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Automated classification of underwater multispectral imagery for coral reef monitoring

Several studies have suggested spectral bands that might be 
optimum for mapping and monitoring coral reefs from satellite 
or airborne imagery. The goal of the present work was to test 
whether the proposed spectral bands could be used to auto-
mate the classification of underwater imagery. The figure at left 
summarizes the recommendations from the literature.

A computer controlled underwater camera (MSCAM) with a filter 
wheel that holds six narrow-band (10 nm) interference filters 
was used to acquire multispectral images both in salt water 
tanks at the University of Miami and on coral reefs in the Baha-
mas and Florida Keys. Only six filters fit in the MSCAM at once, 
so two sets of six filters were used; these are marked by the 
vertical blue and red rectangles in the figure to the left. Bands 
centered at 546, 568, and 589 nm were used in both filter sets.
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Above: Inside of MSCAM. The lens, filter changer and CCD camera 
are labeled. Unlabeled components include the single board PC, disk 
drive, DC-DC converters and cables to interface the components.

Right: Picture of the MSCAM being deployed.

Above: Reflectance of the coral Siderastrea siderea at different spectral 
resolutions: blue = hyperspectral, red = MSCAM, green = standard RGB 
camera. Note how the MSCAM captures details of the hyperspectral reflec-
tance that are averaged over by the RGB imagery.
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The Problem: Many images to classify by hand

One Potential Solution:
Use high spectral resolution imagery, not broad-band RGB

Color matching on RGB images is not a solution

An Improved Solution: Combine high spectral resolution imagery with image texture metrics

Results with field and test tank data sets Conclusions
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4) Smooth to create final result

1) High spectral resolution imagery is an improvement relative to broad band 
(RGB) for classifying underwater imagery of coral reefs.

ND
568-546

 accurately segments coral + algae whereas color matching cannot.

2) Narrow spectral bands alone are not a complete solution for automated classifi-
cation of reef images, however.

Segmenting coral and algae, together as one class, from the background is not a useful 
end in itself. On the other hand, segmenting coral and algae with a narrow spectral band 
ratio was useful in this study when combined with image texture measures. The evidence 
for this was that thresholds of texture images computed with the GLCM algorithm were 
able to separate coral and algae after the background had been identified with the narrow 
band ratio, but they could not do so without the prior application of the narrow band ratio.

3) Acquiring underwater imagery in narrow spectral bands and pre-processing the 
data with a band ratio greatly simplified texture classification.

4) The combination of high spectral resolution and texture classification has a 
strong potential for further progress towards full automation.

• GLCM was used for convenience and to prove the point that high spectral resolution 
data can improve results with even the most simple texture metric. More advanced texture 
classifiers exist and may be expected to produce even better results.
• Much is known about the spectral reflectance of corals, algae etc.. but much less is 
known about their textural properties. Research in this area should also improve results.
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GLCM texture metrics calculated from the 
ND568-546 image without spectral threshold-
ing gave no indication that GLCM texture can 
be used to segment background from coral 
and algae. Texture values in areas of the 
background were very similar to those found 
over coral and algae (top row, right). 

GLCM texture metrics work well to distinguish 
coral from algae, however, after removing the 
background with the spectral threshold 
(bottom row, right).

Using a narrow-band spectral ratio simplified 
the texture classification problem.

2a) Spectral Ratio: ND
568-546

Example of processing for one dataset. Step 
1: False color image composed of three mul-
tispectral camera bands (589, 548, 487 nm) 
displayed in RGB. Step 2A: Normalized dif-
ference ratio of bands at 568 and 546 nm. 
Step 2B: GLCM texture images for correla-
tion, energy, and homogeneity. Step 3: Clas-
sified images computed from thresholds on 
GLCM images (2B) and masking with spec-
tral ratio (2A). Step 4: The final classified 
image created by smoothing the three 
images in step 3 with a majority filter. 

Colors in steps 3 and 4 are: coral (red), algae 
(green), background (black).

3) Threshold texture images and mask background with thresholded spectral ratio image

GLCM Correlation GLCM Energy GLCM Homogeneity

Metrics used to analyze the GLCMProcess used to create the GLCM

A gray-level co-occurrence matrix (GLCM) is computed by 
calculating how often a pixel with the intensity (gray-level) value i 
occurs in a specific spatial relationship to a pixel with the value j. 
The figure above illustrates the process using a spatial relation-
ship defined as the pixel of interest and the pixel to its immediate 
right (horizontally adjacent). Each element (i,j) in the resultant 
GLCM is simply the sum of the number of times that the pixel 
with value i occurred in the specified spatial relationship to a 
pixel with value j in the input image.

In this paper, four GLCMs were computed with spatial offsets 
one pixel to the right, left, top and bottom. The four results for 
each offset were averaged to produce a single image for each 
metric (2B, to the left).

Analysis of the GLCM is performed by computing several 
metrics (table above). First, the GLCM in units of counts is 
normalized to form a probability matrix (p) such that the sum 
of the elements in (p) equals one. Then the elements of the 
matrix (p) are summed in various ways to emphasize differ-
ent aspects of texture.

Correlation measures the joint probability occurrence of 
the specified pixel pairs. Energy, also known as uniformity or 
the angular second moment, provides the sum of squared 
elements in the GLCM. Homogeneity measures the close-
ness of the distribution of elements in the GLCM to the 
GLCM diagonal.

Left column: False color images composed of three multispectral camera bands (589, 548, 487 nm) displayed in RGB. Center 
column: Normalized difference ratio of bands at 568 and 546 nm with low values set to zero. Right Column: Final smoothed 
classified images with three classes: coral (red), algae (green), background (black).
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Accuracy was assessed 
by point-counting the 
false color RGB images 
with 400 points.

Many coral reef monitoring programs use underwater video or still imagery to speed up data acquisition. Processing such 
imagery to extract useful ecological information, however, is very labor intensive because it requires manual analysis via 
point counting or tracing individual objects.

Bernhardt and Griffing (2001) showed that au-
tomated classification using color segmenta-
tion of standard underwater imagery was not  
successful and that interactive classification, 
while more successful, was very time consum-
ing.

Far left: RGB image from a Sony P-93 RGB 
underwater camera. Left: Segmented image 
created with the Photoshop color matching 
tool by interactively picking pixels on the Sider-
astrea siderea coral colony in the upper right 
of the image. Note the high confusion between 
live corals and the image background.

Hochberg and Atkinson 
(2003) demonstrated that 
spectra of basic reef compo-
nents, coral, algae, and 
sand, were easily distin-
guished with hyperspectral 
reflectance, but not well dis-
criminated with few broad 
bands. The figure at right is 
adapted from their paper and 
shows the decrease in classi-
fication accuracy as spectral 
resolution decreases.

Above: Proposed bands for coral reef mapping: Each row of points corre-
sponds to the bands proposed by a particular study. Solid points mark band 
centers, while squares and diamonds mark the locations of derivatives.

Classification using the algorithms suggested by the literature were not successful. It was noted, however, that a ratio of 
546 to 568 nm was able to segment coral and algae, together, from other objects but was not able to separate coral from 
algae. Left: False color composite of MSCAM bands at 600, 589, 568 nm. Center: Normalized Difference Ratio = (568 nm - 
546 nm) / (568 nm + 546 nm). Right: Segmented version of the left image created from a threshold of the ND

568-546
 image.
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Mask Resulting Classification

In all panels Blue = Sand; Red = Coral; Green = Algae 


