
Polytechnic University of
Catalonia

Barcelona School of Informatics

Computer Science

System that predicts the source of
water fecal matter contamination

Author
Ricard Meyerhofer Parra

Supervisor
Dr. Luís Antonio
Belanche Muñoz

January 16, 2018



Prediction of fecal matter contamination source Ricard Meyerhofer

Abstract

Fecal matter contains bacteria that in contact with other organisms
such as humans, can be harmful. Drinking water contaminated by fecal
matter can cause stomach and intestinal illness including diarrhea and
nausea, and even lead to death.

In order to prevent human exposition to tainted water and to de-
tect the causative source, microbial source tracking (MST) describes
a suite of methods and an investigative strategy for determination of
fecal pollution sources in environmental waters that rely on the asso-
ciation of certain fecal microorganisms with a particular host. These
values depend on the source, dissolution, time, localization and season.
Retrieving them is an expensive process.

In this project, we keep with the dynamic of recent literature where
machine learning methods have been used to successfully detect the
causative source. To contribute to this task, an online platform is cre-
ated. This platform allows the user to combine microbiological analy-
sis of water with machine learning techniques to detect the source of
contamination and allows the user to introduce microbiological infor-
mation, visualize it, create and execute prediction models and interact
with the obtained results.

This project will allow the scientist community applying machine
learning algorithms into MST data isolating them from difficulties such
as the environment, programming languages and the economic cost.
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1 Introduction

1.1 Project formulation

The human exposure to fecal matter contamination, can be dangerous and
can lead to diarrhea, vomits and even to death. These effects may be more
severe and possibly life threatening for babies, children, the elderly or people
with immune deficiencies or other illnesses. Fecal matter can be more or less
harmful depending on the source, which makes it important detecting which
source is the causative to prevent humans exposure and know what occurred.

The detection of each source is done by microbiological analysis where val-
ues of some bacteria allow us to know the contaminant source. These values
depend on the time, increment of dissolution, localization and season. Ex-
periments to retrieve this data are very expensive and take time to be done.

Currently, the process of some given data detecting which source is the origin
is a procedure that is not done automatically (scientists know which is the
source because they infer it by looking at the data). This process is easier
when fecal matter is pure (only one source). If the fecal matter is mixed, this
starts to be more problematic because it could be a mixture of more than
two origins.

For the reasons above, Universitat de Barcelona (UB) department of mi-
crobiology that has a good relationship with my director Dr. Luís Antonio
Belanche, proposed him to create a system that predicts the source of water
fecal matter contamination.

This system will allow the user to combine microbiological analysis of water
with machine learning techniques to create a system to detect the source of
contamination and create a website that allows the user to introduce micro-
biological information, visualize it, create and execute prediction models and
interact with the results.

1.2 Personal motivation

Before entering to Polytechnic University of Catalonia. I have always thought
that building a website would be awesome. Once I started my degree, I re-
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alized that there are many fields of computer science and finding which one
you like is not easy.
Luckily for me, I decided to choose Computing as specialization and to en-
roll a Machine Learning subject [17] taught by Dr. Luís Antonio Belanche
Muñoz [15]. At that instant, I discovered what I want to become skillful.
When I had to choose my final degree project, there was no doubt: I wanted
it to be Machine Learning related and I wanted Dr. Luís Antonio to be my
thesis supervisor.
I talked with Dr. Luís and from several projects available, I chose this project
for the following reasons:

• I have already worked as web developer for a year and half at
inLab FIB [16] (until the beginning of this final degree project).

• It generates a positive impact on society: An improvement in the
prediction on the source of fecal matter contamination, is given to the
scientist community. This is relevant because the exposition to bacteria
such as salmonella is dangerous [7] to humans.

• UB microbiological department [6] is interested in this system.
Furthermore, this project will be accessible to the scientist community
so this project will be used and useful. I am delighted that my work
can be applied.

• Data science is everyday more popular. Businesses have realized
that, nowadays, the huge amount of data that used to be stored can
be used to do predictions, improve business decisions, and many other
applications.

1.3 State-of-the-art

There is no literature about a system that allows to introduce microbiological
information, choose variables, create a prediction model and interact with the
data. However, there is literature regarding to the prediction of fecal matter
pollution in water but due to its concreteness, there is few work.

Focusing now in literature related to fecal water source tracking, an evolution
during the years is shown. The starting point and the problematic that moti-
vate the use of machine learning are that indicators present in fecal matter are

9
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not good enough to be used in source detection. Many MST techniques have
been used such as assemblage and ratios between different microorganisms,
phenotyping of bacterial isolates, genotyping of microorganisms, chemicals
methods, etc.

Studies done in 2004 conclude that at the moment, there was no MST ap-
proach to accurately identify the origins of fecal pollution in aquatic envi-
ronments.

In 2006-2007, even that any source identifier by itself can reach 100% correct
classification, by using a combination of MST and machine learning methods,
two predictive models based on two variables gave 100% correct classification.

In 2014-2015, appear studies where MST techniques are applied successfully
to water with diverse pollution loads. Almost all MST methods in this study
determined correctly the origin of fecal at the point source and in moderate
concentration samples. Therefore, inductive machine learning methods are
shown as a promising tool although there is still margin to improve.

2 Context

In this section, the context of the project will be covered. Concretely, the
stakeholders, means and technologies will be covered.

2.1 Stakeholders

Knowing our stakeholders facilitates building more adequate product as being
aware of their requirements and letting them be involved affects positively in
our final product [12].

2.1.1 Developer

The author of the project is the main responsible of the product development
and wants the project to successfully finish at time to be able to expose it as
final degree project.

10
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2.1.2 Director

The director of the project has the responsibility of orientating, giving ad-
vice, detecting errors ,and generally helping the developer. His action is key
considering that he has profound knowledge and experience in the field.

2.1.3 Direct beneficiaries

The beneficiaries of this project are an heterogeneous group as it benefits not
only the scientific community, concretely the UB microbiological department,
but it also benefits any scientist that is interested in the source prediction of
water pollution field.

These users will be benefited because the analysis and results of this kind of
data are economically and temporally expensive and thanks to this system
this data can be artificially simulated.

2.1.4 Indirect beneficiaries

A scientific profile is not the only kind of user that can get advantage of
our system. A non-scientist user indirectly, can get benefited due to a better
analysis of the water that affects to his daily life and health such as improve-
ments in detection of the pollution in a certain water area that can affect his
health.

2.2 Means and technologies

2.2.1 Definition of the environment

Once presented the state of the art and the context, it is time to introduce
which environment would suit best in this project.
The system will be developed for PC (personal computer). The reasons are
the following:

• Working purposes system: Because of this, the user does not need
a constant access that a mobile can offer us. A mobile version is not

11
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useful as a computer version since computer has become a common
daily work tool for scientists.

• Big data to treat and working comfort: The data that is going
to be displayed is too big to fill in the phone in a comfortable way.
Similar issues occur with other processes because of the screen size.
Finger occlusion in phone and the complexity of clicking small items
affect small screens.

In summary, phone is not suitable in this case because it is not comfortable
and does not fit in a working context. There is no argument to build this
system for a phone. Nevertheless, the system that is going to be constructed
will be responsive to be displayed in all kinds of screen sizes.

2.2.2 Means

Once set that the system will be available only for PC, the name of the media
required to develop the system is the following:

• PC: A computer is required for developing the project, test and execute
it.

• Latex: To document the project Latex [13] will be used. Concretely
the online platform ShareLatex. [14]

• Google Chrome: Even that RStudio allows us to test in the IDE,
to test the responsiveness of the project, it is better to use the phone
mode of google chrome. Also to check the code that Shiny creates and
improve the UI, inspector mode is necessary.

2.2.3 Technologies

The technologies that will be used to successfully build the project and the
reasons to choose them are:

12
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2.2.3.1 R

R [1] is a programming language and software environment
for statistical analysis, graphics representation and reporting.
R is freely available under the GNU General Public License,
and various versions for systems like Linux, Windows and
Mac are provided.

2.2.3.2 RStudio

RStudio [2] is an integrated development environment (IDE)
for R. It includes a console, syntax-highlighting editor that
supports direct code execution, as well as tools for plotting,
history, debugging and workspace management, etc

2.2.3.3 Shiny

Shiny [3] is an open source R package developed by RStu-
dio that provides an elegant and powerful web framework for
building web applications using R. Shiny also allows to cre-
ate interactive website of analyses without mandatory use of
HTML, CSS, or JavaScript knowledge.

2.2.3.4 Science nodes

13
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Science nodes [20] is a platform that allows us to share and
collaborate in project without having to install any environ-
ment (e.g., R and RShiny). Additionally, it facilitates user
management, security and remote executions.

2.2.3.5 Git

Git [19] is a free (under the terms of the GNU General Public
License) version control system for tracking changes in com-
puter files and coordinating work on those files among multi-
ple people. It is mainly used for code management, but it can
be also used to keep track of changes in any set of files. As a
distributed revision control system, it is aimed at speed, data
integrity, and support for distributed non-linear work-flows.

2.2.3.6 Github

GitHub [18] is a web-based Git and Internet hosting service.
It offers all of Git as well as its own features. It provides
access control and several collaboration features such as bug
tracking, feature requests, task management, and wikis for
every project.

GitHub offers both plans for private and free repositories on
the same account, which are commonly used to host open-
source software projects.

2.2.3.7 Justification

14
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• One of the reasons that motivates me to use R + RStudio + Shiny is
that Dr. Luís Antonio Belanche Muñoz has already done the prediction
with pure fecal matter in R and this code will be incorporated in the
website. However, the main reason is that the combination of R and
Shiny allows me to do a beautiful website easily with nice graphics and
it will be easy to integrate it with previous works.

• RStudio is an IDE that allows to execute R and Shiny directly and in
general, makes the developing process easier.

• Github is a personal choice, other services instead of Github could have
been used as Bitbucked, Gitlab, etc. I have a student pack in Github
so I can make private my repository in case of being necessary because
for example, there is private data.

• Science nodes, provides security and user management to the project
which otherwise, wouldn’t be possible considering the time limitation of
the project. My director suggested it because he has previous experience
with the platform.

3 Scope of the project

Firstly, I will get in touch with Shiny by looking at the tutorial and how it
works. Once familiarized with the framework, I will start implementing the
upload, download and microbiological information related (introduction of
the information, modifying, etc) and the overall design. One one hand, to
validate the design, I will show it to my director periodically. On the other
hand, to allow the user to manipulate microbiological information, a study
of the different libraries will be done (which will include proves of concept
to check the real potential of each) and validated by checking if it fulfills the
requirements and is intuitive enough.

Once the design and microbiological information are done, the system will
be aggregated to science nodes. Science nodes leads us to more secure envi-
ronment and abstracts us to create users, and allows remote and scheduled
executions. To validate these works, tests will be applied.

When the website and science node aggregation are done, the next step will
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be to create a super-matrix to be able to predict considering two factors, the
season that that each microbiological has and the dissolution. The season is
roughly how the bacteria grow/fall given a certain clime and the dissolution,
is the amount of water where the results are extracted.

Once the super-matrix is created, the following step will be to integrate my
director’s work (we can validate this easily by checking if the result on the
website is same as in a normal execution). Once it works as expected and
there is time, the mixed part will start where the objective will be to get as
much as precision as possible (as in the pure part). The goal would be to
reach a 100% precision rate but this is a pretty ambitious goal and unlikely
to be reached.

When the project is completely developed, testing of all functionalities will be
done again and, if possible, I will try to improve my director’s work. To check
the improvement, measurements of the prediction rate in different cases will
be done. Lastly if there is time, instead of predicting the season with a simple
generalized linear models (glm) a better approach will be implemented.

3.1 Project Objectives

The two main objectives of the project are:

• Combine microbiological analysis of water with machine learning tech-
niques to create a system to detect the source of contamination.

• Create a website that allows the user to introduce microbiological infor-
mation, visualize it, create and execute prediction models and interact
with the results.

As it can be seen clearly, this project has two differentiated parts: One part is
purely related with applying machine learning techniques and the other part
consists in creating a website so that user can use these models, introduce
data ,and interact with it.
For these two main objectives, we can specify their objectives:

• Machine Learning part

– Aggregate the work of my director to the project to accomplish
the machine learning prediction in the case of only one source.
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– If possible create the machine learning part in order to be able to
predict with more than one source.

– If possible, improve the part of my director and in both cases,
have a high precision prediction.

• Website part

– Allow the user to upload, load, modify, and download microbio-
logical information.

– Allow the user to choose which information to display, the micro-
biological behaviour of each variable, the dissolution, creation of
a prediction model, loading a previous prediction model.

– Visualize and interact with the results. Display relevant informa-
tion in order to facilitate user decisions and understanding of the
problematic.

3.2 Methodology

What best suits a project of this type and dimensions is an agile methodology
that, in this case, will be Scrum [?]. Scrum provides great flexibility, allows a
fast development and is result-oriented unlike other non-agile methodologies
such as cascade. However, Scrum ,as agile methodologies, is team-oriented
so it is difficult to apply all of its principles such as stand-up dailies. Nev-
ertheless, being team-oriented does not mean that it cannot be reduced to
individuals.

One of the reasons that made me choose Scrum instead of other agile method-
ologies is that I have experience in working with Scrum and I feel comfortable
with most of its principles.
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Figure 1: Scrum phases

3.2.1 Sprints

As it can be seen in the diagram above, Scrum uses time unit sprints lasting
from 1 to 4 weeks. Using an iterative approach with short cycles helps to:

• Keep the project on schedule.

• Receive feedback frequently.

• Be aware of the project state.

• Have constant workload, thus avoiding peaks.

3.2.2 Validation methods

In this project, there will be two clients: The director of the project and UB
microbiological department. Since they have different roles, the opinions from
both sides will be considered important and they will have positive impact
on the final product.

As previously mentioned, my director’s supervision and gatherings with UB,
will help validating the results of the project. If tests are required, they will
be included in the project even though the results are difficult to verify.
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Depending on what needs to be verified, some tools or others will be used.
In our case, currently are being considered:

• RUnit:[23]Allows unit testing in R.

• RSelenium:[22] To check if there are visual differences in comparison
with what is expected.

3.2.3 Methodology changes during the project

It has been possible to follow Scrum but not in a consistent way. Eventually,
I got stuck in some features. In addition with workload peaks, this made me
unable to do meetings for more than a Scrum cycle. However, aside from the
specific case, Scrum has been useful to keep the project on track and to get
periodic feedback of my director and UB who have been highly positive for
the project.

4 Project planning

4.1 Planning and scheduling

The estimated time for the proeject is 4 months. It will start on 11th Septem-
ber 2017 and will finish one day before the presentation date that will be
between 22nd- 26th January 2018.
Even the planning is done, it is more than probable that the original schedule
suffers of variations and modifications while the project advances due to the
fact that an agile methodology is being used.

4.2 Task description

4.2.1 GEP course

In this task, I will get familiarized with the project and understand what has
to be done. Moreover, I will analyze the requirements and difficulties of each
part to have a global idea of how the project will be and do a study of what
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has been done so far. Lastly, I will look into business parts such as planning
and budget.

This task will take 50 hours in total. As resources, only the amortized cost of
computer, electricity and human cost will be required and to write, sharelatex
that is free. From these hours, it will be decomposed as following:

• Delivery 1: State-of-the-art, scope (project objectives, methodology,
validation), context, means and technologies, etc).

• Delivery 2: Temporal planning, task scheduling and estimation, Gantt
chart.

• Delivery 3: Budget (cost identification and control) and sustainabil-
ity matrix of the project (social, economical and environmental dimen-
sion).

• Delivery 4: Draft of a presentation.

• Delivery 5: Justification of the academic competences, subjects coursed
in computing that help in the project, and basis why is from computing.

• Delivery 6: Whole project delivery, final presentation.

Task name Estimated Hours
Delivery 1 10
Delivery 2 10
Delivery 3 10
Delivery 4 5
Delivery 5 5
Delivery 6 10
Total 50 hours

Table 1: GEP course hours planning

4.2.2 Familiarization with Shiny

Considering that I have no previous knowledge in Shiny, spending a short
period of time getting familiarized with Shiny will not only be beneficial
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once I start doing the website itself, it will be also beneficial in its structure,
quality of code ,and will reduce the time spent in the implementation.

In order to learn how Shiny works, I will follow the tutorials and check the
gallery and codes that are on Shiny’s website.

4.2.3 Website visual appearance

In this task, all the front end of the website (visual appearance) will be done.
As resources, there is the cost of R, Shiny, RStudio, Github (all free) and
amortized costs of computer, electricity and finally the human cost of the 50
hours that will be used to implement the front end.

It is very difficult to specify exactly all that has to be done and the time
expected on each task. An approach would be the following:

• Brainstorming design: In this task, what we are going to do is to
check sites like Pinterest [21] to see different designs that can be suitable
for what we are looking for. Also some trials of different designs will be
done in order to check which one suits best.

• Table screen: The screen where we have to choose a file to display a
table and afterwards, allow for each column to select a season that will
be used in the prediction part. For each of this columns, the season will
be shown as an interactive plot, that allows to see how the data of each
season is.

• Model creation screen: In this screen, we will provide the user all
the options to allow the selection of the different options in the creation
of this model.

• Results screen: This screen will show a serie of different graphics in
order to help the user visualize and interact with the final results.

• Front end review: Once the whole front end is finished, we will check
that everything is working as supposed and if possible, improve some
UX mistakes.
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Task name Estimated Hours
Brainstorming design 5
Table screen 15
Model creation screen 10
Results screen 15
Front end review 5
Total 50 hours

Table 2: Distribution of hours for the front end task

4.2.4 Website back end

In this section, the back end of the website and the union with front end
and back end will be done. During this task, checking that each functionality
behaves correctly and executes fast will be a priority. This task will be done
in parallel with the previous section as it has been mentioned. The only
difference in resources with the previous task is that the human cost is 75
hours instead of 50.

In a similar way as in the front end, the planning of the back end is difficult.
An overview would be the following:

• Table library: There are several libraries that allow us to represent
and create an interactive table. Deciding which is the one that suits
best for our requirements is the objective of this task.

• Table screen: In this screen, we will have to implement how to store
the data selected, to display the selected data, to download the file,
and to save the file, etc.

• Model creation screen: In this screen, we will have to link the se-
lected options from front end that do the calculus in the back end in
the following processes.

• Results screen: The implementation of the graphics and the plots
that will be shown is going to be developed.

• Bugs detection: Once the whole back end is done, we will look for
errors and if everything works appropriately.
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Task name Estimated Hours
Table library 5
Table screen 25
Model creation screen 15
Results screen 20
Bugs detection 5
Total 75 hours

Table 3: Distribution of hours for the back end task

4.2.5 Incorporate Machine Learning prediction on pure fecal mat-
ter prediction

Previous work has been done concretely on the pure fecal matter prediction.
This work has to be understood and adapted, which will be possible due to
my background acquired in the Machine Learning subject coursed one year
ago and my knowledge in R from some other subjects.

Once understood this work, it will be incorporated to the website and if
possible, will be improved.

The resources used for this task are going to be the code provided by my
Director, R, RStudio, Shiny, Github, the computer amortized cost, electricity
and the human cost specified in the budget.

4.2.6 Improve Machine Learning background

It is possible that this task runs in parallel with incorporating machine learn-
ing prediction. However, mainly in this task, my background of machine
learning will be improved to be able to do a good approach on the mixed
fecal matter prediction and, if possible, previous approach on pure fecal mat-
ter.

The main objective is learning in order to succeed in creating the machine
learning part. The resources are not clear yet asides from the human cost.
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4.2.7 Creation of a model on mixed fecal matter

For this task, all my knowledge in machine learning will be applied to create
a model that predicts successfully the origin source in mixed fecal matter.
What will be done in this task is seeking for the best model that we can
create across different methods and approaches.

The resources used for this task are going to be R, RStudio, Shiny, Github,
the computer amortized cost, electricity and the human cost specified in the
budget.

4.2.8 Integration with Science Nodes

In this task, the integration of science nodes with the website will be done.
To accomplish this task, science nodes documentation will be read and some
help of Gerard Cegarra will be required considering that he has experience
with the platform.

The resources used for this task are going to be R, RStudio, Shiny, Github,
Science Nodes, the computer amortized cost, electricity and the human cost
specified in the budget.

4.2.9 End of project

This last task will consist in roughly finishing all pending tasks such as
preparing the exposition, finishing and revising the document, and polishing
some errors in the website or machine learning parts.

The resources used for this task are going to be R, RStudio, Shiny, Github,
ShareLatex, the computer amortized cost, electricity and the human cost
specified in the budget.
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4.3 Estimated time

Task name Estimated Hours
GEP course 50
Familiarization with Shiny 10
Website visual appearance 50
Website back end 75
Incorporate Machine Learning 50
Improve Machine Learning background 50
Creation of a model on mixed fecal matter 115
Integration with Science Nodes 25
End of project 25
Total 450 hours

Table 4: Project task distribution

4.4 Diagrams

4.4.1 GANTT

Figure 2: Gantt chart of the project

4.5 Alternatives and action plan

The project resources are going to be the same on each task except the
human cost that will be higher due to the problems that can appear during
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the project development, which are the following:

4.5.1 Website problems

• Responsiveness: Responsiveness occurs when a website is not suitable
for all screen sizes and some problems like panel overlapping occur. This
kind of problems diminish our user experience or can directly deny it.
It is harder to detect these errors than to correct them. In order to
detect them, what will be done is the test with Chrome[5] in different
screen sizes with the inspector mode.
Even I acknowledge the possibility of this problem, it should not be
problem theoretically since Shiny creates fully responsive website. In
case there are a lot of problems, some screen sizes will be specified and
the project will guarantee a good user experience just for those, which
will not cause a deviation from the project.

• Unexpected behaviour: A function or an action that does not per-
form as it should. To avoid this kind of problem, we will test each new
feature once it is finished.

However, if there is an unexpected behaviour that is relevant for the
user experience, this will be solved. However, if it takes too much time
to solve and is not significant, we will documentate it.

4.5.2 Prediction problems

• Data quality: Data is what our system is fed with. If data quality
is not good enough, predictions will be poor. At the beginning of this
project apparently the data quality is good because Dr. Luís Antonio
Belanche Muñoz could do a successful prediction with pure fecal matter.

In this case, the data is not good enough (even it is unlikely), we will
just have to work with it because there is no alternative.

• Over-fitting: This happens when the model created to predict vari-
ables is not generic enough and is only valid for a reduced data set. To
avoid this problem there will be always two subsets: training and test.
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In the training dataset, the model will be created and will be tested
in the test data to check the success rate of prediction. If a drastic
difference is obtained between the successful rate of training set and
test set, it will mean that there is over-fitting or non-significant training
set.

In this case, we will check if the given training set is appropriate and
complete enough. Also, we will check if the selection of this dataset is
arbitrary.

4.5.3 Global problems

• Scheduling: Too optimistic scheduling can make our project foun-
dations tremble. To create a realistic schedule is as important as the
project itself. To avoid and solve problems that can happen with the
schedule, from the first day of the project, there will be sprints and pe-
riodical gatherings with my director not to deviate from the planning.

In case that the project deviates, the tasks of improving my machine
learning background will be reduced and some help of my director in
the creation of a model on mixed fecal matter, will be required.

• Losing the project: To avoid the loss of the project for problems
such as hard drive disk not working or computer being stolen, the
use of control version is a must. In this project, as it is explained in
technologies section, Github will be used.

4.6 Changes from the original scheduling

During the development of the project, the importance of a consistent, scal-
able, secure, and reliable website has gained importance. In order to accom-
plish this requirement and due to the complexity of the website requirements,
a major deviation has emerged.

This deviation implies changing the focus of the project to another that
is more focused in the website part rather than in the machine learning
part. This schedule change will guarantee UB’s Microbiological department
satisfaction in the final product.
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In an economical point of view, the project does not suffer a significant
deviation. The only factor that is modified is the number of hours of each
role which is provided in the following table.

Role e/h Hours Salary(e)
Web developer 15 250 3750
Data Scientist 25 150 3750
Project Manager 40 50 2000
Total 9500 e

Table 5: Different roles cost considering project’s deviation

This also affects to the unexpected costs because it is related with extra
hours of each role.

Role e/h Hours Salary(e)
Web developer 15 30 450
Data Scientist 25 15 375
Project Manager 40 10 400
Total 1225 e

Table 6: Unexpected costs considering project’s deviation

And the total cost is reduced to 12552.25e(a reduction from the initial ex-
pected cost).

Expense name Cost(e)
Human 9500
Software 0
Hardware 122
Unexpected 1225
Indirect 68
Subtotal 10915
Contingency (15%) 1367.25
Total 12552.25 e

Table 7: Total cost

Regarding to the planning, the project has also suffered modifications mainly
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because as previously mentioned, now we are emphasizing more in the website
part. In the following table, the new distribution can be seen where the order
has also been modified.

Task name Estimated Hours
GEP course 50
Familiarization with Shiny 10
Website visual appearance 80
Website back end 125
Integration with Science Nodes 35
Incorporate Machine Learning 95
Improve Machine Learning background 15
End of project 40
Total 450 hours

Table 8: Project task distribution with deviation

As mentioned previously in how to tackle global problems, in the deviation
part, it was already mentioned that improving machine learning background
could be reduced and help of my director in the creation of a mixed fecal
matter model could be required. Finally, as it can be seen in the table, the
machine learning part is reduced significantly in order to provide the website
that the client needs.

I want to highlight that currently the website of the project is almost finished
and that Sciences Nodes integration is also about to be finished. If possible,
even though it is not planned, I will try to exceed the number of hours of
TFG to do all the Machine Learning part that I proposed in my first schedule
(personal motivation).

5 Budget

In this section, an estimated cost of the project is presented showing which
hardware and software resources are used and their amortizations. Indirect
costs of the project are also considered.

29



Prediction of fecal matter contamination source Ricard Meyerhofer

5.1 Cost identification

The following costs have been identified and in the coming sections will be
detailed:

5.1.1 Human resources budget

The project is going to be developed by only one person during 450 hours
that is the working time estimated for a final degree project.
In this 450 hours, different roles are required such as Project Manager, Web
developer and Data Scientist. In the following table, an estimation of the
human resources cost is provided.

Role e/h Hours Salary(e)
Web developer 15 150 2250
Data Scientist 25 250 6250
Project Manager 40 50 2000
Total 10500 e

Table 9: Different roles cost

The next table, details the time that each role spends in the different tasks
of the project:

Name Hours Web Dev (h) Data Scientist (h) P. Manager (h)
T1 50 22 11 17
T2 10 8 1 1
T3 50 35 10 5
T4 75 50 20 5
T5 50 10 35 5
T6 50 0 45 5
T7 115 10 100 5
T8 25 5 18 2
T9 25 10 10 5
Total 450 h 150 h 250 h 50 h
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Table 10: Work distribution for each role

Task Name
GEP course T1
Familiarization with Shiny T2
Website visual appearance T3
Website back end T4
Incorporate Machine Learning T5
Improve Machine Learning background T6
Creation of a model on mixed fecal matter T7
Integration with science nodes T8
End of project T9
Total 450 hours

Table 11: Equivalences table

5.1.2 Software

Here is a detailed table of the costs of the project. Since the project uses
license free tools, the cost of software is zero.

Product Units Price (e) Useful life Amortization
R 1 0 - 0
RStudio 1 0 - 0
Shiny 1 0 - 0
Science Nodes 1 0 - 0
Git 1 0 - 0
Github 1 0 - 0
Latex 1 0 - 0
Total 0 e 0 e

Table 12: Software cost

Softwares such as RStudio are only for free if the project is open-source. In
this case, the website is open-source so the cost is 0e.
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5.1.3 Hardware

As hardware costs, we will consider two computers that will be used during
the project. One is a laptop and the other one is a customized computer.

Product Units Price (e) Useful life Amortization (e)
Lenovo Y580 1 1100 7 years 52
Custom Computer 1 1486 7 years 70
Total 2586 e 122 e

Table 13: Hardware cost

5.1.4 Unexpected costs

In this section, we show the number of extra hours as a result of suffering
a deviation from the original planning. This gives a certain budget margin
that will prevent getting run out of money in case of not being able to stick
to the original planning of the different tasks.

Role e/h Hours Salary(e)
Web developer 15 20 300
Data Scientist 25 20 500
Project Manager 40 10 400
Total 1200 e

Table 14: Unexpected costs

5.1.5 Indirect costs

Inside the total budget of the project, we have to take into consideration
costs that are not related directly with the project such as water, internet,
electricity, etc.
In the next table the price and the costs are detailed:
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Product (%) Price (e/month) Months Cost (e)
Water 10 50 4 20
ADSL 30 40 4 48
Total 68e

Table 15: Indirect costs
4

5.1.6 Total expenses

The total expenses of the project is the sum of the costs that have been
presented previously with a 15% for contingencies:

Expense name Cost(e)
Human 10500
Software 0
Hardware 122
Unexpected 1200
Indirect 68
Subtotal 11890
Contingency (15%) 1783.5
Total 13673.5 e

Table 16: Total cost

5.2 Budget Control

To control budget deviations, at the end of each task the number of hours will
be updated with the real amount of hours that have been accomplished, the
cost of the resources used and unexpected cost. With the numbers obtained,
a deviation from the first planning can be done with the succeeding formulas:

Cost deviation = (Estimated Cost - Real Cost) · Real Hours
Consumption deviation = (Estimated Hours - Real Hours) · Estimated Cost

If a high deviation is appreciated at the end of a task, the possible reasons for
this will be analyzed and if there is any conclusion, it will be applied to the
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next tasks. However, some measures like unexpected costs and contingencies
over the total cost have been taken which makes it highly improbable with a
good planning. This is because main problem with the budget, is the human
cost deviation which is regulated and checked previously in this document.

6 Sustainability and social commitment

6.1 Sustainability matrix

The purpose of this section is to analyze the impact that our project has on
the economic, social and environmental dimension to evaluate the sustain-
ability of the project. This analysis will be based on the next sustainability
matrix:

Sustainability Economic Social Environmental Range
PPP 10/10 8/10 10/10 28/30
Useful life 18/20 18/20 20/20 56/60
Risks -1/-20 -2/-20 0/-20 -3/-60
Total 81/90

Table 17: Sustainability matrix

From the total obtained, it can be concluded that the sustainability of the
project is very high.

6.2 Economic dimension

The material cost is very low considering that only computer and electricity
are the only non-human requirements that the system needs to work and
even in the case that the project deviates, still being low.

The human cost is low considering that it is only developed by one person.
If we consider outsourcing the project to other countries such as India, the
project would be cheaper but it would not change dramatically (and com-
munication could be harder).

34



Prediction of fecal matter contamination source Ricard Meyerhofer

Normally the data is generated in laboratories where real fecal matter is
poured on the water and different variables are measured across the time.

The problem of these tests is that the media to do these experiments is
required and there is also a human cost. Summarizing, the whole process
is expensive. However, with this project, the number of results you can get
is enormous in comparison with doing one by one, economically and also
temporally since in this system you can have the results immediately. Also,
all the money that used to be destined to the generation of this data set now
can be used for other things that is required.

This project directly is not linked to any project but the studies from which
we start are European projects.

6.3 Social dimension

This project wants to use the efforts done by different Microbiological de-
partments in MST leaded by UB. Currently, obtaining microbiological data
from fecal matter pollution is expensive so there is a lack of data.

Creating a system that allows the source prediction of the fecal matter is
beneficial for the Microbiological departments in terms of costs and analysis
and actually has the support of UB microbiological department.

This system not only makes life of scientists easier but also life of people in
general because being exposed to water that is polluted with fecal matter
can be dangerous.

If there is a system that can reduce the time to detect which is the origin
of the fecal matter, people contaminated by fecal matter can be reduced. In
case it is not dangerous, then users will be less affected by for example a
beach closed due to fecal matter contamination when it is not threatening to
human being.

The development of this project is not going to harm any collective. In fact,
it will benefit society transversely and will help the society to have conscience
about the problem that suppose pouring fecal matter in water. A problem
that in first world countries is not considered.
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6.4 Environmental dimension

The only footprint is the electric cost of developing the project and later,
just the cost of computer to access the website and electric cost of hosting
a website. In exchange, we save in car displacements, water used in future
experiments and the electricity used for all the media and to light the labo-
ratory so we are diminishing this footprint.
Furthermore, the code developed is going to be scalable and modularized
which leads to reusing some generic parts of it.

The data used in the project can be reused to any project that requires the
data. The data that our system predicts can lead to create artificial data.

For all the reasons above, we can say that it is sustainable.

7 Justification of the project specialty

7.1 Subjects useful for the project

I think that any subject from my mention helps to develop skills because
they are crosscutting. Once said this, the most relevant are the following:

• Algorithmics: This subject is useful in terms of efficiency and being
able to analyze the complexity of the algorithms that will have to be
implemented in the project. The main objective of the subject is show-
ing different programming techniques that can be suitable for a certain
problem and because of this, is a very transversal knowledge that can
be used and applied at any project.

• Programming Languages: As in the previous case, this subject gives
overall knowledge that can be applied to any project. In this case,
different programming languages and paradigms are taught in a way
to cover what any language can potentially do and which language is
the most suitable for the certain system. This allows me to explode
the full potential of R with different techniques, to fully understand
the language itself ,and to choose the best language to accomplish my
objective.
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• Machine Learning: This subject (guided by my director) which fully
covers machine learning techniques and methods is completely suitable
with what will be done in the project: Context, basic knowledge, differ-
ent techniques and methods that otherwise I would have had to explore
by myself.

• Searching and Analysis of Massive Information: Data mining
and machine learning topics are covered in this subject. It does not
directly deal with the topic that my project covers but it is related with
some topics like clustering algorithms, data treatment and in general
analysis of data.

7.2 Specialty of the project

This project fulfills the requirements of my specialty that in this case, is
computing. Some of the reasons are the following:

• Machine Learning based: A significant part of this project is ma-
chine learning based and machine learning is a discipline inside comput-
ing. Machine learning explores the study and construction of algorithms
that can learn from and make predictions on data through building a
model from a training set. Currently machine learning is applied to
several fields. Among them, some are email filtering, computer vision,
learning to rank, and etc.

• Visualization of complex data: Representation of complex data,
require complex algorithms and data analysis to show to the final user
something significant and understandable. Without this data represen-
tation, would be impossible to understand and interpret the data.

• Efficiency and security are present on the website: As most of
online platforms, security of sensitive users and data, is present. Also,
efficiency is mandatory because otherwise, anyone will want to use a
slow platform and if the system faces with big data inputs, then it
would be too slow due to a bad algorithms implementation.

In summary, this project is inside the computing category because treats with
complex algorithms, has learning methods, interact and visualizes with the
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data given in a secure and efficient environment according to the requirements
of the project.

7.3 Academic objectives

In this section I present the objectives that my project will cover followed by
their importance. This academic objectives, can have four labels according
to their importance: None, A little bit, Enough and In depth.
The ones that are not covered by my project (None), will not be presented
for clarity:

• CCO1.1: To evaluate the computational complexity of a problem,
know the algorithmic strategies which can solve it and recommend,
develop and implement the solution which guarantees the best perfor-
mance according to the established requirements. [Enough]

• CCO1.3: To define, evaluate and select platforms to develop and pro-
duce hardware and software for developing computer applications and
services of different complexities. [A little bit]

• CCO2.1: To demonstrate knowledge about the fundamentals, paradigms
and the own techniques of intelligent systems, and analyze, design and
build computer systems, services and applications which use these tech-
niques in any applicable field. [A little bit]

• CCO2.2: Capacity to acquire, obtain, formalize and represent human
knowledge in a computable way to solve problems through a com-
puter system in any applicable field, in particular in the fields related
to computation, perception and operation in intelligent environments
[Enough]

• CCO2.3: To develop and evaluate interactive systems and systems
that show complex information, and its application to solve person-
computer interaction problems. [Enough]

• CCO2.4: To demonstrate knowledge and develop techniques about
computational learning; to design and implement applications and sys-
tem that use them, including these ones dedicated to the automatic
extraction of information and knowledge from large data volumes. [In
depth]
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• CCO3.1: To implement critical code following criteria like execution
time, efficiency and security. [Enough]

Once introduced the importance of each objective and what each of them
covers they will be accomplished in the following way:

• CCO1.1: This objective will be covered by taking into account in all
algorithms how important it is and which is the algorithmic approach
that will work according to them.

• CCO1.3: Choosing software and hardware technologies during the
project such as R, Shiny require of this kind of analysis.

• CCO2.1: This can be accomplished because our website, includes an
intelligent system that is the predictor so we are using an intelligent
system.

• CCO2.2: All the interactive part where the user introduces informa-
tion or selects options, and how the system treats this information to
give back the results is related with the objective.

• CCO2.3: The system will allow to introduce microbiological data, vi-
sualize and interact with it. This is completely related with the com-
petence.

• CCO2.4: All the machine learning part where we create a prediction
system, completely corresponds to this part.

• CCO3.1: Because the website has to be secure and fast, efficient algo-
rithms and a secure environment with science nodes will be provided.

8 Identification of laws and regulations

This project needs an authentication in order to be able to access to the
datasets, created models and in general all kind of data that is necessary
to use the website. However, Science Nodes is the platform that manages
the users which implies that is not responsibility of this project how Science
Nodes treats information and deals with privacy or sensitive data.

The website is an open source project since everyone can see the repository
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and access to the website so there is no need to worry about copyright prob-
lems. Regarding to the libraries used to build the website, we have ensured
that all of them are open source therefore free for a non-commercial use.

In case it would be commercialized, RStudio is not free anymore since it is
only free for open source purposes.

For all the reasons above, this project does not trespass any law or regulation.

9 Design and implementation of the website

The development of the website has been driven through some key aspects:
user experience, scalability, performance and invested hours. In the next sec-
tions, a justification of the most relevant decisions will be done and an overall
design will be provided

9.1 Requirements

Before introducing and reasoning about the design of the website, it is im-
portant to analyze which requirements the product has to cover and which
are the most relevant. Knowing which requirements are the most important,
allows a more efficient and useful development towards the final product that
the stakeholder will get at the end of this final degree project.

In the project case, some requirements appeared during the development and
others were present from the beginning.

Functional Requirements

• Provide a professional appearance and a good UX.

• Save/Load any given data.

• Being able to visualize/sort/modify, select which columns to display
and in general, interact with the loaded data.

• Choose locations from a folder according to the column name and the
possibility of saving them.
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• Upload our own location in different formats (T90 or T99).

• Create/Load/Save the BIGMATRIX generated in order not to recal-
culate.

• Select which algorithm we want to apply to the BIGMATRIX.

• Visualize prediction.

• Integration with science nodes in order to have users and security in
our platform.

Among many non-functional requirements that are appropriate for our web-
site, a significant list is provided.

Non-Functional Requirements

• Accessibility

• Extensibility

• Performance

• Privacy

• Scalability

• Security

• Reliability

• Usability

9.2 General appearance and UX

One of the top priorities when building the website was the User Experience.
Using the website has to be an easy task in order to facilitate users work.

During the design of the website, many ideas were evaluated. The design had
to be something minimalist, easy to use, professional-looking and visual. In
the first versions, the idea of a tabset on the top and a collapsible panel at the
right side were the user could load the data was the best option considering
the few options in the tabset. However, there was too much occlusion with
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the data because of its size and elements such as the footer, were not useful
which motivated to discard this option.

Figure 3: One of the first approaches of the Dashboard.

There was the need of a design that minimizes those occlusions, gives a
more professional look, looks more responsive and in general that was more
consistent and allowed a relatively fast development. What we thought that
matches best with this ideas is a dashboard and RStudio, has a package
named shinydashboard[25] that facilitates the creation of one. A fully custom
dashboard is something that is out of the scope of the project due to the time
restriction.
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Figure 4: Final result of our dashboard.

Even though, in order to improve user experience, some modifications to
exploit the capabilities of shinydashboard have been done. These modifi-
cations, allow a smoother user experience. For example, the creation of a
semi-collapsible bar that instead of fully disappear when clicking the ham-
burger icon, still shows each tabitem in order to optimize screen space and
user experience and including a help and an about button on the right side
of the navbar would be the most relevant ones.

Figure 5: Dashboard improvement where the sidebar does not fully disappear
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Besides the dashboard, many efforts have been done in order to polish small
details and improve feedback. Some of this efforts include:

• Adding sweetalert[24] in case of loading successfully or when there is
an error in order to provide a better feedback.

Figure 6: Dashboard created

• Hiding the menuItems of Modelling and Visualization once the "Gen-
erate BIGMATRIX button" from Scenario menuItem is clicked.

• When loading a location, conditionally hiding persistence in case that
we want to introduce our own.

• Providing help and information about the platform. The user will be
able to download a manual in the help icon from the top right bar and
will be able to read information about the participants of the platform
in the "About" section placed next to help icon.

• Using libraries such as shinyWidgets[11] that make our website more
aesthetic and intuitive.

• In order to predict, at the moment of choosing which variables, we
create the taxonomy dynamically considering the input of the table.
So if in the dataset introduced there are cats, dogs and cows, in the
list will only appear cats, dogs and cows. This improves UX since only
have to choose among relevant ones.
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9.3 Load any given data

Currently our platform supports all kind of data.
However, is specially designed to support .csv and
excel files. The reading function has many argu-
ments in order to introduce all kind of data given.
It can be complicated but is the only way to be
able to offer such a genericity. The inputs are:

• Format to read: Allows choosing which R
reading function to use.

• Argument: Read function has multiple
parameters such as header, sep, quote,
dec... Argument provides them to the user
to be able to read any input data.

• Enter value: For each value, reactively
shows its possible values.

• Browse file: To choose which file to upload

9.4 Table

Allowing the user to load a dataset, visualize, modify and in general, being
able to interact with it, is one of the most important points in the website
part.

There are some R packages that cover our requirements but each one differs
in some aspects. Because of this, an analysis to detect which one is the most
suitable and a proof of concept for each has been performed.

• DT:[10] Provides an R interface to the DataTables library in Javascript.
DT is a library supported by RStudio.

• RHandsontable:[9] Provides an R interface to Handsontable in Javascript.

• D3TableFilter:[8] Based on D3 Javascript library and Max Guglielmi’s
"HTML Table Filter Generator".

A table comparing each of the packages is shown:
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Feature DT RHandsontable D3TableFilter
Coloring X X X
Comments X X X
Customization X X X
Display columns X X X
Download X X X
Edit data X X X
Filter by column X X X
Formatting X X X
Last modification* 13th July 2017 1st September 2017 2nd December 2017
Popularity** 242 172 51
Scrolling data X X X
Search data X X X
Sorting X X X
Table footer X X X
User experience*** X X X
Validation X X X

Table 18: Comparison among different table packages.

* Last modification on the github repository (Data taken on 15th December
2017).
** Github stars on the repository.
*** Personal opinion once implemented with each library an approach.

As can be seen by the table, these three libraries have a lot in common in a
theoretical point of view. For this reason, choosing which one was the best,
required prototypes in order to be able to decide.

On one hand, RHandsontable and D3TableFilter are packages that as DT,
adapt very powerful javascript libraries into shiny but this task is done by
a single author without any remuneration and are not as popular as DT.
This implies that can turn into unmantained repositories very easily and
that facing problems in RHandsontable or D3TableFilter can lead to that
the problem has no solution or that there is not community that can help.

On the other hand DT is not as powerful as both previously mentioned but
it has RStudio team behind, it has a bigger community and apparently, a
better future scalability. However, DT allows us to build everything required
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and is the one with the best UX in my opinion (simpler visual appearance).

In conclusion, DT package was chosen because of a better UX, popularity and
because the development team is bigger than in RHandsontable.Regarding
to D3TableFilter it will always be better a library that can be permanently
supported. However, the whole code does not rely on the use of DT and
changing the library would only suppose to modify one file.

9.5 Selection of the location

One of the website’s requirements is to be able to select a location for each
column of our dataset. Generating a solution that could be extensible and
independent to any dataset was complicated and hard to design.

To accomplish this task, what has been implemented is a row of buttons
(each with a different ID) that open a dialog where the user, can see and
select the locations available for the selected column and save the one (s)he
wants. Once selected the location, automatically and re-actively Shiny will
do the desired plot of all the seasons of the selected location (the user can
choose which function to use among scatter and lm).

Figure 7: Loading location screen

In order to implement it, we had to know which row we were clicking, how
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to save the data and how to organize the information. We organized the
information by having for each column a folder and inside this one, a folder
for each location with many seasons inside.

9.5.1 Upload location

In case that the user wants to upload his/her own file instead of loading
them, (s)he can upload a file in two different formats (T90 - time for 90%
decay or T99 - time to decay two logarithms).

Since T90 and T99 require of only one number, instead of uploading a file,
we have decided that would be more convenient to introduce the number and
re-actively show the slope.

Figure 8: Upload location screen

9.6 Efforts in BIGMATRIX’s creation

The generation of the BIGMATRIX is mostly machine learning based. Nev-
ertheless, we have worked in creating a website that given any loaded dataset
can generate this matrix and can apply machine learning techniques to it.

To generate this matrix we need to assign first a location to each variable in
order to then create the matrix and apply aging (we have to see the value
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in the slope at a certain moment). These variables, are the ones that can
variate across different datasets and because of this, an effort in creating this
generic modeling has been done.

Aside from the creation of this matrix, there is all the environment required in
order to select which machine learning technique will be applied and among
many options, what to predict (e.g. human vs no human).

Figure 9: Dashboard created

9.7 Visualization

In the last screen, the user can visualize the chosen filters and also can see
a truth table showing the model predictions to the data. There is the option
between seeing the truth table of training and also in the test case in order
to see if both models are good enough.
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Figure 10: Visualization screen

9.8 Integration with Science Nodes

As previously mentioned, integrating with Science Nodes allows us to abstract
the user from executing R and provides us from an environment where we
can have users and security(things that otherwise, we would not be able to
offer). These users can interact with others execution in this case, with our
solution.

In order to integrate with Science Nodes, we had to mainly do the following
steps:

• Modify local code in order to install the packages (install.packages(...))
that are being used. These instructions were not in my code, since my
IDE is the one that asks for them.

• Change routes that we could have in the code in order now to fit with
the new paths of each file once uploaded.

• Go to "Files" tab and upload all the files one by one and categorize
them as: scripts, documents, media, warehouse, datasets or inputs.

• Go to "Solutions" tab where we choose the technology of our solution
(Shiny), we select the files with the code and we create the solution.
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• Run the solution. When running the solution a screen will prompt and
we have to name the experiment, select input files and parameters and
finally execute.

• Finally we can manage access to other users to our project from the
"Projects" tab where we can choose between project manager and en-
rolled. In the "Nodes" tab we can choose if making our node accessible
to everyone or to make it private.

Integration with this platform, has been specially tough since there is no
documentation but could be possible thanks to Gerard Cegarra, student that
developed the newest version of this platform as his final degree project
(currently not available).

10 Design and implementation of the predic-
tion

10.1 A brief introduction to machine learning

Machine learning is a computer science field that gives computers the ability
to learn without being explicitly programmed. This is specially useful in cases
where:

• We cannot directly write a computer program to solve our problem.

• The problem changes across the time or depends on a certain environ-
ment which would imply to explicitly write a solution per case.

In these cases, machine learning can provide a solution because uses data or
past experience to optimize a performance criterion. We model the problem
according to parameters and learning is the execution of a computer program
to optimize the parameters (training). This predictive model is able to make
predictions in the future with data or examples that has never seen and
without the need of having to code a special case.

In training, we need efficient algorithms to solve the optimization problem,
and to store and process big amounts of data. Once a model is learned, its
representation and algorithmic solution for inference needs to be efficient as
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well. In some machine learning applications, the efficiency of the learning can
be as important as its predictive accuracy.

I want to make note that previously to training a model, there is a significant
part where we have to pre-process the data in order to extract from it useful
information and also to eliminate data that is not good enough e.g significant
number of NA’s.

In machine learning we can establish multiple classifications depending on
how the learning process is done:

• Supervised learning: The computer receives example inputs and
their desired outputs. The problem then is learning a general rule that
can map inputs to outputs.

• Unsupervised learning: The computer has no labels provided on the
input, leaving it to the learning system to find the input structure in
its own.

There are many algorithms to solve machine learning problems. Depending on
the problem one or the other will have a more successful prediction rate. Some
of this algorithms (among many others) are decision trees, neural networks,
deep learning, support vector machines (SVM)...

10.2 Implementation

As could be seen in the previous section, machine learning is specially inter-
esting for cases where we cannot write a solution that will prevail across the
time.

In our case, the input data can be any kind of microbiological data that the
user introduces. Having a solution that is adhoc per data, would mean having
serious scalability problems.

10.2.1 Starting point

To implement our machine learning solution that comprehends all kinds of
microbiological data, and that can give predictions with them, we have taken
as a starting point a code from my director that has a 100% prediction rate in
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a certain scenario. Unfortunately, this solution is bounded to the data given
and because of the nature of our problem, it can only be partially re-used
since the user can introduce any data.

The machine learning solution given by my director, could be summarized in
seven steps:

• 1 - Pre-processing: In this first step what my director does is reading
the dataset, eliminating columns with lack of data, substitutes values
with the form "<X" for a 0, creates target classes (class for Human/-
non Human) and creates seasons according to the Date value in the
dataset.

• 2 - Handling detections: When we dilute or age a value, if it goes
below the Tau for the variable, then we make it 0. This Tau should be
the same for all the observations for the same variable and it is obtained
by calculating the slope from the T90 (T90 = -1/value) given by the
scientists.

• 3 - Aging: In case that not given T90, computing logistic regressions
for aging essays on seasons (assuming no correction) to get slope and in-
crement. Otherwise, calculate slope/intercepts for non-assays variables
where T90 or T99 given.

• 4 - Remove animals with few occurrences, create ratios, apply the log-
arithm to the matrix.

• 5 - Scenarios 1 - 4: Training scenarios where he tries different ap-
proaches in order to see which is the one with the best success predict
rate with the minimum number of variables. He tries among:

– Human/noHuman - Point Source - All variables.

– Human/noHuman - Point Source - Mollecular variables.

– 4 Sources (cow, human, pig and poultry) - Point source - All vari-
ables.

– 4 Sources - Point source - Molleculars.

• 6 - BIGMATRIX: BIGMATRIX’s creation, age dilution, applies de-
tectors, defines matrix’s size, add ratios after aging and apply logs,
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creates two versions: one with all variables and the second with mol-
lecular variables only.

• 7 - Scenarios 5 - 8: Repeats scenarios 1 - 4 but with the BIGMATRIX.

10.2.2 Integration

In the following section we are going to explain how we could integrate the
previous explained code in order to make it work in comparison with the
provided code.

10.2.2.1 General overview

The code to integrate and my case, are in general terms the same but in code
and purpose is very different. In my director’s code, the general purpose is
to test which is the best approach among many others that he executes
indifferently if he has already one model that is perfect. In my code, the
aim of the code is to allow the user do whatever (s)he wants in order to try
models that (s)he may consider interesting.

Because of this, in the platform there are many variables that the user can
choose in order to make it feel like (s)he is almost programming with the
platform but without having to know or install R and its libraries.

Furthermore, the way to get the slopes and seasons is slightly different since
we need to assign and upload seasons to each column before generating the
BIGMATRIX. We can directly have an array with the slope of each column
where each position is saved when we save the season to that column.

10.2.2.2 Pre-processing datasets

Previously, eliminating undesired columns was done by handpick e.g consid-
ering that a certain column has too few data to be relevant. In a generic
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approach, this can not be done by code since we do not know which data
we are going to receive. In order to be able to eliminate undesired columns,
we provide the user the possibility of eliminating columns with a threshold
below a certain percentage of missing data (NA).

Creating target classes can be reused but would imply to standardize the
way the user writes data the sample column (name of each row). In this case,
we have assumed that the user will place the animal code in the 4th and 5th
letter of the sample name i.e P1-CW10 where "CW" stands for Cow.

Data with values such as "<X" where X is a given number, are also eliminated
in order to be able to operate with them. These values can be considered 0
since microbiologically talking what means "<X" is that in the sample used,
there is less than a certain quantity but because of its size and that are not
uniformly present in water, we can not assure the quantity.

Note that in order not to modify user’s matrix, we are going to do the pre-
processing part with a copy of it. This allows us to create as many columns
as desired and apply any modification to it without affecting the user.

10.2.2.3 Generation of the BIGMATRIX

BIGMATRIX creation is done in a similar way than my director does. In
order to generate the BIGMATRIX we create a function to age the matrix.
This function what does is generating new rows with the value of each vari-
able under a certain moment given a time. Once we have this aged matrix,
we apply another function that dilutes this matrix (diluting is just dividing
values by a factor). While this two methods are applied, if some value goes
under a certain tau the value becomes 0. The tau is the same for all observa-
tions of the same variable. Next step consists in given the number of elements
chosen by the user, generating a sample of that size. The resulting matrix,
will be the BIGMATRIX in other words, the result of generating random
samples and permutations of our dataset once applied the aging and dilution
process.

This matrix, is the one that will verify how successful is the model we have
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built since that a model in train has a high successful rate doe not imply
that will in test.

10.2.2.4 Training and test

When generating a predictive model, my director does an exhaustive search
to find which is the best set of variables and then he applies the algorithm. In
our case since is an interactive website, we execute what the user has chosen.
What we do is allowing the user to choose which are the variables that (s)he
wants to create a model of.

The current algorithms that the user can apply are QDA and LDA since are
the ones that we know that work fine with the type of data.

10.3 Results

In order to verify that our platform works, we have executed the same matrix
used in the integrated code. If the platform works appropriately, it has to
give same results as the integrated code. Because of this, we have tested
(among other tests done) that with the variables (SOMCPH/BTHPH and
SOMCPH) has a 100% in the training part. Furthermore, tests with another
matrix (with different variables and data) have been done and successfully
worked. The prediction rate in this case is not relevant since the purpose of
the system is predicting whatever the user wants which is very different than
having an input data and once calculated which is the best approach give a
prediction rate. Note that is a very demanding process that can take long.
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11 Conclusions

11.1 Knowledge acquired

During the project I have learned about R, Shiny, machine learning and
integration with platforms such as Science Nodes. Furthermore, I have seen
that elaborating an economic plan, analyzing the stakeholders, defining which
technologies to use and planning a project, is a tough task that suffers from
many deviations and requires an exhaustive work in order to do it well.

I have learned that building a UI that provides the user of a easy interaction
can be very complex and also, I have seen how hard it is designing a website
flow when the client does not know exactly how (s)he wants it to be and it
is complex to find an optimal representation.

Going more in depth with the technological part in the website, I have learned
how building websites with Shiny is, how Shiny reactivity concept works, the
potential and strong and weak points of Shiny, the many libraries that one
can use and which ones are the best, and how hard is to build a solid product
when it has to be very scalable and used in real life.

Related with machine learning I have seen the difficulty that implies working
in a domain (microbiology) where you do not have knowledge. I have also
experienced machine learning potential and I could overview concepts and
techniques previously studied. I have also strengthen my R knowledge in ma-
chine learning by developing methods and functions in order to successfully
predict and create a model.

11.2 Project results

To analyze our results, we have to see if our objectives have been successfully
completed or not.

• Machine Learning part

– Aggregate the work of my director to the project to accomplish
the machine learning prediction in the case of only one source.
(100%)
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– If possible create the machine learning part in order to be able to
predict with more than one source. (30%)

• Website part

– Allow the user to upload, load, modify, and download microbio-
logical information. (100%)

– Allow the user to choose which information to display, the micro-
biological behaviour of each variable, the dissolution, creation of
a prediction model, loading a previous prediction model. (100%)

– Visualize and interact with the results. Display relevant informa-
tion in order to facilitate user decisions and understanding of the
problematic.(100%)

As it can be seen in the project, most of the objectives have been successfully
completed. However, I would like to mention that there has been a bigger
emphasis on the website rather than the machine learning part unlike it was
stated at first. This is something that happened while developing the project
because of underestimation of the website complexity. Building such a solid
website that provides the user all the functionalities in order to save and
load in different states of the process, creating a solid UX and UI, being
able to select each location while seeing in the plot of each different location,
integrating with a platform, and designing how to provide the user with
the possibility of doing all this process, has been something really tough.
Nevertheless, since I am passionate about machine learning, I have adapted
the code of my director to a functional code that can execute what the user
wants and needs in a way that interaction between user and the platform is
as user friendly as possible by diminishing the waiting time.

12 Future work

In order to keep progressing with the platform, there is still work to do:

• Maintain the website and correct possible bugs that may appear in the
future.
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• Apply automated tests into the platform in order to be able to scale
solid and successfully

• If the number of users grows, it may be convenient to move into a
shinyServer which would imply to control users, assure data, etc.

• Automatically deploy new versions to science nodes. Currently this
cannot be done and it implies that whenever there is an upload, the
user has to upload all the modified files to the science nodes server.

• Improve table functionalities in order to facilitate user’s work. The more
excel-like is the table, the better and more useful it will be. Some of
these functionalities could be:

– Allow the user to create sub-matrices.

– Create ratios between columns.

• Parallelism in the matrix’s creation in order not to make the user wait
when generating the BIGMATRIX.

• Add more machine learning algorithms.

• Try to improve machine learning performance.

• Improve visualization part.

However, the platform is published via web and can be used without major
issues and it has the client’s approval.
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A
R Packages used

The packages used and required to make the website work are the following:

• dplyr

• htmlwidgets

• scales

• shiny

• shinyBS

• shinyWidgets

• shinycssloaders

• shinydashboard

• shinyjs
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