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Abstract  

 
The project consists in develop a tool that make a classification of latex 
gloves taking into account the different features that make the difference 
between them using a Matlab code in machine learning. 

This project has the purpose to have a tool that classify those gloves in 
order to know in which market of the world they could be sold and at 
what price. So as to achieve this purpose, it is necessary to collect the data 
and prepare them to introduce in the code.  

The project can be divided in three different parts; the first one is to make 
a research of all the theory about latex gloves, achieve the basic 
fundamentals with the program Matlab and the theory about image 
processing and machine learning. After that, I will collect the 125 data 
and the features to take into account are if the gloves have black spots and 
if they are yellow or white colour. With all the material, it will possible 
to generate a code in Matlab to prepare all the data and finally, train a 
model with machine learning. 

After training this model, the classifier performed well, achieving 82% 
accuracy. However, it is not perfect because the main mistake has been in 
the images taken, some of the gloves had wrinkles, so the code detects 
them as black spots. That is why, as a future work, the quality of the 
images should be improved in order to not have wrinkles and hence 
improve the precision for the classifiers. 

Moreover, it has been proven that this tool can be implemented in the 
company that has provided the gloves. With that, his plan to sell gloves in 
Europe could be feasible if the bath of gloves accomplishes the required 
Acceptance Quality Limit but it has not been possible to prove because the 
gloves have not been randomly selected to carry out this project. Even so 
knowing that the code works, it could be applied to corroborate this fact. 
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1 Introduction 

 

1.1 Purpose of the project 

 

The purpose of this project is to develop a tool using a Matlab code of 
machine learning in order to classify latex gloves. The aim of this 
classification is to obtain different groups depending on the quality of 
those gloves.  

The Matlab code will recognize pictures of each glove, it will give the 
classification of all of them taking into account the features that has been 
chosen and finally, and if it is possible, the areas will be awarded 
depending on the results of classification and according to the Acceptance 
Quality Limit required. 

 

1.2 Justification of the project 

 

The manufacture and sale of non-sterile single-use latex gloves is 
currently a global product, since it uses the same types of gloves around 
the world. The price of each glove is really low, but it is always de same 
for every glove. However, they have very little difference which 
nowadays is unappreciated and that’s why they have all the same prime.  

So, this project wants to develop a tool using machine learning and so be 
able to classify these gloves with small differences and therefore, give 
different prices for each one, because depending on the market where 
they are used, perhaps one quality or another is required, so the price is 
different as well.  

Machine learning is the future for all the machines in industry, because 
it’s a new methodology which can give us less work in quality control 
since the machine itself will learn to do it.  
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Most companies are unaware of this concept and do not apply it when it 
could be very useful. That’s why I have decided to apply it in the 
manufacture of latex gloves from the IMGSA company and thus be able to 
give them a tool to improve their company. 

1.3 Scope of the project 

 

This project is divided in three different parts.  

The first one, consists in a study of how are the latex gloves made, which 
are their price, and what are the requirements in quality in Europe, China 
and Africa. These sites have been chosen because the company IMGSA 
S.L manufactures and sells latex gloves in Africa (Algeria specifically) but 
wants to expand its business to Europe and wants to know if its gloves 
have quality enough for their export.  

After that, we will obtain the data, that in this case will be the pictures of 
the gloves. For this, around 125 samples will be made. Next, the 
characteristics in which all the gloves will be classified will be chosen, 
which in this case will be three. From here, it will be chosen the 
necessary algorithm and the necessary tests will be carried out to obtain a 
valid model that classifies all the latex gloves.  

Finally, with the classification obtained by the Matlab code, we will know 
if this tool is good enough to classify those gloves and useful for the 
company IMGSA S.L in order to sell them in the different markets that 
there are nowadays. Knowing the markets and the Acceptance Quality Limit 
(AQL), we will also know the price that they may be sold. 

 

1.4 Methodology and planning 

 

To carry out this project, it is necessary to have an organized schedule of 
the main activities. Following the mentioned objectives its order is: 

1. First of all, it is needed to search for information about the main 
parts of the project starting with the program Matlab and specially 
with machine learning field. 
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2. After that, it is important to know some theory about the 
manufacture of latex gloves. 

3. Before writing the software, it is important too to collect all the 
data, knowing in which groups of classification we want to have.  

4. Then, the software for the machine learning can be written in 
order to get the classification for all the latex gloves pictures. 

5. The verification of the Matlab code so as to know if it is good 
enough.  

6. Finally, with the results,  get some conclusions of this new tool.  

 

 

COD ACTIVITY DEPENDENCE 

1. Start - 

1.1. Information search 1. 

2. Data collection - 

2.1. Prepare the data 2. 

2.2. Fit the model 2.1. 

2.3. Validation model 2.1./2.2. 

3. Award markets to the groups 2.3. 

4. Final conclusions 3. 

5. Ending 4. 
 

Table 1. Relationship between main activities. 
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2 Theory 

 

In this chapter the different fields of knowledge that appear in the 
development of the project are exposed. 

2.1 Fundamentals of the manufacture of latex 
gloves 

 

The raw material used is natural rubber (cis-1,4 polyisoprene) which is a 
polymer of isoprene (C₅H₈) obtained from the sap of trees of Brazilian 
origin (basically Hevea Brasiliensis) and African centre. Although, 
currently 80% is obtained from the area of China, Vietnam, Indonesia and 
Thailand. 

Like it is a natural product, it is not standard and sometimes contains 
impurities and depends on the seasonality of the year. For example, in dry 
seasons, the trees secrete less sap and this one is denser. Another example 
is in times of monsoons, it is not possible to collect and the price of the 
little latex that is commercialized increases, varying its price between 900 
to 2000 USD. 

However, recently non-natural latex gloves have appeared, such as nitrile 
gloves (synthetic latex), which lower manufacturing costs and start from a 
standard raw material as it is a petroleum derivative, which does not 
depend on the seasonality of the year, and it can be obtained in many 
countries. 

If we focus on the manufacture and marketing of natural latex gloves, and 
although the consumption is global, the sales prices and the qualities 
demanded by consumers vary from one continent to another. 

Latex gloves are individual work protection equipment that protects 
humans in their workplace. In our world, it is normal to find them in 
different sectors such as in the health, hospitality, beauty and cosmetics, 
labs, etc.  
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There are different types of latex gloves depending on the application, so 
they are made of different materials as it said before. In this project, the 
ones which are going to be classified are made with natural latex. 

They can be classified, according to their use, into three large groups: 
medical use, domestic use and industrial use. However, within these 
groups there are small groups like in industrial use, that there are special 
gloves with high resistance to heat, to manipulate objects with high 
temperatures and there are also reinforced gloves to be able to use them 
with sharp objects. Even though, this project we will be focus on latex 
gloves for medical use, which are the ones who IMGSA produces.  

The process is the same whether the gloves are latex, vinyl or nitrile. In 
this case, as it was said, the company that provides the gloves works with 
latex. The advantages of latex are that they have a high durability, a good 
tactile feel, they are comfortable and easy to adjust to the user's hands. 
But the main disadvantage is that there are more and more users with 
latex allergy. 

 
Figure 1. Cost vs Protection Level of Exam gloves [2] 

They are manufactured using the immersion moulding technique with 
rubber latex. 

The immersion moulding process is the transfer of a rubber film to a 
mould or former of desired shape. With the immersion moulding 
process, a lot of products can be produced such as balls, surgical articles, 
gloves, bottle tops, etc. It is because of the ability of rubber particles to 
coagulate and form a coherent polymer film that is impervious to water 
and air.  
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2.1.1 Equipment 

 

To develop the previous technique, it is needed: 

• Oven: They must be manufactured, inside with a non-corrosive 
material and must be able to efficiently preserve the temperature 
homogeneous. The temperature range should be in the range of 0 
to 140 ° C. In both drying and curing ovens, the circulation of hot 
air is extremely important to ensure minimum process times. 
They are usually constructed with carbon steel, but the materials 
not only depend on the process, they also depend on the costs they 
represent in the process.  

• Immersion tanks: They are the ones who contain the raw materials 
that will be added to the glove. They can be made of porcelain or 
stainless steel, the last one is better because of its resistance to 
corrosion. In general, the tanks have temperature control devices 
and mixers that guarantee a constant homogeneous temperature. 

• Moulds: They can be made of ceramics, aluminium, stainless steel, 
chromed metal, porcelain, glass or a thermoplastic. All moulds 
must be clean and free of grease or acid before being used. 

 

 
Figure 2. Gloves moulds [9] 
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• Immersion machines: These are operated manually for small 
productions or automatically for large productions. 

• Coagulants: 20% calcium nitrate solution in methanol and solution 
of 20% acetic or formic acid in methanol. Water can be added to 
methanol when it is required, especially when acetic acid is used. 
This thickens the latex film, but generates a longer coagulation 
time, so it is necessary to wait a longer time between the 
immersion in the coagulant and the next immersion in latex. 

 

2.1.2 The process 

 

To convert the latex, which is a liquid, into gloves that are a solid 
element, you have to pass it through a baking process. 

The steps of this process are the following ones: 

1. First of all, it is important to clean the moulds so that there are no 
impurities that can produce defects in the finished glove, as are 
mostly perforations that prevent to not have perfect quality.  

2. The clean moulds are poured into the coagulant tank to help the 
latex mixture to adhere to the moulds. The time of the mould in 
the coagulant tank will be longer depending on the thickness of the 
glove that is ordered. That is, if you want more thickness, the time 
will be longer as well.  

3. The preheated clean moulds are submerged slowly in the latex to 
prevent the passage of air bubbles. After that, they are slowly 
removed at a uniform speed. It is good to know that the moulds 
should be removed at a slightly slower speed than the one to which 
the latex will drain from the mould walls. 

4. Inversion of the moulds before drying. This is done after each dive 
to minimize the formation of latex drops in the lower part of the 
mould. This takes approximately three minutes at 60-70 ° C. 
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5. The solvent of the coagulant is allowed to evaporate before the 
second immersion of the moulds, then it is left for approximately 
60 seconds in the latex.  

6. After that, the moulds are slowly removed, inverted and dried for 
about 20 minutes at 60-70 ° C, this is called the vulcanization. It is 
a thermal process that causes the latex to dry and change its 
properties, to be like a rubber. This process is the most important 
one because too much temperature or too much time, it means 
that the gloves are too cooked and therefore of a more yellowish 
colour. Just a short time or not enough temperature, it means that 
the gloves are whiter but less elastic. It is a process that once 
adjusted, does not change. 

7. After being exposed to the heat of the kilns to dry the mixture, the 
leaching process begins in order to eliminate unwanted chemicals 
or also known as impurities from the glove. The use of good 
leaching is the key to a higher quality but also depending on the 
number of gloves that are produced, because this process is 
expensive. 

8. If the product is rolled at its end, it must be done on partially 
dried latex, then drying is complete (10 minutes at 60-70 ° C). In 
order to improve the adhesion of the rolled latex film, the addition 
of about 20% of an unvulcanised latex could be useful. 

9. The products in the moulds are immersed in water (if it’s possible 
is better when it’s hot water) before demoulding to facilitate the 
operation. 

10. The articles must be dried at 60-70 ° C until they become 
transparent. This can take approximately 24 hours. It is essential 
that the drying temperature does not exceed 80 ° C in an attempt 
to accelerate drying since it can cause burns or discoloration in the 
finished products. 
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2.1.3 Normative  

 

The regulations in force in Europe applicable to this project are EN 455 
1:4 and EN 388. 

The first one is “Requirements for single use medical gloves”. In this 
project we will focus on part one and two. The title is: Specification & 
tests for the detection of holes and Specification and Tests for the physical 
characteristics, respectively.  

The second one is “Gloves giving protection from mechanical risks”. This 
one does not directly affect this project. 

 

2.1.4 Production  

 

Nowadays, the estimated annual world consumption is estimated at 
14,000 million units per year.  

However, the production depends on each company obviously, but if we 
look at to the company that provides us the gloves, located in Algeria, 
there are 4 machines. The first two has 3600 moulds and produce 7,000 
gloves per hour. The other two, are newer and they have 7,200 moulds 
and 14,500 gloves per hour are produced.  

The gloves that are manufactured are those known as the test, that are the 
standard ones, and they are purchased in boxes of 100 units. These have 
all the same moulds and they only differ in three sizes, small (S), medium 
(M) and large (L). 

Thus, before deciding which moulds to put on the machine, it is necessary 
to be clear what is your market, since when you start the machine you 
cannot stop it and you cannot change the moulds because it takes fifteen-
day job. 

That is why at the beginning, it is decided what is needed and for example 
50% of S size moulds, 20% of size M moulds and 30% of size L moulds. 
The machine therefore gives you every hour 50%, 30% and 20% of each 
size respectively, which you should keep in mind not mix them. 
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The machine is a single chain, with all the moulds, with a single engine. 
Defects detecting in production lines that produce gloves it is mainly 
performed visually by skilled workers. However, its reliability is 
restricted by eye fatigue and human errors, so it causes problems for both 
factory workers and enterprise. On one hand, because of materials and 
productive technology to produce gloves, the environment of production 
lines is not so health-friendly. On the other hand, workers have to work 
only a few hours and then have a long time to rest both for their health 
and detecting quality, so the enterprise has to employ a huge number of 
workers. To sum up, it is such a problem that needs to be solved in both 
technology and economy [6]. 

An automated detection system based on machine vision can provide a 
promising solution that not only minimizes labour costs, but will also 
improve accuracy and efficiency.  

 

2.1.5 Market 

 

Currently, you can divide the market into three groups: 

• Market 1: the most demanding. Western Europe, USA, Australia 
and Japan are part of it. 

• Market 2: less demanding. Meadle east, center and south of 
America nad north of Africa are part of it. 

• Market 3: the least demanding. Asia, the rest of Africa and the rest 
of Oceania are part of it. 

The model that is followed for the classification of the gloves in terms of 
quality is through the application of AQL. 

For this, and depending on the size of the lot, the number of samples to 
be checked is determined, following the Military Standard.  
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Table 2. Military Standard 105D 

 
 

 
Table 3. Military Standard 105E 

 
 
In market 1 the level of AQL required is 1.5, in market 2 of 2.5 and in 
market 3 of 6.5. 

In our case, knowing that the batch size is 14,500 gloves (manufacture of 
a machine in one hour), applying the maximum inspection level, we must 
take the sampling code K. Which means that for a batch size of between 
10,001 and 35,000 units we must take 125 samples. 
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Since IMGSA wants to expand its business and sell in market 1, that is, in 
Europe, the AQL quality level should be 1.5. Therefore, the criterion 
that should follow taking into account the tables of Military Standard, is: 
of the 125 samples, up to 6 defects is acceptable, more than 6 defects the 
lot is not acceptable. 

If in the 125 samples that are taken we detect the following numbers of 
defects, this lot will be adjudicated in the market that belongs to it. That 
is to say: 

• If we find 5 or fewer defects, this lot will be suitable for market 1, 
2, and 3. 

• If we find 6, 7 or 8 defects, this lot will be suitable for market 2 
and 3. 

• If we find between 9 and 14 defects, both included, said lot will 
only be suitable for the market 3. 

• In the case of detecting more defects, the lot is not suitable for sale 
in any market. 

 

2.1.6 Price 

 

To award the price there are three important factors: 

1. Quality: everything will be sold, but at higher quality, more 
expensive they are. There are gloves at USD 0.14 / 100 units but 
half of them are broken. 

2. Customs: depends on the customs duties of each country. 

3. Transportation: For example, it is not the same manufacture in 
Indonesia and delivered to Madrid, which manufactured in Algeria 
and delivered to Barcelona. The distance varies a lot, therefore, 
the cost of transport as well. 

That's why, normally, it is given the factory price and it is the customer 
who pays and spoils it with customs duties and transportation. 
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Apart from these three factors, there is another that can influence a lot, it 
is the currency. For example, Asians give you the price in dollars, and 
depending on the time of the year, if you work in euros, you can spend 
from 1.10 to 1.30 the value of the dollar, so the price of the glove will 
increase or decrease. You have to pay them in dollars and these dollars 
can cost you more or less in the change to euros.  

Knowing that there are three markets we can say that: 

• Market 1 average sale price, in boxes of 100 units: 2.20 USD 

• Market 2 average sale price, in boxes of 100 units: 1.90 USD 

• Market 3 average sale price, in boxes of 100 units: 1.70 USD 

So, in the next table there’s a summary. 

 

MARKET AQL 
NUMBER OF 
DEFAULTS 

PRICE IN 
BOXES OF 100 
UNITS (USD) 

1 1.5 < 6 2.20  

2 2.5 6£ X £ 8 1.90 

3 6.5 9 £ X £14 1.70 

 

Table 4. Summary of markets, quality and price 

 

In this price, transportation or customs are not included, therefore, these 
costs that must be added will depend on each country.  

For this, there is a solution and it is the banks. Paying, you make a change 
insurance, and you guarantee a fixed price of the change year-round, but 
that also costs money and therefore, you should add it to the cost.  

If we only take into account, the quality to award the sell price could 
follow the figure 3. 
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Figure 3. Price vs. Quality of latex gloves 

 

2.2 Fundamentals in image processing in Matlab 

 

In Matlab, a grayscale image is represented by a two-dimensional array of 
m x n elements where n represents the number of pixels of width and m 
the number of pixels of length, where each element of the matrix of the 
image has a value of 0 (if it is black) to 255 (if it is white). 

On the other hand, a RGB colour image (the default option in Matlab) is 
represented by a three-dimensional matrix m x n x p, where m and n 
have the same meaning as in the case of grayscale images while p 
represents the dimension and for RGB that it can be 1 for red, 2 for green 
and 3 for blue. 

If we wanted to know the size of the image’s array that we have imported 
to Matlab, we must use the function size() and thus we will know the 
number of columns and rows that this image has.  
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Matlab has the toolbox called “Image Processing” [12] that provides a 
complete set of standard reference algorithms and workflow apps for 
image processing, analysis and visualization, as well as for the 
development of algorithms. You can perform image segmentation, image 
enhancement, noise reduction, geometric transformations, image 
registration and 3D image processing. The number of functions that the 
toolbox implements for image processing is very diverse and includes the 
multiple offer of functions already generated by other users and available 
through the Internet. 

 

2.3 Fundamentals of Machine Learning 

 

From birth to death, all humans carry out different processes, among 
them we find the learning process through which we acquire knowledge, 
develop skills to analyse and evaluate through methods and techniques as 
well as through our own experience. However, machines must be taught 
how to learn, because if a machine is not able to develop its skills, the 
learning process will not be carried out, it will only be a repetitive 
sequence. We must also have in mind that having knowledge or doing 
well the automatic learning process doesn’t mean that you know how to 
use, so you need to know how to apply it in everyday activities, and good 
learning also means knowing how and when to use our knowledge.  

That’s why, in 1959, Arthur Samuel, an American citizen who was a 
pioneer in artificial intelligence created the term of machine learning. So 
it is a branch of artificial intelligence whose objective is to develop 
techniques that allow computers to learn themselves with the experience 
after being programmed for the first time. More specifically, it is about 
creating programs capable of generalizing behaviours from information 
provided in different data.  

With other words, machine learning explores the study and the 
construction of an algorithm that can learn from pattern recognition and 
computational learning theory in artificial intelligence, so then, it makes 
predictions on data.  
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This new concept of machine learning is employed in a large range of 
computing tasks where the design and the programming algorithms with 
good results is quite difficult. Some examples of different applications of 
machine learning are the spam email, tagging people and objects in 
pictures, the detection of network intruders, recommendations systems, 
etc.  

So, there are six steps of machine learning, in a complete global view [3]: 

1. Gathering data: in this project will be collect all the pictures of the 
different latex gloves.  

2. Prepare that data: to choose what are going to be the features that 
we want to know about each latex gloves in order to classify them. 
Normally, we create an input data matrix where each row of the 
input data matrix represents one observation and each column 
represents one variable or predictor. 

3. Choosing an algorithm: there are many algorithms according with 
what it’s more important. It can be to have a better training speed 
or maybe to have a good predictive accuracy on new data. We will 
see later which one it is going to be used.  

4. Fit the model: It depends on the algorithm that has been chosen. 
In the following page there are the different algorithms we can 
chose.  

5. Validation model: to know how good our model is. There are 
three main groups. The first one is to examine the resubstitution 
error, the second one is to examine the cross-validation error, and 
the last one is to examine the out-of-bag error for bagged decision 
trees.  

6. Prediction: is where we use our model to do something useful and 
answer our questions. In this project, it will be when the 
computer will give us which kind of glove it is seen in every 
picture.  
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2.3.1 Algorithms 

 

As it has said before, there are different algorithms in machine learning: 

1. Supervised learning: it is used for develop a predictive model 
based on both input and output data. So the algorithm produces a 
function that establishes a relation between the inputs and outputs 
of the system. So, has information that specifies which data sets are 
satisfactory for the purpose of learning. This type of learning can 
be very useful in problems of biological research, computational 
biology and bioinformatics. An example could be a software that 
recognizes whether or not a given image is the image of a face: for 
the learning of the program we would have to provide different 
images, specifying in the process if they are faces or not. [2]. In 
this group there’s two different categories. 

a) Regression: To predict a continuous measurement for an 
observation. So, the responses variables are real 
numbers. Some examples are forecasting stock prices, 
energy consumption, or disease incidence.  

b) Classification: It assigns a class from a finite set of classes 
to an observation. So, the responses are categorical 
variables. Some examples are spam filters, advertisement 
recommendation systems, and image recognition. This 
thesis will focus on supervised learning in classification. 

2. Unsupervised learning: The modelling process is carried out on a 
set of examples formed only by inputs. So, in this case, it has not 
information that specifies which data sets are satisfactory for the 
purpose of learning. That’s why, the main objective is usually to 
find patterns that allow to separate and classify the data in different 
groups, according to their attributes. After that, it is necessary a 
human to supervised the information obtained to give it 
usefulness.  

a) Cluster analysis: Group into sets.  
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There are many programming languages that can be used to implement 
machine learning algorithms. The most popular ones are R and Python. R 
is most common to use in the academic field, while Python is more 
popular in private enterprise. However, in this project we will use 
Matlab.  

 

2.3.2 Approaches 

 

There are also different approaches in the algorithms of machine learning. 
The following ones are the most important: 

1. Decision tree learning: uses decision tree as a predictive model, 
which maps observations about an item to conclusions about the 
item’s target value.  

2. Association rule learning: is a method for discovering relations 
between variables in large databases. 

3. Artificial neural networks: [2] they are non-linear statistical data 
modelling tools and usually used to model complex relationships 
between inputs and outputs, to find patterns in data, or to capture 
the statistical structure in an unknown joint probability 
distribution between observed variables. 

4. Support vector machine: uses a set of training examples classified 
into two categories to build a model that predicts whether a new 
example belongs to one or another of these categories. 

5. Bayesian networks: present a series of random variables and their 
conditional independencies through a directed acyclic graph. It can 
represent, for example, probabilistic relationships between 
diseases and symptoms. 

6. Nearest neighbour: estimate the value of the probability density 
function or directly the probability that an element belongs to a 
specific class from the information provided by the set of 
prototypes.  
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7. Clustering algorithms: is the classification of observations in 
subgroups called clusters, so that the observations in each group 
resemble each other according to certain criteria.  

In the following figure we can see the classification of the different 
algorithm used in machine learning, taking into account if they from 
supervised or unsupervised learning. 

 
Figure 4. Machine learning types [10] 

 

The program used in this project, as already mentioned, is Matlab. This 
software has implemented a series of machine learning functions, in its 
App called Classification Learner. It is used to train models to classify 
data. As Matlab’s webpage says [9] using this app, you can explore 
supervised machine learning using various classifiers. You can explore 
your data, select features, specify validation schemes, train models, and 
assess results. You can perform automated training to search for the best 
classification model type, including decision trees, discriminant analysis, 
support vector machines, logistic regression, nearest neighbours, and 
ensemble classification. 



Machine learning in classification of latex gloves 

 - 20 - 

3 Process and results 

 

This chapter, where the project development is explained, is the most 
important part of the project. 

In the next figure we can see what is going to be done in this part of the 
project: 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Data Collection 

Preparing data 

Classification 1: 
Is there any 
black spot? 

Yes No 

Category 3 

Classification 2: 
Which colour is 

it? 

White 

Category 1 

Yellow 

Category 2 

Figure 5. Resolution Algorithm to develop the project 
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3.1 Data collection 

 
To develop this project, it has been necessary take one hundred twenty-
five pictures of different gloves in order to introduce them to the Matlab 
code, and after that get the classification. It is important to say that all this 
pictures have been taken knowing that we wanted some defaults in order 
to design a code useful. If we implemented this code on the real machine, 
not many defective gloves would be found. 

Let’s see the different types of latex gloves: 

1. Latex gloves with rips: In the quality control at the end of the 
manufacturing process, water is introduced into the gloves, to find 
out if they have holes or rips somewhere and these are rejected 
directly.  

 

 

Figure 6, Latex glove with rips 

 
2. Latex gloves with black spots: The origin of this problem is that 

the mould was dirty. During the manufacturing process, once the 
glove is manufactured, the mould is washed automatically. If it is 
not done well, because the water is dirty or the brushes do not do 
the job well, there are small latex lumps that are cooked again 
during vulcanization and once again burned, leaving these black 
spots. It could also be environmental dirt. They can be sold as 
well, but they have the lowest quality and it is important to take 
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into account in order to award them a sale price. These gloves are 
in the category number three in this project.   
 

 

Figure 7. Latex glove with black spots 

 
3. Latex gloves with different colour: They are more brown than the 

perfect ones. It is when there’s an excess of vulcanization or the 
raw material was not so pure. However, they are good enough to 
sell and they are better from those which have black spots. That’s 
why they’re in the category number two. 
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Figure 8. Brown latex glove 

 
4. Perfect latex glove: The perfect one is which hasn’t got any black 

spots, the colour is perfectly white, and obviously, there haven’t 
any rips. All these gloves are included in the category number one, 
which is the best one. 

 

 
 

Figure 9. Perfect latex glove 
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3.2 Preparing data 

 

Once all the images of the gloves have been obtained and the 
characteristics to be classified are known, we must start programming the 
Matlab code in order to have the classification. 

For the classification, the characteristics seen in the previous chapter have 
been chosen. But first of all, it is important to say that those gloves which 
have rips aren’t include in this software because they are discard during 
de manufacturing, so they are not going to be sell. That’s why we are 
going to focus in those which have the black spots, the ones which have 
the different colour and the correct ones. 

The first step in the preparation of data is the need to convert those 
images from RGB colour model to grayscale in order to have all the 
images with the same colours and light. To do that, Matlab has the 
function called rgb2gray ().  

After that, it is important to make a segmentation of the glove to divide it 
into different parts in order to identify relevant information in digital 
images such as the black spots. In Matlab there are many options to do that 
like texture methods such as textures filters, but in this case cannot be 
useful because of the type of the images. Another option is transform 
methods such as watershed segmentation but it hasn’t give the desirable 
results, because we are not focus in foreground objects and background 
locations, which is what this method works. Another method is colour-
based segmentation such as K-means clustering.  
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Figure 10. Image labeled by cluster index 

 

As it is seen in the Figure 10, this method is not the good one, because 
there are three colours (black, white and grey) and it produces distortions 
in the image when we want to study it. When I tried this method it 
wasn’t necessary to use de function rgb2gray() before apply the K-means 
clustering. 

Moreover, there are thresholding methods such as Ostu’s method. In this 
case, the aim of this method is to find out the threshold suitable, because 
we want to know the lever or the effectiveness metric. The thresholding 
is the simplest method of image segmentation. From a grayscale image, 
thresholding can be used to create binary images. Matlab has two 
functions called graythresh() and “multithresh()” in the Image Processing 
Toolbox. 

•  “Multithresh()”: returns the single threshold value thresh computed 
for image. You can use thresh as an input argument to imquantize 
to convert an image into a two-level image. 

• “Graythresh()”: computes a global threshold that can be used to 
convert an intensity image to a binary image. 

As it said, both functions are based in Otsu’s method, which is explained 
in the Section 3.2.1.  
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A binary image is an image in which each pixel can have only one of two 
possible values 1 or 0. And obviously, with binary images in these 
conditions is much easier to find and distinguish its structural features. So, 
Matlab defines the function imbinarize(I) [11] as the creation a binary image 
from image by using the threshold value of a grayscale image and 
replacing all values above a globally determined threshold with 1s and 
setting all other values to 0s, from which all values of higher intensities 
will be encoded as 1 while those that are below will be encoded zero. 

So, it creates a binary image using threshold obtained using Otsu's 
method, by default. This threshold is identical to the threshold returned 
by graythresh() mentioned before. However, imbinarize() only returns the 
binary image. That’s why in this project it has been used graythresh() 
before imbinarize(). 

 

 
Figure 11. Image labeled by Otsu's algorithm 
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In order to improve images processing efficiency, smaller images should 
be as small as possible, so the best smaller image is the one just contain a 
glove. To start with, the images must be crop so that nothing influences 
when you want to analyse and classify them. That is, if another element 
appears in the image apart from the glove, whether it is dust, light or 
another object, this damage the reliability of the code. With this cutback 
we only have the glove with its characteristics.  

Another function that has been used is “closing” which is a morphological 
operation. That is because this function is used so that the points that are 
close to the edge of the glove and that the algorithm has transformed 
them as 1, it deletes them. Therefore, this means that the image does not 
have so much noise and it is more clear. In Appendix B there’s the 
function called ExtractNLargestBlobs(). 

It was also possible to use the function erode (), which removes pixels at 
the borders of objects. However, the final result was better with closing. 

Finally, if we want to find edges of the gloves in the images. There are 
four methods in Matlab that are possible to use: Sobel, Prewitt, Roberts, 
or Canny.  

 

OPERATOR ADVANTAGES DISADVANTAGES 

CLASSICAL (SOBEL, 
PREWITT, 
ROBERTS) 

Simplicity, Detection of edges 
and their orientations 

Sensitivity to noise, 
Inaccurate 

GAUSSIAN(CANNY) 

Using probability for finding 
error rate, localization and 

response. Improving signal to 
noise ratio. Better detection 
specially in noise conditions 

Complex 
computations. False 
zero crossing. Time 

consuming 

Table 5. Advantages and disadvantages of edge detectors 
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All of this methods have been taking into account, but the best one has 
been Canny method.  

Canny suggested that edge detectors should optimize two specific 
performance criteria. First, the edge detector should have a good signal to 
noise ratio, in case image quality is poor. Second, edge detectors should 
localize the edges accurately, to support subsequent visual processes that 
need a high degree of positional accuracy. The resulting constrained 
optimal filter was similar to a derivative of a Gaussian. 

If we applied all these methods to our pictures the result is: 

 

 
Figure 12. Canny edge detector applied to glove 

 

However, it has not been used Canny method yet and the final result to 
the pre-processing of all the data and an example is the figure 13.  
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    % Read Image 

>> img = imread('Archivo200.jpg');  

>> imgg = rgb2gray(img); 

    % Bin image using Otsu's Algorithm 

>> thresh = graythresh(imgg);  

>> binimg = imbinarize(imgg, thresh); 

    % Get riff of noise near edge 

>> se = strel('disk', 5); 

>> closeimg = imclose(binimg, se);  

>> gloveimg = ExtractNLargestBlobs(closeimg, 1); 

    % Crop image 

>> [x,y] = find(gloveimg);  

>> upcoor = min(x); 

>> downcoor = max(x); 

>> leftcoor = min(y); 

>> rightcoor = max(y); 

>> cropbinimg = gloveimg(upcoor:downcoor, leftcoor:rightcoor); 

>> cropimg = img(upcoor:downcoor, leftcoor:rightcoor,:); 

>> imshow(cropbinimg) 

 

 

Figure 13. Final result of pre-processing 
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3.2.1 Otsu’s method 

 

The algorithm in this method assumes that the image contains two classes 
of pixels following bimodal histogram (foreground pixels and background 
pixels), then it calculates the optimum threshold separating the two 
classes so that their combined spread, called intra-class variance, is 
minimal or equivalently. So, it finds the threshold that minimizes the 
weighted within-class variance [10].   

Sr. Otsu was using statistical methods to formulate the problem. He used 
the normalized grey level histogram and considered it as a probability 
distribution such that: 

𝑝"	 = 	
%&
'
	            (1) 

𝑛" ≥ 0							         (2) 

𝑝"+
",- = 1							(3) 

where L is the number of grey levels, N is the number of pixels and ni is 
the number of pixels having level i.  

Now the goal is to separate this distribution into two distinct classes C0 
and C1, using a threshold value k such that C0 has pixels with levels from 
1 to k, and C1, pixels from k+1 to L. To measure the probability of class 
occurrence (the probability that a pixel belongs to a certain class) and the 
mean value of the classes we can write: 

𝜔0 = Pr 𝐶0 = 	 𝑝"4
",- = 	𝜔(𝑘)                     (4) 

𝜔- = Pr 𝐶- = 	 𝑝"+
",48- = 	1 − 𝜔 𝑘           (5) 

For the mean values we have: 

𝜇0 =
";&
<=

4
",- = 	 >(4)

<(4)
                  (6) 

𝜇- =
";&
<?

+
",48- = 	 >@A>(4)

-A<(4)
        (7) 

where: 

𝜇(𝑘) = 𝑖𝑝"4
",-          (9) 
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And the mean level of the overall histogram is: 

𝜇C = 	𝜇 𝐿 = 	 𝑖𝑝"+
",-    (10) 

The class variances are given by: 

𝜎0F = 	 (𝑖 − 𝜇0)F	Pr	(𝑖|4
",- 𝐶0) = 	 (𝑖 − 𝜇0)F 	

	;&
<=

4
",-                (11) 

𝜎-F = 	 (𝑖 − 𝜇-)F	Pr	(𝑖|+
",48- 𝐶-) = 	 (𝑖 − 𝜇-)F 	

	;&
<?

+
",48-         (12) 

So: 

𝜎CF = 	 (𝑖 − 𝜇0)F+
",- 𝑝"      (13) 

The optimal threshold value k would give the highest separation between 

the two classes, so it would maximize h. Now the problem is reduced to 

an optimization problem to find the threshold value k that maximizes h or 
equivalently maximizes 𝜎HF. Using the equations above we can write: 

h 𝑘 = 	 IJ
K	(4)
I@
K                            (14) 

𝜎HF	 𝑘 = 	 [>@< 4 	A> 4 	]K

< 4 [-A< 4 ]
        (15) 

Finally, we have: 

𝜎HF	 𝑘∗ = 	 max
-R4R+

𝜎HF	 𝑘         (16) 

 

where k* is the final threshold value giving the optimal class separation 
[10]. 
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3.3 Classification 1 

 

Once we have all the data prepared, we can make the first classification. 
It is based in separate those gloves which have black spots and those which 
haven’t anyone. This is the first classification because those gloves with 
black spots are the worst ones so the ones which must be sell with the low 
price. It is important to not have many of it because nowadays they are 
sold as good as the perfect ones.  

In this case, the function that has given us the best results it has been the 
one called imfill(). The definition of this function by Matlab is that it fills 
holes in the input binary image BW. In this syntax, a hole is a set of 
background pixels that cannot be reached by filling in the background 
from the edge of the image [13]. That’s why after that, it is needed to 
subtract the function of the spots with the image with the final pre-
processing and thus obtain the remaining pixels. If these are superior to 
10 the code warns us that in the image there are black spots and therefore 
the image is classified as category 3. 

Applying this method, the result has been that the 87% has been classified 
correctly and the 14,06 % of all them have been classified as gloves with 
black spots, so they belong to category 3.  

 

spots = imfill(cropbinimg, 'holes');  

holes = spots - cropbinimg;  

if sum(sum(holes)) > 10 

    display("This glove has black spots"); 

end 
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3.4 Classification 2 

 

After refuse those gloves which have had black spots we are able to make 
the second classification in order to separate white gloves from yellows. 

This is the most important classification because the difference between 
both types of gloves is difficult to see apparently, therefore most of the 
time the gloves are sold under the same conditions when they are not and 
as explained above, obtain the colour yellow means poor production or 
low quality raw material, and that’s a reason to not sell them at the same 
price as the perfect ones.  

Sometimes, the RGB format is not useful when there are changes in 
lighting or colour in an image. For this, there are other types of format 
less sensitive to lighting or colour like the HSV model.  

HSV colour space include three dimension: Hue, Saturation and Value. 
Hue is defined as an angle in the range [0, 2π], specifically, red, green and 
blue. Saturation is the depth or purity of the colour. Value stands for the 
brightness of colour and if value equals to 0, it means that all the colours 
are approximated as black whatever the Hue or the Saturation.  

Matlab has special functions to make changes between colour and HSV 
models. This function is called "rgb2hsv ()" and, as we have said, it 
changes from the RGB colour model to the HSV model. This function 
takes as input an RGB image composed of three dimensions and returns 
the converted image to the HSV model also composed of three 
dimensions corresponding to H, S and V. After that Matlab can show us 
the conversion of the image, and also it can return the divided image in 
the three different dimensions H, S and V. 

In HSV colour space, one way to detect if the gloves are white or yellow 
is to divide colour space because it can be considered that white colour 
and yellow colour glove have different saturations. 

So, applying this method to all the pictures we can see an example of 
what is the result that Matlab has given us in figure 14.  
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>> imgh=rgb2hsv(cropimg); 

>> H=imgh(:,:,1); 

>> Sat=imgh(:,:,2); 

>> V=imgh(:,:,3); 

>> imshow (imgh) 

>> imshow(H) 

>> imshow(Sat) 

>> imshow(V) 

 

 

 

 

 

 

 

Figure 14. Image HSV 

In the following figure is it possible to see the different dimensions of the 
image: 

 

            a)                                                b)                                            c) 

 Figure 15. a) Dimension H. b) Dimension S. c) Dimension V
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With those images is obviously that the one that is going to return the 
best result is de dimension S. Let’s see an example of the difference 
between a glove of category 2 and another one from category 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, in this classification we have a display saying if it is good or bad 
quality depending on the colour in the classifier. 

Applying this method, the result has been that the 81% has been classified 
correctly and the 22,4 % of all them have been classified as yellow gloves, 
so they belong to category 2.  

 

 

Figure 16. Dimension S of a yellow glove

Figure 17. Dimension S of a perfect glove
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%% Find quality by colour 
load('weights.mat') 
imgh=rgb2hsv(cropimg); 
Sat = imgh(:,:,2); 
meanSat = mean2(Sat); 
 
 
%% Run logistic classifier 
res = logisticRegressionClassify(Xtest, w); 
if res == 1 
    display('This glove has good quality (white 
colour)'); 
else 
    display('This glove has bad quality (yellow 
colour)'); 
end 
 

The function logisticRegressionClassify() belongs to the classifier, so it will 
be explained in the next chapter.  

 

3.5 Machine learning applied 

 

Once we have all the data prepared and we know the important features, 
we are able to train a classifier of machine learning. 

The steps to develop the code are the next ones: 

• Take all the data from the directory where they are saved. 

• Pre-process of all the data one by one and obtain the average value 
of S (saturation) of each of them, so that they can be used to train 
the logistic classifier.  

• This logistic classifier export a file called weights.mat that contains 
the weights, and the classifier use them in order to know if there’s 
more probability of having a yellow glove (bad quality) or white 
glove (good quality). 
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• Moreover, it uses the file.txt which contains 0 if the glove is 
yellow or 1 if the glove white in order to train itself.  

So, the code implemented has been the following one: 

 
%Read_all_images 
path = 
'/Users/nuriabrossa/Desktop/nuria_tfm/Fotos_gua
nts'; 
dirfiles = dir(path);  
pics ={}; 
for idx=1:(length(dirfiles) -3) 
    pics{idx} = dirfiles(idx+3).name; 
end 
  
%Preprocess images  
trainvalues = zeros(length(pics),1) 
for idx=1:length(pics) 
    pics{idx} = [path '/' pics{idx}]; 
    display(pics{idx}) 
        % Read Image 
    img = imread(pics{idx});  
    imgg = rgb2gray(img); 
        % Bin image using Otsu's Algorithm 
    thresh = graythresh(imgg);  
    binimg = imbinarize(imgg, thresh); 
        % Get riff of noise near edge 
(morphological operation: closing) 
    se = strel('disk', 5); 
    closeimg = imclose(binimg, se);  
    gloveimg = ExtractNLargestBlobs(closeimg, 
1); 
        % Crop image 
    [x,y] = find(gloveimg);  
    upcoor = min(x); 
    downcoor = max(x); 
    leftcoor = min(y); 
    rightcoor = max(y); 
  
    cropbinimg = gloveimg(upcoor:downcoor, 
leftcoor:rightcoor); 
    cropimg = img(upcoor:downcoor, 
leftcoor:rightcoor,:); 
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    imgh=rgb2hsv(cropimg); 
    Sat = imgh(:,:,2); 
    meanSat = mean2(Sat); 
    trainvalues(idx) = meanSat; 
    
end 
 
%Train classifier 
% Read the groups 
groups = 
load('/Users/nuriabrossa/Desktop/groups.txt'); 
  
Xtrain = trainvalues; 
Ytrain = groups; 
  
% Initialize weights for the classifier 
w0 = rand(2,1); 
% obtain weights for classifier using training 
data 
weights = logisticRegresionTrain(Xtrain, 
Ytrain, w0, 1000, 0.1); 
  
%Export weights classifier 
save('weights.mat','weights') 
 
 

As it seen in the code, it has been necessary a function that trains and 
another one that classify the gloves according those features.  

 
function [ res ] = logisticRegressionClassify( 
XTest, weights) 
    nTest = size(XTest,1); 
    res = zeros(nTest,1); 
    for i = 1:nTest 
        sigm = sigmoid([1.0 XTest(i,:)] * 
weights); 
        if sigm >= 0.5 
            res(i) = 1; 
        else 
            res(i) = 0; 
        end 
    end 
end 
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function [w] = logisticRegresionTrain(XTrain, 
yTrain, w0, maxIter, learningRate) 
    [nSamples, nFeature] = size(XTrain); 
    w = w0; 
    precost = 0; 
    for j = 1:maxIter 
        temp = zeros(nFeature + 1,1); 
        for k = 1:nSamples 
            temp = temp + (sigmoid([1.0 
XTrain(k,:)] * w) - yTrain(k)) * [1.0 
XTrain(k,:)]'; 
        end 
        w = w - learningRate * temp; 
        cost = CostFunc(XTrain, yTrain, w); 
        if j~=0 && abs(cost - precost) / cost 
<= 0.0001 
            break; 
        end 
        precost = cost; 
    end 
end 
 

It is important to say that from the 125 total images, 60% of each class 
(good and bad quality) were used to train the logistics classifier. The 
remaining 40% was used to evaluate the accuracy.  
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4 Discussion 

 

This chapter presents and discusses the results of the prescribed 
methodology with regards to the initial objectives. That is, validate the 
model described in the previous section and therefore consider the results 
good or not.  

After training this model, the classifier performed well, achieving 82% 
accuracy. However, it is not perfect. The main mistake has been that 
some of the gloves have detected them as gloves with black spots. This is 
because in the images taken, some of the gloves had wrinkles, so the code 
detects them as black pixels, and therefore it considers them as black 
spots. That is why, as a future work, the quality of the images should be 
improved in order to not have wrinkles and hence improve the precision 
for the classifiers. 

One thing that have been tried in this code, is to apply the images without 
cropping, that is without the crop function. Doing it in that way the result 
has been disastrous since there were many distortions, so the classification 
has not been made in any case correctly. In fact, it detected all the images 
as gloves with black spots. 

However, we can say that this model had been the best one, and the one 
that have given us the best results in classification, that’s why we can say 
that this model is accepted because of its accuracy. So it could be a useful 
tool to implement in the company IMGSA S.L 
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5 Conclusions 

 

Once this project has been carried out and taking into account the 
objectives, the limitations of initial knowledge regarding Matlab and the 
field of electronics and machine learning, the conclusions are the 
following ones: 

The implemented code has given good results, achieving 82% accuracy. 
That’s why we can accept this model. However, it could be better taking 
the pictures better than they are now, knowing that if there are some 
wrinkles, it is really bad for the code because it interprets that it is a black 
spot.  

It has been proven that the company that has provided me the gloves, can 
have a tool that classify their gloves. With that, its plan to sell in Europe 
could be feasible if the sample of 125 gloves meet the required AQL 
which is 1.5 in this case, since in this project, as mentioned above, gloves 
have been chosen with the characteristics of having black spots or yellow 
colour so that they can be used to make the code in which it can be 
demonstrate well that it works. That’s why we can say that this tool 
works well, so they can use it to know how many defaults they have in a 
path and consequently know if they can sell them in which market. 

Returning to the quality of the gloves, it has been shown that IMGSA S.L 
manufactures gloves with black and yellow spots, and if in a sample of 
125 there are more than 8 gloves with any of these characteristics, it 
could not be sold in northern Africa such and as it currently does and 
obviously not in the market 1. So, they can use this tool to know if they 
are doing good their job in north Africa. However, if these batches do not 
exceed 14 defective gloves, they could be used to sell in the market 3 as it 
would be accepted using this tool too.  
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APPENDIX A 

In this appendix we can find all the code used in Matlab and the functions 
implemented.  

 
%% Preprocessing 
    % Read Image 
img = imread('Archivo1.JPG');  
imgg = rgb2gray(img); 
    % Bin image using Otsu's Algorithm 
thresh = graythresh(imgg);  
binimg = imbinarize(imgg, thresh); 
    % Get riff of noise near edge 
(morphological operation: closing) 
se = strel('disk', 5); 
closeimg = imclose(binimg, se);  
gloveimg = ExtractNLargestBlobs(closeimg, 1); 
    % Crop image 
[x,y] = find(gloveimg);  
upcoor = min(x); 
downcoor = max(x); 
leftcoor = min(y); 
rightcoor = max(y); 
  
cropbinimg = gloveimg(upcoor:downcoor, 
leftcoor:rightcoor); 
cropimg = img(upcoor:downcoor, 
leftcoor:rightcoor,:); 
  
  
%% Find holes 
spots = imfill(cropbinimg, 'holes');  
holes = spots - cropbinimg;  
if sum(sum(holes)) > 10 
    display('This glove has black spots') 
   return  
end 
  
  
%% Find quality by colour 
load('/Users/nuriabrossa/Desktop/nuria_tfm/Foto
s_guants/weights.mat') 
imgh=rgb2hsv(cropimg); 
Sat = imgh(:,:,2); 
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meanSat = mean2(Sat); 
  
%% Run logistic classifier 
res = logisticRegressionClassify(meanSat, 
weights); 
if res == 1 
    display('This glove has good quality (white 
colour)'); 
else 
    display('This glove has bad quality (yellow 
colour)'); 
end 
 
 
 

Function: The classifier 

%Read_all_images 
 
path = 
'/Users/nuriabrossa/Desktop/nuria_tfm/Fotos_gua
nts'; 
dirfiles = dir(path);  
pics ={}; 
for idx=1:(length(dirfiles) -3) 
    pics{idx} = dirfiles(idx+3).name; 
end 
  
%Preprocess images  
trainvalues = zeros(length(pics),1) 
for idx=1:length(pics) 
    pics{idx} = [path '/' pics{idx}]; 
    display(pics{idx}) 
        % Read Image 
    img = imread(pics{idx});  
    imgg = rgb2gray(img); 
        % Bin image using Otsu's Algorithm 
    thresh = graythresh(imgg);  
    binimg = imbinarize(imgg, thresh); 
        % Get riff of noise near edge 
(morphological operation: closing) 
    se = strel('disk', 5); 
    closeimg = imclose(binimg, se);  
    gloveimg = ExtractNLargestBlobs(closeimg, 
1); 
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        % Crop image 
    [x,y] = find(gloveimg);  
    upcoor = min(x); 
    downcoor = max(x); 
    leftcoor = min(y); 
    rightcoor = max(y); 
  
    cropbinimg = gloveimg(upcoor:downcoor, 
leftcoor:rightcoor); 
    cropimg = img(upcoor:downcoor, 
leftcoor:rightcoor,:); 
     
    imgh=rgb2hsv(cropimg); 
    Sat = imgh(:,:,2); 
    meanSat = mean2(Sat); 
    trainvalues(idx) = meanSat; 
    
end 
  
%Train classifier 
% Read the groups 
groups = 
load('/Users/nuriabrossa/Desktop/groups.txt'); 
  
Xtrain = trainvalues; 
Ytrain = groups; 
  
% Initialize weights for the classifier 
w0 = rand(2,1); 
% obtain weights for classifier using training 
data 
weights = logisticRegresionTrain(Xtrain, 
Ytrain, w0, 1000, 0.1); 
  
%Export weights classifier 
save('weights.mat','weights') 
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Function: logisticRegressionTrain 

 
function [w] = logisticRegresionTrain(XTrain, 
yTrain, w0, maxIter, learningRate) 
    [nSamples, nFeature] = size(XTrain); 
    w = w0; 
    precost = 0; 
    for j = 1:maxIter 
        temp = zeros(nFeature + 1,1); 
        for k = 1:nSamples 
            temp = temp + (sigmoid([1.0 
XTrain(k,:)] * w) - yTrain(k)) * [1.0 
XTrain(k,:)]'; 
        end 
        w = w - learningRate * temp; 
        cost = CostFunc(XTrain, yTrain, w); 
        if j~=0 && abs(cost - precost) / cost 
<= 0.0001 
            break; 
        end 
        precost = cost; 
    end 
end 
 

 

Function: logisticRegressionClassify 

 
function [ res ] = logisticRegressionClassify( 
XTest, weights) 
    nTest = size(XTest,1); 
    res = zeros(nTest,1); 
    for i = 1:nTest 
        sigm = sigmoid([1.0 XTest(i,:)] * 
weights); 
        if sigm >= 0.5 
            res(i) = 1; 
        else 
            res(i) = 0; 
        end 
    end 
end 
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Function: ExtractNLargestBlobs 

 
function binaryImage = 
ExtractNLargestBlobs(binaryImage, 
numberToExtract) 
try 
    % Get all the blob properties.  Can only 
pass in originalImage in version R2008a and 
later. 
    [labeledImage, numberOfBlobs] = 
bwlabel(binaryImage); 
    blobMeasurements = 
regionprops(labeledImage, 'area'); 
    % Get all the areas 
    allAreas = [blobMeasurements.Area]; 
    if numberToExtract > 0 
        % For positive numbers, sort in order 
of largest to smallest. 
        % Sort them. 
        [sortedAreas, sortIndexes] = 
sort(allAreas, 'descend'); 
    elseif numberToExtract < 0 
        % For negative numbers, sort in order 
of smallest to largest. 
        % Sort them. 
        [sortedAreas, sortIndexes] = 
sort(allAreas, 'ascend'); 
        % Need to negate numberToExtract so we 
can use it in sortIndexes later. 
        numberToExtract = -numberToExtract; 
    else 
        % numberToExtract = 0.  Shouldn't 
happen.  Return no blobs. 
        binaryImage = false(size(binaryImage)); 
        return; 
    end 
    % Extract the "numberToExtract" largest 
blob(a)s using ismember(). 
    biggestBlob = ismember(labeledImage, 
sortIndexes(1:numberToExtract)); 
    % Convert from integer labeled image into 
binary (logical) image. 
    binaryImage = biggestBlob > 0; 
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catch ME 
    errorMessage = sprintf('Error in function 
ExtractNLargestBlobs().\n\nError Message:\n%s', 
ME.message); 
    fprintf(1, '%s\n', errorMessage); 
    uiwait(warndlg(errorMessage)); 
end 
 
 
 
 

Function: sigmoid 

 
function [ output ] = sigmoid( input ) 
        output = 1 / (1 + exp(- input)); 
end 
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APPENDIX B 

In this appendix we can see all the pictures taken in order to develop this project. 
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