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I. INTRODUCTION 
 

Substantially, buildings are affected by infinite 

influencing forces such as time, weather, functions 

and human needs, these forces are not static and 

fixed, but rather dynamic and transient. As a result, 

there is a need to develop buildings as complex 

systems adjusted to climate and energy optimization.  

 

Recently, architects tried to respond to constantly 

changing human needs by using many design 

techniques and technologies. The most outstanding 

technique is kinetic architecture, which was 

presented by William Zuk and Roger H. Clark in the 

early seventies in their book "kinetic architecture”. 

They imagined transformable buildings able to 

change their physical geometries, such as stadiums 

with movable seatings and retractable roofs, and 

flexible buildings with air-filled or revolving 

structures.  

  

II. CONCEPTS AND DEFINITIONS 

 
Historically, humans used their building to provide 

shelter from external weather conditions, like rain, 

wind, heat and cold. So, the building envelope acts  

 

 

 

 

 

 

As an outer shell that controls internal climatic 

conditions and maintains indoor comfort. Therefore, 

Majority of modern building constructions are made 

to enhance indoor climate.  

 

 
Fig 1. Mentioned concepts and definitions 

 

Depending on this consideration, Improvements in 

design and construction of building plays an 

important role in researches for intelligent 

architectureFirst, the research presents these 

concepts and definitions such as, intelligent 

architecture, interactive architecture, responsive 
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architecture, adaptive architecture, and finally 

responsive kinetic architecture.  

The aim is to introduce an overview of the adaptive 

kinetic architecture and all concepts related to it. 

Fig1.shows the concepts and definitions which will be 

presented in the following subsections. 

  

III. INTELLIGENT ARCHITECTURE 
 

Intelligent architecture concept was introduced to 

control and manage buildings with a communication 

between building systems and users. This is attained 

by using high tech abilities to achieve user's needs, 

like comfort, productivity, energy saving, return 

investment, and life cost decreasing.  

 

The “building systems” includes all systems that 

control a building like HVAC, mechanical, structural, 

lighting control, access control, security, building 

management, maintenance, local networking, and 

energy management as illustrated in Figure. 

 

 
Fig 2. Intelligent Architecture concept. 

 

 
Fig 3. Intelligent Architectures. 

 

IV. INTERACTIVE ARCHITECTURE 

 
It is defined as an interactive interface between 

humans and computers. It considered the building as 

an enclosure defines a space, which supports some 

activates. The building enclosures like walls, floor, 

and ceilings act as interactive spaces.  

 

This type of architecture doesn`t deal with people as 

users but as participants. It is based on two ways 

communication between people and built 

components which are divided to: input, processing 

and output (IPO) devices.  

 

The design space of interactive architecture can be 

categorized in three dimensions as shown in Figure. 

 Sensible spaces  

 Thinker spaces  

 Responsive spaces can be changed  

 

 
Fig 4. Interactive architecture concept. 

 

 
Fig 5. Interactive architecture. 

 

V. RESPONSIVE ARCHITECTURE 

 
Responsive architecture is defined as an active 

shape-shifting building system which is a response to 

environmental conditions and user activities. It 

consists of intelligent frames, systems and skins. The 

building response is a change in its shape and 

physical properties by simulating bionic 
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performances of human and natural systems . Bionics 

means studying the design and performance of 

natural systems to design engineering systems and 

modern technology.  

 

 
Fig 6. Responsive architecture concept. 

 

 
Fig 7. Responsive architecture. 

  

The concept of responsive architecture was 

introduced by Nicholas Negroponte in the late 

1960s. He defined responsive environment as an 

environment that plays an active role, as a result and 

function of complex or simple computations to make 

a bigger or smaller degree of changes. 

 

The responsive building does not have to be 

intelligent unless its response is a result of an 

intelligent procedure. A Trombe wall, for example, 

responds to outdoor heat where it absorbs heat 

during sunlight hours of winter then slowly release 

the heat over night hours. It is not an intelligent 

procedure which must have a result depending on 

received information and data.  

 

VI. ADAPTIVE ARCHITECTURE 

 
The concept of adaptable space means that it 

compliantly reacts to the supplies of any human 

activity from habitation, leisure, education, medicine, 

commerce and industry.  

The adaptation ranges from an interior, which is 

multi-use reorganized to a structure, has the ability 

to transform and programmatic response. It is 

capable to respond to various parameters with time. 

That is mean; time is an essential factor in the 

concept of adaptive architecture. Therefore, adaptive 

architecture can be considered a responsive 

architecture adapting with time as demonstrated in 

Figure. 

 

 
Fig 8. Responsive architecture to adaptive 

architecture over time. 

 

 
Fig 9. Adaptive architecture. 

 

VII. KINETIC ARCHITECTURE 
 

Kinetic architecture concept is the design of 

buildings with transformative and automatic 

elements. The buildings shape is changed to match 

the people requirements and adapt to environmental 

conditions. Michael Fox classified control systems for 

kinetics into six types depending on the level of 

complexity  
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 Internal controls: They do not have any direct 

control or mechanism like mechanical hinges.  

 Direct control: They are moved directly by an 

energy source outside the devices.  

 Indirect control: It depends on a sensor feedback 

system.  

 Responsive indirect control: it depends on 

multiple feedback sensors  

 Ubiquitous responsive indirect control: It has the 

ability of prediction by using a network of controls 

with predictive algorithms.  

 Heuristic, responsive indirect control: It depends 

on algorithmically mediated networks that have a 

learning capacity.  

 

VIII. HISTORY OF KINETIC 

ARCHITECTURE 

 
The ability of adaption and moving was a significant 

matter for human being. In ancient times, people 

used movable and kinetic shelters to protect their 

lives and provide food. In Africa, the Bedouin tent 

was used through history because it is adaptable to 

the desert climate and it is a mobile shelter. The 

African tent is a tensile membrane suspended from 

compression poles.  

 

In recent ages, the interest in interactive, responsive, 

and intelligent architecture has started in the 1960s 

and 1970s.This interest is caused by the development 

of computer science field and building technology 

which converted architecture from a static form to a 

more kinetic and dynamic form. Evolution of Kinetic 

designs has a rich history. With the passage of time, 

initial Kinetic design was made in 1908. Then, 

transformable architecture as a kinetic design had 

appeared. Combining kinetic concept with computer 

science took tens of years. More details will be 

presented in the next subsections, as illustrated in 

Figure  

 

 
Fig 10. Kinetic architecture through the last century 

Kinetic architecture. 

IX. KINETIC FACADES 

 
The concept of kinetic facades is about using 

geometric transformation to create a motion or a 

movement in space. This motion or movement 

affects the physical structure or material properties 

of the building facades without impairing the 

building structure.  

 

There are a lot of classifications of kinetic facades, 

most common one is based on the façade 

transformation. As shown in Figure, kinetic facades 

can be moved in space by four geometric transitions.  

 

 Translation: The motion occurs in a vector 

direction 

 Rotation: The object is moved around all axis. 

 Scaling: It is an expansion or contraction in size.  

 Motion through material deformation: it 

depends on changeable material properties, like 

mass or elasticity.  

 

 
Fig 11. Forms of geometric transitions for kinetic 

facades Kinetic Architecture Applications. 

  

There are various applications of kinetic systems in 

architecture. The paper presents them in three main 

categories: kinetic structure systems, kinetic interior 

and kinetic facades. The next paragraph defines each 

application as illustrated in Figure 15. 

 

Fig 12. Kinetic architecture applications. 
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X. CONCLUSION 

 
 In this paper, Kinetic architecture has been 

presented as a new concept for building design. 

There are many concepts related to kinetic 

architecture such as intelligent architecture, 

interactive architecture, responsive architecture and 

adaptive architecture. They may be look similar, but 

every concept focuses in a specific point and aims to 

achieve particular purposes. The paper outlines what 

every concept add to the others as illustrated in 

Figure. 

 
Fig 13. Concluded concept. 
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