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ABSTRACT

Image segmentation is the basic process in many
image/video applications, such as computer vision, image
analysis, medical imaging and recent object oriented
MPEG-4. Among proposed image segmentation
algorithms, watershed is one of the most popular,
however, watershed algorithm suffers from over-
segmentation problem. Resolving the over-segmentation
problem to obtain a concise region representation has
been the focus of many researchers. In this paper, we
analyze and improve the pre-processing of watershed
algorithm and proceed to the region merge using JND
(Just Noticeable Difference) of human visual property.
Our goal is a image segmentation algorithm with the
following three characteristics. (1) Concise region
representation which is consistent with human visual
perception. (2) Robust segmentation for variety of image
types and (3 Efficient in computation. We compare the
proposed algorithm with two more sophisticated and
computational intensive segmentation algorithms, the
results show that with the simple yet very effective IND
merge criteria, the proposed algorithm is capable of
generating region representations, which are concise and
are more consistent with human visual perception for a
variety spectrum of images

1. INTRODUCTION

Image segmentation is the basic process in many
image/video applications, such as computer vision, image
analysis, medical imaging and object based image/video
processing. The success of these image applications in
real-time substantially depends on a computationally
efficient segmentation algorithm that is capable of
generating robust and concise segmented representation.

Watershed algorithm has been widely adopted in image

segmentation applicationg 6]~[9] and is chosen asthe
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standard segmentation algorithm in MATLAB 6.0 image
processing toolbox. The concept of watershed
segmentation was borrowed from geography; Vincent[6]
proposed the immersion technique to find the watershed
in digital space. However, watershed algorithm suffers
from over-segmentation problem[6]~[10]. To resolve this
over-segmentation problem, many methods have been
proposed to resolve this problem[2]~[7][9]

In this paper, we resolve the over-segmentation
problem by analyzing the effect and limitation of the pre-
processing in a watershed-based segmentation. We then
proceed to propose a simple yet effective region merge
criteria based on the IND (Just Noticeable Difference)
property of human visual perception, which is simple in
computation and is able to produce concise region
representation, which is consistent with human visual
perception. In addition, the proposed algorithm is applied
successfully to various types of images.

We compare the proposed agorithm with two well
known segmentation algorithms[2][6]. Results show that
although our algorithm is relative much simpler in
computation yet the produced region representation is as
concise and more consistent with human visual perception.
The paper is organized as follows. The human visual IND
property, watershed segmentation agorithm, pre-
preprocessing and post-processing are reviewed in Section
2; We analyze and examine the effect and limitation of the
pre-processing of a watershed segmentation agorithm in
section 3. IND merge criteria for watershed segmentation
is proposed in section 4. Performance evaluation and
comparison with two former proposed and sophisticated
algorithms are conducted in section 5. Conclusion is made
in section 6.

2. Review
2.1 Human visual properties- JND (Just
Noticeable Difference)

JND is the sensitivity of human visual system to the
changes in luminance. A typical IND function is shown
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in Figure 1, where luminance isin terms of gray level. For
example, gray level 0 has a JND value of 20, indicating
that human eye cannot distinguish between [uminance
intensities between gray level 0 and gray levels 20.
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Fig.1 A Typical JND function

2.2 Watershed algorithm and the
over-segmentation problem

The concept of watershed originally came from geography.
Vincent[7] extended the concept to digital space by
applying the immersion technique. Segmentation by
Watershed normally suffers from the over-segmentation
problem as shown in Fig.2, a total of 3622 regions are
used to represent the Lenaimages, which isimpractical.

Fig.2 The over-segmentation problem. Lena(256 X 256) (left) and
segmentation representation (3622 regions) by watershed
algorithm (Right)

In order to obtain a concise region representation, pre-
processing and post-processing are applied to resolve the
over-segmentation problem[7]~[9]. Pre-processing
(smoothing and gradient thresholding) prevents the
generation of insignificant regions in the watershed
process, while post-processing (Region merge) merges
regions according to certain criteria for a more concise
region presentation See Fig. 3.Gauch’s smoothing and
gradient thresholding belong to the pre-processing while
Harris sRAG[2] (Region Adjacency Graph) region merge
belongs to the post-processing.
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Fig.3 The Pre- and Post-processing for resolving the
over-segmentation problem in watershed based segmentation.

3. Effects and Limits of Pre-Processing

In this section we shall examine the effects and
limits of smoothing and gradient thresholding in
the pre-processing

3.1 Effects and limits of the smoothing process

Smoothing can effectively prevent the creation of
insignificant regions in a watershed image GT(m,n).
However, smoothing has its limits: Over-smoothing may
weaken important edges, therefore, causing incomplete
region representation. Figure 4 shows the watershed
Cameraman with no smoothing filtering and applying a
3x3 averaging filters at gradient threshold of 80. The
second (lower) tower at the rightmost side in the
background is completely missing for filter 5x5.Thus,
there is a trade offs between the region reduction and
region incompleteness when the filter size is considered.

We decide to adopt the simple 3x3 averaging filter
because it yields sdatisfactory region reduction while
preserve most important edges. and quite simple in
computation. Although more sophisticated Gaussian filter

9 may be used for greater region reduction, our strategy
would rely on the gradient thresholding (to be illustrated
in this section) for further region reduction, because it
requires much less computations than smoothing and yet
very effective.

watershed with Gth=80 and (a) Without smoothing 1873 regions,
(b) with 5 X 5 filter, 550 regions

3.2 Effectsand limits of Gradient Thresholding

Increasing gradient threshold Gth may achieve greater
region number reduction as shown in Figure 11. The
effects of gradient thresholding on Cameraman are shown
in Figure 5. Gradient thresholding is much simpler in
computation than smoothing filter and yet very effective
inregior ront ition

(@ Gth =40, 1454 regions (b) th=80, 740 regions

Fig.5 Effects of gradient thresholding on watershed Cameraman
Figure 6 show the percentage of remaining region number
in the watershed images as a function of gradient
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threshold for the 5 test images (Cameraman, House, Lena,
Claire, and CT (Computerized Tomography)). As
expected the region number drops as gradient increases.
However, the decreasing rate depends on image contents.
House and Clair have the steepest decreasing rate, Lena
and Cameraman have moderate decreasing rate while CT
has the slowest decreasing rate.
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Fig.6 Percentage of region number in watershed image
as a function of gradient threshold

3.3 Combined Effects of smoothing and
gradient thresholding

Since region number reduction in the pre-processing is
computationally more efficient than in post-processing
(region merge requires significant higher computations), it
is desired to reduce region number as many as possible in
the pre-processing stage, yet the significant boundaries
should be preserved. With 3x3 averging filter, the
recommended gradient threshold is Gth=40 for Lena (to
keep the weak but perceptually important hut top edges),
while Gth=80 for Cameraman, Lena, House and Gth=120
for CT are safe in keeping most contents. In this section,
we demonstrate that over-segmentation problem can be
greatly prevented by pre-processing (smoothing and
gradient thresholding) before the watershed process.
However, pre-processing has its limitations, region
number after pre-processing is still too many for most
applications. If more concise region representation is
required, then post-processing (i.e. region merge) can be
applied.

4. JND Based Region Merging

Region merge is the major method to further reduce the
region number. Two neighboring regions can be merged
into a single region if they are similar enough. Harris [8]
used the RAG to find the pair of region with closest mean
gray levels for merging. Which is computationally
intensive. In this paper, we propose JND region merge
method as follows: two neighboring regions with mean
gray level of 11 and 12 are merged if |I1 — 12| < MIN
(IND[I1],INDI[12])+ & , where « is the merge controlling
factor. Why JND merge criteria? Fig. 7 shows that human
perceptual sensitivity is not constant, rather, it is a
function of intensity (see JIND curvein Fig. 1.) « =0.
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Fig.7 (a) Tested gray image (b) Region merge using fixed
threshold (c) Region Merge using JND criterion (more consistent
with visual perception).

For regions with population smaller than 1% of the total
pixel number is considered as small regions, which is
encouraged to merge to its neighbor by adding 10 to the
I1 and 12 ae merged if JI1 — 12] < MIN
(IJND[11],IND[12])+ o« +30. Experiments show that a
great percentage of regions are classified as small region..

5. Experiment Results
5.1 Experiments results

(@ ¥ =n 1 regions (b) & =20, 13 regions (c) & =40,10 regions
g, Gth

geinne MMy =pn P8 redions (A 4 =47 16 regions
' =80, (a)

(a) & =0,15 regions (b) & =20,6 regions (c) & =30 ,5 regions

Fi th= \\ SR

(a)Original (b) & =0, 43 regions (c) & =40 ,11 regions
Fig.11 CT(256 X 256), Gth=80,

5.2 Performance Evaluation and Analysis

5.2.1 Objective Evaluation Criteria for Quality of
Image Segmentation

We propose subjective criteria for evaluation of
segmentation quality as the complement to subjective
evaluation by human eyes.
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{1, if ‘p(i,j)f p(i.)|> IND (i, )
o (i) = .

o, if ‘P(ivi)* p (i, j)|< IND(i,])

N, M is the length and width of the image; p(i, j) is gray-

level value of pixel (i,j); E)(i, j)is the average gray-level
value after segmentation; JND(i,j) is the visibility
threshold of the pixel (i)

A segmented image is obtained by assigning each pixel
with region’s average gray-level. A segmented image with
higher IND_PSNR indicates a better approximation of the
original image.

N, N _ _
Z[Xj,k = X| = IND(X )] x 3}
IJND _Variance = X112
N,
1, if |x;, - X, |> IND (x,)
Sy = ) )
0, if |X;x— X, |< IND(x,)

X; x isthe ] th pixel of thek th region; Xk is average

value of all pixels of the K th region.A segmented image
with lower JND_Variance indicatebetter approximation of
the original image

5.2.2 Performance Evaluation

Cameraman Cameraman
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Fig12. Performance comparison of fixed threshold and JND
merging criterion (a) IND_PSNR (b) JND_Variance

5.3 Comparison with Haris RAG merging

JIND based segmentation result is more consistent with
human visual perception, requires fewer computations,
And there is no need to predetermine the region number.

m - i

Fig.13 Comparison of RAG and JND criteria (a)MIT original
image (b) Using RAG merge criteria (80 regions) (c) Using JND
criteria (76regions, Gth=80, & =0)

Fig.14 (a)Claire original (b)Gao’s result (c)JND,10 regions
Note that eyes are missing in Gao' s result.

6. Conclusion

In this paper, we adopt JIND human visua properties for
resolving the over-segmentation problem of watershed.
Experiments and analysis show that not only the
segmented representations are more concise and conform
to human perception, but also the computational load is
greatlt reduced than Harris [2] and Gao’'q[11] method.
The JND approach produces robust segmentation to
various type of images.
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