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Abstract 

Energy consumption by buildings has increased to the point that it has overtaken the industrial 
and transportation sectors (Perez-Lombard et al., 2008).  This research seeks to develop 
Intelligent Adaptive Building Systems as a means of offsetting energy consumption, as well as 
improving numerous building performance metrics for all stakeholders (Table 1).  To achieve 
this, several existing technologies are married to form a contextually aware agent based network 
consisting of many semi-autonomous components.  Through this research, two prototypes have 
been developed.  The first served largely as a learning tool, setting the foundation for subsequent 
versions by necessitating lessons in physical computing and computer programming.  A second 
generation prototype was developed which furthered insight into these lessons, and led to 
discoveries related to the potential of actuators and sensors, device networking, data mining, and 
agent based networks.  Details about the first two prototypes, their successes, and failures will be 
presented.  With these lessons in hand, it is now necessary to develop a third generation of 
prototypes to: further the understanding of adaptive facade capabilities and feasibility, intelligent 
computer behavior development, building performance metrics, and human interfacing methods.  
By developing several, rather than one 3rd generation prototype, the ability to draw comparisons 
between technologies and components will be vastly improved.  This paper will focus on what 
form these prototypes should take, and what can be learned from them. 

Table 1. Building stakeholders and relative performance metrics    

Stakeholder Performance Metrics 

Occupant Indoor Air Quality, comfort, health (psychological & physiological) 

Building Owner or 
Developer 

Return on initial investment, building lifespan, operating costs, 
occupant satisfaction/rate of occupancy 

Building Operator or 
Engineer 

Efficient building control and management 

Utility Companies Energy consumption (especially during peak demand) 
  
1 First and Second Generation Prototypes 

1.1 First Facade Prototype 

The first facade prototype is fairly simple and straight forward.  It utilized two panes of clear 
acrylic with vertical lines painted on to simulate fritting.  One pane was stationary inside of a 
small frame, while the other was dynamically operated by a small shape memory alloy (SMA) 
actuator in response to varying light values generated by a photo-resistor attached to an Arduino 
FIO microcontroller.  The microcontroller worked to keep the ambient light value on one side at 
a predetermined level by controlling the dynamic pane to either block or permit light to pass. 

 



 
Figure 1. Adaptive Facade Prototype 1 

 
Figure 2. SMA Actuator fixed to a lever to increase range of movement 

Although development of this first prototype generated valuable lessons in physical computing 
and program development, it was ultimately too basic to yield any useful data.  Some limitations 
in the SMA actuator were also realized, namely the limit of its stroke (4mm).  This small degree 
of movement suggests that this particular type of SMA actuator is only intended for small scale 
operation. 

1.2 Second Facade Prototype 

A second facade prototype was engineered and produced to not only further the understanding of 
controllers, sensors and actuators, but also to start a collection of performance minded data and 
implement technologies of a higher function.  Physically, it is an 8” x 8” x 7” self-contained 
environment meant to simulate an occupiable space, that would have ideally been deployed 



outdoors to collect data on conditions and responsive performances.  However, issues with 
certain components ultimately prevented this deployment.  One wall is made up by the “adaptive 
facade mockup”, and every other side would have been blocked out with a reflective material to 
keep light out and reduce thermal heat gain inside the prototype.  The facade component 
consisted of a multi-pane dynamic frit, and upper/lower vents with automated dampeners.  An 
agent-based network was formed, consisting of an Agent Computing Mechanism, Database 
Agent, Cloud Agents, and Adaptive Facade Agent. 

1.2.1 Agent Based Systems 

Agent-based systems are used as computational models for simulating the actions and 
interactions of autonomous agents with a view to assessing their effects on the system as a whole 
(Niazi and Hussain, 2011).  In this capacity, agent-based models can recreate and predict 
complex phenomena.  In a building system, agents can observe behavior, environmental 
conditions, exchange data, assume commands, and act independently.  Observations and 
commands would be transmitted through the wireless or hard-wired building networks.  

An agent-based intelligent system is a scalable, bottom-up approach to managing a building 
environment.  When integrated with an Intelligent Network, both operator and occupant are 
given the ability monitor changes and current conditions, as well as contribute to adaptive 
decisions.  This is achieved in part by addressing each participant as an agent. This can be done 
by both active and passive participation.  These modes of participation will be discussed further 
on. There could be hundreds if not thousands of agents operating independently, working in a 
concerted manner across a large scale facade system.  Together, they would form an intelligent 
hive mind that would be able to quickly respond to the dynamic requirements of each building 
stakeholder. 

In buildings of many scales, especially large structures with high occupancy, we can see these 
types of relationships first hand.  However, the individual occupant is almost always 
disconnected from the decision making process.  This is typically left to a building engineer 
and/or a large environmental control system that only takes into consideration the macro-level 
conditions.  This paper introduces the individual occupant as a participating agent in the building 
system, and methods for incorporating them. 

 

 



 
Diagram 1. Representation of functionality and data flow between the primary agents in 
Prototype 2 

1.2.2 Agent Computing Mechanism (ACM) 

The ACM is the anchor of this prototype.  It represents a hub for various sub-agents that can then 
interact with other ACM’s, as well as any other network enabled systems that support a building 
(Diagram 1).  The marrying of all building systems into one would heighten the overall 
functionality and energy efficiency.  The software application for the second prototype was 
developed in Processing, and utilized several custom libraries.  It manages data that has been 
stored to a database, and data that is received from the Facade Agent.  It also queries web-based 
resources for real-time local weather information, and streams specific data to a scalable web 
platform for web based storage and display (Figure 3).  Although it was hoped that high level 
adaptive decision making abilities would be present in this prototype, they were ultimately left 
out due to time and development restrictions. 

1.2.3 Cloud Agents 

In the scope of the second prototype, this category represents more than one agent (Data Feed 
and Weather Feed), but could potentially be made up of thousands.  Both exist through what is 
known today as the “cloud”.  The cloud represents computing resources that are delivered as a 
service over a network (Monaco, 2012).  This network is generally the internet, which is a major 
reason why there could potentially be so many different agents that interact with one system.  
The ACM utilizes two such resources that, other than contributing or receiving data, are capable 
of acting autonomously.   

The first cloud resource used in this prototype is a real-time data stream coming from the ACM, 
and being stored/visualized by a third-party web hosting service.  In this prototype, that’s as far 



as this agent goes.  However, the long term purposes have much greater implications that will be 
discussed further in the section on human interfacing.   

 
Figure 3. Real-time data feed on web based platform (public URL: cosm.com/feeds/75782) 

The other cloud agent being utilized is a privately owned weather station which is part of an 
expansive national network of stations found on wunderground.com.  This service provides the 
resources needed for the ACM to access data that is local and relevant to the current atmospheric 
conditions, while negating the need for investing in an expensive weather station for the system 
or demanding more computational resources from the ACM. 

1.2.4 Adaptive Facade Agent 

The Facade Agent (Figure 4) houses internal environment sensors, adaptive component actuators 
(Figure 5), and microcontroller.  The microcontroller conveys sensor data to the computing 
mechanism and, although capable of operating autonomously, can also act upon the commands it 
receives.  Sensors collect data on barometric pressure, temperature, and solar exposure (Figure 
6).  Actuators control fritted panes and vent dampeners (Figure 7) to adjust the internal 
conditions according to pre-determined preferences.   



 
Figure 4. Adaptive Facade Agent 

Several challenges were met with component choices.  The shape memory alloy (SMA) 
actuators, which were still utilized given the scale of this prototype, when run too frequently and 
tended to overheat and effectively destroy themselves.  Additionally, despite the benefit of 
having a high strength to mass ratio, the amount of energy that these actuators consume does not 
make them suitable candidates for this particular type of application.   



 
Figure 5. Shape Memory Alloy Actuators 

 

    
Figure 6. Temperature & Humidity Sensor (left), Solar Tracking Array (Right) 



 
Figure 7. Adaptive Facade component with dynamic frit (center) and vent dampeners (top & 
bottom) 

1.2.5 Data Base Agent 

The Database Agent is a PostgreSQL server that stores data-sets deposited by the computing 
mechanism throughout the duration of the experiment.  Following each computational cycle (10 
minutes) the computing mechanism program loops and retrieves data that is then sent to the 
facade agent.   

1.3 Second Prototype Lessons 

Although adaptive component issues crippled this prototype, it was a success in terms of: sensor 
interaction, data collection and comparison, and adaptive decision making.  It also successfully 
illustrated the ability of an agent based network to perform as a Intelligent Adaptive Building 
Control System.  Furthermore, it continues to yield valuable sense and response data and perform 
as teaching tool by telling us more about application development and physical computing’s role 
in architecture. 

2 Third Generation Prototypes 

The human skin is an organ that operates semi-autonomously to protect the body from 
contaminants or harmful energy like the Sun’s UV rays.  It is also part of an overall 
physiological control system.  It receives blood from the heart, neurological impulses from the 



brain, and oxygen from the lungs.  Not one of these biological components can function without 
the other.  When discussing the design and function of building facades and control systems, we 
must view them as one whole organism which cannot survive without every part acting in the 
interest of the whole.  It should be pointed out that this idea extends beyond the building 
systems, and takes into consideration the human occupant as well.  Although the majority of this 
research will be on the adaptive facade, and how it should be developed on a case-to-case basis, 
relationships with other parallel and supporting systems must also be taken into consideration.  
The third generation prototypes will all be made up of multiple cooperative systems that explore 
these relationships, component choices, and help aid future development. 

Building upon previous versions, as well as other existing facades, any third generation 
prototypes will focus on sensing and controlling: 

1. Solar gain 
2. Privacy  
3. Indoor air quality 
4. Occupant comfort 

Solutions for controlling each of these factors can have unintended consequences on the others, 
so they must all be considered together lest gains in one area of performance negate the others 
and render the whole system ineffective. 

An adaptive facade system will still needs to function as traditional facades do.  Incorporating 
these traditional functions, established design and construction standards makes the development 
of intelligent/adaptive capabilities a unique challenge.  These topics are worth some discussion, 
but a detailed look at them is outside of the scope of this paper. 

This series of prototypes has many different implications and equally as many, if not more, 
means of dealing with them.  A number of these condition/response relationships will be 
discussed below, followed by suggestions on how third generation prototypes can addressed 
them. 

2.1 Solar gain 

Solar gain refers to conditions imposed by the location of the sun, and the intensity of its light.  
In the summer, a facade would best serve the building stakeholders by blocking enough solar 
heat gain that additional cooling is not required.  Conversely, in the winter a facade would 
ideally allow enough light in to reduce or eliminate heating loads while keeping enough out that 
glair does not become an issue.   

Dealing with solar gain is a challenge for which many solutions already exist.  The problem is 
that most, if not all, are static in nature or act independently of the other building components.  
Trellis’s, fritted glass, UV reflective/absorbent laminates have all been used to with varying 
degrees of success.  However, their static and one dimensional nature tend to limit their peak 
effectiveness to specific seasons.  We have also seen unique dynamic facade solutions emerge 
recently (Figures 8 & 9), but they tend to be highly specialized and fail to cooperatively engage 
every building system within.  Additionally, many of the affects are localized and largely felt 
only within the immediate vicinity of the facade.  This means that zones further away from the 
facade do not experience the same benefits (Marsh, 2006). 

 



      
Figures 8 & 9. Chuck Hoberman’s Adaptive Fritting (Left) and Adaptive Mashrabiyas on the Al 
Bahar Towers, Abu Dhabi (Right) 

A good example of dynamic facade application can be seen on the Q1 buildings in Essen, 
Germany (Figure 10).  The system at Q1 can be viewed as a passively adaptive solution.  It 
utilizes dynamic shading panels that respond to real-time conditions rather than a forecast based 
on solar position.  These solar shades block, permit, or redirect light into the interior spaces to 
reduce reliance on artificial lighting.  Q1 has many sustainable characteristics attributable in part 
to its facade, and is able to function without the use of air conditioning.  However, every system 
within the buildings still do not interact with one another.  Nor do they allow for individual 
control, leaving one to wonder how much better it could be. 

 
Figure 10. Q1 Dynamic metal facade shades, Germany 



Another important issue relative to solar gain is artificial lighting.  If enough sunlight can be 
allowed through the envelope, it can offset the building’s dependence on artificial lighting.  This 
is especially true in office buildings were peak occupancy generally coincides with the presence 
of natural day lighting.  However, a balance would need to be struck with resultant heat gain, 
privacy, and glair. 

Companies such as Lutron offer products that intelligently control window treatments or 
artificial lighting based on occupant presence and behavior, time of day, etc.  In residential 
products, Lutron offers mobile device applications for individual occupants to monitor and 
control most typical in home building systems.  However, this feature is only offered to building 
engineers and managers in its commercial solutions, and individual control/monitoring is 
decidedly absent where it would be equally as useful.  Both product lines fail to engage all 
building systems, and operate in response to, rather than cooperatively with these foreign 
systems.    

2.2 Privacy 

In certain cases an occupant may wish to have a sense of privacy.  This may be for personal 
reasons, or security.  None the less, changing the makeup of a window system for privacy can 
have drastic effects on its ability to perform other tasks.  This is especially true of solar gain 
control. 

2.3 Indoor Air Quality (IAQ) 

In this paper, IAQ will be discussed as it relates to the health and comfort of a building’s 
occupants. It is also important though to point out that it is a major concern to every stakeholder. 
Most Americans spend up to 90% of their time indoors and many spend most of their working 
hours in an office environment.  Studies conducted by the U.S. Environmental Protection 
Agency show that indoor environments sometimes can have levels of pollutants that are actually 
higher than levels found outside, while a 1989 EPA report to Congress concluded that improved 
IAQ can result in higher productivity and fewer lost work days (U.S. EPA., 1997).  It is also 
important to control moisture and relative humidity in occupied spaces, as these factors can 
affect occupant comfort as much as temperature does. 

Controlling IAQ involves three main strategies (U.S. EPA., 1997): 

1. Management of pollutant sources either by removing or isolating them from occupants 
through physical barriers, air pressure relationships or controlling the timing of their use 

2. Dilute pollutants and remove them through ventilation 
3. Use filtration to remove pollutants 

Which strategy is used depends largely on levels of occupancy and building typology.  The third 
generation prototypes will not directly address application to specific building types or 
construction, but will look into how an intelligent system responds to changing occupant related 
requirements and external environmental forces.  The hope is that better understanding of how 
adaptive systems apply to different building types will evolve through observation and the study 
of resultant data.   

2.4 Proposed third generation variants 

The Database Agent will remain largely unchanged in this series of prototypes.  However, each 
will share a similar, yet more advanced, Agent Computing Mechanism.  In this generation, the 



ACM will be able to make more intelligent adaptive decisions that can then be passed to the 
Facade Agent to override its own decisions if deemed appropriate.  Advancements in the design 
of the Facade Agents will also be made.  However, each Facade Agent will differ significantly 
and be used, in part, to be compared against one another.  Three different variations of 
prototypes will be developed in this stage.   

These variations are as follows: 

1. Passive - Non-powered or self-powered actuators 
2. Active – Powered actuators 
3. Hybrid (Passive + Active Components) 

A fourth and fifth agent will also be introduced in these systems.  These are the Human Interface 
Agent and End User Agent (Diagram 2).  Thanks to the proliferation of personal digital devices, 
there are several types of devices that can be folded into an agent network such as the one being 
discussed.  Desktop PC’s, smartphones, laptops, and mobile tablet computers are just a few such 
devices.  As a result of the wide spread use of these devices, application development for each 
has become a relatively attainable skill.  These devices can be used by different stakeholders 
(building engineer, utility companies, owner, and occupant), and utilized to varying extents 
according to applicable needs. 

 
Diagram 2. Representation of functionality and data flow between the primary agents in 
Prototype 3, including Human Interface and End User Agents 



People respond to discomfort in one or both of two ways: either by trying to adjust their 
environment to suit their requirements or by adjusting their requirements to match what the 
building provides (Loonen, 2010).  Considering this observation, a typical application would 
need to satisfy the psychological and physiological tendencies of the end user.  It follows that 
occupants would benefit most from having some measure of control through an application, as 
well as being informed about the current environmental conditions and actions of a building 
control system. 

The end user, or occupant in the previous example, qualifies as an agent as well.  They can act 
autonomously, and both contribute to and receive information from an intelligent building 
system.  It then makes sense that they should be considered as agents in the design and operation 
of an intelligent agent-based building system. 

2.5 Passive, Active, and Hybrid prototype variants 

Relative to this research, a passive adaptive facade strategy involves the use of non-electrically 
powered or self-powered actuation materials to reduce energy consumption by the building 
(Table 2).  This means that any dynamic changes would be powered by ambient energy 
harvested by the prototype material.  Sensor components would still be used to monitor behavior 
and resulting effects, while network integration with all other agents would remain a 
requirement. 

Energy sources include, but are not limited to: 

1. Solar heat gain  
2. Solar radiation 
3. Wind 

Table 2. Passive material candidates and their characteristics    
Material Characteristics 

Thermo Bimetals Sheets consist of two strips of different metals which expand at 
different rates as they are heated 

Shape Memory Alloys Remembers original, cold-forged shape, returning to the pre-deformed 
shape by heating 

Electroactive Polymers Exhibit a change in size or shape when stimulated by an electric field1 

 
Any success in an active facade prototype would rely on a balance between energy spent, and 
energy saved by dynamic operations.  If the components that are combined to form the facade 
cannot deliver effective enough performances to offset their embodied energy and the power 
consumed, it makes no sense to use them.  Additionally, component-to-component comparisons 
within a given prototype should be done to ensure that the best choices have been made. This 
applies to all three prototype variants, and it follows that the designs for these prototypes take 
into consideration an ongoing swapping of components.   

                                                            
1 This material does require a small amount of electricity to operate. However, enough could be generated by a 
small number of integrated photovoltaic cells. 



The actuators in this case (Table 3) consume enough energy that they require an additional 
power source.  The active prototype would also incorporate more proactive means of sensing, 
utilizing devices like 3D cameras (Figure 11) to more accurately track occupant presence and 
behavior. 

 
Figure 11. Microsoft Xbox Kinect 3D sensor and camera 
 
Table 3. Active actuator candidates and their characteristics 

Actuator Characteristics 

Pneumatic Actuators Converts energy (typically in the form of compressed air) into 
mechanical motion 

Electromechanical 
Actuators 

Uses an electromagnetic field to push or pull a piston in a linear 
motion 

Stepper Motors DC electric motor that divides a full rotation into a number of equal 
steps 

Hydraulic Actuators Uses incompressible liquids to create unbalanced pressure to drive a 
piston  

 
A hybrid approach would utilize both active and passive elements to find if their combined 
efforts would produce a more beneficial outcome than either one alone. 

The third generation prototypes and their components will be studied and comparatively 
analyzed to determine: what components are appropriate and in what configurations they work 
best; cost/frequency of maintenance required to keep components running and their expected 
operational lifespan; operational requirements like cooling and accessibility. 

2.6 Human interface agents 

At least three different human interface devices will be deployed, and all three will be used with 
each prototype variant.  The potential to study interface devices in parallel with third generation 
prototypes also exists.  In this case, devices could be deployed in an existing space and relay 
information to the occupants.  Because these devices would be networked with both local and 
“cloud” resources, they would have access to unlimited data and system control.  The whole of 
these assets would have to be distilled to a point that only the necessary information and system 
control is sent to the End User.  Data from occupant devices will be sent to the ACM to aid it in 
making more informed environmental control decisions.  This study will yield more informative 
results about how, why, and to what extent users interact with the devices.  



Three types of human interface devices: 

1. Static consoles – digital display with capacitive touch interface 
2. Mobile devices with custom developed application – control and monitor “indoor” 

conditions 
3. Networked ambient devices – simple visual tool that displays current trends and 

conditions  

2.6.1 Static consoles 

Like a typical thermostat, static consoles would represent a more traditional form of interaction 
with building control systems.  However, a more relevant example would be the Nest Thermostat 
(Figure 12).  The makers of Nest claim that it functions as an HVAC controller, but that it is also 
capable of learning from the users habits and adjusting when heating/cooling occurs in order to 
save energy.  It is also capable of being networked with other devices, such as: computers, 
smartphones, and other Nest devices to provide real-time feedback and control.  Nest is also able 
to deliver ambient information about system activities/conditions, and still act as a stand-alone 
environmental sensor.  The designers of Nest also claim that it can save as much as 26% in 
energy costs (Nest Labs, 2011).  This is precisely what a human interface device in an agent 
based building system should deliver.  The static console in this series of prototypes may be of a 
custom design, but could also incorporate the Nest Thermostat in one or more variants.  

 

Figure 12. The Nest Thermostat 

2.6.2 Mobile Devices 

Mobile devices are more prevalent today than ever before, and there does not seem to be any 
signs of that trend slowing down.  Statistics state that almost half of U.S. mobile phone 
subscribers now own smart phones (The Nielsen Company, 2012).  Nearly all of these devices 
are capable of acting as a building system interface.   

Let’s go back to the idea that people respond to discomfort in one or both of two ways: either by 
trying to adjust their environment to suit their requirements or by adjusting their requirements to 
match what the building provides.  Using a familiar smartphone device to interface with a 
building system would likely heighten the already comforting benefits of being able to monitor 
and having some measure of control.   



There are many mobile applications for home environmental control already on the market.  
However, like other commercial products mentioned previously, they are not part of a fully 
integrated system.  Nor do they succeed in fully engaging the End User.  One way of delivering 
more functionality to a smartphone application would be to incorporate feedback like the Nest 
Thermostat.  An application could easily deliver similar ambient information through one of its 
external devices (example: blinking colored LED, on screen widget).   

Mobile devices can be used one or both of two ways.  The device could act passively by only 
gathering relevant data on the user, such as: location, movement, biometrics (heart rate or body 
temperature), or preferred environmental conditions.  It can also become a more active tool by 
allowing the End User some degree of control, even if that control is limited to the local zone 
that they occupy.  Building system feedback about current micro/macro level conditions and 
control behavior could also be introduced.  By using mobile devices already in hand, and 
offering to individuals a downloadable custom application with which to interact with this series 
of prototypes, study observations will yield a great deal of information on how this component 
fits in to an agent based intelligent building system. 

2.6.3 Networked ambient devices 

Networked ambient devices represent a mode of communication that synthesizes and delivers 
information better than most other interfaces.  Studies on ambient information show that users 
retain it, sometimes even better than something that they might be consciously studying (NPR, 
2007).  One such device is the Ambient Orb (Figure 13).  Data from another device, or agent, can 
be pushed to the orb and in response the color will change to communicate something to the user.  
If desired, this color coded information can also be pushed again to a mobile device. 

 
Figure 13. Ambient Orb device displaying a color value that corresponds to the temperature 
outside 

It has also been shown that the use of ambient information devices can drastically reduce the 
amount of energy consumed in a building. 



Studies by several energy and utility companies show: 

 70% of residential and 65% of commercial customers took action when noticing a change 
from the Orb (Nexus Energy Software Opinion Dynamics Corporation, 2005) 

 When the electricity prices increased 100% of people using Ambient Orbs showed a 10% 
reduction in electricity usage (CNT Energy, 2008) 

 Customers using Ambient Orbs reduced demand by up to 27% during peak demand 
events (Faruqui & Sergici, 2009) 

With a readily available and proven product on the market, testing of ambient device interfacing 
in agent based building systems through the integration with the third series of prototypes should 
prove relatively easy. 

3 Building Artificial Neural Networks Through Agent Based Design 

Artificial Neural Networks are mathematical or computational models that are inspired by the 
structural and/or functional aspects of biological neural networks.  Neural networks consist of an 
interconnected group of artificial neurons, and process information using a connectionist 
approach to computation.  In most cases, an Artificial Neural Network is an adaptive system that 
changes its structure based on information that flows through the network during the learning 
phase.  This non-linear statistical data modeling tool is used to model complex relationships 
between inputs and outputs and to find patterns in data.  

This research suggests that upon an agent based building network, a neural network could be 
created.  This would look like a layering of two different web-like networks on top of the 
building frame (Figure 14).  The agent network connections would likely be able to contribute to 
the neural network operations, but a second layer seems to be necessary to provide full 
connectivity between each agent/artificial neuron.  An interconnected group of agents consisting 
of ACM’s, dynamic facade modules, end users, and interface devices act as neurons or groups of 
neurons.  Each one is capable of learning from, and informing the others.  ACM’s could 
potentially reprogram facade agent microcontrollers on the fly to more effectively respond to 
emerging conditions and occupant trends.  At the same time, the individual facade modules could 
also be sharing real-time information, helping to improve adaptive responses independently of 
the ACM’s.  These feedback exchanges could give rise to increasingly intelligent functions, 
more effective network communication and adaptive component control. 

3.1 The architecture of the Hybrid Building Control System 

Considering the dense population of the urban environment, and the amount of energy required 
to maintain them, it follows that high rise buildings be used as a primary test vehicle for 
Intelligent Adaptive Building Systems (IABS).  How these systems should be employed in this 
environment is another problem that this research will address. 

The following supposes how an IABS would be integrated within a 16 floor high rise, with a 70’ 
x 50’ footprint.  This rectilinear example building is arbitrary in nature and without site, 
program, or specific materials (with exception given to the curtain wall and generic concrete 
structure) (Figure 14).  The subsequent diagrams are meant to illustrate how the IABS network 
would be built around a typical high-rise building.  Due to the dynamic nature of building 
occupants, and mobile devices as a means of human interfacing, these agents have been excluded 
from the following diagrams. 



Each 3500 S.F. floor consists of: 

 2 ACM Units 
 4 Lighting System Hubs 
 22 Facade Modules 

 

                     
Figure 14. Example High Rise with glass curtain wall, concrete structure, and ACM distribution 

3.1.1 Agent Based Systems and Networks 

The lighting hubs network both interior light sensors and artificial lighting controls with the rest 
of the systems (Figure 15).  Every floor is broken up into 4 regions, with a lighting hub in each 
one.  The hub is connected to a series of sensors and programmable light fixtures.  Types of 
sensors and fixtures are ignored.  Upon receiving ambient light data from the sensors, the hub 
sends adaptive commands to each fixture, and a record of the sensor and fixture commands to its 
respective ACM.  The ACM can also administer commands that it views as more effective for 
both that region and the building overall. 



        
Figure 15. Artificial lighting network and ACM’s per floor 

Facade modules each represent an adaptive curtain wall panel in this example.  There are no 
specific metrics, or adaptive components considered here.  However, each module consists of a 
networked microcontroller, actuator, and sensing components (Figure 16). 

      
Figure 16. Facade Module Network and ACM’s per floor 

3.1.2 Artificial Neural Networks 

The Agent Based Networks should be considered to be the foundation layer of the IABS, upon 
which is laid the Artificial Neural Network.  This is done horizontally floor-to-floor (Figure 17), 
and vertically from top to bottom (Figure 18).  The horizontal layer interconnects every ACM, 
Artificial Lighting Hub, and Facade Module to form a more intricate network that does not need 



to depend on the ACM to constantly act as the only mechanism capable of high level adaptive 
decision making.  Although somewhat redundant, and dependent on advanced microcontroller 
technology that is only now becoming affordable enough to use at this scale, this arrangement 
takes some of the computing and communications burden away from the ACM’s.  More 
importantly, it allows for the direct exchange of environmental information between each agent.  
The vertical layer resembles the central nervous system of the IABS, interconnecting each ACM 
for data sharing.  It should be assumed that most, if not all, network communication is carried out 
wirelessly.  This research will attempt to determine if this arrangement of agent and neural 
networks will lead to faster and more cohesive adaptive responses than a stand-alone agent based 
system.   

   
Figure 17. Floor-to-floor agent and neural network integration 

 1.  2.   3.    4.   5.  

Figure 18. Artificial Neural Networks: 1. Interconnected ACM’s, 2.  Floor-to-floor agent neural 
net, 3. Floor-to-floor Agent Network, 4. Sensing and Dynamic compoenents, 5. Intelligent 
Adaptive Building 

4 Methods of Intelligent Adaptive Building System Delivery 

It is worthwhile to briefly discuss methods of implementing adaptive facades into the design 
process.  BIM programs, such as Revit, have for some time been established as tools that can 
assist project delivery in many ways.  One specific utility of Revit is its ability to be customized 
in a way that allows designers and engineers to apply unique facade and adaptive systems to a 
pre-existing building model.  This digital facade-on-building model can be used for illustrative 
purposes, as well as computational analysis to determine the performance of the composition 
under varying conditions.   



The pursuit of this tool is a recent development in this research, and at this time more exploration 
of the subject is required. 

5 Conclusion 

Building upon previous versions, a third generation of Intelligent Adaptive Building System 
prototypes will be developed and evaluated.  These systems will be built around an agent based 
approach that offers a higher level of operational efficiency for building systems.  The 
introduction of the End User and Human Interface Agents offers a unique and powerful layer to 
this system that promises a wide range of benefits to all building stakeholders, and a fourth 3rd 
generation prototype may emerge to further test these newest components.  After evaluating 
these prototypes, a closer look at when they should be applied in new and existing buildings, as 
well as how their development might take place, will be taken. 
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