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Summary: Developing the concept of Human Oriented Parametrahitecture, it will be discussed the need of
implementing time as the lost parameter in curdesign techniques. Morphogenetic processes ideédeviliscussed
through the principle of an adaptable membranethasthought solution for future architecture daesfgrocesses
improvement. A model implementing a unique Arduimio the facade, will control the performance of fheade
patterns, through, an Artificial Neural Network thaill decide the kind of scenario the buildingirs activating a
Genetic Algorithm that will optimize insulation germance of the ETFE pillows. The final virtual nedvill be able
to obtained the goal proposed, a homogeneous tamaperin all the spaces of the building of 22°C.

The EmDeplo System will work with a Global behawiopattern performance of the fagade, but alsb wit
local behaviour for each pillow, giving the optiofindividual sun shading control.

Machine learning implementation will give the fdeahe possibility to learn from the efficacy of decisions
through time, eliminating the need of an on-off &dbur for defending against the environment. ladiehe system
will work with it, adapting to it, and evolving wtitits variabilities.

Keywords: Membrane, deployable, Artificial Neural A.N.N., Mawhi_earning M.L., complex system, morphogenesiaptive.

This research considers a clear division betwedrehaviour implemented, will be able to be reached
Dynamic vs. Static Parametric Architecture: implementing the advantages of a global + local

behaviour vs. the nowadays common stimulus-reaction
Static P.A. that obtains its form and configuration fromperformance

several parameters used just to design its shape:

FORMALISM [EmDeplo System design]
Dynamic P.A.in which the basic inputs vary during theThe BODY:  Multilayer deployable membrane +
building life time: H.O.P. Factory interface customized fabrication

This research defends &uman Oriented The BRAIN:Arduino chip microcontroller + circuit
Parametricism. H.O.R.that considers the idea offime implementation
as the lost parameter in Adapative Complex Architec
Understanding Architecture as a Complex Systetis, thThe MIND: Al Algorithm

research develops an example for this kind of dhesig ) )
implementation: Bottom-up robotics and evolutionary processes

facilitates us today Al Systems as systems withsgua
The Emergency Health Deployable System. EmDeplo. intelligent behaviour that simulate emergent & gatiee
properties of natural processes, obtaining wellpteth &
EmDeplo is a parametrically based health systeefficient forms: A Complex System which is definky
composed by an Intelligent Deployable Membrane. Amore than the sum of its parts.
emergency health system, complex & alive, which

parameters basis are human & environmentally éinke Through an abstract model for the system and the
presence/absence of behaviours, the Complex sysiém
Complex Systems. Morphogenetic Processes have 2 goals in 2 different scales: Goal-state kitimn

(in Nature, survival) + local goals system intei@ct The
Morphogenesigfrom the Greek morphé shapeComplex System will be working in 2 scales, leagnin
and genesis creation), is the biological proceasdhuses survive through patterns of behavioural adaptabilit
an organism to develop its shape. Atrtificial Iriggghce is  without external control.
currently proposing processes based on biology as
solution for Intelligence Performance even in Atebfure The system's body, [Em_Deplo] Concept:

Designed as a Complex System the system wWilEMERGENCY PARAMETRICALLY
work with the environment and NOT AGAINST IT. A CUSTOMIZED DEPLOYABLE INTELLIGENT
perfect optimization of the system, with the ingght SYSTEM”



W.H.O. remarks natural disasters and othewill offer to the client the option of some non goatsory
unpredictable events are so common today that uhgeés parts & units. The questions the interface proposed
Architects to invent new kind of high adaptable andhose which help the customization of the systédw the
rapidly deployed spaces for these different Emergenkind of emergency, expected number of patients] kih
scenarios. The Emergency Intermediate Healttliseases, etc
Deployable System, factory interface customizedl, lva

able to satisfy most medical needs in the shotiest in So, in the Emergency Health Deployable System,
any scenario. the parameters are the characteristics of the soeaiad

the kind of disaster. The parametric customizatibthe
Deployable 3D structure from a flat surface, ablenembrane system through the Interface factory actede
to arrive directly from the factory to site, is femtly is the basic idea of the efficiency of the Emergedaits.
packed and ready for an easy and quick enablement.
Multilayered Membrane Intelligent System that whié
designed through a 2D patterned deployable sutfzate
expands into a complete 3D space. High adaptalaility
rapid deployment are highly requested in orderuléillf
every kind of timely measures. i
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The clear properties of the material and some
Proposal Basis basic real controlled parameters will perform that,u
L « helping us to create a real transformable, tranapls
€ QM and customizable space. Developing the patterroiines

different scales, it will arrive to its final desgment.

%} W Basic Triage Pack

) &w / The triage proposed consist in a negotiated
mixed space where the interaction between doctors,
nurses and patients takes place only in the montieatss
T completely compulsory. The “sensor-ized” pod wdhct
. L LU N to the patient weight and movement making a coraplet
= adaptable cellule, but being always within the poss
) allowed for the doctor to the patient. Maximum nemobf
The factory interface patients will be attended with a minimum numbers of

In recent decades the notion of time-based desi(f]jrﬁ)(:tOrS and nurses.

has increased the architectural practice's intetest
explore new kinds of design processes more linked Ty ql-L. ”‘w\ 7
biology, philosophy and other disciplines which mai \,/ «C fﬁ *

='> i

potential consider, a real application into conterapy
process, to change the conventional architectuedhous
by diagramming, mapping and animation techniques. " n -

The EMERGENCY INTERFACE will help us to
decide quickly in critic situations how the Unit stube 4 )
customized for any particular scenario and willrgaus Aqa )
through the design in real time. When an emergenc “— e
occurs, W.H.O. will work through the Interface.
Connected to the factory , the complete fabricatio
process of the membrane system with be perfect
customized for the emergency scenario. The interfagne patterns, controlled in four different scalei$ hold
connecf[ed to the factory will fabricate the systemy)| the design weight. Controlling some basic patars,
customized, folded and packed, ready for deployrbent it js possible to order the material how to behduetell
truck, plain or boat trough several containers. the hospital what to do, considering this kind ehaviour
to be the basis of the future adaptable custongézabl
Architecture.

E/mDepIo Material System

The interface will design some compulsory part
for the case, already customized for the situatia,also
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% The intelligent agent in this case will be the
EmDeplo material system and its brain will be cguafed

% through and Arduino chip.

It will be a perception-action circle benefitirtget
adaptability property of the system. Al will be dieed as
a method for uncertainty management and the alhbevi
finding actions for an agent.

WSO(

, &%

Basic problems of Al applicable to EmDeplo's
mind design will be,
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act = AgentFn(percept)

1- Micro worlds. The sum of restricted domains will
never be a real environment. the systems should ina
real environment.

2- Lack of scalability. Emdeplo should be scalable.

3- Robustness. Cannot fail in a novel situation.

. 4- Operating in real time.
So that the system is not only an envelope for a P g

space, itis not a space that after you awith the 5_Bottom-up design & Embodiment

medical equipment. It is a fully integrated systewill

be design including water, electricity and oxygapgies Through the search of an algorithm for the
as well as the necessary medical equipment. Als®, system the parameters related to which its adequasy
adaptable floor system will adapt to several ramfe establihed where: Fully Observable vs. Partially
different floor conditions. Observable Environments; Benign vs. Adversarial
Environments; Deterministic vs. Stochastic systéhms;
actions of the system being discrete vs. a Contisiset

of actions, meaning by that, infinite.

Problem Solving vs. Planning

Problem Solving as a method, has demonstrated
its efficacy with a fully observable environmentdawith
a discrete, deterministic and known domain.So ithas
not considered as a valid method for developing the

The system's mind, [Em_Deplo]'s algorithm: understanding and decisions related to the learoirtbe
climate in which the system was in, as, the intenf
Al & MACHINE LEARNING ALGORITHMS SEARCH the research, was to develop the system in a fhartia

. . . observable environment.
The approach that will be used of Al in this

research will be the one in which, in a continutmap, an  Markov Models

intelligent agent will receive data from the enwinoent

through some sensors, and will change or nottéte s A Markov model is still memory less but
interacting with the environment through some aotsa  provides more options in next state to the goalutation.



States in a Markov Model can be subdivided anthakes this process clearly unreachable even if nige a
increased and used, in the case for example of@ddiddusing just subsets of the training set.

Markov Models, in several complex applications as

Robotics. Markov models were discarded as theyara In this kind of situation, Linear Regression is
good algorithm for training memory. Nevertheless@el  highly not recommended.

Order Markov Models consider a dependance not enly )

the previous state, but also, on the previous @ thUPPOrt Vector Machines

previous state, this kind of mathematical modellitesl
quite restricted for the learning that EmDeplo sgstwill
be suppose to be able achieve was discarded as a
possible algorithm.

An alternative view of Logistic Regression are
Support Vector Machines. As a non-probabilisticedin
classifier, they are a kind of algorithm that cantbhken
into account for the decision of EmDeplo's brain
configurations. SVMs proposes a much better error
minimizationas they are trained on the worst cfessi

M.L. algorithms were considered a good startin€X@mples, known asupport vectors.A large margin
point for the configuration EmDeplo's mind. Makitiie around th.e deC|S|0q bounda.ry.guarantee.s us anemall
system learn from existing, artificial or new€rror that in conventional Logistic Regression.
environmental data models,will be the main goalhef
system's mind. Knowledge that will give the facdde
possibility to adapt to the environment, learnimgni it
and maximizing its efficacy.

Machine Learning Algorithms

A Neural Network, on the other hand, will be
likely to work well for most of these settings, buty be
slower to train.  According to that it results, aoprthe
best algorithm to try for EmDeplo's brain. Neveltiss it
A. Reinforced Learning. is considered that, for a real building implemebotatthe
slow training speed can be a problem, but, for the

Even though agent analysis has been a Veﬂ;ev_elopment of this rese_arch this was not cone_iﬂa
effective learning technique, the idea of usingDeplo  basic disadvantage. In this way an ANN seem apjatpr
as an agent, inside in an unknown environment, linat 0 Start making the system working not having to be
to take decisions for a goal and a reward, is uearworned about number of features and training etss
different to the learning process that our systemmstm
have, as the concept of reward function and goghmi
vary trough time during the existence of the buitdi

Artificial Neural Networks

An A.N.N. are normally adaptive to external
environment learning from the data received from it

B. Unsupervised Learning algorithms . .
P 949 Modern neural networks are non-linear statistieahd

~Kohonen Network; - k-means: - Spectral cluster ‘ modelling tools trying to simulate the brain paghiim

way of working and capability of learn by trainirad
Unsupervised Learning consists in ClusterinPattern recognition, bfeedforwardandbackpropagation

Algorithms which labour is to find patterns in upédled 'he Multilayer Perceptron, will be able to deal with
data. After a study of most common unsupervise'n't'a"y non-linear separable operationk this way,

learning algorithms, it was concluded that unsugery NPUts that were not linearly separable in the ibeiaig,
learning might be not the appropriate learning bigha ~Pecame able to be mapped and classified. So that lo
for EmDeplo's initial brain. Nevertheless the wile Networks with feedback and the idea of backpropaga
considered for a future system behaviour more cerapl '€ the definitive alternative for adaptability.

Receiving plenty of unlabelled data from the
environment, and trying to find patterns in it, for
proposing new scenarios for acting, can be an e
advance adaptability behaviour of the membrane.

This kind of Machine Learning algorithm gives
EmDeplo's mind the ability to distinguish between
different kinds of environments and situations.

ARTIFICIAL NEURAL NETWORK & GENETIC

C. Supervised Learning algorithms ALGORITHM MODEL. Evolutionary computation

- Linear & Logistic Regression; - ANN; - SVM. ‘ for EmDeplo.

EmDeplo's brain has been designed as a complex
system, non-divisible, and non-reducible in whithe
8nly way to know its real behaviour, is to run gstem
as a wholeThe process is proposed in 3 steps:

Linear Regression, Logistic Regression

Both models use Gradient Descent algorithm t
find local optima. The problem with these algorighm
appears when the size of the features array ity rbj.
The probability of over fitting increases and wdl voie
dealing with an extraordinary number of parametecs.
example for a medical prediction based in 10
parametersx,;= size; %= age;...... ; Xo= wealth. We will
be dealing with approximately 170.000 features. tTha

1.To define the way of performing once the decision
about what climate we are in is taken.
. To be able to recognise after training and leéagiin
hich situation of T°, radiation and sun-shade weia.
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3. To define the dynamic process of the membraoe orwas, not speaking about kind of disaster but akimat of

the training has been done and the decision about weather and environment. So that, it was done an

which T°/sun-shade situation we are currently in. analysis of all the earth climate possible scesarstudy
The process desired for the deployable systetrased on the 3 parameters that were able to baatedl

learning has to be a mixed one. It will need thevgroof by the membrane: temperature, humidity and sunlight

neural processes for choosing and deciding sitostiand

the performance of a genetic algorithm for optimigthe EmDeplo’s Artificial Nerural Network.

pillows pattern and adaptability. The combinatidrboth

sub-processes will generate a global behaviour,rayne ~ ANNcan learn association between patterns so,
since the very first day after deployment, the exyswill it Will be used as a tool for making the membrane
perform properly. understand the situation through different patteofis

temperatures and data recorded by the sensors.

We will work with a sample of 100 pillows and
developing a supervised learning process consisting
learning based on training data, classiffied appade
with classifying known patterns.

PR We will consider 10 different possible scenario

situations for the system during its lifetime iparticular
climate. These situations will be the outputs toide and
Mroien ‘ 1 to choose by classification.

Mode

The system will be composed by:

- An ANN for classifying and deciding the kind of
situation we are in, that will learn through a esriof
labelled set of situations for training. (GLOBAL
BEHAVIOUR.)

-A Genetic Algorithmthat will optimize the performance
of the whole set of pillows creating a pattern for
adaptability and improvement. Phenotype, genotype,
fitness and mutation will decide and te&Deplohow
to act in each situation.( GLOBAL BEHAVIOUR.) The proposed A.N.N. will have 100 neurons in

. the Input layer, 150 neurons in the hidden layer,
-An off/on behaviour ~ (LOCAL BEHAVIOUR) Sun cqrresponding, each one of these 100 neurons to the
shading through the intermediate layer of a pa#®r penaviour and temperature of one pillow of the daca
ETFE Membrane, can be decided as a stimulus-reactigne proposed outputs will be 10 different performemof
response depending on the light meters readings,NAk facade, optimized for the G.A.s previously rGa,
allowing the solar factor be higher than FS 10. depending on the output, one behaviour or othélr wi

start.

00000000

Scenarios approach. Labelling Situations.

o f1h o f the imol tati The decided testing time, checking the input
he of the man aims of the implementation Qtemperatures pattern will be each 30 minutes. Berio

Emergency Deployable in natural disasters will b i uring which, the A.N.N. will re-decide again in ish

cgstomization and . adaptation to the dif.ferengcenario itis in , and, will re-apply the G.A. Thén case

_snuatlons.The_ customization to the dlfferen_t ersemes oo pattern of opening and close pillows is fotmtie

is based on different performances and designs. more efficient than the current one, the facadd bal
eadjusted. Once a minimum amount of trainingleen
one, we can test the learning of our system,nigstie

system with less that 100 trainings was demonstrate

- The performance customization will be done afhsuccessful.
site though the internal environmental control.

- The design customization will be done throug
the interface used for factory fabrication.

Emdeplo’s Genetic Algorithm.

The first idea of the learning behaviour was, to

make the membrane able to decide in which sceriario Once we have decided trough the A.N.N. in

which scenario the system is in, it will generate t



chromosome of the facade, through an array thatbwih
sequence of all opening and closing possibilitiesthe
100 ETFE pillows. In that way our genotype will ba
array of 100 elements that indicates the initiagdifjon of
the pillows we are starting with. The positions sidered
will be closed, open or half-open.

Genes = new [100];
Genes [i]= [ open/ close status]

Facade genotype = [c, 0, ¢, h, c, ¢, h, 0, C..]]

methods considered will b&Tpop Scalingand, as a second
option, Tournament selectionThe implementation of
Tournament selection method improves the algorithm
performance. With the experiment finished it onfpyed

to increment the fitness an 0,98 %. On the otherdha
whenTop Scalingselection was implemented, the fitness
decreases a 1%, due to the variance decreasd tissi

to produce.Tournament selectiorwill be finally the
method used.

Multi-objective optimization. Pareto frontier..

As the fitness function should improve after

The general idea was to optimize the genes [ ] @hoosing the more effective selection method, @lsef
the facade for obtaining a desired temperature B 2 extra experiments of its definition will be doneheTfirst

Several simple fitness functions were implemenbeded
on the idea of obtaining an ideal temperature fache
pillow of the facade. The trials were done withqestage
of mutations between a 0.01-0.05%, basicdiybability

of mutation = 1/chromosome length.

Phenotype Definition

The thermal relationship between the degree
openness of the pillows and the temperature vditiabi
was implemented as the fitness function in thertigm.

In EmDeplo, this environment in which our phenotype

exists is the thermal relationship environment-malke

step will be to implement Pareto frontier. Consiolg
necessary the optimization of two values, Q, tregrtial
flux, and t_f, the final temperature, it will be plemented
a multiobjective optimization.

Obj. A: Thermal flux minimum Obj B: t_f = 22°C
F%elative WeightsWa, Wb, Wa =0,2 Wb =0,8

0

Fitness function: f(x)= 1/ (1+ Wa*A + Wb*B)

The results obtained in this final experiment
showed a maximum fitness of 0,016, optimizing the

Once implemented the new relation genotype-pheeotypmaximum insulation properties of the material affid-E

a new fitness function should be included to avoigillows.

premature convergence and stagnation. This funetitin
be also related with the thermal behaviau.emperature
= (Q * thickness ¥ It will be implemented in the
phenotype for each of the 100 npillowsfi]-

temperatures[i] = G* genes|i]/A (Being genes[i], the
thickness of that pillow). T_f[ Jare the final teematures
and Temperatures[ ], are the input temperaturethet

An homogeneous controlled decrease of
temperatures has taken place in all the facadesiged in
the inputs of the programme.But due to the thermal
properties realationship implemented,

t f[i]= Q* genes]i]/0.017 + Temp [i]

and to the contrains on the degree of opening ef th

beginning of the optimization performance. This egn Pillows, and that is,
array will be the data needed to implement when the

optimized the result is sent to the Arduino. Pdssi
configurations of different temperatures and spaeis
be able to be programmed in the future. Also, it be

considered that different solar factors can be aded

depending on use and timing.

Starting with a fitness smaller than
stagnation appears with a fithess of -727 arourdugion
number 1000.

Selection method.

pgenes [i] =0, genes[i]=0.5 orgenes[i]=1

this is the maximum fithess that can be reached.
Nevertheless, If we consider a free opening degrfee
possibilities, from thickness 0 to thickness 1, so,
genesJ[i]=random (0,1)being all floats between 0 and 1

_zoooallowed as possible degrees of opening, maximtmefs

will be achieved.

After implementing the thermal relationship of
the material in the facade performance, a complete
process through the ANN and the GA, is carried fout

Trying to improve the genetic algorithm €ach scenario possible and, particularly focusedhen
performance it was carried out the study of th@ne chosen by the ANN, obtaining, a much more iefiic
implementation of different selection methods. Théhermal performance.

method implemented initially, was the Alasdair Tufg
interpretation of theRank SelectionMaximum fitness
obtained, -727 will try to be improved with differte
combination of selection methods and variationghef
current fitness function.

The Roulette Wheel Selectiowill not be
implemented due to the danger of premature coevesy
it generates if it exists a clearly dominant indival. The

6

The different facade patterns created by the
learning of the system through the different scesaand
experience , plus the local behaviour for shadimgnore
effective nevertheless when a non-constrainedingesf
the pillows is allowed.

[1] Turner, A., (2009).
Retrieved 20 July 2011.

Ann in open processing.



