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ABSTRACT

For the segmentation and robust tracking of the cardiac left
ventricle (LV) in MRI sequences, an optimized algorithm is
presented in this paper, which is based on the active contour
framework. To use the active contours model (ACM [1])
estimating the cardiac motion, a new concept of generalized
fuzzy gradient vector flow (GFGVF) is presented and
compared with the classical gradient vector flow (GVF [2,3]).
Then a modified ACM is proposed for motion tracking, which
is based on two new external forces: one is the GFGVF field;
the other is the relativity of optical flow field (OFF) on
predictive contour. For robust tracking the outline of interest, a
set of motion equations is presented to describe two correlative
updating steps. Another, given some prior terms and likelihood
one, the motion state of each point can be found by the
Maximum a Posteriori Probability (MAP).

1. INTRODUCTION

In this paper, a particular tracking method, based on optimized
external fields, is presented for the periodic non-rigid motion
of endocardiac boundary in cardiac image sequences (CIS).

As an important analysis method, ACM [1] has a
fundamental property: If it is used to segment an image or
search the region of interest (ROI) in images, ACM can stably
settle at the object region and come into being a close chain
code under the action of some internal and external forces.
This is challenging because the artifacts in CIS and elements
of clutter around the contours may mimic parts of contour
features. In the most severe case of camouflage, the clutter
may consist of objects similar to the contour object.

Chenyang Xu and Jerry L.[2] present a GVF field and use
it as new external force term to constraint snake in images. Up
to now, the GVF field has dominated over many external force
fields for its greater active range and approaching to the
boundary concavity regions of image. But then, for the CIS
comprising much clutter, the classical GVF field is often
abnormal when the vectors flows around the weak boundaries
tend to be absorbed by strong one, so the true ROI edge
around dark boundaries in images is neglected. How to avoid
the adverse conditions is to be concerned.

Accordingly, some better algorithms are proposed for the
non-rigid tracking in this paper: First of all, the generalized
fuzzy operator (GFO) [3] is adopted to optimize the GVF, by
which a generalized fuzzy gradient vector (GFGVF), as the
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external force, comes into being. For tracking model, a set of
modified snake equations is presented, which is based on the
GFGVF and other two external forces of the optical flow and a
modified relativity of predictive contour [4].

Considering the background of this paper, the typical
computing equations of external force and the energy function
of snake are quoted as follows:

By the property of image’s gradient and 2D Gauss function,
the typical external force is expressed as:

2

VEzev’“(xsy)=|V(Ga(x’y)*l(xay))| (1)
Normally, the formula above can only acquire lesser dynamic
range. To improve it, the algorithm developed from expression
(1) is the GVF diffusion equation, and denoted by:

u, =pV>U-|VI[ (U-VI)’ )
where the constant 7 and the normal gradient|V/ |* act as
weighing functions of smoothing item and data item
respectively. Then, the gradient vector flow U(x, y) can be

solved exactly by iteration technique.

During tracking the edge of ROI in 2D image, the contour is
expressed as P(s)=[x(s),y(s)] where se[0,1] . The
deformation of ACM is controlled by the minimum energy
function of snake as follows:

E =f01%[a |P'(s)|> +B| P"(s)|* +E,, (P(s)Ms  (3)

where ¢ and  are the elasticity coefficient and rigidity one,

respectively.

In addition, to acquire the point-wise motion state, spatial
coherence and temporal continuity terms (SCTC) are
introduced in the MAP algorithm to restrict the sampling and
updating. Thus it can be seen that a complete algorithm for
robust tracking of CIS comes into being.

2. GENERALIZED FUZZY GRADIENT
VECTOR FLOW

To compute the GFGVF, the concept of generalized fuzzy set
(GFS) should be given as follows:
Definition 1. Denoting GFS F on region U as:

F={u:(x), xeU} Q)
where 4, (x) € [-L1] is called the GF membership function
(GMF) of Fon U; pp(x) €[-1,0), GMF of x non-subordinate
to Fon U; up(x)e€(0,1], GMF of x subordinate to F on U;
Hp(x) =0, the fuzzy bound point function (FBF) of F on U.

When a cardiac image [ is regarded as a finite field
consisting of finite elements, [ = {x,,x,,...,x,} where x; is
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Fig.1 Comparison between GVF and GFGVF: (a) Left-
upside, MR cardiac image; (b) Right-upside, GF edge
detection; (c) Left-downside, the GVF field; (d) Right-
downside, the GFGVF field.

the grey level of pixel 7, the GFS set of / can be defined as
the fuzzy set on finite field / and written as:

‘xn :UﬂF (xi)/xi (5)
i=1

GMF, we can

F = 1,(x)/%, + .ot 11,(x,)/

To compute the expressed the

X

xmax_ i )
—x .

function u . (-) above as: 4 (x;) = cos(z -
If y = 4y (§) = 0 denotes the FBF of F on/ , the GFO can

be defined as follows:

Definition 2. A normal fuzzy set F'=[0,1] can be produced

when GFO acts on the set of the GFM of F. Then the
generalized fuzzy transform can be written as:

=1+, (OF, A<, <0
,u;‘(x)]: [/UF(x)]za O<p,<r 6)
J1=05[1 -, (O, r<p, <1

The processed cardiac image is displayed in Figl. (b).
Integrating with the definitions above, the Eq.(2) can be
modified as follow. Firstly, we can let:

g0 =nexpl~(| u; 1/0)*], h()= pll-gOIVII* (7
where g(-) and h(-) are the functions of monotonously
decreasing and monotonously increasing respectively, 7 is
the smoothness level and o corresponds to standard variance
used to control the dynamic value. Secondly, substituting (7)

into (2) to control the iterative process, the GFGVF diffusion
equation is expressed as:

u, =g up DV U= p(l=g(up) | VI (U=VI)*  (8)

The GFGVF field of an edge image detected by GFO has
such properties: in location where the change of gray lever
slow down, the value of g(-) will increase and the value of A(-)
will decrease, thus the smoothness action is more effective and
the gradient variation is lesser; vice versa.

Comparing with GVF, the main difference between them
is that the smoothing term and data term of the GFGVF are
formed by generalized fuzzy edge information, which can
ensure that the GFGVF not only has the same dynamic range
as that of the GVF but also has better boundary controllability.
The characteristic above can be displayed in Fig.1(c) and
Fig.1(d).

3. ROBUST TRACKING OF ACTIVE CONTOUR

When the evolution of contour is regarded as two steps: the
deformation inside frame and interval shift between sequential
frames, the corresponding two external forces can be denoted
respectively by:

Fext _| Fez::lg | ng::lg (8)
F™ = Fe |- (8 + F e ©)

where Fe"”g is the GFGVF, F*' is the optical flow, and

ext
formula (9) expresses a composite force.

Next, a set of equations can be presented for the active
contour tracking. Two snake equations are formulated here,
one is the static and used for internal updating of a frame, and
the other is the dynamic and used for interval updating
between frames; about their formation; the static one
corresponds with the classic one, while the dynamic one can
be denoted by:

min [ 4{ar| P(s)F +5| P'(s) ]
W (P(5), C(S))E,, (P(s))ds

where P(s) is the contour of current frame and C(s) is the

(10)

predictive one of next frame. We use the weighting function
W(P(s),C(s)) to restrict the motion amplitude resulted from

the external force E,,(P(s)) . Based on the conventional

algorithm of optical flow £%' (u(x,y), v(x,y)), the relativity

ext
can be expressed as:
(AX,Ay)= min

(A, Ay) € N

ZNS [(up — ”c)2 +(vp _Vc)z]

E(f,.1.)
(1

= min
(Ax,Ap) € N
where N, is a searching window, f,, f are respectively the

optical flow vector distributed on the contour of the current
frame and the one distributed on the predictive contour of the

next frame; the variable AX,Ape(-N,/2, N, /2) are the
variation from the center of window N, . The expression
E(f,.f.), as a new predictive contour inertia energy term,
can measure the variation between P(s)and C(s). Then the
function W (P(s),C(s)) can be expressed as:
W (P(s),C(s)) =1+ (Ax+ AP)/ N, (12)

Obviously, the value of W is normalized to the range[0,1].
s Y)ES in the

following equation (13.4) can adaptively control the rate of
snake approaching the object from current frame to next one.

Let X(n) = (X,(n), X,(n),--X,,(n)) and Y (n) = (¥,(n),
Y,(n),---Y,, (n)), where X is the space coordinate vector of

the chain code in a single frame and Y is the one in interval
frame. Refer to principle of the finite difference, A set of

Consequently, the iterative amplitude W(Y,
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sequentially updating equations about motion tracking of
active contours can be written as:

D X°(n)=Y(n);
2) X ()= -y )X (n)+ K (X (n)];
3) YO(n+1)= X(n);
4) Y n+1) =T - A) [ (n+1)
+ W (Y YD ES (Y (D))

where 4 , the coefficient matrix with size M x M , contains the
parameter item o & £, n is the frame number and k is
iteration number, and y is the viscosity parameter. The

(13)

meaning of equations (13) can be described as: Firstly, the
original active contour Y (n) has been provided by the result
in the nth frame or hand sketching in the first frame. The
vector X(n) , as the real contour in the nth frame, can be
calculated by the iterated equation (13.2). In succession, the
vector ¥ (n+1), as an estimated contour in the n+1th frame,
can be computed by the iterated Eq. (13.4). For the calculated
Y (n+1) approaching to the true outline of the n+1th frame,

equations (13.1) and (13.2) are again used. At last the exact
contour X (n+1) of the n+1th frame can be worked out.

4. DELINEATION OF POINT’S MOTION
TRAJECTORIES

After the process above being completed, the chain
code P,(s) can be acquired. Then, the point’s tracking
algorithm of MAP can be implemented. Let {S,(x,,7,)]
i=1,---,M} denote the position of M entries of points in the

kth frame, and index I have a nonlinear corresponding relation
to S . Under the known position of snake and some priori term,

the MAP estimation of §n can be described as:

§n = argmax(x,y)eF {p(Sn)p(Pn | Sn)} (14)

If the motion being regarded as the Markov random field, the
moving particles of the non-rigid object satisfy the
independence requirement. Another, the points adjacent to the
contour satisfy the motion-space coherence; similarly, for the
cardiac keeps a periodic motion, each point satisfies temporal
continuity in some extent. The characteristic above can be
illustrated in Fig.2. If the optical flow vector of the point m in

contour of the nth frame can be denoted by V,, (m) , the motion

space coherence and point temporal continuity (SCTC) can be
expressed as follows:

expl-, () =V, O)VK V) =V, (D]

Jerrk,
XL, =V, O Ky V() =V, ()]
Jeryk,

Given the chain code P,(s) of contour in the nth frame, when

P(S,) =

(15)

the points move from the position S, ;to S, , the probability
p(P,|S,) in Eq.(14) denotes the variation relative to the

chain code P" , as the likelihood term, can be written as:

(@ (b)
Fig.2 SCTC about the contour of cardiac left ventricular: (a)
the current contour and its motion direction; (b) the next
contour and its motion direction.

(L N N\ -1 N .
o |Sn)=exp[ DB, =S,V K (B(D) - S, ()] 6

Jery k.

Computed by Eq.(14), the motion trajectories of the points on
the initial contour can be acquired. The point’s trajectories in
half cycle are displayed in Fig.4(a), where the SCTC can also
be displayed effectively.

5. EXPERIMENTAL RESULTS
AND CONCLUSION

In this experiment, two sequences of CIS 1 and CIS 2 are
used for tracking the cardiac left ventricular (LV). Lots of
comparisons have been made based on the difference between:
(A) classical edge detection operator and GFO; (B) the GVF
diffusion equation and the GFGVF one; (C) the classical ACM
tracking model [1] and the modified one. The calculated
results indicate that the latter one of each item above has better
effect than the preceding one. To display the principal
difference, Fig.3 describes the different results of deformation
and tracking (RDT) under GVF and GFGVF respectively.
Apparently, the results of underside in Fig.3 are better than
that of upside, which not only illuminate the validity and
robustness of the modified model but also indicate the better
segmentation effect based on the GFGVF than that based on
the GVF.

After the active contour in CIS is iteratively solved, each
point in the contours of CIS 1 is tracked by the MAP
algorithm and displayed in Fig.4 (a). In Fig.4 (b), considering
the motion amplitude of twelve feature points during a period
(22 frames) of movement, not all the points return to the initial
position, and only up to 80 percent of points come back to the
position less then 4 pixels from the initial one. By analysis, the
reason is that the 2D images can only approximately reflect the
3D non-rigid motion. In cardiac clinic diagnosis, this method
can be used to detect many symptoms.

Given the function e(t) = \/M;Z

where M, is the normalized contour length

" (B,()-B, (1)

P and P, denote

> m m

the normal contour and the estimated one respectively, the
results of mean square quantization error (MSQR) in CIS 1
and CIS 2 are respectively displayed in Tab.1 and Tab.2.

MSQR |e(l) |e@) |e(5) e |e©) |... | e
GFGVF [1.2843 |1.4219 [2.3216 |0.8560 [2.7624 |... 2.336
GVF R2.3607 |3.4138 |[4.1320 |1.3330 |5.7330 |... 4.210

Tab.1 MSQR of contour tracking in CIS 1
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No.l1 Fr.,CIS 1 No.3Fr,CIS 1 No. 9 Fr., CIS 1

No. 1 Fr., CIS 2 No.9Fr.,CIS 2 No. 11 Fr,,CIS 2

Fig.3 Comparison of the contour tracking based on the two external force fields. Upside: the RDT by the external force of

GVF; Underside: RDT by the external force GFGVF.

frame !
) )
u] 5 10 18 20

Fig.5 The motion amplitude of several feature points.

MSQR |e(1) |e@3) |e(5) e |e©®) |... |en)
GFGVF |1.2451 (1.4334 (0.8135 |1.3390 |1.1240 |... [1.3012
GVF 4.3245 |5.3002 (1.0234 |1.5460 16.1032 |... [5.0341

Tab.1 MSQR of contour tracking in CIS 2

Summarily, the better method of contour tracking and
point-wise estimation about the cardiac non-rigid motion is
presented in this paper. The method above is based on the
robust external field of GFGVF, which is very useful for the
application of tracking medical non-rigid motion. The

operation process is composed by two steps of tracking phase,
respectively used to solve the problems of the deformation
inside a frame and estimation in interval frames. The method
has been validated by comparing the manually outlined edges
with the results of tracking. For that the classical GVF field
and OFF have been formed in 3-D space [2, 5], this system
which based on the 2-D GFGVF field can be expanded to 3-D.
Therefore, the system establishes a framework from which a
system for 3-D tracking can be constructed.
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