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1 Machine Learning Project
1.1 Presentation of the project
This section outlines the project's structure, the data provided, the objective, and
the technique suggested to be used.

1.1.1 Introduction
Prompted by the current energy crisis as well as wanting to follow new tactics on
sustainability and green technologies, an industrial construction company wants
to adopt techniques and materials that will reduce the energy footprint of the
buildings it constructs. To achieve this the company collected data from already
existing buildings in order to analyze them and draw conclusions about the
heating and cooling load. This information will let them estimate the
required heating and cooling units for each industrial unit in order to avoid
the installation of either unnecessary big units or an inadequate amount of
them.

1.1.2 The Data
The data that the leading architect suggested should be the most informative are
the following eight variables:

And the target variables will be:

You can download the dataset here.

1.1.3 Objective and methodology

Describin
g the

real-wo
rld

proble
m

The company decided to hire you and your team as machine learning experts to
perform analysis via suitable techniques and present the results to the board. Your
analysis should be complete and the steps you choose should be justified.
Such an analysis is especially important because it actively contributes to an
industry's ecological goal. Your main objective is to recommend a precise number of
heating and cooling units per new building, so that a building maintains livable
conditions while consuming no more energy than necessary.
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From real
world to

ML
approach

To estimate the quantity of cooling and heating units needed by the firm, it is
required to know the heating and cooling load that each building demands during its
operation. To accomplish this purpose, you must first examine the data presented to
you and how it links to the target data. In other words, we must find a way to predict
the target data considering only the given data.

ML
methodol
ogy steps

Because the situation described above is a real-world problem, it encompasses all of
the obstacles that may arise in such a scenario. Some of these issues may include
dealing with unfamiliar data, data that is not homogeneous, or data that displays
strange values with no obvious explanation.
Inadequate data knowledge may be addressed by considering that the main thing is
not necessary to comprehend the substance of a technical word, but to understand
its behavior as data and how it might interact with other data. To do this, we first
select to visualize the data before examining it with tools for discovering
correlations between variables.
But first, we must address the issue of data inhomogeneity by doing the necessary
data preprocessing operations. If we don't, we risk drawing incorrect conclusions or,
worse, ones that we can't comprehend.
Then, based on our understanding, we will then be asked to select a suitable
machine learning model. In our scenario, we want to forecast heating and cooling
load values that are real continuous numbers. Will supervised or unsupervised
learning be used?

Tip: A good ML specialist may use more than one models.

Afterwards, we must evaluate our findings. This manner, we can see if
our projections are accurate and enhance our word and the company's faith in our
exports. To do this, we must select an appropriate metric and apply it to our
outcome. The following page contains a list of relevant metrics for forecasting real
numbers.

Tip: A good ML specialist never use one metric.

Finally, keep in mind that all of your labor should be documented and
accompanied by proper explanations for each stage.

1.1.4 Deliverables
Summarizing all of the above, your deliverables should include the following:

1. Python Notepad with all the processes that you followed.
2. Brief report that documents all the steps that you followed including:

a. Preprocessing of the data
b. Data understanding and exploration
c. Data visualization
d. Data modeling
e. Evaluation of the results
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1.2 Group challenge
This section contains project logistics as well as a discussion of possible
responsibilities for participants.

1.2.1 Project Logistics
To do this challenge, you will need to form a group with 2-4 other students.
You will be instructed by a teacher on how to perform the challenge.
When your group is finished, the product and the process will be evaluated by a
teacher using the evaluation rubric.

1.2.2 Roles
It is proposed that you split the distinct jobs to make the greatest use of your
resources. More specifically, we propose the following possible roles:

These roles are indicative and may change depending on the composition of
your group. There can for example be two Model Makers or a team member may
have more than one role.

1.3 Goals to reach with the challenge
✔ Interact with a real-world case scenario and deal with the difficulties that

may occur.
✔ Understand the physical meaning of the data and how they may interact

with each other.
✔ Visualize the data using common python tools.
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✔ Preprocess the data in order to prepare them for further analysis.
✔ Decide which machine learning model is more suitable for the given data

and the wanted outcome.
✔ Build the model from scratch using Python tools.
✔ Train and test the model.
✔ Evaluate the outcomes of the chosen model using suitable metrics.
✔ Document your work.

-
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1.4 Rubric (evaluation form) for groups of students
After completing the challenge, the instructor(s) will evaluate the work of the students. This rubric will be used to evaluate
competencies and learning outcomes on a 5-point scale of: very poor, poor, average, good, and excellent.

Criterium Very poor Needs Improvement As expected Good Excellent

Students visualize the
data before analysis.

There is no visualization
attempt

or

The student is not able
to operate without help
from other students/
teachers.

Some visualization
techniques are not
suitable for the given
data and have no or
poor description.

The student can plot the
data and can draw some
simple conclusions
about them.

The student uses
different techniques to
visualize different kinds
of variables (numerical,
categorical, etc.) and
can understand the
plots.

The student uses
suitable techniques to
visualize each variable
depending on its kind.
Also, the student
manages to visualize
combinations of the
variables and can figure
out the possible
correlation status. The
student can interpret
the visualizations.

Data model selection. The student cannot
understand the concept
of a machine learning
model and cannot
suggest one without the
active help of other
students or the teacher.

The student can
understand the concept
of a machine learning
model but cannot
suggest a suitable
model for this case.

The student can
suggest a suitable
machine learning model
for the data. The
suggestion may be
boosted by a
constructive discussion
with the teacher or
other students.

The student can
suggest a machine
learning problem and
demonstrate its benefits
contrary to other
models.

The student can
suggest a suitable
machine learning
problem and adequately
argue for his/her choice
as well as suggest
alternative approaches.

The student trains and
tests the machine
learning model.

The student is not able
to train or test the ML
problem.

The student can import
the right Python
libraries but the training
and testing commands
are not suitable for the
use case.

The student can train
and test the machine
learning problem,
probably referring to the
previous exercises of
this lesson.

The student can make
micro-adjustments to
the training and testing
of the model such as the
percentage of the split
of the dataset to train
and test the sample.

The student can train
and test the ML model
and fine-tune it to
provide better results.
The student is also able
to perform advanced
testing techniques.
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The student peak
suitable metrics for the
evaluation of the
results.

The student does not
comprehend the
concept of evaluating
metrics.

The student does
understand the concept
of evaluation metrics
but is unable to provide
a suitable suggestion.

the student can propose
and use one or two
metrics.

The student also
understands the
outcomes and interpret
the numbers.

The student can
understand and
interpret the meaning of
the metrics and apply
fine-tuning to the
original ML model to
receive better results.
Finally, the student can
recognize phenomena
like overfitting.

The student documents
his/her work properly

The student didn’t
provide any
documentation.

The student provided a
little documentation
that didn’t have any
reflection to the theory
that he/she has been
taught.

The student provided
adequate
documentation.

The student provided a
full report with solid
connection between the
data with his/her
knowledge.

documenting each step
and suggesting
alternatives.
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2 Learning Units reference
These Learning units have to be completed before approaching this Project
Work/

TRAINING MODULE LEARNING UNITS

MACHINE LEARNING
(TM3)

Unit 1:
§1.7Machine learning for manufacturing applications

Unit 2:
§2.1What is supervised Learning?
§2.2Mapping to real-life Manufacturing Cases
§2.3.2 Regression

Unit 4:
§4 Regression with Python for ML

3 Learning Outcomes
These Skills and Knowledge will be improved upon the project work completion.

TRAINING MODULE SKILLS AND KNOWLEDGE

MACHINE LEARNING
(TM3)

Skills
S1: Understand the basic concepts of an unknown dataset
derived from an unfamiliar field.

S2: Understand an advanced manufacturing problem and
be able to verify if it can be solved via machine learning
techniques.

S3: Understand what field of machine learning is fitting a
use case

S4: Preprocess the given dataset to ensure homogeneity.

S5: Find a fitting machine learning model for the given use
case

S6: Train a machine learning model using Python

S7: Evaluate a machine learning model using suitable
techniques.

Knowledge
K1:Machine Learning Theory

K2: Basic machine learning types (supervised and
unsupervised)

K3: Basic machine learning techniques (regression,
classification, clustering, association)

K4: Regression algorithms in Python

K5: Basic evaluation metrics of machine learning models.
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4 IoT Lab Resources
4.1 Requirements
To be able to do this challenge, you will need the following things:

- A PC or a Laptop that meets the needs of ML model training Python
Environment.

- Internet access.
- A python IDE is required or you can use Google Colab.
- Installed Python 3 Release according to the operating system.

● Windows
● macOS
● other

- Download the dataset. The dataset can be found here in .csv form.

These IoT lab resources are suggested to complete the project work

- Installed the basic ML and visualization Python libraries in a pre-created
project that the teacher can give to the students.
indicatively and not exclusively:

● Pandas
● Numpy
● Pyplot
● Matplotlib
● Seaborn
● Sklearn
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5 The project step by step
To complete successfully the project work you can follow this step sequence.

SEQUENCE WORK Estimated
time

STEP 1: Definition of the
problem

Students will read the challenge and make sure they understand all
the requisites asked

2h

STEP 2: Visualize and
understand the data

Students will use the techniques they have learned to check the
size and the kind of the given data, visualize it and understand how
each variable affects the others.

6h

STEP 3: Prepare the data Students will preprocess the data to ensure homogeneity. 2h

STEP 4: Choose a suitable
Machine Learning model

Students will study the theory and choose a suitable model to
implement

5h

STEP 5: Train and test the
machine learning model

Students will use Python libraries to train, test, and fine-tune their
model

8h

STEP 6: Evaluate the
Results

Students will use suitable evaluation metrics and will share their
thoughts about the performance of their model. They may suggest
future improvements for the machine learning model and even to
the data collection attributes.

8h
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