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Abstract—we propose a new methodology for motion
tracking of local myocardial tissue on M-mode echocardio-
grams. This methodology is applicable to the quantitative
assessment of myocardial performance in clinics. The M-
mode echocardiogram is widely used in clinics to measure
diagnostic indexes like thickening and thinning of myocardial
muscle layers. To measure such indexes, doctors are required
to track myocardial motion manually, however the tracking
of myocardial motion by hand is tedious and time-consuming
process. Our proposed method is able to track the myocardial
motion on M-mode echocardiograms automatically by em-
ploying DP-based optimization. In this report we present the
proposed method.
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aging, Echocardiography, Dynamic Programming

I. INTRODUCTION

Echocardiography is an essential and necessary tool for
diagnosis and treatment of cardiovascular diseases. The
use of echocardiograms in clinical cardiology serves clini-
cians and doctors with multifold advantages including
noninvasiveness of diagnosis and real-time imaging. In
clinical cardiology, the analysis mainly relies on visual
inspection or manual measurements by experienced cardi-
ologists. Manual methods are tedious and time consuming,
and visual assessment leads to qualitative and subjective
diagnoses that suffer from a considerable inter- and intra-
observer variability. Therefore, an automated computer-
based analysis is highly desirable to obtain more objective
and quantitative diagnoses.

Fig.1 shows an example of clinical echocardiogram. In-
the figure, (a)and (b) are B-mode and M-mode echocar-
diograms respectively. M-mode echocardiogram is widely
used in clinics to measure diagnostic indexes like thicken-
ing and thinning of myocardial muscle layers. It is a diag-
nostic ultrasound presentation of the temporal changes in
echoes in which the depth of echo-producing interfaces is
displayed along vertical axis and time is displayed along
the horizontal axis, recording motion of the interfaces
toward and away from the transducer.

Several approaches have been proposed to quantify the
motion of myocardium from two dimensional (2-D) echo-
cardiograms [1-4]. However, in these approaches, the
spacial and temporal resolutions of quantification and
tracking of myocardial motion is strongly depends on
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Fig.1 Example of clinical echocardiogram: (a)B-mode and (b) M-mode
echocardiograms

those of imaging performance of ultrasonic equipment.
Particularly, echocardiograms employ low-pass filters on
ultrasonic signals in the image generation process. Conse-
quently, the special resolution of images becomes low and
insufficient for detailed diagnosis of local, inner myocardi-
al tissues. To overcome this low temporal resolution prob-
lem, several approaches employ raw ultrasonic signal from
which echocardiograms are generated [5-10].

In this paper, we propose a novel approach to track local
(inner wall) myocardium. The proposed approach employs
M-mode ultrasonic Doppler signal for velocity estimation
and Dynamic Programming (DP) based motion tracking
method. DP is a method of solving problems exhibiting the
properties of overlapping sub-problems and optimal sub-
structure that takes much less time than other methods in
mathematics and computer science. In the method, DP is
employed to find a trajectory which minimizes the objec-
tive function.

II. MYOCARDIAL MOTION TRACKING

We describe here how to track the local myocardial mo-
tion using the proposed DP tracking method. The method
consists of two main stages, as shown in Fig.2. At the first
step, velocity field in the myocardial wall is estimated by
the correlation weighted mean algorithm [10]. After that,



in the motion tracking stage, instantaneous displacement
on a set of tracking points is calculated from the estimated
velocity field and the DP tracking method tracks the mo-
tion of the tracking points.

A. Acquisition system for M-mode ultrasonic Doppler
signal

To assess inner-wall myocardial motional performance,
myocardial local motion should be tracked with high tem-
poral resolution. For instance, typical normal left ventricu-
lar myocardium has a thickness of 10 millimeters, so a
temporal resolution of an order of sub-millimeter is re-
quired.

We employ M-mode ultrasonic Doppler signal to
achieve motion tracking with such the high temporal reso-
lution. Fig.2 illustrates the block-diagram of signal acqui-
sition system in this research.

An ultrasonic transducer placed on the chest transmits
pulsed ultrasonic toward the heart, and receives the back-
scattered ultrasonic. The transducer converts the received
ultrasonic to electric signal y(t). The electric signal y(t) is
quadrature demodulated and then A/D converted to be
imported to PC as discrete Doppler signal Z. Discrete
Doppler signal Z = {z(xl-‘tk)} consisting of sine compo-
nent zg(x;,t,) and cosine component z.(x;t,) is
represented by complex expression as follows,

z(x;, ty) = zs(x, ty) + jze (i tye), (D
x; = icyTy,
tk = kAT,

where x; and t;, are the distance from ultrasonic transducer
to i-th sampling point and the time when k-th ultrasonic
plus is transmitted respectively. The constant ¢y is sound
speed in human body, i.e. 1530 [m/s]. Ty and AT are
sampling period and repetition period of the ultrasonic
pulse respectively, and j is the imaginary unit.

Fig.4 examples an actual ultrasonic Doppler signal at ¢}
and tyq.

B. Velocity measurement for myocardium

Instantaneous velocity of each sampling point v(xj, tk)
is first derived from the discrete Doppler signal in the
same way as in the conventional method [6].

-1 Zc(xjvtk)

8(xj, t;) = tan reGin )
AO(x), tysr) = 0(x) trsn) — (%, tx) (3)
v (g,0) = @

where f; is the centroid frequency of the ultrasonic
pulse. Since the obtained velocities generally contain some
error due to speckle noise, the errors are accumulated in
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Fig.4 Example of acquired ultrasonic Doppler signal

the tracking process, and severely deteriorate the accuracy
of the motion tracking.

The proposed method reduces these errors by taking
correlation weighted mean of the velocities at several sam-
pling points. The correlation weighted mean velocity
v’(xj, tk) at a tracking point x; is defined by



N—1 ’
Zizo YEj+1Xj 41tV 41tk)
N-1 !
Y=o YEj41Xjptid

v’(xj, tk) = 5)

where N is length (sample size) of ultrasonic pulse, and
Y(Xj4+1, Xj41, i) is the correlation of the magnitude around

the sampling point before and after a step of motion track-
ing , which is defined by,

|Zj,k|.|2j’,k+1|

\/|Zj.k| .lzi.k|\/|zjl,k+1|. |Zj’,k+1

, (0)

Y(X]'+l: X4, tk) =

| 1| ®|Zi 1| =
{1=/En/2 {(lzi“-k' - |Z]—k|) X (|Z£+1,k+l| - |Z;,k+1|)} )
2 2
el = J(2G80)° + (2e3,)”
2 2
|Zj’,k+1| = \/(Zs(xj,;tk+1)) + (Zc(Xj',tku)) )

ﬂ=% 7=/En/z|zj+z.k| )

where n specifies the range of correlation calculation. The
tracking point moves from x to x’ = x + vAT .

The correlation y(xj,xj' ,ti) is high (low), if the velocity
derivation error is small (large). Thus the weighted mean
velocity v'(x, t) is less affected by the error, and the accu-
racy of the motion tracking is improved.

C. DP tracking method

In this research, we formulate local myocardial motion on
a M-mode ultrasonic Doppler signal as the followings. At
first, we define a M-mode ultrasonic Doppler signal which
is acquired from a subject as,

Z = {Z(xi! tk)} ’ (7)
i=012,..,M, k=0,1,2,..,L,
where M, L denotes the number of sampling point along
ultrasonic beam and the number of ultrasonic beam con-
tained in one data acquisition, respectively. To simplify the

following notations, a set of sampling point on the time ¢
is denotes by,

x = {xilty} . (®

Of course, X = x4 forall k.

Next, a tracking start point is located on the depth which
is corresponds to the location of myocardium at the track-
ing start time t,. We express the tracking point d, is
equivalent to that of one of the sampling points x,.

do= x; | x; € x¢ . )
Similarly, a tracking pints at the timing t;, is denoted by,
(10

Using above notations, the motion tracking process of

dp = x;|x; €Exp .
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Fig.5 Basic concept of DP tracking method

which the start point is d is equivalent to determining a

set of tracking points,
D = (do, dl’ dz, ey dL) )

drp = x; | x; €xp .

(11)
(12)

When multiple tracking points are employed in tracking,
tracking points at t; are expressed as a multiplet d,

d = (d,d,d?, ..., (13)

where N denotes the number of tracking points.

We consider that the motion tracking process is equiva-
lent to determining a trajectory D which minimizes the
objective function,

f (D) =Xi4{di—1 + ATv(d}, t) — d}}* (14)

under the assumption of that the start and end points d d,
are equal to each other. The trajectory D which minimizes
(14) can be determined using the dynamic programming
algorithm. Fig.5 illustrates the basic concept of this motion
tracking process.

I11. EXPERIMENT

To confirm the tracking performance of the proposed
DP tracking method, we conduct an experiment where a
clinical ultrasonic signal acquired from a normal subject is
used for motion tracking. Visual comparison of tracking
results derived using three conventional tracking methods;
i.e. the simple tracking, constraint least square tracking
method proposed by Kanai [6] and elastic tracking model
[10], and the proposed method are shown by Fig.6 and
Fig.7. In the figure, upper and lower images correspond to
interventricular septum (IVS) and left ventricular posterior
wall (LPW), respectively.



(¢) CWP+E | (d) Simple Tracking

Fig.6 Visual comparison of tracking results of IVS

(c) CWP+E

(d) Simple Tracking
Fig.7 Visual comparison of tracking results of LPW.

From the visual comparison, it is observed that the trajec-
tories derived by the three conventional methods contain
several amount of tracking error where for instance the start
point and end point are significantly different to each other.
It is also observed that the DP tracking method (a) takes
less error.
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IV. CONCLUSIONS

We proposed a new method to estimate heart motion
from M-mode echocardiograms that uses a dynamic pro-
graming method that is well adapted to typical heart dy-
namics. The DP algorithm is easily realized and brings us
more accuracy result in order to help the doctor to analyse
the heart disease

Our future work includes quantitative evaluation of the
proposed method for motion tracking performance using
enough number of clinical ultrasonic data.
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