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socket fitting of amputees. However,

instruments are currently being developed for

other shape measuring applications for other

parts of the body and for the whole body. A

number of characteristics of this shape sensing

system make it particularly amenable to these
various applications.

1. The system is modular. Each camera is
supported by a circuit board with built in
memory for several frames. An instrument
can be conceived using any number of
cameras to provide the appropriate coverage
of the shape from all angles and to cope with
major irregularities. Thus instruments can be
configured in a variety of different ways.
Some designs utilize rotary scanning motions
and others use linear scans. If the speed of
scanning is no issue then sometimes it is less
expensive to move the object past fewer
cameras, whereas, if speed is more important
then it is possible to either scan light beams
over the object with stationary cameras or
move the cameras and light beams together.

2. The calibration procedure and mathematics
are generalized and allow for a
reconfiguration or adjustment without
measurements or geometric calculations.

3. The speed of the measurement can be
increased by increasing the number of light
beams projected simultaneously. In the
system described in this paper the light beam
was split in two and the measurement time
was halved. One advantage of this physical
arrangement is that there is no possibility of a
laser beam entering the lens of a camera
directly since the opposite projection source
is always obscuring that path.

The resolution of shape measurement
instruments based on this principle is dependent
primarily upon five factors.

1. Video camera selection. The least expensive
systems use standard video cameras with 525
lines, of which 242 are useable from half of an
interlaced scan. The circuits used by the
authors have 240 lines and hence have a
resolution of one 240th of the height of the
field of view. The resolution across the scan is
typically 800 lines or more and is chiefly a
function of camera cost.

2. Object size and shape. Larger objects will
require a larger field of view for the cameras
and there will be a proportional decrease in

absolute resolution. The shape of the object
is important in this regard in that ideally it
should fill the field of view of camera as much
as possible. Evidently a long thin object being
viewed by one camera would require the field
of view to be very large in order to
accommodate the whole shape and
consequently the resolution would decrease.

3. The number of cameras. The field of view of
each camera in the measurement system can
be decreased either by moving the object or
the camera with respect to one another and
obtaining multiple images or by using
multiple cameras to divide the field of view
into smaller segments, thus increasing
resolution.

4. Number of video frames analysed. The
resolution of the instrument described in this
paper is 5° about the long axis since 72 video
frames are taken at 5° intervals around the
stump. Evidently that resolution can be
increased by increasing the number of video
frames measured.

5. Software design. The resolution along the
vertical axis was decreased by a factor of 3
through a smoothing process that reduced the
number of data points on each video frame
from 240 to 80. This was done to economize
on data storage and computer time since it
was realized that the resolution would still be
more than adequate for the task of measuring
stumps and would provide a longitudinal
resolution that would correspond to the
circumferential spacing between the scans at
5 degree intervals.

The resolution referred to above is the
resolution of the number of measured points.
Since most anatomical shapes involve smooth
curvature it is possible to produce an image with
effectively higher resolutions by curve fitting to
the measured data points.

The accuracy of the stump shape sensor was
assessed by comparing the calculated
circumference of regular cylindrical objects with
the measured circumference. Agreement was
within 1% for cylinders with diameters greater
than 5 cm. For smaller diameters the percentage
error increased but the dimensional error did not
exceed 2 mm in circumference.

The repeatability of the measurement of
inanimate objects is very high but it would be
more relevant to determine the repeatability of
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measurements of human subjects. We are now
engaged in this task. Amputation stumps will
often swell very rapidly when removed from a
prosthetic socket or from elastic bandages. It is
also clear that soft tissue will change in shape
depending on the alignment of the limb with
respect to gravity and depending on muscle
tension. Presently, the measurement is made
with the subject wearing an elastic stocking
suspended by elastic webbing straps from the
seat. Current research efforts are directed at
determining the optimum conditions for
measuring amputation stumps.

The importance of shape sensing as a
component of computer aided prosthetic/
orthotic design should not be underestimated.
The appliance must have the right shape for load
transfer or cosmetic appearance and must be the
right size to fit the patient. We have observed
prosthetics students sometimes striving for
sockets that have the right features of shape but
failing to achieve dimensions corresponding to
reference measurements of the amputee taken
with measurement tape and calipers.
Consequently, the socket is too loose or too
tight. An important aspect of shape sensing is
the ability of computer software to use these
data to maintian a dynamic check of critical
linear or volumetric dimensions during the
shape modification process.

Certain differences have also been observed
in some characteristics of modified shape from
one prosthetist to another. Shape sensing will
allow the individual user to build his own library
of ‘primitives’ by sensing shapes that he has
produced by hand.

Conclusion

A comparatively inexpensive and modular
system for measuring anatomical shape has been
developed. Two instruments have been built
incorporating this principle for the measurement
of plaster casts and for the measurement of
amputation stumps. Other designs for the
measurement of different body segments may
now be produced by configuring this system in a
variety of different ways to optimize its
performance/cost ratio for different tasks.
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