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SUMMARY

The subject ‘Técnicas de Andlisis de Imagen' (hereinafter TAl) is a clear example of what has meant the
enormous advancement of microscopy and other image acquisition techniques in the training of future
professionals in Biology, Biotechnology and Biomedicine. Currently, there is a large distribution of
computer-integrated microscopy equipment and a wide variety of software packages and new algorithms
available for digital image analysis. This kind of technology, which has advanced rapidly since the
beginning of the 21st century, along with the constant increase in the number of images to be processed,
requires the training of specialized researchers who must combine image analysis skills with biological
knowledge.

The TAI subject is presented as an introductory course to digital image treatment techniques applied
mainly to biological images, that is, to Bioimage Analysis (BIA). This consists in the identification of
biological elements of interest in images and in the quantification of a great variety of characteristics to
tackle a biological problem in an unbiased way. To do this, different software packages consisting of
‘collections’ of image processing and analysis algorithms (known as components) are used.

However, BIA does not consist solely in ‘learning to use a certain software' since, for each specific problem,
it is necessary to assemble a series of components in a specific order, adjusting their functional
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parameters to the problem to be solved, obtaining a ‘'workflow'. This workflow takes image files as input
and generates numerical values and / or processed images as a result. Furthermore, component assembly
can also be done in the form of an executable script. Converting workflows to scripts has two main
advantages: 1) It allows the automation of repetitive tasks, and can even develop scripts for high content
BIA. 2) The scripts also stand out for their usefulness as documentation, that is, they serve as a record of a
workflow, which ensures the reproducibility of a BIA protocol.

Therefore, there is a growing demand for experts in the optimal assembly of image processing algorithms
for a practical development of the BIA: bioimaging analysts. This group of professionals join and
complement the three classic categories of experts involved in \"Biolmaging\": scientists in the field of
biosciences (e.g. biologists), instrumentalists (e.g. microscopists) and developers (e.g. programmers).

In the 2.5 credits, we cover the fundamentals of the BIA beginning with the characteristics and properties of
digital images and their specific problems; continuing with the different algorithms and techniques for the
construction of workflows and their logic to obtain workflows capable of obtaining significant quantitative
data from images. Finally, we acquire the basic knowledge needed for the automation of these workflows
as scripts to be able to process large numbers of images.

The subject is conceived as a fundamentally practical package, so each of the theoretical concepts that are
introduced during the course, has its immediate practical application in the following sessions.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE
There are no specified enrollment restrictions with other subjects of the curriculum.
OTHER REQUIREMENTS

There are none

COMPETENCES / LEARNING OUTCOMES

2224 - Master's Degree in Research and Development in Biotechnology and Biomedicin

Adquirir destrezas en el manejo de las metodologias avanzadas empleadas en las biociencias moleculares
y en el registro anotado de actividades.

Aprendizaje del uso de la instrumentacion y equipamientos empleados en los laboratorios de biotecnologia
y biomedicina.

Be able to integrate new technologies in their professional and/or research work.

Make proper use of IT tools, statistical and data simulation methods, applying IT tools and statistics to
biomedical and biotechnological problems.

Students should apply acquired knowledge to solve problems in unfamiliar contexts within their field of
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study, including multidisciplinary scenarios.

Students should be able to integrate knowledge and address the complexity of making informed judgments
based on incomplete or limited information, including reflections on the social and ethical responsibilities
associated with the application of their knowledge and judgments.

Students should possess and understand foundational knowledge that enables original thinking and
research in the field.

DESCRIPTION OF CONTENTS

0. Session 1: Presentation of the course: Complete diagram of the workflow in
image analysis

Concept and purpose of Bioimage Analysis. Aspects to take into account when measuring. Human
perception vs. computational analysis. Current microscopy: volume of images generated. Everyday
examples of image analysis. The profession of Bioimage Analyst. Basic scheme of work in Bioimaging
Analysis. The workflows. Concrete examples. Image analysis software: Imaged / Fiji and the importance
of Open Source. Fiji: Simple Commands, Integrated Commands, Plugins and Macros. Fiji Updater.

1. Session 2: Properties of the digital image
The digitization process. Sensor types. The numerical nature of the digital image. Color digitization. Light

and optical systems. Digital image properties: size and resolution, calibration, bit depth. Color spaces.
Image file types. False color palettes. Dimensions of biological images.

2. Session 3: Enhancement and restoration of the digital image
Real image vs. digitized image vs. corrected image. Histogram of a digital image. Perform and restore
operations: operations that change the number of pixels, color decomposition, point-to-point operations,

operations between neighboring pixels (in the spatial domain), operations in the frequency domain.
Examples.

3. Session 4: Segmentation

Segmentation concept. Human brain vs analysis software. Neighborhood criteria. Segmentation
techniques: manual segmentation, threshold segmentation, segmentation based on edge detection, region-
based segmentation, clustering segmentation, pixel classification segmentation (machine learning).

4. Session 5: Segmentation exercises
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5. Session 6: Binary Image
Concept and properties of the binary image. Operations with the binary image: Boolean operations (AND,
OR, XOR) concept and applications. Operations with the binary image: Mathematical morphology (Erosion,

Dilation, Opening, Closing, Outline, Fill Holes, Skeletonize, Analyze skeleton, Euclidean distance map,
Ultimate Erode Points, Watershed, Voronoi, Binary Reconstruction).

6. Session 7: Integration Exercises

Exercises to combine the contents of sessions 1to 6

7. Session 8: Morphometry
What to measure?: Spatial and spectral information. Measure vs. result. Accuracy vs. precision. Primary
and derived form descriptors: Perimeter, Area, Feret Diameters, Surrounding Rectangle, Centroid, Area

Fraction, Fit to an Ellipse, Aspect ratio, Solidity, Roundness, Form Factor. Densitometric measurements.
Examples.

8. Session 9: Integration exercises

Exercises to combine the contents of sessions 1 to 8

9. Session 10: Automation. Macroinstructions (I)

Macroinstructions: concept and use. The macro language in Imaged. Built-in Macro Functions.
Annotations. Variables: definition and use. Operators. Concatenation. Vectors: definition and use. Control
structures (conditionals and loops). Creation and use of dialog boxes.

10. Session 11: Automation. Macroinstructions (ll)

Guided exercises to automate workflows using macro instructions.

11. Session 12: Final exercises. Examination approach

Final exercises of integration of the whole subject.
Presentation of the exercises for the final evaluation.
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12. Session 13: External speaker visit

Presentation of real practical cases by external speaker.

\WORKLOAD

PRESENCIAL ACTIVITIES
Activity Hours
Tutorials 10,00
Theory 15,00
Total hours 25,00
NON PRESENCIAL ACTIVITIES
Activity Hours
Attendance at other activities 0,00
Individual or group project 0,00
Independent study and work 17,50
Preparation of lessons 0,00
Preparation for assessment activities 20,00
Resolution of case studies 0,00
Total hours 37,50

TEACHING METHODOLOGY

The development of the course is structured around three axes: the theory sessions, the practical sessions
and the presentation of working models by professionals with experience in the application of digital
processing techniques.

The theoretical classes alternate with practical sessions so that first the concepts of the image analysis
technique will be explained, and then put into practice.

Practical classes, during tutoring sessions, which will be conducted in small groups, will be developed
following two complementary strategies: in some sessions will apply the knowledge gained in previous
session theory, by a number of problems-type. In other sessions integrators exercises, which serve to relate
the knowledge gained so far will be made. The role of the practical sessions will rest primarily on the
student, as it will be he who will have to solve similar problems of greater complexity. Students will be
distributed in groups of two, and the teacher will handle guide and help at all times. Once the work is
completed, the problems will be corrected and analyzed by the same students in the classroom.

Each student will have a personal copy of the work programs to be used in class, and so they can continue
to work individually also outside the computer room of the Faculty. During the first sessions we will take
special care to train the students in the use and installation of software, to prevent that the use of this
material they have an additional cost.
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EVALUATION

Student learning will be assessed through two types of evidence:

1. Continuous evaluation of progress and work throughout the course will be primarily based on
exercises completed in the virtual classroom and during tutoring sessions. This assessment will
consider attendance, participation, and exercise completion. The grade from this section will
account for 20% of the final grade.

2. Knowledge gained will also be evaluated through a final exam, which will make up 80% of the
final grade. The exam will feature problems based on images, where students must propose a
resolution strategy and a macroinstruction to automate the analysis. Exercises will be posted in
the virtual classroom at the end of classes, and students will complete them individually at home
within the specified time for submission via the virtual classroom. Submitting an exercise will
guarantee the minimum grade to pass this section. The grade will progressively increase with
the submission of more exercises, up to the maximum grade. Contributions to problem-solving
using Image Analysis techniques, as well as the originality and simplicity of the proposed
protocol, will be valued.
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