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Introduction

Algal blooms are a serious indication of water system ill-health, where a sudden increase in algal population occurs. During a severe drought in the summer of 1994, serious water blooms appeared at several places in Lake Biwa - the largest body of fresh water servicing major population and agricultural centres. To understand the environmental precursors to algal bloom, and to allow corrective measures to be implemented prior to bloom manifestation, quantitative measurement of cyanobacteria species and population densities is essential. Current methods of manual measurement are time-consuming and expensive. Considerable advantage can be gained by implementing an automated measurement system using image processing and pattern recognition techniques.

Methodology

A feasibility study is currently being conducted at Lake Biwa Research Institute to determine the efficacy of an automated image processing system, for automatically detecting and classifying cyanobacteria species. The system comprises a light microscope, imaging device and computer hardware and software. Water samples are viewed at high magnification, and images of algae are transferred to the computer for processing (see Figure 1). Following segmentation of each alga, properties such as shape, spectral, and textual features are extracted. These features are compared to a database of features from known algal species previously compiled by LBRI experts. In this way, an unknown alga can be automatically classified as belonging to the species whose features it most closely matches. 
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Figure 1: Image processing system
Due to the lack of naturally occurring algae species during the cooler months, a database of laboratory grown specimens of two genus (Microcystis and Anabaena) comprising five species (M. aeruginisa, M. wesenbergii, A. smithii, A. crassa, A. crassa MIK1, A. flos aquae) was used. A further 'artefact' class was added to represent non-algae image components, resulting in a 7-class classifier. 

A total of 123 features, including morphometric (4), Fourier (14), Boundary curvature (5) and GLCM texture (100) were extracted from each of 244 algae images. The large variability of inter-species characteristics means that a single feature may not discriminate well between all species. Thus, classification was implemented by a hierarchy of separate 2-class classifiers, rather than a single 7-class classifier. This allowed the use of several feature sets highly-optimised for detecting individual or groups of species.
Results and Conclusion

Extensive discriminant analysis indicated that three classes - A. smithii, A. flos aquae and artefact - could be discriminated directly on an individual class basis with sufficient accuracy. The four remaining classes were subsequently classified based on genus (Anabaena/Microcystis), and finally on species (A. crassa/A. flos aquae; M. aeruginisa/M. wesenbergi). The hierarchical structure of the resulting classifier is detailed in Figure 2. 
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Figure 2: Hierarchical classifier
Following classifier training, leave-one-out classification was used to provide a robust estimation of the real classification error. A total of 7 images were misclassified, indicating an error rate of approximately 2.9%. These results, in the form of a confusion matrix, are detailed in Figure 3.
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Figure 3: Classification results

Although preliminary, the results suggest that accurate classification of cyanobacteria species can be achieved from automated image processing systems. A larger database would allow greater scope for higher accuracy as well as an increase in the number of species that can be identified.
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