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ABSTRACT

This work proposes a robust fully-automatic segmentation
scheme based on the modified edge-following technique. First, an
image frame is partitioned into many BxB-pixel blocks. In each
block, the pixel point having the maximum gray-level difference
from its neighboring point can be selected as the initial point.
Additionally, the threshold can be determined automatically
according to the histogram of gray-level difference values of initial
points with their neighboring points. By using this threshold value,
the edge points are determined from the initial points. Based on
edge points, the modified edge-following technique with multiple
direction detections is performed to find the closed-loop contours.
The whole process is fully automatic, so that the disadvantages of
both snake and Live Wire On the Fly (LWOF) schemes on manually
selecting the initial contours and points, and the watershed on
manually setting the threshold value can be dramatically improved
at the same time. Owing to the rapid and fully-automatic segmented
results, the proposed scheme is more robust and applicable on
various image and video applications than the conventiona
segmentation schemes.

1LINTRODUCTION

Image segmentation is the fundamenta research topic of image

processing applications. It can be classfied into two categories

semi-automatic segmentation [1,2] and fully automatic segmentation

[34]. Paticularly, applications of medicd image andyss, video

compression, pattern recognition and so on are explored by using image

segmentation schemes. The main purpose of image segmentation isto
search for gpecific objects or regions in an image frame for recognition
or compression. In compression gpplications, the MPEG-4 adopts the
object-based compresson scheme to segment objects from the
background, and then compresses the objects and background
individualy in order to achieve a high compression ratio. Hence, the
fully automatic segmentation becomes an important step in its

COMPIession Process.

There are many image segmentation gpproaches, which are popularly

used in various applications, summarized in the following.

(1) Active contour gpproach: Since users have to select the initid
contour, this approach is gpplied in the semi-automatic segmentation.
The snake scheme proposed by Kass et al. bases on theiinitid contour
to search for the correct contour by minimizing loca energy function
[5-6]. The disadvantage of the snake scheme is to choose the initid
contour that may take along time. Additiondly, it is more difficult to
obtain initid contour in an image frame with more complicated
contents. Hence, Falcao et al. developed the LWOF scheme [7] to
sdlect theinitid point close to the contour. Based on thisinitid point,
the LWOF scheme gtarts to search for the contour. When it goes to
the wrong way during a searching path, an additiona point need be
sdected to correct the wrong searching direction. Until the
closed-loop contour is found, the searching operation is not stopped.
The LWOF scheme can be gpplied to any object shape. In the
complicated background, the adequate points are sdlected by users
can yield the correct contour. However, the object with many sharp
corners needs many user-selected points, and thereby incressing
operation time.

(2) Watershed approach: The image is viewed as the topographic
surface. The gray-level value of each pixd representsiits height. The
catchment basins denote the segmented regions of an image. There
are two watershed schemes of rain faling [8] and water immersion
[9,10]. Therain fdling schemeis very straightforward but takes a lot
of computation complexity. The water immerson scheme has
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complicated operation steps but can rapidly segment objects from the
background. The advantages of the watershed approach are to
segment multiple objects smultaneoudy, and to ensure these objects
in closed-loop forms. However, the threshold for classifying objects
and background is very sensitive to the content of an image. In other
words, when the threshold vaue has a little change, the watershed
approach may come out much different segmented results.
In this work, the robust fully-automatic segmentation scheme is
developed based on the modified edgefollowing technique. The
conventiona edge-following technique only andyzes the current point
and next point in the edge direction [11]. Without consdering al
neighboring points, the conventiona edge-following technique is easily
trapped to the wrong direction. The modified edge-following technique
consders more neighboring points to determine the next contour point.
Hence, it increases the probability of finding correct contour points. In
order to segment multiple objects, an image frame is partitioned into
many BxB-pixel blocks. From each block, the point that has the
maximum gray-level difference with its neighboring points is
selected as an initia point. These initial points may come from
different object contours. When the block size is adequate, small
objects and objects with small contrast differences can have their
initial points to be selected. The threshold value is determined
according to the histogram of gray-level difference values of initial
points with their neighboring points. By using this threshold value,
the edge points are determined from the initia points. Based on
edge points, the modified edge-following technique is performed to
find the closed-loop contours. The proposed segmentation scheme
that does not need users to select initial points and threshold values
can greatly improve the drawbacks of the snake scheme on
user-selected initia contour, the LWOF scheme on user-selected
initial points, and the watershed schemes sensitive to the selection
of the threshold value. Therefore, the segmentation scheme
proposed herein can fully automatically segment multiple objects
for various image and video applications.

2. THE PROPOSED SEGMENTATION SCHEME

The proposed segmentation scheme can be performed in two
parts. The first part is to search for the initial points. The second
part is to find the contours based on theinitia points.
2.1 Thefirst part:
Initially, an image frame is partitioned into many BxB-pixel blocks,
as shown in Fig. 1, with MxN blocks.
The summation of gray-level differences of each pixe in four
directions is defined as follows,

3
D)= 1D % (x.y)] (6h)
2.
and
Do (%, Y) =G (1) =G (1) )

where r and | are the neighboring points of (x,y) in directions of d
and (d+4), respectively. Here, (x,y) is the coordinate of each pixe
in a block where x and y range from O to B-1. G(r) is the gray-level
value of point r. Each point (x,y) and its neighboring points are
shown in Fig. 2. The relationship of points (x,y), r and | are shown
below.

r:Eﬁround %os deg% y-round %n Eﬂxg% (3)
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Fig. 1 Animage frame partitioned into MxN blocks with a block
size of BxB pixels.

| :Eﬁround %os Ed+4)x7—7%, y-round %n Ed+4)x£% :
O 4 0 4

(©)
whered isthe direction. There aretotd eight directions, from J° to J', as
shown in Fig.3. (mn) is the coordinate of each block in an image
frame where m ranges from 0 to M-1 and n ranges from 0 to N-1.
Because of the symmetric property, only four directions are needed to
be cdculated in Eq.(1).
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Fig. 2 The locations of the point (X,y) Fg. 3 The 8 diredions of
and their neighboring points, P& ... and].

In each block, rank all values of the D,,(x,y) for x and y from 0 to
B-1 to select the largest one and define it as Tyy,. The point (Xo,Ym)
of Max(Dmn(Xy)) is defined as an initial point in the block (m,n).
The histogram of the values of T, for m from 0 to M-1 and n from
0 to N-1 is generated. Around MxN/4 initial points are selected to
be edge points. According to this histogram, the global threshold
can be found and defined as T, Figures 4(a) and 4(b) are the
origina aumgrns image and the alumgrns image with the initial
pointsin al blocks, respectively. It is very clear that not every point
isthe edge point. Figure 4(c) is the image with edge points obtained
by using the threshold value Ty. These edge points are more close to
contours.

The edge points are decided in the following steps:

(a) Leth equal to 1.

(b) If Dymis greater than Ty, rank D &, (x,y) in four directionsto
find the maximum value and its corresponding direction d.
Because the edge direction is perpendicular with the direction d
from the maximum value of D&, (x,y), the initial direction
doof the block (m,n) is defined as (d+2). The point (x,y) and the
direction dypare stored in WOh,do . Increase h by one.

On the other hand, if Dy, is less than T, then the block (m,n) does
not contain the edge point.

() Repeat step (b) until al blocks have been processed -

After performing the above three steps, al of the edge points and

initial directions are stored in th q, » Where k represents the K
Mk
contour point.

In the firgt part, an image frame is partitioned into many BxB-pixel blocks
where B equas to 8 in this work. The main god of this part isto find the

edge points and theinitid directions. From each block, the point thet hasthe
maximum vaue of D, is sdected asan initid point. Rank dl vauesof Dy,
in each block to sdect the maximum vaue and define it as T,,,. Since a
quarter of initia points are sdected as edge points, the globd threshold Ty
can be sdected from the higogram of the vdues of Ty, from al blocks By
using this threshold value, the edge points are determined from the initid
points; and theinitia diredionsdoa"eds)found

©
Fig. 4 Theandyssreaultsof thedumgrnsimage (a) Theorigind image. (b)
Theimagewithinitia points. () Theimage with edge points.

2.2 The second part

1.Let h beone, where hindicatesthe ht" edge point.

2. Each edge point (x™y:") and its neighboring points are shown in Fig. 2.
The shadowed aress represant the 12 pogtions required in determining
the next contour point. The starting position P,and direction d, of the h"

edge point are represented by Wkrjdk , where k represents the K" seerched

contour point, and here k is equd to 0. Point pogtions of the object
contour are represented by WX=(x¥ ).

3. If thereis not a large change in the direction, the dy.; of the next point
would be three possble ones: [(8+d,-1) mod 8], d,, and [(8+d,+1) mod
8]. For example, when dy is egud to 3, the next contour point

th+1vdk+1 could appear in F, F or J direction and & thethﬂ’2 ,
We,pg or W14 point as shown in Fig, 5. For the Ieft-sded point

LRs1g,,, and right-sded point RY,yq  of the predicted contour

point, computing the gray-level difference between these two postions
could assg in determining the contour point and effectively prevent noise

interference. The relationship between Wilyg . Lig . ad
R1?+1,dk+1 is shown in Fig. 6. The line formed by the th,dk and
Wiy, Points is perpendicular with the line between Ly, g

h h h .
and Rk+1vdk+1 - The Lk+1,dk+1 and Rk+1,dk+1 of the prajld:a:j

(k+2)™ contour point could be interpreted by the position of the K"
contour point and dy, 1, asfollows.

R1T+1,dk+l = E‘E +round %cos @dk-ﬂ_ —J)xg% s 3)|2 —round %si n @dkﬂ—J)xg%S)
h —
et om0

Thegray-leve averagevauesof R and L", as shown below; respectively.
— k

h_1
th=1 h 7
" pz (Kepg, ) @)
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h_1K&
RN== h 8
” '(Rk-p,dk,p) (8)
p:
- B _
A () B |I(LE+1,dk+j—i)_I(RE+1,dk+j—i )|_|I(I‘II1+1,dk+j—i)_I‘h
_||(thl+l,dk+j—i )-R_h| i=1,2..q,j=(q+ 1)/2 9

Of which, q is the number of directions required, qisinitially set
to be 3, and then nis equal to 2. Equation (9) is used to determine
the (k+1)" contour point. To prevent noise interference, we
consider the left and right neighboring points and their averaged
pixel values into the eguation. If the difference is too great, the
wrong contour point may be found. The first item represents the

gray-level difference of R,?ﬂ’dm and Lr,lﬂ,dkﬂ. Second and
third items could prevent the equation from finding the wrong
contours due to the noise interference.

th+1,3 W<h+1,2

w 4

he=Mpsh
Wk+1,4 Wk,3

Fig.5 Thepredicted pointsof ad vy, whend being3,
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Hg. 6 Two examples of the predicted Mldm with its néghboring points of

h h . .
I-k+1,dk+1 and I'-"k+1,dk+1 . (8) dkbeing 2. (b) dbeing 1.
4. Sort dl 4),,(i) to select the largest value and define it as

Max(4,,()). If the Max(4,,(i)) value is greater than the

threshold value T, the correct direction is found, go to step 6.
Because the global threshold Ty is the summation of gray-level
differences at four directions, the local threshold T, for the
gray-level difference at one direction can be Ty/4.

5.1f Max(z{lﬂ(i)) is smaller than T, it is possible that previously

searching direction is deviated from the correct path. Let g be 7 to
compute Eg. (8) to find the seven neighboring points, other than

the one th,dk , repeating step 4 to get Max(4l,(i)).
6. From Max(4},(i)), the correct direction dy.; and position

\I\{f+ of the (k+1)™ contour point are computed as follows.
1
O 1=t j-i (10)

\M]+Lq<+1: E‘E +round £os E’kﬂxg% , yL‘ ~round %n E’kﬂxg% (11)

7. When the (k+1)™ contour point is in the same position as any of
the previous searched contour points or has gone beyond the four
boundaries of the image, a closed region is completed. If neither
condition is established, then k is replaced by k+1, go back to step
3 to find the next point.

8. If h is equal to MxN/4, search for all contours is completed.

Otherwise, h is replaced by h+1, and go back to step 2 to find the
next contour.
9. Let dy equal to (dgt4), repest steps from 1 to 8 to search for the
contour pointsin the opposite direction of dy,
10. Remove the regions without closed-loop forms.

In the second part, we start the searching procedure from each
edge point in two opposite directions of dy and (do+4) to obtain
closed-loop contours. The proposed scheme consders more
neighboring points to determine the next contour point. Hence, it
increases the probability of finding correct contour points. The
searching procedure mostly occurs at three directions, only when

al values of the A{zﬂ(i) are less than T,thenthe seven directions

are searched. Hence, the searching time can be minimized. The
local threshold T, is derived from the globa threshold T,
Additionally, the whole process of the proposed segmentation
schemein finding initial points, selecting edge points and searching
the contour points are fully automatically.

3. COMPUTER ANALYSES

The imeges of 256x256-pixd Lena and 256x256-pixdl Peppers are
utilized for ssgmentation processin thiswork. Figure 7 showsthe ssgmented
resultsof Lenaimage The original Lena image is shown in Fig. 7(a).
The result by usng the watershed scheme at the threshold vaue being 30 is
depicted in Fg. 7(b). The contrast between the hat and the background in the
left-up Sdeis very low, S0 that the watershed stheme cannot partition these
two arees Figure 7(c) shows the image with edge points by usng the
proposed scheme. The edge points are located evenly in the contours of hat,
hair, face, shoulder, and the object behind Lena Theregion closeto hair hes
more edge points because of larger gray-levd differences. Figure 7(d) isthe
result obtained by using the proposad scheme. The up-eft Sde of thehat and
the background can be dearly dasdfied into two portions. The region of the
hair is segmented into many little closed-loop arees.

The Peppers image shown in Fig. 8 has many overlapping
objects at different shapes. Figure 8(a) is the results by using the
snake scheme, which requires two initial contours to be selected for
the two independent objects before converging to the actua
contours. The outer and inner contours for the selected objects are
the initia and segmented contours, respectively. This is the most
time-consuming scheme, and the result may be far from the correct
contour. Figure 8(b) shows the results from the LWOF scheme that
also requires the initia points to be selected separately, four points
for the left pepper and nine points for the right pepper. Figure 8(c)
istheresult by usng thewatershed scheme while the threshold vaue being 35.
The two most importait peppers cannot be correctly segmented. The
left-down region of the Ieft pepper is mixed with the other peppers, and the
right pepper is divided into three mgjor parts. Figure 8 (d) is the result by
using the watershed scheme while threshald being 33. Comparing the results
between Figs. 8(c) and 8(d), the threshold value has only a little
change by 2, but the results are quite different. In Fig. 8(d), there
exit more segmented regions. Figure 8(e) shows the image with edge
paints by using the propasad scheme. The edge points are located evenly in
the contours of two large peppers Figure 8(f) is the segmented result
obtained by usng the proposed scheme. The two large peppers can be
appropriatdy segmented out, except thet the footstalks are divided into
several small regions. The other peppers that have small sizes can
almost be correctly segmented too.

Table 1 lists the number of manually selected points required to
segment out two large peppers and the ways of setting threshold
values in the proposed, snake, LWOF and watershed schemes. The
snake and LWOF schemes need to manually select initial contours
and points, respectively. In these two schemes, not only the
processing time increases but also the errors are caused by a user to
select initial contours or points. The proposed and watershed
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schemes don’t need to choose the initial contours or points such
that the processing time is very low and the segmented results are
easly repeatable. In the threshold setting, only the watershed
scheme requires the threshold value provided by a user.
Additionally, its segmented result is very sensitive to the threshold
vaue. Therefore, The segmentation scheme proposed herein is
superior to the conventional ones.

© @
Fig. 7 The segmented resuits of Lenaimage. (8) Theorigind image. (b) The
result by usng the watershed scheme. (€) The initid points by using the
proposed scheme. (d) Theresult by using the proposed scheme.
~ g : e -

= »

Fg. 8 The ssgmented resullts of Pepparsimege (8) Theresult by using the sneke
scheme (b) The resuit by usng the LWOF scheme (€) The result by the
watershed scheme with athreshold vaue of 33. (d) Theresult by the watershed
schemewith athreshald vdueof 35. (€) Theimagewith edge pointsby usngthe
proposed scheme (f) Theresult by using the proposed scheme.

Table 1. The numbers of menud sdected points and the ways of setting
threshold vauesin Peppersimage.

Schemes  |Proposed |Watershed (LWOF |Snake
Operaion Ways
Manual selected points 0 0 13 701
Threshold setting Auto Manud Auto  |Auto

4. CONCLUSION

In this work, an image frame is divided into many small blocks.
In each block, the point having the maximum gray-level difference
with its neighboring points is selected as an initial point. A quarter
of initial points are viewed as the edge points. In addition, the
global and local threshold values are determined according to the
histogram of gray-level difference values of initial points with their
neighboring points. Based on edge points, the modified
edge-following technique is performed to find the closed-loop
contours. The whole process in the proposed scheme is fully
automatic. Hence, human errors and operating time are greatly
reduced. The proposed segmentation scheme can greatly improve
the drawbacks of the snake and LWOF schemes on user-selected
initial contours and points, respectively, and of the watershed
schemes sensitive to selection of the threshold value. Therefore, the
segmentation scheme proposed herein can fully automatically
segment multiple objects for various image and video applications
in arobust manner.
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