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Abstract. This study we focus on the morphological-based image segmentation
problem, based on the watershed pre-segmentation with color-alone feature.
Based on the color mathematical morphology (MM) method, the similarity
measure of merging process between neighboring pixels and regions can be per-
formed as a ranking problem. To avoid the creation of a false color and false
segmentation, a hybrid-ordering algorithm instead of vectorized and marginal
ordering approaches. Unlike other ordering methods firmly the black color as
the reference color to sort pixels, it creates the problem that the scope of the dis-
tance measurement is not optimum. We present an automatic reference color se-
lection (ARCS) scheme to obtain the segmentation results more line with hu-
man visual perception. Based on a new quartile-based region merging approach,
the threshold determination reacts less sensitivity to the context variations of
images. To evaluate the system, four quantitative indices are utilized to com-
pare it two typical segmentation schemes in the experiments. It shows that the
result of the proposed method is robust to segment the image.

1 Introduction

Numerous segmentation methods have been proposed extensively using the primary
features of image such as color and texture. In last decade, the algorithms to integrate
the color and texture descriptors have attracted much attention in the research litera-
ture, e.g., model-based energy function [1], graph-based representation [2], Gaussian
mixture models [3], Markov random field (MRF) [4], spatially adaptive dominant
colors [5], and some well-known systems with the implicit color-texture feature inte-
gration such that JSEG [6], GRF [7], CTex [8], GSEG [9], and normalized cuts [10]
have been carried out in this area. Additional information on color-texture descriptors
can be found in review publications [11]. Nevertheless, in order to trade-off between
segmentation accuracy and computational cost of the system, many research efforts
have taken place regarding the color-alone [12]-[14] and texture-along [15]-[17] im-
age information.

In recent years mathematical morphology (MM) [18]-[20] has been widely used in
image processing Compared with the single dimensional image (e.g. binary and
grayscale), there is no standard ordering mechanism for color feature vectors. In re-



cent years, a great amount of literatures report the sequential ordering approaches of
the color morphology, which can be categorized into four fundamental modes: Mar-
ginal-ordering (M-ordering) [21], Reduced-ordering (R-ordering) [22], Conditional-
ordering (C-ordering) [23], and Partial-ordering (P-ordering) [24].

In the present study we proposed an improved color ordering method called CRC-
ordering. Similar to [25] that integrated the R-ordering and C-ordering methods in
ranking determination, but unlike other methods firmly using conventional Euclidean
distance with black color as the reference color to sort pixels [26], it creates the prob-
lem that the scope of the distance measurement is not optimum. Therefore, we present
an automatic reference color selection (ARCS) mechanism using the HSI distance
measurement. It allows dealing with diverse color models, while avoiding the ambig-
uous situation of ranking comparisons in color vectors. Finally, we present a novel
automatic threshold determination method to region merging process using the quar-
tile analysis. To demonstrate the feasibility of the new region merging algorithm, we
compared with the performance in experiments section.

2 Color Basis and Ranking Algorithm

2.1 Color representations and color distances

The typical color model used in image processing is a Red-Green-Blue (RGB) repre-
sentation. However, the RGB color model suffers from an intrinsic drawback, its high
correlation between color channels. Furthermore, it is unable to obtain the original
intensity information of the image in order to reduce the computation burden in the
image acquisition phase. To overcome this problem, we employed the HSI (Hue-
Saturation-Intensity) color model. It is not only more coherence with the characteris-
tics of human perception, but also more appropriate for the regional split-and-merge
operation in image segmentation.

The HSI color model is designed as a cylindrical-coordinate representation with
different scales for each color component. In practice the HSI distance is used to
measure the distinction between the testing color and the reference color. Let’s sup-
pose that there are two color points in the HSI color space, and that they are repre-
sented by p(Hp, Sp Ip) and q(Hq, Sq» Iq) respectively. Let dygi(p, q) denote the
distance between these two points.

2.2 Color morphological operators

Based on the measurements of the color distance and the ordering scheme, we can
then apply the primary operators of the color mathematical morphology (CMM). The
basic operators in the CMM are erosion and dilation operators:

A. Erosion and Dilation
The erosion of image f with an n-sized structure element B on pixel x is defined
as:
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Similarly, the dilation of image f with the n-sized structure element B on pixel x
can expressed as:

82 () = {f ) f) =Vere [f (D] z € n(B,)}, 2)

where Acge and Vege denote the infimum and supremum according to the proposed
CRC-ordering, and B, denotes reflected structuring element with pixel x.

B. Gradient

The gradient reflects the status of the decline in intensity. The gradient value of a
real object boundary is normally larger than that of the internal region of the object.
The purpose of the gradient operator is to generate a symbolic energy distribution of
the information on the texture of the image. After the dilation operation for image f
and after subtracting by the eroded image, the remaining value of the gradient is the
norm value, which is

Vere (f) = 1628k¢(f) — e (Ol (3)

In this paper, the gradient extraction acts as a pre-processing of the watershed seg-
mentation.

2.3 A Hybrid ordering algorithm

We proposed a hybrid color ordering method, this not only maintains the merit of R-
ordering by reducing the dimension of the feature vector thereby decreasing the com-
putation cost, but it also avoids the ambiguous situation created by C-ordering when
measuring the importance of the color vector. In addition, we apply the strategy of
automatic reference color selection (ARCS). The CRC-ordering approach is illustrat-
ed by using the following three phases.

A.  Automatic reference color selection (ARCS) scheme

There is scant if any information in the literature on selecting the reference color
Crer- Generally speaking, the major criterion for color selection is to select the pixel
that is most distant from the testing color pixel. In short, the most appropriate refer-
ence color is selected by using the complementary color of the dominant color. This
method provides the distance measure for achieving the highest discriminative ability.
The statistical histogram h(j) of image f is obtained by Eq. (4) shows:

h() = ZiA[Lusi(cl i, cl) —j], foro<j<2r,vief 4)

where, A(+) denotes the Kronecker delta function (i.e., A(x) = 1forx = 0,A(x) =
0 otherwise), Lyg;(+) denotes the mapping function which enables the 3-dimensional
HSI color model to transform as a 16 bits value with 8 bits from the H component,
and 4 bits from the S and I components respectively, and p denotes the number of bits



mapped from the three components in the HSI color space (p = 16 in this paper), and
j denotes the bin value of the color histogram. The bin with the maximal value then
computes the complementary color to serve as the reference color, that is:

j* =arg;maxh(j), for0<j<2° 5)
and
Cref = complement(Lyk (), (6)

where j* denotes the bin of the histogram with maximal value , and L%, (-) denotes
the reverse mapping function which is used to obtain the HSI color value from the
input bin.

B.  Global ranking
The R-ordering is a color ranking operation based on the distance between the col-
or of the pixel being tested and the reference color projected onto the color space:

HSI

HSI
Cp <Cref Cq = “Cp - Cref”dHSI > ”Cq - Cref”

()

dysi

where ¢, and ¢, denote two pixels with different color components, <. y denotes
the pixel-based comparison operator with the selected reference color cpef, || -

||’;fI’SI denotes the HSI distance measurement dyg;, and the superscript HSI means the

used color model.

C.  Local ranking

The C-ordering is utilized for avoiding an ambiguous situation. For example, if
there are two color pixels with different color components in the color space, but the
distance from the reference pixel is identical, then the result is that they will be classi-
fied as the same color. To prevent this problem, the proposed CRC-ordering algo-
rithm takes the C-ordering method into consideration. This method has also been
called lexicographical ordering, and is expressed as,

) HSI HSI
llep = Cref”,,lﬂsI > leq - CrEf”dHSI
HSI HSI
llep = Cref”dHSl = |leq = Cref”dHSI and
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where ¢, = (¢p, ¢, ¢p) and ¢ = (¢4, ¢3, ¢q) represent two with HSI pixel color
information.



3 Image Segmentation Based on the CRC-ordering and
Quartile Analysis

In this study, the formal procedure of bottom-up image segmentation includes three
parts: i) watershed pre-segmentation based on the color gradient image, ii) Region
merge using CRC-ordering, and iii) Adaptive threshold determination using quartile
analysis.

3.1 Image pre-segmentation

The purpose of this phase is to extract the initial partitions of the image, by adopting
the color gradient and the watershed-based segmentation.

The watershed-based algorithm is the one of the most efficient image segmentation
methods, and was first presented by Vincent and Soille [27]. The main idea of the
watershed algorithm is to consider the original image as a stereo mountain diagram.
The gradient energy is treated as the rise and fall of the mountain.

3.2  Region merge using CRC-ordering

Suppose that the initial partitioning of the region is performed by watershed segmen-
tation, and is denoted as S = (Ry, ..., R,). The goal of image merging is to achieve a
merger discrimination matrix P which represents the result of the final segmentation.
We then tag the watershed image as the initial image, and apply the merge step using
the bottom-up scenario to do a global search for the two tags (i.c., regions) with the
minimum difference. This difference stands for the mean value of the color distance
Dy derived from the reference color which uses the dominant color of the whole im-
age (i.e., global rank). If we assume that R; = (py, ..., p,,) and R; = (qy, ..., G ) TEpre-
sent the two groups of pixels in the adjacent regions, the global distance for R; can be
computed by,

D) = 50t ) g

where Cfe 5 can be obtained by Eq. (6) indicating the global reference color, as well
as Dg(Ri, cfef). According to Eq. (7), the ranking relationship between the two re-
gions of these average color distances can be measured by R-ordering:

R; <Cgef Rj < Dg(Ri’Cv:qef) > Dg(Rj’C;“gef) (10)

To deal with the drawback of R-ordering creating an ambiguous situation, we ap-
plied the C-ordering scheme in this system. From a local viewpoint, we computed the
difference value D; between these two adjacent regions. More specifically, we meas-
ured the average color distance using the dominant color as the reference color, that
indicates as the dotted brown and green dash lines in Fig.1. It defines as:
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where cf e] f denotes the reference color regarding to region R;, which can be ob-
tained by Eq. (6).

Based on the Egs. (10) and (11), the CRC-ordering operation <Zj. can be derived
from:

{Dg(Rl" C;“gef) > Dg(RJ" Cv:qef) or
R; <Bec R; = { Dg(Ri,clep) < Dy(Ry, cfp) and (12)
{Di(Ric;)) < Dy(Ry, el )

As a result, the merger discrimination matrix P can be constructed using the global
threshold THy and the local threshold TH, for the global region distance Dy and the
local region distance D, that is

P(RuR,) = {true if Dy(Ri,R;) < THy and Dy(R, R;) < TH, 13

flase otherwise.

Finally, the task of the CRC-ordering can be achieved by determining the mini-
mum difference value. When the D, (Ri, R]-) is less than the global threshold TH, as
well as the Dl(Ri,Rj) is less than the local threshold TH;, these two regions can be
merged. The algorithm terminates when this difference value is larger than a prede-
fined threshold.

As previously mentioned, the CRC-ordering method needs to determine a thresh-
old value for dealing with the region merge. For different images, a specific threshold
is required. To solve this problem, we use the quartile analysis method for the adja-
cent regions and determine a best threshold for merging.

A.  Quartile analysis

The quartile analysis is a type of statistical method [28], [29]. The quartiles of
aranked set of data values are the three points that divide the data set into four equal
groups. As a result, each group comprises a quarter of the data and distinct by the
points on the 25%, 50%, and 75% of the highest value of the data set, which marked
as Q;, Q,, and Q3 , respectively. Furthermore, the value of Q; — Q5 is called
as Interquartile range (IQR), which is usually applied for characterizing the data when
there may be extremities that skew the data. The IQR is a relatively robust statistic
compared to the range and standard deviation, which represents the distribution
among 50% data set approaching to the median value. To check the existence of the
outliers and determine the “fences”, quartiles can used to check for outliers via the
upper and lower limits of the data. That is, any observation called outlier when
it outside the range: [ Q; —k(Q; — Q1), Q3 + k(Q3; — Q) ], where k denotes a
nonnegative constant.



B.  Region merge algorithm using the quartile analysis

Based on the quartiles of Q; and @3, we analyze the distributions of two neighbor-
ing regions R; and R;. First, the values of HSI color distance regarding to the refer-
ence color cfe s are viewed as the data set for quartile analysis. Second, we obtain the
values of the Q;, @, and Q5. Finally, we consider these two regions R; and R; wheth-
er to merge or not based on observing the value of the IQR.
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Fig. 1. Quartile analysis to four cases for merge determination, (a)first priority to merge,
(b)second priority to merge, (c)third priority to merge, (d) do not merge.

Here, we suppose that the amount of pixels in the R; is greater than it in the R;.
There are four cases will meet in the quartile analysis (as shown in Fig. 1):
The first case: the HSI distance distribution of the R; is completely included in the

R;, that is Qf (R;,c2,,) > Qf (R;, c2,;) and QF (R;, c2,;) < QF (R;, ). It indicates
that the color distribution of the R; belongs to the R;. In this case, regions R; and R;
are allowed to merge and assigned a highest priority for region merging, as shown in
Fig. 2(a).

The second case: the HSI distance distribution of the R; is partially included in the
R;, we have

a) Qig(Rj' C;”gef) > ng(Ri’ Cfef) and ng(R]" C;?ef) < Qég(Ri’Cfef)' or

b) Qéq (Rf' C;gef) > Qiq (Rl" Cfef) and Q?{] (Rj' Cfef) < Qéq (Rl" C;gef)'

It shows that a part of the color distribution of R; is included in R;. In this case, re-
gions R; and R; are enabled to merge with the second priority, as shown in Fig. 1(b).

The third case: the HSI distance distribution of R; is excluded in R;. However, the
distribution range of R; still located in the maximum and minimum observation values
of the R; (i.e., 1.5 times of the IQR), it satisfies the following conditions:

a) Qiq(Rj' C}qef) > Q1g—1.51QR(Ri' C}qef)

b) ng (Rj' C?qef) < Q3g+1.SIQR (Ri'cfef)



c) QE?(RJ" Cfef) > ng—l.SIQR (Ri'cfef)

d) Q4 (RJ" C}gef) < Q§q+1.51QR (Ri' C}qef)

This denotes that the color distribution of R; is not belong to R;, however it re-
mains the tolerant range for R;. In this case, regions of R; and R; are permitted to
merge with third priority, as shown in Fig. 1(c).

The fourth case: the HSI distance distribution range of the R; is not only com-
pletely included in the R;, but also outside of the maximum and minimum observation
values of the R; (i.e., 1.5 times of the IQR). Therefore, it represents that the pixels in
the regions R; and R; are completely different set. Referring to the Fig. 1(d), we una-
ble to merge together these two regions in this case.

4 Experimental Results

To evaluate the performance of the proposed method, we used an experimental PC
with Intel® Core™ i5 750 CPU, 2.66GHz, and 4GB main memory. The software
used was Dev-C/C++ 4.9.9.2 and MATLAB 7.11.0. The testing images were obtained
from the Berkeley Segmentation Dataset [30].

We compared the results of the proposed CRC-ordering scheme with other typi-
cal approaches in image segmentation application, including the marker-controlled
watershed method [31] and the mean-shift clustering method [32]. We considered
four standard indexes to evaluate quantitatively flexible evaluate the performance of
our proposed method. In this study, four indexes were used to evaluate the quantita-
tive comparison of typical methods, including Normalized probabilistic rand index
(NPRI) [33], Variation of Information (Vol) [34], Global Consistency Error (GCE)
[35], and Boundary Displacement Error (BDE) [36].

4.1 Experiment 1: Cross-validation of the system sensitivity

In order to analyze the robustness of the system, we verified our image segmentation
system reliability with diverse system parameters. Table 1 shows the parameters used
in this section. Table 2 presents the experimental results for different parameters in
order to illustrate the accuracy of the segmentation. The best performance is achieved
when the ARCS is applied in the CRC-ordering method. Moreover, the relatively high
inter-channel correlation in RGB color space, results in ranking errors of the vectors.
In other words, the segmentation result using the RGB color space frequently acquires
the worst performance. Consequently, when the HSI color model is used, it usually
performs with consistent results for human perception. It is worth noting that a
stronger performance is obtained by the HSI distance measurement than by the Eu-
clidean distance measurement. Fig. 2 shows three testing images, indicating that the
validity of the proposed method can achieve a robust performance.



Table 1. The different parameters applied to the CRC-ordering segmentation algorithms

Approaches ARCS Distance measure Color space
The proposed YES (¢, ;= complement of dominant color) HSI distance HSI
Without ARCS NO (c&,; = black color) HSI distance HSI
Using Euclidean distance NO (c;,; = black color) Euclidean distance HSI
Using RGB color space NO (cfef = black color) Euclidean distance RGB

Table 2. The comparison of different parameters for the CRC-ordering segmentation

algorithms

Performance Evaluation
Approaches NPRI [33] Vol [34] GCE [35] BDE [36]
Rankl Rank2 | Rankl Rank2 Rankl Rank2 Rankl Rank2
" . 120 279 9% 285 12 91 119 293
© propose (40.0%) (93.0%)]| (32.0%) (95.0%) | (4.0%) (303%) | (39.7%) (97.7%)
Without ARCS 97 2 78 227 11 74 95 233
thout (323%) (74.0%)| (26.0%) (75.7%) | (3.7%) (24.7%) | 31.7%) (77.7%)
Using Euclidean di 81 193 66 192 9 60 82 198
sing Euchdean distance || 7 500y (64.300)| 22.09%) (64.0%) | 3.0%)  (20.0%) | 27.3%) (66.0%)
Using RGE ool 59 136 47 135 7 42 58 143
SIng RUB COIOTSPACE 19 705) (45.3%)| (15.7%)  (45.0%) | (23%) (14.0%) | (193%) (47.7%)

4.2

Experiment 2: A comparison with the typical methods

(d)
Fig. 2. Image segmentation results with the best thresholds: airplane, (a) the proposed
CRC-ordering (TH;=0.65), (b) CRC-ordering without ARCS (TH;=0.50), (c) using
Euclidean distance(T H;=0.55), (d) using RGB color space (TH;=0.55).

First of all, two state-of-the-art segmentation methods were replicated and used in the
evaluation of the system. Table 3 shows the quantitative comparisons. Based on our
observation, we chose a unified merger threshold TH; of 0.65. We tested 300 images
from the Berkeley Segmentation Dataset [30]. In Table 3, Rankl denotes the first



ranked segmentation results, and Rank2 denotes the median rank. Based on the results
of the quantitative evaluation shown in Fig. 3. Overall, the performance of the CRC-
ordering is moderate, but it is more consistent with the subjective human perception
than the mean-shift clustering method, especially in regions with small patches, and
rarely suffers from over-segmentation. Regardless of the objective evaluation of the
proposed CRC-ordering is not as good as mean-shift clustering method. Nevertheless,
the resulting image is obviously inconsistent with human perceptual feelings, and the
over-segmented situations being globally reduced.

Table 3. A comparison of different image segmentation algorithms

Performance Evaluations
Vol [34] GCE [35]
Rankl Rankl Rank2

Algorithms NPRI [33]

Rankl Rank2

BDE [36]
Rankl Rank2

Rank2

CRC-ordering

120(40.0%)279(93.0%)

96(32.0%)285(95.0%)

12(4.0%) 91(30.3%)

119(39.7%)293(97.7%)

Mean-shift clustering [31

1

166(55.3%)278(92.7%

15(5.0%) 52(17.3%

74(24.7%)252(84.0%)

175(58.3%)295(98.3%)

Maker Watershed [32]

14(4.7%) 43(14.3%

189(63.0%)263(87.7%)

D14(71.3%)257(85.7%)

6(2.0%) 12(4.0%)

Q] )

h R
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Fig. 3. Image segmentation results: Aorse. (a) Original image, (b)-(d) ground-truth boundary,
(e) mean-shift clustering method, (f) Marker Watershed method, (g)-(s) CRC-ordering result
for different thresholds (i.e., TH;=0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75,
0.8), where the best result is TH;=0.65 with red-boxed.

4.3 Experiment 3: A comparison of region merging algorithms

In Section 3.2, we mentioned the region merging algorithm based on the quartile
analysis, computing the HSI distance values between the reference colors for two
neighboring regions. This method avoids the threshold determination problem of the
CRC-ordering method, which replaced by the characteristics of the data cluster to



select a suitable threshold. We apply the mean-shift-based image segmentation meth-
od to initially segment images and four indexes are used to evaluate the results of the
region-merging algorithms. The proposed quartile-based method is also compared
with the other two image segmentation methods.

Based on the result images in Fig. 4, the segmented results of quartile method out-
performed to the mean-shift-based and CRC-ordering methods. Perceptually, the re-
sults of mean-shift clustering method were over-segmented, whereas the CRC-
ordering method was under-segmented. Compared with the ground-truth images, the
proposed quartile method achieved the inherent segmentation results. Nevertheless,
we received the performance deducing for the Vol and GCE indexes. It was because
that the quartile method enabled to avoid the over-segmentation, resulting in the small
region was ignored. In addition, we only used the color information. It was difficult to
differentiate the foreground and background with the similar color tone simultaneous-
ly.

I {
(c2) ©3) (c4) (c- (c-6) ©n

@©D

Fig. 4. More comparisons of automatic image segmentation. (1) Original image, (2)-(4) ground
truth images, (5) mean-shift clustering method, (6) CRC-ordering method (TH;=0.65), (7)
based on quartile analysis.

5 Conclusions

This paper we solved the threshold-sensitive problem when the CRC-ordering scheme
applying for region merges. An alternative method based on quartile analysis was
proposed and successfully to avoid the CRC-ordering method for an additional
threshold determination step. This achieved the region merge simpler and more prac-
tical. The HSI distance measurement was employed to determine the rank of the color
vectors and to discriminate the merger likelihood between two adjacent regions. Fur-
thermore, the proposed CRC-ordering scheme was applied in cooperation with the
automatic reference color selection to deal with the color MM processing.
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