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CS781: ASSIGNMENT 1

STANDARDIZING AN

LIQUID CRYSTAL OR OLED DISPLAY

A. INTRODUCTION

An important aspect of the linearity of the colour algebra is the possibility
of creating simple models of colour devices that produce colour by
additive mixture. In class, we discussed this capability in detail for the
colour CRT.

The colour CRT is no longer the most common colour display device:
it has been overtaken by the colour liquid crystal display (LCD), which
will, I expect, by overtaken by the organic light emitting diode display
(OLED) in the near future. The basic task in this assignment is to choose
an LCD of OLED and measure its properties. The generic additive device
model we discussed in class and applied to the colour CRT makes the
folling assumptions:

1.  there are three colour primaries of constant chromaticity;
2. the primaries are, in terms of emitted light independent of one

another;
3. each pixel emits light that is independent of the light emitted by other

pixels, and
4. reflections of ambient light and the black light of the display are

constant.

On these assumptions, the light emitted for input  is

with tristimulus values

.

(The notations and variable names are slightly different from those that I
used in class, but there are no essential differences. In particular, the
equation above wrotes out explicitly matrix multiplication by the matrix of
chromaticities.) We separated the functions  ( ) into

two parts
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luminance is measured in lumens (with the appropriate geometric units)
and  and  are the unitless
chromaticities of the light.

QUESTION 1. Develop the tristimulus values from the emitted light,
defining the symbols I have used in the above equations.

B. PRELIMINARY

Find out the model and manufacturer’s specifications for the display you
are using. In an ideal world you would be able to find the manufacturer
who manufactures the glass and the manufacturer’s part number, but very
likely you will only be able to find the device assembler, such as RIM, and
the device’s model number.

Choose settings for the display, such as brightness and contrast, that
reproduce as well as possible the calibration suggestions given in class.

Choose a convenient place, time and configuration for doing your
measurements. (The place will most likely by a room in the Computer
Graphics Laboratory, DC2303, which has been light-proofed and painted
black to make such measurements easy to do.) See me to borrow a meter
for light measurement: first come first served.

QUESTION 2. Give the details of the display you are measuring, what you
discovered about it, and how you decided what settings to use.

C. MEASUREMENT TECHNIQUE

c.1. GEOMETRY

LCDs and OLEDs are very angle-dependent in their light emission. You
need to choose a position for the meter: facing the centre of the screen on
a line perpendicular to the screen with a measurement radius of about one
centimetre. Put the meter on a tripod. Position the meter and screen as
you wish and then take all your measurements without moving them at
all, and without changing the lighting conditions.

c.2. METER

Use one of the metres in CGL. The easiest to use are the ones I brought to
class, but there are others which may be better for you, particularly if you
want to automate your data acquisition.

We have available one tristimulus colorimeter, two luminance meters,
and a couple of display calibrators. Pretty well all the measurements can
be performed with a luminance meter because all that is required is
linearity. See me for more information.

c.3. AMBIENT LIGHT

The main source of illumination in the room is, most likely, the display
you are measuring. The biggest controllable source of noise in the
meassurements is likely to be light from the display reflected by your
clothing back onto the display.

x X X Y Z+ +( )⁄= y Y X Y Z+ +( )⁄=
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D. TEST THE MODEL

Before doing any measurements let the screen warm up, by waiting until
the tristimulus values of a white screen stop drifting.

d.1. BLACK LEVEL

Measure the tristimulus values of the centre of the screen when the entire
screen is black.

d.2. PRIMARY CONSTANCY

Establish the range over which the primaries are constant in chromaticity
by measuring the tristimulus coordinates of a square patch at the centre of
the screen when each primary is turned on at different levels.

Remember to subtract out the black level.
Continue to work using only the range over which the primary has

sufficiently constant chromaticity. You should define ‘sufficiently’.

d.3. CHANNEL INDEPENDENCE

Establish the fraction of the colour space over which the channels are
independent emitters of light.

The basic measurement is to measure tristimulus values of colours that
are additive mixtures of colours you measured in §d.2. You expect to see,
for example,

.

The fraction difference you measure between one side of the equation and
the other is the extent to which channel independence is violated.

This measurement and most others can, if necessary, be confined to
 when only a luminance meter is available.

d.4. PIXEL INDEPENDENCE

The measurements above should be done using s screen that is all black
except for a coloured circle in the centre of the screen. The circle should be
large enough that its area is at least nine times the area of the
measurement area; that is, its radius should be three times the radius of
the measurement circle. How much does the measurement change when
the remainder of the screen is a colour different from black? Make enough
comparison measurements to determine the size of this effect.

Hint. These measurements are demanding of the viewing conditions you
choose. For example, if you are wearing a white shirt reflection from
screen because of screen illumination of your shirt will be easily
measurable. Experiment a little with viewing conditions to make this
effect as small as possible.

QUESTION 3. Describe the conditions under which you feel that it is possible
usefully to measure your display. ‘Usefully’ means getting results that you
feel are reproducible. Provide evidence from your measurements that
supports your conclusions.
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E. MAKE YOUR MEASUREMENTS

At this point you should have established:

1. a measurement geometry,

2. a range of RGB values from which you expect results that can be used
in a device model,

3. the chromaticity coordinates of your device primaries, and

4. the precision at which it is reasonable to expect good results from
your model.

What remains is to measure the channel responses.

First look at the ends of the input ranges, near zero and near 255. It is
common to discover that there is a range at each end where there is no
dependence of light output on input. Within the active range of the inputs
choose about twenty levels, and measure the output of the display for each
channel at each of the levels. Plot the results on a graph, look for a simple
functional form that gives a good approximation to the results and
determine its parameters.

QUESTION 4. Give three graphs, one for each channel, showing the results
of your measurements and the functional form you chose. Describe why
you chose that form, and discuss whether you think your form or a table
with interpolation would be a better model.

F. OVERALL STANDARDIZATION

You now have linearized three independent colour channels. All that
remains is to calculate the normalization coefficients.

The chromaticity normalization coefficients are determined by putting
up several colours, measuring their chromaticities, and averaging the
calculated coefficients. The overall normalization coefficient is
determined by measuring the luminance of several colours and averaging
the calculated coefficients.

G. CREATE A CALIBRATED COLOUR MODULE

You now have all the measurements that you need to build calibrated
colour into the display. Create a small calibrated colour application that
you can put in a pipe. It should take XYZ on its standard input and provide
RGB on its standard output, and should contain a function that takes a
floating point XYZ 3-tuple as its arguments and returns an integer RGB 3-
tuple as its output. You can use the application in scripts that need a
calibrated colour, and the function in programs that need calibrated
colour.

QUESTION 5. Give the source code of the function, which should include
comments that let me know how it obtains its results.
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H. CHECK THE RESULTS

Use your colour module to put colours of known tristimulus values on the
display, and measure the resulting colour. Use a variety of colours
distributed quasi-uniformly throughout the gamut you concluded was
calibratable.

Move the meter off-axis a little, say one, two and five degrees from
perpendicular, both vertically and horizontally, measuring the same colour
each time.

QUESTION 6. Examine the difference between your measurements and the
intended colour, using Euclidean distance in XYZ as your metric. Most,
perhaps all, of the differences should be small. Is the variability you
observe consistent with the precision you estimated in Question 3?
Explain.

If you have outliers give a reason why that particular calibration or
measurement has gone wrong.

QUESTION 7. Describe the results of your off-axis measurements, and
comment on their significance with respect to calibrated colour on an
LCD.


