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Most of the applications in microscopic image analysis are still salved
by a heuristic method that focuses on the specificity of each problem. This
is particularly true for applications involving color images. Because of this,
the design of robust algorithms has remained time consuming and is usually
performed by an image analysis expert with many years of experience.
How then can the knowledge of the expert be transferred to the less
specialized microscopist? How can the specificity of a typical application
be related to general color image analysis tools?

Only a general approach can work towards decreasing the heuristic
aspect of the design phase and help the common user perform image
analysis without the assistance of an expert. To illustrate such an
approach, two typical applications, one in material science, and the other in
the biomedical fiefd are presented:

Segmentation of aluminum grains seen under polarized light

Detection of DNA-muIti-probes in fluorescence imaging in-situ
hybridization (FISH).

Although these applications are very different in nature, the image
analysis framework is the same. The implementation of such a framework
in a fully integrated image analysis system is also discussed.

Detecting and measuring objects of interest described by specific
colors, shape and contrast requires tools that fall within the following
categories:

1) Color acquisition and color space conversion
2) Color Filtering
3) Color Segmentation
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4) Edge Detection
5) Measurement and mapping over the full sample
Several color models are available to process color images. The well-

known RGB format is very common for display purposes. However, it is
inadequate for image analysis since the linear combination of the three
components is not easily deduced for expressing a region with similar colors.
Consequently, the process of color segmentation is very difficult. An alternate
color space, HSI (Hue, Saturation, Intensity), is more suitable and is closer to the
way color is expressed in everyday life. Because video cameras deliver an RGB
signal, a conversion from RGB to HSI is required. Since display systems are
restricted to RGB output, representing an HSI image is not a simple issue.
Specifically, a further conversion back to the RGB space becomes necessary.

Other factors also mitigate the acquisition process. For example, uneven
lighting at the microscopic level must be compensated by a special form of
shading correction performed in the HSI space. In FISH applications, low-light
fluorescence imaging also demands a special acquisition mode because
standard CCD cameras are not sensitive enough to capture as many photons as
required, Consequently, increasing the exposure time of the CCD element is
often necessary to deal with such conditions.

The raw HSI image contains objects of interest as well as artifacts,
background structures, etc. To facilitate the segmentation process, color filtering
can be used to enhance the objects of interest while discarding other features.
Mathematical Morphology has proven to be a very powerful approach to segment
and filter gray-fone and binary images. However, common operations such as
erosion, dilation, opening and closing do not have clear counterparts in color
imaging. Such transforms can nonetheless be implemented into the HSI space
by performing morphological operations on the intensity component and
propagating the Hue-Saturation pair over the neighborhood of the structuring
element. The generalization of Mathematical Morphology to color image
processing has lead to the creation of several powerful non-linear filters.

After proper filtration, objects having specific colors are detected by
segmentation in the HSI color space. Low and high limits for hue, saturation and
intensity can easily be defined as long as the HSI space is presented to the user
in a relevant manner. An HSI color histogram can also be used to facilitate the
color thresholding process.

Performing color thresholding immediately, even after filtering, is not always
the most efficient approach however. For example, when adjacent color
structures are in contact, color segmentation can be more easily obtained by
detecting the color boundary. In such cases, a color edge gradient can be
performed. The resulting noisy image is then further processed by applying a
watershed operation to yield a clear boundary structure despite the poor local
contrast of the gradient image. This image can then be segmented by
thresholding.

Filtering is usually required to clean the binary image obtained by the color
segmentation before measurements and shape factors can be computed for the
objects of interest. Once the filtering is complete, object measurements can be
performed to yield a final classification. The amount of data generated can be
somewhat overwhelming, particularly if data was gathered over several fields.
This can make the review and validation process tedious if the proper tools are
unavailable. One effective approach is to map the results over the full sample
and superimpose the map over the original image. The operator then inspects
the map to validate the results. •
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