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(57) Abregée/Abstract:

Apparatus for determining the contrast of a mark, for example lettering on a cable, uses a CCD sensor or the like to capture a
two-dimensional image of the Mark. The pixel values from the CCD are thresholded into populations of black, grey and white.
The average Intensities of the "black” and "white" pixels are taken and an Indicator of contrast obtained from the following

formula: contrast- (I _ -1 . )/ __ wherel _ =average "white" pixels, | . = average "black” pixels.
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ABSTRACT

Apparatus for determining the contrast of a mark, for
example lettering on a cable, uses a CCD sensor or the like to
capture a two-dimensional image of the Mark. The pixel values
from the CCD are thresholded into populations of black, grey and
white. The average intensities of the “black” and “white” pixels
are taken and an indicator of contrast obtained from the
following formula: contrast = (I, — Inin)/ Inax Where I,,, = average

“white” pixels, I,;,, = average “black” pixels.
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Contrast Determining Apparatus and Methods

This 1nvention relates to contrast determining
apparatus and methods and 1n particular, but not
exclusively, to such apparatus and methods for measuring the
contrast of marks on wires and cables. The 1nvention
however extends to contrast measurement 1in general and
extends to diverse applications such as the measurement of
the contrast in a bar code mark.

The high legibility of user applied marks on wires and
cables used 1in the aerospace 1ndustry 1s of critical
importance and 1s an accepted requirement. However
scientific measurement of "legibility" has vet to be
established. At present only one aspect of legibility,
namely contrast measurement of marks, may be determined. In
a conventional contrast measurement system for wires and
cables, a photometer incorporating a photopic filter
intended to match the human eye's response 1is used to
measure the luminance at a point on the "black" mark or
other 1indicia and at a point on the "white" background.
These readings are taken one after the other and then used
to calculate the contrast. The terms "black" and "white"
are approximate terms because of course these areas will not
show 0% and 100% reflectivity.

There are several drawbacks with the existing systems.
Firstly the readings are taken one after the other which
means that the lighting or other conditions may change

between readings. Furthermore, to take the two readings the
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wire or cable needs to be moved relative to the photometer
and this may introduce extraneous factors which affect the
measurement, for example the orientation or distance of the
surface of the wire may change between readings. In
addition, we have determined that the point sampling of the
mark and background may not give a true indication of the
contrast. For example the "whiteness" of the background or
the "blackness" of the mark may vary at different points and
so single samples may not be representative. Also, we have
found that the legibility of a character perceived by the
human eye/brain depends on the contrast of the whole
character rather than just a single point.

US Patent No 5268580 discloses a bar code enhancement
system in which an image of an article carrying a bar code
is captured. The image is analysed by dividing the image
into groups consisting of 2 X 2 pixels. For each group
three out of the four pixels are examined one at a time for
contrast and the maximum and minimum values determined and
used to obtain a value representing the contrast of that
group. In this arrangement the contrast value is determined
on the basis of a single "maximum" and a single minimum.

Accordingly, we have developed a new contrast measuring
system which enables contrast measurement and which offers
new features and capabilities not available 1n current
photometers. In our system, a two dimensional image of at
least part of the mark and the background 1s captured so

that the image wmay be sampled at several points and
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preferably across substantially the whole of the selected
part of the captured image.

Accordingly, 1n one aspect, this invention provides
apparatus for determining the contrast of a mark, said
apparatus comprising: -

image sensor means for capturing a two-dimensional
image of at least part of said mark and a background,

means for sampling said captured image over a plurality
of pixels in the mark and over a plurality of pixels in the
background, to obtain respective intensity values for pixels
in said mark and pixels in said background respectively, and

contrast determining means for determining the contrast
of said mark based on an aggregate or average of said
intensity values for pixels in the mark, and an aggregate or
average of said intensity values for pixels 1n the
background.

The apparatus of the invention may be used to take just
a few point samples from the mark and the background under
the same background conditions simultanecusly, as opposed to
the earlier conventional arrangements which provided samples
one after the other. It is however preferred to take a
series of samples across the whole of the mark and the
adjacent background and to use these sample points to
provide a measure of contrast.

The image sensor preferably comprises a two dimensional
CCD array sensor. The sensor is preferably provided with an
optical system selected with regard to the character size of

the marks so that the field of view of the sensor 1is
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sufficient to contain a complete character and a generous
amount of background.

The apparatus preferably includes means for designating
ann area of the captured image in which the samples for
contrast measurement are to be taken. In this way an
operator may designate the required <character and
background, cutting out any extraneous part of the image
which might give rise to error.

Where the i1mage sensor 1s a CCD array or other sensor
giving pixel values, the contrast determining means
preferably takes the pixel values 1in the 1mage (or the
selected part thereof) and thresholds the pixel 1intensity
values to categorise pixels having an intensity less than a
first preset value as "black" and pixels having an intensity
greater than a second preset value as "white". Pixels
having intermediate pixel intensity values be categorised as
an intermediate grey range, and are not used for contrast
measurement. The contrast determining means preferably
derives a value corresponding to the aggregate or average of
the "black" pixel intensity values and likewise a value for
the aggregate or average of the "white" pixel values and
uses these aggregates or values to derive the contrast

measurement. For example, the contrast measurement may be

obtained from the formula:-

(Imax - Imin)/ Ima.x
where I, 1s the average intensity value of the "white"

pixels and I,, the average intensity value of the "black"

pixels.
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Having captured the image, other 1mage analysis
techniques may be used to derive further measurements of
legibility. For example, the sample values may be analyséd
to determine the sharpness or crispness of the boundary of
the mark, and so on.

In another aspect, this invention provides a method for
determining the contrast of a mark, said method including
the steps of:-

(1) capturing a two-dimensional 1image of at least
part of said mark and a background,

(ii) sampling said captured image over a plurality of
pixels in the mark and over a plurality of pixels 1in the
background, to obtain intensity wvalues for pixels in said
mark and in said background respectively, and

(iii) determining the contrast of said wmark based on an
aggregate or average value of said intensity values of

pixels in said mark, and an aggregate or average value of

said intensity value of pixels in said background.

The invention may be performed in various ways and, by
way of example only, a specific embodiment thereof will now
be described 1in detaill, reference being made to the
accompanying drawing, which 1s a schematic diagram of a
contrast measurement system 1in accordance with this
invention.

The contrast measuring apparatus 10 comprises dual 45°
light sources 12 powered by a dc stabilised power supply 14,
a photometex 16 oxr a photopic detector closely wmatching the

CIE (Commission Internationale de l’Eclairage)
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(International Commission  of Illumination) standard
colorimetric observer at 0°, a detector power supply 18 and
a target stage 20 all housed within a forced air cooled
housing 22. The photometer 16 1s connected to a PC 24 with
a frame grabber card and image analysis software. The
photometer 16 is a black and white CCD video camera 26
typically with a 1/2 inch CCD sensor with 756 by 581 pixels,
but it will be possible to use many other different sized
sensors such as 788 by 493 pixels or a 1/3 inch CCD or otherx
variations. The camera is fitted with a Y photopic
transmissive filter 28 which <closely matches the CIE
(Commission Internationale de 1l’Eclairage) (International
Commission of Illumination) standard colorimetric observer,
and imaging optics 30.

The operator places a marked wire 32 in a wire holder
34 on the target stage 20 directly beneath the photometer,

thus illuminating the sample by the dual light sources 12.
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The operator positions the wire in the correct position for
measurement by viewing the video picture on the PC monitor
36 captured by the photometer and relayed to the monitor 326
via the frame grabber card and the video display controller.
When satisfied with the position of the wire, the operator
presses a key and the PC stores a frame of the current video
image. This frame contains full video information including
8 bit (256) grey scales for each of the pixels constituting
the frame.

Once the frame 1s stored in memory, the operator can
choose to store this information as a data file for analysis
at a later date, or he may wish to analyse the mark and
background immediately to generate a contrast result. In
which case, the operator uses the mouse 40 or other means to
draw a box around the particular mafk‘and background to be
measured. The custom software analyseé the stored data to
generate a contrast result of the mark with respect to the
surrounding background.

The contrast measurement may be derived in different

ways. In one example, the pixel intensity values may be
thresholded to categorise them as ‘'"white, "black" or
intermediate grey. The intermediate grey pixel values may

be discarded and then average "black" and "white" intensity
values (I n, Igpax) Obtained. The I ;, and I .. values may be

used to obtain a value for contrast by the formula:-

Contrast = I, ., - T .o

max
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The 1image may also be subjected to other image
processing techniques to determine other characteristics
indicative of legibility of the image.

Having produced the contrast result, the operator may
also choose to store this result with an image of the wire
under 1nvestigatlon, with perhaps, the selected region or
regions which have been measured. Being PC based, the
operator may also 1nput other relevant data such as the
date, the operator, the wire, etc for historical purposes.
This stored data which may be accessed at a later date could
be used 1n report generation perhaps for guality control
issues to track the variability of measured contrast with
time or by wire type, etc.

This measuring device provideé some very useful
benefits over the current art. The current art can only
measure a single point or single points along a 1line.
Measurement over an area 158 not possible with the
alternative being repeat measurements with the wire re-
positioned to present a different sampling point. This is
very time consuming and prone to positional accuracy unless
some kind of accurate translation device i1is employed.
However the new design can sample a whole area coveriﬁg
almost half a million individual sensors in less than a
second providing thé usexr with a regular array of measured
locations. A variety of magnifications can be employed
using the optics 30 so that this array can correspond to a

variety of dimensions at the target surface, in this
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example, sampling 1s over an area of 3mm x 4amm at the
target. At this magnification, a single point from the
array has a spot size of 4 microns.

With this new system, it 1s also possible to simulate
a point measuring system or a line measuring system. This
is achieved by following the operations given above for area
measurement with the difference being that during analysis
of the full image the operator uses the mouse or other means
to draw a line or specify a point sectioning or including
the mark and background.

The current art employs single point measurement
sampling areas between 120 microns and 400 microns. This

compares to 4 microns for this system. The larger target

sizes mean that contrast measurements of characters with
stroke widths smaller or equivalentita'the target area are
susceptible to errors caused by receiv:in'g light from outside
the target. To prevent these erroneous measurements, the
manufacturer's instructions normally recommend the
measurement of block marks or full rectangles, that 1is
targets whose dimensions exceed the dimensions of the
sampling area. With the new system, much smaller targets
can be measured, including regular characters.

The current art employs a single point measurement site
and so to measure the contrast the luminance of the mark
must be first measured and then the measurement of the
background , or vice versa. As this takes an amount of time
to reposition the target wire, 1t 1s necessary to employ a

constant power supply to ensure a constant illumination
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level so that the results are equivalent. However, with the
new system, the whole area is sampled at approximately S50HZ
or approximately 60HZ meaning that light level shifts are
less significant. Because contrast i1s simply a relative
measurement it should be possible to simplify the system by
omitting the stabilised power supply.

Finally, being PC-based the new art is well equipped
for statistical analysis of any readings taken whether it be
statistical analysis of each individual pixel from an array
or statistical analysis of a series of contrast measurements

from separate marks to form a report.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Apparatus for determining the contrast of a mark, said
apparatus comprising:

image sensor means for capturing a two-dimensional image of
at least part of said mark and a background,

means for sampling said captured image over a plurality of
pixels in the mark and over a plurality of pixels in the
background, to obtain respective intensity values for pixels 1n
said mark and pixels in said Dbackground respectively,
characterized by

contrast determining means for determining the
contrast of said mark based on an aggregate Or average of
said intensity values for pixels 1n the mark, and an

aggregate or average of said intensity values for pixels 1n

the background.

2. Apparatus according to claim 1, including means for

storing a series of samples taken across the whole of the mark

and the adjacent background.

4. Apparatus according to claim 3, wherelin the sensor
includes an optical system selected with regard to a character
size of the marks so that the field of view of the sensor is

sufficient to contain a complete character and an amount of

background.

5. Apparatus according to any one of claims 1 to 4 including
means for designating an area of the captured image in which the

samples for contrast measurement are to be taken.

6. Apparatus according to any one of claims 1 to 5, whereiln
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the contrast determining means thresholds the pixel intensity

values from the image using associated black and white threshold

values to categorize the pixels as “black” or “white”
respectively, and said contrast determining means is operable to

determine a contrast measurement obtained according to the

following formula:
(Imax - Imin) / Imax

where I, is the aggregate or average intensity wvalue of the

“white” pixels and I,;, the aggregate or average intensity value

of the “black” pixels.

7. A method for determining the contrast of a mark, said

method including the steps of:

(i) capturing a two-dimensional image of at least part of

said mark and a background, and
(ii) sampling said captured i1mage over a plurality of pixels
in the mark and over a plurality of pixels in the background, to

obain intensity values for pixels 1in said mark and in said

background respectively, characterized by
(iii) determining the contrast of said mark based on

an aggregate or average value of said intensity values of pixels

in said mark, and an aggregate or average value of said intensity

value of pixels in saild background.
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8 . A method according to Claim 7, wherein pixels from
said image are thresholded using associated black and white
threshold values to categorise the pixels as "black" or
"white" respectively, and respective aggregate or average
values of the intensities of said "black" and "white" pixels
are determined, and a contrast measurement obtained
according to the following formula: -

(Imax - Imin)/ Imax
where I, 1s the aggregate or average intensity value of the
"white" pixels and I,,, is the aggregate or average value of

the "black" pixels.
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