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Abstract 
 
 
 Human kind has always been fascinated by the processing capacity , even 

the simplest, manifested by living beings.  In fact, humans have long seeked to 

understand the principles of how biological systems process information. From these 

observations came the inspiration to develop  new techniques refered as neuro -

mimetic technology or just artificial neural networks (ANN) . The latter is used in 

several applications and could help develop a model that would arrange certain clay 

properties in order to give us a particular output. In our case, the outcome would be 

heat and thermal conductivity. Using Matlab as a primary software, statistical fuctions 

could be translated and manipulated so as to fullfill such an ambitious pupose. Hence, 

the aim of this project is to  predict the thermal coductivity of clay based on defined 

data. This will be performed using specific clay properties and different system 

learnings and functions  that will be then exploited and  implemented in an ANN  

Matlab model. 
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1 Introduction 
 
 
 For twenty years, the use of artificial neural networks (ANN) has spread in 

many different areas of industry and services.  In the Geophysical domain,  ANNs 

were used for several methods. For example, they were manipulated  to detect the first 

arrivals of seismic waves ; classify the different signals by  inversion ; transform 

seismic deconvolution problem in a Hopefield network to reduce the computation 

time ; to characterize the resistivity distribution of the basement by the 

magnetotelluric data inversion  and electromagnetic . They are particularly used to 

solve problems of classification, prediction, pattern recognition, categorization, 

associative memory and optimization . Moreover, the training of a nonlinear system 

of multiple variables using  ANN can predict the  one independent variable . 

Therefore, artificial neural networks constitute an approximation of technical complex 

systems which are difficult to model by conventional statistical methods. Since there 

are many ANN structures, it is necessary to analyse their characteristics in order to  

choose an appropriate neural network to develop this project. The latter will be based  

on clay and its properties. 

 As for the Methodology of this assignment, I will be determining first it’s 

purpose in the form of a STEEPLE analysis before tackling the main defenitions and 

characteristicss of artificial neuron networks. I will then mention the different 

important trainings and functions used in details along with the commonly used 

structures. After that, I will be displaying the main clay propertie used for the 

prediction process before showing the whole MATLAB application. I willl finally 

present the results obtained along with their accurate interprtations. 
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2 STEEPLE Analysis: 
 
 

This particular analysis determines the main purpose of the project along with 

its impact on the five different crucial fields (Social, environmental, economical, 

technological and political). I omitted the ethical and legal domains due to a lack of 

relevant and reliable references. 

Social: Predicting thermal conductivity of clay would permit choosing the right 

construction material. In fact, people would be greatly satisfied with houses that are 

well constructed, insulated and economically affordable.  

Environmental: As studies have shown, clay is environmentally friendly. Indeed, it 

is non-toxic and non-pollutant. Furthermore, using it for construction purposes is 

purely harmless, as its components do not contribute in any emissions.   In addition to 

that, and because it never needs painting, clay does not require the use of paint 

containing volatile organic compounds (VOCs) which are greatly harmful to the 

environment and human health. 

Economical: Using clay with the right thermal conductivity in order to build houses 

or foundations is a profitable investment.  Clay bricks are a cost-effective building 

material and are comparatively inexpensive. In fact, it will financially cost less 

especially in the long term. Plus, the cost of reparation is low. A home built from clay 

is sure to be one that is long lasting and durable. Besides, clay bricks are widely 

available, making them easily accessible wherever you decide to build. 

Technological: Using MATLAB and Artificial neural network functions in order to 

predict the right clay thermal conductivity that will be used in different kinds of 

constructions shows how much technology counts in this particular project. The 

application and development of a model will be highly beneficial to perform such 
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study and will allow achieving a sort of advancement that will surely help in future 

fields and researches.  

Political: Joining the Moroccan mission for sustainability in terms of an eco friendly 

country. 
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3 Artificial Neural Networks 
 
 

The artificial neural network (ANN) is a technique that acts similarly to the 

human brain by taking examples from past experiences and exploiting them to solve 

and handle new ones. It looks into the pattern of the examples mentioned and tries to 

advance a model in order to obtain new configurations.   

 ANN is an approach inspired by the human nervous system where the  basic 

functional element is the neuron. As shown by studies, the brain contains 

approximately  1011 neurons. These latter  are responsible for the good reception , 

integration issuance and propagation of  information . Depending on the input they 

receive, they are capable of emitting electric signals that propagate along their 

extensions 1. The nerve cell thus constitutes the basic unit of information processing 

by both the biological and artificial neural networks . It is therefore interesting to 

know how the whole concept works in order to understand the mechanism of ANN’s. 

	

Figure	1:	Morphology	of	a	Biological	Neuron	
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3.1 Litterature Review 
 

 Artificial Neural Networks (ANN) is an approach inspired by the human 

nervous system. The basic functional element is the neuron. As a matter of fact, the 

cerebral cortex (the brain) contains about 1011 neurons. They are mainly responsible 

for the reception , integration, the issuance, and spread of messages. As for today, 

many scientists and researchers used and applied this particular biological concept to 

conduct their studies. Indeed, ANN were applied in different cases and applications. 

For example, GOH (1994) used neural networks to forecast “the settlement of a 

vertically burdened pile foundation in a standardized soil statum” 1. As his input data, 

he analytically handled the ratio of the elastic modulus of a particular pile and 

compared it to the shear modulus as well as Poisson’s ratio of the soil, the load, the 

length, and the radius of the pile. The outcome obtained for his experiment was the 

level of pile settlement 1. Another example would be Sivagkun’s research and 

experiment that used ANN to predict “ the settlement of superficial foundations on 

granulated soils” 2. He used five important variables, which are the net applied stress, 

the average blow, width, shape, and depth of the foundation. The output of this 

particular project was the settlement of the substances used 2. He then compared the 

results with methods that were proposed by other experienced scientists in the same 

field. ((Terzahgi and Peck) 1967) and (Shmertman 1970)) 3. 

As far as soil properties and behaviors are concerned, Ellis (1995) used the Neural 

network methodology on sand basing his research on data such as the grain size 

distribution and also the stress history 4, while Ghaboussi and Sidarta used ANN 

methodology to extract the “geometrical constitutive output from non uniform 

material test ” 5. 
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On the other hand, Najar et al (1996a) used the neural networks to prove its accuracy 

in the prediction of soil engorgement over the statistical process or technique 6. 

Penumaduand Zaho also used ANN to advance “ the stress-strain” and the change in 

volume comportment of both gravel and sand under the weight of “drained trivial 

firmness test settings” 7. 

 

3.2 Structure of Artificial Neural Networks 
 

In 1943, McCulloch and Pitts have implemented a system of artificial neural 

networks, which is analogous to biological neurons, based on a complex structure 8. 

The ANN system is considered as an arrangement of identical structural elements 

called neurons interconnected by analogy with cells in the human nervous system. It 

is also composed of a succession of layers connected so that each neuron takes its 

input from the output of the preceding neuron. In this case, each neuron operates 

independently with respect to the other so that the whole set forms a compact system. 

The information is then stored in a distributed manner in the network as synaptic 

coefficients. Besides, the formal neuron regularly calculates a result it then transmits 

to the next neuron. Each calculation is associated with a weight that defines the 

strength of the connection. The following table shows the analogy between a 

biological and artificial neuron. 

Artificial Neuron Biological Neuron 

Connection Weight Synapses 

Output Signal Axon 

Input Signal Dendrite 

Activation Function Soma 

Table 1: Analogy between an Artificial and Biological Neuron 
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As mentioned earlier, the neuron is a processing element that takes a number 

of inputs, weighs them, sums them up, adds a bias and uses the outcome as the 

argument for a single-valued function (transfer or activation function) which results in 

the neuron’s output 9. The following figure shows a simplified structure of an 

artificial neuron network and which contains an input layer, hidden layer as well as an 

output layer. 

 

 

 

 

 

 

 
 
  
 
 
 

 
 

  

 Mathematically, as shown in Figure 3, each neuron receives a particular  

input in the form of a vector then calculates a weighted sum of its inputs so that the 

result is then passed through the activation function to create a wanted output. 

 

	

Figure	2:	Structure	of	an	ANN 



	 12	

 

 

 

 

 
 
 
 
 
 
 
 
 
 

3.3 Activation Function 
 
 
 The activation function, also known as transfer function,  is used to convert 

the result of the weighted sum of a neuron’s inputs into  a wanted  output value. This 

conversion is achieved by calculating the neuron state by introducing a non -linearity 

in the functioning of the neuron. 

The bias b  plays a role of threshold. When the result of the weighted sum exceeds 

this threshold, the argument of the transfer function becomes positive or zero; 

otherwise , it is considered negative 10. Finally, if the result of the weighted sum is : 

1- below the threshold, the neuron is considered non – active. 

2- around the threshold , the neuron is considered in transition. 

3- above the threshold , the neuron is considered active. 

 There are several types of transfer functions that can be used in artificial 

neuron networks. The most used activation functions are shown below: 

 
 
 
 

	

Figure	3:	Structure	of	an	Artificial	Neuron	Network		
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3.3.1 The Non-linear Sigmoid Function 
 
 
 The Non- linear sigmoid function is frequently used in artificial neural 

frameworks , particularly in networks using the  back-propagation algorithm. Unlike 

the sigmoid function , other functions only provide a binary output which makes it 

difficult to estimate the optimal weights . 

 The sigmoid function is defined by:  

! ! = 1
1+ !!! 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

3.3.2 The threshold function 
 
  

 This type of function takes the value 1 if a stated function of the variables 

exceeds a given threshold and 0 otherwise 10. Two main  examples are  the Heaviside 

function and sign function which are respectively  defined as follow: 

Heavside Function: 

ℎ ! = 1 !" ! ≥ 0
    0 !"ℎ!"#$%! 

Figure	4:	Sigmoid	Function	
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Sign Function: 

!"#$ ! = +1 !"# ≥ 0
     −1 !"ℎ!"#$%!   

 

 

 

 

 
 

3.3.4 The linear Threshold Function 
 

 
It can be defined as follow: 

 
 

! ! =
    ! ∈ !, !

     ! !" ! ≥ !
     ! !" ! ≥ !

 

 
 
 
 

 

 

 

 
 
 

																		Figure	5:	Sign	Function	 														Figure	6:	Heavside	Function	

Figure	7:	Linear	Threshold	Function	



	 15	

3.4 Neural Networks’ Architecture 

  

 Architecture is a very important concept that plays a decisive role in the 

classification of RNA . Each architecture has its own organization that is adapted to 

specific applications. 

 

3.4.1 The Recurrent Networks ‘Feedback’ 
 
  

 These kind of networks are characterized by the fact  of letting  information 

circulate  recursively  in a  partial or total manner. The most widely used architectures 

are: 

  
The self-organizing maps of Kohonen: 
 
 
 This type of network uses a non -supervised learning which adjusts a 

discrete and ordered card according to input patterns. These networks are derived 

from the work of Fausett (1994) and Kohonen (1995) and are generally used for data 

analysis based on  their faculty to distinguish between groups in a set of data and  two 

dimension map 10. 
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Figure 8: Kohonen Model 

 

 

 Hopfield Networks: 

 
 This type of network uses a non -supervised learning and  is particularly 

used in solving optimization problems. Moreover, Hopfield networks are considered 

as fully connected networks and there is no actual difference between input and 

output neurons. Such networks operate as a non- linear associative memory which has 

the ability to discern an object stored in a data space. 

 

The Adoptive Resonance Theory (ART): 

 
 ART networks are used as detectors of characteristics so as to order patterns 

in a given system without any information except their internal description. They are 

based on the adaptive resonance theory. Furthermore, these types of  networks can 

acquire new knowledge without  losing previously accumulated information 10. This 

is interesting and most useful  for continuous training with data additions. 
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3.4.2 Forward Propagation Networks ‘Feed- Forward’ 
 
  

 The peculiarity of this type of network is that information travels in one 

direction only , with no feedback of inputs and nor outputs. Such networks use a 

supervised learning based on a system of  error correction where the error signal is 

propagated backward to the inputs in order to  update the weights of neurons. 

 

 
The monolayer Perceptron "SLP": 
 

 Before defining the collective structure of a set of neurons, it is important to 

understand  the single-layer perceptron which is a simple network that has an overall 

composition constitued of an input and output layer without having any hidden ones. 

It usually obeys a supervised training or  learning and follows the correction of the 

error rule. The following figure shows the structure of a monolayer network. 

 

 
 
 
 

Figure	9:	Monolayer	Network	
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The Multilayer Perceptron “PMC”: 

  

 The PMC is an extension of the single-layer perceptron that has one or more 

hidden layers. Neurons are arranged in successive layers with a first one that forms a 

vector of input data that is  called an input layer while the last layer that produces the 

results is called an output layer. All the other layers which are in the middle are called 

hidden layers. The neurons of the input layer are connected only to the next layer 

while the neurons of hidden layers have the distinction of being connected to all the 

neurons of the previous layer and the following one 11. However, there are  no 

connections between neurons themselves in any layer. Unlike the monolayer 

perceptron SLP, there’s a  presence of a hidden layer in the PMC structure which 

facilitates the modeling of  nonlinear relationships between input and output 

variables. The choice of the hidden layers’ number generally depends on the 

complexity of the problem. In fact,  a single hidden layer theory can be  sometimes 

enough to solve a given problem but more often, the fact of having several hidden 

layers could resolve complex problem more easily. 

Figure	10:	Architecture	of	a	Multilayer	Network	
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Networks with Radial Functions “RBF”: 

  

 The radial functions RBF networks are very similar to those of PMC but 

their peculiarity is that they are characterized by the use of Gaussian functions as 

basic functions. Therefore, RBF and PMC are used in the same kinds of problems 

such as  classification and prediction 11. Besides, among the types of learnings used 

for RBF we can mention the hybrid mode with error correction rules. 

4 Types of Artificial Neuron Networks’ Trainings: 
 
 

The training process is  an important step in developing an artificial neural 

network. As a matter of fact, the behavior of the overall network is modified 

iteratively until the desired structure or target is obtained. This could be done by  

adjusting correctly the data’s weights (connection or synapse) with an adequate  

source of information set. Besides, The training procedure could also be referred to as 

a learning phase where the network in use tries to assimilate the input implemented 

before doing the processing. It’s purpose is also to extract errors or inaccuaracies 

from the data used in order to train correctly the network. However, the main purpose 

of trainings remains the fact of  solving  the problem at hand by either prediction, 

classification, optimization and so on. Aside from that,  learning  can also be seen as 

the process of updating weights  in the network so as to adjust its direct  response to 

samples and experiments. In general, There are 3 types of trainings: Supervised, 

unsupervised, and reinforcement learning. 
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Supervised Learning 

 In this type of learning , we mainly  seek for a genuine way  to try and  

impose a given operation on the system by forcing the network’s  outputs of the 

network to take well determined  values from the data (which are selected by the user) 

and by modifying the synaptic weights 12. The artificial network then acts as a filter 

whose transfer settings are adjusted from the input-output pairs presented. Adapting 

the network settings is done from an optimization algorithm where the initiation of 

synaptic weights are usually random . 

 

Unsupervised Learning 

 Unlike supervised learning , only the input values are available in this type 

of special learning , which is also refered to as  "learning by competition" 12. In this 

case, the examples presented at the entrance of the network  provoke a  self- 

adaptation of the system in order to generate output values which are considerably 

close in response to similar input values. 

 

Reinforcement Learning 

 The reinforcement  learning algorithm is initially used  to flow in and 

implement the various input data until obtaining  a calculated input  by the artificial 

network. Afterwrds,  a comparison should occur between the calculated output and 

the actual experimental 12. In this case, the weights are modified so that at  the next 

iteration, the generated error between the both outputs is minimized . Besides, taking 

into consideration the presence of hidden layers , the error is reinforced  until it 

arrives to  the input layer while changing the weighting. The process is repeated on all 

the data until we obtain a time  where the output error mentioned becomes negligible. 
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5 Clay: 
 

5.1 Definition:  
 
 
 Clays are sedimentary materials of the surface layer of the earth's crust , 

obtained by physical degradation (frost, salt crystallization , .. ) and alteration by 

hydrolysis of minerals and eruptive magmatic rocks such as Granites and basalts, 

under the physical and chemical action of surface water. These detrital residues are 

displaced by ice , river or wind and deposited in settling ponds . 

 In addition to that, Clay minerals are basically made of silicon, aluminum, 

oxygen and hydroxyl ions . Moreover, clays are detrital materials that are mainly 

formed  due to  various physical alterations such as freezing and thermal shocks 

which are then followed  by different chemical reactions. 

 

  

  

 The reasons behind choosing clay specifically as the main material  for this 

project lays in its huge importance and convenience .In fact, for thousands of years, 

mankind relies on clay as a  material for different purposes mainly related to 

construction . The motive is simple: clay is used without adding a lot of energy or 

chemical processes, which makes it  naturally a good building material. Furthermore, 

clay absorbs moisture and releases naturally . It is a  tough material and could be fixed  

easily. Nothing is easier than using and  applying this ancient substance. In the field 

Figure	11:	Example	of	different	clays 
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of restoration of monuments , unlike the modern new building materials , clay helps 

naturally maintain old foundations . It absorbs excess moisture of other materials ( 

such as wood ) and therefore , keeps beams  very dry. In addition to that , the 

plasticity of the material allows perfect adaptation to the inequalities and 

imperfections that are  typical of these old buildings. In new construction , clay really 

seems to very convenient  in comparison to other more conventional materials . It 

does not trigger allergy, works easily and is simply beautiful and accessible. 

 

5.2 Clay Properties: 
 

 

The three clay properties chosen for this specific project are the three most 

observed ones experimentally. In fact, these three properties describe perfectly clay’s 

overall structure and arrangement. Plus, they are highly correlated as a strong 

relationship lies between them and the desired output, which is thermal conductivity. 

The properties chosen are: Porosity, humidity, and density. 

 

5.2 .1 Porosity 
 
  

 Porosity is the property of a material which contains pores or cavities of 

small size. The latter contain generally fluids, liquid or gas. Besides, a porous 

structure may be:   

Closed:  when the pores are not interconnected like cellular glasses for example.  

Open:  when the pores are interconnected  and form very fine channels such as in  

bricks  or concretes.  
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 When the structure is open, it allows  water absorption. The channels mainly  

behave as capillary tubes . In addition to that, we could also notice the progression of 

water vapor . In this  particular case, we speak about  materials permeable to  steam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Porosity is also  a physical quantity that determines the flow and retention capacities 

of a substance (Darcy 's Law) . In fact, it represents  a numerical value defined as the 

ratio between the volume of voids and  the total volume of the given porous material. 

! = !!"#$%
!!"!#$

 

With: 

!:  !ℎ! !"#"$%&'                                                                           
!!"#$%:   !ℎ! !"#!!! !"#$%&                                                       
!!"!#$:  The total volume of the material,which is the      

                        sum of the substance’s volume and the pores’ volume.
 

 

5.2.2 Humidity 

 Humidity or moisture is the presence of water or water vapor in a substance. 

Clay is charecterized to be a huge absorber of moisture. Moreover, it could be one of 

Figure	12:	Pores	of	a	random	material 
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the results of the material’s inner pores. In a construction context, it is often refered to 

as the amount of water in the foundation. 

 As for today, most of the materials, including clay, that  are commonly used 

for construction  purposes are porous materials . In fact, they consist of a solid part, 

which is reffered to as the matrix,  as well as air contained in the pores. As a result, air 

and moisture may move in this network. Therefore, water molecules will  be able to 

settle inside and  within the material . According to the application area , moisture 

may be reffered to or designated  differently. The most used formula is the following: 

 

! = !!"#$%
!!"!#$

 

 

With:     !!"#$%: The mass of water inside the material 

              !!"!#$: The total mass of the material 

 

5.2.3 Density 

 
 The density is a physical quantity that characterizes the mass of a material 

per unit volume and is the modern synonym for various outdated terms such as  

"absolute density" and "clean density" or even  "specific mass".  Its unit of 

measurement in the International System (IS) is the kilogram per cubic meter (kg 

/m3).   

 The density of a material is, for solids and liquids, the ratio of the density of 

the water to that of the material.  

! = !
!  

 For gases, the density is calculated in relationship to the overall density of 

air. In both cases, the density is necessarily a dimensionless number. In fact, it varies 
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according to several parameters. It depends in particular on the temperature and, 

especially for gas, on pressure. Some materials (including wood), which can absorb 

water, the humidity ratio could also alter the density. For porous materials such as 

clay, sand, soil and wood, the indicated densities represent bulk densities. 

The following table displays some density example for most used materials: 
 
 

Common Materials Density (kg/m3) 

Clay 1300 to 1700 

Sand 1600 (dry) to 2000 (saturated) 

Concrete 2200 to 2500 (armored) 
 

Table 2: Density of some common materials 

 
 

5.2.4 Thermal Conductivity 
 

 The thermal conductivity ( λ ) is a characteristic that each and evey  material 

owns .  It indicates the amount of heat that is spread by thermal conduction. It varies 

depending on each material’s properties and is is expressed in W / mK.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	13:	Thermal	Conductivity	Process 
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 The More the thermal conductivity is high, the more the material is heat 

conductive . The lower it is , the more the product is insulated .  This coefficient is 

valid for specific materials especially homogeneous ones . It does not make sense for 

heterogeneous materials through which heat spreads simultaneously by either  

conduction, convection and radiation. The thermal conductivity coefficient  λ of a 

material varies depending on its temperature and humidity. 

Practically we distinguish between two types: 
 
! !:  thermal conductivity of a material in an inner wall or an outer wall. The material 

should be protected against moisture and humidity that are caused by rain or 

condensation. 

! !:  thermal conductivity of a material in an outer wall that is not protected against 

moisture due to rain or condensation. 

 Thermal conductivity coefficients of the materials vary greatly depending on 

their particular  substance and nature. For example: 

Stones : 1.4 ( semi-soft stone) to 3.5 ( heavy stones ) W / mK. 

Heavy concrete: 1.3 ( unarmed dry ) to 2.2 (wet armed ) W / mK. 

 
Material Thermal Conductivity ( in Watts per 

meter Kelvin (W / mK)) 
Copper 380 

Lead 35 

Gold 320 

Silver 430 

 

Table 3: Thermal conductivity of some common materials 
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 As mentionned before, clays are natural and abundant raw materials used 

since ancient times. Nowadays, areas of applications are varied such as: art table ( 

porcelain ) pharmaceutical industry, medical or cosmetic domain, habitat (Tiles and 

bricks) or the refractory industry. Essential for the manufacture of many ceramic 

products, clay raw materials are shaped  (pressing, casting ...), dried and heat treated 

to consolidate. The firing result due to a specific increase in  heat  has therefore a 

significant impact on the microstructure. In a raw phase, it is a crystallized material 

with a sheet structure. When heat treated, clay is transformed, and after cooling, it is 

constitued exclusively of an amorphous phase or a mixture of an amorphous phase 

and various crystalline phases. The choice of  the raw materials and the firing cycle 

depends on the properties that we would want  to use for end products. For example: 

low thermal conductivity, high mechanical strength or even some aesthetics (such as 

the color). 

 However, there are few accurate and complete data on capacity heat and 

thermal conductivity of clays . Some studies focus on measuring  heat capacities of 

various raw clays, but the data is almost non-existent when they are heat treated . 

Regarding the thermal conductivity, studies mainly focus on specific industrial 

products with complex compositions , such as refractory bricks. 
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6 MATLAB Implementation: 

6.1 MATLAB Definition 

 MATLAB is a computer programming language mainly dedicated to 

scientific applications. It is derived from Matrix Laboratory and is largely used to 

develop solutions requiring high computing power. Besides, MATLAB is a 

commercial software of interactive computing . It allows to achieve various numerical 

simulations based on different numerical algorithms analysis. It can therefore be used 

to estimate the  resolution or output  of differential equations ,  partial derivatives, 

linear systems and so on. 

 Moreover, MATLAB is an  interactive scientific application oriented to 

vector calculus and matrixes using a set of efficient toolboxes as well as a powerful 

visualization library. In addition to that, It allows its users to solve very complex 

computational problems in a much more logical and easier way compared to other 

well known languages such as C language or FORTRAN. 

 

 

 

 

 

 

MATLAB contains a group of application-specific solutions called toolboxes. 

The latter permits you allow you to learn and apply specific knowledge using a 

specialized kind of technology. Furthermore, they represent a complete and inclusive 

collection of MATLAB functions that allow engineers to solve precise types of 

Figure	14:	MATLAB's	Logo 
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problems. Some domains where these toolboxes could be used include wave 

oscillations, motion treating, regulating procedures and neural networks. 

In this particular project, I’ll be using MATLAB and its specific functions to 

try and predict the thermal conductivity of different clay samples. In other words, by 

choosing the adequate functions, the model will be trying to find some sort of 

correlation between the data implemented and figuring out how the target would have 

improved using a specific training as well as the number of iterations it used to do so. 

Furthermore, it could be seen as a sort of refinement or optimization. This requires 

having a decent knowledge of the software’s toolboxes as well as a reliable data of the 

clay’s properties mentioned above (Porosity, humidity, and density). 

 

6.2 Clay Data 

 

Due to the scarcity of data, I’ve managed to find some different samples of 

clay and their specific properties in numbers. Even though the data found was used 

for other purposes, there was no reason to not use it for this particular project 

knowing how difficult it is to calculate and estimate the values theoretically. 

Moreover, there were no other concrete alternatives. As mentioned in the previous 

sections, the three properties involved along with clay’s thermal conductivity are: 

clay’s porosity, density, and humidity. The three properties are strongly related and 

have a direct link to the desired output, which makes the data even more reliable and 

dependable. 

Six different samples of clays were found from various areas and regions. 

Most of them are located in the United Kingdom in diverse zones such as London, 
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Kimmeridge and Oxford. The following table represents the data that will be used and 

implemented in the MATLAB model: 

 

 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 

Porosity (%) 37 41 50 34 37 42 

Density (g/cm3) 2.64 2.42 2.41 2.57 2.6 2.54 

Humidity (%) 48 65 60 35 45 50 

Thermal 

Conductivity 

(W/mk) 

0.82 0.68 0.76 0.97 0.7 0.84 

 

Table 4: Clay data samples collected 

 

I then put the values above in an excel sheet that will be then used as an input and 

target for the model. (SEE APPENDIX A). 

 

6.3 ANN Architecture and Learning Chosen 

 
 In our case, the most suitable network architecture would be the Feed 

forward back propagation, known as “Feed-forward backprop”. In fact, and as 

mentioned previously, this type of network makes it possible for the information to 

travel in one direction only, with no actual feedback of inputs and nor outputs. This is 

has proven to be suitable as our data  contains both the input to be implemented and 

output that should be optimized.  Moreover, it is useful for calculating the equivalent 

Clay Samples  

 
Properties 
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transfer function for any given system that contains some sort of block diagram. 

Besides, the feed forward backprop network is represented in this project as a multi 

layer perceptron (PMC). The latter is an extension of the single-layer perceptron 

that has one or more hidden layers. Neurons in this case  are arranged in successive 

layers with a first one that forms a vector of input data and another one representing 

the target or   output . All the other layers which are in the middle represent the 

hidden layers.  

 Aside from that,  th model wanted would be following a supervised 

trainng. In this case, the learning procedure would fall under this class if the required 

output for the system were also offered with the entered data while training the 

network. Furthermore, it is possible to estimate a set of errors based on both the target 

output and actual output by eventually implementing the data at hand. 

6.4 Functions Used 
 

6.4.1 “Nntool” 
 
 

The “nntool” function is a forecast model that is mainly used for general 

system identifications of artificial neural networks and   that fall in the category of 

dynamic developing or modeling. The latter is considered useful and important in the 

process of building a vigorous model or network. Morover, the ‘nntool” has proven 

to be very convenient in many domains and applications that require a rigorous 

analysis, evaluation and simulation. The various fields include engineering and 

industrial systems, biochemical activities, automation or robotics and sometimes, 

even aerospace structures and procedures.  

This particular tool makes it possible to determine and resolve practically any 

problem that requires the use of artificial neural networks. Writing the word “nntool” 

on the main MATLAB interface will directly display a network panel that would be 
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used in implementing the different data and parameters that are required by the 

project. 

 

6.4.2 Training Function:  “TRAINGDX” 

 
 It is very difficult to know what learning algorithm of a " feedforward " 

network will be the fastest for a given problem . It depends on many factors that 

include:  

! the complexity of the problem. 

! the number of vectors or data points in the training set (number of properties in our 

case).  

! the number of weights and biases in the network ( number of samples) 

! the objective and error 

! Knowing whether the network is used for approximation purposes, optimizations, 

regression or so on. 

After going into deep researches, the training function I’ve found and that I’ve 

decided to be the most suitable in predicting the wanted output is the function 

TRAINGDX. It falls into the nntool toolbox and uses a specific nonlinear input-

output sort of training. For example, the prediction of a set of output Y given a set of 

inputs will be determined following the data implemented and using a certain amount 

of iterations in the hidden layers. It is very important to note that the TRAINGDX 

function’s solutions are ultimately dependable of a specific set of input and output.  

The following figure shows an example of the function’s structure in 

MATLAB: 
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 In general, it represents an algorithm used in  prediction and optimization 

problems for networks that contain up to several hundred of  weights. The function 

TRAINGDX will have the fastest convergence despite its slow training process. Plus, 

it is the only function that uses the concept of multilayers characterized in the 

multilayer perceptron (PMC) It is greatly useful and has a big storage requirement 

especially if a very exact learning is desired. The results are both accurate and 

optimal. Moreover, it is suitable compared to other training functions such as 

TRAINLM where performance is relatively low on the problems of optimization and 

predictions even though it  requires less training time in comparison to TRAINGDX. 

The following section will exhibit the exact steps followed for the 

implementation of the data shown previously along with the explanation of all stages 

of the application. 

 

6.5 MATLAB Application 
 

After opening MATLAB, the first thing to do is to create three new files in the 

workspace area. The first one representing the input, the second one the target, and 

the last one would be the sample. 

Afterwards, we’re going to implement the data of the three chosen properties 

of clay (Porosity, humidity, and density) for all six samples in the input file created by 

bringing it from excel.  

Figure	15:	TRAINGDX's	structure	example 
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We will do the same thing for the target file that represents clay’s thermal 

conductivity for the six samples. Concerning the sample file, it symbolizes an 

important segment of the whole application, as we will fill it with the data of the three 

properties of one unique sample chosen randomly from the six without the output 

wanted. The model and simulation desired will try to predict the sample’s thermal 

conductivity based on the actual data (input plus target data of the other samples) 

along with an optimization characterized by finding errors and seeking for the type of 

correlation between the properties. 

 

 

 

 

Figure	16:	Step	1 
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After that, we need to call upon the artificial neural networs’ command pannel 

by writing nntool on MATLAB’s interface. 

Figure	17:	Step	2 

Figure	18:	Step	3 
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This will bring a sort of neural network data manager displayed as follow: 

 

In this interface, I imported the data created using the following specific sheet. I 

added all three components from MATLAB’s workspace according to their adequate 

location (Sample data being an input too).  

Figure	19:	Step	4 
Figure	19:	Step	4	

Figure	20:	Step	5 
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I then click on import and get an updated version of the data manager. 

 

We will then click on the button “new” in order to create a network and choose the 

suitable structure and training function. This is the most important stage of the 

application. In our case, it will be “TRAINGDX “and the network type will be the 

“feed-forward backprop”. 

Figure	20:	Step	6 
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Figure 22: Step 7 

 

 Concerning the adaption learning function, the most commonly used is the 

LEARNGDM. It represents the instant variation of the data while transforming the 

input into output. In addition to that, it prevents redundancy and oscillation issues that 

frequently lead to minor errors. As for MSE, it represents the mean square error. I’ve 

chosen it as the performance function in order to estimate the network’s 

implementation according to the mean of squared errors. It is very useful when it 

comes to comparing several estimators, especially when one of them is biased (If the 

given estimators are unbiased, the most efficient estimator is simply the one that has 
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the smallest variance). Also, the reason behind choosing six as the number of neurons 

is that we have three properties as input data. I will be choosing two neurons for each 

one to have a more optimal result and to also avoid complexities (maximize the 

number of iterations). Finally, the transfer function chosen is the LOGSIG. It just 

analyses before computing a given layer’s output based on the net input.  

After that, I clicked on “create” to obtain the following artificial neural structure for 

this specific project: 

 

 The structure obtained contains an input segment  (which represents the 

three original properties), a hidden layer that encompasses the six neurons chosen for 

the model, and an output segment, which represents the thermal conductivity. (W 

refers to the weight of the input data and b the bias). 

Figure	21:	The	ANN	structure	used 
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We then set the training info by matching each data with its corresponding 

slot. (Input with inputs and Target with Targets). The training’s result would be the 

network’s output desired. 

 

 

Figure 24: Step 8 

 

After that, we just have to click on “train network” and wait a certain amount 

of time in order to obtain the final results. Some networks’ training take a 

considerable time to process and give a suitable output. In fact, depending on the data 

the operator or user has, some predictions may take a long time before actually 

showing a certain performance that would be required in order to obtain the desired 

final results. The following figure shows the real time training of this specific project. 
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The Epoch represents the number of iterations that the model performed. In 

other words, it refers to the number of times the model re-trained the data in order to 

achieve the desired goal. As the performance time increases, the model’s 

effectiveness is eventually affected. 

The training stopped after 517 iterations  (in a range varying between 0 to 1000). 

After clicking on the performance plot for the training done, we obtain: 

 

Figure	22:	Step	9 
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The above plot shows that the model’s training stopped after 517 iterations in 

order to give the most optimal output and prevent an over fitting of the system. Also, 

MATLAB has identified the best performance of the artificial neural network to be at 

117 iterations (the one with the least mean squared error). The other two plots just 

represent the training and test plot that haven’t a real impact on the results obtained. 

 

 

6.6 Results: 

Now, in order to predict the thermal conductivity of the sample chosen and 

compare it to the experimental value already given in the data, we should go back to 

the network’s structure interface and click on “simulate”. We then change the input 

segment to sample and name the output “predicted” 

Figure	23:	Step	10 
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We then obtain a new segment in the network’s data manager. By double clicking on 

“ predicted” we obtain MATLAB’s thermal conductivity prediction for the sample 

data used. 

 

  

 

 

 

 

 

 

 

 

 

 

Figure	24:	Step	11 

Figure	25:	First	sample's	thermal	conductivity	prediction 
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We notice that the thermal conductivity predicted for the first sample is 0.796 W/mk. 

By comparing the value obtained to the experimental one displayed in the original 

data (0,82 W/mk), we notice that there isn’t a huge difference between the two 

estimates. The slight variance is due to lack of a certain amount of samples as well as 

inputs  (that represent the properties). We could afterwards repeat the process for each 

and every sample in order to find their corresponding thermal conductivity using the 

same model and steps mentioned. 

 Despite some inaccuracies and effectiveness issues, the whole implemented model 

proves that this MATLAB simulation could be reliable and used as a forecasting 

application. Based on the application displayed, and thanks to the different functions 

used, we will be able to predict the thermal conductivity of all types of clay based on 

those three particular properties: porosity, density, and humidity. 
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7 Conclusion 

 

The aim of this project is to examine and study the ability of using artificial 

neural networks (ANN) for the prediction of clay’s thermal conductivity based on its 

three mentioned properties. A standard feed back propagation (BP) neural network 

model with specific set of function algorithms was developed. In order to train the 

network, six different clay samples were used as actual defined data. Plus, properties 

such as density, porosity and humidity were used as input variables so as to obtain the 

corresponding output, which is thermal conductivity. The performance and training of 

the developed ANN prediction model was evaluated based on the experimental 

results. We notice that the network produces the predicted results with a good overall 

coherence in comparison with the original ones. In fact, the overall results show that 

the networks can be used as an alternative way for predicting clay’s thermal 

conductivity using different properties. However, in order to perform correctly the 

whole project, a decent understanding of artificial neural networks’ features is highly 

required. Besides, a good handling of MATLAB will also prove to be useful as one 

should know and concretely understand the functions and different algorithms that he 

or she is dealing with. Despite obtaining the project’s desired results, the given 

assignments may still be a bit ambitious especially when dealing with numerous 

properties. Plus, MATLAB still isn’t a strong platform for prediction problems. Its 

inaccuracies and generated errors made it somehow difficult to correctly implement 

the application. Therefore, I would recommend the usage of ANNs in a much robust 

and vigorous engineering software where optimizations and predictions would be 

efficiently and fruitfully performed.  
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Appendix A: Clay Data in Excel 
 

 

 


