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The population of Saimaa ringed seal is to be monitored because they are endangered
and to facilitate this, different re-identification methods have been proposed. Saimaa
ringed seal individuals are re-identified from images based on their unique pelage patterns.
Machine learning-based methods have been proposed and successfully applied to this
task. To use the methods efficiently, a convenient and user-friendly interface is needed.

A review of existing animal conservation projects along with their proposed re-identification
methods and user interfaces is given in this thesis. The Saimaa ringed seal re-identification
method is described and a new web-based user interface is proposed.

The user interface is developed using React frontend framework and material UI compo-
nent library. The system architecture and implementation details are described. The user
interface interacts with previously developed Saimaa ringed seal re-identification method.
The system has been tested on the real data of Saimaa ringed seal imagery.
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Saimaannorppakantaa seurataan, koska se on uhanalainen ja tämän helpottamiseksi on
muodostettu erilaisia uudelleentunnistusmenetelmiä. Saimaannorppayksilöitä on mah-
dollista tunnistaa kuvista niiden ainutlaatuisen turkkikuvion perusteella. Koneoppimi-
seen perustuvia menetelmiä on ehdotettu ja onnistuneesti sovellettu tähän tehtävään. Jot-
ta menetelmiä voidaan käyttää tehokkaasti, tarvitsevat ne kätevän ja helppokäyttöisen
käyttöliittymän.

Työssä perehdytään jo olemassa oleviin luonnonsuojeluprojekteihin, sekä niiden ehdot-
tamiin uudelleentunnistusmenetelmiin ja käyttöliittymiin. Kuvaillaan saimaannorpalle
käytettyä uudelleentunnistusmenetelmää, sekä ehdotetaan uutta verkkopohjaista käyttöliit-
tymää.

Käyttöliittymä on tehty käyttäen React-käyttöliittymäkehystä ja Material UI -komponentti-
kirjastoa. Työssä kuvaillaan järjestelmän arkkitehtuuria ja toteutuksen yksityiskohtia.
Käyttöliittymä toimii yhdessä jo aiemmin kehitetyn saimaannorpan uudelleentunnistus-
menetelmän kanssa. Järjestelmää on testattu aidoilla saimaannorpan kuvilla.
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LIST OF ABBREVIATIONS
API Application Programming Interface
CNN Convolutional neural network
CSR Client-side rendering
GMM Gaussian Mixture Model
GUI Graphical user interface
JSP Jakarta Server Pages
JWT JSON web token
MUI Material UI
PCA Principal Component Analysis
REST Representational State Transfer
SQL Structure query language
SSR Server-side rendering
UI User interface
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1 INTRODUCTION

1.1 Background

Climate change is affecting the living conditions of many different wild species and there
is an ever-increasing amount of different species needing conservation efforts to keep
them from going extinct. All conversation projects are facing unique problems and hard-
ships. With the addition of a tight budget, it is difficult to effectively keep the species
population depending on the living conditions of the species. Saimaa ringed seal (Pusa
hispida saimensis) is a subspecies of ringed seal (Pusa hispida) living in Lake Saimaa in
Finland (see Figure 1). Saimaa ringed seal is the most endangered seal species in the
world and there have been estimates of only 410 existing in the wild [1]. Saimaa ringed
seal is the only endemic mammal found in Finland and it is also one of the most conserved
targets in Finland.

Figure 1. A Saimaa ringed seal in a camera trap image

This work is using the re-identification method created in the CoExist project (Project
ID: KS1549) is funded by the European Union, the Russian Federation, and the Republic
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of Finland. The project is led by the University of Eastern Finland and made in collab-
oration with the Lappeenranta-Lahti University of Technology, the Finnish Association
for Nature Conservation (South Karelia), and Biologists of nature conservation. One of
the goals of the CoExist project is to create an automatic re-identification program for
Saimaa and Ladoga ringed seals respectively and increase the cross-border cooperation
in conservation biology. The goal of animal re-identification is to identify and keep track
of different animal individuals. With the use of camera traps, it is possible to keep track
of the seal population without interfering with the seals themselves. However, it is too
overwhelming for the biologist to go through the large quantity of data the traps produce.
This has sparked an increasing interest in automatic identification methods. The advances
in machine learning and deep learning algorithms have been found successful in this task.
An [2] automatic method for the Saimaa ringed seal re-identification was proposed. The
method has been further improved [3]. This thesis takes a look at different user interfaces
used in other conservation projects and proposes a newer UI for the Saimaa ringed seal
re-identification method.

1.2 Objectives and delimitations

The object of this thesis is to create a new user interface for the Saimaa ringed seal re-
identification method. The UI needs to be connected to the database and to the method
itself. The user interface will be created using React with Material UI and will be mainly
JavaScript and CSS programming.

The main delimitation of the work is that there is no need to create the re-identification
method itself since one has been made as part of the CoExist project. The API calls are
also already implemented and the database is populated with real-world data from the
usage of the re-identification method.

1.3 Structure of the thesis

Chapter 1 consists of an introduction to the thesis. Chapter 2 reviews the methods for
animal biometrics that can be used to re-identify animal species and goes through the
used method for the Saimaa ringed seal re-identification. Chapter 3 examines existing
websites of conservation projects. Chapter 4 introduces the new, proposed user interface
and how it is connected to the system. Lastly, Chapters 5 and 6 include discussion and
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conclusions on the created user interface



9

2 ANIMAL BIOMETRICS

Animal biometrics is a result of life forms adapting to the ever-changing habitat for mil-
lions of years. As a result, many species have evolved unique traits and different kinds
of patterns that can be found around their bodies. These patterns can be used for animal
re-identification if they are unique for every individual. For most animals, the patterns
appear in the major body parts and consist of different colorations of either fur, skin,
feathers, or scales (see Figure 2). Visual patterns have been recognized as a way to in-
crease species’ survival [4]. In such cases, the pattern helps the animals to blend into the
environment and protects them from predators. There are also different kinds of patterns
used mainly for increasing the odds of breeding [5] or used to intimidate the predators
(Deimatic behavior) [6].

Figure 2. Example images of animal biometrics, a) Saimaa ringed seal fur pelage pattern, b) Zebra
stripe fur pattern, c) Whale shark skin spot pattern and d) Humpback whale fluke shape. Image a)
is taken from [7] and b), c) and d) are from Wild Me website [8].
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2.1 Animal re-identification

Traditional animal identification and population estimation methods include tagging, band-
ing, and scarring. All of these methods need physical contact and are invasive in nature.
To reduce the need of interfering with the ecosystem camera-based systems utilizing com-
puter vision can be used.

Animal re-identification is similar to animal recognition. The difference is that in recog-
nition the goal is to identify the species and in re-identification, it is to identify different
individuals from one another. Animal re-identification methods are usually based on dif-
ferent types of biological traits like fur patterns or fin shapes from the image of the animal.
Steps for visual animal re-identification usually contain detecting the animal from the im-
age, removing the background and cropping the image, or just cropping the image and
trying to identify the animal based on its unique pattern [3, 9]. To identify the animal a
predetermined dataset is needed. The query image is then compared to each image in the
database to seek a match. In case a match is not found it usually means that there is a new
individual in the image that can be added to the database as its own.

Most of the recent methods in animal re-identification have been using deep learning and
convolution neural networks [10], for example, convolutional neural networks (CNN)
have been used for pattern-based identification for Zebras and giraffes [11], cattle muz-
zle, [12] and Amur tigers [13]. Deep learning-based methods need a large amount of
image data and it is almost impossible to get a wide variety of images of every individual.
With this in mind usually, the methods need to identify the individual with only a few
previously collected data samples. The re-identification methods also need to tell if the
image contains an already known individual or if a new one is found.

One of the largest re-identification projects in the world is Wildbook [14]. To re-identify
species based on their visual pattern, Wildbook uses HotSpotter [9] and PIE [15] algo-
rithms. PIE is a deep learning approach to individual re-identification. PIE was originally
developed for manta rays [15], but in Wildbook they also use it on humpback whales,
orcas, and right whales. HotSpotter is a SIFT-based computer vision algorithm that can
be used to find distinct visual patterns, or ”hot spots” from the query images. These ”hot
spots” can be then compared against other images in the database. This algorithm has
been successfully used to re-identify zebras, giraffes, and jaguars [9]. In Wildbook differ-
ent edge detection algorithms such as CurvRank v2 [16] are applied for marine mammals,
such as whales and dolphins. The algorithms use the unique shape of their tails or fins to
identify them.
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2.2 Saimaa ringed seal re-identification

The Saimaa ringed seal re-identification method is based on the unique pelage pattern.
The challenges, in this case, are weak illumination, seal poses, obstruction, and similar
background between images. As seals are found in a wide variety of poses and different
parts of the seal are in images, it makes it harder to compare images to one another.
In case of camera obstruction, it might not be possible to extract the full pelage pattern
of the seal (see Figure 3). The deformable-body of the seal may also cause warping in
the pelage pattern and different illumination makes it difficult to see the pelage patterns
altogether. The background of the images is removed to eliminate the risk of dataset bias.
The method has gone through a lot of different variations and updates, which are:

• In [17] two transfer learning methods is proposed. The first method is re-trained
existing CNN-based and the second one uses existing CNN trained for image clas-
sification.

• A framework was proposed, where images are first segmented and then post-processed
[18].

• In [19], ”Full framework was proposed consisting of convolutional neural network-
based animal segmentation, patch corresponding detection, and ranking the images
in the database of known seal individuals based on the similarity to the query im-
age.”

• In [3], ”improved pattern feature embeddings were proposed by employing affine-
invariant interest region detection, CNN based feature descriptors, and Fisher vector
feature aggregation to obtain fixed size embedding vector with high discriminative
power.”

The latest re-identification method for Saimaa ringed seal consists of six steps [3], which
are (see Figure 4):

1. image reprocessing,

2. seal instance segmentation,

3. pelage pattern extraction,

4. feature extraction,

5. feature aggregation, and
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Figure 3. Examples of difficult re-identification cases in a) there are large illumination differences
in the pelage pattern and in b) the seal is heavily obstructed. Images are taken from [7].

Figure 4. Saimaa ringed seal re-identification method steps [3].

6. individual re-identification.

The process starts with tone mapping the images. This is done by using an algorithm
described in [20], due to its ability to produce realistic tone mapped images without in-
troducing visual artifacts [3].

Seal segmentation is an important part of the process since the images are captured using
camera traps and in most of those, the background is similar to one another causing dataset
bias. The segmentation itself is done using Mask R-CNN [21]. In the Mask R-CNN, a
model trained for Ladoga ringed seals is used [3]. This is possible as the seals are visually
almost identical. Ladoga ringed seals are also more numerous than Saimaa ringed seals
which makes it easier to gather a large amount of training data.
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The pelage pattern needs to be extracted to identify ringed seals. The pattern is segmented
in order to get rid of visual factors that are affecting the visibility of the pattern. The output
from the pattern extraction is a binarized image where the pattern is clearly visible with
no other visual effects. After this, the images are further processed to remove small noises
in the pattern. The images are also resized so that all of them are of equal resolution in the
end. This is because the images originally come from different cameras and the original
resolution may vary.

Poses of the seal may significantly vary. This can cause warping and distorts the pelage
pattern. However, the deformation of small local regions is almost linear, making an
affine invariant feature extractor suitable for the task. For this purpose, a combination of
HesAffNet [22] and HardNet [23] is used to extract covariant regions [3].

Pattern features are aggregated using Fisher Vectors [3]. Fisher vectors are known to pro-
duce large descriptors so Principal Component Analysis (PCA) is used to decorrelate the
features and reduce the dimensionality [3]. To get the features from the images that are
already part of the database, the Gaussian Mixture Model (GMM) is used. GMM pro-
duces visual vocabulary from which fisher vectors can be created using partial derivatives
of the log-likelihood function with respect to the GMM parameters. To reduce the dimen-
sionality Kernel PCA is used and this reduces the database storage requirements and also
speeds up the search [3].

In Saimaa ringed seal re-identification the cosine distance is calculated between the query
image and every image in the database. The one with the smallest distance is the most
plausible individual. This way the same individual can be identified using the images that
already are part of the database. If the query image does not match any of the individuals
found in the database, a new individual is assumed to be found. For that individual new
id is created and the image with that id is added to the database. To visualize the re-
identification a heatmap is created that shows the matching features between the query
and database images. This heatmap can also assist biologists and other experts if there is
a need to do more in-depth manual research on different individuals.
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3 EXISTING USER INTERFACES FOR ANIMAL RE-
IDENTIFICATION

Using machine learning for animal re-identification is becoming more and more popu-
lar. Machine learning methods are already being used to re-identify a wide variety of
species. The idea of wildlife re-identification projects is to provide a method to track pop-
ulation sizes and movement patterns using images of different animals. One of the largest
projects, Wildbook [14] consists of smaller projects such as Sharkbook [24], which is
focused on multiple kinds of sharks [19], Flukebook, which assists the conservation of
whales and dolphins, [25] and Mantamatcher, which focuses on manta species [26]. On
top of these three, there are many more projects, some can be seen in Figure 5. All of the
WildBook projects can be found on in [8].

Figure 5. Examples of re-identification projects that can be found in Wildbook [8].

Wildbook code is partially open access [27] and most of the projects use the user interface
provided by Wildbook (see Figure 6). It is possible to submit images and see some of the
already submitted images in the gallery. When the user is sending images they need to add
some basic information like the date of the sighting, coordinates, and information about
the user and photographer. It is also possible to specify which species is in the photo or
just leave it empty. They can also add advanced information about the sighted individual
such as sex, behavior, noticeable scarring, and measurements. All this works as metadata
for the image and is used to create a sighting profile for the individual.
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Figure 6. The user interface provided by WildBook seen on the MantaMatcher website

The Wildbook ecosystem for data management is illustrated in Figure 7. First, the user
submits the data which goes straight to the wildbook’s data management server. Here
the images are also enhanced using computer vision algorithms. The data management
server coordinates the UI and data storage. The computer vision and artificial intelligence
models and training tools are saved to the Python-based Wildbook image analysis server
(WBIA). WBIA does not come pre-configured to detect or identify animal species. To get
it fully working a new model must be created using training data or a pre-trained machine
learning model. The uploaded species becomes individual on the system after a researcher
has confirmed the metadata. Every individual has their own page in Wildbook. This
page summarizes where the individual was sighted over time, social units, relationships,
and which researchers have helped in building this individual’s profile. To see the full
database and profiles there is a requirement to log in to the site. The login credentials
must be requested from the Wildbook as it does not support self-registration.

The main website of Wildbook is created using React [27]. The user interface that Wild-
book provides is a Java app that uses Jakarta Server Pages (JSP) templating language.
JSP was originally launched in 1999 and the latest release was published in 2020. JSP is
similar to PHP, another popular web development language. The main difference between
React and JSP is that JSP uses server-side rendering (SSR) and React uses client-side ren-
dering (CSR). SSR is the original way information has been rendered and displayed in a
browser. It is not however as suited for more modern dynamic and functional websites as
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Figure 7. Wildbook ecosystem [14].

CSR. Wildbook is currently working on its next-generation release called codex, which is
the result of an effort to modernize the Wildbook web interface and implement the lessons
learned over the years of its development. In this release, they will be replacing the legacy
JSP frontend with a React frontend.
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4 IMPLEMENTATION OF SEAL RE-IDENTIFICATION
SYSTEM UI

The goal of this work was to develop a UI for the seal re-identification method that is easy
to use, fast, and user-friendly. Previous UI was created using Python’s PySimpleGUI
library, of which an example can be seen in Figure 8. PySimpleGUI is a Python package
that enables to create Graphical user interfaces (GUIs) [28]. The disadvantages of the
existing user interface are that it needs to be downloaded, can not be resized, and overall
not very easy to use. Downloading the UI is not available for every device, and the UI is
very compact with little guidance or instructions. This makes the UI hard to use without
prior experience.

Figure 8. Old UI created using python.

The new web UI proposed in this thesis uses React [29], a free and open-sourced frontend
framework. a frontend framework is a tool for building user interfaces and is widely used
in modern websites. React was released in 2013 and it is maintained by Meta (originally
Facebook) as well as community and individual developers and companies. As previously
mentioned React uses client-side rendering. This means that when the user first comes to
the web page everything is rendered on the browser. With everything rendered the user



18

can interact with the website without having full page reloads between pages.

This web UI was chosen for its easiness to use and share with any device. The instruction
manual is integrated into the web interface. The required features for the user interface
were already known from the previous UI and can be seen in Figure 9. Checking tasks
feature includes downloading results and checking the status, progress, and results of the
tasks. Checking the database allows the user to remove and check seal images and keep
track of the population size. It is not required to fill the same kind of information as in the
Wildbook projects, as the system does not keep track of the locations of the sightings.

Figure 9. Use case diagram of the website.
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Material UI (MUI) is used for the design of the web interface [30]. Material UI is a
component library for React. Material UI offers beautiful and powerful high-quality open
access components. Some of the sites that use MUI are Spotify, Amazon, Nasa, Netflix,
and many more [30]. Material UI offers ready-to-use components such as buttons, sliders,
and tables to use on the website. In this project, Material UI is widely used to provide a
fast and logical user experience on the website.

4.1 Database

The system uses a relational database built with Python’s sqlite3 module. A relational
database is a collection of data items with pre-defined relationships between them. The
data is organized into tables with rows holding data of one record and columns holding
the attributes of the data. Data from the database is queried out by using structure query
language (SQL). Python’s sqlite3 module makes it possible to write SQL using Python.
Example of database’s relational schema in Figure 10.

Figure 10. Schema of the database.
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The database consists of four tables: database, patches, tasks and users. Database table
holds information about the seal individuals such as image id, seal id, image path, seal
type, date, and encoding. Patches table works as an extension for the database table and
it holds information about the pelage patterns. In the patches table the image id is related
to the image id that is in the database table. Tasks table stores information about the tasks
such as type, date, status, and when it was started. Lastly, users table holds the UI login
credentials.

The user interface communicates with the database using Application Programming In-
terface (API). The API used is Representational State Transfer (REST) API. In REST API
commands are used to get information from the database. These commands are used to
get information to the UI and post images from the UI to the re-identification process.
The request that the UI makes, holds the needed details so the API knows what to send
as a response. After a request is created for the API, it calls a SQL query to return the
requested data. These API calls are created every time someone comes to the page or
changes the current page to one that needs data from the database. A new request is then
created every minute to make sure the data shown on the web page stays updated.

4.2 Components of the system

The user interface needs to work together with the already existing system parts. The
UI works as a frontend for the whole system (see Figure 11). The other components are
backend, database, and API. The user interacts with only the frontend. The user interface
is there so the user can submit data to the system and use the available methods, such
as re-identification, segmentation, classification, and segmentation and re-identification.
The purpose of the backend is to run the algorithms for different methods. The API and
database are also stored in the backend.

The first thing the user sees when they come to the website is a login page. The login page
is implemented since the data is not intended for public use. There is no self-registration
as the login credentials are provided to the biologists and already saved to the database.
When the user signs in, the login credentials are sent to the backend using the API. On
the backend, the credentials are checked if they are correct. In the database, the password
is saved as encrypted and salted using bcrypt package [31]. If the credentials are wrong,
an error message is sent back to the frontend and shown on the UI. When the credentials
are correct a JSON web token (JWT) is sent back to frontend and saved to the browser’s
local storage. JWT is a compact and URL-safe token that websites can use to authenticate
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Figure 11. Overall structure of the web application.

and access control. JWT holds information in encrypted form and the information can
be decrypted and used for authentication in the backend. When the user has successfully
signed in they have full access to the website and to all of the features it provides.

The main feature of the website is to upload images to the re-identification method. When
a user is submitting images in the UI they also need to choose the wanted method. The
uploaded data gets sent from the frontend to the backend with information about the
selected method. On the backend, the images are extracted from the API call and a new
task is created for the database. When the backend notices a new task, it checks out which
method needs to be used on it and starts to execute the chosen algorithm. The progress
of the task gets updated to the database as it executes. After the task is done the user can
check out the results from the user interface.

4.3 Components of the user interface

React uses components to build websites. The UI created consists of 4 main components:
Home, Upload, Database, and Tasks and 4 minor components Navbar, Footer, Particle-

Background and Login. Figure 12 shows how the different components are connected.
Home component holds a stepper that gives ability to create step by step instructions.
The home component is utilizing the Upload to handle the image uploading.
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Figure 12. Flowchart of the UI components.

Upload component is built to handle the image uploading for the website. It is possible
to drop images to this component and see the preview of them. The images shown are
saved to a list and can then be sent to the API using the submit button. Upload component
is built from 4 different sub-components that are Info, UploadHeader, UploadDropzone

and UploadSettings (see Figure 13). UploadHeader is a tiny component which hosts a
bit of text and an icon to click for submitting images. UploadDropzone has a drop zone
box where images can be dragged and dropped and a preview of selected images is shown
below the drop zone box. UploadSettings component handles image submission to the
API, holds different submitting options and the submit button, and hosts the Info compo-
nent. Depending on which option is selected a different API is called when images are
submitted. Info component holds a brief explanation about different submitting options.

Figure 13. Upload component.
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Database component is one of the largest components in the user interface. It builds from
TableContent, TableHeader, Row, Upload and MediaCard subcomponents and from three
different functions for sorting the data (see Figure 14). TableContent is base for the whole
table and it holds the table pagination elements. TableContent also works as a host for
TableHeader and Row and it handles table sorting. TableHeader component is created
so that the table headers are all in one component. The table itself is built from Row

components. By clicking the Row component the user can reveal the images the database
holds for that seal individual. After a row is opened the user is also able to open the
Upload component by pressing the Upload button. When a row is opened each seal
image is being part of the MediaCard component and they can be pressed to reveal open

image and remove images buttons. If the user presses remove image button an API call
is created to remove the image from the database. By pressing open image a modal is
rendered with a bigger version of the image.

Figure 14. Database component.

Tasks component builds from TableContent, TableHeader, FilteringSystem, Row and Check-

Status components (see Figure 15). TableContent is base for the whole table and it holds
the table pagination elements. TableHeader component is created so that the table headers
are all in one component. FilteringSystem component creates a filtering options on top of
the TableContent component. The table is build from the Row components and each row
is one Row component. CheckStatus component changes the action of each row based on
the task status.
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Figure 15. Task component.

The minor components of the UI are used on multiple different pages. Navbar is a compo-
nent created to handle the navigation on the website and it is visible on top of each page.
Footer is visible at bottom of each page and it holds logos of the CoExist project partners.
Login handles the login to the website and works as the landing page for unauthorized
users.

4.4 Web UI

The UI consists of a total of four pages, which are login, home, database, and tasks page.
When the user first comes to the website they see the login page. The login page is the
only thing the user sees until they have successfully signed in.

The home page of the UI can be seen in the Figure 16 and 17. On the home page, the
user can see a brief explanation of what the site is about. On top of the page, there is the
navigation bar, which handles the navigation between pages. It is also possible to change
the language of the UI from English to Finnish. The Figure 17 shows what the user sees
when they move lower on the home page. The submit button in the navigation bar brings
to this view. The instructions on how to upload and submit images to the system are shown
on top of the view. These instructions are in form of a stepper to save space. Figure 18
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shows what the upload form looks like when images have been selected.

Figure 16. The upper part of the home page.

Figure 17. The lower part of the home page.

The database page is visible in figure 19. The goal of the database page is to show all of
the seal individuals and images in the database. The data is organized into a table and each
table row is equal to one seal individual. The table rows show the seal id and the image
count and the table is sortable by both. The rows can be clicked open to reveal all of the
images of that individual (see Figure 20). The Figure also shows the additional options
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Figure 18. Image preview in the upload form.

for the images that have been clicked. The images can be opened larger or removed from
the database. From the database page, it is also possible to upload images.

Figure 19. Database page

The tasks page is visible in Figure 21. The focus of the task page is to keep track of the
task progress and to see and download the task results. On the page, all the tasks that are
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Figure 20. The table on database page with an opened row.

newer than 30 days are listed in a table. The table holds information about the task id,
date, type, species, status, and progress. Each of the table’s row is a different task and a
different color correspond to different task status. Actions are also dependent on the type
of the task, with segmentation the user can download the result and with re-identification
see the top five best matching seals. The matching spots of the pelage pattern are shown
when the user clicks any of the top images. An example of the re-identification task results
can be seen in Figure 22.
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Figure 21. Tasks page.

Figure 22. Re-identification task results.
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5 DISCUSSION

The objective of the thesis was to create a user interface for the Saimaa ringed seal re-
identification method. The UI was created using React and Material UI component li-
brary. The user interface was connected to the database and to the re-identification method
using an API. The API handles all communication and data transferring between the back-
end and the user interface.

The user interface created in this project is the first version of a web-based UI. With this
in mind, feedback is a crucial part of making sure the website works as planned and is
intuitive to use. The biologists from the University of Eastern Finland will be the main
user of the created UI. Feedback from the biologists was overall positive and the changes
that they suggested, such as login are already implemented. With the website, there should
not be any major problems as it either works or not, and there is no in-between.

The Material UI is widely used as part of the user interface. This is already a form of
optimizing as the components that the MUI offers are high quality. Even if MUI is used,
some further optimization could be done for the UI. As of now the database page already
requests the image data when the user comes to the site. This is a bit inefficient as the
data is not needed until the user opens a row.

In the future, it is possible to add support for other species as the re-identification method
already supports that. The user interface is designed to be easily extendable. In a multi-
species implementation, the upload form would need some selector so the user could
select the seal species or leave it unknown. The right API would be then called depending
on the selection. There would also need to be multiple database pages on the user inter-
face, one for each species. This is already possible with the way the database component
is built and should just require minor API call changes.

A good thing about the user interface is that it does not need to be updated if the re-
identification method changes. The UI works as intended as long as the API is returning
the data it is requesting. This is a major benefit in moving the project forward, as there
can be major changes to either the re-identification system or to the database. This means
that the created UI should serve as a good long-term option and most of the work in the
future is to improve the functionality of the user interface.

Lastly, a different rendering method for the user interface could be experimented with. A
newer server-side rendering framework called NextJS could be compared to the current
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React. Next is a React-based framework that can be used to build server-side rendered
applications. Both frameworks have their pros and cons and it can be argued that the Next
is faster than React, but that depends a lot on the type of the project.



31

6 CONCLUSION

This thesis aimed to update the UI for the already established Saimaa ringed seal re-
identification method. The previous user interface for the method was built using Python
and it is utilized as the base for the new UI with an existing database of results, tasks, and
seal individuals. The user interface proposed in this thesis is web-based and it is developed
using React frontend framework and material UI component library for their modern tools
and ready-to-use high-quality components. The systems consist of: frontend, backend,
database, and API.

A login method was created for the user interface to restrict access to the system. The
interactions between components were implemented using REST API. The same API
also provides a way for the user interface to request and receive information from the
database and to send information from the user interface to the re-identification method.

The aim was to make the whole user experience more logical and easy to use without prior
experience. These themes were followed in creating every page. On the home page, the
user gets a brief explanation about the method and can submit images. On the database
page, the user can check out the images of different seal individuals. On the Tasks page,
the user sees the previous tasks and can check the results. The feedback for the new UI
was positive, but more testing and use are needed for making the UI user-friendly for
real-life users.
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