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Purpose

At the moment ultrasound technology is not
capable of delivering the necessary visual and
quantitative information required by many medical
applications where motion study is required. Doppler
ultrasound iS sensitive only to relatively high velocity
components of motion and users must themselves
interpret the gray level image to determine any useful
properties relating to the remaining large range of
lower velocity components. Characterisation of
motion for slow phenomena over elapsed time
periods of the order of minutes is especially difficult
for humans to perform.

The purpose of our research is to extend and
enhance the visualisation and quantitative
characterisation of motion in ultrasound imaging by
the application of image processing and
interpretation techniques.

Evaluation - Transabdominal
Investigations of the Small Bowel

Ultrasound

We will apply the methods in particular to an
increasingly important medical application, namely
transabdominal ultrasound investigations of the small
bowel. When normal small bowel is imaged using
ultrasound anatomical structure is rarely seen. The
appearance is amorphous and slowly undulating due
to peristalsis. The commonest feature of abnormality
is stasis due to wall thickening and immobility caused
by disease, when bowel wall structure can sometimes
be seen. The images are noisy and often contain
systematic interference such as occasional
transducer motion and higher frequency pulsatile
motions caused by arterial blood flow, whose effects
can extend across the whole region of interest.
Although the motion of arterial blood is clearly shown
using doppler, the associated expansion and

contraction of the surrounding tissues, like peristaltic
motion, is not. Assessment of peristalsis is the
primary diagnostic feature, but this is difficult and has
not yet been quantified. Consequently, there are
many equivocal cases. A radiologist typically takes
10-15 minutes to perform a small bowel
investigation. Traditionally, investigation of patients
with suspected inflammatory bowel disease has been
by small bowel barium radiology, with its relatively
high radiation dose. The work will support the case for
the use of ultrasound as the initial radiological
investigation in patients with suspected or recurrent
bowel disease.

Our main goals are therefore

¯ to extend and enhance the visualisation and
characterisation of motion in ultrasound
imaging by the application of machine vision
techniques

¯ to demonstrate the effectiveness of these
enhancements in order that ultrasound can
perform a primary role in diagnostic imaging
where motion assessment is required

The project consists of four main work areas.

¯ to implement and compare robust methods of
extraction of the optical flow

¯ to provide alternative functional visualisations
of motion

¯ to develop, investigate and compare methods
to characterise the flow field

¯ comparison of unassisted, visualisation
assisted and machine only performance in
classification of small bowel disease into
normal/abnormal classes

We are currently engaged in the first of these
activities.
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Progress Report

Initial Approach

Our application images are textured, noisy and
otherwise remarkably featureless. Following a review
of the literature at the beginning of the project, we
have chosen to investigate frequency-based
methods of extracting dense flow fields because of
the textured nature of our images.

We concluded that gradient-based methods
appear to perform poorly without recourse to gross
low-pass filtering [1,2]. We would like to avoid such
filtering if possible, although we acknowledge that
some kind of noise removal may have to be
performed on these images for any optical flow
method to be successful. It can be argued that the
peristaltic velocities are always small and that
significant low-pass filtering will not influence unduly
the outcome of our quantification. However, at some
stage we are going to have to interpret the motion
field and so we have to remain sensitive to higher
velocity motions due to arterial flow and transducer
motion and not lose their characteristics because of
filtering.

We also concluded that feature-tracking methods
were inappropriate because of the amorphous nature
of the image sequences.

Barron et al [3] have reported extensively on nine
techniques covering the three main methodologies,
and at the time of writing their conclusions may cause
us to rethink out conclusion regarding gradient
methods. Barron’s report suggests that the Fleet [4]
method is overall the most accurate and robust
method that they investigated. They dismissed
Heeger’s [2] method on the main grounds that it
makes an assumption about the form if the input
signal (a uniform texture) and that it involves 
functional minimisation which is difficult and
unreliable to perform. We have investigated Heeger’s
methods for some simple 1D (x,U sequences (where
the minimisation problem is simpler) and conclude
that with some ad-hocery (or training as we call it) 
inspection of the spectrum of the expected input
signals to decide on the placement of the
velocity-tuned filters, it performs quite accurately.
Our misgiving with the method is the difficulty of
deriving a suitable confidence measure from the
shape of the error surface. The image sequence in
the Barton report which seems to match most closely
to our application is the real SRI translating tree
sequence. On these images the Heeger method

seems to compare favourably with the Fleet method.
Whilst we agree with the difficulties encountered
when performing function minimisation for 2 and
higher dimensions we think that the Heeger method is
worth investigation for our application.

We have been assisted by two visiting MSc
Students (see acknowledgments) who have
compared the Fleet method (the "best" method
according to the Barron report), with a recent
method due to Granlund [5] which was not covered in
the Barron Report. Importantly, both methods provide
confidence measures associated with the velocity
estimates.

Test Image Sequences

A problem when assessing methods for ou;
application is lack of ground truth and difficulty o!
designing a phantom for motion. We have attemptec
to model our application images using movin¢
gaussian-shaped objects (N lumps") moving over flat
backgrounds. Both objects and background may be
smooth or textured and the sequences can be
corrupted with gaussian or salt-and-pepper noise,
the latter being a simple-minded attempt to simulate
some non-gaussian noise pattern in place of the
speckle noise patterns caused by interference.

Fleet’s Method

This method calculates normal velocities of the
flow field. It uses the observation that the norma
velocity vector is perpendicular to the contours in the
phase of the signal, and can be calculated from the
phase and phase gradient. They claim that usin~
phase is less sensitive to noise perturbation than the
amplitude spectrum used by other frequency-basec
methods. These quantities are estimated in the
spatio-temporal domain by using convolution filter.,
which sample the spectrum at particular frequencie,.
and bandwidths.

Granlund’s Method

This method seeks to evaluate the tilt of the plane
where most of the energy (of a translating patch) i.’
found in the power spectrum of the signal (the
principle of Heeger’s method)~ The method is
least-squares one which is shown to correspond t¢
an eigenvalue problem in the spatio-tempora
domain. The method makes no assumptions abou’
the nature of the signal, other than the usua
assumption about uniformly translating patches
which are called "linearly symmetric" in this paper
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Results

The behaviour of the methods was compared with
respect to variations in noise levels, background and
object texture, velocity ranges and interaction
between moving objects. The performance
measures were error measures in angle, absolute
and relative amplitude of the computed velocity
vectors, and the density of the computed vector
field. The results of both methods are sensitive to the
setting of threshold values on their respective
confidence values. These thresholds are by their very
nature arbitrary, but are designed to ensure
= reasonable" signal-to-noise and are set to values
suggested by the original authors. The voluminous
output of the various experimental combinations is
contained in the MSc report [6] but in brief
conclusions are as follows.

The Fleet method appears to be more sensitive to
noise perturbation than the Granlund method. They
are both extremely sensitive to salt-and-pepper
noise; with only 5% of the image corrupted by noise
the Fleet method fails to make any measurements.
See Fig. 1. The sensitivity in the presence of noise is
sufficient for us to be forced to consider
pre-processing our sequences to remove noise.

Both methods improve with increasing image
texture. See Fig. 2.

Using the same parameters as for the synthetic
image tests, on a real application sequence the Fleet
method appears to give a noisy flow field, and the
Granlund method a smooth flow field. Subjectively the
Fleet method seems to give the more correct result.

There is a discrepancy between performance on
the synthetic sequences which indicates that our
attempted model of the application image
appearance is inadequate.

We have yet to evaluate the Heeger method on the
same basis.
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l~g I: Gaussian noise text, showing se~itivity to noise perturbatiorL The signal is a moving truncated Gaussian-shaped object
on a flat b~und. Both object and background are textured (Gau.~ian, --40db). The two density plots refer to (a) the density
delivered by the method usingthe original author’s confidence thresholds and (b) the density aflerthresholding near-zero velocity
estimates for the purposes of calculating the relative error.

2O

3,,~ io

°
< -I0

30 Gaussian Texture - Angular Erro¢
¯ ¯ e ¯

U

0.5

>
< -0.5

..... ° ¯ 6 ¯ ¯

;o- -20 0
Increasing Texture Level- dB

Gaussian Texture - Abs. Amp. Error

e & ¯

"" ........ v

......---.
I i

-40 -20

Increasing Texture l.cvei - dB

100

8O

60

20

0

Gaussian Texture - Re!. Amp. Error

¯ ¯ ." :
~. IOO

~
0 " " - .....

-4O - 0 O
Increasing Texture Level - dB

Gausslan Texture. Density

0 0

°° .............

.......... °.o°°°

....... ~’" °’’" °°’°"° °~I
-40 -2O

Increasing Texture Level - dB

l~g 2: Object texture test, showing improvement with increasing texture (effectively signal contrast). The signal is a moving
truncated Gaussian-shaped object on a fiat background with varying texture (Gaussian).
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