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To protect the endangered Saimaa ringed seal population, the ringed seals are monitored
with automatic camera traps in order to gather knowledge about them including population
size, territory, age, health and breeding data. To achieve this, the monitoring system has
to be able to tell apart individual ringed seals from the automatically gathered images. For
such a system to work efficiently, it has to be able to find the images with animal for further
analysis.

Methods to re-identify Saimaa ringed seals as well as other animals from images have already
been proposed. A review to animal re-identification and automatic image dataset cleaning
are made, and the basic principle of convolutional neural network is presented. A dataset
which contains images of Saimaa ringed seals as well as empty images is also introduced.

A model for cleaning the Saimaa ringed seal dataset, that is removing images that do not con-
tain a ringed seal, is proposed. The model consist of splitting the image into small patches,
predicting the probability for each patch to contain a Saimaa ringed seal using a convolu-
tional neural network, and then deciding whether the image contains a Saimaa ringed seal
based on an connected-component labeling algorithm. The model performs well, achieving
the accuracy of more than 90%.
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Uhanalaisen saimaannorppapopulaation suojelemiseksi norppia tarkkaillaan automaattisilla
riistakameroilla. Tarkoituksena on kerité tietoa etenkin norppapopulaation koosta, norppien
reviiristd, elinidstd, terveydentilasta seki lisddntymisestd. Jotta timi onnistuisi, tarkkailujéar-
jestelmin on pystyttdvi erottamaan valokuvista eri norppayksilot. Sitd varten tarkkailujér-
jestelmin on kyettivé ensin tunnistamaan, onko valokuvassa norppa ylipdédnsa.

Keinoja saimaannorppien sekd muiden eldinlajien automaattiseen tunnistamiseen kuvista on
jo esitetty. TyOssé esitellddn perusasioita eldinten tunnistamisesta, automatisoidusta kuva-
joukon suodattamisesta sekd kerrotaan konvoluutioneuroverkon toimintaperiaate. Esitellddn
my0s kuvajoukko, joka sisdltdd kuvia saimaannorpista seki tyhjid kuvia.

Ehdotetaan mallia kuvajoukon suodattamiseen tyhjistd kuvista. Arvioitava kuva pilkotaan
ensin pieniksi paloiksi, jokaisen palan todennikdisyys sisdltdd saimaannorppaa arvioidaan
konvoluutioneuroverkon avulla ja ndisti todennédkoisyyksistd kootaan piitos, onko arvioitavassa
kuvassa saimaannorppa vai ei. Pdétos kootaan kdyttden algoritmia, joka ryhmittelee vierekkdiset
positiivisen arvon saaneet palat alueiksi ja tutkii suurimman 16ydetyn alueen kokoa. Malli
saavuttaa yli 90% tarkkuuden, mitd voidaan pitdd hyvina tuloksena.
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Symbols and abbreviations

Wo

Xn

CCL
CNN
RelLU
RGB

Area of the image to be cropped

F1 score

Neural network activation function

Width of the image to be cropped

Height of the image to be cropped

Area where the center points of the patches lie
x-coordinates of the area’'s borders (left, right)
y-coordinates of the area's borders (top, bottom)
Number of patches created in horizontal dimension
Number of patches created in vertical dimension
Number of the false negative results

Precision

Number of the true positive results

Number of the false positive results

Recall

Patch side length

Neuron bias

Neuron input weights

Neuron input values

Neuron output value

Connected-component labeling
Convolutional neural network
Recti ed Linear Unit

Red, Green and Blue



1 INTRODUCTION

1.1 Background

In the days of accelerating global warming (Smith et al. 2015) and growth of human popula-
tion, an increasing number of animal species nd their natural habitat endangered. Especial
cause for concern are different kinds of endemic species, which can be more radically af-
fected than others as their niche is already thin (Malcolm et al. 2006). Several species are
already extinct, and actions should be taken to preserve as many different species as possible,
for the damage to biodiversity can cause unexpected consequences in sensitive ecosystems
and indirectly impact humans' way of living too. Saimaa ringed seal and Ladoga ringed seal
are two of the mentioned endemic species, existing only in lake Saimaa and lake Ladoga
correspondingly. International Union for Conservation of Nature and Natural Resources has
classi ed Saimaa ringed seal as Endangered (EN) and Ladoga ringed seal Vulnerable (VU),
on the scale from Least concern (LC) to Extinct (EX) (Sip#016a; Sipad 2016b). The
Saimaa ringed seal is also the symbol of Finnish nature conservation, and therefore its ex-
tinction would be also a remarkable symbolic loss in the eld.

This work is related to the CoEXxist project (Project ID: KS1549) funded by the European
Union, the Russian Federation and the Republic of Finland via The South-East Finland -
Russia CBC 2014-2020 programme. CoEXxist is a collaborative project between LUT Univer-
sity, Department of Environmental and Biological Sciences of University of Eastern Finland
(lead partner), Biologists for nature conservation (St. Petersburg, Russia) and South Karelia
Division of The Finnish Association for Nature Conservation. The project aims to automate
the monitoring of ringed seals in such a manner, that no device needs to be attached to the
seal, as well as to strengthen the Russian-Finnish cross-border cooperation in conservation
biology. To monitor the seals there are camera traps set in the wild in Finland and Russia,
which have provided a large number of automatically taken images. Nepovinnykh, Eerola,
and Kalviainen (2020) proposed a way to automatically re-identify seals by cropping them
from the picture and comparing their pelage pattern with a dataset. However, as this only
applies to images with a ringed seal in it, a way to remove empty images is necessary to
save time and computer resources. This thesis reviews the key techniques related to animal
re-identi cation and image dataset cleaning and proposes a method to implement a dataset
cleaning model.
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