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1. Introduction 
 

This manual describes the software application EasyClus v2.17, which is version 2.17 
(Thomas Rutten Projects 2024) for the  automated processing of data derived from flow 
cytometry and especially CytoSense. The software is written within the Matlab® 
environment. Several upgrades have been made since 2009  leading to this latest 
version 2.17 EasyClus©.  
The basic version of MATLAB® (2023a and newer) is required to run the application. 
EasyClus© runs in principle in Windows, OS2 (Apple) and Linux, because Matlab and 
thus EasyClus can run under these systems. However, the CytoBuoy software only runs 
under Windows, which is necessary to open their .cyz files. 
EasyClus provides a lot of data processing possibilities of particular phytoplankton data 
ranges from manual to automated clustering, storing results tables and Cytogrammes 
(scatter plots) and the use of a database for the identification of phytoplankton species. 
The software application consists of smaller software programs (algorithms) that are 
invoked through a menu selection window (EasyClus). Specific knowledge of Matlab® is 
not required. This user manual describes how to install and to use the EasyClus 
software. 

 
Some specifications: 
 

V There are three unsupervised and three supervised clustering methods and one  
hybrid clustering method.  
UnsupervisedΥ ǳǎŜǎ Ψŀǳǘƻ ŎƭǳǎǘŜǊƛƴƎ GOΩ and Ψŀǳǘƻ ŎƭǳǎǘŜǊƛƴƎ DESIGN 1 or 2Ω, 
which puts events together into clusters on basis of the offered data and used 
clustering settings, without any prior knowledge. 
Supervised: uses a-priori knowledge by LASSO or RULES or FIX grids. Data file 
formats that can be read are listmode .cyz, csv-files (CytoSense output), or the 
FCS 2.0 and 3.0 formats, *. mat format. 
HYBRID model to create selections sets on basis of unsupervised clusters.  
Manual clustering: uses manual selections, and selections can be compared to 
database stored species. 

V A database can easily be created for recognition of species 
V Unique clustering principles are used to recognize which events belong to each 

other and which events do not. 
V Clustering and recognition of species by the database is performed fast within 

seconds. 
V More files can be processed automatically 
 

 
There are also other generic information modules provided:  

¶ EasyClus LIVE for the full automatic real time online flowcytometric analysis, data 
analysis and reportage of interesting facts and figures to a website (only available with 
a LIVE license). 

¶ New modules (images to clusters) will be released in a future version soon. 
 
 
мΦм ²ƘŀǘΩǎ b9² ƛƴ EasyClus v2.17 

 
There is a release note document for each new version of EasyClus. 
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2. Installation/ upgrading of EasyClus  
 
2.1 Installation 

Note 1: Make sure that you have Matlab (2018b or higher) working on your computer. 
Note 2: MATLAB uses a dot as decimal separator stabbing. This should be changed by 
'Country settings' of the Configuration menu. 

 
Step 1: 
Copy all (unzipped) new version EasyClus files including directories to a new directory 
on your computer.  

 
Step 2: 
Make a copy of existing Matlab shortcut to your desk screen.  
Change the properties of the newly created (Matlab) shortcut (see figure). 
Click on the Desktop "shortcut matlab.exe 'icon with the right mouse button. Click the 
right mouse button on the menu 'Properties'. 
Change the text under "Start in" in the directory where the Matlab application 
EasyClus algorithms are available(in this example in C:\EasyClusv217\cytov217. 
In this case, it is assumed that the flow cytometry EasyClus algorithms are placed in 
the in C:\EasyClusv217\cytov217 folder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

not necessary, but nicer:  
Change icon in EasyClus icon 
(in this example in 
EasyClusv217\cytov217 
directory) 

Change directory in 
short cut (Start in:) to 
directory where new 
version EasyClus is 
located 
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Step 3: 
¢ƘŀǘΩǎ ƛǘΦ 5ƻǳōƭŜ ŎƭƛŎƪ ȅƻǳǊ ŦǊŜǎƘƭȅ ƳŀŘŜ ƛŎƻƴ 

 
 

*  (If no menu appears EasyClus can always be started by ǘȅǇƛƴƎ ΨŜŀǎȅŎƭǳǎ2 (enter) in the  
main Matlab window.
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3. The application EasyClus 
 

After starting up Matlab®, the EasyClus menu appears on the screen. Processing commands are 
executed using the buttons.  
Always start by importing at least one flowcytometric file. 
 
This is the main menu of EasyClus. Each button color combination contains options to process 
ȅƻǳǊ ŦƭƻǿŎȅǘƻƳŜǘǊƛŎ ŘŀǘŀΦ CƻǊ ŜȄŀƳǇƭŜ ΨŎƭƛŎƪƛƴƎ ǘƘŜ ŎƭǳǎǘŜǊƛƴƎΩ ƻǇǘƛƻƴ ƻǇŜƴǎ ǘƘŜ ŎƘƻƛŎŜǎ of 
clustering processes that can be used. 

 
Before doing that, we start with the import of at least one file. In this example we start with 
three files by the ΨLmport file(sύΩ button: 
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3.1 Checking the Instrument & Analyses 
 
 
The instrument and analyses can be checked by this button. Pressing this button gives several 
options : 

 
3.1.1. Traffic lights check 
 
/ƭƛŎƪƛƴƎ ΨǘǊŀŦŦƛŎ ƭƛƎƘǘǎ ŎƘŜŎƪΩ ǿƛƭƭ show the condition of several instrumental and analyses 
conditions for each of the selected files in the main menu. You can also choose more than one 
file and more traffic lights figures will be processed. The meaning of each traffic light is 
explained in appendix 1. 
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3.1.2 Recommendations 
 
The recommendations button gives you recommendations by Thomas Rutten Projects about 
your instrumental and analysis settings. It is recommended to evaluate these recommendations 
time by time in order to evaluate the status of the instrument and settings.  

3.1.3 Check pump 
There is a separate manual for the check pump tool in the EasyClusvxxx\cytovxxx\manuals\  
Pump_check_TRP2022.025.pdf 
One or more file can be selected and pump characteristics are drawn in graphs. 
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In the blue area (green encircled) the particle counts are stable. This is the transportation of 
fluid by pump wheels. This blue area should show almost similar observations (together 
horizontal), i.e. no increasing or decreasing counts per second during the measurements. High 
irregularity in these blue observations might indicate pump problems (ageing, old tubing, bad 
wheels) 
In the grey area (red encircled) the particle counts are almost zero, when the pump wheels are 
lift off from the tubing. 
The light blue area (dark red), just before the measurement is the preconcentration phase. 
Correction for the pump speed takes place to porevent too high counts per second 
(coincidence). 
 
3.1.4 Images sharpness 
There is a separate manual for the check pump tool EasyClusvxxx\cytovxxx\manuals\  
Images_sharpness_check_TRP2022.016.pdf 
 
Method to give a sharpness number to images and classify how many images are in focus or 
not. In the figure below the sharpness criterium is 190, meaning that sharpnesses higher than 
this value are ok. In this example only 15 of 200 are higher than 190, meaning that a relative 
low percentage of the images are in focus. The action here is to better align the camera focal 
point towards the core or vice versa. 
 

 
 
3.1.5 Diagnosis menu 
 
The diagnosis menu gives the options in the menu figure below:  
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3.1.5.1 DC level  
There is a separate manual for the check pump tool EasyClusvxxx\cytovxxx\manuals\  
DClevels_manual.pdf, which can be found by the button ? in this module. 
 
Check menu instrument-fluidics - background noise : DC restore level check e.g. check clean 
sheath/ flow cell + manual. Large changes in the DC-restore background level in each detector 
might indicate that the sheath is not clean anymore or sudden changes in the backround occur. 
It is possible to extract and visualize these data using this new  tool. 

 
 
3.1.5.2 Median level of max.  
There is a separate manual for the check pump tool EasyClusvxxx\cytovxxx\manuals\  
medianLevelsParticles_manual.pdf, which can be found by the button ? in this module. 
Check menu instrument-fluidics : Median level of Maximum signals value per sample + manual 
Another new method which indicates sudden changes in your data or background can be used 
if the offered samples do not differ too much from each other. The median values of data of 
the samples measured in each detector is extracted and visualized in a plot. From data-
evaluation it appeared that the median values changed suddenly after cleaning the inner tubing 
with chlorine, which took some time or flushed volume after some samples have been 
measured, to get rid of the effect of chlorine.  
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3.1.5.3 Signals height distribution  
The signal height distribution tells you how the particles maxima signals are distributed over 
the detectors dynamic range from low to higher signal heights. It is recommended to avoid that 
all particles are only in one part of the distribution ŦƻǊ Ψǳǎǳŀƭ genericΩ  ǎŀƳǇƭŜǎ. 
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3.1.5.4 Signal length distribution 
Same as height distribution, but here for the length of particles.  
 
3.1.5.5 Signal attributes of all particles 
Tool to visualize the distribution of all signal attributes over counts 

3.1.5.6 Detector High Sensitivity vs Low Sensitivity 
Tool to evaluate the detector High Sensitivity vs Low Sensitivity. For an optimal dynamic range 
the highest values of HS should match in the lowest of LS 
 
3.1.5.7 Values vs counts 
The average or mean value of attributes should end in a horizontal line in case the sample is by 
represented by enough counts. In the example below this is not the case, the sample counts 
should have been higher (>10,000).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
16 

 

 

3.1.6 Export Meta Data 
Tool to export meta data of cyz-files of one or more files directly into a .txt file  
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3.2 Clustering 
 
 
The clustering of flow cytometric data is done under this button. Unsupervised as well as 
supervised methods are available: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
      = Unsupervised clustering (no trained data set) 
 
      = Supervised clustering (no trained data set) 
 

 
Unsupervised methods 
1. DESIGN 2  uses scatterplots & density & some FCM vars 
2. DESIGN 1  uses scatterplots & density & all FCM vars 
3. GO method uses Principal Component Analysis 

 
Supervised methods 
1. RULES  uses model setup based on database and all FCM vars 
2. LASSO  uses automated selections sets/lassos using all FCM vars 
3. FIXed zones uses self selected criteria as a basis for clustering  
4. FIXed grids RB uses Rainbow beads criteria as a basis for clustering  
 
Unsupervised AND supervised method 
1. HYBRID  uses DESIGN2 and RULES to cluster and to make automatically a  

database and/or model 
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3.2.1 Unsupervised Clustering 
 
3.2.1.1 DESIGN II Clustering (unsupervised) 
 
Unsupervised clustering is clustering on basis of the offered data and without using prior 
information or databases etcetera. There are three methods GO - DESIGN1 - DESIGN2.  
DESIGN2 is the recommended method. 
 
The (selected) file(s) in the listbox in the EasyClus menu in the upper part will be processed. 
Therefore, for one testfile it is recommended to use menus before and after clustering to 
readjust settings for example. In case more than one file is chosen and clustering should take  
place according to the lastest settings, choose Ψƴƻ ƳŜƴǳǎΩ ǘƻ ŀǾƻƛŘ ǘƘŜ ǇƻǇǇƛƴƎ ǳǇ ƻŦ ƳŜƴǳΩǎ 
and the waiting until a Ok-click is done.  
 

 
default menu with clustering setting :  
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Cluster are being identified on basis of density distributions in two dimensional scatter 
plots combined with the allocation of neighbouring particles according to the best fit 
similarity indexing principle. 
For this, only comparison of single grids with each other instead of the whole cluster 
grids, are taken into account. Assignment to earlier recognized clusters is done on basis 
of the highest similarity index.  

 

    
 
3D visualisation of a scatterplot and showing the number of events in the z-direction 

 
Clustering: 
¶ Grid-Resolution: The grid or the number of grids in x-and y-direction that notionally is 

laid in a scatter plot. The higher the number, the finer the grid. 
¶ Neighbour recognition layer: The number of surrounding 'lattice layers' which seeks to 

events that already form a cluster. If there are already defined clusters found within 
this neighbouring layers, then events will be assigned to these "neighbouring-
ƻǳǘŎƻƳŜ ƎǊƻǳǇέΦ ¢ƘŜ ƘƛƎƘŜǊ ǘƘŜ ǾŀƭǳŜΣ ǘƘŜ ƳƻǊŜ ǇŀǊǘƛŎƭŜǎ ƻǊ ŜǾŜƴǘǎ ǿƛƭƭ ōŜ ŀǎǎƛƎƴŜŘ 
to a neighbouring cluster. Value is automatically coupled to grid but can be setted 
manually by de-tick the checkbox.  

¶ checkbox: always separate cluster ...: says what it says, but usually not used. 
¶ Fuse factor fuses clusters that are quite similar up to the lowest allowed similarity 

value given here. This option is sometimes used. Hardly used. 
¶ Maximum clusters that should be defined is hardly used but can decrease the number 

of clusters to a setted value here. 
 

Database and fingerprinting: 
¶ Database.txt or .mat: Database is a .txt containing only attributes data (Length, Total, 

Maximum etc.) OR phytoxxx.mat made by EasyClus containing attributes data, 
profiles data and/or images. 

¶ Nr columns used for similarity indexing: Number of FCM variables of a cluster that 
should match (at least) with species in the database. Increase makes the matching 
process more critical. 

¶ Similarity Minimum: Minimum value used for classification of a cluster with species in 
the database.  The assigment to database species will be more critical by increasing 
the similarity minimum  value 
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Scatterplot combinations that are used as a start for the clustering process 
¦ǎǳŀƭƭȅ ǇǊŜǎǎ Ψ 59C!¦[¢ ǎŎŀǘǘŜǊǇƭƻǘǎΩ ǘƻ ŘŜŦƛƴŜ ƎƻƻŘ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ hw ǎŜǘ ǎŎŀǘǘŜǊǇƭƻǘǎ 
ƻƴ ōŀǎƛǎ ƻŦ ȅƻǳǊ ƻǿƴ Ψ9·t9w¢ ƧǳŘƎŜƳŜƴǘΩ Ƙƻǿ ȅƻǳ ǾƛǎǳŀƭƛȊŜ ȅƻǳǊ Řŀǘŀ ŦƻǊ Ƴŀƴǳŀƭ 
ŎƭǳǎǘŜǊƛƴƎΦ Ψ9·t[hw9Ω Ŏŀƴ ōŜ ǳǎŜŘ ǘƻƻΣ ōǳǘ ǘƘƛǎ ƛǎ ƴƻǘ ǊŜŎƻƳƳŜƴŘŜŘΦ 

¶ Used Scatter combinations: Adjust left (x) and right (y). Storing and/or browse to 
earlier stored combinations is possible. Ratio is possible too, use '/' in between 
parameters.  

¶ Explore scatterplot combinations: If you want to change the used axes of the 
scatterplot combinations or the number of scatterplots, you can change it here by 
choosing one of the relative discriminating combinations shown here. 

¶ Lowest limit of cluster size: The minimum number of events that will be visualized in a 
scatter plot i.e. only clusters > value will be shown.  

 
Example of clustering DESIGN2 
Export button : .txt save export of clusternrs, X-data, Y-data of scatterplot 

 
All in 1  : Opens a new figure, without clusters, e.g. to do statistics on whole  

  sample data 
 
Stat   : saves (as .xlsx) clusterdata in all FCM variables per cluster (below not  

  complete) 
CL-1: 8289(unrecogn) TOF Length FWS Length SWS HS Length FL Yellow HS 

N 8289 8289 8289 8289 

min 7.150000095 0.200000003 0.200000003 0.200000003 

max 83.05000305 80.95053101 80.32419586 74.37097168 

mean 14.70351505 5.741937637 3.901895523 13.01107407 

median 14.85000038 3.652603149 3.520667553 12.61947536 

std 4.128332615 4.407429218 2.273804188 4.541453838 

relstd% 28.07718086 76.75856781 58.27434921 34.90452576 

CL-2: 1529(unrecogn)     
N 1529 1529 1529 1529 

min 17.05000114 1.883723378 2.752990723 3.255370617 

max 179.8500061 106.6474609 101.649559 163.7604675 

mean 26.84569931 6.750657082 6.277819157 20.61137962 

median 23.64999962 5.493811607 5.467790604 20.48190117 

std 9.121117592 5.405973911 3.969646692 9.302704811 

relstd% 33.97608566 80.08071136 63.23289108 45.13383102 
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New since v217 ƛǎ ǘƘŜ ǳǎŜ ƻŦ ΨŘŜŦƛƴŜŘ ǎǘǊƛŎǘ ǎŜǇŀǊŀǘƻǊǎΩ in the scatter plot definition menu. 
Clusters are further separated according to the given separators with the possibility to assign 
(automatically) your given names to the different groups. These names could be helpful to give 
extra information on each cluster 
 
How the setting of DESIGN 2 or HYBRID clustering with extra label1~ criteria (pico, nano, micro, 
Ora1 ..) is done 
It is now possible to automatically add a label based on the size and/or ratio characteristics of 
specific variables, e.g. very useful to force particles into specific criteria and to have already 
information of a cluster by the label1~ name of the mentioned cluster, when using the autoADD 
model ς database function (HYBRID). 
These criteria are not only used for the label1~option, but also during the clustering process 
itself! The given size criterium for Length FWS of 3 and 20 µm distinguishes particles lower than 
3 (pico), between 3 and 20 (nano) and larger than 20 µm (micro). The unsupervised formed 
clusters are further splitted up into the given criteria on an individual particle basis, which is 
different from the average cluster value basis.  
Thus, all particles in a cluster pico are smaller than 3 µm (if this criterium is used as a separator)   
 
 
 
 
 
  
 
 
 

HYBRID label extra settings ratio + label names, length + label names 
 
The setting up of criteria is explained: 
²Ŝ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ ƳŜƴǳΣ ŀƴŘ ƘŀǾŜ ŎƘƻǎŜƴ Ψ¢ƻǘŀƭ {²{ I{ Ǿǎ ¢ƻǘŀƭ C[ wŜŘΩ ŀƴŘ Ψ¢ƻǘŀƭ C[ ¸Ŝƭƭƻǿ ǾǎΦ 
¢ƻǘŀƭ C[ wŜŘΩΣ ŀǎ ǘƘŜ ǎŎŀǘǘŜǊǇƭƻǘǎΣ ǿƘƛŎƘ ŀǊŜ ǳǎŜŘ ǘƻ ǎǘŀǊǘ ǘƘŜ ŎƭǳǎǘŜǊƛƴƎ ǇǊƻŎŜǎǎ ǿƛǘƘΦ 
We want to add extra criteria and we use the ratio Total FL Orange / Total FL Red to distinguish 
between only Red fluorescing particles, light Orange fluorescing particles (ora1), strong Orange 
fluorescing particles (ora2). More options are possible too. 
²Ŝ ŀƭǎƻ ǳǎŜ ǎƛȊŜǎ ΨǇƛŎƻΩΣ ΨƴŀƴƻΩ ŀƴŘ ΨƳƛŎǊƻΩΣ ǿƘƛŎƘ ŀǊŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭƭȅ ǳǎǳŀƭƭȅ ŘŜŦƛƴŜŘ ŀǎ ƎǊƻǳǇǎ 
ƻŦ ƛƴǘŜǊŜǎǘΣ ŀǎ ǎŜǇŀǊŀǘƻǊǎΦ Ψ[ŜƴƎǘƘ C²{Ω ƛǎ ǳǎŜŘ ƘŜǊŜ ŦƻǊ ǘƘŜ ƭŜƴƎǘƘ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ŀ ǇŀǊǘƛŎƭŜΣ 
which usually covers the real size definition of each particle pretty well. 
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CƻǊ ǘƘŜ Ǌŀǘƛƻ ǿŜ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ ΨǊŀǘƛƻ ōǳƭƭŜǘΩ όмύ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ Ψ¢ƻǘŀƭ C[ hǊŀƴƎŜ I{Ω ǾŀǊƛŀōƭŜ 

 
ǘƘŜƴ ǿŜ ŎƘƻƻǎŜ ǘƘŜ ŘŜƴǳƳŜǊŀǘƻǊ Ψ¢ƻǘŀƭ C[ wŜŘΩ 
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We choose the ǎŜŎƻƴŘ ǾŀǊƛŀōƭŜ ŀǘ ǘƘŜ ǊƛƎƘǘΣ ŀ ǘŜƳǇƻǊŀƭ ŦŀƪŜ ǾŀǊƛŀōƭŜ Ψ¢hCΩ ŀƴŘ ǇǊŜǎǎ ǘƘŜ Ψ!ŘŘ 
ōŜƭƻǿΩ ōǳǘǘƻƴ 

 
¢ƘŜ Ψ¢hCΩ ŦƛŜƭŘ ǎƘƻǳƭŘ ōŜ ŎƘŀƴƎŜŘ ƛƴ ǘƘŜ ŘŜǎƛǊŜŘ ŎǊƛǘŜǊƛǳƳ ǾŀƭǳŜǎ ŀƴŘΣ ƛŦ ƴŜŜŘŜŘΣ ǘƘŜƛǊ ƴŀƳŜǎΦ 
¢ƻ Řƻ ǘƘƛǎΣ ŎƭƛŎƪ ǘƘŜ ƳƻǳǎŜ ōǳǘǘƻƴ ƛƴ ǘƘƛǎ Ψ¢hCΩ ŦƛŜƭŘΣ ŀƴŘ ǎǘŀǊǘ ǘȅǇƛƴƎ ǘƘŜ ǾŀƭǳŜǎΣ ŀƴŘ ƴŀƳŜǎ ǿƛǘƘ 
ŎƻƳƳŀ ǎŜǇŀǊŀǘŜŘΦ ¦ǎŜ ŀ Řƻǘ ŀǎ ŀ ŘŜŎƛƳŀƭ ǎŜǇŀǊŀǘƻǊΦ LŦ ƴŀƳŜǎ ŀǊŜ ƴƻǘ ƴŜŜŘŜŘΣ ŘƻƴΩǘ ǘȅǇŜ ƴŀƳŜǎ 
here. If one of the names not needed, leave it empty, but still use the comma as a separator (for 
instance Red, Ora1, Ora2 becomes ,,Ora1, Ora2 if Red is not needed or ,,,Ora2 if only the name 
Ora2 is needed. 

 
And we go on 
 
Then we add the second criterium. The sequence of the criteria is the sequence of the names. 
²Ŝ ŎƘƻƻǎŜ ΨƭŜƴƎǘƘ C²{Ω ŀǎ ŦƛǊǎǘ ǾŀǊƛŀōƭŜ ŀƴŘ ǳǎŜ ǘŜƳǇƻǊŀǊƛƭȅ Ψ¢hCΩ ŀǎ ǘƘŜ ǎŜŎƻƴŘ ƻƴŜ όŘƻƴΩǘ 
forget to de-ǘƛŎƪ ǘƘŜ ǊŀǘƛƻΗύΣ ŀƴŘ ǇǊŜǎǎ ǘƘŜ Ψ!ŘŘ ōǳǘǘƻƴΩ 

 
 

 
 
 

ōǳǘ ǿŜ ǿƛƭƭ ŎƘŀƴƎŜ ǘƘƛǎ Ψ¢hCΩ ƛƳƳŜŘƛŀǘŜƭȅ ƛƴǘƻ ƻǳǊ ŎǊƛǘŜǊƛǳƳΥ 
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just by typing the desired criterium values and names, with comma in between, (and dot as a 
decimal separator)  

 
 
The criteria are defined! Now we want to define how to use the criteria names. 
 

 
 
If that is done we can start the clustering process by ǘƘŜ Ψ/ƭǳǎǘŜǊΩ ōǳǘǘƻƴ 
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This label1~label2 addition can also be added afterwards via the model editor and/or database 
editor.  

Example of clustering and configured HYBRID groups with label1~label2 combined 
 
If we only want label1, the result will look like  

 
 

 
 
 
 
 
 
 
 

Example of clustering and formed HYBRID groups with label only1  
 

LŦ ŀ ŎǊƛǘŜǊƛǳƳ ǎƘƻǳƭŘ ōŜ ƛƎƴƻǊŜŘ ŀƴŘ ȅƻǳ ŘƻƴΩǘ ǿŀƴǘ ǘƻ ŘŜƭŜǘŜ ƛǘΣ ȅƻǳ Ƨǳǎǘ Ǉǳǘ ŀ ΨƘŀǎƘǘŀƎΩ ōŜŦƻǊŜ ƛǘΦ 
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After clustering the ΨEasyCluster MenuΩ appears : 

 
 
 
 
 
 
 
 
Use only with images 
 
To Cluster again (e.g. other settings) 
 
Show profiles of particle within clusters 
 
Show images of particle within clusters 
Draw other scatter plots 
 
Draw 3D plots (e.g. density) 
 
Add data to a .mat database 
 
Make quick a temporal database with all 
particles with an image 
tǊƻŎŜǎǎ ƭŀǎǎƻΩǎ ƻŦ ŀ ŎƭǳǎǘŜǊ 
 
Export data as .csv 
 
Export clusters & data as .csv 
 
 
 
 
 
 

 
 
3.2.1.1.1 Report 
Option to make a pdf report from cluster results (including) images 
 
3.2.1.1.2 Table 
To make an interactive table to show images to add clusters to a database, see also ?-button 
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3.2.1.1.3 Cluster again 
To cluster again with other settings for example 
 
3.2.1.1.4 Show profiles of particles within clusters 
To show the signals of each particle within a cluster 
 
3.2.1.1.5 Show images of particles within clusters 
Images within clusters can be selected and visualized by the menu show images tool. This menu 
has several options to show images within one cluster only or within more than one cluster. 
In the same menu, profiles can be activated too. Be aware that there are sn2 clusters = raw 
clusters without merging the same name and sn3 clusters = unique clusters with unique names 
e.g. after database matching. 
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3.2.1.1.6 Visualisation of results in other plots  

 
Select X- and Y-axis by FCM variables and  
press OK. 
 
 
 
 
 
 

 
 
3.2.1.1.7 Show 3D 
 
Density plot for used scatterplots 
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3.2.1.1.8 Add to imagedatabase (phyto..mat) recomm. 
 
Recommended  methods to add particles to database with or without real images. 
This database can be used for recognition of clusters in unsupervised clustering and for 
recognition of individual particles in supervised clustering. 

 
 
3.2.1.1.9 Temp.imagedatabase (phyto..mat) in cluster\ fname\  
 
To create a temporal database.mat with only combined data and images in the cluster-folder of 
EasyClusxxresults\cluster\  
 
After ticking the dbs.txt checkbox old features of EasyClus appear, working with an .txt 
database, based on the average values and standard deviation of clusters, which could also be 
used for classification. This database.txt does not contain images or species signals. The new 
phytodatabase.mat can also be used here in stead of .txt. 
  
3.2.1.1.10 Add to phytodatabase.txt/ rename selset 
Older EasyClus tool and not recommended anymore 
 
3.2.1.1.11 Autodatabasing 
Immediately create or add unique clusters in a database.txt file. .txt databases contains ONLY 
the averaged values of clusters and thus NOT individual particles data and images. 
Only database.txt thus only attributes and NOT recommended anymore! Option to add unique 
cluster fingerprints automatically to a new database. Give minimum nr of events that a cluster 
should have to store it in the database (in this example=15). Clusters are matched firstly 
according to given matching criteria, the fusing-merge factor (in this example = 925). When the 
criteria are 'heavier-more critical' (closer to 1000) more separate clusters will be stored.  If a 
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match is found, only the cluster will be stored in the database. Clusters containing events less 
than given minimum number will not be added to the database. The software can be forced to 
fuse clusters to a number of given clusters. If this value (Nr of max clusters = 100 in example) is 
lower than the found clusters, this option will be used. If the number of cluster is not reached, 
decrease the merge cluster value. It is recommended not to use this fixed nr of clusters, but to 
leave the calculation to the EasyClus on basis of the similarity index (=default option).  
 

 
 
Possible settings for autodatabasing of found clusters.  
 
 
3.2.1.1.12 Compare clusters with database 
Tool to compare the relative (dis)similarity between averaged cluster values and stored  
database species 

 
3.2.1.1.13 Process selections sets of cluster(s) 
¢ƻƻƭ ǘƻ ŎǊŜŀǘŜ ƭŀǎǎƻΩǎ ƻǊ ǎŜƭŜŎǘƛƻƴ sets of clusters which can be used in the supervised lasso 
ŎƭǳǎǘŜǊ ƳŜǘƘƻŘΦ LŦ ǳǎƛƴƎ ŀ ŘŀǘŀōŀǎŜΦƳŀǘΣ ƭŀǎǎƻΩǎ ŀǊŜ ŎǊŜŀǘŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŦǊƻƳ ǘƘŜ 
database.mat individuals.  
 
3.2.1.1.14 Save single cluster RAW csv-file 
Save cytometric data of a specific cluster as .csv. This is also done by buttons in the scatterplots 
itself 
  
3.2.1.1.15 Save whole file as .csv 
Save cytometric data of a whole file as .csv. This is also done by buttons in the scatterplots 
itself. 
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3.2.1.2 DESIGN 1 Clustering (unsupervised)  
The principal of clustering of DESIGN2 and DESIGN1 is close, but the main difference is that in 
DESIGN1 all particles in each scatterplot are assigned to any of the found clusters, causing more 
different clusters especially for particles between clusters. ¢ƘŜǎŜ Ψƛƴ ōŜǘǿŜŜƴΩ ǇŀǊǘƛŎƭŜǎ ƛn 
DESIGN2 are assigned afterwards, when the main clusters are known by each of the 
scatterplots and leading to less clusters in DESIGN2 compared to DESIGN1. 
 
¢ƘŜ ƳŜƴǳΩǎ ŀǊŜ ƛŘŜƴǘƛŎŀƭ ǘƻ 59{LDbнΦ 
 
 
3.2.1.3 GO Clustering (unsupervised)  
The GO method is a principal component analysis (factor analysis) clustering technique 
combining the densities and neighbouring distance to assign clusters in scatterplots which are 
found on basis of the PCA technique.  
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3.2.2 Supervised Clustering 
 

Supervised clustering is based on a priori information of how o cluster specific particles, which 
are stored in a phytodatabase.mat (or as selection sets (LASSO)). 
The RULES methods sets up RULES on basis of the database species to classify them as optimal 
as possible towards each other by using all available flow cytometric data. 
¢ƘŜ [!{{h ƳŜǘƘƻŘ ǳǎŜǎ ƭŀǎǎƻΩǎ ƻǊ ǎŜƭŜŎǘƛƻƴ ǎŜǘǎ ƛƴ scatterplot combination to identify matching 
particles within all chosen sets. 
The FIX grid method uses setup criteria by the operator to identify functional) groups with 
specific properties e.g. particles with a length lower than 3 (pico), between 3-20 (nano) and 
higher than 20 um (micro) in combination with fluorescence properties. 
 
3.2.2.1 RULES clustering (supervised) 

 
 
 



  
33 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
3.2.2.2 LASSO clustering (supervised) 
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3.2.2.3 FIXed zones clustering (supervised) 
 
 

Add criteria by hand or add a multiline 
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Multilines are drawn by hand, on the contrary of a ratio such as Total FL Orange HS/ Total FL 
Red HS 0.6, 1.0, which are lines. The advantage of multilines is that they can be not exactly 
straight lines. 
For the multilines setup we start with the button ΨAdd ƳǳƭǘƛƭƛƴŜΩΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǎŎŀǘǘŜǊǇƭƻǘ 
which should represent the multiline in: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
{ǘŀǊǘ ƭƛƴŜ ǿƛǘƘ ΨǎǘŀǊǘ ƭƛƴŜΩ 
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Make that multiline and confirm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Make another if wanted 
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Finish more multilines drawing 
 

 
 
 
 
 
 
 
 

 
and the result are added to the FIXed zone settings 

 
A result could look like below (this is another file)  
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The Lasso method has been introduced in the FIXed zone method, which overrules other FIXed 
clustering groups. The contours of the 'self-draw lassos' are used with a preference to define 
this in more than one plot, in order to establish a more accurate definition.  

 
The lasso overrules any other clustering. With more than one defined lasso, the last lasso is 
overruling over the preceding lassos if they overlap. 
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This addition makes it useful to highlight specific clusters from the data, for example beads, air 
bubbles and/or noise. 
 
 
3.2.3 Hybrid Clustering (unsupervised AND supervised) 

 
Combination of DESIGN2 and RULES, the best of two worlds. The clustering starts with 
unsupervised clustering and finding clusters on basis of the data itself. After that, clusters are 
assigned to the matching species within each of the clusters using the RULES method. If there is 
a unique match with one species within a cluster, the whole cluster is assigned to this species. If 
there are more than one matches, the cluster will be split up into the number of groups find by 
the matching the found species. It is an ideal option for automatic building a database and/or a 
model, adding new unique clusters to your database with every sample.  
 
There is a separate manual in more detail ƛƴ κ9ŀǎȅ/ƭǳǎǾΧκŎȅǘƻǾΦΦκƳŀƴǳŀƭǎκHYBRID-
autodatabasing-a_new_method_TRP2022.008.pdf, HYBRID clustering - some research with new 
v217 options_TRP 2025.013 and setting up criteria and labels1 in HYBRID_DESIGN2_TRP 
2025.014.  
 
3.2.4 Manual Clustering 
Manual selection (and storage) of clusters boundaries which can be used in other samples too. 
However this method is still time consuming, subjective and not recommended. 
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3.2.5 Find my beads 
Beads finding tool in your samples and option to make calibration charts 
 

 
The AUTO-beads algorithm uses above settings to define the cluster with beads averages, 
which should lay between the lowest and highest given values here. Different beads types can 
be used (but only one type is used for AUTObeads). Preset your settings and ΨTestΩ. Do not take 
the lowest and highest value too close, otherwise the beads cluster will not be recognized. 
You can save and load the settings for beads types separately. The latest shown settings will be 
used for the AUTO beads option.  
 
3.2.6 Clustering by the X-Tool 
Kind of helpful extra tool to cluster data of files, more visualized based.  
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3.3 Data Sums (& Fractions)  
 
 
The sum of flow cytometric data is done under this button. The total sums of each files and 
variables as well as the total sums of files as a function of particles size classes are available: 

 
 
 
 
 
 
 
 
 
 
 

 
 
3.3.1 Sums (all data) 
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3.3.2 Sums by fraction 
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Option to preprocess in Sums and Sums by fraction 
 
There is an option to preprocess data for the Sums and Sums by fraction operation. The button 
S are the settings of which preprocessing operation(s) is used. The preprocessing is activated by 
ǇǳǘǘƛƴƎ ǘƘŜ ŎƘŜŎƪōƻȄ ΨǳǎŜ ǇǊŜǇǊƻŎŜǎǎƛƴƎ ŘŀǘŀΩ  ǘƻ ΨƻƴΩΦ 
There are several options to filter data out of the raw data. You can find that in the settings.   
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3.4 After clustering 
 
 
Clustering results after clustering with one of the clustering methods, can be further analyses or 
processed by this option: 

 
3.4.1 Calculate bioindices 

  
 

 
Bioindices can be calculated on basis of found clusters, species or groups in each sample.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Several bioindices are possible : 
ҍ Shannon Wiener index 
ҍ Simpson index 
ҍ EasyClus (Rutten) index : nr of clusters total ς nr most dominant clusters 98%. 
ҍ Euclidean distances index : averaged (mean or mean) mutual clusters index 
ҍ Jaccard index (upcoming)  

 
The requested bioindices are set in the settings menu. In the settings menu there are choices 
for two types of clusters sn2 or sn3. Sn2 are all unique clusters found, sn3 are all unique 
clusters found and merged for those with the same species or type name after matching with a 
database or label.    
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3.4.2 ReLabel clusters 

 
 

 
Option to reprocess found clusters to label or match them with another database. 

 
3.4.3 Compare cluster results 

 
 

 
Clustering results or groups are produced by several clustering methods (in EasyClus) and the 
degree of matching with each other can be compared here. 
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3.4.4 Auto-databasing (.txt) 

 
 

 
Unsupervised clustering results or groups are produced by several one of the unsupervised 
clustering methods in EasyClus. In LIVE as well as here, there is the option to automatically add 
unique found clusters in a database. This database is however a .txt database working with the 
averaged values of clusters in FCM variables and thus not with individual stored particles which 
ƛǎ ŘƻƴŜ ƛƴ ǇƘȅǘƻΧƳŀǘ ŘŀǘŀōŀǎŜΦ 

 
 
 
 
 
 
 
 
 
 
 
 

 
3.4.5 Export total Clusters (save as .txt) 

 
The organization and export of the clustered results 
is performed here. All chosen clustered results of 
samples are processed into a table sorted by found groups and date and stored as .mat and 
.txt. ΨExp..results1Ω ǳǎŜǎ ǘƘŜ filename_idnrs.mat files (faster EC 2.14 and higher), the 
Ψ9ȄǇΧǊŜǎǳƭǘǎнΩ ǳǎŜǎ ǘƘŜ filename_meth.txt files, both in the \ ..results\cluster\  folder. 



  
49 

 

 

 
3.4.6 Export BioVolume Clusters (save as .txt) 

 
 

The organization of the calculated biovolumes per cluster is performed here. All chosen 
clustered results of samples are processed into a table sorted by found groups, biovolume and 
date and stored as .mat and .txt. 
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3.5 Specific groups 
 
 
The clustering or finding of specific groups is done by this option : 
 

 
 
 
 
 
 
 
 
 
 
 
 

3.5.1 Cyano groups 

 
After pressing the setting button : Adjust the right ratio values for the assignment of the Cyano 
group. The counts, all Totals (FWS, SWS, FL Red etc.) median and mean length are automatically 
determined and saved in a separate file. One or more graphs will be drawn  according to the 
right figure (here absolute bars are chosen). Default figures of counts/ml, Total FWS/ml and FL 
Red/ml are drawn. The file can also be saved as a. txt file. 

  
 
 
 

 
 
 
  



  
51 

 

 

3.5.2 Pico-nano-micro-synechococcus-crypto-cyano groups 

 
This (new) method determines the international standardized groups of pico-nano-micro 
plankton by size class and typical fluorescent properties (high orange=crypto) specific orange to 
red ration (=cyano). 

 
Choose which (clustering) method should be used to determine the specific groups : 
 
Pico : < 4-5 micrometer 
Nano : 4 ς 20 um 
Micro : > 20 um 
 
Crypto : Particles (FL Orange/FL Red) > x2 value 
 
Cyano : Particles (FL Orange/FL Red) > x1 value AND particles (FL Orange/FL Red) <= x2 value 
 
 
A. DESIGN 2 + FIX : The sample is unsupervised clustered and the clusters averages ς medians 

are assigned to the specific groups. All individual particles within this cluster are assigned to 
this matching group. This methods prevents that a cluster is split into two pieces due to one 
of the criteria. Each unique criteria combination defines a specific group, which can be 
ƭŀōŜƭŜŘ ǘƻ ƻƴŜ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƎǊƻǳǇǎ ΨǇƛŎƻΩΣΩƴŀƴƻΩ ŜǘŎΦ ¢ƘŜ ƳŀǘŎƘƛƴƎ ƻŦ ǘƘŜ ŎƭǳǎǘŜǊǎ 
and the naming of the groups is done by using FIX and LABELing checkboxes in the settings 
menu. 

 
B. FIX Grid : This clustering method uses direct criteria for each individual particle, to assign it 

(directly) into one of the groups. Each unique criteria combination defines a specific group, 
ǿƘƛŎƘ Ŏŀƴ ōŜ ƭŀōŜƭŜŘ ǘƻ ƻƴŜ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƎǊƻǳǇǎ ΨǇƛŎƻΩΣΩƴŀƴƻΩ ŜǘŎΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ 
with the previous method is that previous method assigns a whole cluster, and this method 
ŀǎǎƛƎƴǎ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǇŀǊǘƛŎƭŜΦ Lƴ ǘƘƛǎ ƳŜǘƘƻŘ ŀ ΨǾƛǎǳŀƭΩ ŎƭǳǎǘŜǊ ƛƴ ŀ ǎŎŀǘǘŜǊǇƭƻǘ ƳƛƎƘǘ ōŜ 
split into two or more groups. 

 
C. LASSO : The grouping is done on basis of previously defined (supervised) training sets 

containing the information for the assignment of the different groups. This information is 
Ǉǳǘ ƛƴ ŀ ŘŀǘŀōŀǎŜΦƳŀǘ ƻǊ ŀǎ ǎŜƭŜŎǘƛƻƴǎŜǘǎ όƭŀǎǎƻΩǎύ 
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D. RULES : The grouping is done on basis of previously defined (supervised) training sets 
containing the information for the assignment of the different groups. This information is 
put in a database.mat. 

 
A. DESIGN 2 + FIX : 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Settings up the cluster assigned criteria by clicking the use FIX criteria checkbox 
And the assiƎƴƳŜƴǘ ƻŦ ΨCL· ŎǊƛǘŜǊƛŀ ƴŀƳŜǎΩ ǘƻ ƴŜǿ [!.9[{ 



  
53 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
¢ƘŜ ΨƭƻƴƎ ŎǊƛǘŜǊƛǳƳ ƴŀƳŜΩ ǿƛƭƭ ōŜ ŎƘŀƴƎŜŘ ǘƻ ǘƘŜ ǎƘƻǊǘ ΨCƭƻŎǳƭŀǘŜ-ǎƛƭǘΩ [!.9[ ƴŀƳŜ ƎƛǾŜƴ ōȅ ǘƘŜ ǳǎŜǊΦ 

 
 
After that we need to define what to put into the graphs 
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We select (from the earlier defined labels) which labels are put in a graph όŜΦƎΦ ΨŀƭƭΩΣ ƘŜǊŜ Ψŀƭƭ 
ŜȄŎŜǇǘ ΨƴƻƛǎŜΩύΦ !ƴŘ ǿŜ ŘŜŦƛƴŜ ǘƻ ǳǎŜ ŀ ƎǊŀǇƘ όǎǘŀŎƪŜŘύ ōŀǊΣ ǿƛǘƘ ŀōǎƻƭǳǘŜ ǾŀƭǳŜǎ ŀǎ ŀ ŦǳƴŎǘƛƻƴ 
of sample time. The file can also be saved as a. txt file. 
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3.5.3 Suspended matter 

 
Works the same as fractions but here only for suspended matter .cyz files ( ΨǇǊƻǘмΩ ƛƴ ŦƛƭŜƴŀƳŜ 
ƻǊ ΨǎǳǎǇƳΩ ƛƴ [L±9), which are only SWS triggered samples (so all particles are measured, not 
only algae). 
 
 
 
 
 
 
 
 
 
 
You can change the fractions (and start new) settings itself or only change the graphs type 
ǿƘƛŎƘ ŀǊŜ ƳŀŘŜΦ ¸ƻǳ Ŏŀƴ ŎƘŀƴƎŜ ŜǾŜǊȅǘƘƛƴƎ ǿƘƛŎƘ ƛǎ ƛƴ ǘƘŜ ƳŜƴǳ ŜȄŎŜǇǘ Ψ¦ǎŜŘ ǘǊƛƎƎŜǊΩΣ ǿƘƛŎƘ 
ŘƻŜǎƴΩǘ ŎƘŀƴƎŜ ŀƴȅǘƘƛƴƎΣ ƛǘ ƛǎ Ƨǳǎǘ ǳǎŜŘ ŀǎ ΨǘŜȄǘΩΦ /ƘŀƴƎƛƴƎ ǘǊƛƎƎŜǊƛƴƎ ƛǎ ŘƻƴŜ ƛƴ ǘƘŜ /ȅǘƻ¦{.-
software.  
 
 

Counts/ml , Total FWS/ml and Total SWS/ml are default variables which are stored. 
 
 
3.5.4 Single species  
This module is ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ŀ ŘŀǘŀōŀǎŜ ƻǊ ǎŜƭŜŎǘƛƻƴǎ ǎŜǘǎ όƭŀǎǎƻΩǎύ ƻŦ ǎǇŜŎƛŜǎ ŀƴŘ 
extracts desired species data, which are or will be clustered by EasyClus, and produces 
COUNTS/ml or FLUORESCENCE/ml of more data separate files and draws graphs of it. 
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It is also possible to calculate (estimate) single cells counts from colonies or chains by using the 
definition of the ratio: (species total VAR1) / (single cell VAR1)  
It also gives a mean, median or maximum value of species variables such as counts, in case 
more than one method is used in EasyClus.  
 
Example: 
Anabaena are found as single cells or chains of 2, 3, 50 or more cells 
Two supervised methods are used to cluster and find Anabaena particles by using a database : 

- LASSO clustering 

- RULES clustering 
Two variables are used to estimate the single cells counts: 

- Total FL Red 

- Total FL Orange 
Single cell counts are averaged (mean) over used methods and variables : Black line 
  

 
  Figure 1 : Example of single cell species counts based on to classifying methods  

   (LASSO, RULES) and based on two variables (FL Red, FL Orange).  
   Black line is average single cell Anabaena cell counts/ml 
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Approaches 
There are several approaches to start the gathering and drawing of species data 

1. Clustering the FCM data by using a database, followed by the collection of data of 
species of interest and drawing graphs of chosen variables 

2. Collecting data of earlier clustering, because clustering has already taken place before, 
followed by the collection of data of species of interest and drawing graphs of chosen 
variables 

3. Collecting earlier made species specific files (made by this module) followed by the 
drawing of graphs of chosen variables 

4. Changing existing settings or adding new species and settings for the LIVE operation 

  

1 4 3 2 
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Clustering & Add & Draw 
 

 

 
1.1  Choose (raw) fcm data files (.cyz or .mat) 
1.2  Select method(s) you want to use for clustering species and used for species 

identification in your sample. More than one method is allowed.  
1.3  Optional: Test each chosen clustering method 
1.4  Select a database to be used (and find out which species are in the database) 
and  

select clustering methods to use this database 

1 
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1.5  Select species to be further extracted from cluster results and to be drawn. 

Here Anabaena. 
1.6  !ŘŘ ǘƻ ǘƘŜ Ψ{ŜƭŜŎǘŜŘ ǎǇŜŎƛŜǎΩ ōƻȄ 
1.7   wŜǇŜŀǘ ŦƻǊ ƻǘƘŜǊ ǎǇŜŎƛŜǎ όƘŜǊŜ aƛŎǊƻŎȅǎǘƛǎύ Φ {ŜƭŜŎǘ ΨǎǇŜŎƛŜǎƴŀƳŜ ǎƛƴƎƭŜΩ ƛǎ ƴƻǘ  

required 

 
  
1.8   Each species has its own settings (clustering method to be used, use calculation 
to  

single cells and on basis of what variable(s) (here Total FL Red HS & Total FL 
Orange  

HS) or not, plots which should be drawn 
1.9  Lƴ ŎŀǎŜ Ψ!ƭǎƻ {ƛƴƎƭŜ /ŜƭƭǎΩ ƛǎ ŎƘƻǎŜƴ όǘƻ ŎŀƭŎǳƭŀǘŜ ǎƛƴƎƭŜ ŎŜƭƭǎύ Σ ŘŜŦƛƴŜ ǘƻ ǳǎŜ 
whether  

ǘƘŜ ƳŜŀƴ ƻǊ ƳŜŘƛŀƴ ǾŀƭǳŜ ƻŦ ǘƘŜ ŦƻǳƴŘ Ψ{ƛƴƎƭŜ ŎŜƭƭǎ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎ Ψ!ƴŀōŀŜƴŀ 
ǎƛƴƎƭŜΩ  

should be defined in the database.  
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1.10  ¢ƘŜ ƻǇǘƛƻƴ Ψƭŀǎǘ тΩ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƭŀǎǘ т ŦƻǳƴŘ όƪƴƻǿƴύ ǾŀƭǳŜǎ ƻŦ ǎƛƴƎƭŜ ŎŜƭƭǎ ǿƛƭƭ 
be 

ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ƻŦ ƻƴŜ ǎƛƴƎƭŜ ŎŜƭƭΦ ¢Ƙƛǎ Ψƭŀǎǘ тΩ ƻǇǘƛƻƴ Ŏŀƴ ōŜ  
changed to other values (last 1,2,3..,48) or a fixed value. This single cell value is 

used 
for the calculation to single cell counts from aggregates and are based on the 

total  
sum of all found particles of the specific species, divided by the average of one 

single  
cell of the same species. 

Microcystis example 

 
Plot settings 

 

 
1.11  The plots which will be drawn for each species can be edited. The green menu 

will  
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appear when the Edit checkbox is on 
 
1.12  Lƴ ŎŀǎŜ ƳƻǊŜ ŎƭǳǎǘŜǊƛƴƎ ƳŜǘƘƻŘǎ ŀǊŜ ǳǎŜŘ ŀƴŘκƻǊ ƛƴ ŎŀǎŜ Ψ{ƛƴƎƭŜ ŎŜƭƭǎΩ ƛǎ ƻƴΣ ǘƘŜ 

values are averaged (mean or median) or the maximum value is taken, for the 
final  

result value. 
1.13  Press Ok to start the procedure 
 
 
        After cluster & Add & Draw 
 
 

This option is meant for further data processing of species information on basis of datafiles 
(filename_clusmethod.txt files from folder ~\cluster\  ) from EasyClus AFTER earlier clustering 
with a database. Clusters are assigned to species. 
 
2.1   The selection of files (.txt) in the menu, which appears, can be done 
 

2 

2 
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2.2  Cluster methods cannot be selected, because it is determined by the clustering  

results file you have chosen under 2.1 
2.3  Species names (in results files) to be further processed are not given yet 
2.4  Write species name exactly similar as in the results files  
2.5  !ŘŘ ǎǇŜŎƛŜǎ ƴŀƳŜ όƻƴŜ ōȅ ƻƴŜύ ǘƻ ǘƘŜ Ψ{ŜƭŜŎǘŜŘ ǎǇŜŎƛŜǎΩ ōƻȄΦ 
2.6 Further process is exactly similar as 1.8 to 1.13 
 
 Draw only 
 

  
This drawing option is meant for species data figures plotting AFTER earlier using this module 
and thus having (saved) species files. These files are stored in the folder \datafiles\  and look like 
ΨŎƭǳǎǘŜǊψa9¢IψǎǇŜŎƛŜǎƴŀƳŜΦƳŀǘΩ 

 
2.1   The selection of files (cluster_METH_speciesname.mat) can be done here 

3 

3 

Auto filled with species 
names after importing 
species data files 
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3.2 Further process is exactly similar as 1.8 to 1.13 
        Settings only 
 

 
This settings option is meant for the LIVE mode to specify which species data figures should be 
made AFTER earlier clustering in LIVE. The latest settings file is always automatically stored and 
opened when opening this menu. Older settings can be found in the folder 
Ψ9ŀǎȅ/ƭǳǎ[L±9\defaults\Ω ŀƴŘ ƭƻƻƪǎ ƭƛƪŜ Ψsettings_LIVENAME_clusterspecificΦƳŀǘΩΦ ό[L±9b!a9 ƛǎ 
your location name) 
 
4.1  Select earlier settings 

 
4.2   Select the cluster method(s) for the recognition of species as mentioned in the  

Ψ{ŜƭŜŎǘŜŘ ǎǇŜŎƛŜǎ ΩōƻȄΦ Lƴ ǘƘŜ ƳƛŘŘƭŜΦ ϝw¦[9{ ƴƻǘ ŀǾŀƛƭŀōƭŜ ȅŜǘΗ 

4 

4 
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Be aware that in the LIVE mode, the results of the clustering method(s) are 
ǳǎŜŘΣ ǿƘƛŎƘ ŀǊŜ ŀŎǘƛǾŀǘŜŘ ƛƴ ǘƘŜ [L±9 ƳƻŘŜΦ LŦ ǘƘŜ ōǳƭƭŜǘ ƘŜǊŜ ƛǎ ΨƻƴΩΣ ōǳǘ ǘƘŜ 
method is not activated in the LIVE mode, nothing will happen here. 

4.3  Species names (in results files) to be further processed are not given yet 
4.4  Write species name exactly similar as in the results files  
4.5  !ŘŘ ǎǇŜŎƛŜǎ ƴŀƳŜ όƻƴŜ ōȅ ƻƴŜύ ǘƻ ǘƘŜ Ψ{ŜƭŜŎǘŜŘ ǎǇŜŎƛŜǎΩ ōƻȄΦ 
4.6  Further process is exactly similar as 1.8 to 1.13 

Example of results 

Tip :  

The using of a database (Phyto_XXX.mat ) can be time consuming if they are large and used in 

LASSO and/or RULES and/or HYBRID clustering, because there are several calculations in the 

ōŀŎƪƎǊƻǳƴŘ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ƭŀǎǎƻΩǎ ŀƴŘ ǎǇŜŎƛŦƛŎ ǊǳƭŜǎΦ  

LŦ ǘƘƛǎ ǘŀƪŜǎ ǘƻƻ ƭƻƴƎΣ ƛǘ ƛǎ ŦŀǎǘŜǊ ǘƻ ƻƴŎŜ ŘŜŦƛƴŜ ǘƘŜ ƭŀǎǎƻΩǎ ŀƴŘ Ǉǳǘ ǘƘŜƳ ǘƻ ǎŜƭŜŎǘƛƻƴǎǎŜǘǎ ƛƴ ǘƘŜ 

ŎƭǳǎǘŜǊ ǎŜǘǘƛƴƎǎ ό[!{{hύ ōȅ ǳǎƛƴƎ ǘƘŜ ¢όŜǎǘύ ōǳǘǘƻƴ ŀƴŘκƻǊ ǘƻ ǿǊƛǘŜ ΨƭŀǘŜǎǘψǇŀǊǎǎŜǘΦƳŀǘΩ ƛƴ ǘƘŜ 

database field in the RULES cluster method after the first test with the databasename in this 

field. Everytime the RULES method is used with a databasename in the database field, all latest 

ǊǳƭŜǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ǎǇŜŎƛŜǎ ǊŜŎƻƎƴƛǘƛƻƴ ŀǊŜ ǎǘƻǊŜŘ ŀǎ ΨƭŀǘŜǎǘψǇŀǊǎǎŜǘΦƳŀǘΩΦ ¢Ƙƛǎ ƴŀƳŜ ƛƴ 

the same field after running it one time will give the same clustering results, but with 

ΨƭŀǘŜǎǘψǇŀǊǎǎŜǘΦƳŀǘΩΣ ƴŜǿ ǊǳƭŜǎ ǿƛƭƭ ƴƻǘ ōŜ ǎŜǘǳǇ ŀƴŘ ǿƛƭƭ ǘƘǳǎ ǎŀǾŜ ǘƛƳŜΦ hƴƭȅ ƛŦ ǘƘŜ ŘŀǘŀōŀǎŜ 

has changed, new rules should be calculated again. 

Mean value line 
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3.6 Settings (EasyClus software) 
 
 
There are several settings in EasyClus software, which can be changed and found here : 
 

 
3.6.1 Ignore data headers 

 
 
 

There are many pulse shape derived variables automatically calculated by the CytoSense 
software, but not all variables are useful and some can disturb good clustering because they do 
not offer real meaningful discriminating power to data. One example is the Time of Arrival, the 
ǘƛƳŜ ǘƘŀǘ ǘƘŜ ǇŀǊǘƛŎƭŜ ƛǎ ƳŜŀǎǳǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ŀƴŀƭȅǎƛǎΣ ǿƘƛŎƘ ŘƻŜǎƴΩǘ give any information on 
the particle itself. Therefore, EasyClus uses some characteristics by default and ignores other. 
This option adds the possibility to add or leave own chosen variables. 
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3.6.2 Image cropping 
 

 
 

EasyClus uses the CytoSense software algorithm on cyz-images by default, because this is a fast 
and effective method to crop (=cut out of the object of interest from the whole image) from 
the whole image. In case there are two images inside the whole image, this algorithm chooses 
the biggest particle. 
It is also possible to use the EasyClus cropping for cyz-images as well as other images format 
such as  .jpg. This choice and its settings can be chosen here. 

  
 
 
 
 

 
 
3.6.3 Preprocessing data 
 

 
 

 
Preprocessing data means that raw flow cytometric data can be preprocessed to improve the 
quality of the data. An example is the use of profiling, which reconstructs the flattened signals 
of particles which are bigger than the dynamic upper range of the detector(s). These flattened 
signals will lead to underestimateŘ ǾŀƭǳŜǎ ƛƴ ǘƘŜ Ψ¢ƻǘŀƭΩ ǾŀƭǳŜǎ όŀǊŜŀ ǳƴŘŜǊ ǘƘŜ ǎƛƎƴŀƭύ. 
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For instruments having a combination of low (LS) as well as high sensitivity (HS) detectors, it is 
recommended to use and define this combination.  
For instruments having only high sensitivity (HS) detectors, it is recommended to use the option 
ΨŘȅƴŀƳƛŎ ǇǊƻŦƛƭƛƴƎ ƻƴΩ ǿƘƛŎƘ ǳǎŜǎ not-flattened signals within the detected particle to 
reconstruct the flattened signal. For example the flattened Orange is reconstructed by the not 
saturated Yellow signal. 
 

 
 

Only HS means that the LS-data is ignored in used derived attribute data. It is for example only 
used for the reconstructing of the flattened HS signals. This option is added to avoid to have 
redundant data in your final data. 
 

  
 

 It is possible to recalculate each variable by using a reference (given) average value of beads. 
For this it is required to have a calibration beads file which is updated regularly by measured 
beads of your system e.g. each day. If the instrument is shifting to consequent higher or lower 
values due to fouling, temperature or other reasons, all data can be corrected by using these 
latest beads values against the beads reference values. 
 

 
 

New data can be added to the existing data set (attributes) automatically by defining formulas 
on basis of attributes data. E.g. the calculating of chlorophyl out of FL Red by an own found 
validated relationship of FL Red and chlorophyll.  
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Option to remove specific data for example big air bubble data. 
 
 
 
3.6.4 Instrument check 

 
 
 

The instrument performance check settings have default critical values set by Thomas Rutten 
projects. These values can be changed by the operator in the following menu. 

aƻǎǘ ƻŦ ǘƘŜ ǎŜǘǘƛƴƎǎ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ŜȄǇƭŀƛƴŜŘ. The alignment is explained: 
 
RATIO FWS L/R : can be used as an alignment check. Optical forward scatter is detected by two 
separate detectors and it is expected that the values in the left and right detector are about 
similar (= ratio=1 ). If not, it means that the core might not be perfectly centered towards the L 
and R detector. This is immediately seen in case an air bubble is within the injector. 
 
Events around means ratio FWS L/R : The core transport particles and their position in the core 
is gaussian distributed with the top in the middle of the core. Most of the particles are in the 
middle of the core, some particles at the edges. So we expect that around the mean FWSLR  
ratio value - 10 % and mean + 10%, we will find a relative high part of the particles. This 
bandwidth -10 and +10 is given as 0.1 (15%=0.15).  
 
Relative events within Mean ± %band: The number of found events within this band is expected 
to be high. Lower than 30% (0.3) is expected not to be ok (because we expect more particles 
here), within 30-70%, might be ok but there should be awareness if it is really ok, >70% (0.7) is 
ok. We expect most of the particles around the mean value.  
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3.6.5 FIX zones 
 

 
 

This settings is usually set under the cluster FIX grid method and can be changed here too, but 
it is recommended to change this in the cluster method option. 
  
3.6.6 Euclidean distances 
 

 
 

The bioindices options have the opportunity to calculate whole group or cluster related derived 
characteristics such as biodiversity indices. One of these tools uses Euclidean distances 
between groups or clusters. For using the Euclidean distances between groups it is necessary to 
define the lowest and highest value for each variable. These values are set here.  
 
3.6.7 Weighing variables 
 

  
 

The weighing of variables is only used in the unsupervised clustering methods and can give 
more weight to specific variables. In the example below the highest weight is assigned to all 
Total variables.  
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3.6.8 Black screen problem and solution 
 

 
Black screens sometimes occur in Matlab-EasyClus software when a lot of figures are open 
together, for example when showing a lot of images (mosaics) or when making a report after 
clustering. The problem occur according to Matlab due to the graphical driver of your 
hardware. The default setting is to use your computer hardware drivers (use the Status button 
to show that). The usual fix for this (if it happens often), is to set your Matlab system to 
Ψ{ƻŦǘǿŀǊŜΩ by Set & Save to Software. 
 
3.6.9 Extra Length calculation  
 
The usual particle length is represented by the Length FWS variable, which is the length of the 
signal at 50% of the maximum height. There is an extra FWS Length available at another 
(adjustable) maximum height, for example at 20%, which can be set here. 
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3.7 My Database 
 
 
Many tools are available to edit or use the (image) database : IMPORT database first before 
doing actions 

 
 
3.7.1 Database Editor 

 
 

 
To edit your database. You can change-rename names in the database. You can remove species 
from the database. You can have an overview of species in the database by the images as well 
as the signals by choosing the mosaic images tool 
 
3.7.2 Update Database  

 
 
 

The chosen database is scanned on missing species, removed species, shifted species (one to 
another) or added species. After the scan you can choose to update and save the refreshed 
database. Species can be added by adding images in the species folder names. Added species 
by the image need signals and attributes data from the original file too, which should be in the 
\datafiles\  folder. 
 
3.7.3 Make new database 

 
 

A new empty database.mat is made. 
 
3.7.4 Make folders database 

 
 

Folders in the database image folder are made. These folders have folder names of all species 
names in the database and can be helpful to add new species to the database. 
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3.7.5 Copy database 

 
 

 
A copy including the images is made of the imported database. This can be useful in case big 
changes to the database will be made and to ensure that there is a copy of the original 
database. 
 
3.7.6 Merge databases 
 

 
 

Tool to merge two or more databases with each other into one bigger database. Only 
recommended to do this for one instrument used at the same settings to prevent that settings 
and configuration will mix up species data due to other reasons than species types. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
3.7.7 Make idnrs.mat database 

 
 
 

The making a database (cluster) idnrs.mat file can be very useful to estimate the degree of right 
classification of one of the cluster tools. The species in the database are the ideal and thus 
reference clusters. The produced file here can be used to compare the cluster efficiency of any 
cluster method by the cluster comparison tool όΨ/ƻƳǇŀǊŜ ŎƭǳǎǘŜǊ ǊŜǎǳƭǘǎΩ ƛƴ Ψ!ŦǘŜǊ ŎƭǳǎǘŜǊƛƴƎΩύΦ 
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3.7.8 Mosaic database tool 
 
 

Tool to import and cluster a database with its data by EasyClus clustering tools and options to 
visualize the data in scatter plots and show the clustered images and their particle signals. 
 

 
3.7.9 Add images to database 

 
Add images from one database to another 
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3.7.10 Extract images from .cyz 
 
 
 

Immediately extract (usually cropped) images from the selected cyz-file(s) in the above listbox 
to a separate folder. Images are stored in de folder /images/ in the folder where the cyz-file 
exist.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
оΦтΦмм aŀƪŜ ƭŀǎǎƻΩǎ όŦǊƻƳ ŘŀǘŀōŀǎŜ ǎǇŜŎƛŜǎύ 

 
 

 
aŀƪŜ ƭŀǎǎƻΩǎ ƻǊ ǎŜƭŜŎǘƛƻƴ ǎŜǘǎ ŦǊƻƳ ǎǇŜŎƛŜǎ in the database. This can be useful when using 
ǎǇŜŎƛŦƛŎ ƭŀǎǎƻΩǎ ƛƴ ǘƘŜ [L±9 ƳŜǘƘƻŘ όŜΦƎΦ ƘŀǊƳŦǳƭ ǎǇŜŎƛŜǎύ 
 
3.7.12 BioVolume tool 

 
 

 
The Biovolume Tool (see next page) is a tool to estimate and define the biovolume of particles 
by the image and/or to check the automatic biovolume with the formula biovolume or own 
defined biovolume. 
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3.7.13 Menu database (previous EasyClus) 

 
 
 

Older (previous version) menu of EasyClus 
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3.7.14 Making a database by using images and images analysis 
 

 
Very useful tool to make a database by using image analysis characteristics for sorting images, 
and rename them to real species names. 
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In the example images are sorted on basis of the aspect ratio Feret-Length/Feret-Width and 
after that selected images are renamed to Nitzschia. 
This tool has a separate manual in EasyClusv..\cytov..\manuals\ Image_sorting_for 
dbs_making_TRP2022.021.pdf 
 
 
3.7.15 Making a database by using selections of species in CytoClus (of CytoBuoy bv) 
 

 
Users of the CytoBuoy instruments and CytoClus software are often experienced in the making 
of the manual selections of species in this software. These selections of data of unique species 
or groups can be imported easily in the EasyClus database by using either : 

- Stored data of a cyz-file of these selections in another cyz-file format 
- Stored listmode (csv) data of these selections of one species or group 

 
This tool has a separate manual in EasyClusv..\cytov..\manuals\  Dbs_making_by_cyz_listmode 
files_TRP2022.023.pdf 
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3.7.16 Mismatch between FCM data and corresponding images lengths in database 
 

 
It is known that the Length Forward Scatter, which is usually chosen as an estimator for the real 
particle length, can deviate from the length measured in the corresponding image. The data 
and images are stored in the database and can be checked if these different lengths (from data, 
from image) are deviating from each other. If so, the operator can decide to remove these 
particles from the database. 
There are several reasons for this deviation:  
- The image and data do not correspond, which can happen with coincidence. The software 

has chosen the biggest image, but the data belongs to another particle just before or after 
the image 

- The Forward Scatter signal at 50% signal height is much smaller than at e.g. 20% height, 
due to optical properties and thus for this specific case a wrong estimate for size. 

- The image cropping is not well performed and thus a wrong estimator of size from the image 

 
In this example the vague image of the cell caused an underestimation of the size in the image.  
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3.7.17 Model editor 
 

 
This is a very useful tool in combination with the automatic HYBRID clustering and automatic 
model-building and database-building. The tool is used to load, visualize and rename groups 
stored in the model (used for RULES or HYBRID-clustering) and in combination with the 
database, which is built in the background. It gives the opportunity to reprocess stored data 
into real species names afterwards (for example using the option of the automatic model 
building and database building after measuring many samples (hundreds) in the field. 
 

 
This tool has a separate manual in EasyClusv..\cytov..\manuals\Model_rename_look_manual.pdf 
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3.8 Data convert 
 
 
There are several options in EasyClus software to convert files to other files, or to combine one 
file to one file or produce images of cyz-files. 
 

 

 
3.8.1  From .cyz to .mat file(s)  

 
 

 
Convert .cyz files & images to .mat file and images. Can be useful to decrease the filesize and 
have the (cropped) images in a separate folder.  
 
 
3.8.2  Random from more files to one file (Random to 1 file) 

 
 
 

Merge a part or all particles of the selected files in the above listbox into one file, which can be 
used to have an overall sample of several files or to create a file with particles with only an 
image (1:1). 
This can be useful to cluster this merged file as a blueprint file and cluster the individual file 
according this blueprint clustering.  
 
 
3.8.3  CytoS to images 

 
 
 

Immediately extract (usually cropped) images from the selected cyz-file(s) in the above listbox 
to a separate folder. Images are stored in de folder /images/ in the folder where the cyz-file 
exist 
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3.8.4  Synchronizer f1 & f2 
  
 
 

Helpful tool to synchronize files with date and time with each other e.g. to add GPS and data to 
each other. This synchronizer help tool can be used together with the Google plot tool to 
visualize data into Google maps. 

 
3.8.5  Export the EasyClus.mat data to .txt data 

  
Tool to export .mat saved results of EasyClus (Calibration Shewart chart, sum Totals file, sum 
Fractions file, Instrument meta data file, Bioindices file) into .txt files. 
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3.9 Plot module 
 
 
The plot module does what it says. Plotting figures out of data produced by EasyClus. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
3.9.1  Plot module 

 
 

 
Universal tool to visualize several EasyClus processed data options into figures. 
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3.9.2  Plot clusters & export or save 
 
 
 

Tool to visualize as well as sort and save results of data after clustering specifically.  
 

 
 
3.9.3  Scatter plot video & label  

 
 
 

Already clustered data performed by one of the EasyClus clustering methods, can be 
subclustered or labelled and visualized in scatterplots. Scatterplots will be put behind each 
other in a small video club to visualize cluster-group changes between scatterplots. 
 
The user interface is given below. 
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3.9.4  Google maps plot (data in maps/  API required) 

 
 
 

Select latitude and longitude, variable and settings to draw a figure and Google map.  
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To enable the download of (free) Google maps, it is required that you are registered at Google 
to get an API key, which should be set in the API key window which appears after clicking  
ΨǎŜǘǘƛƴƎǎ DƻƻƎƭŜ ƳŀǇǎΩ. Google gives the first x (2000?) thousands maps for free.  
 
Maps are projected 2D showing the last (in time) result. If more than one observation is 
available at the same location it will not be visible, because it is behind the last result. This can 
be made visible by the 3D rotate option by rotating the figure a little bit (see below). 
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3.10 Image analysis 
 
 
The Image analysis module produces data out of images (.cyz) or .jpg images. There is also a 
biovolume tool to calculate the biovolume from the image contour. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
All kind of image analysis variables can be calculated from the images. This information can be 
used for the clustering of image data or the combination of image AND flowcytometric data.  
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3.10.1  Make images analysis file from .cyz 

 
 

 
This option is used for -cyz-files only. Images are extracted from the cyz-file and their cropped 
images. Images characteristics (which are set active at the settings) are calculated for each 
image = the image analysis. Results are stored in a separate filename added with flow 
cytometric data or not (own choice).  
The clustering of data in this generated image analysis file can be done by one of the clustering 
methods in EasyClus software e.g. by building a image data based database. 
 
3.10.2  Make images analysis file from .jpg 

 
 

 
This option is used for -jpg-files only. In principal already cropped images are expected here. 
Images characteristics (which are set active at the settings) are calculated for each image = the 
image analysis. Results are stored in a separate filename.  
The clustering of data in this generated image analysis file can be done by one of the clustering 
methods in EasyClus software e.g. by building a image data based database. 
 
3.10.3  BioVolume tool 

 
 
 

Biovolumes can be calculated image by image and compared with the own calculated 
biovolume. 
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3.10.4  Settings images analysis 
 
 

 
Click or declick a variable to be calculated 
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3.11 EasyClus LIVE 
 
 
EasyClus LIVE is a surplus tool (should be bought separately) to do online automated data 
analysis. 
 

 
 
 
 
 
 
 
 

 
 
3.11.1  EasyClus LIVE 

 
 
 

Optional module : LIVE automated data analysis immediately performed after analysis and 
results are put on a website (www.phytoplanktonLIVE.com or elsewhere if users want that). 
Many options are available from only showing some images and the status of the instrument to 
the calculation of specific species in the field. 
 

 
 

http://www.phytoplanktonlive.com/
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3.11.2  Warning outlier 
 
 
 

Optional module : Outliers in the sum totals data or in the bioindices data are extracted to 
evaluate possible outliers e.g. caused by toxic compounds or sudden natural changes. Kind of 
bioalarm, but not a validated tool. 
 
 
3.11.3  Download images from LIVE 

 
 

 
Optional module : LIVE made images can be downloaded here. 
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3.12 Close figure(s)  

 
 
 
 
 
 

Selected open figures (in blue) are closed immediately, the other (first two here) are not closed. 
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Thomas Rutten Projects  

  Previous manual EasyClus© v1.31 and earlier 
 

1. Previous manual  
This is the  manual belonging to the v1.31 EasyClus, find under the Previous button in EasyClus2 
 

2. EasyClus and EasyClus 2.0 
EasyClus 2.0 is introduced with a new user menu. The old menu is still available for those who 

like to work within this menu.  

 
3. The EasyClus menu v1.31 
After starting up Matlab®, the EasyClus menu appears on the screen. Processing commands are 

executed using the buttons. Always start by importing at least one flowcytometric file. 
 

        
= Unsupervised clustering (no trained data set) 

 
       = Supervised clustering (no trained data set) 
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¢ƘŜǊŜ ŀǊŜ ŀ ƭƻǘ ƻŦ ΨǘǊƛŎƪǎΩ ōŜƘƛƴŘ ǘƘŜ ōǳǘǘƻƴǎΦ !ǘ ǘƘŜ ǊƛƎƘǘΣ ƛƴ ǘƘŜ blue window, there are post 
processing options: e.g. the plotting of figures, clustering options, which means that you can 
further process your data after clustering of FCM datafiles. E.g. the matching of clusters with 
another database, or the making of a new database with all unique clusters found in a dataset 
or graphical representations on basis of clustering results. 

 
 
3.1 In general 

 
The approach of FCM data-analysis is based on three stages (actually even more, but 
ǘƘŀǘΩǎ ŦƻǊ ƭŀǘŜǊΦΦύ 
 
3.1.1. Exploration of the instrumental performance during analyses 
3.1.2. Exploration of field data ς first impression 
3.1.3 Detailed data analysis of field data 
 
 
3.1.1. Exploration of instrumental performance during analyses 
 
5ƻƴΩǘ ōƭƛƴŘƭȅ ǘǊǳǎǘ ȅƻǳǊ ƛƴǎǘǊǳƳŜƴǘΦ CƻǊ ƎƻƻŘ ƭŀōƻǊŀǘƻǊȅ ǇǊŀŎǘƛŎŜΣ ŜǾŜƴ ŀ ǘƘŜǊƳƻƳŜǘŜǊ 
has to be checked on a regular basis. So, check the instrumental performance of your 
flowcytometer too by using stable (= keep their optical properties similarly during at 
least half a year) calibration beads regularly e.g. at the beginning, in the middle and at 
the end of an analyses day. Check the performance of your instrument by using the 
CHECK-DIAGNOSIS button (purple field) and the CALIBRATION CHART (first button in 
green window) module. Beads that are found easily by specific fluorescence properties 
are visualized and should lay in between ascertained levels in so called calibration 
charts.  
 
3.1.2. Exploration of field data ς first impression 
 
You have a lot of data e.g. sampled at one location during several months or collected 
during a field cruise.  
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Start with getting a fast impression of your data by having an overall analysis of all data. 
Use TOTALS OF ALL FCM PARAMETERS (button 2) and/or FRACTIONATE FCM 
PARAMETERS OVER SIZE (button 3) to get a fast answer to some questions like: 
- How diverse are my samples? 
- Is there relation of my flowcytometric data towards other overall techniques such 

as chlorophyll-a fluorescence, total phytoplankton counts per ml or other 
parameters? 

- Which samples show obvious behaviour with respect to sudden increase or 
decrease of specific parameters or within a specific fraction towards other 
samples? 

 
3.1.3 Detailed data analysis of field data 
 
Ever since you have more feeling with your data, you can start with the automatic 
clustering techniques to find out if there are specific species or species groups that can 
be discriminated in the samples, but be aware that a flowcytometer cannot distinguish 
ALL types of species on basis of the available optical variables (taxonomists sometimes 
need an electronic microscope to distinguish between species). 
 
Select some specific datafiles to start the clustering and to start to fill your database 
with found clusters or species. When clusters are processed (whether after manual or 
after automatic clustering), fingerprints, i.e. kind of mean values of all particles in each 
cluster of each of the offered flowcytometric variables, are calculated and stored. These 
values are compared to a database. An adjustable number of FCM variables per cluster 
are matched with stored fingerprints of species data in the database. The maximum is 
the number of FCM variables from a FCM data file. The more FCM variables should 
match, the more critical requirements for matching are taken in consideration. 
The degree of 'matching' is expressed in a similarity factor. The minimum value of the 
similarity factor is adjustable. The lower this value (<1000), the less stringent 
requirements are used for similarity. 
The number of found clusters is visualized in scatter plots. The number of recognized 
species from the database is also visualized in scatter plots. 
 
Start clustering with all datafiles and visualize the clustering results by the PROCESS 
SAMPLE INFORMATION AFTER CLUSTERING button. 
All results are saved as txt files and / or jpg files in the folders or \  cluster \  cluster \  
figure. 
After this you can use the autodatabase-option for even more precise cluster definition. 
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3.2 EasyClus BEADS ς Calibration charts 

 

The calibration charts module enables the user to process calibration charts of 
(robust) references such as beads to validate the short as well as the long term stability 
of your instrument, which is usually required in laboratories working in a ISO 17025 
environment.  
In general when an operator establishes a new analysis method, the performance 
characteristics of the analysis method are studied and registered such as the 
reproducibility and repeatability. The range of distribution of a method provides us a so 
called warning limit and action limits, which are used to check if the method is valid and 
ready for analysis. Beads that are stable over a long period, that do not stick, that have 
a small size distribution and that fluoresce in all optical channels are usually used as a 
reference standard. Their average values should fit within the predefined warning 
and/or action limits before further analysis can take place. 
 
It is strongly recommended to validate your instrument every analysis day at least 
before and at the end of the day and to record the results in a calibration chart during a 
long period.  
 
This module helps you to:  
- isolate the reference beads,  
- determine their average fingerprint in each FCM parameter,  
- draw fingerprint results in a calibration chart and give the graphical  
 representation of your chart including their allowed limits 
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There are two methods used for the recognition of beads. The AUTOMATIC mode 
(unsupervised) and the PREDEFINED mode (lasso) method. The charts show you which 
of the FCM parameters are within or outside the predefined limits at once. 

  

 

 
 

1) The AUTOMATIC mode uses unsupervised clustering and each cluster is compared 
to common bead characteristics to recognize possible beads in your sample. The 
smallest sized cluster with beads chosen in case of more than one cluster of beads 
is found. 

2) The PREDEFINED mode uses ǎŜƭŜŎǘƛƻƴǎ ǎŜǘǎ ƻǊ ƭŀǎǎƻΩǎ ŦƻǊ Ŏlustering and finding 
beads in a sample. ¢ƘŜǎŜ ƭŀǎǎƻΩǎ ǎƘƻǳƭŘ ōŜ ǇǊƻŎŜǎǎŜŘ ōŜŦƻǊŜ ŜΦƎΦ ōȅ ǘƘŜ 
ŀǳǘƻǇǊƻŎŜǎǎƛƴƎ ƻŦ ƭŀǎǎƻΩǎ ƻƴ ōŀǎƛǎ ƻŦ ƻǘƘŜǊ ŎƭǳǎǘŜǊƛƴƎ ƳŜǘƘƻŘǎ . 

3) SHOW Shewart charts is what is says. You can visualize the beads results by 
selecting the variables from stored calibration charts.  

4) DELETE results from Shewart charts gives you the possibility to remove data ς files 
from a Shewart chart. After selecting a Shewart chart calibration file, you choose 
graphs to be used to visualize the data AND to remove certain data by pressing any 
key (to activate the figure) and to pointer a data-event, which should be removed. 
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After choosing a specific event, following menu appears in order to confirm the removal 
process . 
 

 
 

5) Change settings of Shewart charts. Settings of the lasso-method can be changed 
here. The green warning limit is set to 10%, the red action limit to 15% of the mean 
of the first 7 files. Recalculation with other numbers can be done here. 
 

 
 

There is also the settings to visualize more or other graphs as default. 
 

It is obvious that the system is stable if the longer term beads averages fluctuate inside 
the green and red limit lines. If it is outside during more measurements, there might be 
something wrong (air, fouling, other PMT levels, old-wrong beads, alignment). 



  
7 

 

 

 
3.3 EasyClus Sample(s) Totals ς concentrations, chlorofyl/ml  
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LƎƴƻǊŜ ǘƘŜ Ψ!b![¸{9 ϧ !55Ω ōǳǘǘƻƴΣ ōŜŎŀǳǎŜ ƛǘ Ƙŀǎ ōŜŜƴ ǊŜǇƭŀŎŜŘ ōȅ ǘƘŜ Ψa¦[¢L 
!b![¸{9 ϧ !55Ω ōǳǘǘƻƴΦ ¢Ƙƛǎ a¦[¢L ŜǘŎΦ ƛǎ ǳǎǳŀƭƭȅ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ŀ ƴŜǿ ǘƻǘŀƭǎŘŀǘŀ ŦƛƭŜ 
or to add files to an existing totalsdata file. The advantage is that you can use more 
than one file.  
In FULL automatic process - mode you can start a new file or add it to an existing one. In 
case of a new file you start with selecting a (cyz)-FCM files. 
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Then choose to start a new file OR add these files to an existing totalsFCMdata-file. We 
choose the NEW button here. 
 

 
 
/ƘƻƻǎŜ ƘŜǊŜ ΩbƻΩ ƛƴ ǘƘŜ ƳŜƴǳ ōŜƭƻǿΦ 
(In some cases it might be useful to exclude certain events such as beads. For this, you 
need to cluster files before. In future releases, this part will be worked out in more 
detail together with customers). 

 
 

The last question is which parameters should be drawn in figures as a default: 
 

 
 
After this, running of all files is started. If you have more than 1000 files, it can take a 
while (more than minutes, dependent of the used computer). 
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An example of an output is given in the figure below. The d50 (=median) is the median 
size of the measured particles using all set triggers. The d90 is the size, where 90% of all 
particles is smaller than the given size at d90 and 10% is bigger than this value, d98 is 
the size, where 98% of all particles is smaller than the d98 size and only 2% is bigger 
than this value. These sizes might be characteristic of the particles at this station.  
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3.3 EasyClus Sample(s) Fractions ς concentrations, chlorophyll/ml over size fractions 

This module enables the user of flowcytometric data to produce general overviews of 
typical ecological characteristics. The contribution of all species distributed in several 
size fractions as a function of the chlorophyll-a fluorescence (biomass) or abundance is 
given. The results are represented in cumulated stacked histograms. Each size fraction 
represents its own color and results are stored as a .txt or .mat file. The gradient of e.g. 
the chlorophyll-a concentration (per size fraction) changing in time or location gives a 
nice overview how samples mutually differ. 
In principle all FCM parameters that are available can be processed as a function of size 
fractions. The number or sizes of the size fractions can also be chosen by the operator. 
 
This module gives you some dynamic general information on the microorganism 
dynamics, how size fractions contribute to the total process or how they change. The 
species specific information is not given. 
 
The size of particles is based on the input variables given by the flowcytometer. The 
parameter that has a (linear) relation with size is given to the software. A calibration 
line or information about the relation between the calculated and the real size is 
usually needed and given to the software too. In the case of CytoSense usually the 
Ψ[ŜƴƎǘƘ CWS ƻǊ Ψ[ŜƴƎǘƘ {²{Ω  ǇŀǊŀƳŜǘŜǊ ƛǎ ǳǎŜŘΦ 
The operator should be aware that the FCM-size used for the size fractions in this 
module, is the size of a particle in elongated direction. This direction is achieved for 
each particle by the hydrodynamic focusing principle of flowcytometry. The size of 
chain forming cells or colonies is the size of the whole chain or the whole colony that 
passes the laser beam as one single (larger) particle. 
 
If a calibration line is used for recalculating the size, a formula should be implemented 
in the software by the user or with help of Thomas Rutten Projects. 
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Following menu appears:  

 
 

Forget Ψ!b![¸{9 ϧ !55Ω ŀƴŘ  ΨaŀƪŜ όŀύ b9² ŦǊŀŎǘƛƻƴŘŀǘŀ ŦƛƭŜΩΣ ōŜŎŀǳǎŜ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ 
ǊŜǇƭŀŎŜŘ ōȅ ǘƘŜ Ψa¦[¢L !b![¸{9 ϧ !55Ω ōǳǘǘƻƴΦ ¢Ƙƛǎ a¦[¢L ŜǘŎΦ ƛǎ ǳǎǳŀƭƭȅ ǳǎŜŘ ǘƻ 
create a new fractiondata file or to add files to an existing fractiondata file. The 
advantage is that you can use more than one file.  
In MULTIANALYSE mode you can start a new file or add it to existing ones. In case of a 
new file you start with selecting a (cyz)-FCM file, select the FCM length parameter, 
which is used as an estimation of length of particles. 

 
Select the FCM variables which should be calculated and summed as a function of their 
size distribution. 
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Settings can be changed manually by pressing in the box that should be changed and 
typing. Be aware that if you change the absolute values of the size fractions, to use a 
dash (-) in between two values.  
/ƘŀƴƎŜ ƻŦ ǘƘŜ Ψ[ŜƴƎǘƘ ōŀǎŜŘ C/a ǇŀǊŀƳŜǘŜǊΩ όǇŀǊŀƳŜǘŜǊ ǳǎŜŘ ŦƻǊ ǎƛȊŜύ ƻǊ ŎƘŀƴƎŜ ƻŦ 
the FCM parameters that should be fractionated can be changed here, but better is to 
change them in the next menu to avoid typing errors. The next menu can be found 
ŀŦǘŜǊ ǇǊŜǎǎƛƴƎ ǘƘŜ ΨhYΩ ōǳǘǘƻƴΦ 
 

 
 

LŦ ǘƘŜ ǎŜǘǘƛƴƎǎ ŀǊŜ ǿŜƭƭ ŀƴŘ ȅƻǳ ŘƻƴΩǘ ǿŀƴǘ ǘƻ ŎƘŀƴƎŜ ŀƴȅǘƘƛƴƎΣ ŀƭǿŀȅǎ ŎƘƻƻǎŜ  ΨbƻΩΣ 
proceed procedure for saving your new fraction data*.txt file.  
 
Also after using button 2 (new Length parameter) or 3 (change or add FCM parameters 
that should be fractionated), the saving procedure should be proceeded by button 1. 
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After button 1: The settings and the new fractiondata*.txt file is stored. A proposal for 
ǘƘŜ ΨǎŀǾŜ ŀǎΩ ƴŀƳŜ ƛǎ ōŜƛƴƎ ŘƻƴŜΥ Ψ[ƻŎŀǘƛƻƴ ƴŀƳŜΩψŦǊŀŎǘƛƻƴŘŀǘŀΦǘȄǘΦ  
tǊŜǎǎ ƻǇ Ψ{ŀǾŜΩ ƛƴ ƻǊŘŜǊ ǘƻ ǎŀǾŜΦ 
  
Button 2: Change Length Parameter. If the size parameter needs to be redefined, 
choose this button. If so, a representative FCM data file will be imported to read the 
used FCM parameter names for your specific FCM instruments. After that you are able 
to choose the Length Parameter. 
 
Button 3: Change FCM Parameters to be fractionated/cumulated. Use this button to 
redefine the FCM parameters that need to be processed as a function of size fractions. 
If so, a representative FCM data file will be imported to read the used FCM parameter 
names for your specific FCM instruments. After that you are able to choose the FCM 
parameters. 
 

 
 
The other buttons 
The DELETE button and the CLOSE figures button do what they say and do not need 
extra explanation.  
 
The SHOW button starts with a menu: 
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Plot fraction graphs: Choose one or more of the parameters which available by the 
menu and press OK: 
 

 
 

Other graphs are possible too (3D, difference, selection of specific fractions) 
 
MERGE & Remove duplicates: Sometimes you have semor ethan one 
fractionfile and/or fraction files contining duplicates. This option puts files 
together and filter out duplicates. 
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3.5 EasyClus menu Clustering 

 

3.5.1 EASY and SIMPLE: Auto-clustering EasyClus Unsupervised Method GO and with 

similarity database matching (single file)  - ōǳǘǘƻƴ Ψ!ǳǘƻ /ƭǳǎǘŜǊ ¦ƴǎǳǇŜǊǾƛǎŜŘ ϧ 5ŀǘŀōŀǎŜ 
ǊŜŎƻƎƴΦΩ 

To cluster automatically 
Cluster are being identified on basis of principal component analysis, density distributions and 
neighbouring distances. 
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No ΨǇǊŜΩƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǊŜǉǳƛǊŜŘΦ ¢ƘŜ ƻƴƭȅ ƛƴŦƻǊƳŀǘƛƻƴ ƴŜŜŘŜŘ ŀǊŜ ǘƘŜ ǎŎŀǘǘŜǊǇƭƻǘǎ όƻǊ Ƨǳǎǘ ǇǊŜǎǎ 
DEFAULT) that should be used for visualizing the found clusters. 
After clustering you can increase or decrease the number of clusters by shifting the left upper 
button. 
 
× ¸ƻǳ Ŏŀƴ ǳǎŜ ŀ ŘŀǘŀōŀǎŜ ōȅ ŀŎǘƛǾŀǘƛƴƎ ǘƘŜ ΨǳǎŜ 5ŀǘŀōŀǎŜ 
ŎƘŜŎƪōƻȄΩΦ 

× ¸ƻǳ Ŏŀƴ ǳǎŜ ΨǿŜƛƎƘƛƴƎΩ ƛƴ ŦƻǊ 5ŀǘŀōŀǎŜ ƳŀǘŎƘƛƴƎ ōȅ 
ŀŎǘƛǾŀǘƛƴƎ ǘƘŜ ΨǳǎŜ ǿŜƛƎƘƛƴ ŎƘŜŎƪōƻȄΩΦ 

× ¸ƻǳ Ŏŀƴ ƳŜǊƎŜ ŎƭǳǎǘŜǊǎ ōȅ ŀŎǘƛǾŀǘƛƴƎ ǘƘŜ ΨŦǳǎƛƴƎ ƻŦ ǊŀǘƘŜǊ ǎƛƳƛƭŀǊ ŎƭǳǎǘŜǊǎ ƻƴ ŎƘŜŎƪōƻȄΩΦ 
× The preprocessing tick box enables the preprocessing of your data. (see 3.3.4.1) 

 
AfǘŜǊ ŎƭƛŎƪƛƴƎ ǘƘŜ Ψ/ƭǳǎǘŜǊΩ ōǳǘǘƻƴ ǘƘŜ clustering start and the result is visualized in scatterplots. 
Here clustering of 8 same sized multifluor rainbow beads are clustered. 

This is nr counts of clusters to 
be merged in a cluster 
ΨmergeΩ. Set to -1 to ignore 
merging clusters 
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Press to cluster again with 
other settings 

All other buttons are 
explained one paragraph 
later (Autocluster 
DESIGN). 
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3.5.2. QUITE EASY: Auto-clustering EasyClus Unsupervised Method DESIGN I or 

DESIGN II and with similarity database matching (single file)  - ōǳǘǘƻƴ Ψ!ǳǘƻ /ƭǳǎǘŜǊ 

¦ƴǎǳǇŜǊǾƛǎŜŘ ϧ 5ŀǘŀōŀǎŜ ǊŜŎƻƎƴΦΩ 
To cluster automatically according to certain specified institutions 

 

 

 
 
 
 
 
 
Checkbox off = DESIGN I  
 
DESIGN I gives more clusters than DESIGN II 
 
 
 
 
 
 
 
 
 
 
Cluster are being identified on basis of density 
distributions in two dimensional dotplots 

combined with the allocation of encircling neighbouring events according to the best fit 
similarity indexing principle. 
For this, only comparison of single grids with each other instead of the whole cluster 
grids, are taken into account. Assignment to earlier recognized clusters is done on basis 
of the highest similarity index.  

 

    
 
3D visualisation of a scatterplot and showing the number of events in the z-direction. 
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Start 
 
A *.fcm data or other file is chosen and imported 

 
 
 
Subsequently, the standard default settings menu appears. Clustering according to 
these settings will take place. 

  
 

 
 


