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Abstract 
 
Many proposals referred to the role of natural environment in the production 

of environmental treatments in traditional architecture in a way that effects 

the overall production of the traditional urban environment. But those 

proposals do not indicate the possibility of employing the concept and 

methods of these environmental treatments, including the principles of 

kinetics in traditional architecture used for various purposes, including 

interaction.  Adaptation to climate, especially in hot regions, contributes to 

the development of the concept of mobility in contemporary 

architecture. The present study focuses on exploring the concept of mobility 

in architecture between the treatments used in the traditional environment 

and the current adopted advanced technological foundations for the concept 

of mobility in architecture by adopting the environmental standard (climate) 

and the environmental treatments used in traditional architecture with the aim 

of protecting buildings environmentally using the concept of kinetic 

architecture. The present study adopts the descriptive analytical methodin 

comparing and analyzing the sample. It has reached an explanation of the 

most important technical foundations extracted from the traditional 

architecture contained in the traditional dwelling in hot-dry areas as a 

concept of mobility in the building and its manifestations currently in force 

in the technical development in the field of the concept of kinetic architecture 

in modern, technologically advanced buildings in addition to stating the most  
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important modern technology used in adopting the concept of mobility in 

buildings. 

 

Keywords: Traditional architecture, Kinetic architecture, modern 

technical, environmental treatments, Mobility. 
 

 

1 Introduction 

 

The development that took place in the twentieth century and the 

capabilities and techniques that followed to control the internal environment 

of buildings through air-conditioning systems made the buildings isolated 

from their surroundings and external environment and weakened the role of 

the building envelop from being a means to modify the external environment 

and prevent it from being an environmental envelope that helps to provide    

comfort Thermal of the building occupants. This is the opposite of what is 

required of sustainable buildings, which must be responsive to their external 

environment to benefit from the advantages of their natural environment, 

given that the building envelope, whether it is a facade or a roof, forms an 

essential part of the building's environmental treatments. It has a fundamental 

role in determining the level of energy consumption in the building, the level 

and nature of the internal environment in the building according to the 

thermal and visual comfort levels, and the degree of efficiency of the internal 

spaces in determining the level of efficiency of the functions that take place 

within it. The physical specifications of thermal insulation play an important 

role in the nature of the building envelope as well as the optical 

specifications in addition to the geometry and shape of the envelope and its 

parts. Because of the pursuit for buildings that use energy at the level of zero, 

such envelopes could not reach the state of energy consumption required 

because the buildings and their envelopes can be designed and suitable in hot 

or cold climates, but they are inefficient in different climate conditions. This 

requires a new type of building envelops; roofs and walls that could be 

changed and moved as they are capable of changing their thermal and visual 

properties according to weather variables even in one day. Therefore, 

traditional architecture forms a source of inspiration for future environmental 

architecture because it is an architecture that could provide thermal, visual, 

and psychological comfort to the occupants of the building and the city alike. 

It could also provide various forms of change and movement in function, 

form, and treatment that can be used in a new way in the future kinetic 

architecture. 
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1.1 Building Envelope and Convection 
 

The building envelope mainly affects the temperature control of the 

internal spaces of the building. It has a major role in providing thermal 

comfort to the occupants. Therefore, the building envelope is the first line of 

defense to protect the building from the external environmental conditions, 

which some researchers define as a group of building materials, elements, 

and compounds that form the barrier that provides comfort and the 

appropriate internal environment inside the building [5]. Surfaces and 

different layers, Interior or air gaps, doors, and windows are the main 

weaknesses in the building envelope that facilitate the transfer of heat from 

outside to inside and vice versa. This requires special treatments for these 

parts. 

Because the building envelope is directly exposed to the external 

conditions, including sun rays and winds, this part of the building is 

considered the most important and first part of the building that must be 

treated to protect the building from these natural factors [19]. The 

temperature difference between inside and outside the building During the 

night and day and during the various seasons of the year in the hot regions 

causes the thermal transfer between the different layers of the external 

building envelope to achieve a uniform thermal field that emanates from the 

high temperature areas to the low temperature areas [14]. This is affected by 

the quality of the external environmental envelope of the building and its 

characteristics such as thickness, type of material, area, color, level of 

shading, maker temperature, and surrounding climate. The outer envelope of 

the building includes transparent parts and opaque parts that are in direct 

contact with the external environment. The function of these parts, in 

addition to the structural and aesthetic aspects, is to protect the building from 

external environmental influences, reduce the thermal burden on the 

buildingand its occupants, reduce the thermal loads on the building, and 

reduce the cooling or heating loads needed for the building. But, in hot 

regions, reducing the cooling load is considered the most important for the 

length of time that weather is hot, especially in Iraq. It is possible, through 

several treatments, to achieve an outstanding performance for the building 

envelope and thermal insulation by means of a set of architectural treatments 

that can be added to the building envelope, including fixed and moving seals 

that can be included in the architectural design of the building [2].  

It has been shown that the thermal gain of windows due to solar radiation 

is much greater than the heat gain that takes place from windows due to the 

temperature difference between inside and outside the building. Windows 

represent the biggest weakness in the building envelope. Studies have shown 

that sun-blocks outside the windows can be reduced (77.5%) of the acquired 

solar heat [27].   
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Buildings consume approximately (40%) of the energy produced from 

fossil fuels, which makes buildings contribute to the global process of 

pollution and global warming. So, designing buildings has become a basic 

goal and an important means to reduce energy consumption. One of the 

causes of excessive energy use is the building's crust and the inefficiency of 

its outer envelope with all its components, including the windows, which 

play a fundamental role in the process of heat gain or loss, which affects the 

energy required for cooling in summer or heating in winter. So, windows are 

responsible for (25-30%).  From thermal gain of buildings [31].   

 

                  1.1.1 The External Envelope of the Building Works on: 
 

1. It demonstrates strong interconnectedness with the external climate, 

the surrounding environment, the level and nature of the internal 

environment and its impact on energy consumption. 

2. It has the ability to integrate with a certain physical movement or 

behavior, which helps improve the internal environment and increases the 

aesthetics of the building. 

3. It applies a kind of biological metaphor, linked to the idea of optimal 

performance and access to natural sources of energy and climate. 

The term Acclimated is a word taken from Biology. It refers to a process 

in a single organ for the purpose of adjusting (Gradual Adjusting) to external 

changes in the atmosphere such as high temperature or high humidity 

through changes in shape, behavior, or physical changes. This term applies 

Greatly to the architectural requirements of sustainable buildings that 

consume the least amount of energy to provide thermal comfort to their 

occupants. The word kinetic is derived from the Greek word (Kinesis) 

associated with the meaning of movement. It refers to the response of the 

organism to external stimuli as a reaction to these stimuli [16].   

 

1.1.2 Movement in Traditional Architecture 
 

Buildings and architecture are generally described as fixed and rigid 

engineering and structural components that do not possess the characteristic 

of movement that characterizes the organism. But, looking at traditional 

architecture carefully shows the presence of many forms of movement within 

this architecture that can be described as being sustainable par excellence for 

its ability to face environmental, social, and economicconditions, which led 

to its continuation for several decades. 

The forms of movement found in traditional architecture are as follows: 

•The movement of the air adopted by the traditional architecture for the 

purpose of pushing the air to move from the cold regions, whether it is the 

shaded alleys or the basements of high pressure to the hottest areas, whether  
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they are the air hangers (pulling the air) or the central courtyard exposed to 

sunlight, which led to the cooling of the traditional building through this air 

movement that provided thermal comfort to the building and city occupants 

alike. Thus, traditional architecture benefited from the movement of the sun 

and from changing the locations of shade and light in order to generate 

propelled air movement within the urban fabric and within the single 

building. In addition, the traditional architecture deliberately changed the 

movement of air through processors and other architectural elements 

invented to be part of the components of the traditional building, including 

the air hooks that operate with two principles: the drawer of the air or the 

stand for the air when exposed to the cold winds. 

• Traditional architecture has produced a movement at the level of vision 

and sight through the use of materials that allow looking from the inside out, 

but they prevent looking in the opposite direction to secure the privacy of the 

individual inside the building. Thus, traditional architecture succeeded in 

inventing a form of barriers or responsive smart insulators before the 

invention of smart glass. 

• Traditional architecture, with the participation of the occupants of the 

buildings, adopted the principle of using spaces in an unstable manner. 

Therefore, it is noticed that the single space inside the building can change its 

use during the day or during the different seasons, such as the courtyard of 

the house used for more than one purpose, whether it was for storage or as a 

work, sitting or sleeping area. Therefore, the idea of change and movement in 

use within the traditional architecture is a clear concept and an effective tool 

to provide thermal comfort, functional flexibility, and visual protection to 

provide privacy for the occupants of those buildings. 

Some parts of traditional buildings over the ages have proven their 

ability to respond efficiently to their surrounding environment [7]. That 

includes many architectural elements present in Islamic buildings and 

exploited to improve thermal comfort. Each element was a means to address 

one of the environmental problems depending on the nature of that situation 

and the surrounding conditions, including the elements that regulate the 

amount of light entering the building and the air flow and reduce the air 

temperature and the incoming humidity rate as well as its role in providing 

privacy [9].    

These smart and successful uses of traditional architectural elements 

have urged a number of researchers, including McDonough, to demand 

learning from traditional architecture in order to create a new architecture. 

The success achieved by some architects who borrowed some treatments of 

traditional architecture encouraged this trend. New used in contemporary 

buildings or the reuse of its principles in a new contemporary architecture 

could protect the occupants of buildings from the difficult external 

environmental conditions with great success [20].  
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These propositions were preceded by the proposals of the architect [9]. 

He urged the production of an ecological architecture through awareness of 

the important environmental treatments that could address climate problems 

in the areas in which they were implemented and how these treatments can 

be used to produce a contemporary environmental architecture [11]. That 

includes shading methods to address the problem of exposure to sunlight or 

the method of thermal transfer through the building shell. 

However, the traditional treatments for protecting the building from 

environmental conditions, whether it was the consolidation of the buildings 

at the planning level or the use of the narrow shaded alleys, disappeared after 

the demolition of the traditional urban fabric and the entry of the car as a 

modern means of transport to the cities, which required a new form of streets 

away from the shaded alleys,  This made the buildings exposed to the sun's 

rays throughout the day and to all their dark and transparent parts and to all 

their surfaces, whether they were horizontal (roofs) or vertical (walls), which 

required a lot of thinking to find a new way to protect the building crust from 

exposure to sunlight and reduce the thermal gain of the building and then 

reduce the amount of energy  Necessary for cooling, especially in hot dry 

regions, including Iraq. Therefore, there is a need to protect the ecological 

shell of the building as the building's first line of defense against heat gain. 

 

3 Architecture from Static to Kinetic 
 

The static case is defined as Cartesian Fixed Point Coordinates, which is 

a basic principle related to architecture in more than one aspect, including 

performance, utility, style, etc. [18]. Static and kinetic encompass the whole 

world even if they are not seen or felt. The increased need in social and urban 

aspects associated with sustainability issues showed the need for architecture 

to be flexible, variable, and responsive to different needs and circumstances 

[12]. All these ideas indicate that change is not a state but rather a process, 

which   makes kinetic architecture a future direction for this discipline. 

Buckminster Fuller proposes ideas about kinetic architecture from a 

structural aspect called (Ephemeralization) in which he discusses the 

necessity to reduce the materials of the structure of origin, which includes 

creating spaces and spaces that can be physically reconfigured to meet 

changing needs [13]. Sustainability has a major role in architecture. It has 

become the topic of how people live, making dynamic architecture the next 

logical step in the evolution of architecture [10].   

This made flexibility not only the means by which architectural problems 

can be solved, but rather the means by which it is possible to broaden the 

perceptions about them as well as being closely related to the needs of users 

and occupants of buildings. Therefore, it is possible that kinetic systems will 

be widespread at the level of urban areas. (Dennis Dollens) asks whether the  
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buildings can start thinking. Therefore, movement in buildings can be a 

language, a system, or a structure, from which the idea of kinetic architecture 

has become an expression of the use of transformation to control the internal 

environmental state of the building in an optimal manner and control the 

sustainable performance of buildings [26]. Thus, the movement can address 

A small part to provide a solution to the increasing need of people in urban 

areas due to the increase in population to face the accelerating momentum of 

needs and change through transformation, responsiveness, and dynamism 

[10]. Therefore, it is believed that design is a responsive process that does not 

stop even after implementation of the building [32]. Through the connection 

and integration between the computer systems and the architectural parts of 

the building, as the parts that change the external climate and being part of 

the building envelope, it is possible to fold, slide, and expand where these 

two systems can program them to respond to the movement of the sun and 

depending on the degree of building occupancy. Energy consumption can be 

reduced through special systems interlocking with the building, such as 

ceilings and systems for cooling the building’s floor with air [22].   

In his book (Kinetic in Architecture), professor William Zuk [32] refers 

to kinetic architecture as buildings that contain parts which are capable of 

accepting change through reverse movement or gradual transformation as 

parts or as a whole. So, it is possible to call the building envelope the 

Acclimated Kinetic Envelope, which Jialiang Wang defines as “Envelopes 

that responds to variable climatic environments and changing indoor 

performance requirements by means of their visible physical behaviors". 

Or, the external environmental envelopes of the building that are able to 

respond to external climatic variables by changing their external physical 

shapes and configurations. Thus, the building envelope actually works as an 

environmental envelope responding to its external environment in a manner 

similar to the response of the human skin (the outer envelope of the human 

body) with its environmental surroundings. In a state of high Temperature, 

the skin exposes body heat to its external surroundings. When the 

temperature decreases, it shrinks to reduce heat loss to its surroundings. With 

the same principle or idea, it is possible, through the responsive building 

envelope, to transform the building into a part of the natural ecosystem by 

adding a building crust that is sensitive to the environment. In this way, it is 

possible to transform the building envelope into what the researcher can call 

as (the skin of the building that is responsive to the natural environment). 

In order to determine the type of envelope of a building and determine its 

components, nature and function, it is necessary to address three basic 

elements that affect it: 
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3.1 The Design, Which Includes: 
 

1. General information about the building 

2. Determining the kinetic parts of the building 

3. The type of movement required and the source of its driving energy 

4. Does the building include other sustainable treatments that are added 

to the movement property to reduce energy consumption? 

 

3.2 The Project Site, Which Includes: 
 

1. The type of climate and climatic conditions in which the project is 

implemented. 

2. Are there conditions that hinder the use of mobile systems, such as 

building orientation, surrounding buildings, and site size? 

 

3.3 Performance, Which Includes: 
 

1. Is there a difference in the energy saved after using the kinetic systems 

compared to the energy consumed by the building without using kinetic parts 

in response to its external surroundings? 

2. Do the kinetic systems achieve visual comfort inside and outside the 

building? do they affect the working conditions inside the building? 

3. Do the kinetic parts add aesthetic touch to the building and increase its 

value compared to a building without kinetic parts? 

4. Do the kinetic systems provide the required thermal comfort? Are 

there future proposals to develop it or even cancel it? 

5. Does the system need large or complex maintenance operations? Is it 

within short or long periods? 

6. The reliability of the kinetic systems in order to be an essential part of 

the building. 

7. Does the building envelope really work like the outer human skin that 

responds to the surrounding climatic conditions in an intelligent and effective 

manner? [16].   

 

 3. 4 Responsive and Kinetic Interfaces 
 

The increase in carbon emissions resulting from various humanitarian 

activities causes many problems, including climate change, which has 

profoundly affected the designs of buildings and cities. This led to a question 

about a method of producing buildings that positively deal with climate 

conditions and the surrounding environment. Two trends emerged: 

The first is related to the development of buildings with internal and 

external spaces that deal positively with climate changes according to the 

needs of the user. 
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The second type focuses on increasing the efficiency of the materials 

used in the building to improve the quality of the building envelope and 

reduce the amount of heat gain and thus reduce the amount of energy used to 

provide thermal comfort to its occupants, considering that the cover of the 

building is an environmental structural system through which the nature of 

the external atmosphere can be regulated and modified, which makes the 

building envelope need to be adequately developed to reach the production of 

sustainable integrated environmental buildings that address the problem of 

energy consumption because, according to expectations, 80% of the solutions 

to environmental problems are in the production of efficient buildings that 

interact and respond to  the  external environment [8]. Since the windows 

within the building envelope constitute a major weakness for thermal gain 

and transmission, attention is required to develop dynamic and responsive 

shading systems that are capable of reorganizing themselves to respond to 

changing climate conditions to improve these interiorenvironmental 

conditions of the building [17].   

In light of this, many attempts have been made to develop these 

traditional architectural environmental elements, including windows with 

engineering wooden lattices, and to transform them into advanced technical 

systems that respond to their environmental surroundings, including what is 

in the Arab World building in Paris designed by Jean Nouvel in (1987) after 

the designer was convinced of the capabilities of traditional treatments in 

dealing with external climatic conditions and the ability of this system to 

provide thermal comfort inside the building in a manner similar to the 

principles of traditional architecture. Another example is the (Sea Tower) in 

Abu Dhabi, whose design was inspired by nature and flowers, inlaid with 

ideas and principles of traditional architecture to produce an attractive, 

charming shading system that has the ability to provide thermal comfort 

inside the building and reduce the amount of energy consumption [15].   

The basic element of the kinetic interface that is responsive to the 

external environment used for shading are triangular units is made of semi-

transparent materials (PTFE) 1, which has durability and resistance to high 

temperatures and does not moisturize. So, it is used in buildings and large 

permanent installations that adopt the principle of tension, such as tents and 

sports stadiums. 

These parts have the ability to fold or open like umbrellas at different 

angles linked to linear mechanical actuators that are regulated and controlled 

by a pre-programmed control system that sends different signals during the 

day to change levels of closing or opening through five operating 

modes. According to the designer's studies, this system can reduce energy 

consumption in the building by (25%) [3]. The size and shape of the building 

and its parts are changed through a variety of pneumatic, chemical, magnetic, 

mechanical, manual or natural systems. These changes in the shape and size 

of the building change the famous saying that form follows function to make  
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it form is function. Another example is a kinetic material used in the building 

of (ICT) in Barcelona. The material of (ethylene tetrafluorethylene cladding: 

ETFE) was used with an area of (2500) square meters for the purpose of 

laying insulators and breakers of sunlight as in Figures (1) and (2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 ICT Building 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Barcalonaa 

 

4 Kinetic Ecosystems 
 

Intelligent kinetic ecosystems are architectural parts of the building and 

its envelope that are able to physically reconfigure themselves to meet the 

changing needs. Computer systems are an essential part of the work of these 

systems through programs that determine the optimal conditions and 

situations to deal with the external environment variables and in line with the  
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requirements of the building users through a group of the engines that drive 

the parts of this smart system. One of them is the Helipols system. It is the 

simplest form of these systems. This type of system requires three main 

elements to be accomplished: 

1. Structural Engineering; The focus has been on increasing the design 

capabilities of kinetic architecture. The kinetic functions are considered as 

technical strategies for designs for types of buildings that are efficient in 

shape and form, light, flexible, able to respond to different requirements, 

capable of rapid movement, expandable, interconnected with other parts, 

ideal for handling, and adapting to changing demands. Kinetic systems can 

be divided into three types: 

2. computation Embedded; The focus is on sensors and technical systems 

linked to a computer control system that respond to the changes required to 

interpret the environmental variables into functional requirements for the 

kinetic parts of the building by controlling electric motors that move the 

kinetic parts of the facade or building to perform a specific function that 

helps reduce  Heat gain. 

3. Adaptive Architecture; Adaptive architectural spaces respond flexibly 

to different types of human activities, whether they are housing, 

administrative, entertainment, educational ... etc. Adaptive architectural 

spaces can be defined as spaces that have the ability to reorganize the interior 

with multiple uses over a complete structural transformation and complete 

structure transformability in complex and difficult sites. 

Kinetic typologies can be classified into three classes: 

1. Embedded Kinetic Structure; They are systems that are widely present 

within the building and in static locations. Their main function is to control 

the largest architectural systems in the building according to the changing 

factors. 

2. Deployable Kinetic Structure; These systems are located in temporary 

locations that are easy to move, making them easy to install or fasten and 

easy to disassemble. 

3. Dynamic Kinetic Structure; They are systems that are largely present 

in larger architectural parts of the building that operate on their own as 

separate systems in coordination with other systems. They can be classified 

into lower levels, which were transformed kinetic systems and gradually 

kinetic systems; (Incremental Kinetic System) [22].   

 

5 Shape Memory Material (SMM) 
 

Shape memory material is one of the materials that can be used in the 

formation and manufacturing of kinetic interfaces due to the ability of these 

materials to return to their original shape after the removal of factors 

affecting them. There are a number of materials and alloys (Shape memory 

alloys) that have been developed to bear this characteristic where these alloys 

can change when exposed to cooling, but they return to their previous form  
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when heated. Some of them have specific needs for the purpose of change 

according to the material used in these alloys, including the type of energy or 

radiation as the factor affecting the change in the shape of these materials 

[28].  

Accordingly, the materials can be divided to preserve their shape into 

two types: 

1. Shape memory alloys. 

2. Shape memory polymer. 

These materials have the ability to regain their shape after the removal of 

the influence despite the traditional belief about the difficulty or 

impossibility of this situation. This situation occurs because alloys have 

exceptional qualities to convert from (Marensitic - AusensticTransfomation) 

materials through the process of heating iron and converting it from iron 

materials into Austenite materials. However, the incomplete conversion 

process works to keep some of the insoluble carbon particles free in this 

formation. This conversion involves converting the crystals from the 

(Marensitic) form, which is stable at low temperatures, to an ausenstic form, 

which is stable at high temperatures [6]. One of these alloys is a Nickal-

Titanium alloy (NI-Ti) as shape memoy alloys participate in the modern 

trends of responsive architecture. This helps in controlling lighting and heat 

levels inside buildings. An example is the project (Pixleskin O2) of the 

architect [4], where he used these alloys in the manufacturing of wires to 

control the facade of the building by controlling the façade tiles consisting of 

four triangles linked to these wires and by controlling the levels of electric 

current. The openings are opened and closed in the facade of the building. 

The architect (Tashakori) developed a kinetic interface that is controlled by a 

computer which is capable of tracking sunlight. The components of the 

facade are connected by wires made of these alloys that work to control the 

movement of their parts according to the levels of electric current produced 

by the system of tracking sun rays [29].   

 

 

 

 

 

 

 

 

 

 

 

 
The movement of plates simply depends on two opposite movements.  

 

 

 
Figure 3 Shape memory material shape changing interfaces 

[23] 
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The first is based on the pull of the plate (Elongation), which leads to its 

bending as shown in Fig. (3) and (4) [21].  

These architectural treatments for the building envelope are essential in 

determining the temperature levels inside the building as well as the amount 

of energy needed to cool the building to reach a state of thermal comfort 

because providing a comfortable internal environment will lead to an 

improvement in the productivity of workers inside the space, which can be 

obtained through the correct design of the building envelope, including 

 Windows being responsible for (50% - 60%) of the thermal gain of the 

building, which greatly affects the thermal and environmental performance 

of the building. The use of materials with high thermal conductivity or the 

use of thermal insulators in the outer shell of the building or the use of solid 

shading means from the building envelope or  Improving the external 

microclimate surrounding the building, reaching the optimum area of the 

windows, or directing the building to the best direction are treatments that 

can reduce energy consumption levels in buildings and improve thermal 

comfort levels, especially in hot regions [1].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The development in the field of communications and informatics and its 

technologies has greatly affected urban forms. The spread of traditional 

urban sectors decreased and a new type of them emerged due to the 

development of building forms that use new forms of architectural concepts, 

including kinetic facades. A new image of the city has emergeddue to the 

stability of the shapes and facades of the buildings throughout the life of the 

building, which was met in the new image. The emergence of buildings that 

change their shape and facades more than once per day gave a kind of 

diversity in the urban areas body, especially city centers and a taste that 

seemed to remove the concept of monotony and stability in urban scenes 

until it reached the limit of boredom for the recipient. The change of style  

 
Figure 4 Shape memory material shape changing interfaces 
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and way of life in these cities corresponds to the type of technologies used to 

sustain life in the city and its urban areas. In these cities, there are buildings 

that work as a machine that is controlled by a separate, non-mechanical 

system, which is the calculator. (Guy Nordenson) refers to this phenomenon 

as the process of creating a body-like building consisting of a group of 

similar systems of bones, muscles, tendons and the brain that have the ability 

to know how to respond to climatic conditions and the external environment 

according to the requirements of the building occupants [22].   

 

6 Ways to Control Smart Environmental Systems  
 

The issue of controlling the kinetic building system to cope with 

environmental changes is the main topic that is focused on during the design 

and implementation stage. It can be divided into: 

 

1. Internal Control: 

The systems within this group contain internal control systems that 

respond to a rotating or sliding construction system. This category 

contains Deployable architecture and transformed architecture. Such 

systems provide the possibility of mechanical movement within the 

structure of the building. However, these systems do not have direct 

control devices over the mechanical systems. 

 

2. Direct Control: 

In this category, movement takes place directly by means of one of the 

kinetic systems getting energy from multiple energy sources, whether it 

is electrical, movement by humans, or biomechanical change according 

to the external environment variables. 

 

3. Indirect control: 

 In these systems, the movement takes place indirectly through sensing 

systems with feedback. The movement starts through external 

information that reaches the sensors, after which the sensors send a 

message to the control system giving orders to open or turn off the 

energy sources that operate Movement devices or engines. 

 

4. Indirect Responsive Control: 

The system is similar to the previous type, except that the control devices 

can make decisions to open or close the motive power sources based on 

inputs of information from different and multiple sensors in the building. 

 

5. Ubiquitous Indirect Responsive control: 

 the movement depends on a large group of information received from a 

large number of different binary sensors that work in a dual manner 

throughout the system as a whole. 
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6.    Heunistic Indirect Responsive control: 

 Movement in this type is based on a singularly responsive or Ubiquitous 

responsibility and self-control organization. This system also has the 

ability to add the ability to learn within the mechanical system through 

the successful experimental response of the system and its optimal work 

against various external environmental variables. 

The idea of kinetic ceilings was applied as an additional way to the idea 

of kinetic façades to be a way to provide thermal comfort inside the interior 

spaces and as a way to reduce energy consumption by opening and closing 

the ceiling to help create natural ventilation at times when the weather 

outside is adequate and at a good temperature. This type of use could be a 

modern application of the principle of the inner courtyard in traditional 

buildings as it allows air currents to enter at desired times, but it provides the 

possibility of closing these spaces when the outside temperature is high. 

Thus, kinetic ceilings can be used as a way to reuse traditional principles in 

architecture on Contemporary architecture moving through the movement of 

these buildings' roofs [22], as shown in figures 5 and 6.  

The kinetic building envelope can be divided according to the goal of its 

design and implementation requirement as follows: 

 

Cover responsive to sunlight: 

They are the covers of buildings that are affected by the rays of the sun. 

They are divided into: 

A. Solar heat, such as (Bio-inspired Kinetic-Honey Comb Company) and 

(Porous inflammable water pillow). 

B. Heat and sunlight. 

These include innovative sun protection systems and smart glass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5 Sustainable Applications of Intelligent Kinetic Systems  
 

 
 



                                                                                                                  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6 Responsive Skylights  

 

C. Solar radiation and electrical energy 

 

It is another type of façade in which the solar energy production cells 

interfere with the building and have the ability to move, whether rotating or 

sliding, which enables these cells to follow the rays of the sun to obtain the 

largest possible amount of solar energy that is converted into  Clean 

electrical energy for the building, which can be called heliotropic sun 

tracking systems, or systems that track the rays of the sun in a similar way to 

tracking sunflowers for this solar source. The building is designed to move 

completely to track sunlight, as is the case in the (Heliotrope Building) 

project In Germany. It was designed by the architect (Rolf Disch) 

(wikipedia) or as it is in the building (Gemini Haus) / Austria, where the 

solar panels are moved in a circular motion around the building in order to 

obtain the largest possible amount of solar energy as shown in Figures (7) 

and (8). The architects of Portugal also designed and implemented a house 

with kinetic sun-blocks that work to prevent the rays of the sun from entering 

at times and allow it to enter at other times by moving these breakers, which 

allows the use of the sun’s rays perfectly in  The building which has also 

been designed by (SMIT) (Sustainably Minded Interactive Technolog) in the 

form of solar leaves that contain several thin layers over a layer of 

(Polyethylene) linked to a generator of the type (Piezoelecrin) connected to 

each leaf and as in where it is possible through these parts to generate energy 

from electricity, sunlight, and wind with an area of (1.2 * 2.10). It can 

generate (85) watts of electrical energy or through the (Solar IVY) model as 

in Figure (9). 
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       Figure 7 Heliotrope building 

 

 

 

 

 

 

 

 

 

 

 

 
  
 
Figure 8 building 
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Figure 9 Solar Ivy by SMIT  

 

Cover responding to air movement: 

 

It is related to the two themes of natural ventilation and energy 

production from air movement. In the first type, the movement of the 

building envelope is related to the required air levels inside the building and 

the thermal comfort levels inside as well as the air quality. 

 

7 The Role of Mashrabia in Producing Models of Kinetic 
Architecture 

 

It enhances the relationship between heritage and the environment and 

environmental conditions inside the building in order to produce a type of 

kinetic architecture that seeks to produce buildings that reduce energy 

consumption as well as work on the interconnection and integration of the 

movement of the facades in the models of architecture responsive to the 

environment and its aesthetics and linking it to traditional architecture as well 

as its integration with its natural surroundings by imitating the movement of 

plants that respond to the movement of the sun, which reinforces the idea that 

the building is part of its ecological surroundings. This is a unit of 

sustainable architecture [24]. These traditional elements have a great ability 

to deal with levels of solar radiation and change the course of sunlight 

incidence throughout the days of the year. For example, Oxygen Villa in 

Egypt designed by Egyptian Studio House in 2017, which contains panels of 

horizontal and vertical sun-blocks that move to prevent or allow the sun's 

rays to enter the building or allow it, as it works to naturally ventilate the 

building and thus It fulfilled the demands of the western taste and gave the 

local peculiarity which is another characteristic of sustainable architecture 

[25]. These breakers were pre-made according to specific diamonds. Thus, 

they worked on the speed of implementation and construction and gave the 

necessary flexibility to the building, which is another feature of sustainable 

architecture fig (10).  
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Figure 10 Oxygen Vila         

 

The (Q1) building, which was designed by (JSWD) in (Cologne / 

Germany) in (2010), is another model of kinetic façades that block the sun’s 

rays for a large part of the building’s façade, making this aesthetic 

environmental system an essential part of the architectural treatments for the 

building. (400,000) stainless steel sheets were used that redirect the sun's rays 

and increase the thermal comfort inside the building without interfering with 

the entry of sunlight in a manner consistent with the building site and without 

being aware of the vision from the inside out. This works closely with the 

work of Arab traditional elements that allow looking from the inside out and 

prevent it from moving in the opposite direction (El-SEMARY, 2014) as in 

Figures 11 and 12 . 

 

 

 

 

 

 

 

 

 

The project of (SDV Kolding) / Denmark overlaps with the Danish 

educational complex near the river (Kolding). It was designed by Henuig 

Larsen in (2014. The building was provided with a kinetic shading system 

along the facades of the building to deal in response to external 

environmental influences.  Especially, the solar radiation is to control the 

amount of sunlight entering the building. Thus,it provides and helps to reach  

 
 

Figure 11 and Figure 12 Q1 building or Pixileskin building by (JSWD) 
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thermal comfort and reduces the amount of energy required for heating 

because of the fact that the building in Denmark has low sunlight entering the 

building [30] as in Figures 13 and 14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The building of (Kiefer techic showroom) is an exhibition and an 

administrative building that contains an electrically moving sun break 

system. The metal breakers are closed and opened according to the intensity 

of the sun's rays only. The work was carried out in 2007. The movement 

could be by covering the entire façade with giant electronic screens and 

lighting systems that give variable impressions while changing the colors and 

light themes that form the building's façade instead of the monotonous and 

rigid façades as in Figures 15 and 16. The building of (GallariaCentercity) in 

South Korea has an area of 66,000 square meters, which is a shopping center 

and cultural center that used a double facade for the purpose of exploiting it 

for display and for moving night lighting as in Figures 17, 18 and 19. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13 and Figure 14 SDV Kolding building 
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                             Figure 15                         Figure 16 

 
                        Figure 15 and Figure 16 Kietechic showroom 

 

Gallaria Centercity is a large culture center, mall and office building in 

South Korea occupying 66000 square meters the designer used two layers 

facades as a large screen making the building the largest motion façade in the 

world as in figures (17), (18) and (19). 
  

 

 

 

 

 

 

 

Figure 17 shows Galleria Centercity, the building has facade comprising two layers 

of lamellas, which create a moiré effect. 

 

  

 

 

 

 

 

 

 

Figure 18 shows Animations and light patterns are projected from this skin at night. 

 



                                                                                                                  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

8 Conclusions 

 

• Traditional architecture uses different forms and types of kinetic elements 

in its buildings and components. So, there is mobility in the way the 

environmental systems work, including air hooks, mobility in functional use 

as is the case in the central courtyard, and mobility at the level of view, as is 

the case in Arab traditional elements done through simple techniques and 

methods resulting in effective and suitable forms for the nature of the 

ecological and social climate of the natural surroundings. 

• Kinetic ideas have appeared again in contemporary architecture to address 

the environmental aspects in particular and for aesthetic purposes in general. 

• It is possible to reuse the principles and types of kineticism in traditional 

architecture in the production of contemporary kinetic buildings through the 

use of modern and advanced technologies. 

Contemporary kinetic buildings produced in this way closely resemble the 

traditional architecture model with its spirit and principles, which makes it 

compatible with the urban fabric in ancient cities. Thus, these urban areas 

can be developed through the addition of this type of buildings that will 

integrate harmoniously with their urban surroundings. 

• A new form of environmental buildings, whose foundations derived from 

the design of environmental treatments, will be presented from the principles 

of environmental treatments for traditional architecture to deal in a 

thoughtful manner with its environmental surroundings. 
 

Figure 19 Galleria Centercity, the building has facade double skin 
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