Planktpn Identifier

Plankton lIdentifieris a free software which allows the automatic tdiation of objects
(plankton and/or particles) from a set of imagethwheir associated data. Therefore, before you
can usePlankton Identifiey you must extract object data (PID format) andeobthumbnails
(JPEG format) with a dedicated hardware-softwarenlination such as ZooScan and
ZooProcess (http://www.ZooScan.cpm

Once data acquisition is dorfélankton Identifierhelps the user to build a Learning File (set of
objects identified by an expert) through a saferfiace which prevents from data loss, erroneous
duplicates etc. Then, using the learning fl&gnkton Identifierallows the automatic recognition
of an unlimited number of objects from one or saleata files. Additionally, the user can
optimize the recognition by many ways (by choicdifferent data analysis methods, selection
of variables, variable transformation, way of grimgpobjects etc.). Results are stored in one or
several text files which can easily be importedother softwares (for graphics, time series
analysis etc...). A detailed statistical reporlso generated (html format allowing copy-paste).

NOTE: Although Plankton Identifier has been iniialdeveloped to identify Planktonic
organisms, it can virtually identify any kind ofjetts.

Supervised learning algorithms are not implememigelankton Identifientself but are those of
the free data mining software TANAGRA which is usedatch mode. This is the reason why
you must install Tanagra 1.4.12 or above on younpater before usinglankton Identifier

NOTE: Experimented users can define their own a@dat@ysis methods for Plankton Identifier
using Tanagra tdm format.

Downloads

Version currently available is 1.2.6. It is a Winapplication running under Windows XP,
Windows 2000 and Windows 98. A screen resolutioatdéast 1024x768 (96 ppi only) is highly
recommended. There is no UNIX, LINUX or MacOS versi

To install Plankton Identifiey download the installer on your computer. Thenecexe the
installer and follow the instructions.

Seven recognition methods (all tested) are cugrengitalled withPlankton Identifieras well as
several methods to test classifier performanceseStemo files (zooplankton JPEG images and
PID files) are included and will be installed irfDeemo’ subfolder.

An additional applicationPID Viewer can be downloaded separateBID viewer helps to
visualize PID files information (header, data, draic statistics). OndelD vieweris installed
on your computer, you just have to double-click RID files (Sample or Learning) to easily
explore and/or compare their contents, even fidamkton Identifier.

NOTE: PID Viewer is not an editor. Manual editiof @ PID file is not recommended but if
necessary you can use any usual text editor.
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Sources

Plankton ldentifiethas been developed using Delphi 2005 PE (CodégmarBorland, which is
free under conditions, and the free components u#lirt Treeview (Soft-Gen)s and
VirtualShellTools (Mustangpe3kPID viewer uses the free Delphi component Toneinstance
(bome.conp. The installers have been created using Inngsetll9 (Jordan Russell's software
Plankton Identifierand PID viewer source codes are available on demand for non cociathe
purpose.

Please, don't forget to mention Plankton Identifilden you produce results, notably in scientific
publications. You can refer to Plankton Identitisrfollow:

Gasparini Stéphane (2007). PLANKTON IDENTIFIER:aitware for automatic recognition of
planktonic organisms. http://www.obs-vlfr.fr/~gaslankton_Identifier/index.php
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MAIN WINDOW
When launching the application, 3 boxes are avigidhearning”, "Data Analysis" and "Show

Report" (Fig.1). These 3 steps can be run indepeglydeHowever, "Data analysis" uses files
generated by "Learning”, and "Show report" usessfijenerated by "Data Analysis". Thus, the

very first time you rurPlankton Identifieryou must begin with "Learning".

# Plankion ldentifier
Frogram Tools Help

Learring Ciata Analysis Shiow Report

Figure 1: Main Window

A menu is also available:

Program > Settings allows to define the location of Tanagra.exe ad a®la default folder for
thumbnails, PID files and results.

» Tanagra Path: If more than one version of Tanagiastalled on the computer, you
can select the version you want to use. CBcawse, browse the hard drives until you
find Tanagra.exe, select it and clioK.

NOTE: If you did not install Tanagra in \Program|&s\Tanagra, or if you did not

install Tanagra at all, this window will pop up aumatically when running Plankton
Identifier (Fig.2).

Tanagra Path
INIOT FOLIND |

Brayuss
Disf bt feldar
!‘::'J-Tl_'llj am FilesiManddon Identifisr] Demo),

Brawse |

] X cancel

Figure 2: Settings Window

» Default folder: The default folder will be the dtag folder for the different steps the
very first time you use them. When installiRtankton Identifierthe default folder is
the "Demo" folder of thé’lankton Identifierinstall directory. Thereafter, the starting
folder will be the last folder successfully useadept if you have deleted that folder in
between (then it will be the default folder). If moof these folders exists anymore,
"My documents” will become the default folder. Thaoge the default folder, click

Browse, browse the hard drives until you find the folgeu want as default folder,
select it and cliclOK.

Program > Exit closesPlankton Identifier.



Tools > Import Tanagra Data Mining diagram helps to import data analysis methods created
with Tanagra and saved as a tdm iRtankton Identifier When the window opens, browse the
hard drives, select the tdm file to be imported] elick open The routine verifies if the selected
tdm can be used iflankton Identifiey adapts it if necessary, and makes a copy in the
appropriate subfoldeP{ankton identifieinstall directory \ Classifiers).

NOTE: A successful import does not mean that thbodewill work. Please refer to the section
"Build customized data analysis method" for moferimation.

Tools > Import Name List helps to import a name list (for groups / subfoldeeation) into
Plankton Identifier When the window opens, browse the hard drivdectéhe text file to be
imported, and clickopen The routine verifies if the selected text filendae used irPlankton
Identifier, and makes a copy in the appropriate subfolB&nkton identifierinstall directory \
Lists).

NOTE: The text file must contain group names sdpdray line feeds without duplicates and
without any special characters.

Tools > Concatenate Learning Files helps to concatenate existing Learning Files aréate a
test file from two Learning files. When the wind@pens, clickorowse next toLearning File 1
to select the first Learning file, then clitkowse next toLearning File 2 to select the second
Learning File. In theLearning File 2 Status section, selectearning if you just want to
concatenate selected files or seleest if you want to create a Test File. Then, cli@K and use
the save dialog box to select a destination foldet a file name. When you click @ave,the
new file is created.

NOTEL: Variables of the two learning files must diectly identical otherwise a warning
message will be displayed.

NOTEZ2: Concatenation must be used with care if sobjects are present in both original
learning files, the concatenated one will contairplicates. Please refer to the section "Data
analysis" for more information about the use of@enated Learning files.

Tools> Convert to PID Filesis not implemented yet.

Help > Online User Guide leads to this web page.

Help > About Plankton Identifier showsPlankton Identifierauthor information.



LEARNING

This step generates a file (Learning file) contagnineeded information for automatic
recognition. It corresponds to a representativessuhple of objects identified by an expert and
used as reference in further analysis.

Select Folder Window

When clicking on thd.earning box, a folder selection window appears (Fig.3)e&ea folder
which will contain a "Learning Set" correspondimgidentified objects (thumbnails) sorted into
subfolders (groups) + PID files containing objeatad

 To create a new learning set, you must select gptyefolder. If necessary, you can
create it by clicking on theew folder icon(Fig.3: 1) and entering a new name (Fig.3: 2).
Then click on th®©K button (Fig.3: 3).

Learning
Select a Folder for Thumbnails Sorting

[t Leam

L
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) Demo results
| (3 Do thumbs_bo_sort
) demo_1
) dame_2
7y dami_3
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_'| demo_5
o (e 2
) Lists
i Parsonal Notes
1 Ressources -

o ok _3 | X CancEL

Figure 3: Select Folder Window

* You can also select a folder already containingaaning set. This existing learning set
can be an old one you want to modify or a learsieigmade by other means.

NOTE: if the content of the selected folder dodsfihthe expected structure or contains
invalid data you will not be able to open it andwarning message explaining the
problem will appear in red at the bottom of the dow.



Learning Window

Once you have selected a valid folder for thumisnadrting and have clicked OK, a new
window appears (Fig.4). The left panel of this vand(“Unsorted thumbs”) allows to browse the
hard drives to select unsorted objects (thumbnaits) the right panel (“Sorted Thumbs”, empty
for a new learning) corresponds to identified otge@humbnails) sorted into subfolders

(groups).
NOTE: Relative size of these different panels @aohHanged by dragging borders.

Unsorted Thumbnails

In "Unsorted Thumbs" panel, browse the hard drieespen a folder containing thumbnails and
their associated PID files. Only thumbnails withvalid name (<Sample Name>_<Item
Number>.jpg) will be displayed. If the name is daliut the required data cannot be retrieved, a
red question mark will be drawn on the thumbnaity@ 1) and you will not be allowed to use
it. If you place the mouse cursor above the questark, the reason why required data cannot
be retrieved will be displayed (PID file missingerh missing in the PID file etc.). If the
thumbnails appear too small or if you cannot reladirtnames entirely, you can use the
“thumbnails size” bar on the left to enlarge thdxig@: 2).

NOTE: In \Program Files\Plankton Identifie\Demo\e thumbnails_to_sort\, some folders,
containing thumbnail images and the correspondiiig fle, are available for exercising.
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|__|dam-:-_2 _-|'!_',Demc- Mew Learn  w| 0 o
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sEe 4 i . ‘ . )
2 demoZ_38.10g de-m-:n:39||:-:| dama 40,400 demol_41.1pg
T
- ! 21
_' 1.0 mit & .
damioZ_42.1pg damoZ_43.1p0 demnz_F.iog b
PRENLEYWY
|
| x uk
-
lrreviam
Zoam
= Thurrbss i curren diactory < 43 | 0 thumbs sorbed n 0 Groups

Figure 4: Learning Window
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Groups (subfolders) creation

In "Sorted Thumbs" panel, folders must be createddrt the thumbnails according to their
identification. Click on thereate new foldersicon (Fig4: 3). It will open a new window which
allows the selection of predefined names (Fig.bjhé desired name is not available, you can
either select another predefined list or selecww’nas name and edit it later in the “Sorted
thumbs” panel. When you clicOK, all the selected names are created as subfahdénel
“Sorted thumbs” panel. To edit a folder name, getee folder by a single click, then click again
on the name to activate edition.

Creafe Group Folders

Nvalable Hamas : Faolderis) ko create
gr':.'ho-.-tu:-:mtha -~ [Copapoda
{Salpa > Apperdiculana
\(hordats_ather T |Mew
|Pices oo | {detritus
(Eea
{Fler
gl | <
Ibadfocus
ibubibie o<
{stratch e
ishadaie
-
Predefined Lisks 1
iElc-ﬂ:.t':.' - oK | Carcel

Figure 5: Create Groups Window

NOTEL: The same folder name cannot be used twiadearning set. Thus, already used name
are not available in the “Create Group Folders” vdow and any edition of folder name leading
to an already existing name will be automaticaiycelled.

NOTE 2: In "Sorted Thumbs" You can open a subfodaher create sub-subfolders in the same
way. However, creation of subfolders into subfoliderot recommended since further statistical
analyses do not use tree structure as valuablernmition. Only the name of the last folder
containing thumbnails will be used as identifiedatomplex tree structure could create more
confusion than advantages.

NOTES3: Using the Windows notepad, you can alsotergaur own customized lists or edit an
existing list in the “Lists” subfolder of the Platdn Identifier folder. Customized lists will be

then available in the Predefined Lists combo-boxuatomized list must contain group names
separated by line feeds, without duplicates andhout any special characters. You can use
Tools>Import Name List in the main window menu to import your own list.



Thumbnails sorting
When selecting a thumbnail, a preview appears@Fi). You can enlarge that preview with the
Preview zoombuttons on the left (Fig.6: 2).

Learning
Urscetad Thumbs : Sorted Thumbs :
| jdemo_t j |  JDeme New_Leam j a |
B = -, i / e A
|5 [ — e A ¥ .
I c demol_37.4pg demol_38.ipg demol _39.ipg demol_40.ipg Appendiculana
E - ! ‘
Thumbs Ay - 4
siz8 Hi— -
demol_41.ipg demal_43.ipg
-
-
- 3
demol_45.ipg

e 6

s Linda | X ot |
-
| et o Creats Leaming File 'Tl
Zoam C |
| Thumbs n current: directory : 45 ﬂ’ 12 thumbes sorted in 4 Groups

Figure 6: Thumbnails sorting

Drag thumbnails to the corresponding subfolderg.@=i3). When you release a thumbnail on a
subfolder, this thumbnail is physically copied (mobved) in the subfolder. The corresponding
PID file is also copied in the learning folder betnains invisible to avoid confusion. Once a
thumbnail has been used in the current learningasedd cross is drawn on it (Fig.6: 4) and you
will not be allowed to use it anymore.

Selection of several thumbnails at once is possibi®u maintain the Ctrl key down during
selection. If you want to see the preview of edximtbnail during a multiple selection, then start
selection from the down right to the upper leftrttinail position in the panel.

The number of thumbnails in each subfolder is drawnt and is updated after each drop. The
total number of sorted thumbnails, and of thoskeaorted, are indicated at the bottom of each
panel (Fig.6: 5).



Modify the Learning set

To remove a thumbnail from the Learning set, sdte¢then use th®EL key or right-click on
the thumbnail and seledD&leté’ in the popup menu. To remove several thumbnsdigct them
using the Ctrl or the shift Keys as in Windows shetn proceed as above.

The DEL key and the Deleté' function of the popup menu can also be used tetel@ne or
several subfolders once they have been cleareof dtimbnails.

To move a thumbnail from one subfolder to anothigiht-click on the thumbnail and select
"Move to ..." in the popup menu. To move several thumbnaitst $elect them using the Ctrl or
the Shift Keys.

The popup menu also includeSelect all and 'Invert selection’ functions.

Cancel action

The Undo button (Fig.6: 6) can be used to cancemtinails drops, thumbnails deletions,
subfolders creations and subfolders deletions a$ age subfolder renaming. An unlimited
number of actions can be cancelled until you crédatel.earning File or you quit the Learning
Window.

Create a Learning file

Once you consider you have sorted enough objectsadch category, click on th€reate
Learning File button (Fig.6: 7). A save dialog box will appeldicate a destination folder and
a name for the learning file if you do not want keep the default name (which is
Learn_<number>). Click on th®avebutton and the job is done. Then, a dialog box gski if
you want to continue sorting. If you choose “Ndietlearning window is closed and the main
window is enabled.
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DATA ANALYSIS

This step generates text files containing the tesofl the automatic recognition as well as an
html report containing data analysis informatiodickCthe Data Analysis button in the main
window, a new window opens with different paneltgets (Fig. 7):
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Fig. 7: The Data Analysis window
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Select learning file(Fig. 7: 1):
This section allows to browse the hard drives teciethe learning file you want to use for
analyzing your data.

NOTE: A learning file must be selected to activatteer sections.

NOTE 2: A double click on any PID file (Learning sample) will automatically open it in PID
viewer (if installed) or in your text editor (i.8Vindows Notepad). Thus you can easily verify its
content if necessary.

Select sample file(sfFig. 7: 2):

This section allows to browse the hard drives tecd@ne or more samples (PID files) for which
you want to do the automatic object identificatitfnothing is selected, analysis will be done
with the Learning File only. In that case, a methigsigned to test the Learning file must be
selected.

NOTE 1: To analyse several samples (PID files)rs ime, put them in the same subfolder and
maintain the 'crtl' Key down during selection ad/ndows shell.

NOTE 2: Variables of selected samples (PID filesythmatch Learning file variables otherwise
an error message will be displayed and analysisoisallowed.
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Select a methodFig. 7: 3):
This section allows the selection of analysis metl®even supervised learning methods are
provided withinPlankton Identifier

Spv learning 1 (5-NN)k-nearest neighbour used HVDM distance metric

Spv learning 2 (S-SVC linearC-SVC from LIBSVM library

Spv learning 3 (S-SVC RBFE-SVC from LIBSVM library

Spv learning 4 (Random ForedBreiman, 2001)

Spv learning 5 (C4.5Decision tree algorithm (Quinlan, 1993)

Spv learning 6 (Multinomial Logistic RegressioMultinomial Logistic Regression with a
Ridge estimator (S.le Cessie & J.C.van Houwelinge82)

Spv learning 7 (Multilayer Perceptromtultilayer Perceptron neural network

In addition, the following selections are possible:

Cross-validation 1 to 7 Evaluate the accuracy of one of the seven dlgus using a re-
sampling technique. The original learning set isdamly partitioned into two subsets of the
same size. One of the subsets is used as learatnt duild the predicting model, and the
remaining subset is retained as the validation fiattesting the model. Each subset will be used
once as learning set and once as testing set. Waeadsults from the testing sets are then
averaged to produce a single estimation of the igied model performance. The cross-
validation process is repeated 5 times and theageeerror rate of the 5 cross-validations is
computed in a confusion matrix.

To use Cross-validation :
1. Select a learning file (check variables and ides&tfon groups)
2. Do NOT select any sample file
3. Select the Cross-validation method correspondingto prefered algorithms
4. Press Start Analysis.

Test 1 (7 methods)Compares the seven supervised learning algorittocaracy performances
on a predefined test file. Before using Test 1pecwl file (test file) must be created with the
tool Concatenate Learning Filegmain window menu). Rather than to use two distiihes for

the learning and the testing set, we prefer joemthogether in a single file and use the column
Status to indicate the role that each observatiostiplay. The learning data (Status = Learning)
will be used in the learning process to build tleees classification models (or classifiers)
whereas the testing data (Status = Test) will leel s obtain an unbiased error rate evaluation.

To use Testl:
1. Select the file you have just created as data sourc
2. Do NOT select any sample file
3. Select the Test 1 method
4. Press Start Analysis.

NOTE 1: The learning and testing set are assumebetaepresentative of the same set of
observations.
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NOTE 2: Usually , the larger is the learning séie toetter is the classifier and the larger is the
testing set the more accurate the predictive accyrar error estimation.

Export to text file (no analysisigenerates a text file containing a concatenatiosetected
learning file and sample file(s), with all the angl variables + selected customized variables +

edited groups but without any recognition. Thig t#® can be then imported in any data mining
software for analysis.

Original variables (Fig. 7: 4):
This section shows the variables available in thlected Learning File. You can enable or

disable the variables to be used for the anali@msabled original variables will be ignored but
will not be removed from result files.

Customized variables(Fig. 7: 5):

This section helps to create new variables fronstarg original ones. Thirteen customized
variables that you can enable or disable are ajremdhilable when you instalPlankton
identifier. Disabled customized variables will be ignored anitinot appear in result files. If an
existing customized variable cannot be calculatedhforiginal variables which are currently
available, this variable is automatically disabded appears in grey.

* To edit an existing customized variable, seleanhi click onEdit to open the
Customized Variable window (Fig. 8).

* To erase definitely an existing customized varigbégect it and click obel.

» To create a new customized variable, clicK\mw to open the Customized Variable
window
1. Give a Name to the new variable (it must be difiéfeom existing variables)
2. Enter a formula in the field "Operation”

3. Press OK.
# Customized Variable I'-__Ifﬁllgl
[FE
E
Operation

L*30R# Armad 3. 141 59265 356%G)

Criginal vamables 5
hrea =] _nsent |

Avalabde functions :

{hatieal Logarithm Bt | frsert
| o 0K ] X cencel |

Figure 8: Customized Variable window
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NOTE: To write a formula, keyboard operator (e.qg.-;+/,*, ), standard brackets and numbers
can be used as usual. For constant (e.g. humbére),decimal separator depends on your
regional setting. To insert one of the original sdnles, select it using the "original variable"
box, and pressnsert. Variable name will appear surrounded by "#" (dut nemove these marks
without removing the whole variable name). To ihgefunction, select it using the "Available
functions” box, and pressisert. We recommend to look at already existing custainraeiables
(use Edit) to see how to built new formula.

Identification Groups (Fig. 7: 6):

This section shows the Identification groups defimethe selected learning file. You can enable
or disable groups to be used or not for the amalyisabled groups will be ignored and will be
removed from result files. This section also allowscreate new groups by grouping existing
groups. The original group list (#1) cannot be tieleor edited.

» To create new groups, click dfewto open the Groups Edition window (Fig. 9).

# Groups Editlon
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{other_Zoopk Other_Zoops
Phytcplarkion Ph i N
;f‘!l.lt':ﬂ.ls_hrwzc Gther _Zoopk
{:z:-a Cruystacears
Modified List 2 o Cane X carcel |

Fig. 9: The Groups Edition Window

* To change original group names (Fig. 9: 1):
1. Select the name in the Modified Group Names sectan 9: 2).
2. Write a new name for this group or click on thetbat(Fig. 9: 3) and select a
name in the list. Groups with the same new namiebeihssociated.
3. When you finish to modify the group names, pieese

NOTE: You can create as many lists of Identifiatjpoups as you want. The list used in the
analysis will be the current list (i.e., the onsible in the Data Analysis window when you will
click on Start Analysis). You can use #irev. and Next> buttons to select the list you want to
use for the analysis. In the result files, the wrad names will appear in the column "Ident" and
the new names in the column "ldent2", if used.
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NOTE 2: New groups definition will apply even ifuyeelect another Learning file having
different original group names. In this case, oglpup names already encountered will be
redefined.

» To edit an Identification Groups list, use #ierev. andNext> buttons to select the list
then clickEdit to open the Group Edition window and proceed asva@b

* To delete the current Identification Groups lisegsDel.

Launch analysis

When all files, variables and identification grougie selected, click on th&tart Analysis
button. A save dialog box will appear. Indicateestthation folder and a name for the result file
if you do not want to keep the default name (whglnalysis  <number>). Click on tt&ave
icon and the analysis is launched.

Once the analysis is finished (it can take severialutes depending on the sample size and the
selected method), the results and the html repersaved in the selected destination folder. A
dialog box asks you if you want to quit the Datalgsis window. If you choose “Yes”, the Data
Analysis window is closed and the main window ialdad.

Compared to the original PID file, the result fdefontain(s) several new columns:
1. Columns corresponding to customized variablesetius
2. One column (Ident) containing group names in tharhiag file
3. One column (Ident2) containing modified group namesed
4. One column (Status) containing object status (ptssialues are Learning, Sample and
Test)
5. One columnfPred_xxxxX) containing predicted identification.

IMPORTANT: Columns Ident and Ident2 of the resylf(ie(s) correspond to visually identified
object when the object status is "Learning” but areaningless when the object status is
"Sample" (just filled with the first group name thfe Learning File). Look at the last column
(Pred_xxxx) for predicted object identification.

NOTE: If you want to create a separate result fileeping the original Header, for each sample
(PID file) used in the analysis, enable the chegk®Bave detailed results for each sample under
the Start Analysis button before launching the gsial These files are created in addition to the
main result file with names as follows: <ResulteAName>_<sample name>.txt
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SHOW REPORT

This step facilitates the access to the resuls filled to the html reports of your analysis. Then, i
is simple to export results towards an editionvgafe (like Excel®) for subsequent processing,
or to print the results.

Click on the Show Report button. In the Show Report window (Fig. 10), thetldolder
successfully used as destination folder for resslesutomatically opened and the last result file
appears in bold characters (Fig.10: 1). It is gmedb browse the hard drive to retrieve results of
previous analysis.

« Show Reporl

Select a Result File and click OK for a full report

{Lest anabyss in bold characieras)

r
i i Deemia results - |

| [T Analysis. |:mm.tut1

i [Z] Anabysis_0001_demol_dati, tut
| ] Brafysis_0001_demod_dskl bt
| £ Anabysis 0001 demod_debi.tat
i T| Andysis_0001_demod_daki. bt
2] Anafysis_0001_demeS_datl.txt

JDK2 e Xaw ]
Figure 10: Show Report window

» Double click on the result file to open it in thefault text editor (i.e. notepad)

» Select the result file and clicdRK (Fig.10: 2) to open the corresponding html report
the default html browser (i.e. internet explorer)

NOTE: If detailed results for each sample have lssed separately, all the files can be opened
in the default text editor but only the main regiét provide direct access to the html report.

The Html report (Fig. 11) is the one of Tanagrae Téft panel shows the data analysis diagram.
When clicking on one item of this diagram, corregting information are shown in the right
panel. In Figure 11, for example, a click on "Umigte discrete Stat 1" on the left shows the
distribution histogram of predicted object idemt#iions on the right. Copy-Paste can be used to
export this information towards another softwarkeaBe refer to Tanagra documentation for
more information about diagram items and resulespretation.
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Plamdciom Ide ntification REPORT (rpy leamning 5-[M)

[ EmDataset (knalyzis_0001)
Lo Dlserete salact sxampbes 1
L. £ Define status 1
L.[F] Superdsed Learning 1 (K-N)
‘--‘ Recover examplas 1
L £ Define status 2
b LBl Urbvariate discrete stat |
L EMEcpart dataset |

i
i

i

pred_Spvirstance_1 06787

I

Figure 11: Html report
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APPENDIX

File formats and File names
To work with the current version déflankton Identifier PID files and thumbnails are needed.
Both are generated from the original image by ofloétware such as ZooProcess.

PID Files

A PID file collects object information about oneage corresponding usually to one sample in
the real world. Each PID file is basically a tetkt ery similar to an initialization (.ini) fileThe
first line contains a signature (PID) and is folexhby different sections. Each section starts with
a section declaration, which corresponds to sectsone surrounded by square brackets [ ].

The first sections contain information about thengke, sample processing and image acquisition
etc. In these sections, forming the header, eddnnmation item is made up of an item name,
equals sign ('="), and a value.

The last section, [Data], contains object measungsn®nly this last section is used by the
current version of Plankton Identifier. The first line of this section contains colummes (i.e.
variable names) separated by semicolons (;). Timer éihes contain corresponding data (one line
per object) also separated by semicolons.

The first column must correspond to a unique nunidbemtifying the object in the sample, and
the second column must correspond to the sample.n@ther columns correspond to object
measurements. The number of values must be theigaatidines.

NOTE: variables locating objects in the original dge are required for post processing
including visual validation, but not for automatiecognition.

More information about PID files is available iretAooProcess manual.

Thumbnails

Each thumbnail corresponds to the image of onecbliethe original image. The jpeg format
has been chosen because thumbnails are usedudatizéion only and not for measurements. In
such conditions, image degradation due to jpeg cessppn is not a problem and jpeg format
preserves a lot of disk space.

To be used withPlankton identifiey the name of each thumbnail must contain a prefix,
identifying the corresponding PID file, and a sxffidentifying the object in the [Data] section
of the PID file, separated by an underscore “_'sdferal underscores are present in thumbnail
name, only the last one is considered as separator.

The prefix must correspond exactly to tieginning of the nameof the corresponding PID file
but the end of PID file name can include some amltid comments. For example, a thumbnail
namedDEMO1_24.jpg can correspond to a PID file namB&EMO1(zoopk).pid. Of course,
equivocal situations must be avoided:
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Examplel:
Bad situation.DEMO1_24.jpg coexists WittDEMO1 Testl.pid andDEMOL _test2.pid.

Solution: UseDEMO1_Test1l 24.jpg or DEMO1_Test2 24.jpg as thumbnail name.

Example 2:
Bad SituationDEMO1_24.jpg coexist withDEMO1(zoopk).pid andDEMO10(phytopk).pid.

Solution: Chang®EMO1(zoopk).pid to DEMOO01(zoopk).pid and usddEMOO01_24.jpg as
thumbnail name.

The suffix corresponds to the object number infitse column of the [data] section of the PID
file, meaning that the same number must not béwise in the same PID file.

Before sorting (see LEARNING), thumbnails are expdaowith their associated PID file in the
same folder byrlankton identifier

Learning Files

Learning Files are generated and usedPlankton identifier These are text files with a .pid
extension but differ from original PID files (selaae). The first line contains another signature
(LEARNING) to avoid confusion. The second line @ins column names (i.e. variable names)
separated by semicolons (;) and the other linesagocorresponding data (one line per object)
also separated by semicolons. Compare to the [Bat]on of original PID files, a Learning
File contains data of identified objects only asliwvas two additional columns. The first
additional column is named “Ident”, and contains tfame attributed to the object by an expert.
The second additional column is named “Status”, @natains the word “Learning” in order to
differentiate the Learning part in further concattenl files.

Test files are special Learning File resulting frdme concatenation of two Learning Files, one
receiving the word "Test" rather than "Learning'tie column "Status". Test file associated to
specific tdm are useful to evaluate the efficieatg Learning File.

Folders organization

In order to preserve flexibility and control by theers, many files and folders are created during
the different process and can be accessed usingowsshell. If you do not take care of files
and folders organization, the situation will quicklecome confusing.

Recommendations
The use ofone folder per project is highly recommended witlat least the following
subfolders:

1. One subfolder per set of thumbnails extracted fom original image with the

corresponding PID file

2. One subfolder per Learning Set (compulsory, seawel

3. One or more subfolder(s) for PID files (sampleshécanalyzed

4. One or more subfolder(s) for data analysis results.

See the "Demo" folder provided wiBlankton Identifiefor an example.
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Learning Set

A “Learning Set" corresponds to one folder contagnPID files and thumbnails sorted into
subfolders. In opposition to folder containing uned thumbnails, in a “Learning Set” PID files
are not stored in the same subfolder as thumbhatlén the root folder. For this reason, if you
try to use a “Learning Set” as source of unsortednbnails, these later will appear with red
guestion marks in thelankton Identifie‘Learning” window (and even with question marks and
crosses if copies of these thumbnails are alreamhd un the current Learning Set). Thus,
unintended cross-sorting is impossible.

The name of the subfolder containing a thumbnailissd to fill the column “Ident” of the
corresponding object when creating a Learning Hilais is the reason why all the different
subfolders must have different names even as Soioider.

A “Learning Set” is valid only if all the thumbnailt contains have the corresponding PID file in
the root directory (See the “File formats and Mkemes” section for information about naming
convention). A “Learning Set” can contain additibrfdes such as text files with some
comments, Learning Files or unused PID files begjimages other than thumbnails are not
allowed.

Build customized analysis method (tdm)

Plankton identifieruses Tanagra tdm files to register data analystbads. These tdm files are
stored in the “Classifiers” subfolder of tH&lankton ldentifierinstall directory. To add a
customized data analysis method Rtankton Identifier, a tdm file must be created using
Tanagra then imported in this subfolder. Becauses ihot Plankton identifier purpose to
reproduce all Tanagra functionality, a tdm file gatble with Plankton ldentifierhas some
limitations and must comply with the following rate

» It must contain at least a componebDefine status 1” and a component “Export data set
1"

 “Define Status 1" must contain measurements as irfpohtinuous variables) and
“Ident” as target (discrete variable).

» If others ‘Define statusare used, they cannot make reference to measuteras input
or as target (but they can make reference to desaariables, or to outputs of previous
components)

» Other components such asCobntinuous select exampléscannot make reference to
measurements or to “Ident” (OnlyDéfine statu’s components can make reference to
“Ident”)
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Since a tdm file is basically a text file, it cae treated or edited using a simple text editor such
as the notepad. However, the simplest way to creaw tdm file folPlankton Identifieris the
following:

* In the Data Analysis window d?lankton Identifiey select a learning file and a sample
file. Select “Export to text file (no analysis)” ithe select method box, verify that the
active ldentification groups list is the first ortben save the file by clicking on start
analysis.

* Launch Tanagra and select File>New...

* Inthe Dataset field, select the previously creagad file then click OK.

» Construct your data analysis diagram (see Tanagcandentation) having in mind the
rules described above.

* Select File>Save as... and save the diagram as “datd mining diagram” in a
temporary folder with an easy to understand naimis (tame will appear in the select
method box oPlankton Identifien

* Go back toPlankton Identifierand select “Import Tanagra Data Mining diagram'the

“Tools” menu of the main window.

» Select the newly created tdm file and click Open.he Ttdm file is copied in the
appropriate subfolder and is now available in thled method box of the Data Analysis
window.
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F.A.Q.

How many groups can | create ?

You can create as many groups as you want. Actugdly can even take advantage to create
very specific groups (i.e., to species level)he tlassifier model is unable to distinguish adl th
groups you have defined, you will be able to tedtetnt group associations to improve
classifier performances using the appropriate tobtee Data Analysis section.

How many objects must be sorted ?

The larger is the learning set, the better is tbeognition accuracy. However, from our
experience (zooplankton recognition using Zooscahzooprocess), 100 objects per group is a
minimum to get a good classifier model.

Why data analysis always fails with my computer?

For Plankton Identifier version below 1.2.6, Itiscause the decimal separator of your Windows
configuration is different from the decimal separatised in PID files. Go to start menu ->
parameters -> Control panel -> Regional settingsdrange decimal separator to "' or update to
version 1.2.6.

Why Random forest method is not working with my conputer whereas other methods
work ?
It is because your Tanagra version is too old. WptaTanagra 1.4.12 or above.

Why Plankton Identifier sometimes crashs when | tryto analyse my own PID files ?

It is probably because at least one of your PIBsfik partially corrupted (i.e. do not strictly fit
the expected format). To solve this problem, opeuaryPID files with PID viewer and verify
their content.

What are the different variables used by Plankton dientifier ?

Original variables are those measured by the inzangdysis software that generates PID files.
Although many image analysis softwares could bed usgh Plankton Identifier, ImageJ is
currently the most commonly used one. This is #ason why customized variables provided
with Plankton Identifier are based upon originaliales measured by ImageJ and Zooprocess.
The list below describes briefly these differentiables:

NOTE: Those in italic being meaningless for distilsing between groups, they MUST be
deselected before starting an analysis

Original variables from ImageJ:

Area: Surface of the object in square pixel.

Mean: Average grey value within the object; this is fun of the grey values of all the pixels in thgesbdivided
by the number of pixels

StdDev. Standard deviation of the grey value used to ggaghe mean grey value

Mode: Modal (most frequently occurring) grey value \iitlthe object

Min : Minimum grey value within the object (0 = black)

Max: Maximum grey value within the object (255 = white

X: X position of the centre of gravity of the objéxzn be used in customized variables, do nottudiecictly as a
measurement)

Y: Y position of the centre of gravity of the obj@n be used in customized variables, do nottudieeictly as a
measurement)

XM: X position of the centre of gravity of the greyél in the object (can be used in customized kb do not
use it directly as a measurement)
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YM: Y position of the centre of gravity of the greydl in the object (can be used in customized b do not
use it directly as a measurement)

Perim: The length of the outside boundary of the object

BX: X coordinate of the top left point of the sméllestangle enclosing the object (used to extragtitbnails, not
really a measurement)

BY: Y coordinate of the top left point of the smdllestangle enclosing the object (used to extraatribnails, not
really a measurement)

Width: Width of the smallest rectangle enclosing theeob{used to extract thumbnails, not really a measient)
Height: Height of the smallest rectangle enclosing thot(used to extract thumbnails, not really a meament)
Major : Primary axis of the best fitting ellipse to thgject.

Minor : Secondary axis of the best fitting ellipse to dfgect.

Angle: Angle between the primary axis and a line patabethe x-axis of the image (used to get objesitming,
not really a measurement)

Circ: Circularity = (4 * Pi * Area) / Perim”2 ; a valud 1 indicates a perfect circle, a value appraagldi indicates
an increasingly elongated polygon. (it is the regesf compactness)

Feret: The maximum Feret's diameter, i.e., the longessadce between any two points along the objechtary.
IntDen: Integrated density. This is the sum of the gralpes of the pixels in the object (i.e. = Area*Mgan
Median: Median of the grey value used to generate thenrgeay value.

Skew: The third order moment about the mean. It ismie@asure of lack of symmetry. The skewness for enabr
distribution is zero. Negative values for the skessiindicate data that are skewed left and positiliges indicate
data that are skewed right.

Kurt : The fourth order moment about the mean. It issasure of whether the data are peaked or flatveltt a
normal distribution. Positive kurtosis indicatepemked distribution and negative kurtosis indicatéat
distribution.

%area: Surface of holes in percentage.

XStart: X coordinate of the top left point of the image€d to locate object, not a measurement)

YStart: Y coordinate of the top left point of the imagegd to locate object, not a measurement)

Area_exc Surface of the object excluding holes in squaxelf=Area*(1-(%area/100))

Mean_exc Average grey value excluding holes within thesabj(= IntDen /Area_exc)

Fractal: Fractal dimension of object boundary

Skelarea Surface of skeleton in square pixel.

Customized variables implemented by Plankton Identier:
ESD = Equivalent Spherical Diameter = 2 * SQR(Ared Pi)
Elongation = Major / Minor (‘ellipse’ elongation)

Range = Max — Min

MeanPos = (Max — Mean) / Range

CentroidsD = racine (XM — X)*2 + (YM — Y)”2) ; distance between the centroid and the centroid of mass
CV =100 * (StdDev / Mean)

SR =100 * (StdDec / (Max-Min)

PerimAreaexc = Perim / Area_exc

FeretAreaexc = Feret/Area_exc

PerimFeret = Perim / Feret

PerimMaj = Perim / Major

Circexc: = (4 * Pi * Area_exc) / Perim"2

CDexc = (CentroidsD)*2 / Area_exc

What is the best supervised learning method ?

The best method to use depends on your samplesalsst file and the method 'Test 1' to
compare supervised learning method performancesca, then select the one that gives the best
results in your case.

How can | verify that my preferred groups are welldistinguished ?

Use cross-validation and look at the confusion maltf two groups are not well distinguished
but their association make sense, try to put thegether in a larger group and run cross
validation again.
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How to read a confusion matrix ?

A confusion matrix is a matrix showing the actuatsus predicted classifications. A confusion
matrix is of size k x k, where k is the number lafsses. The following confusion matrix is for k
= 2 classes:

Predicted | Predicted
Positive Negative

Actual TP FN n+
Positive

Actual FP TN n-
Negative

TP + FP FN+TN | N

Given a classification model (or classifier) ane amstance, there are four possible outcomes:
* If the instance is positive and it is classifiecpasitive, it is counted astaue positivg(TP)
* If the instance is positive and it is classifiechagative, it as talse negativéFN)
« If the instance is negative and it is classifiesh@gative, it is counted adraie negativg TN)

* If the instance is negative and it is classifieghasitive, it is counted dalse positivgFP).

Given a classifier and a set of instances (thenilegrset or the testing set) a two by two
confusion matrix can be constructed. Several comrperformance metrics can then be
calculated from it.

Accuracy rate (1 - Err. rate): (TP + TN) /N
The rate of correct predictions made by the model che data set (N). It corresponds to the
numbers along the major diagonal.

NOTE 1 : Thee-substitution accuracy rate corresponds to the accuracy made by the model on
thelearning set The accuracy on the learning data is NOT a gowticator of performance on
future data since it does not measure any notgen slata. One way to overcome this problem is
to estimate accuracy by using an independesting sethat was not used at any time during the
learning process. More complex accuracy estimatising re-sampling techniques, such as
cross-validation, are commonly used, especiallhwiata sets containing a small number of
instances.

NOTE 2 : The use of accuracy to evaluate a modairass uniform costs of errors and uniform
benefits of correct classifications.

Error rate (= 1 - Acc.rate): (FP + FN) /N
The rate of incorrect predictions made by the madelr the data set (N). It corresponds to the
numbers off the major diagonal (i.e., the confugsion
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True positive rate (Recall, Sensitivity):TP / n +
The rate of positives (TP) correctly classifiecpasitive by the model over the positive instances
(n +) of the data set (N).

False positive rate:FP / n-
The rate of negatives (FP) incorrectly classifiedpasitive by the model over the negative
instances (n - ) of the data set (N).

Specificity (=1- false positive rate) TN / n-
The rate of negatives (TP) correctly classifiedoyy model over the negative instances (n - ) of
the data set (N).

Precision: TP / (TP + FP)
The rate of positives in the positive predictedssla
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