ADAPTIVE SYSTEMS FOR OPTIMIZATION OF DAYLIGHTING
- SIVA RAM EDUPUGANTI
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National Habitat Standard Mission , building energy consumption has increased from
14% in 1970 to 33% 200495 (Chowdhury, 2012). In Commercial buildings , the primary
contributor to electricity consumption has been artificial lighting . Thus, substantial
deduction in energy consumption of buildings can be achieved by optimizing
daylighting in commercial buildings by reducing the use of artificial | ighting (Lee &
Selkowitz, 2006). However, because the availability of natural light changes dynamically;
the design of static systems adhering to both high and low levels of daylight is difficult.
This research hypothesizesaadaptive system and analysesthe benefits for optimizing

a space for daylighting. This research will also explore how the benefits of this

hypothesized system changes with respect to location (latitude).
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1. Introduction:
Aim :

The aim of this research is to compare adaptive shading with traditional fixed
shading(the fixed shading base case will be different for each specific adaptive system)
to analyze and infer the gains in daylighting quantitatively and qualitatively with

specific to geographical location.
Research Questions:

1 What benefits of adaptive shading when compared to the traditional fixed
shading in terms of daylighting in both qualitative and quantitative aspects?
1 How does the geographical location (altitude) affect the benefits of an adaptive

shading when compared to fixed shading?
Objectives :

To understand existing research in adaptive systems and classify different types of

adaptive shading.
To identify adaptive shading elemental in nature to adopt for research.

To Optimize these various adaptive system and analyze the benefits in comparison to a

fixed shading both quantitatively and qualitatively



To understand how these adaptive systems work in different geographic locations
To adopt a metric that is appropriate to the dynamic nature of adaptive system
Scope and Limitations :

The Adaptive system adopted is a hypothetical system with the ability to kinetically
move. As it is a hypothetical system there are some liberties taken in its functionality.
Even though the adaptive systems are categorized into different types and then and
chosen type further into different systems; these categorization still wouldn't cover the
whole breadth of adaptivity possible. Normally good adaptive systems have manual
override capabilities which are not considered for the adaptive s hading systems

hypothesized.

All the internal factor factors are generalized and the external factors like obstructions
from other buildings are not taken into consideration. The maximum efficiency of the
adaptive system can be achieved only in tandem with a suitable artificial lighti ng system;
in this research only daylighting levels excluding the artificial lighting system are
accounted in the simulations done. In this study, the shading system is considered on
the south side. The layout of the space selected will try to emulate the typical layout in
an office. Different geographical locations (latitude) are identified for this study which

includes Delhi, Quito and Seattle.



2. ResearchMethodology:
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Type of Research:Explanatory and Empirical
Type of Research: Experimental, Explanatoryand Empirical

The research idea will be explored through literature review by going through the
existing research and categoriing the existing types of adaptive shading. From this
classification, specific type of adaptive shading will be selected for the research which
is elemental in nature. A similar analysis space will be used for all the systems and an
appropriate metric t o measure the illumination profiles will be adopted and used for all
the different cases . Different systems pertaining to the elemental type of adaptive

shading will be selected and the following process will be done for each of the systems.
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Fig. 3: Research Methodology process from the research idea through literature review to hypot
formation

Simulation models will be developed in Ecotect for the various possible configurations
for each of the adaptive system. The south facing orientation will be considered for the
shading system. In DaySim, the Annual llluminance Profiles at hourly intervals will be

created for each specific static state.Through these profiles, optimized state of the

adaptive system will be selected for each hour for an entire year through a custom script



written in java. As a result, we generate an optimized adaptive system with an ideal

specific state for each hour foran entire year. This optimized system will be compared

with a fixed shading system used as base case(this will be different for each specific

adaptive system)

in terms of daylighting both quantitatively and qualitatively. This

process is repeated for eab specific location to understand the benefits and behavior of

a adaptive system with respect to geographical location.
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Benefit ratios will be generated for each of the different adaptive systems pertaining to
each location. Conclusions will be drawn on the benefits with respect to the adaptive

system and geogrgphic location accordingly.

Adaptivity is to interpret change in the environment and to respond to it. The very
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necessarily facilitate this adaptability to change. We have seen massive changes on the
sustainability front in recent times but still the paradigm we follow for designing
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climatic response the paradigm has to change. Corventional Buildings that are designed

for static sets of dynamic factors often create a disjunction between the building and its
environments. To address this disjunction we need buildings that can adapt to change
assimilating the information and learning from it. The systems need to respond

dynamically to the ever changing environmental conditions thus providing better

efficiency than static systems.

This research is an exploration into Adaptive Building skins to achieve specific
architectural goals. The Architectural goal would be to develop an Adaptive skin,
independent and intelligent which would evolve from its own history of responses and
learn from these to reach a certain level of optimization in terms of efficiency. The
possibilities of incorporating cellular automata, genetic algorithms, artificial neural
networks and optimization principles to achieve an emergent behavior will be studied.
This adaptive skin will be responsive to a set of dynamic factors like environmental data
and site specific user modifications of the space. User response is often neglected in the
current examples of adaptive systems and this researchwill look into the level of control
auser can have on the system and also how the user input will be incorporated and drive
the system to a certain level of optimization. This researchassumes that the static site

conditions remain the same and any change in these conditions have to be input
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manually. The achievement of these goals will lead to a highly adaptive and performative

Architectural System.

3. Classification of Adaptive systems

Adaptivity systems have been broadly divided into four different types based on the level
of adaptivity i.e. if the skin is adaptive or if the entire structure is adaptive or if the

adaptivity is in other forms.
1 .Dynamic Facades and Intelligent Surfaces

Sensory based Responsive architecture includes dynamic facadesand responsive
surfaces. Most ofthe adaptivity work is done is this classification, as it is easy to separate

the functionality of the non -adaptive parts of the building from the adaptive parts itself.
2. Transformable Structures

This second level of adaptivity involves entire buildings which adapt over the longer
term to changing economic demands, weather patterns, emergencies and other external
factors. This sort of adaptivity has yet to be realized in larger scope as several economic,
functional, technological challenges faced by the systems are yet to be resolved or
realized.
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3. Smart Materials

"Architects who fail to run with the trend sparked by radical smart materials towards
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Architects based in Vir ginia)

Materials whose properties can be significantly changed in a controlled manner by

external stimuli such as temperature, electric or magnetic fields can be considered as

Smart materials. The progress made in the science of smart materials is dependat upon

the advances in the material sciences. The use of materials that change their properties in

reaction to heat, moisture or light can hugely change how we conceive Architecture. The

key considerations with respect to smart materials would be if the ¢ hanges are reversible

or not. They could be as simple as paints which change color based on the temperature.

Smart Materials can be broadly divided into

Color Changing Materials

Photochromic materials: These materials change color reversibly with respect to light
intensity. They are generally colorless in dark and in Light the molecular structure

changes and they show exhibit color.

Thermochromic materials: The color change is dependent on temperature. The color

change depending on the material happens at a certain temperature

Light Emitting Materials
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Electroluminescent materials: They produce different colors when stimulated

electronically.

Fluorescent materials: Produce visible and invisible light when the incident light is of a

shorter wavelength and the effect is gone after sometime.
Phosphorescent materials: Very similar to the Fluorescent material

All the above materials have aesthetic qualities but functionally for adaptive systems they
are less useful. But the following category has a huge rde to play as technological

advances are made
Moving Materials

Conducting Polymers: The very characteristic of these materials is electrical and
chemical energies are transformed into mechanical energies and when electricity is
passed electrons and ons are transferred from one end to the other as a resulting in

bending on one side and expansion on the other side.

Shape Memory Alloys: Metals which change shape due to the strain created at a certain
temperature and revert back to original shape afterwards due a change in the crystal

structure. Large strains can be created depending on the material.

Dielectric elastomers: Under electric field they exhibit mechanical strain. The material

expands under an electric field and comes back to normal shape afterdischarge
4. System Intelligence

System Intelligence of a building can be at two levels. First level of is the programmed
reaction of the building to the changing environmental conditions. Most of the buildings
especially the buildings with larger footpri nt are competent at this level. But the second

level of system intelligence would be user specific response or occupant override

14



EEXxEEDPOPUDPI UWEOEWEOUOwWUT T wUauUl OwUT OUOEWET wws
from the set of user responses and titure weather patterns and change accordingly. It

should also have the capability of learning from any of the mistakes made in the system

in the long run. Thanks to the large number of data streams available, weather data from

the past century can be usedto forecast the future weather patterns and also the
centralization of the building systems which have been transformed by the ubiquitous
communication technologies has given a big scope in improving the building intelligence.

To make use of the data entirely and not only optimize it but also learn from the data is

imperative to make efficient buildings. Even if we are considering a building with

minimal adaptivity there is a tremendous scope for use of Building intelligence.

Adaptive Shading Systems

The development of a adaptive system can be categorized into the following parts. While
Analysis and Design are the very basis in the development of any system. User Interface
adds further complexity to the process. The role of the user varies from being someone
who simply changes the output of the system to someone who is involved in the
development process itself which decides the final output. Finally Artificial Intelligence
would be the most complicated layer which would give the system ingenuity to devel op

over a period of time .
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4. Case Studies

Arab World Institute

This is one of the first buildings to employ an automated adaptive system connected to
the sensors. Based on the sensors readings of the environment conditions the system
generates anautomated response. This treatment is on the south side divided into 240
sub grids which consist of photosensitive mechanical devices and act like automated
irises to control light. There are about thirty thousand sensors sensitive to light and 1600
diaphr agms elements which function like a lens of the camera. All the mechanical devices
are connected to central computer which based on the light quality inside the building
open or close incrementally. This screen draws inspiration from lattice work found in
Middle East in patios and balconies. The building focus is on lines and play of light which
are accentuated with the adaptive system which does an aesthetic role.(Arab World

Institute, 1989)
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Fiaure 4: Arab World Institute=acade

Observations

It is very important to approach the adaptive systems with a strong conceptual basis.
This very fact keeps this building interesting even though numerous failures due to
mechanical complexity and overly expensive maintenance have hindered the working of
this system. The building retains its charm as it has a strong conceptual intent based on
Egyptian screens. So it is very important to approach adaptive systems with a very strong
conceptual intent. On the other hand though this work is seminal in adaptive systems it
highlights the real life problems you might face with these systems which are
experimental in working. So a strong thought has to be given to the real life working of

the system.
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GSW Headquarters

Figure 5: Diaphragms in the Fagade which act as It
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