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+ Motivation

Project IDDS-2015-054 (SENACYT):  Participatory Biomonitoring of Water 
Quality with Rural Aqueduct Management Boards (JAAR): A Tool for the 

Sustainability of Water Resources in Panama.
http://www.gorgas.gob.pa/aplicaciones/biomonitoreo/

Objectives
• In our country there are 5397 aquifer systems, in other words about 677,207 

inhabitants (20% of the population)
• Verify the pollution of rivers and evaluate the quality of surface affluents.

• Use of macroinvertebrates as bioindicators.



+ Participatory and Educational Activities for the 
JAAR of the Chiriqui Region (Western Panama)

■ Incorporate communities and especially collaborate with the

AJAARCHI Committee.

■ They will be given an app to collect the information.
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+ Mobile System for 
Water Quality Registry

USUARIO

This project for the development of graphic interfaces and user
experience is developing a thesis carried out by the student Jesús
Fuentes from the School of Computer Systems Engineering and
directed by Dr. Elba Valderrama.



+ Mobile System for 
Water Quality Registry



+ Workflow of the Automatic Macroinvertebrate
Images Detection System

This automation project is part of the development of the thesis "Use of
Convolutional Neural Networks for the Automatic Recognition of
Macroinvertebrate Images for Participatory Biomonitoring" carried out by
the student Carlos Quintero of the School of Computer Systems
Engineering and Directed by Dr. Javier Sánchez Galán.
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Macroinvertebrate Images 
Detection System



+ Objetives
■ Macroinvertebrate recognition system using

images and a deep neural network model
■ Test different variants and compare their results
■ Execution on Android mobile without the need of a

server or internet.



+ Algorithm

The Inception-v3 algorithm was used as the reference model, the
Transfer Learning module (TL) was added, which implies that only
the last layers of the network were trained and the classification of
the family resulted in the output layer of macroinvertebrate.



+ Training Database

A database of images (subfolders) was created for each of the 14
families of macroinvertebrates in the study, examples of
characteristic images of each of the families



+ Data Augmentation

Because there were few test images for some of the families studied, the
Data augmentation (DA) technique was used to obtain new images from the
initial images. To achieve this, different methods of rotation, cutting,
translation and change in the intensity of colors are applied to each image,
thus obtaining new images for the training of the model in the network.



+ Experimento #1



+ Experiment #2



+ Experiment #3



+ Experiment #4



+ Mobile Application in TensorFlow



+ Conclusions
The biggest discoveries obtained during the practice were the following:

1. It is possible to develop a macro invertebrate image recognition tool
using a small volume database. This is possible when applying
regularization techniques.

2. The best results in the recognition tool were obtained by using fine
adjustment in the final layers of the convolutional model and a data
augmentation module.

3. To obtain a good model, it is necessary to balance the volume of
images between the different classes as much as possible or to
weight the training in the classes with the lowest volume, this can be
seen in the high value obtained in Cohen's κ coefficient.

4. Regularization techniques increase the capabilities of the model, but
they are not sufficient to achieve maximum accuracy with a poor
database.
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