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Disclaimer

I°S: Interactive Individual Identification System

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as
published by the Free Software Foundation; either version 2 of the
License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but
WITHOUT ANY WARRANTY;; without even the implied warranty
of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. See the GNU General Public License for more
details.

You should have received a copy of the GNU General Public
License along with this distribution; see the file COPYING GPL
v2.txt. If not, write to the Free Software Foundation, Inc., 59
Temple Place - Suite 330, Boston, MA 02111-1307, USA.
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1 Introductionto | 3S

11 Whatis | °S?

I*S is an acronym of Interactive Individual Identification System. This title explains most of I°S’
functionality. First, we will discuss the interactive part. I’S requires user interaction and is meant to
support not to replace the researcher. Initially, the user has to point out the most distinguishing
features (i.e. the spots and certain fins) of the unknown individual animal. In the next step, I°S assists
the user in the tedious task of matching animals for identification purposes. It automatically matches
an image with all other images in the database and shows a ranked list of images. However, the user
will always be responsible for making the final match between the unknown image and a image from
the database.

Concerning the individual part, I*S was originally designed for identification of raggedtooth sharks as
the recognition procedure is based on the spots on the shark’s sides, and its dorsal and pelvic fins.
Therefore, I°'S may need some changes before identification of any other species. However, I*S has
been used successfully to identify whale sharks as well. For support please contact us via
i3s@reijns.com.

1.2 The algorithm

The identification procedure assumes that the spot pattern of each individual animal is a unique
distinguishing feature. The user points out the most distinguishing spots of each image. This spot
pattern is stored in what is confusingly called a ‘fingerprint file’. In the identification step, the resulting
spot pattern is matched with the spot patterns of all the known animals in the database. To be able to
correct for differences in viewing angle and distance, the user is also required to point out the start of
the two dorsal fins and the pelvic fin. (You can also use other reference points. However, choose
points which you can point out consistently in almost all of your photos). Using a linear transformation
it is now possible to compare two images in roughly the same coordinate system.
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Figure 1-1: Comparison of the spots from two images
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A comparison of two individuals basically comes down to finding corresponding spot pairs in the
above-mentioned coordinate system. In the current implementation a spot pair is accepted as a good
match if the nearest other candidate is at least at twice the distance of the current match. Figure 1-1
shows the spots of two different images of the same raggedtooth shark in this coordinate system.
The red dots denote the spots of the first image while the blue circles represent the spots of the
second image. The green lines indicate the matching spot pairs. From these pairs a distance metric
is calculated to be able to rank each image in the database. The current metric is the sum of the
distances between each spot pair, divided by the square of the number of spot pairs. In a second
step a refined linear transformation is calculated from the spot pairs to get a more accurate match
between two images. A lower score indicates a better match. In general, scores below 1 indicate
good candidates.

Obviously, there are some limitations to this approach. 2D linear transformations work best for 2D
linear animals, which do not exist. However, this approach has proven to be practical if some
constraints are considered. For a more detailed discussion on the practical issues you are referred to
Chapter 6. For more algorithmic details, please see [1].

1.3 Reading this document

In this document all file and directory names and shell commands are written using the font Courier
New All names relating to a part of the IS user interface, such as putton names| or [menu options),
are boxed.

2 Installation of I 3S

2.1 System requirements

This version of I3S requires a Windows 32-bits operation system (2000/XP, it has not been tested on
Vista yet, but probably runs without problems). The software is developed using Java 1.6 and C++
(MSVC 6.0). Both Java and most of the C++ code are platform independent and it should therefore
be relatively simple to port it to other platforms such as Linux or Solaris. Other requirements are at
least 256 MB of memory (preferably 512 MB or more), and a 1 GHz CPU or faster. Increase of the
database to hundreds of images will probably increase the minimal requirements on CPU speed.

2.2 Software requirements

Because the main program is developed in Java, the Java Run-time Environment is required. The
JRE 6 (or higher) can be downloaded free from the Java website (http://www.java.com/getjava).
Version 2.0 of | °S will not work with earlier versions of the JRE!

2.3 Image types

1*S supports both JPEG (extension .jpg ) or GIF (extension .gif ) images. Support of other image
types is currently note foreseen as most digital cameras provide output in JPEG.

2.4 Installation

Run the file I3S_setup.exe . If your current Java version is not sufficient you will be notified and
installation terminates. It is required to install the Java Runtime Environment 6 or higher first
(http://www.java.com/getjava).

Apart from the steps about the GNU-license and some information about what is new, the installation
consists of the following steps:
1. Choosing the home directory where to install the program.
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2. Choosing the data directory where to store the image and fingerprint files. The installation will
first check whether you already have a data directory by verifying the existence of the I3S_DATA
environment variable. If this variable is found, its value will be used as default.

3. You can indicate if you want I*S to create a folder in the Start menu folder (recommended).

4. Finally, you can select some additional tasks:

a. Run the migration tool. This tool will help you to migrate your data to the new database
format. However, manual work will still be necessary! The tool will provide an explanation.

b. Create a desktop item.

c. Copy examples in your database. If you want to use the tutorial (Chapter 3) please check
this item.

d. Copy the source code. If you are interested in using or changing the source code you can
check this item.

Because environment variables have been added you are asked if you want to restart the computer
now or later. IS will not work properly until you restart the computer or logout and login again.

2.5 Uninstall

You can uninstall I*S in two simple steps:

1. This is an optional step and not recommended in general. Uninstall the Java Runtime
Environment (JRE). In general it is not a good idea to uninstall JRE without replacing it for a
newer version because other programs may depend on it. However, if you still want to uninstall
JRE use the standard procedure: Start ~ Settings  Control Panel  Add/Remove Programs.
Then select the appropriate list item and click on the Add/Remove button (Figure 2-1).

2. Uninstall I’S, either through Add/Remove Programs or using the entry in the start menu folder.

® Add or Remove Programs ;IEIEI

Currently installed programs: [T Show updates Sark by |Name vl

T
FS

Ha G5pot Codec Information Appliance Size 0,40ME

Ly HP Image Zone 4.7 Size  121,00ME

F‘é HP Image Zone Express Size 7,06ME

Q HP PSC & Officelet 4.7 Size 53,33MB

\'3 HP Software Update Size 3,47ME

iere For support information.

Toremaove this program From your computer, click Remove.
f-ﬁ Inno Setup version 5.1.11 Size 3,61ME
E Trfaniiew (remove only) Size 7,56MB
]1'3’;' Java Media Framework 2,1, 1e Size 3,79ME
|£| Java(TM) SE Development Kit 6 Update 1 Size  330,00MB
| £5| Java(TM) SE Runtime Environment & Update 1 Size  167,00MB
@ JDL Digital Systems H.264 Windows Media Player Plugin Size 0,76MB
12 Edic 4.2 Size  7,32ME
(::} LimeMvire PRC 4.12.3 Size  21,09MB
|maikaak S Eb g LI

Figure 2-1: Uninstall using ‘Add or Remove Programs
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3 Tutorial

3.1 Introduction

During the installation procedure described in paragraph 2.3 a small sample database (approx. 60
shark images, 10 sharks) is installed. This database is used during the tutorial. If you do not need the
tutorial anymore, the sample database can be removed and replaced with your own data. All
directories with sample files start with I3S_example_ . Simply remove these directories from the
database (to be found in the Male , Female and Unknown subdirectories) manually.

This tutorial covers four examples. The first example shows the recognition of a shark with an
already existing fingerprint file. In the second example you will construct the fingerprint file yourself
and then compare it with the sample database. In the third example a new shark is added to the
database. The fourth example finally shows identification of a shark.

3.2 Tutorial example 1: recognition of a shark

In this example you will open a shark image together with an already existing fingerprint file. After
loading these files you will learn how to compare with the database and interpret the results.

1. Start I’S by double clicking on
I3S.jar  inthe I’S home directory
or selecting I°S in the start menu
folder. The standard I°S window will
popup.
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Select the & putton. A file chooser
window pops up. The starting
directory is the top level of the
database directory.

3. Go to the installation directory of I°S
and select the Tutorial ~ directory.
Open the shark image in

Tutoriall.JPG . The image file is
read and displayed in the main
window.

4.  This image already has a
corresponding fingerprint file, which
is apparent from the various spots
that are also displayed. Click the

search button 4 to compare this
image with the database. I°S pops
up a window.

At the left of this window you can
indicate which view to use (in this
case is the only option. In
Chapter 5 the use of views will be
explained. At the right side of the
window you can select which part of
the database to search. Keep the
default setting.

lual Identification System (v2.0)
File Dat

= | ilx]| #| =" Famo o g

Lookini [ Data

i e ==

Flename: [ Open
Fies ofypet - [aust 3pEG 6 GIF images. =l Cancel

< 135: Intelligent Individual Identification System (v2.0) File: C:\Program Files\I35\data\Tutorial\ Tutoriall.JPG =lojxj
FileDatab

Bla(s|u]i|x] +[=]FF s 1

~- 135: Intelligent Individual Identification System (v2.0) File: C:\Program Files\135)data\ Tuterial\ Tutoriall JPG =2
Fle Database Tools

slalalnlir] +[=[F == 1

5 ntire database
 Female & unksiown database

 Misle & unknown databass
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5. Inspect the results. All shark e
fingerprints in the database were glajslalil +HoP P .

matched. The best matches are on
the top. Selecting a file while keeping
the right mouse button pressed will
display more details such as the path O
to the file and the number of
matching spot pairs. Vicky looks like
the best candidate.

=T

6. Repeat step 4 and 5. Now we know
that the unknown shark is female.
Therefore, we select in the search 1. 0,227 Wicky1-17%40v03.jpg =
window Female and Unknown £, 0.357 Vickyl-1540g03.jpg
database. Now, only the female 3. 0.621 Vickyl-8Augl3.jpg
sharks and sharks of unknown sex 4. 0,634 Vickyl1-2hov(3. jpg
are used in the search. The search 5. 0583 Yicky1-250ct03.jpg
. 6. 0,921 CC1-250ct03.jpg
results are shown to the right. 7. 0,999 Jessical-11Aug3.jpg
3. 1.0531 Jessical-15Au0g03.jpg
Note that the sharks Tom and Leigh 9, 1,055 CC1-110ct03.4pg
have disappeared. If you know the 10, 1,063 Jessical-19Mov03.jpg |
sex of an unknown shark, you can 11. 1.188 CC1-231UI03.9pg
speed up your search with greater 12, 1,193 CC1-200u03.1p3
accuracy. 13, 1.209 CCITISJUIDS.]pg .
14, 1.241 Jessical-21Mov3,.jpg
15, 1,258 V¥S9-300ct03.jpg LI
Wisual compartison Close |
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Select the top file and then click on
the button Visual comparison. A
window with 4 tabs pops up. The first
tab shows both images together.
With the second and the third tab it is
possible to switch between both
images.

Select the fourth tab: [Spot cloud.

This tab shows a diagram that
represents the model used by I°S to
calculate the quality of the match
between both images. Red dots
represent the spots of the unknown
shark. The blue circles represent the
shark from the database. Green lines
indicate the matching pairs. Inspect
the spot patterns and the spot pairs.
The more direction and length of the
green lines are correlated locally, the
higher the probability of a good
match. Repeat steps 5, 6 and 7 for
other search results.

Vicky is indeed the correct match.
Because it is a good quality image
we want to add it to the database to
be used for future comparisons.
Press the [Include in database]
button. A new dialog window pops

up.

&} 135: Compare results =0 x|
Images | Unknown individual | Eound individual {5P2E €6 |
Unknown individusl: C:\Program Files\1352. 01 Tutorial Tutorial1  jpg
Found individual: C:\praj male\135_exampls_Vicky|¥icky1-17Hov03.jpg
Nur of spak pairs: 26
Seore: 0,23
&
o =)
o
@ ® @ ® o @
@
O & 2 o
a LT @ o
o - e
° 2
F " 2 o
[e]
° ®
o
Incuce indatobase | only identfication | dose
‘= I3%: Include in database o ] 4|

Source image: CAProgram FilesU3S TutorialTutariali jpg
Datahaze folder: CAProgram FilesU3SidataltFemalel3S_example_Vicky

I Rename File
%Tutoriall Jjpg

Ok Cancel

10
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10. Press the |OK button. The image and
fingerprint file will be copied to the
database (directory Vicky). All other
windows are closed. In a next search
this image will be used as a
reference image.

End of tutorial example 1

3.3 Tutorial example 2: construction of a fingerpri nt

In Tutorial example 1 the fingerprint file already existed. In this example you will learn how to create a
fingerprint file yourself.

1.  Start I’S. Open the shark image
tutorial2.jpg from the
Tutorial  directory. Notice in the
file chooser window the different
icons used for images with a
corresponding fingerprint file and
shark images without.

With fingerprint file:

Without fingerprint file:

11
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2. Tobe able to start selecting dots I°S
needs to be put in edit mode.

Press

The button will turn yellow to indicate
that the edit mode is on.

I*S now asks you to point out the
start of the first dorsal fin first.

3. Click with your left mouse button on
the start of the anterior dorsal fin. A
circled red dot and the text ‘dorsal 1’
mark this point. I*S will immediately
ask for the start of the second dorsal
fin.

Notice that the red exclamation mark
has turned yellow. This symbol tells
you have started editing the
fingerprint file and you did not save
your results yet.
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4.  Select with your mouse button the
start of the posterior dorsal fin and
the start of the pelvic fin. Now you
can start selecting spots. Select the
most distinguishing spots first. In
case of larger spots select the
approximate middle. Do not select
spots in front of the first dorsal fin or
behind the second dorsal fin (see
Chapter 6 for more details). Select
about 25 to 30 spots. A counter in
the tool bar will keep the total of
spots selected.

When you click the middle or right
mouse button you will remove the
nearest dot. If this is one of the fin
points you will immediately asked to
point it out again. Experiment with
removal of dots.

Select I:l If you have chosen the
start points of the fins and your spots
correctly you should be able to get a
top 5 consisting of images of the
shark named CC.

If you get inconclusive results
compare your spots with the image
SolutionTut2.JPG
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3.4

Select[File  Save fingerprint or
CTRL+S| for short. You can also use

the button.

Your results are saved into a file with
extension .fgp

Notice that the exclamation mark has
turned to its normal colour.

End of tutorial example 2

Tutorial example 3: adding a new shark to the d

Start I*S. Open the shark image
tutorial3.jpg from the Tutorial
directory.

14
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Select to start the edit mode if it is
not active yet. Select the fin points and
at least 12 spots.

3.  Skip the comparison part and let us
assume this individual shark is not yet
represented in the database (in fact it
is Vic). Select [Database  Insert in|

database|. A new window pops up.

4. Fill in a name for the new shark. You
can select checkbox if you want to
change the filename. If not, the shark
image will be saved in the database as
tutorial3.jpg . Since the search
results only display the filename and
not the directory name it makes sense
to use another more distinguishing
name. Press [OK.
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5.  All open windows are closed. With the
standard Windows Explorer you can
verify whether a new directory has
been added to the database
containing one image and one
fingerprint file which will be used in all
future sessions.

End of tutorial example 3

3.5 Tutorial example 4: simple identification of a shark

The difference with the previous example is that in this case we will not add a new image to the
database. Instead, the image will be identified and renamed.

1.  Start I’S. Open the shark image
tutorial4.jpg from the Tutorial
directory. This image is, apart from the
name, identical to tutorial3.jpg
The image already has a fingerprint
file.

16
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Press to compare the image with
the database. It seems most likely that
it is an image of Vic.

3. Select Visual comparison. We accept
‘Vic’ as the correct identity. Because
we already have sufficient images of
Vic in the database that are of better
guality, we do not want to add this
image to the database. Since the
image is going to be used in the
research it is important to rename it so
in the future we will still know the
correct identity. I3S offers the option to
rename the image file exactly for this
purpose without adding it to the
database.

4.  Select [Only identification|. The window
that pops up next allows you to
rename the image file. Press [OK| next.
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5.  All open windows are closed. With the
standard Windows Explorer you can
verify that the image and the
fingerprint file in the Unknown
directory have been renamed.

End of tutorial example 4

4 The I3S user interface

4.1 The menu bar

IS offers a standard Windows look & feel menu-based interface to perform most major operations. In
the paragraphs below, the current 3 menus will be briefly discussed. An overview of the menu bar is
shown in Figure 4-1.

Figure 4-1: The | S menu bar.

4.1.1 The File menu

Figure 4-2: The file menu.

This is the main IS menu. Figure 4-2 shows the various operations which are discussed below:

(shortcut CTRL+Q)). It will open a window to choose an image file. As a default it will

only show the supported image types (JPG and GIF). The starting directory will be the value in
the environment variable 1I3S_DATA. If an image file has a corresponding fingerprint file (i.e. the
same name but extension .fgp) a shark logo is shown, a standard image logo otherwise. The
logos are shown below:

(with .fgp) (without .fgp)

18
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[Save fingerpring (shortcut [CTRL+S)). If you have been editing the spots in an image this
operation will write a fingerprint file in the same directory as the corresponding image. Apart from
the extension, which is .fgp , the name will be identical to the name of the image file.

[Close imagé]. It closes the image in the main window. If you have unsaved data I3S will prompt
you whether you want to save the data first.

(shortcut [CTRL+P). It will print the current image including comments (see
paragraph 4.2).

Exif (shortcut CTRL+X]). This operation will close all windows. In case of unsaved data I*S will
prompt you whether you want to save the data first.

4.1.2 The Database menu
As shown in Figure 4-3, the database menu offers three options which are discussed below.

Figure 4-3: The database menu.

[Search in database] will compare the current image with the rest of the database. After selection
a new window will appear. If the sex is known you can improve your results by only searching in
the appropriate parts of the database. If multiple views are used (e.g. left and right views) you can
also select these views. If not, you can only select as shown in Figure 4-4 (left). For
more information on the database organization you are referred to Chapter 5.

Figure 4-4: Search window (left) and search results window (right).

By clicking one of the results the button |Visual comparison| becomes clickable. When clicking the
button a new window will appear as shown in Figure 4-5. The window contains four panes. The

19
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first shows both images, annotation and comments. The second and third pane show the image

of the unknown animal and the selected animal from the results list respectively. The fourth pane
displays the optimal match between both spot clouds. For use of this window you are referred to
the tutorials in paragraphs 3.4 and 3.5.

Figure 4-5: Visual comparison window.

Insert in database] In case of a loaded image with sufficient spots, selecting this operation will
allow you to add a new animal (i.e. a new subdirectory) to the database. This operation pops up a
new window first that will prompt you for the database section (male, female, unknown), relevant
view, and name of the new animal. Selection of the checkbox will allow you to
change the name of the image (note: not the name of the animal which is determined by the
subdirectory name). Since the results of a search operation only shows the names of the best
matching images, it makes sense to make sure all filenames clearly indicate the name of the
individual animal. By pressing @ the image and its fingerprint file are copied (not moved) to the
new directory in the database.

lUpdate database If the database has been changed, i.e. fingerprint files have been manually
added or removed, this operation will reload the entire database. You do not have to call this
operation after insertion of a new animal in the database. In this case, I*S will update the
database automatically.

20
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Figure 4-6: Insertion in the database.

4.1.3 The Tools menu
Options will pop-up the window shown in Figure 4-7. The first section allows to select the Species
under study. Selection of a species only affects the naming of the control points. The selection is
dynamically generated from the file controlpoints.xml which can be found at the top level of
the database directory (i.e. the value of the I3S_DATA variable). If you want to assign names to
the control points of a new species manually edit this file. The format is straightforward and should
be self explaining.

Figure 4-7: Options window.

21
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The second part of the options window concerns the automated logging of the searches
performed. If logging is on, the outcome of each search will be written to a file in the installation
directory. The naming of the file is SearchResults __<date>_<time>.log . For example, a
search on the July 2, at 17:22:10 will be written to SearchResults_ 20070702_172210.log

The content of the log file is identical to the results in the search results window. Each line
contains a filename, number of spot pairs and the score separated by tabs. This format can be
processed by Excel.

shows a window with information on version number, authors, copyright and contact
detalils.

4.2 The tool bar

Below the menu bar I3S shows a tool bar which offers short cuts to functions described in the
previous paragraphs and some new functions. An overview of the tool bar is shown in Figure 4-8.

Figure 4-8: The tool bar.

The table below discusses the various items.

Open file. Shortcut for the menu option described in paragraph 4.1.1.
Save file. Shortcut for the menu option described in paragraph 4.1.1.
Print file. Shortcut for the menu option described in paragraph 4.1.1.

Search. Shortcut for database search described in paragraph 4.1.2. A keyboard
shortcut is [ALT+S]
Edit the information field. Each fingerprint file contains an information field. Upon
pressing the button, a text editor is opened.
This will toggle I°S edit mode whether or not an image is currently loaded. You can
only add or remove spots if the edit mode is ‘on’. The keyboard shortcut is [ALT+P]. If
edit mode is on, the button becomes yellow.
Pressing the plus will zoom in on the image. If the enlarged image does not fit the
screen two sliders will appear. The mouse wheel can also be used for zooming.
Idem for zoom-out. Zooming out allows for selecting control points outside of the
image. The advantage of this feature is discussed further in Chapter 6.

|1nn% The zoom-factor. The maximum allowable zoom factor is 1000%.

The number of annotated spots in the image.

Change indicator. If the annotation has changed the button becomes yellow until the
fingerprint is saved.

22
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5 Database organisation

5.1 Introduction

Please note that with respect to version 1.1, the database format has changed. If you decide to keep
the old format I*S will work but you will not be able to use new features such as search on sex or
combining multiple views in a single database. During installation the Migration Tool is started. This
tool can assist in adaptation of your old database to the new format. However, some manual work is
always required. If you cancel the tool during installation, you can start the migration tool after
installation by double clicking Migration.jar in the install directory.

The entire database consists of a so-called directory tree. We distinguish the top-level directory,
which contains only the directories Male, Female and Unknown and the file controlpoints.xml. The
directories only contain animals of corresponding sex. Each subdirectory in one of the three possible
directories (male, female, unknown) represents a single individual animal. Within each individual
directory you can use multiple views. Each view is represented by a specific directory. Make sure
that the naming of these directories is consistent throughout the entire database. If you only use a
single view, you do not have to use specific view directories.

For example:

C:\I3S\Data Top level directory. It contains directories Male , Female and
Unknown.

C:\I3S\Data\Male This directory contains directories for individuals Jimmy,
Ronald , George and Bill

C:\I3S\Data\Male\Jimmy This individual directory contains the view directories Left
and Right .

C:\I3S\Data\Male\Jimmy\Left This view directory contains image and fingerprint files
JimmyLeft001.jpg and JimmyLeft001.fgp

C:\I3S\Data\Male\Jimmy\Right This view directory contains image and fingerprint files
JimmyRight001.jpg and JimmyRight001.fgp

At the lowest database level, the subdirectories should only contain image files and fingerprint files
(extension .fgp). Other file types are ignored. The image files should be of type JPEG (extension .jpg)
or GIF (extension .gif). A fingerprint file contains all the spot and fin information of the corresponding
image file. The example database contains 10 individual sharks in different subdirectories. The
subdirectory baasie-2003 contains 6 image files of the same shark and 6 fingerprint files. Each
fingerprint file corresponds with the identically named image file (apart from the extension). Together,
these files represent all the information on the shark named ‘Baasie-2003'.

At start-up, I°S looks up the environment variable I3S_DATA and starts to parse all the fingerprint
files in the corresponding directory and subdirectories. All fingerprint files are stored in memory for
quick future reference during execution of search tasks. Since the fingerprint files are quite small
(usually less than 1 KB) the memory use of the database will be limited.
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6 Spot selection

This chapter will discuss the proper procedure to point out the spots on the animals. There are some
rules that were discovered during the design of I*S, which will be discussed below:

1.

Only use images where you can find the proper refer  ence points . To be able to compare
images with each other the three reference points are essential. Sometimes, a reference point
may not be shown in the image. However, based on other features you can guess where this
point should be. An example is shown below. In such a case, you can use the zoom feature to
zoom out. I°S allows for annotation of reference points outside of the actual image.

Figure 6-1: Reference point outside of the image.

Only select spots more or less between these three reference points . Spots outside this
area will in general be hard to match with other images. For example for raggedtooth sharks,
spots in the area around the snout and pectoral fin will be found rarely in other images and are
therefore not good candidates. Spots behind the second dorsal fin are close to the tail. Although
raggies are generally slow moving sharks, the tail area is often curved. From a matching point of
view, this results in serious non-linear deformations. These spots have proven to be the main
cause of mismatches. As a general rule do not select spots in areas susceptible to

deformation or (far) outside the area bounded by th e reference points .

Select approximately 30 spots in each image . The system requires a minimum of 15 and will
not allow more than 80 spots.

Try to take your photographs perpendicular to the a nimal . I*S’ performance will degrade
when the viewing angle exceeds 40 degrees ([2]).
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5. When selecting spots, start with the most distingui shing spots first . This strategy works
better than working methodically from left to right or a similar strategy.

6. Only add good quality images to the reference datab  ase. If you have positively identified an
image you can choose to copy the image and its fingerprint file to the database. However, if the
image itself is unclear, poorly lighted, or taken from a large distance or an odd angle this will
have impact on the quality of the selected spots. Computer applications in general, including I°S,
work according to the Garbage In — Garbage Out principle. If you put poor quality images into the
database this will most likely deteriorate the overall performance. If possible, use only the best
guality images as reference material, as this will significantly increase the possibility to be able to
identify poor quality material.

7. Keep a balanced database . Usually, you will not have the same number of (good quality)
images for each animal. However, do not put extra images of a specific animal in the database
just because you have the data. The larger the number of reference images, the greater the
chance of a mismatch. On the other hand, to few images per shark might result in
underperformance (Chapter 7). The optimal number of reference images seems to be 3to 5
images per individual.

8. Label consistently . Sometimes it is difficult to determine whether a peculiarly shaped spot
should be labelled with one or two dots. The same applies to whether you should label scars.
There is no ‘golden rule’ how to label the spots. However, the most important rule is that you
should be consistent in your labelling. If multiple persons are adding new animals to the database
it makes sense to use some kind of labelling protocol.

7 Accuracy

The IPS software was tested for the entire raggedtooth shark database of 739 images (219
individuals) taken on the Aliwal Shoal over 9 years. The performance of the software was rigorously
tested by randomly selecting one, two or three reference images per shark from the dataset and
using all the remaining shark images as a test set. We measured the number of times the correct
shark was ranked in the top 1, 3, 5 and 10 best matches as a percentage. To correct for random
effects, the experiment was repeated 100 times and the average calculated over all results. See [1]
for more details.

Below are the results of this experiment.

Percentage of images correctly ranked
in one of the following ranks:
Topl Top 3 Top5 Top 10

Exhaustive search

1 reference image per shark 71.8 76.1 78.1 80.7
2 reference images per shark  87.4 90.2 91.0 92.4
3 reference images per shark  91.7 93.9 94.5 95.4

Table 7-1: Accuracy of | °S.
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8 Limitations and future releases of I  3S

8.1 2Dvs. 3D

We are fully aware of some limitations of I°S. The main limitation is that we use a 2D model of a 3D
animal. Especially with increasing observation angles the 2D approach might have a negative effect.
One solution might be to construct a 3D model. However, this is far from trivial and is not a generic
solution (i.e. each animal will require a new model). In the limited experiments carried out during
design, the system seemed to be quite robust against varying observation angles. Speed et al. [2] did
more rigorous testing and from their research it appeared that accuracy deteriorates considerably
with angles larger than 40 degrees. For the moment we therefore advise to use photos taken from a
viewing angle smaller than 30 degrees whenever possible. This is particularly important for the
photo’s included in the database.

8.2 Linearity

Even in case of a 3D model, we still assume linearity of the animals. In plain English: we assume that
the sharks are rigid and their body parts are always in the same position with respect to each other,
which is an optimal situation for comparison. Luckily, raggedtooth sharks (and probably whale
sharks) are usually slow moving animals that have their body parts in more or less the same position.
The only part where this assumption usually is not true is the tail, which bends to left and right during
swimming. Therefore, if you do not select spots in the tail area you will avoid most problems with
non-linearity.

For other animals than raggedtooth sharks you should select an area which is least likely to be
affected by bending of the animal’s body.

Construction of a non-linear model is possible. However, because of the varying underwater
conditions (murkiness, light) it is not realistic to assume automatic recognition of a curved tail. As a
consequence, the amount of user interaction would have to increase drastically. Because of this and
the difficulty to construct a non-linear model, we do not foresee any work on this in the near (or far)
future.

8.3 Future releases
For future releases the following improvements are foreseen:

Interface: - Undo operation (CTRL+Z)

Search: - Annotation of spot size and shape to improve search accuracy.
Implementation entirely depends on requests from the research
community.

- Search on comment field and/or length of an animal.
- Use of multiple cores in the latest processors, i.e. a multi-threaded search.
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10 Copyright

You can use I°S free of any charge. You are allowed to modify it, copy it, and distribute it under the
GNU Public License v2. A copy of the GPL (COPYING GPL v2.txt ) is part of the I*S distribution.

This manual is released under the terms of the GNU Free Documentation License, Version 1.1 or
any later version published by the Free Software Foundation. A copy of the license can be found in
the file COPYING.DOC.txt .

11 Bug reports, comments and requests

Please send all bugs, comments and questions to i3s@reijns.com. In case of a bug, please describe
clearly how we can reproduce the bug ourselves. If possible provide us with all relevant data.
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