Colour measurement by video

camera

If video cameras could be
used to measure colours
directly, many technical and
commercial possibilities
would opened up. Christine
Connolly, William Leung
and Jim Nobbs describe how
this is now close to being a
reality.

Introduction

Back in 1875, Judd and Wyszecki
pointed out that the recording of an
image by a television camera invoives
the automatic colour measurement of
hundreds of thousands of spatial
elements every second. Television
cameras have been around for a long
time, so why have they not been used for
colour measurement? After all, they offer
significant practical advantages in
comparison to standard colorimeters:

*+ They can measure colour without
needing to contact the surface
measured

* They can measure many colours
simuitaneously.

There is no problem associated with the
basic colorimetric principles: Judd and
Wyszecki explained in detail the
mathematics whereby any colour within
the gamut of the camera may be
transformed precisely from its red (A),
green (G) and blue (B) signals to
standard CIE XYZ tristimulus values
(outlined in more detail below). However,
unless special precautions are taken, a
camera will produce different RGB
vaiues on different days when pointing at
the same physical colour sample. This
arises from the instability of video
cameras. The electrical signals from tube
cameras are inherently noisy, and tend
to drift with temperature and time. But in

recent years, solid state cameras have
been developed which are less noisy,
and many are supplied with a serial data
link by which they may be remotely
controlied. A further relevant technical
development in the field of image
processing is the framestore or digitiser,
an electronics board which fits inside a
personal computer. This allows an image
to be captured from a video camera and
then processed by the computer. So 20
years on from Judd and Wyszecki's
shrewd observation, the tools are
available, and it is necessary to reassess
the performance of commercial video
cameras in the role of colour measuring
instruments.

A practical system

A small research team has been set up

in the Electrical Engineering Department

of the University of Huddersfield to
investigate the feasibility of using video
cameras for the measurement of colour.

The aims of this research are:

1. To control the repeatability of
measurement to be within commercial
tolerances in the colour using
industries

2. To automatically take into account
variations in illumination level and
spectral power distribution

3. To develop user-friendly software to
take advantage of a camera system to
simultaneously measure all the areas
of a multi-coloured scene.

Figure 1 shows the equipment used in
this project, and Figure 2 the details of
how it is linked together. The camera, a
commercial solid-state device giving
separate red, green and blue channel
outputs, is focused on objects inside a
lighting cabinet. The analogue red, green
and blue signals from the camera are
converted by the circuitry in the
framestore to three 8-bit digital values at
each of 512 x 512 regions of the image.
The main monitor displays various
processing options, which the user
selects by means of a mouse. The image
is displayed for reference on a second
monitor.

A crucial part of the system is the
camera's connection to the PC by an
RS232C serial data link. This link allows
the camera’s controls to be adjusted by
the software in the computer, and it is by
this means that we have been able to
ensure repeatability and precision of
measurement. Following standard
colorimetric practice, it was decided to
include a reference white patch in each
image. This effectively creates a ‘double
beam’' system of colour analysis similar

Figure 1 Equipment used in this project
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Figure 2 Hardware configuration of camera-based colour measurement system

to that used in quality bench-top
colorimeters. The camera’s iris, red
channel gain and blue channe! gain are
adjusted by the software to bring the
measurements of the white patch to
standard values before the other colours
are examined. This creates an automatic
camera-based inspection system with
stabilised colour measurement and
much improved ease of use. A patent
has been filed on this automatic camera
control system (UK patent appl. 94
16406.8). Details of the experimental
studies and the performance testing will
be published shortly in a full paper in the
Journal,

One of the most dramatic improve-
ments in the accuracy and resoclving
power of the colour measurement arose
from software control of the gain of the
camera. Both the human eye and
traditional colorimetric  instruments
increase their sensitivity at low
reflectance values. The signals from the
camera-based system, however, are
digitised by linear 8-bit analogue-to-
digital converters, and this gives less
than the required resolution at low
signals. It has been shown by lkeda and
colleagues that the maximum quantis-
ation error for 8-bit digitisation of the R,
G and B signals is 10 CIELAB units. This
means that a pair of very dark shades,
differing from each other by 10 CIELAB
units, would be indistinguishable by the
camera-based system. By using 18 dB
gain whenever any channel falls below a
certain threshold, we have been able to
obtain the equivalent of 11 bits of digital
resolution, reducing the maximum
quantisation error to 1.5 CIELAB units,
and greatly improving the system’s ability
to distinguish close colours, especially in
dark and high-chroma shades.

Performance

In order to investigate the repeatability of
the system, 17 Pantone colours were
repeatedly measured over a two-day
period under five illuminant Dgs tubes in
a lighting cabinet. The worst colour
difference between the original and
subseqguent measurements of each of
the 17 colours was 1.61 CIELAB units,
and the average was 0.33 units.

The camera, controlled as expiained
above, proves to be stable to changes in
lighting. For example, if the lighting
intensity is reduced to 60% of the
original, the camera’s repeatability of
measurement is maintained within 1
CIELAB unit. Furthermore, the control
system is able to compensate for
changes in spectral balance: when two
60 W tungsten bulbs were added to the
original five 40 W fluorescent tubes, the
colour difference detected was only 0.88
CIELAB units,

Applications

The camera-based colour inspection
system described in this atticle is less
precise than a typical bench-top
coicrimeter, but has advantages arising
from the non-contact nature of its
measurement, which give it great
potential.

We have shown that it may be used
as a colour-difference meter, able to
detect colour differences of 2 CIELAB
units reliably, repeatably and under
changing illumination conditions. This
opens up the possibility of employing
camera-based instruments in on-line
colour monitoring. Because of its non-
contact nature, a camera-based system
could monitor the colour of products
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automatically on the producticn line. It
would give immediate warning of colour
faults. Compared with current colour
monitoring methods, where samples are
taken off the line and measured by a
contact instrument, this would save
waste and would reduce operative
involvement. We have made a collection
of products obtained through retail
sources which illustrate the colour
variations currently in the market place.
Chocolate wrappers and beverage cans
displaying colour differences of up to 11
CIELAB units have been collected. The
camera-based inspection system is
capable of improving the colour
consistency of these products by
providing colour assessment on the
production line.

Another advantage of the camera-
based system is its ability to inspect all
the colours in an entire image. In
products involving intricate patterns of
colour, colorimeters are unhelpful
becausa they produce one measure-
ment representing the average colour.
With a camera, the whole image is
stored, and then the separate colours
are examined. In bank notes, for
example, complex patterns of different
coloured lines are used to deter forgery,
particularly in this age of colour
photocopying. The average colour differ-
ence between the original and a
photocopy is 11.4 CIELAB units, so a
camera-based colour-difference meter,
fitted with a magnifying lens, would be
able to detect photocopied bank notes.
Other applications that could make use
ot a camera-based colour measuring
instrument are printed or woven fabrics,
printed card and paint shade cards.

A further helpful development would
be a non-contact colorimeter. At present
our camera-based colour measuring
system can measure only relative
colours. To extend its capabilities to the
measurement of absolute colour would
involve calibrating it against an accurate
spectrophotometer, traceable to National
Physical Laboratory standards.

Underpinning theory

The studies carried out at the University
of Huddersfield have concentrated on
stabilising the camera measurements
and ensuring that small colour
differences can be detected repeatably.
We have made use of techniques which



are well known to practical colourists,

such as:

« A white standard for stabilisation of
measurement

» CIELAB space for
decision-making

» Increased measurement resolution at
low reflectance values.

acceptability

However, television cameras are not
often encountered in the role of colour
measurement devices, so it may be
helpful to review the underpinning theory
in their design.

To achieve good colour fidelity, the
spectral response curves of the colour
camera must match the chromaticities of
the display phosphors on the television
screen. in 1970, agreement was reached
on the aim points of the phosphors used
in this country. The chromaticities of the
phosphors and the white point were
defined, using the CIE 10° standard
observer data (Table 1).

Table 1 Chromaticity coordinates
of am points of camera
phosphors {CIE 10° observer)

X Yy
Red 0.640 0.330
Green 0.290 0.600
Blue 0.150 0.060
White, Dgs ~ 0.313 0.329

Figure 3 shows the resulting gamut of
colours that may be reproduced on a
television screen. All the colours whose
chromaticities lie within the triangle
joining the three phosphor points can be
reproduced by the additive mixing of light
emitted by the three phosphors. The
reproduction of a colour whose chroma-
ticity coordinates lie outside the triangle
would require a ‘negative’ amount of light
from one or two of the phosphors. For
example, reproduction of the appear-
ance of light from a monochromatic
source of wavelength 500 nm would
require positive light output from the blue
and green phosphors, but negative
output from the red phosphor. In other
words, this colour cannot be reproduced
on the visual display screen. Most
surface colours, however, have broad
spectral reflectance curves with sig-
nificant contributions from many wave-
lengths, and under these conditions the

Figure 3 Chromaticity diagram (10°
observer) showing gamut for PAL
phosphors
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Figure 4 ideal spectral response
curves of PAL television camera

majority of colours can be reproduced
accurately on the monitor screen.

Once the phosphor chromaticities are
defined, the required spectral response
curves of the three channels of the
television camera may be calculated,
according to the detailed instructions
given by Judd and Wyszecki in their book
Colour in business, science and industry.
For the PAL system, these response
curves are sketched in Figure 4,
following a diagram given by Sproson.
Each of the three curves has both
positive and negative response regions.
The actual transmission characteristics
of the analysis filters in a camera have
only positive lobes, and a technique of
matrixing is used to mix the signals to
imitate the correct response. This
ensures that all in-gamut colours are
accurately reproduced on the screen.

From the phosphor chromaticities and
the D85 white point, a 3 x 3 matrix
relating the camera's theoretical RGB
signals to CIE tristimulus values can be
rigorously calculated; this is also shown
by Judd and Wyszecki. in our research
this matrix has been used to convert
camera signals to XYZ values, and thus
to calculate colour and colour differences
by means of the CIELAB equations.
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Achievements

Using commercially available cameras
and framestores, we have developed a
method of controlling a camera so as to
ensure that its colour signals are
repeatable. We have also found a way to
obtain signals of sufficient resolution at
low levels, so that small colour
differences can be detected, even in dark
and bright coloured cbjects. This opens
up the possibility of using cameras for
the measurement of small colour
differences, and offers very practical
advantages compared with colorimeters
or the human eye.

Christine Connolly and Tin Wah
William Leung can be contacted at
the School of Engineering, Uni-
versity of Huddersfield, UK (01484
422288); Jim Nobbs is with the
Department of Colour Chemistry
and Dyeing, University of Leeds, UK.
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