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Abstract

.

cations, image editing functions offer a vital tool for
three dimensional medical image reconstruction, prework for image database retrieval, image synthesis in
publication and broadcasting. So far, only a few commercial products, such as Photoshop from Adobe, Image Magick, and the newly released Ultimatte KnockOut, are available for segmenting color images. Unfortunately, they generally either do not take full advantage of users’ preference, or require too much interaction with users. More specifically, computer algorithms neither know exactly what regions should be
extracted, nor produce satisfactory results for images
with complicated backgrounds.

A new general-purpose color image segmentation
editor (CISE) for the purpose of extracting a semantic object is designed, implemented and tested on a
number of various natural scene images. Our editor integrates a deformable model and image statistics including intensity, color, gradient and texture.
The editor starts with a coarse region segmentation
which applies the Canny’s operator followed by a lowcomplexity edge linking algorithm. This segmentation
basically builds regions of smooth intensity by closing all dangling edges. Next, a topologically-based region labeling method makes full use of relationship
among pixels and produces useful labeled image. Finally, to refine the extracted object of interest (021),
a deformable model based on energy minimization is
applied by incorporating both the gradient and region
criteria to the external constraint force. These processes are demonstrated through examples on natural
scene color images. Experimental results suggest the
eficiency and accuracy of the algorithm in its segmentation operations.

1

An ideal image editor allows an image to be edited
according to users’ preference. One of the most common tasks the users are interested in is to segment
out semantically meaningful objects from the image.
It is an easy task for the human vision system to locate visually coherent objects, but it is difficult for
the computer to understand which part of the image
the user is interested. Though many researchers have
tried to develop automatic algorithms, a completely
automatic scheme is impossible at least in the current
computer domain [4]. The computer, however, may
perform other editing operations more efficiently than
the users, such as line and circle drawing.

Introduction

The advanced development of digital cameras during the past few years rapidly changed the concept of
camera industries, since users tend to use computerbased photo storage and retrieval rather than traditionally film-based photo collection. Such users wish
to edit and process photo images based on their interest by using computer terminals.

This paper proposes a multi-stage system that can
handle such difficulties. Our system emphasizes minimal human-interactions to capture the users’ interests
through a user-friendly interface. Different from other
interactive methods, our region-based editing system
greatly minimizes the users’ interaction; its memorizing and reversing scheme offers the user friendly errorcorrection capability. It also fully takes into account
of color information so that a more precise and robust segmentation can be achieved under a compli-

In such applications, the extraction of a semantic
I ) becomes significantly imporobject of interest (02
tant, which is also a necessary unit for the future intelligent cameras capable of object-based capture, manipulation and storage. Besides consumer-based appli-
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cated background. In the following sections, we will
present the details of our color image segmentation
editor including experimental results.
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Initial Region-Based Segmentation
Using Edge-Linking

Our hybrid approach starts with a coarse region
segmentation which applies the Canny’s operator [?I
to an original image, and then performs an edgelinking algorithm as the post-processor to the Canny’s
operator. It is known that the Canny’s operator
produces dangling edges when edge tracker cannot
find the next neighboring pixel with non-maximum
suppressed strength greater than given low threshold
value. Since typically this threshold is set to the lowest
possible value, desired solution must be independent
of this thresholding procedure. Our analysis indicates
it is plausible to choose the next pixel based on 1) the
closest characteristic a t the the dangling edge, and 2)
smoothly continuing the edge fragment.

Figure 1: Candidates for connecting a dangling edge.
Circles represents the candidates, ’X’ shows the dangling edge, and square is the edge pixel.

edge-linking with vector size M of 4 and with region
colors are shown as the corresponding mean value.

3

Interactive Region Editing

The editing function allows the user to add and
remove any regions preferred, and cut or add partial
parts of any region.

As a solution to l), a pixel characteristic is qualified by a vector of size M whose entries are its edge
strengths in M directions(i.e. 15O, 30°, 45O, etc.) in
addition to Canny’s standard horizontal and vertical
directions. Note that this operation do not add much
computational complexity from the original Canny’s
operator since they can be done simultaneously with
the standard edge strengths. Then the candidate pixel
that maximizes the dot-product of its characteristic
vector and that of its corresponding dangling edges
should be chosen as the next edge pixel.

3.1

“Select” Operation

‘~Select’’-”Start”-”Accept”:Based on the image obtained by combination of the modified edge-map and
the mean value regions, this operation allows the user
to judge the single region easily. Instead of tracing the
boundary manually or grouping the possible edges [3],
the user can quickly determine the region candidates
by simply clicking once on those regions intended to
compose the visually coherent object. To further reduce human interactions, it is only required that the
selected regions form an enclosure of the object of
interest(021) regardless of the complexity and the size
of the inside of the enclosure.

For constraint 2), as illustrated in Fig.1, candidate
pixels for a dangling edge (center ’x’) are the three
pixels (bullets ’0’)
that are the farthest from the next
edge pixel (square) on the fragment, so the momentum
of the fragment is sustained. As a pre-processing, the
edge image has to be thinned to provide edge width of
one pixel
To speed up the process, linking is done
iteratively where in each iteration all dangling edges
are grown by one pixel, as linking of two proper dangling edges in opposite directions can be done in half
number of iterations. The process terminates when
any of the candidates is an edge pixel.

“Select”-”Eliminate”: If the user misselects some
regions undesired, this operation offers the function
of removing regions. The above two functions are independently and can be operated repeatedly, which
provides the user with a great flexibility.

[?I.

“Select”-”Fill”-”Done”: Once the enclosure is determined, all selected regions are given label “1” as an
object region; and the background and holes are given
label “0”. Next a reversing labeling is done, that is,
the single object is labeled as “0”, background is labeled as “1”, and the holes are labeled as “2”, “3”....
For the regions except region “0” whose cables are not
“1”, they are holes and are filled by their original values. Fig. 3 explains the process. Fig. 4 (a) shows
the region selection by using the motse, and Fig. 4
(b) demonstrates the result after the hole-filling operation.

In summary, edge fragments can be closed by
repeatedly adding into its membership one pixel
from neighboring candidates that maximizes the dotproduct until an edge from another different edgefragment is found. Simplicity and low computational
complexity are its main strengths, and the results
are comparable to any other popular methods. Fig.
2(b) demonstrates the initial segmentation result after
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Figure 2: A n example of color image editor (CISE). (a) CISE interface. (b) Segmentation after edge-linking and
region-labeling.

3.2

’

To do the modification, the user initiates by clicking
the region to be kept, then traces the rough boundary
by mouse. The 4-component region-labeling is utilized
t o renumber the region candidates composing the semantic object. The labeling process applies features
of adjacency and connectedness. After the Modify,
the new traced points become edge points in the edge
map, and the cut-off region becomes the new region
in the background.
Each of the above two functions, “Select” and
“Modify”, can be executed multiple times until satisfactory results are obtained or no further progress is
achieved.

Enclosure

First Labelling

Final Labelling

Figure 3: Hole-filling of the enclosure.

“Modify” Operation

During the initial segmentation, when part, of background has almost the same feature as the object of
interest, it is usually misclassified as the object of interest. The Modify opera.tion gives the user with t8he
ability to make corrections in case this occurs though
not always necessary.

4

Boundary Refining

Variational calculus-based energy minimization
contour modeling (also called Snake), since its first
being introduced by Kass et al., has received much attention and been improved significantly. Our interest
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(b)

(a)

Figure 4: Interactive Editing

(U)

Effectitie region selection. (h) User preferred regions after hole filling.

in this approach is motivated by the need for refining the object of interest (0’1) especially when the
accuracy becomes focus.

neighborhood of the current placement of the control
points.

4.1

The active contour model aims to the contour estraction by minimizing the sum of (1) the internal energy given by the connectivity and smoothness constraints and (2) the external energy to represent the
fidelity to the image features. The contours slither
while always minimizing the energy function, and
therefore act like snakes and eshibit dynamic properties.
For a spline with parametric description of S ( t ) =
( z ( t ) y, ( t ) ) ,its total energy can be expressed as
Es+nake

-
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Color-Feature Based Edge-Force Definition

Color images provide more ample information to
the computer than gra,y-sca.le images, but, they also
bring more possible choices and uncertainty for optimal solutions. To att,ract the contour of the desired
boundary, normally the gradient of the image intensity
is used a.s the edge force, i.e., E e d g e = - IV1I2. For
the color ima.ge, it is found that shading, shadow and
highlights will a.lso induce the change of Eedge which
is not desired a t t.he boundary area. To prevent the
cont,our from being niisatt,racted, the psychophysical
varia.ble satura.tion in HSI space is used as part of the
esteriial force. Due to its iiumerica,l instability at low
saturation, the Eedgebased 011 the intensities of R I G,
B channels is applied a t low satura.tion. Briefly speaking,
when Satu.ration. > Th,reshold,
E e d g e = - IVSaturatioizJ2
else
E e d g e = -1/3(1VRI2
IVGI2 IVBI2)

+

Before implementing the above snake algorithm, a
recursive algorithm is used to non-uniformly sample
the spline to obtain most representful control point,s
based on curvature arid dist,aiice [5]. Briefly speaking,
its basic criterion is that the sharper the spline, the
more control points are allocated.

4.2

Region Energy

To provide a better representation for an optimal
boundary, the region energy is defined as

Dynamic programming is used here to minimize
the global energy funct,ion in E q . ( l ) [l]. It, is a. discrete multistage decision process that varies the control points a t each iteration in the direction of a global
energy minimum. During each itera.tion, the optjimal
energy functional is obtained from all possible shift,s
of the control points to new positions within an i n x i n

where I ( z ,y ) is the image function, R k is the relevant
region and llAkI(z, y)I12 is the squared error for region
R k during certa.in iteration. Region energy for unions
of disjoint regions is defined as the combination of individual region and their corresponding Ward distance
[71.
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Figure 5: (a) Region modification. (b)Refined contorrr im,posed on original image.

5

Concluding Remarks

Detection,” IEEE Trans. Pattern Analysis and
Machine Intelligence, vol. 6, pp. 721-741, Nov.
1984.

The goal of this paper is to create a user-in-theloop segmeihtion scheme of a semantic object which
can process efficiently and more precisely. The regionbased selection greatly reduces the human interaction.
Wit,h the ahilit,y to add and remove regions, it is powerful for complicated images. The Modify function
offers the user error correction ability if applica.ble.
It can be applied to any types of image modalit,ies
without special training stages. The robust.ness of
the above system has been tested on various kinds
of color images. Fig.2, 4, 5 show an example of some
of above procedures. We believe t1ia.t our Color Image
Segmentation Editor (CISE), though still in its prototype stage, provides a. quicker, less human int,era.ction,
more efficient, more reproducible, a.nd more accurate
general-purpose object extraction tool than other existing hunian-interact,ive image editing systems. Not
only for consumer-based commercial use, it, can also
be applied to medical image volume rendering, preprocess for image database search and query.
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More future work ca.n be done on the automatic
parameter estimation during the energy-mininiizat,ion
refining stage. Possible directions also include the
compression of the extracted object, and extending
the method to image sequences by considering both
the spatial and temporal features.
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