
1 INTRODUCTION

Many products made of fibrous geosynthetics used
in filtering and other geotechnical applications demand
some important characteristics like a very uniform
and random pore distribution as well as equal
mechanical properties in all directions.

Figure 1 exemplifies some products used in filtering
and drainage.

and then subjected to a needling operation that
condense and stabilize the final product. On account
of this procedure, the different layers have different
preferential directions and the material is far from an
isotropic situation. Figure 3 shows this problematic
situation.

The problems that arise from the described
sequence are that generally there is not a random
pore distribution and also the mechanical properties
are not equally distributed. To avoid these inconvenient
the needling operation is divided into two sub-
operations: pre-needling with a very low needle density
and a final needling using the necessary needling
density. Between these two actions a web drafting is
used. The reasons for this drafting are: tuning of the
mass per unit length and a random distribution of
pore and mechanical properties.
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ABSTRACT: In this research we used image analysis to control the step process of drafting inserted in a
needling operation of synthetic fibrous products. The images taken by two video cameras placed one at the
beginning of the process and the other at the end, were transformed into 256 grey levels which distribution
has been calculated and, using the conformism of Shannon, the entropy has been determined. If the entropy
changes, the computer algorithm determines that the drafting level will be automatically modified, acting
directly on the speed of the motors that command the lower rolls, until the system reaches an equilibrium that
corresponds to the best solution for that particular case.
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Figure 1. Fibrous geotextiles used in filtering and drainage.

In Figure 2 it can be seen another very important
product of this kind, used in road construction fulfilling
several actions such as filtering, drainage and
reinforcement.

One of the most used processes to produce these
type of products involves carding for the production
of the base web. Because this is too thin, the next
operation is a cross lap in which several webs are
superimposed alternatively with an opposite direction

Figure 2. Schematic use of geotextiles in road construction.
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The mechanism to get this effect is apparently
simple. During the pre-needling operation tufts of
fibres are transported from the horizontal position to
a vertical one as shown in Figure 4.

to the black and the level i = 255 to the white. Pi is
the probability (p0, p1, … p255). Same procedure is
used for the outcoming images and the entropy
compared. If the entropy changes, the computer
algorithm determines that the drafting level will be
automatically adapted, acting directly on the speed
of the motors that command the lower rolls, until the
system reaches an equilibrium that corresponds to
the best solution for that particular case. The basic
idea is: the higher the entropy the best isotropic
situation has been reached. Beyond this point, a new
oriented state will arrive or some degree of material
damage. Anyway in this situation the entropy will
clearly decrease pointing out a more ordered situation.

2 EXPERIMENTAL PROGRAM

For the production of the fibre web it has been used
a nonwoven line, lab size (60 cm of wide), composed
by card, web cross lapper and needle punching
machine, as it can be seen in Figure 5.

Figure 3. Diagrammatic disposition of fibrous layers.

They will be the key of the process, acting as
pivots during the drafting action, forcing the fibres
of the horizontal structure to rotate disorienting
themselves. If the operation is well conducted then
the product will be more isotropic after the drafting
then before and so will be the distribution of pore
and mechanical properties. It can be easily seen that
the critical decision is on the control of the drafting
process. If it doesn’t have enough extension the fibres
will remain oriented. If the drafting is too severe
besides some material damage we may get a new
oriented state. To be more sensitive, the drafting
operation is realized in several stages using a special
machine in which, besides 4 or 5 stages, the length
of each stage can be changed.

In this research we used image analyses to control
the drafting process. Two video cameras take images
continuously, one at the beginning of the flow and
the other at the end of the whole process. Each image
is sent to the computer and transformed into 256
grey levels. The distribution of these grey levels is
calculated and, using the conformism of Shannon,
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the entropy of first order is determined. In equation
1, S is the Shannon’s Entropy, the level i = 0 correspond

The first step has been the production of the web
using a very low needle density, as pre-needling
operation. The second step involves a drafting
operation whose goal is the re-orientation of the fibres.
The fibres coming from the card have a certain
orientation (machine direction) and the cross lapping
created several layers, each one with its orientation,
as it can be seen in Figure 3. During the drafting, the
fibres inserted by the needles (vertical structure), can
be seen as pivots around whom the fibres in horizontal
position (horizontal structure) may rotate re-orienting
themselves. Clearly the drafting extent is critical to
get a material with a fibre random distribution, which
means a pore random distribution.

For this project we developed a prototype for web
drafting that included image control, as it is represented
in Figure 6.

The system is composed of five pair of rolls with
independent motors. The images captured in the first
camera, at the rate of 256 per second, are sent to the
computer and the mean entropy of first order is

Figure 4. Vertical tufts inserted in the horizontal structure.

Figure 5. Nonwoven line lab size.
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calculated. Starting from a drafting level of 5% the
material has been drafted and the second camera
collects images and send them to the computer to
calculate the mean entropy. If the entropy decreases,
then the speed of the rolls is proportionally increased.
This process goes on until an equilibrium is reached.
In the equilibrium the mean value of the entropy
must be the ideal for the best isotropic state or, in
other words, the less anisotropic state.

Figure 6. Prototype for web drafting with image control.

Figure 7. Image of fibre web before drafting.

Figure 8. Image of fibre web after drafting.

In Figures 7 and 8 are shown images collected
respectively before and after the drafting operation.

It is clear in the image represented in Figure 8, a
more open structure, derived from the drafting operation.

The system, as it is now, can perfectly control the
drafting operation, but still need a little more work.

Figure 9 shows two clearly different samples.

Although the two samples are clearly very different,
it is curious to enhance that both do have exactly the
same mean entropy of first order. The problem is that
our system, just like it is now, do not justify situations
like these. The solution of this problem is being
handled and the solution is to modify the computer
algorithm in order to include a special mode to
calculate, at the same time of the first order, also the
second order of the entropy, i.e., the analysis of the
vicinity of each one of the studied points.

3 CONCLUSIONS

Taking into consideration the actual state of art of
this project, we may take the following conclusions:

(i) the use of image analysis is a very accurate
system to control the very sensitive drafting operation,
when the fibre web must be close to an isotropic
state, in order to have a random pore distribution;

(ii) the use of the entropy of first order has shown
to be a strong tool to control the drafting operation,
when used in an automatic system as it has been
designed in this project;

(iii) the use, as an exclusive control tool, of the
entropy of first order, is not enough to justify situations
where the entropy of first order is equal for different
materials. The analysis of the vicinity of each one of
the points studied has to be done using the second
order of the entropy.
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