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An essential factor in creating comfort in footwear is that of achieving a balance between the interior

volume of a shoe and the foot itself. As, until now, no precise system to measure the inner volume of

a finished shoe has been available, CTC Groupe in France is developing a 3D tool to evaluate the fit of

the finished product and ensure there is sufficient room between it and the foot. This will in turn

optimise the shape of lasts and the footwear produced on them. 

Measuring the 
interior volume of footwear

A last replicates the principal dimensional characteristics of
the foot and is the basis of footwear production. The
components that make up the sole and upper are all
assembled on this last, the shape of which is based on
specific criteria:

• Given dimensions of the foot (including differences
between male and female feet, European and Asian, etc.,
and forefoot shape, etc.)

• The intended use of the footwear (sport, dress, etc.)

• Production limitations (shape, heel height, etc.)

A well-defined last does not always produce the desired fit.
The fit—on which the last is based—is the theoretical volume
which allows for the actual volumes of the foot in all its various
positions when at rest and during movement. Volume and fit are
therefore, in theory, defined by the dimensional characteristics of

the last. However, when the last is slipped at the end of the
manufacturing process, the natural elasticity or memory of the
materials used can cause them to ‘spring back’, altering the
dimensions of the shoe and affecting both fit and comfort. In
addition to this, shoe uppers are made from materials of
different thicknesses and therefore the smooth surface
dimensions of the last are not truly recreated inside the shoe.

MEASURING 
Measuring the internal geometry of a shoe is not easy due to

the constricted work space and the number of different materials
involved. A state-of-the-art rapid method 3D scanning has
enabled CTC to move away from tomographic systems which,
whilst providing good results, are still very expensive.

The measuring techniques trialled use a laser beam to scan the
surface and collect simultaneous images to recreate a three
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dimensional representation of the inside of the shoe. Although
used in other fields, this stereoscopic method had not previously
been used on footwear but, by miniaturising the scanning
system, it became worth pursuing. 

The actual interior measurement is undertaken in two stages.
1. Interior photographs are taken using a stereoscopic

endoscope. The optical apparatus is first calibrated then
fixed in place and the shoe is then turned around the head
of the endoscope.

2. The images are analysed using special software in order to
produce a 3D picture of the interior of the shoe. This
involves correlating them at different stages of the process
using the information captured by the endoscope to create
3D triangular imagery of the interior with its multiple
surfaces.

A SPECIFIC EXAMPLE
With the aid of a clamping device which moves the shoe

around the heads of two endoscopes, 53 pairs of stereoscopic
interior images of a shoe are recorded. 

These are then used to create a 3D reconstruction of the inside
of the shoe comprising 135,112 points and 265,025 triangles.
Although this in itself was successful in tests, it was not found
possible to scan and measure the upper inside surface of the

shoe in the forepart due to the fact that it was turned up, making
it impossible to accurately capture any images of this area with
the use of a stereo endoscope. The low quality of the images
from the forepart of the shoe produced an incomplete
measurement as only blurred images were captured. However, it
did prove possible to calculate different measurements relating
to the volume of a shoe, i.e. length, girth and instep.

In order to evaluate fit, various tools have been used to
determine the size and shape of a shoe’s interior compared to
the foot so that certain factors could be established: 

• Does the internal volume of a finished shoe match the
dimensions of the last as defined when the shoe was
designed?

• Should the last have different parameters in order to better
replicate the foot in the shoe and so produce better fitting
footwear?

• To verify in terms of volume, whether the shoe will be
comfortable to wear.

At present various tests are being carried out to confirm the
potential of 3D scanning on different types of footwear such as
men’s, women’s, children’s and high-heeled shoes, and further
improvements will be made in order to allow the fit of footwear
to be evaluated as efficiently as possible.

If only I had
advertised in
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