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IMAGING SYSTEM FOR DETERMINING PERMEABILITY OF PAPER

This invention relates to techniques for determining the permeability of a sample of

paper, such as paper used in the manufacture of cigarettes.

There are many different types of papers used in the manufacture of cigarettes, and
besides features associated with aesthetics, each paper has a particular function within
the design. In particular, these papers are used to control the burning characteristics of

the cigarette and the dilution of smoke delivered to the user.

Cigarette papers typically allow some air to pass through the paper and into the
cigarette as air is drawn through the rod. Papers can also be deliberately perforated to
allow more air to pass into the cigarette and thereby to change the delivery of tar and
nicotine. A measure of the porosity of paper is given by paper permeability; this is
usually expressed as a flow rate per unit area given a standard pressure difference
across the paper boundary. In the situation where the paper contains holes, the total
permeability will be contributed to by the intrinsic permeability of the paper, and any

holes present. Permeability will be high where the total area of holes is large.

Cigarette tipping paper surrounds, and extends beyond, the filter and often includes
deliberate holes. These holes dilute the delivery of smoke to the user and affect the
“taste” of the cigarette. It is desirable that the permeability of tipping papers is
monitored closely since if papers do not have the expected porosity then the delivery

of smoke will not be as desired and the cigarette “taste” may not be as expected.

Cigarette envelope paper surrounds the tobacco, and any unusual porosity in this
paper will change the dilution of the smoke and also change the burning
characteristics of the lit coal. In turn, this is likely to change the chemical composition
of the trace smoke constituents; these form a(s a result of pyrolysis and the temperature

of pyrolysis can affect their formation.

For these reasons it can be seen that it is desirable for the papers used in the
manufacture of cigarettes to have a known and controlled permeability. This is

particularly important from a safety and regulatory point of view since inconsistencies
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in the paper permeability could give rise to an undesirable delivery of tar and nicotine

to the user.

Known techniques for measuring the permeability of paper, and in particular cigarette
papers, primarily revolve around the use of differential pressure systems. Such
systems are expensive and difficult to maintain. For these reasons it is impossible, for
reasons of practicality, to use pressure differential systems to measure the
permeability of all paper used in the manufacture of cigarettes. Therefore, only
samples are ever analysed, which can lead to faulty papers being used in cigarette

products.

It is an object of the present invention to provide a system and method for quickly and

inexpensively determining the permeability of a sample of paper.

According to a first aspect of the present invention there is provided a permeability
determination system comprising: an imaging device, operable to produce an image of
a sample of paper; means for determining the brightness of the image; and means for
determining the permeability of the sample of paper based on the brightness of the

image and the permeability of the paper.

The means for determining the brightness of the image and the means for determining
the permeability of the sample of paper may be, for example, a processor, or control
electronics; any routines may be implemented in software or in hardware. Such a
processor could be integrated in the imaging device or, in just one alternative, could

be located in an external analysis unit such as a personal computer.

The invention may provide the advantage that the permeability of a sample of paper
may be measured quickly, based only on the brightness of an image of that sample.
This allows a measurement of permeability which is comparatively inexpensive, as
oppose to alternative permeability measuring techniques involving the use of pressure
differential equipment. In addition, any average camera would suffice since only the
brightness of the image need be determined. Therefore the camera need not have high

resolution or even be in focus.
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Such a measurement of permeability may be of particular value when measuring the
permeability of cigarette paper since any inconsistency in permeability could give rise
to an inconsistent delivery of tar and nicotine to the user. The paper used may have
an intrinsic, non-zero, permeability which contributes to the overall permeability of

the sample of paper; such papers are common in cigarette filters.

Preferably the means for determining the brightness of the image further determine
differences in brightness in the image, and the means for determining the permeability

of the sample of paper does so based on the differences in brightness.

Areas in the image that contrast with the normal background brightness of the sample
of paper may correspond to perforations in the paper. In addition the size and relative
brightness of these areas may be related to the area of hole imaged. Thus by analysing
areas of different brightness, the permeability of the sample of paper may be
determined. This allows a more accurate determination of the permeability of the

sample of paper that remains fast and inexpensive.

Preferably there are means for detecting at least one area in the image which
corresponds to a hole in the sample of paper; and also the means for determining the
permeability of the sample of paper is arranged to determine the contribution of

detected holes to the permeability of the sample of paper.

By detecting areas in the image that correspond to holes, specific areas in the image
can be linked to actual holes in the sample of paper. Any holes present in the paper act
to increase the permeability of the sample in a deterministic way. Thus the
contribution of any holes to the inherent permeability of the paper may be determined
in order to find the permeability of the sample. This is particularly appropriate in the

measurement of cigarette papers, some of which may be deliberately perforated.

Preferably the permeability determination system further comprises means for
determining the area of detected holes. This can allow the permeability to be
determined based on the size of the holes as well as the number of holes, which may
provide a more accurate determination of the permeability. In addition, or

alternatively, there may be means for determining the shape of detected holes. This
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may be important as holes that have the same area may have different effects on the
permeability of a sample of paper. For example, slits in the paper may have a low

area but a comparatively large effect in increasing the permeability of the sample of

paper.

The magnification factor for images produced by the imaging device may be variable.
This can allow the imaging device to “zoom in” on areas of interest, and particularly
holes, in the image. Once identified and located in a first image, the imagining device
may increase the magnification factor for images produced in order to “zoom in” on a
hole. This will increase the resolution of the paper sample in the image and may be
particularly useful for determining the shape and area of detected holes. Alternatively,
rather than using a zoom system, the magnification factor may be varied by simply

changing the lens in the imaging device.

The permeability determination system may further comprise means for projecting
radiation on the sample of paper (such as a radiation emitter or a light). By projecting
radiation onto the paper any holes that are present will be highlighted, and
accordingly it will be easier to detect areas in the image which correspond to holes.
The radiation projected on the sample of paper may be visible light. By using visible
light, a conventional optical imaging system may be used which further minimises the
cost. In addition, paper is generally opaque at optical wavelengths which further
increases the effectiveness of visible light for this purpose. However, other, invisible

wavelengths may alternatively be used such as infra-red or ultraviolet wavelengths.

The means for projecting radiation may be fitted with a filter. It may be advantageous
to use different coloured lighting since different wavelengths of light may pass
through the hole more or less easily. For example, blue light may show a brighter hole
than red light since blue light may pass more easily through the hole or else be more

easily detectable by the instrument.

The means for projecting radiation on the paper may comprise means for pulsing the
projected radiation (such as a radiation pulser or a strobe). Such pulsing, often

referred to as strobing, may enable fast sampling. Thus the sample of paper may be
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merely an illuminated portion of a much larger roll. In this embodiment samples may

be analysed as they pass through the permeability determination system.

The sample of paper may be disposed between the imaging device and the means for
projecting radiation. This lighting arrangement is generally known as “back-lighting”.
By using back-lighting in this manner, any holes in the paper will be clear in an image
taken by an imaging device such as a camera. Holes will appear as bright spots, or

areas, in an image, or as dark spots in a negative.

Alternatively radiation may be projected on a first side of the sample of paper, and the
imaging device may be operable to produce an image of the first side of the sample of
paper. This lighting arrangement is generally known as “front-li ghting”. In contrast to
back-lighting, any holes in the paper will be apparent in an image as dark spots, or
areas, or as bright spots in a negative. Front-lighting may be preferable over back-
lighting in some embodiments as there are no flare or halo type effects due to
diffraction of light through the hole; these effects may be present in back-lighting
systems. Thus, front-lighting may be able to provide a more accurate measurement of

hole area.

Alternatively the means for projecting radiation may be arranged to project on a first
side of the sample of paper, and a further means for projecting radiation may be
arranged to project on a second side of the sample of paper. In this lighting
arrangement there exists the capability for both front and back-lighting of the sample
of paper. It may be advantageous to have a method which takes a low magnification
image with back-lighting, in order to highlight bright spots indicating holes, and then
takes a high magnification image with front lighting in order to accurately determine
the size of the holes. In addition it may be advantageous to introduce a redundancy to

the device, should one of the lighting systems fail.

The means for projecting radiation may comprise a mirror-switching mechanism. The
mirror-switching mechanism project the radiation onto both sides of the sample of

paper. Alternatively separate lighting systems may be provided for each side of the

paper.
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The permeability determination system may further comprise means for varying the
intensity of the projected radiation (such as an intensity variation arrangement). This
may be done, for example, based on the overall brightness of the image. For example,
if there are large holes present in the sample it may be desirable to reduce the intensity

of the radiation to avoid camera saturation.

The intensity of the projected radiation may also be varied in dependence on the paper
thickness. When the device is operating in the back-light embodiment, the
effectiveness of the hole measurement system may be impaired unless the intensity of
light can be varied. If thicker paper fs used then the visibility of holes may be
decreased; this may be particularly pronounced for small, single pixel holes.
Similarly, decreasing the thickness of the paper may adversely affect the contrast
between holes and the background paper unless the intensity of light is adjusted to
compensate. Intensity may be varied in dependence on paper thickness in accordance
with a calibrated relationship, since this relationship may be non-linear. This system
may be improved if provided with means for measuring the thickness of the paper,

such as a gauge.

The permeability determination system may comprise a sample of paper and the
sample of paper may be cigarette paper. Cigarette paper is a particularly appropriate
type of paper for this manner of permeability determination since its permeability
must be closely controlled in order to ensure the correct amount of chemicals are

transferred to the user during smoking.

The system may comprise data storage means which may be arranged to store data
relating to the correlation between number and/or area of holes, and permeability. The
permeability determination system may be arranged to read from the data storage
device in order to determine the contribution of the detected holes to the permeability
of the sample. The permeability determination system may also be arranged to write

to the data storage device, as more data relating to this correlation are discovered.

Providing data storage means also allows the device to store data relating to the holes
measured, and/or their contribution to the permeability of the sample. Building

statistics may be advantageous for analysing the average permeability of samples of
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paper and the standard deviation of permeability. Specifically an analysis of the
relative positions and/or sizes of holes measured in samples may point towards a

specific fault or quality issue.

The data storage means may be arranged to store the permeability of paper, where the
permeability stored may be that of (substantially) hole-free paper. Storing the
permeability of hole-free paper further allows permeability of the sample of paper to
be calculated by combining the inherent permeability of paper with the contribution

made by holes.

Preferably the imaging device is operable to produce a digital image. By using digital
imaging, any resulting images may be analysed on a pixel-by-pixel basis. This has the
advantage of facilitating the use of electronic analysis routines for fast analyses.
Typically the imaging device will be a camera but a line-scan camera, scanner or

other imaging device could alternatively be used.

The permeability determination system may further comprise means for relating the
brightness of at least one pixel to hole size. Many holes in a sample of paper may
occupy more than one pixel in the image produced by the imaging device. Generally it
will be straightforward to determine the area of these holes by knowing the resolution
of the image and the size of the sample in the field of view. However, for holes
occupying only a single pixel in the image it will be more difficult to accurately
determine hole size. By relating pixel brightness to hole size it may be possible to

determine the actual size of a hole.

This technique can also be used for holes occupying more than one pixel since it may
be difficult to determine precisely the edges of the holes. Using this technique it may
be possible to relate pixel brightness to the degree of obscuration, and therefore to the

hole size.

The means for relating the brightness of at least one pixel to hole size may utilise
calibration data. The relationship between pixel brightness and hole size may be
calibrated and stored in the permeability determination system, for example in the

data storage means. This can allow accurate determination of the size of a hole.
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The permeability determination system may further comprise means for indicating
whether the contribution of detected holes to the permeability of the sample of paper
meets predefined criteria. This feature can allow the permeability determination
system to provide a pass/fail indication for the sample of paper under examination.
The storage device may be arranged to store data relating to acceptable upper and/or
lower thresholds of acceptable permeability. If the sample falls outside of predefined
acceptable thresholds then there may be an indication that the sample is unacceptable
and should be rejected. This could be signalled to an operator by a visual or audible

indicator.

Preferably a processor is provided. Use of a processor enables digital processing and
fast analysis of data using conventional techniques. The processor may be provided by
a computer in communication with the imaging device. Alternatively, the processor

may be provided integrally with the imaging device.

By using the imaging system together with conventional means for directly measuring
permeability, the relationship between holes and permeability may be determined.
Thus the pressure differential system may be used as a part of a calibration system
where the correlation between holes and permeability may be ultimately determined.
In such a calibration system, the permeability of hole-free paper may be measured and
then the permeability of paper comprising holes may be measured. Through a series
of experiments the correlation between number and area of holes, and permeability
may be determined. Once determined, the correlation data may be stored in more
basic permeability determination systems that do not comprise means for creating
pressure differentials, so that those devices can make correlations based on

experimental data.

Therefore, according to another aspect of the present invention there is provided a
calibration system for determining a relationship between holes in a sample of paper
and the permeability of the paper, the calibration system comprising: means for
creating a pressure differential across the sample of paper means for measuring

airflow; and a permeability determination system as previously defined.
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The sample of paper may be selected based on the sizes and/or number of holes. By
specifically selecting the sample of paper based on the holes there present, a
correlation between holes and permeability may be rapidly built up. This may be of
particular relevance in the calibration system. The sample of paper may also be
selected from areas likely to be of the highest and lowest permeabilities; thus

establishing greater certainty that the sample falls within any required limits.
According to another aspect of the present invention there is provided a method of
determining the permeability of a sample of paper comprising the steps of: producing
an image of a sample of paper; determining the brightness of the image; and
determining the permeability of the sample of paper based on the brightness of the
image and the inherent permeability of the paper.

Any of the apparatus features may be provided as method features and vice versa.
Brief Description of the Drawings

Preferred features of the present invention will now be described, purely by way of
example, with references to the accompanying drawings, in which:

Figure 1 shows the construction of a typical cigarette;

Figure 2 shows an image of typical cigarette tipping paper;

Figure 3 shows a permeability determination system in an embodiment of the

invention;

Figure 4 is a diagrammatic representation of a histogram of brightness for an image of

a faulty paper samplev;

Figure 5 shows standard pressure differential apparatus including an optical hole

determination system in an embodiment of the invention;

Figure 6 shows a flow diagram for use in an embodiment of the invention; and
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Figure 7 shows a permeability determination system for use in a fast sampling

embodiment of the invention.

Permeability of Cigarette Papers

There are many different types of paper used in the manufacture of a single cigarette.
Each paper has a particular function within the overall design; in particular these
papers are used to control the burning characteristics of the cigarette and the dilution
of smoke delivered to the user. The functioning of the cigarette is thus reliant on
carefully selected paper permeability. It is desirable to measure these permeabilities

accurately and quickly to ensure that the quality of the products is controlled.

Permeability is a measurement of the ability of a fluid to pass through a porous
material. This parameter is usually expressed in CORESTA units (CU): this relates to
the volume of air in cubic centimetres that passes through a square centimetre of the

material in one minute at a pressure of 1kPa.

Figure 1 shows the anatomy of a cigarette 1. The cigarette comprises a filter 6 and
tobacco 4, held together by a number of different types of paper. Envelope paper 2
cylindrically surrounds the tobacco and is designed to control the burning
characteristics of the lit coal. The filter 6 is completely cylindrically surrounded by
plug wrap paper 8: a material with a particularly high permeability of around 40,000
CU. Filter 6 and plug wrap paper 8 are cylindrically surrounded by tipping paper 10,
and the tipping paper also extends beyond the filter to surround a portion of the
tobacco 4. Tipping paper is normally of low permeability but nonetheless is often
deliberately perforated, either mechanically or by means of a laser. These created
holes are designed to increase the permeability of the paper in specific areas so that air
mixes with the smoke ahead of the filter thereby controlling the cigarette “taste” and
the delivery of tar and nicotine to the user. An example of deliberately perforated
tipping paper 150 is shown in Figure 2. The paper comprises holes 152 a,b,c and 154
cut in it by a laser. Hole 154 is accidentally mis-shapen; this may change smoke
dilution characteristics. It is particularly important that the permeability of these

papers is known so that the delivery of tar and nicotine is consistent and predictable.

10
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Permeability of paper is normally measured by clamping the paper under test in a
clamp and then creating a pressure differential across the paper. Typically the
clamped paper will form a boundary between two chambers of different pressure
potential. The pressure differential between the two chambers is set to a required level
and the air flow is measured. The flow rate per unit area at a particular pressure
differential is then calculated yielding the paper permeability. Alternatively the

pressure differential can be changed until a certain air flow rate is reached.

This method of measuring paper permeability is slow and expensive. The combination
of these two factors renders it impossible from a practical point of view to measure
the permeability of all paper that is used in the manufacture of a cigarette. Therefore
one is restricted to measuring random samples as part of a quality control process.
This means that the presence of random unwanted holes of indeterminate size may go

undetected leading to inferior final products.

Embodiments of the Invention

Figure 3 shows a permeability determination system for determining the permeability
of a sample of paper. In a first embodiment of the invention a camera 20 is arranged
to image holes 32a,b,c which may be present in a sample of paper 28. This is done in
order to determine the permeability of the sample; wherein the permeability of the
sample is contributed to by the inherent permeability of the paper and any holes
present. (The inherent permeability of paper is determined by the materials used, the

finish, thickness and weave of the paper, among other factors.)

A sample of cigarette paper 28 (which may be any type of cigarette paper),
comprising holes 32a,b,c is held by clamps 26a and 26b along opposite edges of the
sample. The holes present in the paper may be present as a result of a manufacturing
flaw, or else may be deliberately cut into the paper mechanically or by a laser. (It is
more common to cut deliberate holes in tipping paper than in other cigarette papers).
Whether the holes in the paper are there by accident or otherwise it is desirable to
measure their presence and to determine the effect that they have on the permeability
of the paper. Even if holes are present deliberately there may be errors in the position

or shape of the holes which can change the permeability of the sample.

11
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A digital camera 20 is arranged to point at one of the faces of the sample of paper and
a light 36 is arranged to point at the other face of the paper. Since the light 36 is on the

opposite side of the paper to the camera, it is known as a back-light.

In operation of the permeability determination system, firstly back-light 36 is
arranged to turn on and secondly camera 20 takes an image of the entire sample of
paper. The image taken by camera 20 is then analysed by control electronics within

the camera, and pixel brightness is measured for each pixel within the field of view.

In this way a histogram of brightness can be created for the field of view giving the
total number of pixels contained in each defined brightness bin. Pixels that correspond
to holes contribute to maxima (in a back-lighting embodiment) in the histogram of
brightness. In this way the pixels contributing to a maximum may be identified

together with their associated coordinates.

Once holes have been identified, a single hole is brought to the centre of the field of
view either manually or automatically. The lens 38 is changed for a high
magnification lens and an image of the hole is obtained that fills a significant
proportion of the field of view. At this point the image can be processed and an area
calculated for the perforation. This is repeated for all holes detected in the field of

view.

Many of the holes detected in the sample of paper may occupy more than one pixel in
the image produced by the imaging device. Generally it will be straightforward to
determine the area of these holes by knowing the resolution of the image and the size
of the sample in the field of view. However, for holes occupying only a single pixel,

even in a magnified image, it will be difficult to determine hole size accurately.

A pixel in a Charge Coupled Device (CCD) corresponds to a physical area of paper;
this area can be calculated in dependence on the resolution of the camera’s CCD and
the size of the sample in the camera’s field of view. For a single pixel hole, if the
pixel brightness were the same as the pixel brightness in a flat field then one might
expect that the hole area would just be the area of paper that corresponds to the pixel

size. Correspondingly one might expect that if a pixel were only half the brightness of

12
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the pixel brightness in a flat field, then the hole would only have half of the area that
corresponds to a pixel. In fact, the relationship is not quite linear and a calibration
curve is required to relate pixel brightness to the actual size of the hole. In this way,
by relating pixel brightness to hole size it is possible to determine the actual size of
every hole. (By way of background, a flat field is an image taken with the back-light

on but no paper sample present).

This technique can also be used for holes occupying more than one pixel since it may
be difficult to determine the edges of the holes precisely. Pixel brightness may be

related to the degree of obscuration, and therefore to the hole size.

By use of the described technique it is possible to determine the number of holes, and
the area of each of the holes in the sample of paper. Camera 20 has an internal
memory comprising calibration data relating the size and number of holes to paper
permeability. These data may be derived from experiment, or else may be derived
theoretically: if the intrinsic permeability of the paper is known then it may be
possible to calculate the effect of an absence of an area of paper i.e. a hole. In this
way, the contribution of any holes present in the sample of paper to the permeability
of the sample of paper may be calculated. For these reasons it may be beneficial to

store the intrinsic permeability of the paper in memory.

The calculated permeability may then be compared to upper and lower permeability
thresholds stored in memory and the paper sample may be rejected as a result.

Alternatively a figure of merit (FoM) may be calculated as a percentage

* B
where: FoM = ———2%=, D is the difference in brightness level from background; Npix
BG

is number of pixels with brightness greater than background; and Npg is number of
pixels with background brightness. If the FoM is above an acceptable threshold then
the sample of paper may be rejected; it may be that 3E-6 or some similar number is an
acceptable threshold value for these purposes. Where a sample of paper does not fall
within stored threshold limits then this may signalled to an operator by an audible or

visual indicator.

13
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This system may be used to measure what permeability would be at standard
temperature and pressure irrelevant of the actual conditions. Therefore, it may be

considered to be independent of temperature, pressure and humidity.

Although any holes 32a,b,c may be visible in the absence of back-light 36, the light
increases the contrast between the holes and the paper, and makes holes easier to
identify. In order to maintain the contrast at a desirable level clamp 26b is connected
to a measurement gauge 30. Measurement gauge 30 measures the distance between
the opposing jaws of clamp 26b. Thus, when paper is held in the clamp, the
measurement gauge measures the width of the paper. Measurement gauge 30 provides
an output of the width of the paper which is received by a controller 35 of the back-
light 36. Controller 35 adjusts the power of the back-light 36 in dependence on the
width of the paper in the clamp. This adjustment of back-light power is dependent on

paper thickness and may be linear or non-linear.

If the paper held in the clamps 26a and 26b is thin then some of the light the back-
light pass through the paper and cause it to “glow”, as viewed from the other side. Oof
course paper will normally “glow” if lit from the back. However, this is only tolerated
up to a certain limit since if the “glow” is too bright then it will reduce the contrast
between the holes and the paper, and will make holes more difficult to detect.
Conversely, if the paper is thick then it is desirable to increase the power of back-light
since small holes in particular are likely to become obscured and go undetected if the

illumination is too weak.

Back-light 36 may be fitted with a removable filter 34 in order to change the colour of
the output light. Moreover back-light 36 need not be at optical wavelengths and in

some embodiments it may be desirable to use an infra-red or ultraviolet back-light.

Although the foregoing has been described with reference to detection of actual holes,
this is merely illustrative of an embodiment of the invention. Rather the permeability
of a sample of paper 28 may be determined only by the brightness of the image

produced by camera 20.

14
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As mentioned, a histogram of brightness can be created for the field of view of
camera 20 giving the total number of pixels contained in each defined brightness bin.
An example of such a histogram is shown pictorially in figure 4. The brightness of the
background paper is generally consistent across the sample such that all pixels are
located in the first two bins 302. Areas of brightness may correspond to perforations
in the paper and these will be identifiable as peaks in the histogram 300. (This is with
reference to figure 2 where the paper is lit with a back-light. If a front light or ambient
lighting were used then perforations would be identifiable as minima as opposed to
maxima in the histogram). Any individual hole may cause several pixels of different
brightness in the focal plane of camera 20. In this way a hole may have an effect on

the populations of several bins in the histogram 300.

Pixel brightness may be related to the area of hole imaged by that pixel. In turn, this
may be related to the effect of that hole on the permeability of the sample of paper.
This may be done either by calibration, or else theoretically: if the inherent
permeability of paper is known then the effect of the absence of an area of paper is

calculable.

Using this method the number of pixels in a particular brightness bin may be found,
and their effect on the permeability of the sample of paper can be calculated without
having to determine directly the area of any hole. In practice a peak pixel brightness
corresponds to those pixels that only image an area of hole in the sample (and not any
obscuring paper). Pixels below this peak brightness but above a threshold 304
correspond to pixels that image an area of hole and also an area of obscuring paper.
Pixels below the threshold are unlikely to correspond to holes in the sample of paper
28. However, they may correspond to areas of low paper thickness. Therefore, the
threshold may be lowered to further enable detection of inhomogeneities in the paper

thickness and the contribution of those to the permeability of the sample.

Further still, the use of histograms is merely illustrative of another embodiment of the
invention. As an alternative it is possible to determine the mean pixel illumination
across the field of view of the camera 20. This will be especially appropriate where
the power of back-light 36 is varied in dependence on the thickness of paper 28, as

measured by measurement gauge 30. Back-light power may be sensitively tuned such
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that the background brightness of paper 28, as imaged by camera 20, is constant
independent of paper thickness. Thus, any holes present in the paper 28 will have a
brightness above the background level which will affect the mean pixel bri ghtness
across the field of view. In this way the deviation in mean pixel brightness from the
background brightness of the paper may be related to the area of holes in the sample.
In turn this may be related to the contribution of those holes to the permeability of the

sample of paper.

This system may be preferable in some embodiments since it allows use of a low

resolution camera, fast measurement and easy data analysis.

Calibration System
Figure 5 shows part of a calibration system where the relationship between holes and
paper permeability is determined. As part of the calibration system a pressure

differential unit 55 is used to measure the permeability of a sample of paper 28.

The pressure differential unit 55 comprises two chambers 50,60 separated by a sample
of paper 28 which is clamped in place along two sides by clamps 26a and 26b. Each
chamber has a valve 41,43 and chamber 50 also has a pump 40 comprising a pressure
meter. Pump 40 is arranged to create a pressure Pso in chamber 50. Chamber 60 is
open to the atmosphere via valve 43 and therefore has a pressure of close to 1
atmosphere. The pressure Pspis not equal to 1 atmospheré and thus a pressure
differential is created across paper 28: Psp may be less than 1 atmosphere in which
case the pump “sucks” through the paper; or else Pso may be greater than 1
atmosphere in which case the pump “blows” through the paper. In either case, the
natural permeability of the paper causes a flow of air from the higher pressure
chamber to the lower pressure chamber. Clearly this flow of air will be greater for

high permeability paper, and will be greater still if the paper contains any holes.

Chamber 60 has a valve 43 which is open to the atmosphere. Fan 42 is situated within
valve 43 and does not create any substantial resistance to the flow of air through valve
43. Fan 42 is connected to speed sensor 51 which measures the flow rate through the

fan. Knowing the cross-sectional area of the valve and the paper permits the measured

flow rate through the valve to be easily related to the flow rate per unit area through
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the paper — i.e. the permeability. To this end speed sensor 51 is electrically connected
to computer 44 for analysis of the data and determination of the permeability of the

sample of paper.

It is worth mentioning that this is only one way in which permeability may be
measured. Rather than setting Psy and measuring the resulting flow rate it would be
equally possible to vary Psg until a desired air flow rate per unit area is reached,; this

would yield the paper permeability equally effectively.

It is also worth mentioning that there are many other ways that a pressure differential
unit could be arranged. For example, each chamber could comprise a pump. An
analysis of the work done by each pump to maintain the pressure differential could
then be related to a flow rate through the paper, yielding the paper permeability. A
possible advantage of such a technique is that it may make measurements more
precise (since atmospheric pressure varies on a daily basis). In addition it may enable

the control of other parameters such as temperature and humidity.

Chamber 50 also comprises a digital camera 46 mounted on a wall facing the clamped
paper 28. Camera 46 comprises a “zoom” functionality and is arranged in electrical
connection with computer 44. Computer 44 controls the operation of, and analyses
data from, the camera 46. Computer 44 is also arranged to control the operation of
front-light 48 and back-light 36. Front-light 48 is located adjacent to camera 46 in
chamber 50 directly opposite clamped paper 28. In operation front-light 48 is
designed to give an even illumination of the entire surface of the paper. In another
embodiment it may be desirable to have more than one light in order to achieve a
more even illumination. Back-light 36 is mounted on a wall of chamber 60 facing
clamped paper 28; back-light 36 is equally designed to give an even illumination of
the paper in normal operation. Both lights 48,36 may be fitted with filters to change

the colour of their output if desired.
In normal operation of this system, the permeability of the paper is measured with the

pressure differential equipment, and the results are stored in the memory of computer

44, Either before, during or after this measurement the sample of paper is examined
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for holes by the optical apparatus. The flow diagram for this process is shown in

Figure 6, as controlled by the computer 44 in software or firmware.

At step 100 back-light 36 is turned on in order to illuminate the sample of paper. An
image is then taken of the entire paper sample, at step 102, by camera 46. The digital
image produced by the camera 46 is then sent for analysis to the computer 44. This
digital image is then examined at step 104 for bright areas which may correspond to
perforations in the paper. If there are no bright areas then the routine returns a result
of “no holes” and ends; otherwise it returns a result “m” equal to the number of holes
detected together with the co-ordinates of their centres. Back-light 36 is then turned
off and front-light 48 is turned on at step 108, for higher accuracy analysis of the

shape and area of holes.

Front-lighting may be more suitable for higher accuracy analysis since back-lighting
may produce unwanted effects due to the diffraction of light through holes. Such

effects, commonly known as “flare” or “halo” effects are eliminated in front lighting
systems. However, back-lighting generally produces a greater contrast between holes

and the background and is therefore useful for finding the locations of holes.

Step 110 introduces parameter “n” (and equates it to 1) which is used in a loop for
examining each of the detected holes in turn. The zoom functionality of camera 46 is
then utilised at step 112 and the camera 46 focuses on the centre of the first detected
hole, and takes an image at step 114. Step 116 then determines the area of the first
hole according to techniques already described and stores this area in computer 44; of
course, in the front-lighting arrangement holes are detectable as dark areas against a
bright background. Step 122 carries out a simple assessment of whether n=m: if not
then n is augmented by one and the loop returns to step 112; if so then the flow
diagram returns the result that there are “m” holes, with the area of each hole, and the

cumulative area of holes in the sample of paper.

This may be referred to as a calibration system. The permeability of the sample of
paper is measured with differential pressure means and then the number and area of
holes is measured by optical means. Through a series of experiments the correlation

between number of holes, area of holes, and permeability may be determined. This
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series of experiments would naturally involve analysing the permeability of hole-free
paper and also paper with many different shapes and numbers of holes. Upon
determination of correlation data, these data may be stored in other systems that do
not comprise means for creating pressure differentials such as the system shown in
figure 3. This provides a method for determining the permeability of samples of paper

based only on the number and area of holes present.

It may be that the calibration system needs to be individually performed for each
different type of paper, but alternatively a relationship may be found between the
permeabilities of different types of paper rendering this needless. It is likely that any
experiments would occur at standard temperatures and humidities so that any potential
differences in measurement produced by variations in these parameters can be

eliminated.

Although the calibration system is described above with an imaging system for
determining the number and area of holes, alternatives exist. For example, the hole
formation in the sample of paper may be known, and need not be determined by
optical means. For hole formation to be reliably known, there must a high reliability
in the size and number of holes present in the sample. To this end holes are cut in the
sample by high integrity means, which may be a reliable laser or a reliable mechanical

cutting system.

Second Embodiment
In a second embodiment of the present invention a fast sampling system is designed to

determine the permeability of paper.

Referring to Figure 7, Paper 202 (which is cigarette tipping paper) is wound on reel
204a and is transferred onto reel 204b by clockwise rotation of the two reels. A train
of paper bridges the separation between the two reels and paper may be analysed for

holes as it travels in this train.

Camera 200 points at one side of paper 202 and back-light 206 points at the reverse
side of the paper 202. It is desirable that the entire length of paper is examined for

holes so that the consistency of the permeability of the paper may be determined. To
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this end, back-light 206 is a strobe light. Camera 200 may either be electrically linked
to the strobe light to ensure that it takes pictures at the same frequency as the strobe
pulses, or else the camera may have a light activated shutter. Either way, every time
the strobe pulses the camera takes an image and analyses any holes with an internal
processor. Any holes detected in the paper are stored in the camera’s internal memory,
and their contribution to the permeability of the paper is calculated according to the

techniques described above.

It may be desirable to select the frequency of the strobe and the speed of the paper
train so that all of the paper is imaged by the camera. To do this, it may be prudent to
provide some overlap between the sections of paper imaged in sequent exposures.
Alternatively it may be more desirable to have a number of camera-strobe pairs (or
even just a plurality of cameras but with a single strobe) operating in parallel in order

to produce full sampling of the paper while keeping the speed of the paper train high.

It will be appreciated that the description of a paper train is purely illustrative and that
the aforementioned technique could equally be applied to a succession of discrete

samples.

Although the present techniques are particularly applicable to cigarette papers, they
are not so uniquely confined. The permeable property of paper is used in other
filtering applications for both gases and liquids and a method of detecting holes and

measuring permeability in these papers is also desirable.
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Claims

1. A permeability determination system comprising:
an imaging device, operable to produce an image of a sample of paper;
means for determining the brightness of the image; and
means for determining the permeability of the sample of paper based on the

brightness of the image and the inherent permeability of the paper.

2. A permeability determination system according to claim 1, wherein the means
for determining the brightness of the image further determine differences in brightness
in the image, and wherein the means for determining the permeability of the sample of

paper does so based on the differences in brightness.

3. A permeability determination system according to claim 1 or claim 2 further
comprising means for detecting at least one area in the image which corresponds to a
hole in the sample of paper; and wherein means for determining the permeability of
the sample of paper is arranged to determine the contribution of detected holes to the

permeability of the sample of paper.

4. A permeability determination system according to any of the preceding claims

further comprising means for determining the area of detected holes.

5. A permeability determination system according to any of the preceding claims

further comprising means for determining the shape of detected holes.

6. A permeability determination system according to any of the preceding claims
wherein the magnification factor for images produced by the imaging device is

variable.

7. A permeability determination system according to any of the preceding claims

further comprising means for projecting radiation on the sample of paper.

8. A permeability determination system according to claim 7 wherein the

radiation projected on the sample of paper is light.
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9. A permeability determination system according to claim 7 or claim 8 wherein

the means for projecting radiation is fitted with a filter.

10. A permeability determination system according to any of any of claims 7 to 9
wherein the means for projecting radiation comprises means for pulsing the projected

radiation.

11. A permeability determination system according to any of claims 7 to 10
wherein the sample of paper is disposed between the imaging device and the means

for projecting radiation.

12. A permeability determination system according to any of claims 7 to 10
further comprising means for projecting radiation on a first side of the sample of
paper, wherein the imaging device is operable to produce an image of the first side of

the sample of paper.

13. A permeability determination system according to any of claims 7 to 10
wherein means for projecting radiation are arranged to project radiation on a first side

and a second side of the sample of paper.

14. A permeability determination system according to claim 13 wherein the
imaging device is arranged to take a lower resolution image of the sample of paper
when the means for projecting radiation is arranged to project radiation on the first
side of the sample of paper than when the means for projecting radiation is arranged

to project radiation on the second side of the sample of paper.

15. A permeability determination system according to any of claims 7 to 14

wherein the intensity of the projected radiation is variable.

16. A permeability determination system according to claim 15 wherein the

intensity of the projected radiation is variable in dependence on the paper thickness.
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17. A permeability determination system according to any of the preceding claims

further comprising means for measuring the thickness of the sample of paper.

18. A permeability determination system according to any of the preceding claims

wherein the sample of paper is cigarette paper.

19. A permeability determination system according to any of the preceding claims
comprising data storage means, wherein the data storage means are arranged to store

the permeability of paper.

20. A permeability determination system according to any of the preceding claims

wherein the imaging device is operable to produce a digital image.

21. A permeability determination system according to claim 20 further comprising

means for relating the brightness of at least one pixel to hole size.

22. A permeability determination system according to claim 21 wherein the means

for relating the brightness of at least one pixel to hole size utilise calibration data.

23. A permeability determination system according to any of the preceding claims
further comprising means for indicating whether the contribution of detected holes to

the permeability of the sample of paper meets predefined criteria.

24. A calibration system for determining a relationship between holes in a sample
of paper and the permeability of the paper, the calibration system comprising:

means for creating a pressure differential across the sample of paper;

means for measuring airflow; and

a permeability determination system according to any of the preceding claims.

25. A calibration system according to claim 24 wherein the sample of paper is

selected based on the sizes and/or number of holes.

26. A method of determining the permeability of a sample of paper comprising the

steps of:
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producing an image of a sample of paper;
determining the brightness of the image; and
determining the permeability of the sample of paper based on the brightness of

the image and the inherent permeability of the paper.

27. A permeability determination system substantially as described herein with

reference to and as illustrated in the accompanying drawings.

28. A method substantially as described herein with reference to the

accompanying drawings.
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