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ABSTRACT 

 

At present, a topic of great interest for the scientific community is to obtain an automatic monitoring system of 

red tide blooming organisms.   The advances in automated monitoring systems have demonstrated that this 

automation is possible.   In this paper, an analysis of the problems in the automated identification of red tide 

phytoplankton blooming is presented, using an automatic optical-digital system.   Specifically, interclass size 

differences of organisms, different rotation and localization of the organisms in a microscope field and interclass 

of these same properties.   The analysis was done automatically using a liquid crystal display device as interface 

of the digital with the optical part.   This analysis is done for the first time in a hybrid system in real time. 
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1. INTRODUCTION 

 

Several international research groups have tried to design an automated monitoring system to know in a faster and reliable 

manner the identification and quantification of red tide species to prevent greater catastrophes.    However, the problems of 

image depth, sedimentation position in the observation field, natural variability of the specie’s morphology, interspecific 

problems between two species, in addition to important and critical problems of the patterns recognition systems which are: 

position, scale and rotation of the organisms (PSR), has caused several difficulties in the development of automatic systems1.  

 

The development of an automatic optical-digital system which solves the PSR problem is analyzed in this study.   This paper 

is structured as follows.   In section 2, we review the materials and methods.   We describe the preparation of the sample, the 

observation of the sample under the microscope, capture of the image of the organisms and the identification processing.   In 

section 3, we present some results with respect to rotation problem and size variation of the species.   Finally, en section 4, 

we present the conclusions. 
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2. MATERIALS AND METHODS 

 

2.1 Phytoplankton species 

 

A total of 300 images of specimens of 9 species of phytoplankton were processed.   The red tide blooming phytoplankton 

specie selected in this study was Ceratium dens (Fig. 1).   This specie is important, since a great mortality of shrimp larvae is 

attributed to it in the crustacean’s farms in the coasts of Sinaloa, México2. 

 

 

 
 

Fig. 1 Ceratium dens. Photograph taken by R Cortés-Altamirano. 

 

To evaluate the functionality of the system, identifications of specimens of C. dens were done, rotated from 0o up to 360o at 

5o intervals, specimens from 60% up to 100% of their average size, and comparisons with specimens of other eight species of 

phytoplankton (Fig. 2). 

 

2.2 Preparation of the sample  
 

A volume of 20 ml was extracted from sea water samples collected in previous years during red tide events in the bay of 

Mazatlán, Sinaloa, México.   The sample is homogenized in the laboratory during one minute and one milliliter sub sample is 

taken with a Pasteur pipette.   This sub sample is poured in a Sedgwick-Rafter type cell counting chamber3. 

 

2.2.1 Observation of the sample under the microscope 

 

The counting chamber was mounted in a compound microscope.   First, the correct magnification is selected depending on 

the size of the cell that one wants to identify. In other words, the selected magnification must be able to show the complete 

cell with a resolution detail such as one can notice the distinctive morphological characteristic of the species.   Once the 

correct magnification was selected, we proceeded to obtain the image of the organisms found with the digital system.   The 

counting chamber is scanned moving the carriage horizontally and displacing an area field vertically, until covering all the 

area of the chamber. 

 

2.2.2 Capture of the image of the organisms 

 

Once the image of the organisms is observed in the microscope field through a digital system (Fig. 3), the capture of the 

image was completed.   In the digital system the detector is a solid image sensor called charge coupled device (CCD-C72E by  



SPIE, The International Society for Optical Engineering, Vol. 4471, (2001). Algorithms and Systems for Optical Information 

Processing V. Bahram Javidi, Demetri Psaltis Editors, pp. 243-250. 

 

 

Ceratium dens 

 

Ceratium furca 

 

Ceratium pentagonum 

 

Ceratium tripos 

 

 

Actinocyclus ingens 

 

 

Thalassiosira   domifacta 

 

 

Nitzschia reinholdii 

 

 

Pseudotripoceratoium cinamomeum 

 
Heterocapsa rotundatum 

Fig. 2. Images of the species used in the analysis.   The species Heterocapsa rotundatum, was collected and identified by Dr. 

E Orellana-Cepeda in 1996 and reported in the FCM-UABC-CONACYT431100-5-1984PT report. 

 

DAGE-MTI, Inc.).   Over the area of the CCD, a matrix of microscopic photocells creates pixels to measure the light 

intensity of portions of the image in the observation field, so our image is captured digitally through a CCD camera.   This 

image is captured through frame grabber board (LG-3 by Scion Co.), which is controlled by an image processor program. 

 

 
Fig. 3. Digital system for capturing images of the phytoplankton organisms.   A) microscope where the sea water sample is 

observed,  B) CCD, and C) computer where the images recording card and the images processing programs are 

installed. 

 

An image processing program called ImagePC, allows to gather the input image in a continuous way, therefore one stops at 

the moment when the desired image is seen in the monitor.   The system also allows adjustments for improving the signal 

through the software, such as for example, the gain and the offset, functions under the special menu of the video control 

dialogue box.   Once the gathering process is finished, the image frame is ready for storing or analysis. 
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2.3 Identification processing 

 

We consider the use of the algorithms of the Fourier-Mellin transform, in order to obtain the desired invariances4-5.   The 

identification of the species was done in an automatic optical-digital system (Fig. 4).   The use of a liquid crystal display 

device as interface with the optical system gave as a result, the automatic identification of the species.    We represent with 

numbers the parts of the correlation optical system.   These parts are: laser light source (1), spatial filter (2), collimator lens 

(3), liquid crystal display (4), Fourier lens (5), carousel of holographic filters (6), which is a setup containing several filters 

that are moved manually, correlation lens (7) and the output correlation plane (8). 

 

 
Fig. 4. Optical-digital system for the automated identification of biogenic particles in real time.   Details of the system and its 

description are in the text. 

 

Figure 4 also shows the different steps being done and the different components available for doing the automated 

identification in real time.   The sample collected (Step A), must be evaluated with respect to its volume to know the density 

of the species in the sample.   Image gathering system (Step B), this is done through a light transmission compound 

microscope, the image is captured digitally by a digital system (CCD) that sends the information to a computer; the 

information of the species is Fourier transformed from the spatial field to the frequency domain, to this information a change 

of coordinates is applied in this same computer, from cartesian to polar coordinates where the horizontal-axis represents the 

ln r, and the vertical-axis represents the theta angle (Step C)5, through a log-polar mapping6.   This image is unfolded in the 

computer’s monitor and in addition is sent automatically in real time to the liquid crystal display (Step D).   The liquid crystal 

display unfolds the information that is going to be correlated with the different holographic filters of each species (Step E).   

In step E is where the holographic filter is placed, which has the information of the species to be identified.   Moreover, a 

filter catalogue is available to identify several species in the analysis of the sea water sample.   The result of the automated 

identification of the biogenic particles in real time is completed (Step F).   These results are shown in the form of luminous 

points of correlation that indicate the presence of organisms of the species being identified. 
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The signal correlation are captured through a CCD-C72E.   The points indicate the existent organisms of the species being 

identified.   Each signal correlation value provides the information of each organisms in the test image.   The organisms of 

the species being identified are qualified (presence of signal correlation) and quantified (counting of signal correlation). 

 

3. RESULTS 

 

In the automatic optical-digital system of identification (Fig. 4), different testing procedures of the species C. dens are 

conducted under different rotations, sizes and positions of specimens of this specie.    In this section, the results of tests of the 

system of identification of C. dens with images of other phytoplankton species are shown: 

 

3.1 Rotation problem 

 

A total of 72 specimens of the species C. dens were analyzed rotating each one of them at 5o intervals (Fig. 5).   The 

horizontal axis represents the degrees of rotation of each specimen of this species.    The vertical axis shows the signal 

correlation.  From this figure, we can observe any significant variation in the value of correlation with respect to the degree of 

rotation of the species, which indicates that the system performs a correct specimens identification of the species regardless 

its rotation. 

 

 

 
Fig. 5. Response of the optical-digital system to changes of rotation of the species Ceratium dens. 

 

 

3.2 Problems of size variation of the species 

 

We observe that there is no size variation of the specimens between a percentage of 70% to 90% (Fig. 6)   However, there is a 

decrease in the correlation peak in a 10% for a 60% of scale increasing.    This is not a problem since the size variation of the 

organisms of this species is about 15%, according to a number of measurements completed by Cortés-Altamirano and 

Alonso-Rodríguez (1997)2. 
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Fig. 6. Response of the optical-digital system to the scale variation of the species Ceratium dens. 

 

 

3.3 Comparison of the system of identification of C. dens with other phytoplankton species 

 

Results of the automatic system of identification of C. dens are shown, when a set of images of 9 phytoplankton species is 

analyzed (Fig. 7).   Along the horizontal-axis we present the different species analyzed in the system, from left to right we 

show C. dens, C. furca, C. pentagonum, C. tripos, A. ingens, T. Kozlovii, N. paereinholdii, P. cinamomeum and H. 

rotundatum.   Each species is represented by specimens which show a rotation of 0o to 180o and size change percentages of 

70%, 80% and 90%.   Along y-axis we plot the correlation values.   We observe that the correlation values, when the system 

identifies C. dens, are greater than 0.80 regardless of their sizes and rotation of the specimens of this species, and when it 

processes specimens of other species the correlation value is less than 0.20.   Which proves that the identification automatic 

system of C. dens works correctly and it does not confuse its results when there are specimens of other species in the 

analysis. 

 

The same figure 7 shows the variation of the correlation value for each species identified.   The variation of the correlation 

values for each species is represented with a standard deviation margin.   In these results we can observe that there are 

significant differences between the identification of these species, this is, that the system can identify correctly the specimens 

of C. dens and not confuse them with specimens of the other species.   Therefore, we can conclude that if the value of 

identification of the system is greater than 0.20, the result can be considered as a specimen of the species C. dens.   Which 

say that the system can be used for monitoring this species (or any other), and in this way observe the presence or absence of 

this species (or any other) in a certain location or along time in a region of economical or ecological importance. 

 

 

4. CONCLUSIONS 

 

We have conducted several experiments for measuring the identification efficiency of the system showing favourable results.   

The invariant test to the rotation and scale of the specimens of C. dens proves that the systems can identify this species (or 

any other) correctly (Figs. 5 and 6).   When the system was evaluated with other species, the correlation values were  
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Fig. 7. Response of the optical-digital system when the species of interest is correlated with other phytoplankton species. 

 

significatively different to the correlation values when specimens of the species C. dens were identified (Fig. 7).   The concert 

system outperforms previous identification methods that performs problems when there is the combination of the effects of 

rotation, scale and position on the specimens to identify. 

 

The variation of the correlation value in figure 5 is due to the random variation of the laser light of the system; however, this 

variation does not affect the system, since it only varies in a 5% of the intensity. 

 

Finally, we come up that the usefulness of having a system which gives information about a species that presents properties 

of an ecological or economical bioindicators is important, since a catastrophe can be prevented or it can be used as an 

indicator of profit.   The present analysis shows the advantages to use the automatic optical-digital system (invariant to 

position, rotation and scale), through a liquid crystal display as an optical interface. 

 

The use of these systems will reduce considerably the processing time of identification and quantification of red tide 

phytoplankton samples, which is estimated at present in two hours by sample by an specialist7. 
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