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Tracking arterial wall motion in a 2D+t volume

Guillaume Zahnd1, Maciej Orkisz2, Simone Balocco3,4, André Sérusclat5, Philippe Moulin6,7, Didier Vray2

Abstract— The aim of this study is to propose a motion
tracking framework dedicated to estimate the trajectory of the
common carotid artery wall in B-mode ultrasound sequences.
As the image quality of routinely acquired scans is often
degraded by a number of factors, accurate estimation of the
tissues motion is a challenging task. To address this issue, the
main feature of our method is the research of an optimal
a posteriori solution, which is computed using a dynamic
programming scheme once all frames have been processed.
Applied in vivo on 15 healthy volunteers, our method showed
an overall good tracking performance, with an average absolute
tracking error of 104 ± 127 µm and 29 ± 57 µm, in the
longitudinal and radial directions, respectively. This work has
potential to improve motion estimation in ultrasound imaging,
and could contribute to provide more reliable information about
vascular health in a clinical setting.

I. INTRODUCTION

Cardiovascular diseases are the primary cause of mor-
tality worldwide [1]. Yet, cardiovascular risk prediction is
challenging, as the screening potential of traditional imaging
biomarkers, such as pulse wave velocity, intima-media thick-
ness, or arterial calcification, remains limited [2]. Therefore,
there is a strong need for novel screening biomarkers to
improve risk prediction.

The common carotid artery (CCA) has been extensively
analyzed using B-mode ultrasound (US) imaging [3]. The
deformation of the tissues in the direction parallel to the
blood flow during the cardiac cycle has gained interest
during the last decade [4], [5], [6], [7], [8], [9], [10], [11].
Such cyclic shearing motion of the intima-media complex
with respect to the tunica adventitia, hereafter referred to as
“longitudinal kinetics” (LOKI), has been reported to reflect
vascular health [12], [13], [14], [15], [16], and may therefore
constitute a valuable image-based biomarker for improved
cardiovascular risk prediction.

Accurate in vivo quantification of LOKI in routinely
acquired data is hindered by various factors, namely speckle
decorrelation, out-of-plane motions, poor echogenicity, or
tissue deformation. Aiming to estimate the trajectory of the

1Biomedical Imaging Group Rotterdam, Departments of Radiology
and Medical Informatics, Erasmus MC, Rotterdam, The Netherlands
g.zahnd@erasmusmc.nl

2CREATIS; CNRS UMR 5220; INSERM U1044; INSA-Lyon; Université
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intima-media complex during US image sequences (cine-
loops), a variety of motion estimation techniques have been
proposed. A traditional block matching approach was used
in [5], with a block of dimensions 3.2 × 2.5 mm2. This
technique, although robust against noise, is likely to yield
a precision loss due to the large dimensions of the block.
Conversely, an echo tracking approach was proposed in [6],
with a block of dimensions 0.1 × 0.1 mm2. The wall
motion could be observed with a great accuracy, however
this technique is more sensitive to noise, and therefore
more prone to error in clinical data. A contrast optimization
scheme was introduced in [10], to offer a better trade-off
between noise robustness and tracking accuracy. Recent ap-
proaches have incorporated the temporal dimension into the
estimation process: a Kalman filtering framework dedicated
to avoid tracking divergence was proposed in [11], and a
finite impulse response filtering able to handle changes in
the appearance of motion targets was introduced in [16].
Nevertheless, all of these proposed techniques perform the
motion estimation using the information provided by a subset
of frames only (i.e. one or several previous frames, and
the current one), and provide a solution corresponding to a
succession of local optima. Instead, it could be more efficient
to determine the optimal trajectory once all frames have been
processed.

Dynamic programming [18], [19] is an efficient approach
in combinatorial analysis, as the optimal solution among all
possible combinations is determined without a costly full
search. Dynamic programming has numerous applications in
biomedical imaging, from tracking the motion of cells in
fluorescence microscopy [20], to segmenting the contours of
the intima-media complex of the CCA in B-mode US [21].

The aim of this study is to present a tracking framework
based on a dynamic programming scheme, to fully incor-
porate the temporal dimension into the estimation process.
In this approach, the cine-loop is considered as a two-
dimensional plus time (2D+t) volume, in a similar fashion
as previous work in the field of image registration [17].
Our rationale is to avoid tracking errors that can be locally
provoked by the presence of noise or artifacts at some
given time steps. The major contribution of this work is the
research of a global optimum, as the resulting trajectory of
the tracked point is determined a posteriori after all frames
have been processed.
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Fig. 1. Schematic representation of the motion tracking framework.
(a) Common carotid artery in B-mode ultrasound imaging (1st frame of the
cine-loop). (b) Detailed region of the far wall. The tracked block B is repre-
sented by the red rectangle within the intima-media complex. (c) kth frame
of the cine-loop (d) Corresponding cost function C. (e) Cumulated cost
function C. (f) Schematic representation of the trajectory extracted from C
after all frames have been processed.

II. METHODS

A. Motion tracking

We introduce here our motion tracking framework. Since
the cine-loop is considered as a 2D+t stack of frames,
each point is described by three coordinates: temporal (k),
longitudinal (x), and radial (y). Our approach is based on
four main steps, as described below.

1) Initialization: First, the point p = (1, px, py) to
be tracked is manually selected within the intima-media
complex, in the first frame of the cine-loop. The selection
criteria are the following: the point should correspond to
a bright echo scatterer that is well contrasted with its
surroundings and remains perceptible during the entire cine-
loop (Fig. 1b) [6], [11]. Centered on the initial point, a
block B of dimensions [Bx,By] is extracted and stored as
a reference pattern. After this initial operation, the tracking
is automatically carried out, as described below.

2) Cost computation: A 2D+t cost function C is then
generated, by computing the dissimilarity between the initial
pattern B and all the patterns corresponding to each point lo-
cation in each frame of the cine-loop (Fig. 1d). Dissimilarity
is computed by means of the sum of squared differences. In
this function C, regions likely to correspond to the actual

trajectory of the tracked point have a lower cost, as their
speckle pattern is similar to the reference pattern.

3) Dynamic programming: From the first frame forwards,
a cumulated cost map C is generated via dynamic program-
ming [18], [19] using a front propagation scheme (Fig. 1e).
The values of C corresponding to the first frame (k = 1) are
initialized according to Equation 1.{

C(1, x, y) = 0, for [x, y] = [px, py]

C(1, x, y) =∞, for [x, y] 6= [px, py]
(1)

For k > 1, the map C is iteratively generated using the
relation described in Equation 2:

C(k, x, y) = min
dx,dy

{
C(k − 1, x+ dx, y + dy) +

C(k, x, y) ·
√

1 + κx · dx2 + κy · dy2
}
,

(2)

with, dx ∈ {− Nx

2 , . . . 0, . . .
Nx

2 }, dy ∈ {−
Ny

2 , . . . 0, . . .
Ny

2 },
Nx and Ny being the number of reachable neighbors in
the longitudinal and radial directions, respectively, and κx
and κy the smoothness factor in the longitudinal and radial
directions, respectively.

4) Back-tracking: Finally, the trajectory of the tracked
point is extracted. In the last frame of the cine-loop, the
point p′ with the minimal cumulated cost is determined, and
the optimal path is found by back-tracking the decreasing
values in C, from p′ to p.

B. Data acquisition

Our method was evaluated on 15 healthy volunteers (4
males, mean age 50± 3 y.o.). B-mode US cine-loops of the
left CCA (duration of at least 2 cardiac cycles) were acquired
by an expert physician, using a clinical scanner (Antares,
Siemens, Erlangen, Germany) with a linear probe of central
frequency 8 MHz. The pixel dimensions were 30× 30 µm,
and the frame rate was 26 fps. The average number of frames
per cine-loop was 145± 19.

C. Performance evaluation

Each resulting trajectory was compared to the correspond-
ing reference trajectory, previously constructed by three ex-
perts performing the manual tracking of the same point [11].
The tracking error was defined as the average absolute
difference between the estimated trajectory and the reference
trajectory, for both longitudinal and radial trajectory compo-
nents.

D. Parameter settings

Our method was applied on all cine-loops with the follow-
ing parameter settings: block dimension Bx × By = 1.50 ×
0.30 mm2; smoothness constraint [κx, κy] = [1, 1]; number
of reachable neighbors [Nx, Ny] = [33, 33], corresponding to
1 mm in both longitudinal and radial directions. The values
Bx, By , Nx and Ny have been determined from previous
work [11]. The values κx and κy have been heuristically
determined.
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Fig. 2. Representative results of the longitudinal (first row) and radial (second row) components of the estimated trajectories (solid blue), compared with
the reference trajectories (dotted black). (a,b) Successful estimations. (c) Our method fails to capture the entire amplitude of the second cycle, probably
due to a large tissue motion. However, the correct trajectory is then successfully recovered thanks to the research of a global a posteriori optimum. (d) The
estimated trajectory is similar to the reference, but the presence of a constant shift indicates that a distant point has been tracked instead of the initially
selected one. This is probably be due to the fact that the initial pattern was not sufficiently discriminative.

Fig. 3. Average tracking error for each cine-loop, in the longitudinal (a) and radial (b) directions. It is clearly visible that the errors are lower in the radial
direction. This can be explained by the fact that the radial profile of the image presents stronger edges (i.e. lumen-intima and intima-media anatomical
interfaces), whereas the longitudinal profile is more homogeneous.

III. RESULTS

Representative examples of the resulting trajectories are
displayed in Figure 2. The average absolute tracking errors
were 104±127 µm and 29±57 µm, in the longitudinal and
radial directions, respectively. This accuracy level is similar
to the one of state-of-the-art methods [11]. The average
tracking errors for each cine-loop are displayed in Figure 3.

These errors are also to be compared with the average
peak-to-peak amplitude of the tissue motion, which was
609 ± 274 µm and 350 ± 320 µm, in the longitudinal
and radial directions, respectively. Accordingly, the tracking
error corresponded roughly to 17% and 8% of the total
motion amplitude, in the longitudinal and radial directions,
respectively.

Implemented in Matlab (MATLAB 7.13, The MathWorks
85 Inc., Natick, MA, USA, 2011), our method required, on
average, 57 s to process a given cine-loop.

IV. DISCUSSION

A motion tracking method was proposed to assess the
trajectory of a point located in the intima-media complex
of the arterial wall in B-mode US imaging. The principal
characteristic of this framework is the global evaluation of an
optimal trajectory after all frames of the cine-loop have been
processed. Under the context of a dynamic programming
approach, we proposed a front-propagation scheme adapted
from the fast-marching methodology [18], [19].

In this work, the parameter settings have been determined
heuristically. As the smoothness constraint terms κx and κy
are used to penalize abrupt displacements, it is likely that
the values used here would be sub-optimal when applied
to a different dataset where the tissue motion is different
(i.e. either due to the frame rate of the sonograph, or to
stiffer arteries in patients). A thorough evaluation of the
actual impact of the parameter settings in a larger dataset,
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including diseased participants, is thus required in further
studies.

The major drawback of this framework is the assumption
that the tracked pattern remains similar during the entire
length of the cine-loop. Actually, the initial pattern of the
block B selected in the first frame is used to generate the
2D+t cost function C. As moving tissues may undergo a
shearing deformation during the heart beat, the appearance
of the corresponding pattern is likely to vary. Therefore, an
adaptive reference pattern would probably be better tailored
to keep track of the moving point. This issue will be tackled
in future work.

In conclusion, fully incorporating the temporal dimension
into the estimation process by considering the set of frames
as a 2D+t volume could constitute a promising approach
for improved estimation of the arterial wall motion in US
imaging.
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