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Abstract 
 
Technological advancements over the last decade has led to changes 
in people`s preferences and lifestyle which needs to be reflected in 
the design and planning of urban environments. It has become 
essential to pursue, create homes with greater agility, better 
interrelationships of components and more open systems. 
Contemporary homes are hugely difficult to modify as most building 
have fixed and static structure. The most common concept of space 
in current dwellings is its categorization by functions, such as 
sleeping rooms, bathroom and living room. Rather than requiring 
users to shift, twist, and surrender to fit into static environments, 
the new architecture should technologically adapt to support the 
building sustainability by ensuring users’ wellbeing and safety, long 
term value of the building and its efficiency.  In this context, 
Efficiency indicates Spatial Flexibility which enhances the quality of 
inner space. Spatial Flexibility is the capacity of inner spaces to be: 
Adaptive, Responsive and Resilient. The main aim of the research is: 
to clarify the impact of smart technology to improve flexibility in 
inner spaces and to evaluate the level of spatial flexibility between 
smart and contemporary apartment.  The researcher employed 
qualitative analysis methodology to test experimental prototypes 
designed by researcher and investigate the impact of use of Smart 
technology on spatial flexibility in contemporary house and in future 
smart house in Sulaimaniyah (Kurdistan region of Iraq). The 
empirical nature of our case study led us to organize the research 
into two levels: theoretical level to form conceptual structure and 
practical level in which we chose two models smart and 
contemporary. Results explained that smart homes display an 
improved spatial flexibility than contemporary homes by the effective 
use of space for the full range of functions using smart devices.

 

 

1. Introduction 
 

The last few decades have seen unprecedented 
social, technological and economic changes, and 
innovation in architecture is becoming critical as 
buildings need a flexible structure and flexible 

spatial configuration in order to meet rapidly 
changing demands [1]. The elementary idea of 
“Spatial Flexibility” is that spaces should not be 
dominated by determinism. The functions a space 
needs to contain in the life span may change 
many times. Architects should design the space to 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


           Sulaimani Journal for Engineering Sciences        Volume 7 - Number 3 – December 2020  

  

 

46  

maximize the possibilities of change, so that the 
space could be more adaptable to maintain 
valuable all through the life span [2]. 
Contemporary architecture is inherently flexible, 
evolving according to the demands of a specified 
time and can accommodate a certain range of uses 
to a limited extent. However, it is not able to cope 
with the rapid changes due to which in the late of 
1960s and early 1970s architectural field 
witnessed a great improvement of artificial 
intelligence and information technology, and in 
this time the concept of adaptive and responsive 
architecture were born[3]. Research into smart 
homes has been going on for decades as a result, 
in the near future, our homes will have a 
distributed network of intelligent devices. Such 
intelligent devices will vary significantly from 
modern equipment through their appearance in 
an environment, and through the way users 
interact with them[4].  Smart design, spatial 
flexibility in contemporary and smart design will 
be explained in the following pages which have 
been used to specify research problem –aim –
methods. 

 
Research problem: There is no clear guideline 
and experimental tools, which can be used to 
describe how smart home design can improves 
spatial flexibility of inner spaces compared to 
contemporary homes.  

 
Research Aim: The research aims to establish a 
guideline  to know how smart house design can 
improve spatial flexibility of inner spaces 
compared to contemporary house  and to evaluate 
how the future interior space could be organized 
more efficient by using smart technology, 
especially in Kurdistan region of Iraq.  

 
Hypothesis: It is hypothesized that smart house 
design improves levels of spatial flexibility by: 
1. Improved capacity for changing space in terms 

of size, shape, and rearrangement of layout. 
2. Enhanced Activity-Space Interchangeability 

(tolerance), by providing multiple locations for 
doing one activity. 

Methodology: From literature review  discussed 
in succeeding sections in the disciplines of, smart 
home technology, spatial flexibility and Interior 
design and standards and guidelines of Iraq 
Urban Development a hypothetical prototype for a 
contemporary and a future smart home was 
designed. Then with the use of practical tools 
impact of using smart technology on the spatial 
flexibility of the two prototypes was tested. The 
Testing Tools applied are as explained below: 
 
─ Graphical scale to test capacity for changing 

space in terms of size, shape, and 
rearrangement of layout: 

Different Layouts of Smart Home were analyzed 
by creating different scenes in the Hypothetical 
Prototypes and displaying how smart technology 
can be used to improve level of spatial  flexibility 
by giving high level of  capacity of changing 
(size-shape layout). 

 
─ Feasibility Matrix to test Activity-Space 

interchangeability (tolerance): 
 

For any set of activities and schedule of spaces, 
interchangeability can be analyzed using a 
feasibility matrix that links the activities and 
Activity Stations. The feasibility matrix entries 
specify which activities can take place in which 
spaces. A white cell is assigned in the matrix if 
the workstation is feasible for the activity 
corresponding to the row to take place in the 
space corresponding to the column; and a tinted 
cell if not. The amount of interchangeability 
between any set of activities and any schedule of 
spaces can be measured by the number of feasible 
allocations in the corresponding 0/1 feasibility 
matrix [5]. 

 
2. Literature Review 
2.1 Smart Homes and Smart Interior 

Design 
 

Research into smart homes has been going on for 
decades and detailed reviews of the literature that 
focused on active and assisted living for the 
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elderly or for people with special needs. With 
time, many of us are already living amongst an 
internet of some things; we have desktops, smart 
TV, laptops, smart phones, smart watches, and 
iPads.  As a result, in the near future, our homes 
will have a distributed network of intelligent 
devices.[6] 
Smart interior design can be defined as the use of 
techniques to increase flexibility of building 
compartments in order to reduce the amount of 
constructed areas while maintaining the 
necessary requirements [7]. These techniques 
improve the flexibility and adaptability of 
buildings by increasing the number of possible 
uses of building compartments over time.[8] 

 
2.2 Spatial Flexibility of Inner Space 

 
Spatial flexibility realizes the user’s needs and 
desire to make changes in the compositions and 
arrangements of space. It provides the building 
with greater flexibility and open systems, which 
enable the users with more control over the 
structure of spaces [1]. Two main principles of 
spatial flexibility are discussed below: 

 
a. Flexibility: Loose-Fit  

 
Buildings are durable and static, activities are 
changeable, and therefore during the life of most 
building there will be a relatively large amount of 
activity change. New activities can often take 
place in the same accommodation that was 
previously used for different activities. But 
sometimes new activities need different 
accommodation, creating an activity–space 
mismatch. To minimize the risk of mismatch, the 
idea of a loose–fit building or Duffle coat strategy 
suggests that designers should avoid too tight a 
match between activities and spaces and create 
some (slack) which may be valuable when 
activities change [5] 

 
 
 
 

b. Flexibility: Activity –Space Tolerance  
 

The duffle coat theory argues that loose-fit 
flexibility is maximized in designs that have few 
distinct types of space and many identical 
instances of these types. Lose–fit flexibility is 
enhanced when there is a high level of tolerance 
between the attributes of activities and spaces, so 
that small or large variations in activity 
attributed not cause a mismatch. Withe activity-
space tolerance, it does not matter if the spaces 
are not identical in size. Design for flexibility 
means that designer should seek to extend range 
of activities that a building can accommodate by 
making provision for alterations for example by 
movable walls, relocation services or strategies for 
growth [5]. Space in the information society can be 
understood as three spaces: 

 Virtual Space (VS). : Smart Wall, Smart 
Furniture which are connected to an 
information network. 

 Ambient Intelligent Space (AmI-S). : The 
environment of the space is equipped with 
computer and sensors to assist in daily 
activities such as cooking, sleeping, washing 
and personal activities such as childcare. 

 Physical Space (PS):. It’s the traditional space 
where people actually are with their bodies [6] 
 

2.3. Spatial Flexibility in Contemporary 
and Smart Home  

 
A smart home should be a home and a place to 
live; but when the way of living inside the home 
changes, some modifications in the space are 
required to fulfill the new lifestyle of inhabitants.  
 
In contemporary homes, daily activities are 
allocated to specific functional spaces. Whereas in 
the case of smart homes, the spaces can 
accommodate many action kinds and are 
multifunctional. Spaces are interactive, 
responsive, and capable to make different contexts 
for different activities. As an example, since daily 
activities become more flexible (e.g. people can 
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work in different location of a house), the space 
should support this flexibility and lets user adjust 
privacy of the space according to his/her activity. 
Hence, separated functional rooms with fixed 
boundaries seem to be no longer appealing in a 
smart home.  
A smart home contains several highly advanced 
smart technologies and interactive interconnected 
devices. All the devices and spaces inside the 
smart home support people carrying out their 
everyday activities, tasks, and rituals in an easy, 
natural and intelligent way some of the new 
smart domestic technologies that are involved in a 
smart home, such as “smart flexible partitions”, 
“smart boundaries with adjustable transparency”, 
“smart kitchen table with flexible cooktop, 
wireless power system and wireless data 
network”, “smart wall with intelligent and 
interactive system”, “smart furniture with 
programmable context and sensor network”, 
“smart floor”, etc.[9] 
 
3. Case Study ( Sulaimani – Kurdistan 

Region of Iraq) Designing of 
Hypothetical Prototypes (Smart and 
Contemporary) 

 
For the Research we have considered a case study 
of people of Sulaimani- Kurdistan Region of Iraq 
in general. This section explains the methodology 
for designing hypothetical models for the future 
Smart House and present Contemporary House in 
Kurdistan, Iraq. Prototypes were devised based on 
the target group of people who are young (Age 
18-35) and at the stage of their life where they 
are capable of investing and thinking of buying 
their own house and are also more open and 
accepting of new technology.  
 
3.1 Standards and Guidelines  
 
For the prototype design the Urban Housing 
Standards, Issued by Republic of Iraq, Ministry of 
Construction and Housing, October 2010 [10] –
based on studies carried out by Polservice 

Company to prepare Housing Plan in Iraq were 
referred.  
It can be observed that the S2 category of Small 
house which is a one or two bedroom apartments 
is the most suitable according to our target group 
of buyers. It was considered that the area of the 
Prototype should be within the maximum limit of 
the standards i.e. 75 m2. The standards and 
indicators in the study used by State Commission 
of Housing are adjustable towards the increase up 
to 20%, in order to cope with the developments 
and current requirements. Two types of 
Hypothetical model were designed the first one is 
a Contemporary Home (75 m2) and second is a 
Smart Home (75m2) for a small family with one 
child. 
 
3.2. Temporal /Spatial schedule of 

activities (Daily scheduling 
activities)  

 
All the devices and spaces inside the Smart Home 
support people carrying out their everyday 
activities, tasks and rituals in an easy, natural 
and intelligent way. These technological changes 
will affect the way of living at home  and  will  
influence  the  spatial  needs  and  preferences  of  
those  living  there. Following Activities have 
been identified from an experimental research 
conducted by Heidari Jozam on Smart home 
design: spatial preference modeling [11] 

 
3.3. Components of the Smart 

Hypothetical Prototype 
 
Following table details the components which 
have been considered during the design of 
Hypothetical Prototype for future Smart home. 
 
3.4. Tools for Design  
 

 Multi-use Plan:  Change the shape and size of 
internal space [17] 

 Using Flexibility in Furniture Design: 
Possibilities of furniture arrangement, 
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transforming, an additional to use and free 
formations [17]. 

 Adapt: Designing building to adjust to 
different functions, users, and climates [17].  

 Dividing: Building in a series of intervention 
levels creating a framework for flexibility [18] 

 Transform: Means the capacity of building to 
change shape, space, form or appearance by 
the physical alteration of their structure, skin 
or internal surfaces. [1] 

 Moving: Means converting the room into an 
inside /outside space that engages with the 
external environment in a different and more 
immediate way. [1] 

 Interact: Buildings that respond to users 
requirements in automatic or intuitive ways. [1] 

 Multi-functionality: Possibility of space to be 
used in different ways and for a set of known 
functions. [1] 

 Trans-functionality: Creation of new 
undetermined and unpredictable functions 
according to the free users experience and 
consumption of the space. [18] 

 Mobility: Built-in possibilities to move, 
rearrange, take away, or add elements. [18] 

 Divisibility: Possibility of dividing the building 
into different functional units. [18] 

 Elasticity: Possibility of a building to be 
extended (or retracted), horizontally or 
vertically.[18] 
  

3.5. Hypothetical Prototypes 
 
Using the Principles discussed in section 3.1, 3.2, 
3.3 and 3.4 two models were designed; the 
Prototype 1 is a Smart home (75 m2 ) and the 
Prototype 2 is a Contemporary home about (75 
m2). Number of users in the first model is 
normally designed for 3 persons and can be 
increased for 6 persons; this model can be also 
accommodating 15 persons in spatial occasions 
(like party time). While the second model is 
normally designed for 3 persons and can be 
increased for 6 persons, but cannot accommodate 
occasions like party time. The aim of designing 

hypothetical model is to evaluate if smart design 
can improve flexibility in practical way, for this 
reason we created 8 possible layouts which are 
efficient for the case study.  
 
4. Testing for Spatial Flexibility in 

Smart and Contemporary Hypothetical 
Prototype  

 
In this section, testing will be conducted for the 
Smart Apartment Prototypes and the 
Contemporary Apartment Prototype and will be 
followed by a comparative analysis of the results 
obtained. The testing tools are as below:  
─ Graphical scale to test capacity for changing 

space in terms of size, shape, and 
rearrangement of layout 

─ Feasibility Matrix to test Activity-Space 
interchangeability (tolerance) 
 

4.1. Graphical scale to test capacity for 
changing space in terms of size, 
shape, and rearrangement of layout 

a) Smart Home Hypothetical Prototype  
 

From designing smart hypothetical model, we 
noticed that the capacity for changing in size, 
shape, linkage and layout became easier, faster 
and give us more possibilities of organizing 
spaces in Smart Homes. According to standards, 
contemporary apartment with 75 m2 floor areas 
can accommodate 3 persons, while in smart 
design can accommodate minimum 3 persons, 
medium 5 persons and 15 persons in special 
occasions (like party time). 
 
1. Versatile space in our hypothetical prototype 

layout could satisfy functions requiring in 
similar shapes with changing size, also it could 
change its shape to contain different functions.  

2. Linkage: Space can accommodate different 
functions by changing the linkage of a series 
of spaces. There are different ways to link 
inner spaces:  

─ Creating semi-private location: By using smart 
folding partition and smart moveable partition. 
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─ Creating public and semipublic: By Smart 
furniture, space folding partition, smart 
moveable portions. 
 
In different eight layouts we noticed that 

spatial organization can be changed in following 
main areas, which can be mostly influenced by 
new technologies in a Smart Home.  
─ Smart kitchen: While contemporary kitchen 

still is a distinct area in most homes, in the 
house of future the kitchen is predicted to be 
integrated with the living space to support 
multitasking with no physical boundaries that 
can support activities such as entertainment, 
social communication, virtual activities, job-
related activities and family gatherings etc . 
 

─ Smart Living and Workspace: Smart living 
rooms most affected by Smart Walls, Smart 
Partitions and Smart Furniture will support 
different activities in future dwellings 
including watching TV, children gaming, Tele 
educating, working from home/ Tele working, 
Tele communicating and surfing on internet. 
These new interactive aspects influence the 
location of the Smart Walls, the arrangement 
of the furniture around it and the entire space. 
Such new layouts will be fundamentally 
different from the convention living room 
layouts  

 
─ Personal zones and wellness zones: Instead of 

conceiving a house as a series of rooms 
dedicated to single functions, it is more useful 
to think of it as a collection of multifunctional 
places in which the various daily activities of 
household can occur. Thus, when activities 
shift from the bedroom and take place in other 
spaces, bedrooms seem not to be required 
anymore in their current style and sleeping 
zones as private zones will likely emerge 
instead.  

 

 

b) Contemporary Home Hypothetical Prototype  
 

Below are possible Layouts of the Contemporary 
Apartments Prototype for e.g. in the 
Contemporary Prototype 1: A permanent 
blockwork partition can be constructed to divide 
the Master Bedroom into a Master and a child 
bedroom. 

 
c) Results from comparative testing for Testing 

Level of Flexibility by Re-arrangement of 
Layout: 

 
It is observed that Smart Homes offer multiple 
options for Re-arranging the Layout in a very 
efficient and quick manner. With the use of smart 
technology a Living Room can easily be converted 
from a Family living zone to Work Office to Guest 
Bedroom or an open space for a large gathering. 
The change in Layout is quick and reversible as 
well.  
Contemporary Apartments show only long term 
flexibility which would result into permanent 
change in Layout. Hence we can say that Smart 
Homes are flexible in terms of various re-
arrangement of layouts to suit the user 
requirement present and in future. That means 
the concept of adaptation more efficient than the 
permanent change in structure and that improve 
the effective of adaptation method.  
  
4.2. Feasibility Matrix to test Activity-

Space interchangeability (tolerance)  
a) Smart Hypothetical Prototype 

 
Figure 4 displays the different activity 
spaces/locations considered. For the feasibility 
Matrix the activities from Table 3 were tested 
against each space i.e. whether the listed activity 
can be supported by that particular space by 
observation method. For e.g. relaxing is possible 
in the Public space/location S1 and S2 denoted by 
a tick () and a white cell in the matrix. If an 
activity is not supported by a particular 
workstation, the cell is highlighted in grey. 
Hence for relaxing space/location S3, S4, S5 have 
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been highlighted Grey. Below is the figure 
denoting feasibility Matrix: 
 
Results from Comparative Testing for Level of 
Flexibility according to Activity Space 
Interchangeability (Save Space) 
 
Results obtained from Activity Space Feasibility 
Matrix testing are denoted for the Smart and 
Contemporary Home Prototypes in the figure 8. It 
denotes the comparative average %ages of 
Interchangeability in Space and Activity for the 
Smart Home Hypothetical Prototype and 
Contemporary Home Hypothetical Prototype (75 
m2). It is observed that the: 

1- Percentage of Interchangeability in Smart 
home in Space is 43% while in contemporary 
space is only 12%. This means that the 
flexibility of performing an activity in 
multiple locations is much higher in a Smart 
home than a Contemporary Home. 

2- Percentage of Interchangeability in 
Contemporary home in Activity is 36% while 
in a contemporary home is only 12%. Hence 
the flexibility to perform multiple activities at 
one location in a Smart home is much more 
than that in a contemporary Home 

 
5. Conclusions  
 
The main advantage of ambient intelligent 
technology in the Smart Home is improving the 
level of flexibility in the ways of organizing 
spaces and doing activities. With our research, we 
tried to design hypothetical model suited to the 
lifestyle of people of Iraq. From the Testing we 
can observe that we have tested positive for all the 
Research Hypothesis in which we suppose that 
smart home design improve spatial flexibility by:  
 
 
 
 

Hypothesis: Increasing Re-arrange ability of 
Layouts  
 
Result   
1- With the use of Smart technology it is 

possible to have a lot of adaptability and 
flexibility in Layout options for the 
Apartments.  

2- Spatial Flexibility decreases by addition of 
fixed space as in contemporary apartments 
compared to the Versatile Space as in smart 
apartments.  

3- Using fixed partition with the movable 
partition decreases opportunity of re-
arranging ability in layout.  

4- This flexibility is lacking in case of 
Contemporary Apartments as the flexibility of 
changing Layouts is in form of permanent 
changes like building or demolition of 
blockwork.  

Hypothesis: Improving interchangeability between 
activity and space (Save Space) 
 
Result 
From the results of testing for Activity Space 
Matrix testing we can conclude that the smart 
apartments display higher flexibility in space as 
the amount of interchangeability in Smart 
Apartments is higher than the interchangeability 
in Contemporary Apartments. Hence with the use 
of Smart Technology we can achieve: 

 Higher flexibility of doing activities in 
multiple locations interchangeably and  

 Higher Flexibility to do multiple activities at 
one activity station interchangeably 

 
2. We can improve Activity Space 

Interchangeability by 

 Using Smart flexible and fixed devices 
decreases the opportunity of modifying the 
Layout easily. 

 Activities – if the number of flexible 
locations is maximized and fixed locations 
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are minimized, it gives us the opportunity to 
do more activities. 

3. More interchangeability is accrued in Smart 
Apartment Model 1 for flexible activities than 
Contemporary Apartment Model 2 because 
capacity of each location in Model 1 is more 
as smart devices are more efficiently utilized 
in Model 1 due to versatile space. 
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ٙ الافخمبز نٕخوٕ  يشروساث ٔاةوحت    فبنًشكهت انبحثٛت ْ
رًٕنٛت ًٚكٍ خلانٓب ٔصف حأثٛس حكُٕنٕخٛب انًُبشل انركٛوت  ٔ

عهٗ حطٕز كفبءة انفضبء انداخهٙ يمبزَت بوبنبٕٛث اععخٛب ٚوت   
انًُبذج زظٕيٛت عخخببز فبظخخدو انببحث يعب لاث زٚبةٛت ٔ

ححهٛم حأثٛس أظخخداو انخكُٕنٕخٛب انًصًًت يٍ لبم انببحث ٔ
انركٛت فٙ نفضبئٛت فٙ انًُبشل اععخٛب ٚت ٔانركٛت عهٗ انًسَٔت ا

 .يدُٚت انعهًٛبَٛت فٙ إلهٛى كس ظخبٌ انعساق
فبنٓدف اعظبظٙ يٍ انبحث حٕةٛح حأثٛس انخكُٕنٕخٛب انركٛت 

نركٛت يمبزَت ببنبٕٛث ء انداخهٙ نهبٕٛث افٙ حطٕٚس كفبءة انفضب
حمٛى يعخٕٖ انًسَٔت انفضوبئٛت بًُٛٓوب حٛوث    انًعبصسة ٔ

أظخخدو انببحث يُٓدٛت انخحهٛم انُٕعٙ عخخبوبز انًُوبذج   
اعٔنٛت انخدسٚبٛت انخٙ صًًٓب انببحث فٙ انخحمٛك فوٙ أثوس   
أظخخداو انخكَٕٕنٕخٛب انركٛت عهٗ انًسَٔت انفضبئٛت فٙ انًُصل 

عبصس ٔ انًُصل ذكٙ انًعخمبهٙ فٙ انعوهًٛبَٛت لأعلهوٛى   انً
فمب حُب يُٓدٛت انبحث انخدسٚبٛت ندزاظت (. كس ظخبٌ انعساق

 .انعُٛت انٙ حُظٛى انبحث عهٗ يعخٍٕٚ
 
 انًعخٕٖ انُظس٘ نخشكٛم انٓٛكم انًفبًْٙ-
 .يعبصسأخخسَب فّٛ ًَٕذخٍٛ ذكٙ ٔانًعخٕٖ انعًهٙ انر٘ -
 

انًُبشل ذكٛت انًعخمبهٛت حٕفس يسَٔت فمد أٔةحج انُخبئح اٌ 
فضبئٛت يطٕزة يمبزَت ببنًُبشل انًعبصسة يٍ خلال اعظخخداو 
اعيثم نهًعبحت نًدًٕعت انٕظبئف انًخعود ة يوٍ خولال    

 اظخخداو اعخٓصة انركٛت.
 

انًسَٔت انفضبئٛت، انخكُٕنٕخٛب انركٛوت،   الكلماتثاالمتاتيةات اا
 انًُبشل انًعبصسة، انًُبشل انركٛت.

 
 
 
 
 
 
 
 
 

ادراستامقتروتافياالمزووتاالتضتئةتابةهاالمىتسلاالمعتصزة
اوالمىتسلاالذكةتاالمساقبلةتافياالعزاق

ا
ا1راساكتمزانارضت

ا1أ.د.اعبذاللهايوسفاطةب
   1د.اإباستماعبذالهامحمذ

 ، لعى انُٓدظت انًعًبزٚت ، كهٛت انُٓدظتانعهًٛبَٛت خبيعت1
 

 المساخلص
 

عهٗ يدٖ انعمد انًبةٙ إنٗ حغٛس أ ث انخطٕزاث انخكُٕنٕخٛت 
فٙ إحخٛبخبث انُبض ٔ حغٛٛس فٙ ًَط حٛبحٓى انر٘ إَعكوط  
بدٔزِ فٙ انعًهٛت انخصًًٛت ٔ انبٛئت انحضسٚت ٔيٍ ُْب أصبح 
يٍ انضسٔز٘ إَشبء يعبكٍ لببهت نهخكٛف ٔ إعخًب  اعَظًوت  
انًفخٕحت نخحمٛك علالبث أفضم بٍٛ يكَٕبث انفضبء انٕاحود.  

بهٛت انخكٛف فٙ انبٕٛث اععخٛب ٚت يع يخطهببث فمد أصبحج لب
حبخبث انفس  انحبنٛت غٛس كفشة فبنخصُٛف انٕظٛفٙ نهفضبء ْٕ 
انًفٕٓو انًعخخدو فٙ انعًهٛت انخصًًٛٛت كخمعٛى انًعكٍ إنٗ 
غسف انُٕو، يعٛشت، حًبيبث... بحٛث ٚخلائى انًعخخدو يع 

انحٛوبة   ْرِ انبٛئت انثببخت انغٛس لببهت نهخكٛف يع يخطهبوبث 
 .انحدٚثت

أحود   يٍ ُْب أصبح انخكٛف يع انخطوٕزاث انخكُٕنٕخٛوت  ٔ
ا اء ٔظٛفخٓب بكفبءة عبنٛت ٔيوٍ  ةسٔزٚبث أظخدايت انعًبزة ٔ

أًْٓب كفبءة انفضبء انداخهٙ ٔ خبصت بًب ٚخعهوك بًٕةوٕ    
هٛت انفضبء انداخهٙ عهٗ انخكٛوف  انًسَٔت، ٔٚمصد ببنًسَٔت لبب

ت نعٕايوم انخغٛوس انوٕظٛفٙ    اعظخدببت انًببرسة ٔ انعسٚعٔ
 .ببلاةبفت انٗ لببهٛت انسخٕ  إنٗ حبنت اعظخمساز اعٔنٙ
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Table 1: General activities inside home [11] 

Group 1 Group 2 Group 3 Group 4 
─ Working 
─ Family 

gathering  
─ Watching TV 
─ E-meeting 
─ Relaxing 
─ Entertainment 
─ Children activity 

─ Food preparing 
─ Cooking 
─ Dishwashing 
─ Eating 

─ Sleeping 
─ Rest 
─ Personal 

activities 

─ Tele-communication  
─ Tele –education 
─ Tele-shopping 
─ Tele-health caring 

 

 

Table 2: Figure denoting Smart Home Hypothetical Prototype Components – (By researcher) 

No. Component Reference Photos 

1 Smart kitchen 
table 

Project name 
Whirlpool 
interactive cook 
top [12] 

 

2 Smart Wall Project name 
Touchscreen 
[13] 

 

3 Smart floor Project name 
Lumo Play [14] 

 

4 Smart 
furniture 

Project name 
Marvel Tech 
Group Touch 
Screen furniture 
[15] 

 

 

 
5 

 
Smart 
partition and 
smart 
boundaries 

 
Project name 
IKEA movable 
walls 
[16] 
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Table 3: Activity Space Feasibility matrix obtained by observation methods from the 
Smart Home Hypothetical Prototype (By researcher) 

Activity 
Description 

Public Zone Private Zone Inter-
changeable 

Spaces 

%Intercha
ngeability S1 S2 S3 S4 S5 

Child Activities   


 4 80% 
Study  


  4 80% 

Working    


4 80% 
Family gathering  

   
2 40% 

Watching TV  
   

2 40% 
Relaxing  

   
2 40% 

Entertainment   
  

3 60% 
Meeting    


4 80% 

Tele-communication   
 


   

1 20% 
Tele –education  

  
 3 60% 

Tele-shopping 
 


   

1 20% 
Guest Sleeping 

    
1 20% 

Food preparing 
  


  

1 20% 
Cooking 

  


  
1 20% 

Dishwashing 
  


  

1 20% 
Eating 

  


  
1 20% 

Personal Activities 
   




1 20% 
Sleeping 

  
  3 60% 

Inter-changeable Activities 11 11 8 5 4 Average 43% 
%Interchangeable Activities 61% 61% 44% 28% 22% Average 43% 

 

 
Table 4: Activity Space Feasibility matrix obtained by observation methods from the 
Contemporary Home Hypothetical Prototype 75 m2 (By researcher)   

Activity  
Description 

Public Zone Private Zone Inter-
changeable 

Spaces 

% 
Interchang

eability S1 S2 S3 S4 S5 S6 S7 

Children activities      


1 14% 
Study        1 14% 
Working        1 14% 
Family gathering        1 14% 
Watching TV        1 14% 
Relaxing 

 
      1 14% 

Entertainment        1 14% 
Meeting 

 
      1 14% 

Tele-communication   
  

     0 0% 
Tele –education 

  
     0 0% 

Tele-shopping 
  

     0 0% 
Guest space(sleeping 


     1 14% 

Food preparing 


     1 14% 
Cooking 


     1 14% 

Dishwashing 


     1 14% 
Eating        1 14% 
Personal Activities        1 14% 
Sleeping        1 14% 
Inter-changeable  
Activities 

4 2 3 0 3 1 2 Average 12% 

 



           Sulaimani Journal for Engineering Sciences        Volume 7 - Number 3 – December 2020  

  

 

66  

  

Fig. 1: Re-arrageability in Layout for Contemporary Home Hypothetical Prototype (By Researcher) 

 

Fig. 2: Space/ Location definition for Smart Home  
Hypothetical Prototype (By Researcher) 

 

Fig. 3: Space/ Location definition for Contemporary Home  
Hypothetical Prototype (By Researcher) 
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Fig. 4: (a) Figure denoting Smart Home Virtual Prototype Plan by researcher  
(b) Figure denoting Contemporary Home Virtual Prototype Plan (By researcher) 

  

Fig. 5: Re-arrange able Layouts for Smart Home Hypothetical Prototype  
obtained by Manual Re-arrangement (By Researcher) 

 

Fig. 6: Displaying interchangeability comparison between Smart  
and Contemporary Prototype 1 (By Researcher) 
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