AUTOMATED MONITORING OF SIX CYANOBACTERIAL TAXA FROM LAKE BIWA BY IMAGE PROCESSING
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Lake Biwa, Japan, is a significant freshwater source supplying industry and 14 million people. Over recent years, its water quality has suffered due to an increasing occurrence of algal blooms, comprising of three main cyanobacteria genera: Microcystis, Anabaena, and Planktothrix. Manually identifying algal species and quantifying their numbers is both labour intensive and costly. In this paper we present an image processing system for automatically detecting and classifying six cyanobacteria taxa, and report preliminary classification results. We viewed water samples at high magnification, and transferred images of cyanobacteria to the computer for processing. After image segmentation, we extracted properties such as shape, spectral, and textual features. Classification was implemented by a hierarchy of  2-class classifiers. Out of a total of 244 images examined, 7 were misclassified, indicating an error rate of approximately 3%. Although preliminary, the results suggest that accurate classification of algal specimens can be achieved via automated image processing.
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Motivation

Algal blooms are a serious indication of water system ill-health, where a sudden localised increase in algal population occurs. Algal blooms are usually attributable to nutrient loading of nitrogen and phosphorus in the water system. In 1994, the influences of a severe summer drought and eutrophication produced serious algal blooms at several locations in Lake Biwa - the largest body of fresh water in Japan, servicing major population and agricultural centres. Specifically in Lake Biwa's Akanoi Bay, higher concentrations of blue-green algae and longer bloom durations were experienced than elsewhere in the lake. There is strong potential for the cyanobacteria produced in Akanoi Bay to spread to a huge area of Lake Biwa (KUMAGAI 1996). To understand the environmental precursors to algal blooms, and to allow corrective measures to be implemented prior to bloom manifestation, quantitative measurement of cyanobacteria species and population densities is essential. Because current methods of manual measurement are time-consuming and expensive, considerable advantage can be gained by implementing an automated measurement system via image processing and pattern recognition. The only major work in this area known to the authors is by THIEL (1994). We feel that the current technology of high-speed computers and digital cameras will yield systems usable in real-world applications. 

Methodology

A feasibility study is currently being conducted at Lake Biwa Research Institute (LBRI) to determine the efficacy of an 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 cyanobacteria are transferred to the computer for processing (see Figure 1). Following segmentation of each cyanobacterium, we measure properties such as shape, spectral, and textual characteristics for statistical analysis. These features are compared to a database of features from known algal species previously compiled at LBRI (WALKER & TSUJIMURA 1998). In this way, an unknown alga can be automatically classified as belonging to the species whose features it most closely matches.
Due to the lack of naturally occurring algae species during the cooler months, a database of laboratory grown specimens was used. The database included two genera (Microcystis and Anabaena), comprising five species, including 2 strains of one species (M. aeruginosa, M. wesenbergii, A. smithii, A. crassa, A. crassa MIK1, A. flos-aquae). Typical example images are shown in Figure 2. A further class labeled 'other' was added to represent non-algae image components
, resulting in a 7-class classifier.

Image segmentation was performed by a combination of histogram thresholding and fast morphological operations
. As a single image may contain several objects, including multiple species, a fast recursive region extraction algorithm (CHEN et al. 1995) was used to sequentially remove each object for classification. A total of 123 features, including morphometric (4), frequency domain (14), boundary curvature (5) and Grey Level Co-occurrence Matrix texture (100) were extracted from each of 244 algae images. The high similarity of some inter-class characteristics means that individual features may not discriminate well between all classes. Thus, classification was implemented by a hierarchy of separate 2-class Bayes quadratic classifiers (GONZALES & WOODS 1993), rather than a single 7-class classifier. This allowed the use of several feature sets highly-optimised for detecting individual or groups of species. Each classifier was designed using an optimised subset of four features from the original 123, using sequential-forward-selection/backward-elimination (HAND 1981).
Results and Conclusion

Extensive discriminant analysis indicated that three classes - A. smithii, A. flos-aquae and other - 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. crassa MIK1;   M. aeruginosa/M. wesenbergii) membership. The hierarchical structure of the resulting classifier is detailed in Figure 3.

Following classifier training, leave-one-out classification (FUGUNAKA 1990) 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 3%. These results, in the form of a confusion matrix, are detailed in Figure 4.

Although preliminary, the results are very encouraging and suggest that accurate classification of cyanobacteria species can be achieved from automated image processing systems. A larger database will allow greater scope for higher accuracy, as well as an increase in the number of species that can be identified. Such issues will be addressed in future work.

References

CHEN, Y.Q., NIXON, M.S. & THOMAS, D.W. 1995: Statistical Geometric Features for Texture Classification, Pattern Recognition 28(4), p537-552. 

FUKUNAGA, K., 1990: Statistical Pattern Recognition, Academic Press, New York.

GONZALEZ, R.C. & WOODS, R.E., 1993: Digital Image Processing, Addison-Wesley, USA.

HAND, D.J., 1981: Discrimination and Classification, Wiley, USA.

KUMAGAI M., 1996: Study on Climate-Induced Water Quality Change in the South Basin of Lake Biwa, Lake Biwa Research Institute Bulletin, No. 13, p16-19.

THIEL, S.U., 1994: The Use of Image Processing Techniques for the Automated Detection of Blue-Green Algae. Ph.D. dissertation, University of Glamorgan.

WALKER, R.F., 1997: Adaptive Multi-Scale Texture Analysis with Application to Automated Cytology. Ph.D. dissertation, University of Queensland, Australia. 

WALKER, R.F., & TSUJIMURA, S., 1998: Cyanobacteria CD-Rom Database Vol.1 and 2, Lake Biwa Research Institute, Japan.
Author's Address

Dr Ross F. Walker, Lake Biwa Research Institute, 1-10 Uchide-hama, Otsu City, Shiga Japan, 520-0806. 

Email: 
walker@lbri.go.jp

Web: http://members.tripod.com/~Dr_Ross_F_Walker
Figure 1: Image processing system for cyanobacteria classification.

Figure 2: Examples of cyanobacteria database images.

Figure 3: Hierarchical classifier, comprising a series of 2-class quadratic Bayes classifiers.

Figure 4: Classification results in the form of a confusion matrix. Rows indicate the true class, while columns indicate classified class. 
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Figure 1

Figure 2: (left to right): Anabaena smithii, A. crassa, A. crassa MIK1, A. flos-aquae, Microcystis wesenbergii, and M. aeruginosa.
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Figure 3
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Figure 4






� Currently, mainly optical artefacts, but to be expanded later to include all non-targeted algal species.


�  General details of segmentation, feature extraction/selection, and classification can be found in WALKER (1997).


� The features for each of these three classes exhibit statistical properties which are sufficiently different from the remaining six classes, thus allowing direct classification.





