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Abstract

Colour measurements are usually performed by measurement devices in the range of 1,000
to 100,000 €. We have evaluated the low cost approach with the MAZET MCTS 2 colour
system regarding absolute accuracy and usability for display applications.

The USB-powered sensor is available with standard software which is capable to measure
absolute colour co-ordinates with an universal calibration. Additionally, this software allows
calibrating the sensor to a special target (display, light source) with reference images or high
end colour measurement devices.

Because the original software is more dedicated to perform various measurement tasks
rather than display relevant applications, two programs were developed by us. One is for
automatic calibration with a YOKOGAWA colorimeter, the other one captures the most
relevant optical PC-monitor parameters (max. luminance, dark room contrast ratio, gamma
values, colour co-ordinates and gamut) by just one click.

The accuracy of the MAZET MTCS 2 was evaluated in two ways: First, measurements and
calibration with the original software and second by using of well known calibration
algorithms in our own software. All programs show nearly the same results for
measurements of PC-monitors: the absolute accuracy (with common calibration) we
achieved is about DE* » 10 - 15 and, if the sensor is calibrated to the display, DE* » 1 - 3
(DE* is the colour difference acc. CIE 1976 LUV). Therefore the MAZET MCTS 2 shows an
excellent performance when calibrated to the display under test. For absolute measurements
its accuracy is however limited.

1 Introduction

Colour measurements are necessary in many applications like evaluating of specifications as
well as calibration of displays and control of colour light sources (e.g. LED backlights of
LCDs). In multimedia systems usually device-dependant colour co-ordinates like RGB are
used (e.g. stored in a file) and this leads often to colour shifts when displaying this on
another device-dependant system like a monitor. So a better way is paved by device-
independent colour systems like CIE. As a consequence of this, RGB-based devices have to
be measured for grey scale, colours and gamut with standard colours (e.g.
GRETAGMACBETH COLOURCHECKER) in order to generate corrections files (ICM).

In display metrology it is always a task to find the right balance between accuracy and costs.
There are several colour measuring instruments available, but high accuracy means also
high price. On the other side, many applications require a colour measurement capability that
is cost-effective and has a sufficient accuracy. The latter can only be achieved with low cost
sensors that are calibrated to the specific display (target). In this article we focus on the cost-
saving task by evaluating the accuracy of MAZETs [1] low-cost colour sensor MTCSICS on a
new (2006) evaluation board (MTCS 2).



2 Hardware

The MAZET MTCS Colorimeter 2 board (Fig. 1) is an USB based system to test and
evaluate the colour sensor MTCSICS. The sensor ‘looks’ through a hole of a black plastic
box to limit the acceptance angle to about 10° The currents of the three photodiodes are
amplified by a transimpedance amplifier and digitized (10-bit) by a microcontroller for signal
processing. Reference data are stored in an EEPROM and a USB interface is used for data
transfer from/to a PC and for power supply.
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Fig. 1: MAZET MTCS Colorimeter 2 evaluation board

The MTCSICS sensor’s principle is to use three photodiodes with dedicated filters so that
their spectral sensitivity is close to the standard colour matching functions (DIN 5033). It is
furthermore optimized for high lifetime, temperature stability and a fast data acquisition.

A dedicated software for this sensor system is available from MAZET (see §4) which enables
visualisation and logging measurement values in the CIE colour systems XYZ, 1931 Lxy,
L*a*b* and L*u’v'. In addition, the sensor can be calibrated on the basis of colour targets.

3 CIE Colour Spaces

In colour measurement and colour management it is necessary to describe colours
independently of the human perception in an objective way by an electronic device. Because
of these needs the CIE (Commission Internationale de I'Eclairage) has established some
standardised colour systems (colour spaces) which were improved over the time like
1931 Lxy, 1976 UCS and 1976 LUV. The so-called Tristimulus values X, Y and Z with Y as
luminance are the basic CIE measurement parameters. They are usually transformed to CIE
colour spaces (s.a.) to obtain colour co-ordinates. Furthermore, Tristimulus values are the
only basis for calculations with more than one light source and for calibration.



To obtain Tristimulus values from a spectrum (intensity of light related to wavelengths) it has
to be multiplied with the Colour Matching Functions (CMF, see Fig. 2) for each wavelength
and all those products are summarized over the visible wavelengths.
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Fig. 2: Colour matching functions (CMF) [3]

This approach is used by monochromators and spectroradiometers. The other way to use at
least 3 photodiodes with dedicated filters so that a spectral sensitivity of the colour matching
functions is achieved. This is however difficult as the spectral response of photodiodes is
completely different from the CMFs. The MAZET sensor characteristic are said to be very
close to the CMFs and the device is therefore named as colorimeter.

For visualisation it is convenient to use a 2D representation of a colour space like
CIE 1931 Lxy (see Fig. 3 left). In this colour space every colour has an x/y-coordinate which
only contains the information about colour and not about the luminance which could be
shown in the third dimension.

The x- and y-values can be derived from Tristimulus values by a linear transformation
(Formula 1, see e.g. [5]).
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Formula 1: Linear transformation of XYZ to CIE 1931

The CIE 1931 standard is very widespread. However display metrology standards refer to
CIE 1976 UCS (see Fig. 3 right), which has some advantages over the 1931 standard. The
most important one is, that in CIE 1976 UCS colour differences (Mac Adam ellipses) are
more uniform. For practical use in terms of noticeable (colour) differences, the colour spaces
CIELAB and CIELUV from 1976 provide a formula which is normalized to the ‘Just Notable



Difference’ of a human observer via E*=1. A value for E =5 is the difference that can
be easily differentiated by human eye, E > 20 is specified in 1SO 15008 for minimum
colour discrimination. The colour difference E" in the CIELUV (1976, non-linear
transformation of XYZ) is defined as shown in Formula 2 (see e.g. [5]).

DE,, =\/(DL*)2+(Du*)2+(Dv*)2

Luminance Colour

Formula 2: Calculation of the colour difference E’ in the CIELUV system
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Fig. 3: CIE 1931 Lxy (left, [4]) and CIE 1976 UCS (right, [5])

4 Evaluation of the Sensor Board with MAZET Software

First tests of the low cost sensor were done by using the original software from the
manufacturer. After its installation the sensor board is plugged to a PC via USB. The
program (screen shot see Fig. 4) allows the user to test and to calibrate the sensor. The
sensor is ready to use with standard calibration (via standard correction matrix, see 85) and
the output is given graphically and in figures of different colour systems. These data can also
be saved to a text file as single values or as series of measurement.

Another function of the program is the calibration of the sensor: The PC-software displays
sequentially a set of predefined and optimized (in the sense of calibration) colours and
captures the corresponding data of the sensor as XYZ-like data. With these measured and
the reference data, the program calculates the correction matrix (a detailed description can
be found in the next paragraph). The MAZET software works well and helps minor
experienced users to perform and to understand colour (spaces) and their measurement.



Fig. 4: MAZET colorimeter 2 software

5 Correction Matrix

If there are some differences between Colour Matching Functions and the spectral
sensitivities of colorimeters, a correction can be made via reference measurements. Doing
this, the accuracy of colorimeters can be enhanced — but unfortunately only for the calibrated
display (or light source). The algorithm of calibration is as follows: For calculation of a
correction matrix two 3xN matrices have to be determined, whereas N is the number of
different colour images that are used for these measurements and ‘3’ stands for the
Tristimulus values. Several (optimized) colours have to be displayed and measured with both
a reference instrument that outputs real XYZ values and the sensor in XYZ-like values. The
‘real’ XYZ Tristimulus values set the 3xN matrix XYZ and the measured sensor data are
stored in the 3xN matrix XspYspZsp.

With these matrices the 3x3 correction matrix ‘cm’ can be calculated via Formula 3 (see e.g.
[2], [5]). The linear approach is suitable because the spectral sensitivity of the MAZET sensor
is close to the original CMFs (see [5], appendix G).

This correction matrix has to be used for the conversion from XYZ-like data measured by the
colour sensor to calibrated XYZ Tristimulus values that can be transformed to any CIE colour
space. This conversion is performed by a matrix operation given in Formula 4.



