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Analysis of skeletal muscular movement by means of ultrasound imaging has re-
cently become of interest to many in the field of biomechanics and motor control [3, 4],
due to both the ready availability and low cost of the equipment to clinicians and aca-
demics, and the non-invasive nature of the technology. B-mode ultrasound provides a
simple and inexpensive method by which to investigate the internal movement of sec-
tions of the human body. Traditionally, analysis has used frame-by-frame identification
of regions of interest in each ultrasound image, the data from which may then be anal-
ysed to track movement throughout an entire series of images. The amount of offline
work needed to achieve this is often found to be prohibitive, and these intermediate
steps between data collection and analysis are challenging for those attempting to give
prompt and accurate feedback to patients, and also costly in terms of person hours.

The specific problem addressed here is that of real-time, automated tracking of
muscle movement by means of B-mode ultrasound imaging. The muscle used as an
exemplar is the Medial Gastrocnemius, located in the lower leg, which consists of tight
bundles of fibres (fascicles) which lie at an angle to the enclosing sheaths of tissue
(apaneurosis). When activated the muscle fibres produce force, which is transmitted
via the apanuerosis to generate movement of the connected joint(s). The movement of
the muscle fibres in relation to the apanuerosis is the main area of interest; key areas
on the muscle fibre and apanuerosis are tracked to quantify the relative movement
between the two structures.

Figure 1 shows a schematic of the data collection method. In brief, the ultrasound
scanner is placed on the participant’s calf, and orientated to give an adequate view of
the cross section of the muscle, which will image both the superficial (outer) apanuero-
sis and deep (inner) apanuerosis alongside the muscle fibres contained within. The
resultant stream of images has a temporal resolution of 25Hz and physical resolution
of 547× 438 pixels.

A novel approach which fully automates this analysis has been developed [2] and
results gained from the an initial prototype application are summarised. Results have
proven comparable to more traditional methods, such as spatial cross-correlation (see
[4]), with the advantage that it requires no manual intervention during the analysis.
The technique utilises an Active Shape Model (ASM) [1] to segment the image accord-
ing to the different regions of muscle and tissue present, and a Kanade-Lucas-Tomasi
tracker (KLT) [5] to highlight specific regions of interest and track their movement
across a series of images. Probes are placed on top of the image (see Figure 1), which
are used to visualise the movement of the underlying KLT tracking grid to avoid over-
reliance on specific regions of interest that may be lost over the course of an experiment.

The prototype application was developed as a serial MATLAB v7.5 application
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Figure 1: Schematic representation of data collection and analysis system. The data
collection method (left), an example of the image obtained (centre), and example of
the layer of probes placed over the KLT tracking grid.

which achieved consistent segmentation and tracking, but was limited to 0.9Hz. The
results obtained by translating the KLT portion of this system to a shader based
OpenGL/Cg GPU parallelised application [6] are presented. The initial GPU imple-
mentation of this system is capable of running at a frequency of approximately 30Hz
on an NVIDIA 9500GT (approx cost 50 Euro). It is expected that the use of a more
computationally advanced GPU will allow real-time analysis of more complex muscle
groups such as in the back and neck. This enables novel research studies on human
muscle coordination and control. If selected, we additionally plan to present our expe-
rience on work in progress on porting/optimisation of our application to CUDA on an
NVidia Tesla C2070 using the Intel Platform Modelling with Machine Learning tools.
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