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Fig. 2 Comparison of performance in terms of blocking artifacts (‘Bus
sequence)

a With conventional MCl
b With adaptive MCI

(-

Fig. 3 Comparison of performance in terms of blocking artifacts (‘Grates’
sequence)

a With conventional MCI
b With adaptive MCI
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Conformal Snake algorithm for contour
detection

S.Y Lam and C.S. Tong

A novel and effective modification of the original Snake algorithm is
proposed. The modification can improve the capability of the algo-
rithm to detect boundaries with sharp corners or concave parts without
the need to introduce external forces. The essential idea is to apply
conformal mapping to transform the image so that the object boundary
in the new domain can be captured by the Snake algorithm,

Introduction: The active contour model (Snake) [1] has been success-
fully employed in contour detection for object recognition, computer
vision, computer graphics and biomedical image processing.
Although the original Snake algorithm has been widely adopted in
contour detection, it still has some difficulty in locating an object
boundary having concave parts. This problem has been studied by
many researchers and authors and most of their approaches involve
inserting an external force which often requires fine-tuning of many
parameters to the model [2, 3]. In this Letter we propose a new
method called the conformal Snake algorithm. To illustrate the idea,
suppose we wish to locate the boundary of an object in Fig. 1. First, -
we use conformal mapping [4] to transform the image so that the
object boundary in the transformed domain is now convex, and the
usual Snake algorithm can then be applied to obtain this boundary. We
then apply inverse transform to the boundary to obtain the sought-
after contour. In practice, we do not know what the required contour
is, so we apply the idea in an iterative fashion.
initial

contour detected using contour wy

inverse mapping final contour

RN

! conformal mapping ;

contour vy

Fig. 1 Conformal mapping

Original Snake model: The mechanism of the Snake model is to
minimise an energy function called E,, .. defined as follows. Let v(s)
be a smooth parametric curve with parameter s € [0, 1], then

Eu®) = | (E) + Bege9) — Ee s 0
where E,,(v) represents the internal energy and is given by
1
Ep(v) =5 {alvy()I* + Blvg(s)?) @

where v, and v are the first- and second-order derivative of the curve
v(s) with respect to s. o and f are the scaling factors controlling these
two terms.

Ejage epresents the gradient of the image X(x, y) on v(s) and is given
by

Eim(/ge = _kilvﬂz (3)

where k; adjusts the magnitude of [VI|%. E,,, is an external force which
is optional.
A curve u(s), which is the final solution in boundary detection, can
be obtained through the optimisation process
Eure(®) = min Eare(V 4
maﬂe( ) vECz[O,l]xC‘Z[O,]][ .vna/»e( )] ( )
After the optimisation process and adding a backward time step, the
Snake algorithm becomes an iterative method and the formula is

v aEm 4

5 — oW + Brg + '% =0 (5)

By taking finite difference and rewriting it in matrix form, we obtain
[A+yDx, (A+7Dy]=pv ) +F(v) (©)

where v,=[x,,y,] is the coordinate of the contour. 4 is the matrix

representing the linear operator of

¥ a*
~gp i
after taking finite difference and I is the identity matrix. y is the time
step and

ok, ge 3El'mu e
F(V,) — |: imag (V,) . g (Vt):'

ax dy

Conformal Snake algorithm: The way to perform conformal mapping
in the Snake algorithm is now discussed. Let v(s) and w*(s) be the
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initial and final contour, respectively, after applying the Snake algo-
rithm kth times, and let v¥™'(s) = u*(s) and &*(s) =v*(s) — v*(s) where

V(s) is the initial contour given by user and k=0, 1,2, 3,.... A first-
order quantisation for the transform g is proposed as
wh(s) = g(F(9)) = v (s) — H(s) =V'(s) @)

J(s) = Flg™ W ()

where w/(s) is the contour in the new transformed domain. By choosing
the initial contour v'(s) to be convex, the transform g will expand the
current contour and render it more convex. The function g is to map the
contour v¥(s) to V(s). J(w(s)) is the image force in the domain w/(s).

The idea of the proposed method is shown in Fig. 1. At first, the
Snake algorithm is applied to obtain an outline contour of the object.
Conformal mapping is applied and the contour together with the image
is mapped from left to right in Fig. 1. The Snake algorithm is again
performed. As the contour shrinks, the image energy is changed
iteratively. At each step of the Snake, inverse mapping is applied to
the contour w/(s) to update the image force. After that, the contour is
transferred back to the domain w*(s). It should be noted that the contour
w!(s) remains unchanged while the information of image force is being
updated. By repeating the above process, the final contour can be
detected and it is represented in Fig. 1 by the dashed line.

Vs e Q=10,1] (8)

Fig. 2 Conformal Snake algorithm

Parameters: alpha =1, beta=0.5, k;=1
a Initial contour

b Outline contour #°

¢ Contour t?

d Contour u*

e Final contour 1°4

The proposed method is implemented through the following math-
ematical equations. Assume that the Snake algorithm has applied
(k~ th times and the final contour #*~'(s) is obtained. The Snake
algorithm is now applied 4th times and it becomes

(A +yDxf A+90p0) = i, + FOL) ©
with initial contour V(s)= [xé(s), yg(s)] :u/"“](s). Taking conformal
mapping, the initial contour becomes g(v¥(s)) = w*(s). The equation is
written as:

((A+9DE A+ = ywi +JwE)

. (10}
=ywi, +JW) )
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where w¥(s)=(&, ). After the Snake algorithm converges, inverse
mapping of (7) is applied to obtain the resultant curve u#*(s). By
repeating the above process, the contour for the object can be detected.

Experimental vesults and conclusion: The conformal Snake
algorithm is tested using the image of a lock. From Fig. 24, an initial
contour v(s) is given by the user. The Snake algorithm is applied and
an outline contour «° for the object is detected in Fig. 2b. The process
of the conformal mapping is performed and shown in Figs. 2a—e. The
final contour for the object is shown in Fig. 2e. The Snake algorithm
is applied 25 times in total. In conclusion, the proposed algorithm can
locate the concave parts of an object effectively without introducing
cumbersome external force.
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Refinement method for structure from
stereo motion

Sung-Kee Park and In So Kweon

A new method for overcoming bas-relief ambiguity, using calibrated
stereo image sequence, is presented. The proposed method uses a
direct method for motion estimation as initial guess, and refines both
stereo and motion displacement with sub-pixel accuracy. Experimental
results show that the proposed algorithm improves estimation accuracy
under such ambiguity.

Introduction: The structure from motion, assuming small motion
such as optical flow and a direct method, inevitably has motion
ambiguity between translation and rotation. For solving this, conven-
tional methods [1, 2] adopt a single line methodology; first they try to
find exact corresponding points with only image brightness, and
motion parameters and scenc depths are then estimated on the basis
of it. However, considering that the previous corresponding methods
can have large etrors and it is difficult to define an error model [3], the
single line methods cannot improve such ambiguity even though
robust statistical estimaton is introduced. Therefore, on the assump-
tion that corresponding points and motion estimation have to be
iteratively refined, we propose a new method for improving ambi-
guities using stereo image sequence.

Proposed refinement method: Fig. 1 shows stereo motion and basic
notations. In calibrated stereo, its motion, w and t, can be estimated
by the direct robust method [4]. However, although the previous
methods try to find global minimum, only its vicinity can be
guaranteed; i.e. because the shape of cost function in estimating
motion parameters under bas-relief ambiguity are like a narrow
diagonal valley [3]. Thus, it is essential to refine the correspondence
for improving such ambiguity.
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