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Using image processing in centrifuge research

H.G.B.Allersma
Delft University of Technology, Netherlands

ABSTRACT: For proper interpretation of tests with soils it is necessary to measure
relevant parameters so that the results can be verified with other tests or with the
output of calculation methods. Since the calculation methods produce more detailed
information about stresses and strains, more details have to be measured and
visualized in tests as well to make comparison with the results possible. In this
paper it is shown that image processing techniques can be usefully applied to
perform measurements on models in centrifuge tests during flight and to watch the
progress of a test.

1 INTRODUCTION model handling, and research possibilities

on the other. The centrifuge is equipped
The geotechnical centrifuge appeared to be with electronics so that several options
a useful tool to simulate the behavior of are available in the spinning container,
large practical problems on a small scale. such as a computer controlled loading
A lot of devices are available all over system with load cells and displacement
the world and a large variety of tests are transducers, video camera, controlled
reported by several investigators (Corté fluid valves and so on. A special
1988, Craig et al 1988). Since the feature is that the data acquisition
prototype stress level can be induced in a system and control computer are located in
small model, stress dependent behavior in the spinning part of the centrifuge, where
sand and clay is taken into account. For the control computer is connected with an
clay this means that the ratio between rs232 connection via slip rings to a PC.
cohon and shear stress can be made the Thus a very flexible operation is
same as in the practical problem. In the possible, in which the noise of the low
case of sand the stress dependent behavior level signals of sensors based on strain
is mainly visible in the value of the folios is minimized. Although in general
effective friction angle. Furthermore centrifuges are equipped with advanced
the time scale is influenced, which can be electronic systems, the same problem as in
convenient if consolidation processes have 1g tests remains, namely how to measure
to be studied. To perform elementary stresses and strains in the granular
research and for educational purposes also material. The only way to obtain

a small centrifuge has been built recently detailed stress maps of a loaded granular
by the Geotechnical Laboratory of Delft material is the use of photoelastic

University of  Technology. The particles (Allersma, 1987). In this
centrifuge, a computer controlled loading technique crushed glass 1is used to
device and the data acquisition system simulate a sand mass. The assembly is
were all designed and partly built in the made transparent by filling the pores with
laboratory. The effective diameter of a fluid which has the same refraction
the centrifuge is two meters. Models index as glass. Since glass becones
with a volume of 30x30x40 cm and a weight anisotropic for light when subjected to
of 300N can be accelerated up to 300g. shear stresses, it is possible to obtain
The idea behind the design concept and information about the stresses in the
dimensions of the centrifuge 1is that a material by optical means. Because the
good ratio has to be obtained between on sample is transparent the deformation can

the one hand convenience of operation and be observed in normal light by using black
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[image: image2.jpg]markers.  This method is not suitable for
centrifuge research without modifications.
In the near future investigations will be
made how this method can be applied
successfully in centrifuge research.

At the moment measuring the deformation at
the surface of plane strain samples is the
only way to obtain detailed information
about the behavior of a sample in a
centrifuge. In this technique the
surface of the sample is marked in some
way, and several photographs of the
surface are made during a test.
Afterward displacements can be deduced
from the exposures. The disadvantage of
this method is that the information is not
available during the test and the analysis
is very time consuming. In order to
obtain on line information on the
deformation during the test an image
processing system proved to be a very
useful tool. This system can be used to
derive automatically the co-ordinates of a
grid (Allersma, 1990). Furthermore it is
possible to compare images of different
stages of a test, for example by
subtracting images. The image processing
system can also be used to measure
displacements of boundary segments. In
principle it is possible to make the test
procedure dependent on changes "seen" to
the computer.

2 EQUIPMENT

Several components are required to make it
possible to watch the model in flight and
to capture, digitize and store the image
of the surface of the model. The most
important components are: tv camera (flash
light), PC with a frame grabber board and
a video recorder. The tv camera is used
to visualize the spinning model. The
image can be captured by the frame grabber

and processed and stored on disk by the PC.

Interesting events can be stored also on
tape by means of the video recorder. The
model is located in the centrifuge in such
a way that the significant soil surface is
visible to the tv camera.

Cameras with a CCD element can survive
large accelerations, so that they can be
mounted inside the centrifuge. It was
found, however, that a fixed camera with a
triggered flash light could also be used
to obtain a good quality digital image of
the model in flight. The advantage of an
external camera is that the video signal
does not have to be transported by slip
rings and it is simpler to move the camera
to observe another area. Moreover, the
trigger moment can be changed, so that

speed
control
centrifuge

Senuiivge video recorder

Fig.1
with a spinning camera.

Diagram of an observation system

both containers of the centrifuge can be
watched with one camera. The arrangement
of the optical components to observe a
model in a spinning centrifuge is shown in
diagram form in Fig.1. It is assumed
here that the camera is located in the
centrifuge.

The video images can be stored in the
computer memory in digital form by using
an additional board, known as a frame
grabber. The size of the digital image
is 512x512 pixels, each pixel having 255
grey levels. The video image is visible
on an additional monitor. The computer
memory is organized in such a way that
three images can be stored at the same

time. The board can operate in several
modes and several image processing
functions can be selected from the
keyboard.

3 SOFTWARE

The operation of the frame grabber can be
controlled by setting codes in special
registers. This is a rather unfriendly
method of programming and the elementary
technique of image processing is rather
specialized. Use of a software tool kit
is therefore recommended to make it
possible for the frame grabber board to be
utilized in a more advanced way. An
example of a software package is available
under the name TIM. The functions of this
sof tware package can be divided into four
groups. The commands of the first group
are used to adjust the operation mode of
the frame grabber board. The second group

contains functions for transport
operations, which handle the transport of
images between video source, memory,
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[image: image3.jpg]display and disk. A third group is formed
by commands used to communicate with
external devices such as printers and
plotters. The fourth group contains a
large number of functions for processing a

Zldes image. The result of an operation
s

displayed on the screen of the
additional video monitor. Possible
operations are, for example, arithmetical
(e.g. adding and dividing of images),

window operations (i.e. replacing all the
pixel values in a small window by the
value of the lowest grey level in the
window), binary (such as selection between
object and background), etec., etc. The
image processing commands and other
statements can be stored in a logical
sequence in a script file, which can be
executed under TIM. More details about
the software packet can be found in the
TIM users manual ( Ekkers, 1988).

4 DESCRIPTION DEMONSTRATION TEST

The possibilities of the image processing
system is demonstrated with a simple test
to study the failure mechanism of a slope
in clay. In this test a canal was
cut in flight after the clay body had
been consolidated at 120 g for three
hours. The purpose of this test was to
investigate if a failure mechanism could
be observed different from when the slope
was cut at 1g conditions, before the
centrifuge was started started. A
different behavior was expected due to the
different pore water pressure
distributions in the models. The canal
was modeled in a clay body with a ground
surface of 18x10cm” and a height of 9 cm.
The slope angle was 60 deg. and the height
of the slope was 6 cm. Commercially
available pottery clay was used as test
materigl with a cohesion of approximately
25kN/m". The samples are both placed in
the centrifuge, so that they are sub jected
to exactly the same conditions. In both
models the same canal was cut out. In
one case, however, the boundary of the
canal was covered with a strong strip of
textile where the initially removed clay

triangle had been put back. The end
parts of the textile strip are fixed to a
strong metal plate connected to the
loading system in the container. The

loading system was used to 1lift up the
metal plate together with the triangularly
shaped piece of clay which fills the canal
(Fig.2). Although the piece of clay was
not removed totally, sufficient space was
created to allow a free deformation of the
slope. Since the clay surface has no
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Fig.2
cut a canal in flight.

Diagram of the test procedure to

natural contrast variations, points or
lines have to be copied on the surface to
make it possible to detect the
deformation. In the case of a clay model
several methods can be used to label
points on the surface. For this purpose
it is most convenient to cover the surface
with a grid, so that points are defined by

the nodes of lines. An additional
advantage of a grid is that the formation
of shear bands can be observed very
clearly in a deforming model. There are
several methods for labelling a clay
surface with a grid. Care must be
taken, however, to prevent the surface

from being damaged locally. A small
injury will be magnified dramatically in a
centrifuge, so that the failure mechanism
may be influenced by it. The best
results have so far been obtained by
copying a grid from a paper sheet to the
clay surface. In this technique a grid is
plotted on a paper sheet by a plotter.
Next the relevant clay surface is covered
with the paper sheet for a while. Because
the clay surface is moist the ink is
soaked off the paper sheet and left on the
clay surface after the paper sheet has
been removed (Fig.3). In this test the
model, in which the canal is created in
flight, has been made visible by a
tv-camera which was located in the
centrifuge.

The tv-camera was connected with the frame
grabber board in the PC via a slip ring.
The image of the spinning model can be
stored in digital form in a RAM memory
Jocated on the additional board or on
disk. Image processing software can be
used to to compare different test stages
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surface.

Example of a grid copied on a clay

or to isolate and digitize the nodes of
the grid. Several exposures can be made
and the images and the co-ordinates of the
nodes of the different stages can be
stored in files on the hard disk. The
images of previous stages can be used for
better on line watching of the test.

5 RESULT

By means of some simple image processing

functions (subtraction, addition and
multiplication) it is shown that
information can be obtained about the

progress of the deformation of the sample.
During the test eight digital exposures
are made and stored on disk. Since it is
not interesting to store stages of the
test during which no significant
deformation has occurred, the image
processing system can be used to select
the most relevant stages. This can be
performed in a simple way by subtracting
the actual state from the last state
saved. If no deformation has taken place
the result will be almost zero, which
means no image. In principle this
selection procedure can be automated by
determining the displacement of a
particular peint. If the displacement
has exceeded some given value, a statement
in the program is executed in which the
storage of an image is defined. In Fig.4
four different stages of the test are
shown in which the canal is created in
flight. The pictures presented are
photographs of the \.lideo screen. In the
first picture Fig.4  the initial state of
the model is shown just before the uplift
of the clay segment in the canal has
started. The test model had been
subjected to 120g for approximately three
hours in advance. It was not assumed that
the consolidation process was finished
completely after this time however, it was
expected that the pore water pressure
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distribution resembles the protbotype
conditions more closely. In Fig.4 the
uplift of the clay segment has just been
started. This is shown by the black
colored gap between the slope and the
removed clay segment. The curved shape
of the grid lines show that the clay slope
has been deformed significantly. Since
the uplift of the clay segment takes some
time, the slope is still partly supported.
In Fig.4° the clay segment is totally free
from the slope, so that the canal can be
supposed to be cut. The uplift has
taken approximately 5 minutes.

In Fig.4 the model is shown after two
hours of spinning at 120g. Typical is
the time dependent behavior of clay.

In Fig.5 the image processing function sub
(subtraction of two images) is used to
compare successive stages. This
comparison shows how the deformation is
develoged in time. In the first stage
(Fig.5%) a large volume is involved in the
deformation process. In Fig. s® a shear
band is formed in the left lower corner of

the model, so that the degormation zone
has decreased. In Fig.5 a new shear
band has just developed, but  some

deformation can still be observed in thg
left side part of the sample. In Fig.5
only the deformation of a slice can be
observed if two video images are
subtracted. The last exposures are made
approximately two hours after the canal
has been cut. The shear band of the
final ‘slice seemed to be in good agreement
with the mechanism proposed in the theory
of Fellenius or Bishop.

In Fig.6> two stages are compared by
adding two successive exposures. In
Fig.6 the grid is isolated from the back
ground by using a more advanced image
processing technique. These pictures show
a typical phenomenon in this study, namely
that another shear band is in progress
closer to the slope. In some cases this
shear band proceeds until it has reached
the slope wall again, so that a slice can
move out as is shown schematically in
Fig.7. This mechanism can cause cracks
in the asphalt layer, which is often used
to protect the slopes of dikes. In the
theory commonly applied there should be no
preference for this mechanism because very
large safety factors are found if this
shear band is assumed. The idea was that
this failure mechanism may occur mainly in
the test procedure in which the canal was
created in advance at 1g conditions,
because the pore water pressure is very
unrealistic during the start. In Fig.8 a
photograph of both tests is shown. As
can be seen, however, there is hardly any
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showing different stages during the test.

Fig.4 Photographs of the screen,
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Fig.5 Subtracted images to visualize the deforming area.
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observed in slopes.

Fig.8 Photographs of two different tests; a) the slope is created at 1g;
b) the slope is made at 120g.

sample preparation is almost perfect.

Apparently the failure mechanism is not
influenced significantly by the initial
distribution of the pore water pressure
when the canal is subjected to a large

gravity.

In Fig.9 the velocity field is shown in
some stage of the test based on the
co-ordinates of the nodes in three
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successive stages. Digitization of the

co-ordinates occurs automatically in a
computer program using functions of the
image processing software tool kit.

Since the video system is based on a fixed
amount of 512x512 pixels, the accuracy is
dependent on the size of the area
considered. In this test the theoretical
resolution was approximately 0.3 mm.



[image: image8.jpg]Fig.9 Computer plot of the digitized
co-ordinates of the nodes during the last
stage of the test.

6 CONCLUSIONS

Image processing techniques are very
suitable for analyzing the surface
deformation in soil models, automatically

and on line. An acceptable level of
accuracy can be obtained using a standard
configuration. However, the accuracy can
be increased significantly by the use of
special techniques and equipment. Several
techniques are available to mark the
surface of a model. It is possible to
elaborate tests from photographs or film,
so that advanced techniques like the X ray
method or observations with high speed
cameras can also be analyzed. The method
is particularly suitable for monitoring
the progress of the test in a geotechnical
centrifuge because detailed information
can be obtained on line about the
deformation of the fast spinning model.
The image processing technique has several
other applications in experimental soil
mechanics. Some examples are:
determining particle size distribution and
shape factors, measurement of the diameter
of triaxial samples, settlement
measurement, displacements in ground water
flow, displacement measurement of objects
and field measurements.
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