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Problems Addressed

• Over-segmentation

• Edge Distortion

• False Boundaries

Watershed, hierarchical segmentation and waterfall algorithm. Proc.
Mathematical morphology and its applications to image processing,
fontainebleau, sept. 1994, jean serra and pierre soille (eds.), Kluwer
ac. Publ., Nld, 1994, pp. 69-76.



Main Changes

1. Modified watershed merging criterion –
based on homogeneity and edge height

• Existing methods use them separately

2. Nonlinear pre-filtering and post-filtering to 
address over-segmentation

• Existing methods use Gaussian Blur

3. Dynamic weighting algorithm that adjusts 
emphasis on these two criterions

• Targets false boundaries specifically



Pre-Processing Steps

J.M. Gauch,  "Image segmentation and analysis via multiscale gradient watershed 
hierarchies", presented at IEEE Transactions on Image Processing, 1999, pp.69-79. 



Conventional Watershed

• Typically begins with linear Gaussian pre-
filtering

• This removes plateaus (regions of uniform 
pixel value) via Floating-Point Conversion

• Followed by a gradient operator, yielding the 
Gradient Magnitude Image

• Overall Result can be viewed as surface where 
largest gradient magnitude values are 
boundaries of features in the image



Sobel Operator

• Convolution with a 3x3 
kernel in either x or y 
direction yields 
approximate derivatives

• These gradients are 
combined to yield 
magnitude

Irwin Edward Sobel. 1970. Camera Models and Machine Perception. Ph.D. 
Dissertation. Stanford University, Stanford, CA, USA. AAI7102831.



GMI Interpretation

• The largest gradient magnitude values are 
Watershed Lines, or lines that represent areas 
of greatest contrast

• These lines separate Catchment Basins, or 
regions with lesser gradient than their 
surrounding Watershed Lines

• Each Catchment Basin also has a Local 
Intensity Minimum,  a place where gradient is 
lowest





New Method (Pre-Merge)

• Median pre-filtering

– Does not require floating-point conversion

– Eliminates false LIMs which were found in the 
previous method

• Post-processing via Thresholding

– Max(Pixel, Threshold) eliminates isolated low-
intensity regions

– These are often background regions



Example Result



Unprocessed GMI Section



Filtered (Median 3x3)



Filtered and Thresholded (Th = 20)



Pre-Merge Comparison

Old Method

• Gaussian Filtering followed 
by Gradient Magnitude

• No Post-filtering

• False LIMs

• No plateaus (FP conversion)

Proposed Method

• Median Filtering, then 
Gradient Magnitude, then 
Median Filtering again

• Thresholding Post-filter to 
process background

• No False LIMs

• Can have plateaus (no FP 
conversion)



PERFORMANCE EVALUATION





No Median Filtering with Thresholding
of GMI



3x3 Median Filtering with 
Thresholding of GMI



5x5 Median Filtering with 
Thresholding of GMI



3x3 Median Pre- and Post- Filtering 
with Thresholding



Post-Processing Steps

J.M. Gauch,  "Image segmentation and analysis via multiscale gradient watershed 
hierarchies", presented at IEEE Transactions on Image Processing, 1999, pp.69-79. 



Region Identification



Region Adjacency Graph



Graph Cost Functions

1. Edge Orientation

2. Region Homogeneity

3. Edge Integrity
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Edge Orientation Cost Function

• Penalizes 135 degree 
edges

• Merges regions with 
the highest 
proportions of 
diagonal pixels 
(regions with 
greatest delta) first

• Stopping criterion 
based on lowest 
delta value (i.e. 0.8)



Cost Function Results
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Region Homogeneity Cost Function

• Regions with greatest 
similarity have the 
lowest edge weight

• Merging order starts 
with regions with 
lowest edge weight 
(more homogeneous 
regions merged first). 
Region size was also 
tested.

• Stops when a certain 
number of regions is 
reached





Cost Function Results
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Edge Integrity Cost Function

• The max of two 
contour pixels from the 
GMI is found

• Over Threshold is 
‘strong edge’

• Threshold chosen with 
median of all height 
values

• Proportion is again 
used to define graph 
edge weight





Cost Function Results



Hybrid Method

• Weighting function 
based on Edge 
Integrity and Region 
Homogeneity

• Represents a 
measure of 
dissimilarity

• Merge order based 
on smallest W





Dynamic Weighting

• Alpha parameter 
changed with 
proportion of small 
regions

• A region is considered 
‘small’ if its size fraction 
is less than a threshold





Trace of alpha (Shuttle)



Regions



Summary

• The combined method appeared to retain the 
benefits of both methods while leaving behind 
the pitfalls of each

• The described Pre- and Post- processing could 
possibly be used in conjunction with the 
Dynamic Weighted Method for a better result



Critiques

• Only showed results from 
one case

• Spurious region 
elimination specific to 
noise

• “Leaks” still occur, 
causing some regions to 
be contiguous with 
background
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