, Munam Ali Shah, Abdul 
Wahid, and Hongnian Yu, July 31, 2017), (Khalid, March- 
2016), (SomayyaMadakam, R. Ramaswamy, and Siddharth 
Tripathi, April 2015). The main question of this study is how 
can IoT and connectivity technologies impact on controlling 
our architecture building, architecture design standards and 
architects thinking?  
 
The aim of this study is to propose a conceptual framework for 
applying IoT, its applications in the architecture building & 
their impact on the building resources. This Research 

significance and motivation is to emphasize the functionalities 
improved by IoT and the solutions of adopting IoT in 
buildings. In addition, to guide researchers, architects, 
designers, and stakeholders using IoT to address related issues 
and inspire researchers' thinking in the technology industry for 
future advancing. To reach the following opportunities asfilling 
the gap in the current literature by focusing on the current state 
and potential future of IoT in the building industry and 
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The Internet of Things (IoT) concept has become a significant way to manage our buildings. IoT 

provides many applications that enable more advanced and energy efficient solutions. However, 

the potential of applying IoT technologies is considerable, but more research is required to the 

adaptation and standardization of applying IoT in architectural buildings to link the gap between 

design principles and IoT solutions. This study investigates the parameters of applying IoT 

lighting system in an architectural building. A qualitative study is conducted based on the current 

applied IoT applications and study cases within both academic and industry contexts. 

Subsequently, enhancing the output analyzed data to develop an existing IoT model. This study 

also conducts the impact of IoT technologies and connectivity networks on lighting discipline in 

architectural buildings. This work results in proposing a conceptual framework for the 

enhancement of applying IoT in architectural buildings. This framework is based on the four main 

IoT perspectives of end user, technology, data information and the economic/society perspective. 

In addition, to guide researchers, architects, designers, and stakeholders to address related 

issues and inspire researchers' thinking in the technology industry for future advancing. This 

study has concluded the IoT lighting parameters of the hierarchical IoT process from sensing the 

space and modes of users till proposing the modules of the building and spaces-based utilization. 
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discussing the current enabling technologies, applications, and 
recent developments of IoT, along with application 
recommendations for adopting IoT for the function 
improvement in buildings. 

Materials & methods 

To achieve the objectives of this study, some qualitative 

methods were adopted.  It is achieved by answering the 

following questions:  

 
1. Why did the growing of connectivity and pervasive 
computing happen?  
2. How did this rise of data connectivity and cellular 
technologies happen?  
3. How could the rise of internet and related connectivity 
technologies impact on controlling the architectural building?  
4. What are the advances that happened? Conducting a 
comparison among all different development eras.  
5. What are the parameters that affect applying such an IoT 
technologies in our architecture buildings?  
 
Firstly, collecting the data about the impact of internet and 
networking technology. To construct a timeline ruler for the 
eras of internet, data connectivity & cellular technologies. This 
timeline ruler will enhance all the data driven in the next steps. 
Secondly, analyzing the impact of internet and networking 
technology on building control (This study is based only on 
lighting discipline). Through the timeline ruler and illustrative 
graphs, IoT milestones is presented in the lighting discipline. 
Then, a comparison of the building control among different 
development ruler phases is done. Thirdly, performing a 
critical review of related research and case studies, about the 
existing IoT applications and strategies related to the lighting 
system. Fourthly, develop the existing model (derived from the 

study in(Thomas van de Werff, Harm van Essen, and Berry 

Eggen, 1 April 2017)), to enhance the output analyzed data and 
categorize into this model. Finally, proposing a conceptual 
framework for applying IoT, related technologies in 
architecture building. Accordingly, conducting that impact on 
lighting efficiency.  
 
The qualitative method is the most appropriate method in this 
study because it depends on tracing the current studies, 
surveys, industrial solutions and trying to develop existing 
studies. To put a step forward in the architecture scope side by 
side the technical development that will help researchers, 
stakeholders, designers, and architects. In addition to 
developing design standards and ideas in the era of IoT and 
related networking technologies.  
 
Results & discussion 
In this section we havepresented the results from this study and 
discussion the results as following. With the correlation of this 
study and the previous work.Accordingly, proposing a 
conceptual framework/model of the enhancement of IoT in 
lighting discipline. Also, at the end, we also have discussed the 
limitations of this study.  

Conducting internet & connectivity timeline ruler 

In (Desjardins, 2018), (SCOOP, 2017), (Gupta, 2015) 
discussed the growing of connectivity and Pervasive 
Computing. They showed that the starting of IoT is gradual 
layers of connectivity evolutions along years. It is started when 
the human think how they could communicate each other, 

through the long distances between countries and scientists. 
The initiating point of IoT when humans invented the first 
device. The second one when humans need to communicate 
and interacting with each other’s. It was a one to one 
communication and the language got abroad when the 
distances became larger and larger. After then telephony 
became smaller and smaller to be able to be hanged and 
portable. The human communication was developed from 
gestures (by signals) into iconic (they make icons to contact 
each other) then the symbolic communication (the languages). 
On the other hand, the digital communication is the reverse of 
human communication. It started with the symbolic into iconic 
till the gestures or enactive way. This Leeds to the evolution of 
the computer industry. From Mainframes till nearly invisible 
millimeter-scale systems could enable ubiquitous computing. 
In (Sharma, 2019), presented the different stages of Internet 
rise.Nearly 1970, the main frame computer was a computer in 
which multiple numbers of people could communicate directly 
through it. In 1980, It moved on to the microcomputers where 
everyone had an opportunity to use his own computation 
device. Then in 1990, the Internet rose, and each computational 
device could be connected to the internet through a network. In 
the era of 2000s, information technology, industry markets and 
networking have evolved rapidly.  (James Manyika, Michael 
Chui, Brad Brown, Jacques Bughin, Richard Dobbs, Charles 
Roxburgh, and Angela Hung Byers, 1 May 2011)and 
(Harwood, 2019). 
 
A timeline for the eras of Internet, Data Connectivity and 
Cellular Technologies showed in Fig. 1.It is showed the 
internet development along different eras. The different ways 
of communication through years. Also, it presented the impact 
of computing and automation technologies on rising the 
internet. So that, the information technology and computing 
today has been called “a pervasive Computing”. It means its 
available anytime, anywhere, and this raises the ability to be a 
ubiquitous computing. Anything in any device, it reached to 
move on for anybody, any services, any business, any part, 
any network, in any time and context. This scenario rose the 
internet of things (IoT). To construct a timeline ruler for the 
eras of internet, data connectivity & cellular technologies. 
That affected on developing the IoT concepts. This timeline 
ruler will enhance all the data driven in the next research steps. 

Internet & lighting control system development 

Lighting system has developed with the rise of the internet and 

networking technologies. From the control perspective, it 

began with a stand-alone lighting system, the basic lighting 

controls that operate manually. With the emerging of the 

microprocessor and networks as BACnet, the analog control 

has emerged. But the analog system is not addressable, means 

it only depends on the centralized control point and all the 

wired fixtures connected to this point will do the same act. 

Fixtures are chained together in all zones (Michael J. Grimble, 

and Michael A. Johnson, 2017).  The digital lighting control 

took three phases of transformation. The first one, when 

emerged the lighting networks the analog and digital 

addressable lighting interface (DALI). The second one, the 

enhancement of wireless networks as BLU, ZIGBEE protocols, 

5G, power over ethernet (POE), sensor network and smart 

phones. After that, the needs for connected/ networked lighting 

have emerged because of the problems of lower data quality, 

longer notification time, and delay in relevant operation and 
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maintenance. The last one is developing the delivers of IoT 

solutions and additional human network capabilities as PANs 

(personal area networks), BANs (body area networks) and LIFI 

(ROBERT J., and GARRA JR., APRIL 25, 2017). From the 

mathematical perspective, it could be classified into three 

categories: the logic-based controllers, the regulation 

controllers, and the optimization controllers (Michael J. 

Grimble, and Michael A. Johnson, 2017).  

 
Fig. 1: Timeline for the Eras of Internet, Data Connectivity & Cellular Technologies (by the Authors, derived from (Desjardins, 
2018), (Gupta, 2015), (Sharma, 2019)). 

 Internet and networking infrastructure have a vital role in 
developing the lighting system. It goes through several levels 
to reach the most optimum solution. The following graph 
shows the different strategies that have introduced by the 
development of internet. In Fig. 2, we concluded the timeline 
ruler scale of internet and connectivity technologies that 
presents the different lighting controls in the architecture 
building. In general, as discussed above, the value of lighting 
has changed. From just a source of light to a service source that 
has an impact on user well-being as well.  
 
IoT enables networking infrastructure to control the lighting 
systems. It achieves the interoperability to all lighting points 
with internet protocol (IP) in building automation systems 
(BAS). IoT offers many services that facilitate the achievement 
of this goal.  The main endpoints of IoT system are discussed 
as following. Amaze: it is a platform between applications and 

cloud to harvest and analyze huge amounts of IoT data. The 
room control: human could manually adjust his preferences of 
lighting levels. The energy manger to control the whole 
lighting system in the building. Gateway: the communication 
platform between the energy manger and IoT sensors.  
IoTsensors, meters that collects the full data of each entity in 
the building equipped by a network (Molinari, 2018). In 
(MengdaJiaa, Ali Komeilya, Yueren Wangb, and Ravi S. 
Srinivasan, 2019), (Molinari, 2018), introduces a summary of 
IoT related building systems. It investigates the state of art 
from industrial projects and the IoT adoption in smart 
buildings. It also encompasses several opportunities in 
buildings. Accordingly, we have classified the applications of 
IoT integrated lighting system. This helped in developing the 
value chain influence model. For presenting the relevant 
parameters of applying  IoT applications in buildings. 

 
Fig. 2:Internet & connectivity Technologies Milestones’ impact on Lighting system (by the Authors). 
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Real Time Location & Space Utilization  

IoT lighting system can mimic the changes in human behaviors 
and needs.  IoT offers improvements in the micro-location 

technologies which can locate any entity with a very high 
accuracy. It will help in understanding the human behaviors 
and predict any event. Lighting can be controlled and 
customized in real-time. There are some micro-location 
technologies that facilitate tracing circadian rhythms and 
human preferences. Such as, Bluetooth Low-Energy (BLE), 
RFID, passive infrared sensors (PIR), PANs, BANs and 
Visible Light Communication (VLC) (MengdaJiaa, Ali 
Komeilya, Yueren Wangb, and Ravi S. Srinivasan, 2019).    
 
 Alletto et al. (S. Alletto, R. Cucchiara, G. Del Fiore, L. 
Mainetti, V. Mighali, L. Patrono, and G. Serra, 2016), based on 
IoT location-aware system. It was conducted in an historical 
museum in Lecce, Italy. To guide the tourists, hold a wearable 
device with capabilities of location awareness and image 
recognition. when reaching an artwork or a historical context, 
the wearable device could take the info from the visitor by 
leveraging a BLE infrastructure to achieve an interesting 
content and interacting as well. It can also manage the status of 
the indoor environment in accordance with users’ position.  
 
 In the case study of The Edge Amsterdam office building , the 
micro-location IoT technologies allow desks to be only used 
when they are needed this level of efficiency can often allow 
large portions of the building to be shut down at a time to 
reduce lighting energy usage. These features are accessible 
through an employee’s personal smart phone app, which can be 
used to synchronize their schedule or even trace colleagues. No 
one is assigned specific lockers, when you see the green light 
then it is yours and you can use it for a short day (Aftab Jalia, 
Ron Bakker, and Michael Ramage, 2018).   
 
In (Smart Buildings, Get Smarter at Intel, 2018), 80 % of desks 
are designated for workers and estimated 20-30 % 
improvement in space utilization. It was enabled with space-
booking app installed on employees’ mobile phones and 
occupancy sensors. They could control temperature and 
lighting needed in space. This method increased the 
productivity of approximately 26 %.  
 

Interoperability with other building system and the city 

standards  

The configuration of information technology (IT) and IoT 
devices helped in increasing the communication of systems. In 
(Aftab Jalia, Ron Bakker, and Michael Ramage, 2018), IoT 
connected lighting system is integrated with the HVAC 
system. The occupancy sensors for lighting can adjust 
thermostat in HVAC when there is no presence in the space. In 
addition, it could be integrated to the fire alarm system. To 
help guiding occupants to an exit in an emergency case. HVAC 
system is associated with the number of people in in the room, 
the openings and space area. IoT lighting system should 
monitor the lighting intensity outside of the building and set 
the lighting inside in accordance with that. It should also detect 
the workflows of users and their schedules.  
 

Data and Energy Control  

Energy management is adjusted based on the occupancy and 
functions of the space.  Energy management is designed 
beyond three strategies. Firstly, energy Reduction: through the 
data gathering and understanding of a wide range of systems as 

HVAC data, lighting data and plug load data, to create optimal 
performance levels and minimize the energy based on the 
occupancy presence in the space. Secondly, energy production 
to manage the energy generation for current usage and 
monitoring the occupancy patterns to anticipate generate and 
store the energy needed. And the preventative maintenance that 
help in predicting the performance of different machines. Also, 
it could be able to prevent machine failure and predict 
operational downtime. Thirdly, energy procurement to predict 
energy supply based on occupancy needs and energy 
generation patterns to inform the energy supply such as the 
electricity grid or a renewable energy source (Siemens, 2018).  
 
Viswanath et al. (S.K. Viswanath, C. Yuen, W. Tushar, W.T. 
Li, C.K. Wen, K. Hu, and C. Chen, X. Liu,, 2016), developed a 
system with IoT software in residential units. The system 
contains sensors, actuators, smart plugs, smart meters, and a 
universal home gateway (UHG). To be able to connect these 
devices and cloud, where information-gathering and processing 
is done. This system could control high peak loads or high 
pricing period. It could save the lighting, cooling, and costs as 
it is able to shut down the unused spaces. The application had 
other facilities as energy monitoring, home automation, and 
home security. Also, it could visualize dynamic pricing 
information depended on the end user preferences.   
 
In (Smart Buildings, Get Smarter at Intel, 2018), the fault 
detection and diagnostics (FDD) software with IoT, identifies 
anomalies in equipment performance and prioritizes issues 
according to potential impact. This information is sent 
automatically to management system and addressed at first the 
issue with the highest priority. This method reduces a 10 % 
reduction in energy consumption. In addition, lighting energy 
usage in watts per sq. ft. dropped from 1.08 to 0.39 through the 
utilization of IoT strategies. The system could also present the 
rates of utilization in each space to satisfy the users. This 
method can also conduct the building planners with this 
information to show the frequency of spaces and make 
efficient solutions.   
 
Human comfort, safety and productivity Personalized 

temperature and lighting capability   

IoT solutions offer increasing in the comfortability among 
users. IoT sensors can make changes in ambient light levels to 
optimize the efficient level of lighting in the space. Also, they 
can personalize temperature and lighting in their zone via the 
same mobile app used for space booking. IoT Lighting and 
HVAC systems are not constant, but it differs with the various 
space conditions and human preferences. Even in the same 
space, the systems can calculate the level of light needed, so 
that it can accurately calculate the levels of luminance suitable 
for different tasks of the users with the advantage to calculate 
the power consumption in real-time. It is done through 
different strategies as dimming, occupancy and vacancy 
sensors control, daylight harvesting, time scheduling control, 
real time analytics and reports, task tunning of the space, 
demand response (DR), two-way communication and the 
personal controls (Commeignes, 2018).  
 

Facility management (FM) and whole system control  

The traditional FM has problems of lower data quality, longer 
notification time, and delays in relevant operation and 
maintenance. The real time strategy that IoT technologies offer 
helps in improving the comfort, quality, and maintenance of 
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the building systems. There are two types of IoT FM strategy. 
First, the soft FM such as presence sensors. To control the 
occupancy needs in the space, so that people could book 
remote spaces and cut off the unusable devices. Second, hard 
FM as vibration/pressure sensors in air handles or lighting 
fixtures to predict possible failure, and parts to be maintained 
to improve efficiency (Streather, 2016). In general, IoT 
systems develop facility maintenance and operations, which 
support preventive and condition-based maintenance.  

Developing the value chain model 
Based on the review of existing use cases of IoT for smart 
buildings development, we proposed an outline which 
summarizes the most common technologies as following. After 
then, it will be used to categorize and enhance those strategies 
into the value chain model.Accordingly, developing the 
framework of IoT enhancement in architecture. 
 
IoT Integrated Perspectives and Algorithms  

With the help of the value chain in this study (Thomas van de 
Werff, Harm van Essen, and Berry Eggen, 1 April 2017), it 
illustrates the four main perspectives of IoT in lighting 
discipline and the key drivers through the four phases of the 
building cycle. This study was done as illustrated in section 2. 
We elaborated the data driven from the above studies into this 
value chain. Subsequently, to help in constructing the IoT 
enhancement conceptual framework in buildings.  
 
This study (Thomas van de Werff, Harm van Essen, and Berry 
Eggen, 1 April 2017), constructed a layered value chain, based 
on qualitative remarks from literature, interviewees specialized 
in building automation, building management, lighting control, 
sustainability, real estate committee. These were conducted in 
Austria, Belgium, France, Germany, Italy, Netherlands, Spain, 
Switzerland, and the UK. This study provides the four 
potentials impact perspectives of applying the internet of 
lighting (IoL) along the different building life cycle. Firstly, the 
author described key drivers of change in themes and sub 

themes categories. This was conducted from different 381 
scenarios of interviews, literature, and stakeholders. Then was 
clustered into 4 themes and 39 subthemes. The four themes 
were Internet protocol (IP) and networking, data in the cloud 
describes the data of building, light as service contains the end 

users’ affairs and miscellaneous theme contains some other 
different items as maintenance…etc. Secondly, these four 
themes were further elaborated in four levels (user, 

organization, ecosystem, and society). It was introduced into 
four perspectives as following: technology perspective (IP and 
networking), information perspective (data of the building), 
End user perspective (light as service) and economy 
perspective (standardization). At the end of the study, it is 
noted to reuse and develop this study to accommodate the 
different disciplines as HVAC or security and another related 
research scope. 
 
The value chain model is developed as follows. There are three 
impact paths of applying IoT through building life cycle. From 
designing the building then constructing and biding then using. 
Firstly, the perspective path from the user path then technology 
path then the resources or information path the at last the 
economical path. Secondly, the influence path of applying IoT 
on city from the user then principles of design then 
organization then society. Thirdly, the key drivers’ path from 
interact then going through user journey in the building then 
automating then integrating with all systems in city. Each 
perspective contains its related algorisms that are elaborated 
together to construct the system. Depending on our critical 
review of different study cases in the previous section, those 
algorithms are conducted in Fig. 3.  It is classified into four 
algorithms as following: the user, the space, the data control, 
and the technical algorithms. Under each algorithm, the 
reviewed parameters from the different cases shown above are 
conducted in this study. 
 

 

 
Fig. 3: Internet of Things integrated Lighting Control Discipline (by the Authors), based on the development of the study 
mentioned (Thomas van de Werff, Harm van Essen, and Berry Eggen, 1 April 2017). 
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IoT Impact on Lighting Efficiency in Buildings 

IoT control system is turning lighting into another direction. 
From facilities perspective as from concerning about energy 
and equipment management only to the end user perspective. 
On the other hand, from re-active manner to the pro-active 

manner of the building elements. With the ability to find the 
human needs, optimize the most proper solutions to save 
energy, costs and with also raise users’ comfort. An overview 
is discussed in Fig. 4.  

 

 
Fig. 4:The impact of IoT technologies and connectivity networks on lighting discipline in architectural buildings (By the 
Authors). 

IoT Enhancement in the Architectural Design Process 

User Experience of the building  

IoT lighting system emerges diverse building purposes. The 
change in building use can be described as a building being 
used for different purposes by a wider range of people. 
Building will shift to encompass more than one service in the 
same space. Virtual meeting environments may be included in 
the buildings for users to meet and network. The users may 
communicate and conduct any topic around world. The ability 
to “read” user demands such as temperature variations and 
available working spaces. Therefore, improving their 
experience and shorten the user journey in the building 
whatever its type.  This will help in contributing the energy 
efficient building by improving the use of space. The Adaptive 
buildings could be implemented to generate those ideas in 
buildings. 
 
Leading for High Levels of Decision Complexity  

During the building lifecycle,  the essence of being able to 
work with the client and other disciplines. To fully appreciate 
unprecedented ideas remains a fundamental necessity for 
effective collaboration. And, to achieve the integrated IoT 
systems of buildings, it is needed to identify overlapping areas 
on various scales that would require them to work 
collaboratively. As discussed in Fig. 3.  
 
Operation of the IoT Building  

IoT control services are required to assure the building 
performs the functions for which it was designed and 
constructed. This includes the resources and technological 
aspects. Users will be expecting a building to perform 
efficiently and in real-time, which relies on how the building 
operates. This control system will include the following basic 
layers, beginning with the users’ apps. then the management 
system that Collects data on users’ activities and interaction of 
all objects in the building. Then the facilities management 

system that observes performance optimization based on 
machine learning, maintenance prediction and manages all data 
generated from the building into the cloud.  
 
Development in the Lighting System as a Full-Service Platform  

Lighting control path had many significant milestones. It is 
only beginning with the need of lighting as a source of light. At 
this level, the user and the building facilities were separate. 
Then with the development of the lighting networks, it could 
communicate those separate objects to get a better usage of 
lighting. After that, the more sensing technologies increase, 
and the more lighting efficient strategies emerge. In this level, 
it was depending on the occupancy sensing, scheduling, the 
smart phone controls. Then with the rise of data networks, 
computing technologies and internet generations, lighting now 
is like the service platform that connects not only the different 
objects inside the building but also along the city borders and 
standards. As illustrated in Fig. 4.  
 
New Architectural Design Principles (Think as IoT)  

The IoT and new technologies are not only affected on using a 
new device system or just an electronic theme in our spaces. 
But also, it will raise our expectations in developing a new 
paradigm, which in another way will have a vital impact on our 
space design standards. It could be concluded into the 
following points. Using IoT and smart techniques will reshape 
our thinking in design standards. Using IoT and smart 
techniques will reshape our thinking in design standards. 
Understanding and applying those technologies will raise our 
quality living. It will affect our architecture buildings also, 
from an intelligent reactive building to a smart adaptive then to 
a thinking predictive building. 
 
The method of “reading” zones through innovative IoT 
technology. The design of buildings could include a series of 
zones that correlate to a particular use of that space. It could be 
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classified as open, cool zones, quiet zones…. etc. The idea for 
the use of “zoned” spaces is driven by the need to provide 
adaptable and efficient spaces by future building users. 
Architects and designers will have to better identify “in-use 

zones” and areas that can be switched off when not in use. It 
can impact on using the space more efficiently and improving 
their experience. Such as in the airports, by using distance from 
the terminal entrance to boarding the plane in providing greater 
retail provision in public access areas. This integration of 
adaptative service zones will reduce the energy use and 
improve building user satisfaction.   
 
Constructing the Proposed Framework  

 In the following illustrative diagram Fig.5, it showed the 
conceptual proposed model of IoT integrated lighting system in 
architectural building. Firstly, it presented the four main 
paradigms of the IoT. IoT vision is to make an environment 
where all things can communicate, able to talk together 
anytime, anyplace and with anything (Ray, 2019). This 
communication layered in three categories: from people to 

people, from things/objects to things/objects and from people 

to things/objects. The convergence of IoT paradigm from the 
vision are: The things-oriented vision refers to the embedded 
sensors and tags. The internet-oriented vision that refers to the 
middleware or the internet protocol. The semantic oriented 
vision that refers to the edge of knowledge or data transferred 
between the things, human and internet (L. Atzori, A. Iera, and 
G. Morabito, 1 June 2010). Different architecture templates 
were proposed based on architecture surveys by researchers 
and groups to identify the most fundamental architectural 
layered model. In (P. Sethi and S. Sarangi, 26 Jan 2017), it 
presents the three-layer model. Beginning with the hardware or 
the perception layer, the physical layer with the embedded 
sensors and tags that collecting the data from objects. Then up 
to the internet/ network layer as Wi-Fi, Bluetooth, WiMAX, 
Zigbee, etc., the protocol that receives data through signals. 
Then the application layer, it is the visual tool that could be 
accessed to interact with different IoT applications. Then 
further developments were made, cause the need of more 
detailed features to pursue research in the architecture field. 
So, the six-layer model was presented as in (Xu Cheng, 
Minghui Zhang, Fuquan Sun, 2012). The other additional 
layers work as following: the transport layer(coding), the 
object identification private code. The middleware layer, which 
stores and organize all the data. The business layer, that 
manages or generates the whole system for effective business 
strategies. In (Tzafestas, 2018) and (Kavis, 2016), the seven-
layer architecture model was proposed. It is considered as the 
most efficient standard model in architecture. It has the 
following bottom - up layers: Fog layer contains things and 
connectivity, cloud layer contains the global infrastructure, big 
data contains data ingestion & analysis, the business layer 
contains applications and people apps. 
 
Subsequently, after conducting the main perspectives of the 
value chain model. The analyzed parameters and data are 
emerged from Fig. 3.  So, we can propose that the design of 
building can be going through three levels. Beginning of the 
occupant level, that includes the activities done in the space 
and modes of users’ preferences. Secondly the zone level, it 
includes all possible type of zones based on the zone functions 
in the building. Thirdly the building level, it includes the 
modules generated from the last levels based on the users and 
spaces. Those levels will go through the four perspectives that 

illustrated above. We also correlate the relations between each 
parameter and others. It is showing these relations’ pattern by 
color coding. So, there are four perspective that IoT lighting 
system impact on the building, firstly, from the end user 
dimension, there are two aspects, the functional aspect: the 
relation between user and the space integrated.And the other is 
biological aspect; it is related to the physical, mental, and 
behavioral changes humans as emotions, preferences, needs, 
habits and so on. Secondly, the space design/technology 
principles, there are two aspects, the spatial organization, it is 
the spaces organization and utilization as space functions, 
sequences, the alternative space planning in one zone. The 
other related to the building outer constrains as view, solar 
radiation, ventilation, and fenestrations scale. Thirdly, the 
information perspective, it depends on integrating all resources 
connections needs. Such as climatic changes with the building 
fenestration that will in another way reflect the light level, 
cooling, and heating level. Then guide the user in a preference 
location according to preferences, needs and activity. The 
occupancy rate and users’ schedules that related to reforming 
the space planning and reusing the space with more than one 
function and hosting more occupants than the furniture 
capacity of the Building owned. The utilities such as cooling, 
heating, and lighting occupancy sensor will send a signal based 
on user data to the thermostat to take a specific action. Also, 
this integration will save the need now to have another 
thermostat sensor in HVAC. So as fire alarm, IoT lighting 
sensor will send the occupancy to their way to escape from 
building in the case of emergency, by lighting the proposed 
paths for escape based on the occupancy real location.  
Fourthly, the society/economic perspective and enterprise 
connections aspect through city standards, cloud, users’ apps, 
the network grid, and real time integrated location.  
 
This section has presented the results and discussion of this 
work, that was conducted to help in identifying the impact of 
applying IoT applications in the architectural scope. The 
limitations of this study are that this research provided 
actionable data gathered from existing applications that already 
implemented by specialized researchers, insights from experts, 
building owners, technology manufactures, insurance 
companies and industry firms. This study concluded all 
possible parameters from exiting cases applied. And It is 
possible to be developed from another interdisciplinary views. 
For example, electricians or engineers. with emerging new 
applications and cases, this model could be more developed.  
 

Conclusion 

The advances in internet and connectivity technologies have 
opened new horizons for improving our resources. Focusing on 
the lighting discipline. In this study, we have presented a 
roadmap of applying IoT technologies and connectivity 
networks on lighting in the building. Then a timeline ruler was 
constructed to enhance the impact of the rise of internet and 
related connectivity technologies on controlling the lighting 
system in buildings. With developing the existing study model 
that was mentioned above. Subsequently, we developed that 
model based on analyzing the existing cases and applications 
of IoT in lighting discipline. That include the research projects 
and industry applications. Then we have presented a 
conceptual framework of the IoT lighting applications’ 
enhancement in the architectural scope. There are four main 
perspectives that impact from applying IoT in the building. It is 
scaled from the end user the main driver of the system. the 
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technology/ design perspective which responsible for sensing 
all data of entities in the space. It is also including the space 
design principles, user journey and all alternatives condition of 
it. The information perspective that includes all data and 
automating them with IoT special strategies and applications. 
Then the economy/ society perspective that includes the 
standardization and integration with cloud. The proposed 
framework is driven as following in Fig.5. It is illustrated the 
hierarchical process from sensing the space and modes of users 
till proposing the modules of the building and spaces-based 
utilization. That is useful to be used in the architectural design 

process to link the gap between the design principles and 
applying IoT applications. This study proposes a holistic view 
of applying IoT lighting applications in architectural buildings. 
It will be helpful for academics and related stakeholders, for 
more future enhancements and innovations. In the future work, 
we will validate those findings. It will be based on developing 
IBM tools and software with the based parameters of IoT along 
with different disciplines. It will evaluate the efficiency of 
architectural design proposals of the space. On the other hand, 
it will help the designers, stakeholders, and architects to cope 
with advancements and developing design ideas and processes.  

 

 

 
Fig.5: A Conceptual Framework of the Enhancement of IoT Lighting Applications in the Architectural Building (by the Authors). 
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