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Summary:

In this report, the correction of geometric distortion in
an image displayed on a CRT by manipulating the video is
in'lestigatcd. This mc;ans ij-lstead ensuring that the correct
video information is sent to the video amplifier, in relation
to the distorted CRT scanning raster, so as to generate a
geometricallY correct image on the CRT faceplate. In this
study, correction algorithms were developed via digital video
simulations to correct for the case of horizontal (east-west)
distortion and the case of vertical distortion (north-south)
distortion. These algorithms are based on interpolating new
video from the existing video in such a way as to precorrect
for the distortion incurred in the display system. To generate
the correct precorrection, three steps are required. Firstly,
the distortion must be estimated. Secondly, this estimate must
be used to generate a precorrection function. Thirdly, the
video must be interpolated on the basis of this function. This
resulted in an algorithm, for a 1024 active pixel by 1152
active line display structure, involving only linear
interpolation between lines to 1/8th line accuracy in the case
of vertical correction on a 16: 9 860mm diagonal monochrome
tube. For the same tUbe, it was found linear interpolation to
1/32nd pixel accuracy was required for horizontal correction
using the same display structure. Horizontal correction on a
4:3 660mm diagonal colour tube was achieved using linear
interpolation to only 1/8th line accuracy.

In the second part of the investigation, a general model
was developed for the CRT geometrical distortion process. It
was possible in simulations, to verify that this model could
be used successfully, with tUbe/coil distortion information
only, to generate the required correction without having to
locally measure the distortion as in the first part of the
study. Furthermore, it was shown that by incorporating
relations for the actual deflection current, into the model,
the horizontal corrections could be extended to cover
asymmetrical linearity corrections as well as the symmetrical
east-west distortions handled up to that point.

For both types of corrections, schematics for
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implementation were developed on the basis of the results of
the simulations.

It is also clear, that further work is required to is
required to develop relations between physical circuit
parameters and the model polynomial coefficients. Further
study-is also required to see if ground can be gained in the
precorrection interpolation filtering by using real 2
dimensional filtering instead of the quasi I-dimensional
filtering used to date.
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order to be granted the degree in Electronic engineering, by
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guidance, on behalf of the TUE, was provided by Prof. Dr. Ir.
W•M. G. van Bokhoven, head of the Electronic Circuits
department, in the faculty of II Electrical Engineering at the
TUE.

The work described took place over the period: July 1990
up until April 1991.
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1.0 Outline of the Project

In this chapter, an outline is given for both the
and this report (which describes the work performed).
first section (1.1), a brief perspective is given as
the project arose in the first place.

The detailed project definition is presented in the next
section (1.2), while in the third section (1.3), the structure
and content of this report is introduced.

Finally, in the last section (1.4), the main points
raised in this chapter are summarised.

1.1 Background to the Project

The Cathode Ray-Tube (CRT) has been used as a display for
many decades. It finds application in a myriad of environments
from laboratory oscilloscopes to consumer television
receivers. It began life as a fairly primitive device, with a
small rounded, circular faceplate, and a relatively long neck.
It had a single phosphor layer and thus allowed monochrome
imfJgl? reproduction only. Zooming .in on the consumer receiver
CRT, it has, in the intervening years since its humble
beginning, advanced considerably. The deflection angle has
increased (relatively shorter neck lengths), the screen size
has increased, and the screen is flatter. Furthermore, it is
no longer circular, but almost rectangular. with the advent of
the shadow mask and multi-phosphor deposition, the colour CRT
was born. The mask and the phosphors have also made great
strides forward since the first colour sets were introduced.
Not only the CRT, but also the circuits which drive it, have
improved a lot since the early days. Given the present quality
of the CRT, and the amount of development that has already
been put into the receiver systems which surround them, one
might validly ask why the consumer CRT display is still
receiving so much attention in its "mature" phase of life,
where every small gain made must be hard fought. There are a
number of good reasons for this.

In the beginning of the 1980s, the situation appeared
quite different. Many "alternative" displays were in
development and held great promise. They promised to attack
the CRT on its weakest points: (1) its unfavourable tube depth
to screen height ratio, (2) its considerable relative weight,
(3) its defection power and video drive requirements, (4) the
practical limitations on its maximum allowable physical size
and (5) its still somewhat convex screen. In particular, the
LC-Oisplay (Liquid Crystal) began to eat away at the small
size end of the general CRT market, (e. g. "laptop" computer
monitors) , and function and status displays for many
programmable machines (eg VCR status displays). At the large
screen end, PTV (proj ection TV) was expected to win ground
from the CRT. So, the consumer CRT appeared to be "working out
its time" until it would be overrun by the alternatives.
Hence, the research effort into CRTs was bounded.

Secondly, the 80s brought another development, that gave
extra motivation for research into new displays and that was
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the line that was set out for the improvement of the broadcast
TV signal (i.e. the plans for High-Definition TeleVision,
HDTV). This is a series of transmission video signal
improvements, which ultimately conclude in HDTV, and this
demands a clear step forward in display size. These sort of
screen sizes clearly presented a problem for CRT construction
in terms of weight, depth and volume. It looked as if the
alternatives, particularly PTV (Projection Television), were
better suited to the task.

However, now as the 90s begin, a very different situation
presents itself, in which the CRT seems to be living on more
than just borrowed time. Firstly, the march toward HDTV is
picking up pace, and receiver manufacturers find themselves
with the prospect of having to begin the development of such
televisions, for the market, in the none too distant future.
Hence, they require that the display manufacturers begin, or
have begun, development of the display device. The problem is
that the "alternative" technologies have not advanced as
anticipated and in particular both PTV and LCD have problems
that remain to be solved if HDTV quality at the required
screen size is to be produced. However, there is little time
remaining; if display~ ~re to b~ Y8ady on time so that the set
manufacturer in turn can have his television on the market in
time to earn back the R&D investment and gain a market share
on the rising market. Hence, it appears that the display
device, realistically speaking, with the best chance of
meeting the image reproduction quality specifications on time
is the CRT. Its weak points mentioned above, may still remain
to a large extent, but if it has no serious competition then
these are no longer a problem! Thus, the CRT has once more
become an important topic of research for the consumer CRT
manufacturer, even if one sees it only as an insurance policy
against the failure of its alternatives.

As a result, many aspects of the CRT are being examined
and even re-examined, in the light of the needs for HDTV. One
of these aspects is good image geometry, which becomes
critical with larger, and relatively wider (the 16: 9 image
aspect ratio replaces the present 4:3 one) screen dimensions.
Most importantly, in order to gain the coil design freedom
needed to improve the display in other respects, it is being
considered to allow greater, or even new forms, of geometric
image distortion. Furthermore, in the new receiver, there will
be much more advanced circuitry and an altered architecture
which will offer more alternatives to achieve the geometry
goal than the circuitry in the traditional set does. For these
reasons, a clear requirement arose that the options to correct
geometry error via the extra options available should be
investigated. This is the background which led to the
definition of this project.

1.2 Definition of the Project

Now that the background to, and the motivation for, the
project has been presented, the project definition itself can
be given in more concrete terms.
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The problem: Geometric distortion occurs
when certain automatic
normally either built
and/or the deflection
removed.

on a display
corrections,

into the coil
circuits are

The question: Is it possible to correct for these
distortions, preferably in a nominal way,
through extra video processing in the
receiver, with the result that the
displayed image has good geometry?

This project can be defined as the attempt made to answer
the above question. There were, of course, boundaries on the
scope of that attempt. Hence, as obj ective, the answer was
sought in relation to 2 of the most likely forms of distortion
that might be met, in the foreseeable future: the case of
vertical (known as North-South or NS) distortion only, and the
case of horizontal (known as East-West or EW) distortion only.

Furthermore, certain carrier systems had to be chosen,
for the research. These were chosen so as to make the results
~~ relevant ;;::'s pG55ibl.::, to what could be expected in
practice. In other words: (1) the mostly likely candidate for
large screen 16:9 production sets, the 86 WS, was chosen for
both NS and EW investigation, while (2) the tUbe used in one
of the current sets (4:3 formats), the 66 FS, the sort of tube
with which this type of EW correction is first expected to be
combined, was chosen specifically for extra EW investigation.
The 66 FS is a tube with a relatively flat faceplate, and this
results in a relatively greater screen image distortion, than
might be otherwise expected.

The clause "preferably in a nominal way", came in for
special attention at later stage, in the project. This could
not be done for the NS case because no suitable nominal data
exists for such a system and hence in this case only measured
error could be corrected for. Thus, only the specific case of
EW correction was researched in this regard. However, the
methodology and the structure of the model which emerged is
easily transferable to the NS case, if the need ever arises
(which has not up until now).

Obviously, at the outset, it was not clear how important,
or how difficult, one correction would be with respect to the
other. However, as the proj ect progressed, it became clear
that for reasons mainly of cost (as will become obvious later
in the report) that the EW distortion will remain the most
likely sort of distortion that will be allowed in the coil
used in a consumer receiver CRT. Hence, this is the reason why
for aspects like "nominal correction", NS received no
attention, due to its disadvantageous cost of implementation
(memory), because in a consumer CRT system the cost aspect is
very important (due to large production numbers, more details
appear in chapter 5).

Hence this project can be more accurately defined as the
attempt made to answer the fundamental "question" (asked
above), within the practical boundaries (summed up above) set
for the required scope of that answer.
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1.3 structure of the Pro;ect and the Report

Having set out the objectives of the research, the actual
work done to chase those objectives must be described,
together with the most important results that emerged during
the course of that work. The report is basically written, in
such a way, that the chronological order of the work is
reflected. This appl ies to chapters 3 , 4 and, 5. The other
chapters, which give background information, contain elements
from all three phases of the work described in chapters 3,4
and, 5. Hence the three major phases in the work were:

(1) NS correction using measurements.
(2) EW correction using measurements.
(3) EW correction using tUbe/coil nominal data.

The structure of the report itself shall now be briefly
given.

This chapter gives the background to, the motivation for,
the d~finition of ~nd, the 0bj~~~ives of, the project carried
out. The next chapter (chapter 2), gives an account of the CRT
geometric distortion phenomenon. In particular, a description
is given of the principal causes of distortion. The forms,
taken by the various distortions that will be encountered in
this project, are also described.

The first phase of the project, the work done to realise
NS correction through digital video interpolation, is
summarised in chapter 3. This involved gaining an idea of the
magnitude of the distortion, and then finding an algorithm to
carry out the necessary video precorrection for this
distortion.

Chapter 4 is an account of the attempts to realise the
second project phase, namely EW correction, in a similar
manner to that used in order to realise the NS correction, as
described in chapter 3.

The expansion of the correction algorithm built in
chapter 4 is narrated in chapter 5. The algorithm was
developed further, so as to allow the use a more general or
"nominal" means of correction, based on the standard design
information available for a given tube/coil combination.

Finally, in chapter 6, the threads of the research are
drawn together, and the principal conclusions emerging from
the proj ect, especially with respect to the obj ectives , are
given. This is then followed up with the recommendations that
result from both the work itself and the conclusions that came
out of it.

1.4 Conclusions

In this chapter, the background to the work done has been
given. It can be seen that in contrast to expectations a
decade ago, the CRT has a long future in the consumer TV
market still in front of it. New TV standards demand that new
developments in the CRT be made. Some of these demands can be
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met by changing coil design. Unfortunately, this often results
in a geometry problem, however there is interest in solving it
along non-traditional lines. This led to this project with its
given definition, scope and objectives as stated previously.
Finally, the work performed must be documented, and hence this
report whose function is just that. Thus, the structure
contents, of this report, are then presented.
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2.0 The Cathode-Ray Tube (CRT) Display

In this chapter, a description of the Cathode Ray-Tube
(CRT) display system is given, paying special attention to the
aspect of picture geometry. The first section ( 2 . 1 ) gives a
brief account of the function of the CRT display while, in the
following section ( 2.2), the structure of the input video
signal with which it is confronted is presented.

The information contained in the first 2 sections allows
the actual operation of the display to be discussed in more
detail in the third section (2.3). In this section, the
factors governing picture geometry are singled out.

Having identified the four prime elements which determine
the picture geometry, they are then deal t with, more
specifically, in the next section (2.4). This section
concludes with an examination of the end-to-end distortion,
which results in the image displayed on the CRT screen, from
the combination of these factors.

The different strategies available to deal with this
distortion are touched upon, in the following section (2.5).
Hereby, ...:hcrs. it is J::"elevant, the resulting geometry
distortion which remains, after such measures, is discussed.

Finally, the last section (2.6) summarises all the main
points, emerging from this chapter, especially with respect to
the geometry problem on a CRT display.

2.1 Device Characteristics of the CRT

The CRT can be viewed as a display device which enables
information, which is electronically coded in I-dimension
(i.e. voltage (V) is coded in time (t) ), to be (re)converted
into a 3-dimensional luminance function (i.e. luminance (L) as
a function of planar space (x, y) and time (t) ) which is
suitable for viewing (fig 2.1.1). Thus, the electronic signal
is reproduced as a dynamic 2-dimensional image. The main theme
of this report concerns the process whereby the video signal
is converted (by the CRT system) to the 2 spatial variables
(x,y) on the screen. For this reason, no explicit distinction,
as such, will be made between colour and monochrome systems in
this report, as this is not central to the geometry
discussion.

2.2 Characteristics of the Video Signal

In order to understand the operation of the CRT more
clearly, the time to space conversion shall now be examined in
more detail. Hence, the composition of the coded video signal
will be given some attention. A television video signal is
coded in a certain standard way. Firstly, the image to be
coded, into the television signal (video), is divided into a
series of parallel horizontal rows, known as lines. Enough
lines are chosen as is felt are needed to give adequate
vertical resolution in the sampled image. Originally, that was
as low as 405 lines, then the present 625 line standard became
the norm and presently a step is being made to a new 1250 line

6
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standard allowing larger display size without resolution loss.
These rows are then transmitted, each row left-to-right,
sequentially in time (fig 2.2.1). In this way, two spatial
dimensions reduced to one dimension, time. Secondly, the
picture must also have a certain horizontal resolution,
meaning that within each line a certain signal bandwidth must
be allowed. This bandwidth is normally chosen so as to allow a
horizontal frequency of 360 cycles/picture width to be coded
for transmission. If the source is digital, then a sample
structure of 720 elements per active line is required in order
to do this. So, generally speaking, the line is referred to as
having 720 active picture elements (or pixels) 1. In the most
recent step made in standards, that number has been increased
to 1440 pixels/line. Hence, the normal and the extended
standards (720 pixel,575 line) and (1440 pixel,1150 line),
respectively, will both be encountered during the course of
this project.

However, a television is signal is dynamic, consisting of
a series of images, not just a single one. Thus the next
question which arises is: at what rate must entire images be

1 The exact meaning of the word "pixel" is a source of
debate, so in the context of the report it is taken as
referring to an addressable image location unless otherwise
stated. The term "resolution" is used when referring to actual
resolvable picture elements.
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transmitted if the original dynamic scene is to be coded and
transmitted adequately? The human visual system requires a
image rate of around 25 Hz or higher, if it is to create a
smooth moving image from them. If the rate drops below this,
then the movement portrayal becomes disjointed (an effect
known as motion jUdder). Hence, the lines in a complete image
must be transmitted, at least, every 40 ms if the dynamic
content in the original scene is to be observed correctly in
the visual system of the viewer. Secondly, if the image rate
is less than 50 Hz, then the human visual system perceives
that the image intensity varies between the image impulses. In
order to combat this effect (known as flicker), and yet not
double the image rate (costing 2 times the channel bandwidth
with the doubling of the pixel rate) with respect to motion
requirements, a compromise is made. This compromise is based
on the observation, that the flicker effect is tolerable in
the fine detail of an image, if the image as a whole does not
have it. The solution is to divide the image lines into 2
groups, the uneven lines and the even lines (fig 2.2.2). Each
group consists of 312.5 lines. Each of these 312.5 line
groups, sampling the image, is scanned and transmitted in 2
separate fields, one after the other, for each image. In this
way, the screen as a whole is scanned form top-to-bottom every
20 ms, for each half of the image, while the individual lines
in the complete image are refreshed only once per 40 ms (fig
2 . 2 • 3 ) •

Hence movement j udder in the displayed image is
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eliminated and the intensity flicker significantly reduced.
This trick (known as interlace) obviously has its limitations.
For example, if one line is white, and the neighbouring ones
black then obviously the line flickers because it is only
transmitted at 25 Hz against an otherwise black background (an
effect known as edge- or line-flicker) and this is a standard
artefact in 50 Hz interlace. However, all these effects in
themselves, form enough discussion material for many reports
and, as they are not central to the discussion here, they will
not be further discussed. It should be noted that in the HDTV
1250 line standard, two separate fields of odd and even lines
(each field being 625 lines), one per 20 ms, are transmitted.

The consequence of the above is that the following
standards (Normal Definition TeleVision and High Definition
TeleVision) may be expected as incoming video, at the display:

Pixels
Lines
Image Rate (Hz)
Field Rate (Hz)
Interlace
Pixel Rate (MHz)
Line Rate (kHz)

NDTV Standard
720
575

25
50

2:1
13.5

15.625

HDTV Standard
1440
1150

25
50
2:1

54.0
31. 25

However, to complicate matters further, these incoming
video forms can be changed using video processing to other
local display standards, for the purposes of reducing some of
the interlace and residual intensity variation effects still
present in the above transmission standards. Among the display
standards, that may be encountered, in a display receiving the
above transmission standards are:

A B C D
Pixels 720 1440 720 720
Lines 575 1150 575 575
Image Rate (Hz) 25 25 50 50
Field Rate (Hz) 50 50 50 100
Interlace 2:1 2:1 1:1 2:1
Pixel Rate (MHz) 13.5 54.0 27.0 27.0
Line Rate (kHZ) 15.625 31.25 31.25 31.25

E F G
Pixels 720 1440 1440
Lines 575 1150 1150
Image Rate (Hz) 100 50 50
Field Rate (Hz) 100 50 100
Interlace 1:1 1:1 2:1
Pixel Rate (MHz) 54.0 108.0 108.0
Line Rate (kHz) 62.5 62.5 62.5

standard D is used in the 66 FS application investigated
in this report. Standards E and F were both used and examined
in relation to the 86 WS system. The relationship that exists
( in the context of this project) between the standards is
illustrated in fig 2.2.4. Progressive Scan Conversion is the
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process whereby interlaced images, coded in separate fields,
are converted to progressive (non-interlaced) video frames.
The Progressive Scan Conversion (PSC) was carried out using
field insertion for still pictures and median filtering for
moving picture sequences, a methodology based on the results
of earlier research [1]. The Pixel Rate Doubling step simply
involved doubling the pixel read out speed, without any active
processing. The Interlace Conversion process requires that the
odd and even lines in a frame be written to two separate
fields (again no active processing). Both the line- and the
pixel-interpolators used 1:1 filtering, on existing
neighbouring line and pixel pairs respectively, in order to
create respectively new lines and new pixels. Obviously, other
pathways can be found between the standards if that is
desired.

Standard Conversions

86 WS (EW & NS)

F

E
(NS)

o
66 F5 (E\I)

Display Standards

I

n Prog-ess rve l,

-- scan LIne PIxel
r-. I--

COnversIon I nter-po Iat Ion I nter-po Iat Ion
DTV

...J\'\

Pixel Rate

Dowling

86 \15

DTV Prog-a65 rva
----0 scan f-

B
COnversIon IntElr lace

ConvElrS 1on

Input Standards

H

Fig 2.2.4

2.3 The operation of the CRT

Now that both the video signal form and the CRT device
characteristics have been discussed, the manner in which the
device can be used to reconvert the video signal to an moving
image can be discussed.

The Cathode-Ray Tube (CRT) is assembled in an evacuated
glass envelope and produces a moving light spot on the screen
in accordance with varying deflection signals applied to its
deflection coils. A structure in the 'neck' of the device (the
'gun') produces a focused electron beam. The beam produces a
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spot of visible light at the point of impact with the phosphor
layer at the screen. Two orthogonal magnetic fields allow the
beam to be deflected to any particular angle desired, as it
travels toward the screen. This is in accordance with the law
(2],(3]:

Force = BH e v z i + Bv e v z i

where BH and B~ are the flux densities of the magnetic
fields, ln the horizontal deflection coil and the
vertical deflection coil, respectively

and where e is the charge on an electron and v is its
velocity which is perpendicular to both the i and i
unit vectors, which lie themselves in the plane of
the deflection coils.

By convention, the circuit that provides the current to
the coil that causes the beam to deflect laterally, is called
the horizontal deflection. Similarly, the circuit that
provides the current to the coil that deflects the beam
vertically is referred to as the vertical deflection.

The choice of the accelerating voltage VA' (present at the
end of the gun), which determines v z ' is a compromise. This is
in the sense that though many tube characteristics improve as
VA increases, so unfortunately do the magnitudes of the
deflection fields required, to sustain full-screen scanning,
and the physical tube construction requirements (high electric
fields). As a result, standard consumer colour CRTs are
usually designed to be run in the 25-30 kV range. In all
cases, for a given system, the tube/coil system will have a
specified v~ (fixed during system development) which gives the
required plcture quality, with an acceptable deflection
current requirement and acceptable tube design parameters.
Hence, one may not treat this voltage as a variable in the
geometry process, in that it is fixed during system design to
some optimal choice.

Obviously, as complete lines are fed one at a time to the
system, the horizontal deflection will have to sweep the beam
(left-to-right) over the tube at the display line rate, during
which time all the active pixels of information for that line
are sent serially to the cathode in the gun. Then a certain
extra time during which no active video is sent (the blanking
time) gives it time to return to the left-hand side ready to
sweep for the following video line. Furthermore, the vertical
deflection must see to it that each new line is written at a
new vertical position. Hence, it drops one line during each
display line. It too receives a certain time (the field
blanking time) during which it can return to the top of the
screen ready to sweep downward during the next field. The
difference between displaying an interlaced and a sequential
image, exists in how the vertical sweep is reset at its
blanking time. In the interlace system, at the end of the
first field, the beam does not return to the top of the screen
but to a position 1/2 a display line higher, before sweeping
out the second field. In this way the two interlaced fields
making up one image frame are written onto the display as they
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were originally sampled. In a sequential (non-interlaced)
system, the vertical beam starts from exactly the same
location for each sweep and hence the scanning pattern remains
unchanged from field-to-field. In this way during one frame
time the serial input video signal is converted using beam
deflection back into the original image.

Hence, the picture geometry can be seen to be dependent
on four items in the CRT display system. These are: the
characteristics of both (1) the horizontal and ( 2) the
vertical deflections, ( 3 ) the accelerating voltage, and ( 4 )
the actual geometry of the screen where the electron beam
impacts against the phosphor.

2.4 Cathode-Ray Tube (CRT) Geometric Distortion

Thus, these 4 elements must be examined in relation to
their influence on geometry. Firstly, the accelerating voltage
is not in fact in practice truly a variable in a given system,
as stated above. Hence, it may be treated as a constant in the
geometry process.

The coils will be dealt with briefly as regards their
contri }:lution to the g~oiuetry process. The entire story is a
complicated one and, in the context of this report, a more
simplified discussion will be given. The basic beam deflection
system consists of two coils which produce orthogonal magnetic
fields in the zone through which the beam passes. As an
approximation, both fields can be taken as being homogeneous
in this same zone. Hence the resultant magnetic field is the
vector sum of these fields and is also itself homogeneous. The
relationship between the deflection current and the deflection
angle, is clearly of the same form for both coils given the
symmetry of the situation. Hence, it can be developed by
examining the mapping in relation to either one of the coils.
When the electron beam passes through such a field it begins
to follow the arc of a circle ([ 4] 10.15-10.17), as a result
of the force (see page 12) acting on it (fig 2.4.1).

Electron Beam

,-----,

I:::: )0£
I .. I

__________-I--"='- - - +---- - - -- - - - - --
I 0 0 0 I
I ,

I· • • 'lI ••• IL I

Perpenolcular
l1agnetic Fi;eld

Fig 2.4.1
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Analysis [5J,([4J 10.15,10.17) shows that:

Sine a ) = K I

where a is the deflection angle to the axis passing
through the gun and the centre of screen and I is
the magnitude of the deflection current

and where K is a given constant (the deflection
sensitivity) .

This is clearly an odd function, in other words, a linear
function multiplied by an extra distortion function, which is
itself even in I. Now, the exact same analysis also applies to
the other coil. Hence, the deflection angle distortion is even
in both Ix and I y where these are the horizontal and vertical
deflection currents respectively.

The influence of the screen remains to be dealt with. The
electron beam is seen to have a centre of deflection (the
point from which it appears to come when viewed from the
screen, independent of the deflection angle) with a given
radius of curvature (R; ). The screen has its own radius of
~urvatur~ (Raj. This yields after analysis [4] (fig 2.4.2):

where d a and d i are the actual and the ideal displacements
respectively of the beam wrt the normal to the gun
axis.

Actual Screen

Ideal

Concentric

Screen

Fla t Screen

Scr-een
Centre

Fig 2.4.2

Deflection

Centre
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For a flat screen, this becomes:

da/d j = 1 / Cos ( a ) = 1 / (1 - Sin2
( 8 » 112

These two formulas are seen to be even in the 8's and 8
has already been shown to be an even function in the
deflection currents. Hence, the family of distortion functions
with screen curvature as a parameter (i.e from flat to curved
to ideal{concentric} screen) is clearly even.

The conclusion can thus be drawn that the beam does not
render an input grid on the display as an orthogonal one, but
renders it with a distortion that increases toward the corners
when driven by deflection currents which are dimensioned so as
to give the correct geometry along the x and y axes.
Furthermore, it can also be concluded that the (distorted)
mapping is sYmmetric in both major screen axes (fig 2.4.3).

y

System

x

)

..
t Y

x

Input Raster
Displayed Raster

"Pin-cushion" (PC) Distortion

Fig 2.4.3

The main point here is that it can be seen from the
formulas that the total mapping from input current basis to
screen image consists of a basic linear mapping plus a factor
containing higher order distortion terms which consist of even
powers of both Ix and I y • This distortion is known as "Pin
Cushion" (PC) distortion and the inherent "even" sYmmetry is
important to note, as will be seen later on in chapter 5.

2.5 Coil solutions to the CRT Geometry problem

The above distortion, can be corrected by making suitable
modifications to both of the current drive waveforms. However,
this is difficult to perform efficiently, and requires more
complicated deflection circuitry than otherwise. Hence, an
alternative is welcome. One possibility is suitable
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modification of the coil design so as to produce a coil that
gives, in combination with a given tube (and using a slightly
non-linear horizontal deflection current), an output with good
geometry while no coupling exists between the deflections. The
essence of this solution lies in altering the field forms so
that they are no longer homogeneous, but that off the main
axes a quadrapole behaviour is exhibited, whose form is
deflection angle dependent. This behaviour is such that the
beam is 'pulled' back into a position which yields good
geometry, at all the various deflection angles . However, this
'zero-correction coil' (used in monochrome systems) solution
has limitations that make it unsuitable for the main sort of
systems (colour systems) that this report is concerned with.
In these systems, one would like to allow the coil maker more
freedom in the design of the coil. This allows the designer to
produce a coil which is superior to the fully self-correcting
one in other ways. However, true 2-dimensional correction is
not very attractive, as stated above, hence a good compromise
between coil design freedom and keeping the correction
relatively simple, has been found to be the design of coils
where the field characteristics are so altered that di!=:t-ortion
is limited tc vue direction only.

Traditionally, this resulted in coils/tube sets being
built with automatic North-south (NS) correction, where only
the question of the correction for the horizontal distortion
remained (fig 2.5.1, see also photo 1 and photo 12). That
problem is addressed for two such systems in chapters 4 and 5.

y
Tube/Coil y

System \ \ ( (
~

X

c(]
x

) ) \ \

Input Raster Displayed Raster

II East-West CEW) Distortion

Fig 2.5.1

However, the question arose as to what could be gained
(from the coil design point of view) by building coils/tube
sets with automatic East-West (EW) correction, where only the
question of the vertical correction remains (fig 2.5.2, see
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also photo 1 and photo 2). This was the first problem handled
in this project and the details appear in chapter 3.

y
Tube/Coil ~~ y)

----
System l~ V

~

X

c(j
X;/ ~

J.....

Input Raster
llv "\

llicnl,:>'T"r4 n~~ter
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I North-South eNS) Distortion I
F1g 2.5.2

It should be noted that the changing of the field form is
clearly symmetric in both axes and hence the distortion
remains, just as in the previous case, even in both I and I .
However, the higher orders play a more significant ~ole. In
fact, the essence of the geometry problem is the fact that
this distortion is more readily described by empirical than by
analytic means [4]. In addition, instead of the traditional
correction via the deflection currents, in this proj ect, an
attempt is made to correct the distortion via video
processing.

2.6 Conclusions

The CRT is seen clearly to be a display device that in
its basic form gives a distorted output picture. Hence
corrections, either via the deflection current or the coil
design or a combination of both, are required to correct the
picture geometry. These corrections are generally more readily
obtained empirically than analytically. In this project, the
possibility of correcting the image geometry with the coil in
I-dimension and with video processing (instead of deflection
current correction) in the second screen dimension (which the
coil does not correct) will be examined. In chapters 4 and 5,
the case of the vertically self-correcting coil will be
discussed. However, in the following chapter (chapter 3), the
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case of the horizontally self-correcting coil is examined.
Furthermore, for all three types of distortion met here (PC,NS
and EW), the distortion (if any) is symmetric in both the
maj or axes with respect to the screen coordinates and also
with respect to the deflection parameters.
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3.0 Vertical Pre-correction

In this chapter, the work done in relation to vertical
distortion correction will be discussed. To start with, a few
of the different options will be briefly described (section
3.1) for vertical pre-correction of the display distortion
occurring in systems where the coil/tube system no longer
automatically self-corrects vertically.

The remainder and thus the core of this chapter is given
over to discussing the option investigated in this proj ect,
namely, vertical pre-correction by means of video processing.
This work is described in detail in a number of sections and
subsections. Firstly (subsection 3.2.1), the actual test- and
reference-display systems built are briefly described. Then, a
brief description follows, in subsection 3.2.2, of the test
environment in which the simulations and video processing were
carried out.

The next section ( 3 .3) describes the development of the
correction algorithm. The first subsection outlines the method
used to obtain such a correction. The following subsections
(3.3.2=3.2.5) discuss the elements of the correction method
one-for-one in greater detail, including the attempts to
optimise the procedure. Then general conclusions, which can be
drawn as a result of this algorithm development work, are
given in subsection 3.3.6.

In section 3.4, an overview of the considerations that
must be taken into account in implementing the correction and
the possibilities as regards implementation as such is
presented.

The final section (3.5) sums up the outcome of the work
carried out in this area of the project.

3.1 Possible Correction methods

In order to gain extra freedom in coil design, vertical
distortion of the scanning raster of the display will be
permitted. In other words, the coil/tube system no longer
guarantees that every vertical position on the screen,
regardless of the horizontal position, requires one given
vertical deflection current value to reach it. There are
various options available to correct this sort of distortion.
The traditional approach is based on using a transformer with
its secondary winding in series with the vertical coil [6]. A
correction current is hereby induced on top of the basic
vertical deflection current via the primary winding of the
transformer (fig 3.1a).
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Fig 3.1a

This has the drawback that the load being driven (the
coil) is basically a LPF (low-pass filter) with a cutoff
usually in the range below 1 or 2 kHz. This is no problem for
the vertical driver which essentially sees a real (resistance)
load. The correction modulation is at line-frequency however
and thus considerable voltage drive has to be realised at the
transformer secondary to induce enough current through the
coil. Furthermore, this occurs considerably after the cutoff
point and hence a very considerable phase error exists between
the modulating current and voltage. Significant out-of-phase
current (not passed to load) is also required from the
modulating amplifier and hence considerable power will be
unnecessarily lost in it. At the same time a considerable
vertical current flows through the secondary. Thus, as a
result, the transformer uses a relatively low winding number
and hence a large core is needed to carry the flux without
saturation. So, in short, a bulky and expensive transformer is
needed. This method is thus not very attractive. Another
variant exists [7] which uses a wideband vertical driver
driving a composite vertical and correction signal through a
frequency selective auto-transformer (fig 3.lb).

Ifh,Vfb N1RfO
INrv

N +

+
Vcorrect Ion

Fig 3.lb
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At vertical frequencies the capacitor is open-circuit and
the driver sees the vertical coil resistance as load. At line
frequencies the capacitor is a short-circuit whereby the
inserted coil acts as an auto transformer. But the need for a
transformer which satisfies the same demands as those
previously stated is still required and the vertical amplifier
needed has to be of wide bandwidth and will have the same out
of-phase current problem as above. Hence alternatives to these
methods are desirable.

One such method, which is still based on modulation of
the deflection current passing through the vertical coil,
involves getting around the LPF nature of the vertical coil by
presenting the coil to the correction source (s ) as a tuned
circuit with its centre frequency at the frequency of that
source [8]. In this way, one or more line-frequency harmonics
can be used to drive the coil. This removes the need for the
modulating transformer. In practice only one sinusoidal
correction source was used (for economic reasons) and the
outcome was that correction was possible but could only be
satisfactorily achieved using extra horizontal corrections,
The conclusioD i~ that this approach offers no real practical
alternative at present.

Other variations also exist, for example, one uses tuned
transformers in the vertical circuit, one driven by f ll , the
other by 2fH [9]. Another well-known variant, involves the use
of a non-linear transformer in the vertical circuit, which is
driven by the horizontal circuit. The non-linearity is
'tweaked' so that the balance of f H fundamental, and its
harmonic(s) (due to the non-linearity) gives the correction
required [10].

Finally, another method which is possible involves
compensating in the video domain for the vertical scanning
error. This means, simply said, seeing to it that the correct
video information is sent to the video amplifier at the
various screen positions in the distorted scanning raster
structure. In this approach the vertical deflection remains
simple and unmodulated and 'modulation' takes place in the
video (small signal system). This is the method investigated
in this project.

3.2 The Experimental Environment

3.2.1 The Test and Reference systems

Obviously, display systems had to be built to carry out
the investigation. The vertical correction was to be tested on
a 16:9 86WS tube based application system. One good reason for
this choice is that such a tube has a relatively large (105
degree) maximum deflection angle (distortion is an increasing
function with respect to deflection angle for a given
faceplate geometry). The large size of the display is also
important in that it allows accurate inspection of the scan
lines on the display. The spot performance is thus not allowed
to obscure the artefacts to a greater extent than that which
would be the case in other possible application systems. This
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is important for the accuracy with which evaluation, of the
pre-corrected outp\lt on the test-display versus the original
on the reference-display, can take place.

Basically two display systems had to be built: one on
which to carry out correction simulations and a second
reference system (normal system) against which to view the
output of the test system.

The work involved in building these systems was by no
means a trivial task. The systems built has the following
specifications:

line deflection

vertical deflection
video amplifier

display tube

62.5 kHz
18,5 Ampere peak current
50/100 Hz
bandwidth 120 MHz
100 volt peak-peak
105 degree
30 kV EHT
diagonal 860 nun
aspect ratio 16:9

Thic work WdS carried out in parallel with the
development of the geometric correction algorithm. The test
system was built first in order to allow progress in the work
itself. The original video amplifier had to be replaced
because it was found that it was filtering the output
significantly thereby making proper evaluation difficult. It
was replaced with a clamp-amplifier pair. The video amplifier
used [11] required only minor modifications for this task.
However a wideband active clamp circuit did have to be
designed and built. The vertical deflection [12] required
quite a few modifications, but all of these were relatively
straightforward.

The basic horizontal deflection was supplied by another
Philips group [13], but because the task required was quite
different from the application for which it had been intended,
a lot of work was necessary in order to get it to work
acceptably. In addition extra voltage signals had to be
generated from the deflection circuits because of the special
DAF (dynamic astigmatism and focus) gun used in the
application tube.

Furthermore measurements were carried out on the test
system not strictly concerned with solving the geometrical
problem, but necessary in evaluating whether this system can
be implemented in practice, such as the power requirement of
the line deflection, the rise in temperature of the coils
above ambient temperature, and the frequency characteristic of
the line-coil, including in particular, the ringing frequency
of the line-coil, and the response at the various harmonics of
the line frequency.

A reference system with normal scanning was constructed
using identical components to those in the test system
described above. A certain number of minor modifications to
those components were of course required (e. g. vertical- and
horizontal- s-correction, linearity and dynamic focus
signals). Furthermore measurements were carried out on this
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system for the purposes of comparison with the test system
(e.g. deflection power).

The pictures on the reference- and test-systems were
adjusted to be physically of the same dimensions meaning that
the pre-corrected video image on the test-system had the same
dimensions as the normal video image on the reference-system.
On this basis it is possible to directly compare them as
regards geometry and artefacts.

3.2.2 The Video Processing Environment

In order to carry out the correction and to view the
results, a video processing system and a display system are
required. The structure of an experiment carried out using
these systems is as follows. First of all, an experiment is
defined and the relevant calculations and picture processing
is carried out on a-bit digital video on a DEC VAX 8800
computer system. The processing software which is linked to
existing video file control software for input, output and
disk storage of digital video is written in Fortran 77. The
video is read from and written to special harddisks reserved
for U~~ as medium-term video storage areas. Other, so-called,
userdisks are used to hold the system and application programs
in the VAX system. Once an image has been processed the output
must be evaluated. This is done on a display system. The video
display system concerned is a single-user system and hence
must be reserved for use. The relevant pictures are
transferred from disk to the display system during such use.
The system stores the information on its own internal RAM. The
video display system then issues internal and external control
signals in such a way that the RAM gives real-time output
which is converted via a DAC to analogue form plus that the
necessary control (sync) signals are fed out with this video.
In this way the user can define his own display format to a
reasonable degree. This output picture can then be viewed on
the reference and/or test displays.

For longer-term storage, backup and, also to maintain an
adequate free video disk space, video pictures on the VAX
video disks can be backed up to tape directly using VAX system
commands. Thus saving results is not a problem and previously
obtained results can always be restored, firstly to a video
disk and from there to the display system, if the need arises.

3.3 The Video Correction A1qorithm

3.3.1 An out1ine of the correction method

The correction method involves three basic steps:
distortion estimation, correction calculation, and video
interpolation. These steps all take place within the framework
of a given application system. This means that the actual
methods selected to carry out each of these steps will depend
on the system to a certain extent. For example, the screen
size dictates in part both the correction accuracy ( relative
to a pixel) and the quality of video interpolation required.
The larger the screen, the stricter the requirement. The
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displays resolution also plays a role in determining the
requirements for both the above-mentioned parameters. Thus the
results one obtains are in a sense specific to the application
system. This means that care must taken when extrapolating the
results so as to apply them to other situations. A further
conclusion that can be drawn from this is that selection of
the test system is important. It is wise to select the 'worse
case' system from among those which are being seriously
considered for use in conjunction with these vertical
corrections. In this way, the outermost boundaries of the
problem are clearly defined, allowing a safer extrapolation of
the results when being applied to less serious cases. Hence,
this is a very important reason for the choice of a wide
deflection-angle system (like the 86WS system used here) as
the initial research application system. It must be said
however that the tube (faceplate) geometry, of which
distortion is an increasing function, is favourable in this
case. A much greater distortion problem would have been faced
if a flatter faceplate (like the 66 FS for example) had been
intended as an application system for vertical pre-correction
in video.

Each of the Ulree aspects of
correction will now be examined
following subsections.

carrying out the vertical
in greater detail in the

3.3.2 Distortion measurement

The first element in obtaining a solution is to find a
suitable method of estimating the amount of precorrection
required to compensate for the geometrical distortion on the
display in the vertical direction.

This knowledge, of the distortion, is essential because,
not only does it enable an accurate correction to be
performed, it gives an immediate measure of the form, extent
and distribution of the distortion and hence where the
greatest requirements are placed on the correction operation.
Another important point is that the distortion estimation is a
learning process in itself. The reason for this is that the
required measurement accuracy and the most suitable measuring
method emerge, in part, from the results of the correction
experiments. Not only that but the measurement required can
also be dependent on the form given to the correction
algorithm and can consequently change with it. Both of these
points will be illustrated during the course of this section.
Obviously, the application tUbe/coil system upon which the
correction algorithm is being developed determine to a great
degree the manner, the accuracy and the form of the
measurement method required. For example, the flatter the
screen, the higher the order of the distortion and, the more
accurately that, particularly in the corners, the distortion
must be measured.

In order to make a start, the distortion was measured in
a very simple way. A camera placed on a vertically and
horizontally calibrated framework was used to measure the
number of display lines between a given vertical display
coordinate, near to the top of the display, and the central
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line on the display. This was carried out for the same
vertical coordinate for a number of different horizontal
coordinates (approx. 16). A LSE (least square error) fit was
performed on this data using a parabola as fitting function
(see Appendix 3B). The result was that the error between the
fitted function and the data points was symmetrical about the
centre of the line (see fig 3.3.2.1 in Appendix 3B).
Furthermore, this error (data curve minus fitted curve) was
positive about the line-centre and became negative towards the
end of the line. The error was, on the whole, reasonable
small. Thus, it can be concluded from this that the a fourth
order term at least is missing in the matching and the
coefficient of this term would be negative. Furthermore, the
consequence would be that the parabolic (order 2) coefficient
would be slightly greater in value than in the above fitting.
Thus it is indicated that the distortion of a line is
parabolic in nature (in line with the findings of section 2),
but not perfectly parabolic. Thus the deflection-tube system
gives rise to higher order components as well. However, in any
case, the amplitude of the distortion was estimated as being
14% of picture height. This is quite large, but was to be
CApected fo:c such a wide angle (105 degree) display. First
attempts to correct using a parabolic compression of vertical
pixel columns gave reasonable results in the upper half of the
screen but not in the lower half. The explanation for this was
found by carrying out the previous distortion measurement for
a line in the lower screen half. It was found that this
distortion had the same form as in upper-half but that the
magnitude was slightly greater. There are several possible
explanations for this effect. 2 obvious possibilities are
mentioned here. The vertical scanning may not be centred on
the centre of the video raster. This means that the video
reference point (raster centre) is not true centre point for
compression in the pixel column. The linearity of the scan may
be incorrect, resulting in a correction compression ratio for
top half which is too small for the denser line structure in
the lower screen half. When a pre-corrected picture was
generated, visible vertical undercorrection occurred. This
undercorrection had its maxima at the 1/4 and 3/4 line
positions and it decreased toward the edges and toward the
centre (fig 3.3.2.2). In other words, a clear sign that the
missing higher order coefficients in the distortion
measurement fit are, in fact, significant.
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The conclusion was that independent data for both screen
halves was required and that the accuracy of measurement
itself had tu be improved. Furthermore the variation of the
error from the parabolic form was too great to allow a simple
least LSE global fitting of a parabola to the data to give an
acceptable correction factor for all pixel columns and a more
subtle fit was required. This led to the present situation
where acceptable geometric results have been obtained by using
separate source measurement lines for upper and lower halves
of the screen. In addition these are measured using a
projected grid from a slide-projector containing a
registration grid from a viewing position against which the
display line was measured by making it 'blink' electronically
for each horizontal measuring point. A globally fitted
parabola to the measured values is no longer used to generate
the distortion values for all pixel columns. Instead, the
distortion value for a pixel column is interpolated using a
local linear fit between the two adjacent measured points
(which occur every 20 pixels).

3.3.3 The correction function

Having estimated the error the next step is use that data
to generate an inverse function (to the distortion function)
which pre-corrects the video so that the result on the display
is orthogonal. In order to arrive at what the 'inverse' must
be, the nature of the distortion must be examined. Fig 3.3.3.1
below illustrates the distortion that occurs due to the tube
and coil in the display system.
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Three basic assumptions are made in order to make the
determination of the input to output positional mapping
function easier. Firstly, it is assumed that the vertical
deflection current is set up so as to ensure that the lines in
the central screen column (x=O) are vertically equidistant
from each other (this is a reasonable assumption). Secondlv,
it is t11~n dssumed that ~he ~Ube/coil behaviour is such that
the lines at other x positions, although further apart, remain
vertically equidistant (this is a slight approximation the
magnitude of which depend on the tUbe/coil characteristic).
Thirdly, it is assumed that the coil has been designed that
only North-South distortion occurs on the screen and that No
East-West deformation occurs (again this is a reasonable
assumption).

Using the above assumptions, the positional distortion
from input picture to screen image where no pre-correction
takes place is described by the mapping:

where
and where
and where

f(x,y) = ( f,(x,y) , f 2(x,y) )

f,(x,y) = x
f 2 ( X , Y ) = Y ( 1+g (x) )
g(x) is an even monotonic increasing function
in x, g(x) is non-negative and, g(O) = o.

positional
grid). The
from this
horizontal
the next

Clearly the horizontal mapping (f,(x,y) thus) is
distortion free and doesn't require correction (i.e. the third
assumption made above). Furthermore the distortion function
for the vertical mapping, f 2 (x,y), is assumed to be linear in y
(i.e the first two assumptions made above). In other words, it
becomes a linear function if x is fixed (i.e in a given
column) .

Note that this function describes the
distortion (i. e. the distortion of the sampling
frequency (or video) distortion can be derived
function, but it is not perse distortionless in the
dimension. This point will be returned to in
subsection.

Thus the positional distortion function is both quasi 1
dimensional and quasi linear, in that, for a given x (i. e a
given column):
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fz(Xo,y) = y(l+g(Xo» = Kx y

where Kx is a constant greater than 1 except at y=O where
it is equal to 1.

In other words y is linearly expanded about y=O. To
correct for this distortion, a function (say h2(y» must be
found, such that, for a given x (in a given column thus):

=>
=>

In other words the positional correction function
requires that the input image in a given column is linearly
compressed by the same amount as the video data in that column
will be sUbsequently linearly expanded by the tube/coil system
(based on the accuracy of the y linearity assumption given
above for the given application display) . Hence, the
positional correction function is also quasi l-dimensional and
quasi linear, where tor a given x (column):

h 2 (y) = l\ Y

where l\ = l/(l+g(x».

Hence, the measured error must be taken and used to
estimate for all unmeasured columns what the expansion (i. e.
distortion) is in that column. Then using these values the
video data is compressed accordingly, about the horizontal
centre line of the data with respect to the display (i.e y=O),
by the same amount (fig 3.3.3.2)
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3.3.4 The Pre-correction Processing

Having established what the required correction function
is, one is in a position to look at methods for implementing
it in terms of video processing, that is, the creation of a
new precorrected image raster from the original input image
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raster.
As stated in the previous section the distortion causes

the picture to be expanded vertically about the centre line of
the screen and that this expansion is a linear one for any
given pixel column. This means that as either edge of the
screen is approached from the centre progressively fewer
display lines exist per pixel column. In other words, and in
accordance with the findings of section 3.3.3 above, the
original number of vertical pixels has to be uniformly fitted
to a lower number of display pixels centred on the middle of
the output raster with a blank portion remaining in the output
raster above and below these (fig 3.3.4.1, see also photo 3).

y y
Precorrection

Processing /" ~
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Fig 3.3.4.1

Now, although the positional distortion (and hence
precorrection) are quasi I-dimensional, that does not mean
that the distortion in the video information is necessarily 1
dimensional. In other words, for every output pixel the point
of reference for the interpolating filter (i.e. the centre of
the filter) lies in the same pixel column in the input image
but the interpolation required to determine it properly may
require pixels from adj acent columns ( i . e the axes of the
filter may no longer be orthogonal or aligned with the x,y
axes!) Thus, the video interpolation phase of the pre
correction may in fact remain 2-dimensional even though the
sampling grid points are distorted quasi I-dimensionally!
However, having recognised this potential problem, it was
decided that I-dimensional filtering (using pixels from within
the same column only thus) would be used initially, in order
to make a start and furthermore to keep the technical
complexity of the pre-correction system ( i . e. cost of
implementation) to a reasonable level. Hence using this
assumption and the other assumption that the horizontal East
west (EW) correction of the coil/tube system is not required,
it appears that the interpolation required to produce the
output picture is a one dimensional (vertical) sample rate
conversion, within any given column. As seen above the
correction is always in the form of a data compression. Thus
this situation is equivalent to the case of a 1 dimensional
Sample Rate Convertor (SRC) [14] where net downsampling takes
place and where the conversion rate is rational (i.e. = min m,n
both being integers) as shown in fig 3.3.4.2 below.
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However, the added complication in this case is that the
conversion rate is dependent on the pixel column, for example
1152 (575) lines to 1152 (575) lines in the central column and
roughly 1152(575) lines to 940(470) lines along the edge of
the screen for 1250(625) line standards. Hence, a separate SRC
must be defined for each pixel column!

As in all SRC's with a rational conversion rate the
conversion technique involves three steps [14]. Firstly,
upconversion of input data takes place using zero stuffing to
a mUltiple of the rates. Secondly, the result of the first
step is filtered using either a lowpass filter or a bandstop
filter. Thirdly, the output of the filter is downsampled to
the output rate by discarding the unwanted samples delivered
at the filter output and by retaining the required ones. The
reason for the filter is to remove the repeated spectra in the
output of the first step which would be otherwise SUbsequently
mapped downward by the following downsampling to the new rate
and would thus corrupt the output baseband spectrum. The basic
principle behind the SRC is illustrated in fig 3.3.4.3.

Filter

~ ]nr~~
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] Tiro... """Y
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Fig 3.3.4.3

A few important aspects of the SRC need to be mentioned.
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Firstly, the choice of filter is a FIR and not a seemingly
more efficient IIR. The reason for this is that the process of
zero-stuffing, filtering and then throwing away unwanted
samples is inefficient and the filter must run at the multiple
of the input and output rates. By observing that 'zeros' are
stuffed between input samples, all taps corresponding to these
positions have no influence on the filter output. Thus, the
filter can be translated back to input rate, without
information loss [14]. The next step is to observe that in a
regular repeating pattern, filter output samples are thrown
away. This allows the filter (translated to the input) to be
run (i.e. clocked) directly at the output rate. If an II was
used, all output samples would have to be made because the
present output (and thus the retained output also) is directly
dependent on previous output whether that output has itself be
thrown away or not! Hence, the filter would have to be run at
the multiple rate and redundant output generated. By
definition, the FIR is deterministic and not dependent on the
output history, and hence this class of filter can be run
directly (and efficiently thus) at the output rate. Another
compelling reason to chose a FIR, is the fact that zero (or
liuear) phas~ corresponding to no (or a constant) filter delay
is highly desirable in this situation (i.e. positional
accuracy on the display). An II cannot give this performance
whereas a FIR can.

The next point is to specify the three basic qualities
required in the (FIR) filter:

(I) h(O) = 1 and h(i) = 0 for all integers i

(II) 00

L h(i+x) = 1 for any x in [0,1]
i=-oo and i is an integer

i.e for any set of unit spaced filter
coefficients, defined over the entire filter
width, the sum of these coefficients is also
equal to one.

(III) hex) = he-x) i.e. the filter is SYmmetrical.

(I) is necessary to satisfy the condition that input
information is preserved. In other words, when an input and an
output sample are aligned the input is directly passed to the
output. (II) ensures unity gain from the input to the output
of the filter. It is also very important, as it ensures a flat
DC response. This means that a DC input is passed at all
times, regardless of the input-output phase to the output as
DC. Violation of this condition produces very unpleasant alias
in pre-corrected video output. (III) is required to ensure
that no unnecessary phase-shift occurs due to filtering,
although even if there is a time offset in the impulse
response of the filter, this only results in a static picture
shift which is easily correctable in the vertical deflection.

Obviously, the ideal (and perfect) filter would be a Sinc
filter [14]. However, this would require an infinite number of
taps and time and a suitable compromise had to be found.
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Success was initially achieved using a parametric cubic
convolution (PCC) filter [15]. Further filter investigation is
documented in the following subsection.

Another aspect is that if the net sample rate conversion
is upward, the cutoff of this filter can be placed as low as
half the input sample frequency or as high as half the output
spectrum. This yields an output spectrum with the baseband
content of the input intact. Thus, the input has not been
degraded by the sample rate conversion operation. If however,
the net sample rate conversion rate is downward (as in this
case), then the cutoff must be placed at half the output rate
to avoid alias in the output. Since the output rate is lower
than the input rate, this means that the input spectrum lying
above half the output rate must be either removed by pre
filtering or the interpolation filter must be combined with a
LPF with a cutoff at (or less than) half the output rate if
alias free output is to be guaranteed.

Thus the input signal must be effectively low-pass
filtered during the downward sample rate convers~on or
alternatively alias can be accepted as a risk! This is not so
strange as it sounds. The fact is that previous research [16]
l'ias shown that most video consists of step functions and
frequency bursts are usually not so common. If alias is risked
in this way, then the plus point is that the edge of a video
transition comes through the SRC process steeper, because the
bandwidth is higher. However, one would certainly be tempted
to take the risk for text applications (e.g. computer
monitors) but, for TV pictures it is a little too dangerous
where one aliased image on an appliance in the shop window can
cost a manufacturer lot of money. This means that in the case
of downward sample rate conversion (certainly the case here
for TV video) the input suffers resolution loss on its way to
the output. This is an important detail which will be touched
on later in this section.

Before the SRC step could be carried out, a picture with
575 lines in sequence had to be created from an interlaced
one. This required an interlace- to progressive- scan
conversion. The results of previous research [1] had indicated
that field insertion gave good results for still picture but a
vertical median filter was better for moving picture
conversion. This approach was followed during this research.

Estimating the conversion rates themselves is the
geometric problem and was solved as stated in section 3.3.2.
by creating an independent compression value for the upper and
the lower halves of a pixel column.

The question of the type of filter remains. The PCC
filter was thought to be a good filter for this purpose. It
combines good spatial behaviour with acceptable out-of-band
(alias) rej ection. Trials indicated that acceptable results
could indeed be obtained with this filter. Hence, a complete
correction algorithm was arrived at.

Another fundamental problem is that the number of
displayed lines is less than the number of input lines outside
the central region of the display. This means, as already
explained, that the total filtering required from input to
output has a cutoff frequency equal to half the number display
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lines per picture height in that pixel column and hence
resolution in the input above that point is lost. This
reduction in picture resolution is obviously undesirable. One
solution to this is to change to a system where one doubles
the number of display lines. In this system, the number of
lines in the centre is increased to 1150 and at the edge to
940. Hence the net conversion from the input 575 input raster
lines is always upward. Thus, in principle, filtering below
half the input rate to avoid alias in the output is not
required. Hence, in principle, loss in vertical resolution is
avoided. This system was simulated and the results were very
good. A rectangular input image resulted in a rectangular
displayed image, free from alias, on the display. Horizontal
lines in the input image which were then spread across
different output display lines were reproduced as horizontal
lines. Further, the point at which a jump was made from one
display line to another along a horizontal trajectory on the
tube faceplate (i.e. the case in point when trying to
reproduce a horizontal input line on the display) was
indiscernible (see photo 4).

The equivalent case in the 575 line to 575 line system
(see photois ~ ana 6) produced geometrically correct lines but
in the picture corners the point where the precorrected
horizontal line jumps from one display line to another was
quite visible giving an unacceptable 'jagged' effect (this
effect is discussed in more detail on page 34 in the context
of the step interpolation filter).

This effect is further pronounced, in this case, due to
coil irregularities which caused a rotational (thus 2
dimensional) distortion to take place in the display corners
instead of a purely vertical one. 2-dimensional interpolation
is thus required to pre-correct for this class of distortion.
Furthermore, the display lines are relatively far apart in the
corners of the display. The fact that they are far apart means
that at these points on the display the line density there is
insufficient and that the spatial frequency of the scanning
lines is to low to ensure adequate post-filtering by the spot
(in the vertical direction) This is supported by the
'smooth' results obtained with a 1250 line structure.

3.3.5 Filter Optimisation

3.3.5.1 Filter Selection

Initially, 4-tap parametric cubic convolution (PCC)
filters were used in the SRC. The question remained as to
whether another choice of filter could give either better
results or a simplified filtering requirement. A number of
well-known and applicable candidate filters were tried:

Linear Filtering
Cosine Roll-off
step filter i.e.'nearest neighbour'
truncated Sinc filter
windowed Sinc filter

33

2-taps
1-tap

4- & 10-taps
10 taps



The details of these filters can be found in Appendix 3A.
These filters are chosen because they all have quite different
qualities. The 'sine' filters have good alias rejection
characteristics but due to truncation give large transient
effects in space. The 'windowed sine' version reduces the
spatial effects but then trades in some of the alias rejection
quality in the frequency domain to do it. Cosine Roll-off
filters are intended to be a sort of 50/50 compromise between
frequency and spatial performance however, whether this is the
ideal compromise depends on the input signal and the system
output characteristics. Finally, linear filtering recommends
itself because of its simplicity and good spatial character.
Its frequency transition at cut-off is not very steep,
however, meaning alias can be a problem.

The results of the tests with the above filters were
informative. Filters that had much of their area concentrated
close to the origin (e.g. nearest neighbour and cosine
rolloff) showed a lot of jaggedness where interpolation of a
horizontal input edge, over a number of display (output)
lines, took place. To illustrate the point, take the case of
th~ pre-correction ot" a horizontal input line somewhere in the
north-east corner of the screen (see fig 3. 3 .5. 1 . 1 ) where a
step filter ('nearest neighbour') is used. Say that the input
line is mapped to a given display line at a given pixel
position. This is equivalent to saying that, for that display
line and that pixel position, the input line contains the
nearest pixel to the centre of the interpolation filter for
that display line. If the process is observed for successive
pixel columns moving to the right edge of the screen, it will
be observed that the centre of the filter for that display
line moves gradually away from the input line to the blank
input line above it. At a given pixel position the filters
centre lies nearer to that blank line than the input line. At
this point the display line goes from bright to dark. At the
same moment, the display line below this one finds that the
input line lies nearer to it than the blank line below this
line and this display line goes from being dark to being
bright at this pixel position. In this way, when the pre
corrected result is displayed, the horizontal input line is
reproduced on the display as a horizontal line with a vertical
'sawtooth' distortion (at the positions where one display line
takes over displaying it from another) superimposed on top of
it. Obviously, filters with their weights more distributed
than in this case, tend to allow a more gradual transition of
the mapping of the input line from one display to the next.
Hence, for these filters 'jaggedness' will be less pronounced.
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o n
the other hand, the filters with heavily distributed weighting
(e.g. the 10-tap sine and windowed-sine filters) gave smooth
transitions (i. e. alias free) but had an unpleasant spatial
behaviour in that parallel 'echo' images of horizontal lines
were produced. The explanation for this lies in the fact that,
because the filter weighting is distributed and tends to
alternate from tap to tap from plus to minus, one bright input
line in an otherwise dark region will be repeated at distances
equivalent to twice the display line spacing, given a
compression factor between 1 and 2 (as is the case for the
pre-corrections done here), at progressively lower intensities
as the interpolation filter crosses over it vertically during
generation of output image (fig 3.3.5.1.2). So the longer the
filter response function (i.e. number of taps), the more ghost
lines produced. Therefore, the spatial response must be
limited meaning automatically that compromise in alias
rejection (the filter cutoff slope is limited) will be
required. This effect was particularly unpleasant for text and
in fact tends to reduce sUbjective resolution of text. This
artefact is unacceptable in the TV environment (e. g.
TeleText). The results from the short (4-tap) version of the
truncated sine filter showed no ghosting, but did show a
pronounced 'dark' line effect (see fig 3.3.5.1.3). However,
because so much of the filters spatial response has been lost,
the frequency cutoff quality of these was actually poorer than
the PCC filter.
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So, it would seem that best results lie in finding a
compromise in-between the above 2 classes of filters. This was
borne out by the results for linear filtering which, for 1250
display lines, were comparable with the results for the PCC
filter, and were thus acceptable. However for 625 lines
slightly more 'jaggedness' was observed, indicating that the
spot performs a useful vertical post-filtering operation on
the interpolation output removing some alias in it in the 1250
display line situation. In fact, the linear filter gave an
improvement in reproduction for horizontal lines. This comes
about because for the PCC filter the region between taps 1 and
2 is negative-valued. This means that as the interpolation
filter passes over the horizontal line (given a compression
ratio in the range 1 to 2), undershoot occurs in the output,
resulting in a 'dark' line being produced one line under and
one line above the required line and parallel to it (fig
3.3.5.3).

If the background has a low grey value then this can be
quite visible. Linear filters are exclusively positive-valued
meaning this effect does not occur, however obviously, the
consequence is that for linear interpolation edge transitions
are then less sharp.

Thus the conclusions were that, for 625
the PCC filter offered the best results and
1250-line situation, linear filtering gave
alternative.
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3.3.5.2 Filter Accuracy

The next aspect that had to be examined was the
interpolation accuracy requirement. It has three main forms:
accuracy of filter positioning, coefficient-value accuracy,
and accuracy for multiplication and summation of pixel and
coefficient values. Firstly, ln the initial work 'perfect
positioning' of pixels was employed meaning that real-valued
sUb-pixel accuracy was allowed in placing the centre of the
interpolation filter with respect to the input samples in
order to derive an output sample (fig 3.3.5.2.1). Secondly,
the coefficients, their product with the video data and, the
summation of the products were initially all real-valued
operations accepting real-valued inputs and yielding real
valued outputs. However a TV system is a real-time process
with clock speeds varying from 13.5 Mhz and upwards depending
on the display standard, and yet is a consumer device (limited
tolerance for added cost price). Hence, these two facts tend
to impose a requirement that calculations are one step and
parallel and realised in simple hardware. Therefore real time
interpolation using this sort of hardware and structure will
probably be required. Thus the two above-mentioned facets of
the correction process are obviously highly idealised and not
acceptable in a practical TV system. Thus, these two aspects
of the interpolation had to be examined, first separately and
then in conjunction with each other to see if simplifications
could be made. Another important reason for the examination is
that i t gives a clear idea of what and where the tolerances
are, in the correction processing. These questions were
examined in relation to 1250 line systems.

The first aspect to be examined was the 'positional
accuracy' requirement. This meant, instead of allowing real-
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valued (i.e. accuracy unlimited) positioning of the centre of
interpolation filter wrt input pixel column, that the filter
was only be allowed a finite number of locations. Hence, in
the worst case, the filter will give an output corresponding
to a position half the distance, between allowed filter
positions, away from the true position. This corresponds to
setting the same finite limit on the number of coefficient
sets which are required. Obviously, this is a scaled down
'nearest neighbour' effect which itself corresponds to one
allowed filter location (at an input pixel position) and thus
one filter set which has all taps zero except the origin where
the tap coefficient value is equal to one. For both PCC and
linear filters using our test circle input pattern a number of
experiments were performed using sets of 1,2,4,8,16 and 32
uniformly spaced (over one pixel width) filters respectively.
The result was that as few as 8 filter sets gave SUbjectively
as good a result as the original for both linear and PCC
filters but 4 or less filters gave visible extra jaggedness
('nearest neighbour' type effect) (see photo's 7 to 10
inclusive) .

Secondly, the question of required calculation accuracy
had to b~ answered. This can be done by finding out how many
bits are required for each filter coefficient. Knowing this
and noting that the output video should have 8-bit resolution
(corresponding to the standard level of perception being taken
as 200 luminance levels within the maximum luminance observed)
allows the required accuracy in the intermediate stages to be
calculated. For the case of linear filtering, calculation
shows that for m (=2") filter sets, that n bits are required
per coefficient value for ideal filtering. Thus with an 8
filter set, 3 bits per coefficient are required. This was
confirmed by experiments using 1,2,3,4,8,16 and 32 bits per
coefficient respectively. with 16 filters, alias was observed
for 1,2, and 3 bits per coefficient whereas for 8 filter sets
only 1 and 2 bits gave alias and 3 bits gave the desired
result (see photo 11). This also showed that for linear
filtering that the ideal and the required coefficient accuracy
were one and the same. For the PCC filter the situation is
somewhat different, in that, the relation between number of
filters and required coefficient accuracy is less direct.
However from experiments it was clear that for an 8 filter
set, 8 bits per filter coefficient were required. Anything
less than 8 bits/coefficient gave visible alias in the output.
So the overhead for a PCC filter is higher than for the linear
as can be expected. Actually, the overhead is even higher
because linear filtering uses 2 coefficient values per set
whereas PCC filtering uses four. In fact, the 2 values in the
linear filter set are conjugates of each other thus only one
value need be stored and the other can be derived directly
from it using this property (see fig 3.3.5.2.2). This property
holds for all 2 coefficient filters where filter property II
as mentioned above must hold.
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So
summing up, it can be seen that good interpolation can be
obtained using linear filtering using 8 filter sets with 3
bits/coefficient with 1 coefficient/set, in other words, 24
bits of stored data. This result is valid for the 86WS
application system upon which the work was performed. In the
c<:lsc where pee filtering is used then 8 filter sets with 8
bits/coefficient and 4 coefficients/set, in other words, 256
bits of stored data is required to carry out the operation
properly.

3.3.6 Conclusions for algorithm development

The major conclusion is that a suitable correction
algorithm has been developed for transferring a 575 line or
1150 line input to a 1150 line output. However, it remains to
be seen if the residual 'jaggedness' in the 575-line structure
will be visible in the case where a mask in placed in the
tube. In this case, to get the same light output as without a
mask, 5 times the beam current must be used. Hence the spot
size increases and there is a good chance that the effect will
simply disappear behind the increased spot filtering. The
question as to how sensitive the error on screen after
precorrection would be to time-dependent effects in the
physical display system (e.g. drift) has also yet to be answe
red and are probably best answered in an eventual prototype.

3.4 Aspects concerning Implementation

It has been shown, that for a 1250-line display, that an
acceptable output can be produced, using 8 filter sets, either
linear or pce based. An implementation which is designed in
combination with a linear interpolation filter will be
discussed. The basic circuit block diagram is given in figure
3.4.1. The elements in the circuit will now be examined.

The presence of a delay between the input (frame) raster
and the start of the display raster need to be explained. To
this end, the relationship between the input- and the display
raster (scanning raster on the display) requires
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clarification. From the distortion measurements performed, it
is known that the maximum vertical correction required from
input to precorrected image is about 106 pixels vertically
downward and 106 pixels vertically upward for the ends of the
'worst-case' display lines whose ends are at the top and at
the bottom of the screen respectively. Since the filter sets
contain 2 coefficients (linear filtering) wide, in the worst
case input video from ± 107 pixels vertically distant is
required to generate an output line for the display (see
figure 3.4.2) and the maximum offset between the two occurs at
the end of a given display line in all cases. The relationship
with the input raster for 5 important display lines will be
taken as an example (see fig 3.4.3):
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The first display line is almost completely blank except
for a (few) pixel(s) around its centre which come from input
line 1. Line 108 corresponds the 'worst-case' in the upper
half of the display raster. This is the first completely
active display line and is thus the one with the highest
active offset occurring in the upper screen half. Input pixels
from line 1 are required at ends of this display line,
decreasing to video from input line 108 in the middle. The
offset at the end of the line then gradually decreases from
line to line until lines 576 and 577 where no offset exists.
For these lines the output display line is equal to input
line. The offset then begins to increase again, but this time
in the other direction, from line to line, until at line 1035
(the last fully active display line) the absolute active
offset reaches its maximum for the lower half of the display.
For this display line, pixels from input line 1152 are
required at the end of the line with pixel(s) from line input
line 1035 being required in its centre. Hence, it can be seen
that for the lower screen half, in general, information is
sometimes required from input lines which have not yet arrived
and line 1035 gives the 'worst-case' of this. One way of
solving this is to use 2 full frame memories (one holds all
the video information from the previous frame for use as
display output in this frame time while the other takes in the
input information for this frame). This is a rather expensive
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solution (i. e 2 * 1152 = 2304 lines of video memory) and
another more efficient solution is to delay the display raster
lines with respect to the input lines. The delay required is
that which ensures that (even for the 'worst-case' line) only
input information from this frame time which has arrived is
required by any display line. Thus display line 1035 (the
'worst-case') must be able to read pixels from input line
1152, in other words, the display must be delayed 107 lines
wrt the input raster. This does have an effect on the memory
structure. 107 lines of video input must be stored to cover
this delay, and this corresponds to all input information
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required in the lower half of the display. At display lines
576 and 577, the contents of the 107th line store are read out
which holds input lines 576 and 577 during the 2 respective
line times. However, in the upper screen half, a maximum
offset exists (during display line 108) of 107 lines previous
to the equivalent input line. This means that a further 107
lines of video must be stored following the output of the
output of the 107th line store. Therefore, a total of 214
lines of video must be stored. This is a considerable saving
compared to the 2304 otherwise required. It is important to
note that, while different input output lines may be required
during output generation, it is always with respect to the
same input pixel position on any of the input lines used.
Hence, the output memory does not need to be truly random
access, but has more the structure of a serial delay with
accessible (from the output) taps at intervals of a line.

The input being fed to the storage device, on the other
hand, is not required to be randomly written in and hence can
be fed serially to the input of the memory. Thus provision
must be made for a dual port partial frame store with
(vertically from pixel to pixel) random access for output (as
stated above) and this store must also be at least 214 lines
long. An example of such a store is given in block form (see
fig 3.4.4).
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Fig 3.4.4

The two memory outputs are then fed in parallel to the
interpolator filter unit where the filter, whose centre lies
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nearest ( at sUb-pixel level) to the precorrection shift, is
selected in order to interpolate output from the vertically
adj acent input pixel pair which have been accessed in the
memory. This linear interpolator generates its coefficients in
the manner described in section 3.3.5 (see page 38) and it is
illustrated in block form in fig 3.4.5.
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3.5 Conclusions

Firstly, it has been demonstrated that the precorrection
in the video for the NS distortion generated by the tube/coil
system can be achieved, using a particular algorithm, and that
the result is an acceptable picture on the 86WS application
system. Secondly, the requirements for this process have also
been found, namely: at least 1250 display lines, and at least
8 uniformly (over 1 pixel distance) distributed sets of filter
coefficients with either PCC or linear filters as basis for
these coefficient values. The remaining \ jaggedness' in the
case of 625 display lines is of such a nature that the
additional effect of a CRT shadow-mask will probably result in
it being insignificant, in terms of its influence on the total
picture quality.

On the other hand, it is also be made clear the operation
still requires a relatively expensive (in TV terms) dual port
memory. In fact, this is so expensive that the added cost
value to a current TV system is unacceptably high. This means
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that the required solution for precorrection in video for NS
correction has been worked out to the level of a circuit
structure but that unfortunately the time is not yet ripe for
a translation to a hardware implementation.

However, the information is always 'on-file' and is basic
enough to be applicable to an implementation in the future
and, secondly, both the results and the experience are
transferable to investigating corrections in EW distortion
which will be discussed in the following chapter.
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4.0 Horizontal Pre-correction

The work done with respect to the pre-correction of
horizontal distortion due to the combined tube/coil, using
data obtained by direct distortion measurement on the
faceplate, will be discussed in this chapter. The basis for
this work has been laid down during the work already performed
in relation to the vertical pre-correction as described in the
previous chapter (chapter 3). The first section briefly
mentions the options available to allow horizontal correction
to be carried out in systems where the tube/coil combination
itself no longer performs this correction automatically. The
experimental environment, in so far that it differs from that
of the last chapter, is outlined in section 4.2. Distortion
correction, by means of video pre-correction, is described in
section 4.3. This has marked similarities, in global terms, to
the approach and type of correction handled in the last
chapter. However, subtle, and yet essential differences exist
as will become obvious during the discussion. The first
subsection (4.3.1) gives an account of the correction method.
in the next subsection the correction function is developed.
The structure of the video processing used to achieve this
pre-correction is presented in the next subsection (4.3.3) .
The optimisation of the f ilter is the sUbj ect of the next
subsection followed by another subsection (4.3.5) in which an
evaluation is made of all the points raised in this section
( 4 • 3 ) •

The following section (4.4) discusses the prospects and
general form of an implementation on the basis of the above
results.

Finally, the conclusions that can be drawn from the work
discussed during this chapter are presented in the last
section (4.5).

4.1 possible Correction methods

Just like the vertical case, in order to gain extra
freedom in coil and/or deflection and/or tube design,
distortion of the display scanning raster will be permitted.
In this case, it takes place in the horizontal (line-scan or
'fast' scan) direction instead of in the vertical (frame-scan
or 'slow' scan) direction. This has consequences which entail
that it amounts to more than just the vertical correction
method rotated by 90 degrees! This will become apparent as the
chapter progresses (especially in sections 4.3.2 and 4.3.3).

Once again, as in the vertical case, there are various
options available to correct for the reSUlting horizontal
distortions. The traditional approach is to carry out current
(i.e. deflection) based correction of the scanning raster
[13],[17],[18],[19],[20],[10]. There are many circuit variants
in existence which are capable of carrying out these
corrections but they all are based on the same principles.
Firstly, the horizontal geometry is corrected internally along
the x-axis through the centre of the screen, by making the
horizontal current slightly non-linear by replacing a voltage
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source with a charge capacitor. This correction is termed "s
correction". Secondly, the EW distortion is corrected by using
amplitude modulation (AM) on the line-scan, from line-to-line
with the AM being a roughly parabolic function over the frame.
It has its maximum at the centre of the frame (and screen) and
its minima at the start and finish of a frame (top and bottom
of the screen respectively) (see fig 4.1.1).

First Line

L-r--+-'"-- t

11lddle Line

Line

Scan

Last Line

t

Fig 4.1.1

Frame Time

Line Scan

(envelope)

It repeats itself for each successive frame. In contrast
to the unfavourable situation in the last chapter, where line
frequency modulation (kHz) was applied to the frame-scan (Hz),
in this case it is the other way around and hence the
frequency composition of the line-scan is only (relatively)
slightly disturbed from the unmodulated state. Thus, it is
immediately obvious that effects like modulation phase shift,
modulation out-of-phase current, large voltage swing for
modulation and significant power loss due to modulation, as
experienced in the vertical case, need not occur in this case
to any significant degree.

However, though practical, such circuits do have a slight
problem with one residual error within the raster. This is
because the form of the 'line current'-'horizontal position'
relation varies with vertical position. This is mainly due to
the tube faceplate geometry. Thus amplitude modulation (i.e
scaling) of the line-current in itself will not give perfect
results. Thus extra circuitry is needed to effect a
compensation of the line-scan form (as well as amplitude) as a
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function of vertical position (known as "dynamic s
correction") [20],[10]. This circuitry is generally expensive
(in terms of component cost) and furthermore in practi~al

line-deflection implementations 'zero-error' output ~s,

generally speaking, not guaranteed. Another method of carrying
out pre-correction which is possible involves compensating in
the video domain for the horizontal scanning error. This
requires that the right piece of video information must be
sent to the video amplifier at the various screen positions in
the distorted scanning raster structure, in a similar way to
the vertical case. In this approach the horizontal deflection
remains simple and unmodulated and 'modulation' takes place in
the video (small signal system) . This is the method
investigated in this part of the project.

4.2 The Experimental Environment

4.2.1 The Test and Reference systems

The display system used to carry out this investigation
was based on a modified 66FS (flat screen) display system. The
basic system [17] was modified to experimental needs. The
specifications for the display are:

line-deflection

vertical-deflection
video
tube

nominal 31.25 kHz
10 A peak-peak
100 Hz (interlace)
10 Mhz bandwidth
110 degree
25 kV EHT
4:3 aspect ratio
diagonal 660 rom

Due to one of the modifications, the line-scan could be
switched between automatic correction (i.e. via deflection
current) and no correction (i. e. distorted scanning raster).
This allowed the display to be used as both reference- and
test-display. The same sort of modification could not be made
during the vertical distortion investigation because in that
case the actual coils were not the same for the test- and
reference-systems and hence 2 separate physical systems were
required for realistic testing and evaluation.

4.2.2 The Video Processing Environment

There are some differences between this video processing
environment and the previous (chapter 3) one. They are however
restricted to the input and output video standards and do not
concern the manner in which a correction is effected. In this
case the input video is a true-colour (YUV) frame at 15.625
kHz, 50 HZ, and it is interlaced (312.5 lines per field, 575
lines per frame). This is first converted to 31.25 kHz, 50 Hz
progressive scan video (575-line per frame with no interlace,
in this case) by interpolating the missing lines in each field
(in this case field-insertion is used). This is then passed
through the geometry correction processing separately for each
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of the Y, U and V components before being rewritten to the
video disk as 31.25 kHz 100 Hz interlace output. In other
words, the 312.5 odd lines in the progressive image frame are
written to the first output field and the remaining even lines
are written to the other output field. In this way, 31.25 kHZ,
50 Hz pro-scan is reformatted to 31.25kHz, 100 HZ, 2:1
interlace without any additional processing (except for sync
alterations and the odd/even line separation in the
progressive frame in order to create 2 interlaced fields which
is done automatically in the current video file management
software) .

All processing and storage was carried out in the same
VAX environment as in the previous case. Furthermore, the same
display system (ISP), under the same operating conditions, was
used to display the results on the 66FS display.

4.3 The Video Correction Algorithm

4.3.1 An outline of the correction method

The correction method employed here involved three
essential steps: 01stortion measurement, correction
calculation, and video interpolation. The distortion was
measured [21] along the right- and left-hand sides of the
screen from top to bottom , in both cases. This enables
separate correction of a line in the right- and the left-half
of the screen , respectively. This was done in line with the
experience in the case of the vertical correction where it was
found that distortion was not really symmetrical over both
image halves (in that case, the upper and lower halves).

It now remains to translate these measurements to a
correction function and then that function to a video
interpolation scheme.

4.3.2 The correction function

Having estimated the error the next step is to use that
data to generate an inverse function (to the distortion
function) which pre-corrects the video so that the result on
the display is orthogonal. In order to arrive at what the
'inverse' must be, the nature of the distortion must be
examined. Fig 4.3.2.1 illustrates. the distortion that occurs
due to the tube and coil in the display system.
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The distortion which occurs in the transfer from input
picture to screen image where no pre-correction takes place is
described by the image input-output mapping:

and where

where
and where
and where

f(x,y) = ( f,(x,y) , f 2(x,y) )

f 2(x,y) = y (i.e. distortion free)
f,(x,y) = x(l+g,(x,y» (1+g2(y»
g,(x,y), the internal raster distortion is an
even function in x and y and, g,(O,O) = 0
g2(y), the E/W distortion envelope, is a
monotonic increasing non-negative even function
in y and, g2(0)=0.

Clearly the vertical mapping (f2(x,y) thus) is distortion
free and doesn't require correction.

However, the distortion function for the horizontal
mapping, f,(x,y), is more complex than for the vertical
distortion case in the previous chapter, due to the presence
of a term in both x and y, g,(x,y). The g,(x,y) term expresses
both the variation in the line-current to horizontal position
relation with y (i.e. the internal raster distortion), as well
as, the basic underlying non-linear relationship between line
current and horizontal position on average for all the lines
(i. e. even for the central line where y=O). In the initial
approach, the assumption is made that the line deflection
current form is designed so that the above non-linear effect
is cancelled out at y=o (the central line). In other words,
for y=O:

f,(x,O) = x(l+gz(O» = x(l+0) = x

and iH(x) = 'inverSe'[l+g,(x,O)]
and g2(y) is as above

Firstly, it is clear that the result implies that the
entire y=O line is mapped without distortion from the input to
the output. Secondly, this leads to a modified internal raster
distortion term, g',(x,y), over all y, analogous to the first,
with the additional property that g',(x,O) = 0 for all x. In
other words the centre line is distortionless. This modified
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distortion has the property that the magnitude of the internal
distortion, given that the EW envelope itself is good, takes
on the smaller dimensions of a more residual error i.e.

Ig',(x,y) I « Ig,(x,y) I in general for x and y.

It should be noted that as the term 'in general' implies
there is no guarantee that this is true for all x and y, but
that it is only true on a global level, this will be discussed
in greater detail, later on in this report.

As a first approximation, the effect of the remaining
internal raster distortion is ignored (and assuming the
current form has been suitably defined as suggested above to
allow this) then the distortion function reduces to:

where
and where
and where

f(x,y) = ( f,(x,y) , f 2 (x,y) )

f 2 (x,y) = y (i.e. distortion free)
f,(x,y) = x( 1+g2(y»
g2(y), the E/W distortion envelope, is a
monotonic increasing non-negative function
and, g2( 0 )=0.

in V

This is clearly recognisable as the same distortion
function as in the previous chapter, simply rotated by 90
degrees (see section 3.3.2)!

Thus, using similar reasoning, it can be inferred that
the geometric distortion is both quasi I-dimensional and quasi
linear and that:

f,(x,Yo) = ~ x

where ~ is a constant dependent on the vertical position
(i.e. y).

The same remarks, that were made in the last chapter,
over the dimension of the video distortion also apply in this
case. That is to say that the centre of the interpolation
filter and the output pixel for all the pixels on any given
otput line all lie on that line (thus geometry is quasi 1
dimensional) , but this does not necessarily mean that
information from pixels on the same line alone will be
sufficient to produce the correct interpolation of the output
pixel (thus in the DVI method of precorrection, interpolation
mayor may not be 2 dimensional). However, for the same
reasons as in the previous (NS ) case, the approximation is
made that quasi I-dimensional interpolation will suffice.
Thus, from the last equation, a function (say h2(x» can be
found, such that, for a given y (on a given line thus):

In other words the correction function requires that the
video data on a given line be linearly compressed by the same
amount as the video on that line will be sUbsequently linearly
expanded by the tube/coil/deflection system. Hence, the
correction function is also quasi I-dimensional and quasi

51



linear, where for a given y (line):

h 2 (x) = My x

where My = l/(l+g2(y».

Hence, the measured error must be taken and used to
estimate for all unmeasured lines what the expansion (i. e.
distortion) is in that column. Then using these values the
video data is compressed accordingly, about the vertical
centre line of the data with respect to the display (i.e x=O),
by the same amount (fig 4.3.2.2). This was the first
correction function (CFl) used in the video processing.

y y
Precorrection

II \\Processing
X...

X \lII1~

Input Raster Precorrected
Raster

Fl.g 4.3.2.2

On the other hand, if the effect of the internal raster
distortion term is not neglected, then attempts must be made
to approximate the effects of this term in order to arrive at
a more accurate correction function. This can either be done
by calculation or by the use of suitable 'fudge' terms.
However, one thing is clear and that is that the horizontal
distortion is then dependent on x as well as y. As a
consequence of this, while the distortion function remains
quasi l-dimensional, it ceases to be linear. For a given line
(y=Yo) thus:

f,(x,y) = x(l+g',(x,YO»(l+g2(Yo»
= x( l+gy(X» ~

where ~ is a constant dependent on the vertical position
(i.e. y) and gy(x) = g',(x,Yo).

Thus, the correction function becomes individual to each
pixel, within each line. The correction function (say h2 (x) )
must then satisfy:

f,(h2(x),y) = hz(x)(l+g',(h2(x),Yo»(l+g2(Yo» = x
=> f, (h2(x) , y ) = h2(x) ( 1+gy (hz(x» ) ~ = x

The object then is to find h2 (x) to satisfy the above
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(e. g. using series inversion or otherwise), depending on the
form of the internal raster distortion function. Note that
each line has its own solution function (because gy(x) is a
different function in x for each y).

To illustrate the above, take, as an example, the
approximation used to create the second correction function
(CF2) for the video processing. In this example the internal
raster distortion is approximated over all y using its
function in x for y=O (i.e. gy(x) = gy=o(x) = go(x) ). The
distorted horizontal image input-output mapping is assumed to
correspond to the following (non-linear) relation:

f,(x,y) = (l/wo)Sin-'[(Sin(wox.oox)/imax(y» iH(x)]

where Wo is a constant, related to the tube/coil geometry
at y=O

and where xmax is the horizontal distance at zero vertical
displacement (y=O) from the centre of the screen to
the left (or right) side of the screen (the same
units as x)

and where imax(Y) is the horizontal current required at
vertical displacement y to deflect the ~pot to th~

left (or right) side of the screen (the same units
as iH(x»

and where iH(x) is the horizontal current produced at
position x in the input raster (corresponding to
linearly scaled time t).

Now, choose the line deflection current form, as stated
above, so that the distortion is cancelled out at y=O (the
central line) for all x. In other words:

i H(x) = [~max (y=O) /Sin(wox,max)] Sin(wox)
= [l.o/Sl.n(woxmax )] Sl.n(wox)

where imax(y=O) = i o' a constant for all (x,y).

Thus, the modified mapping is:

f,(x,y) = (l/wo)Sin-'[(io/imax(y» Sin(wox)]

Thus, the correction function, at a given y=Yo, h2(x) must
satisfy:

f,(h2 (x) ,y=Yo) = (l/wo)Sin-'[ (iO/imax(Y=Yo» Sin(wo h 2(x»] = x
= (l/wo)Sin-'[~ Sin(wo h 2(x»] = x

where ~ = io/imax(y) (i.e a factor dependent on y only),

and hence:

h 2 (x) = (l/wo)Sin-'[(l/~) Sin(wox)]

This is the second correction function (CF2 ) for the
video processing.
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4.3.3 The Pre-correction Processing

Having established what the possible correction functions
are (EW-only and EW-plus-internal-raster), one is in a
position to attempt to integrate them into the video
processing, that is, the creation of a new precorrected image
raster from the original input image raster. The first
approach was to attempt to carry out the EW-only correction,
where a SRC is required which operates on the pixels line for
line, in an analogous manner to the vertical case [14]. In
order to avoid a repetition of the last chapter, it suffices
to say, that it is obvious that, all the conditions pertaining
to that SRC, are also valid in this case. Therefore, the
resulting SRC for this case can be summed up as having the
same qualities with respect to a row of pixels as the previous
one had with respect to a pixel column. The trial filter used
is, as was in the last case, a 4-taps parametric cubic
convolution (PCC) filter. The interpolation process is simply
the previous one turned by 90 degrees, in that the
interpolation is carried out for the left- and right-hand
sides separately and where thus each half-line has its own
assigned compression factor and also in that a PCC filter is
used with real accuracy to interpolate an pixel output from 4
input pixels. The filter is, just as in the last case,
transformed to the input and is clocked at the output rate.

The result of this operation, which is done separately
for each of the Y,U and V video components, is a pre-corrected
image with the original number of pixels on a line fitted to
progressively fewer (as Iyl increases) output pixels (output
centred on x=O) on the same line with, consequently, an
increasing blank portion (as Iyl increases) at the ends of the
output raster lines. It should be said, that this increase is
roughly a parabolic function in y, just like previously the
equivalent vertical function was in x (as Ixl increased).

The results after this pre-correction was performed were
good, in the sense that alias posed no problems and that the
geometry, for the central- and side-columns was good. However,
the residual error, due to the various internal raster
distortion components remained noticeable. Thus an attempt had
to be made to reduce it. various attempts at implementing an
EW-plus-internal-raster correction function, based on CF2
model (see section 4.3.2), have been made.

These efforts have in common that an attempt is made to
compensate for the error on the basis that the current form is
known and that the time correction must simulate the
correction obtained from scaling the current form (which is
also done in the basic current correction approach without
higher order correction). This means that in this case the
correction is calculated on a pixel-to-pixel basis within each
line. In other words, firstly, the compression factor for each
half-line (i.e. the average compression factor for that half
line) is determined by the envelope (EW) compression
calculated for that half-line. This compression factor
immediately determines the filter array to be created, in
other words, the sUb-pixel accuracy for which filter values
are available for that half-line. The actual pre-correction
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mapping from input to output is determined independently for
each pixel using the chosen approximation to the 'inverse' of
the internal raster distortion and the best available filter.
Obviously this internal raster correction causes the local
compression factor for pixels to fluctuate about the average
(EW) value.

The results again are good but not perfect, in that
complete correction over the entire raster is not achieved.
Furthermore, extra correction factors, not always directly
obvious from the distortion information itself, were required
to get the correction to match the inverse of the actual
distortion the best. One obvious reason for this, as will be
deal t with in more depth in the next chapter, is that all
attempts to compensate for the current form here, make no use
of tUbe/coil information directly, but are based on the
current having a correct form at y=O and using this form to
derive all corrections off y=O. This ignores the fact that,
for example, Rx (the horizontal tube curvature) is a function
of y.

All the actual processing of video pictures as implied in
the above section has been performed by colleagues (using as
the basis the transferred knowledge from the 86WS situation),
however the above theoretical discussion is made from the
point of view of the project, and does not necessarily reflect
their views. At this point, the work itself, fell once again
within the confines of the project. Anyway, even given that
the correction obtained was near perfect, another problem
remained and that was optimisation in the choice and the
number of filter sets to be used. That problem was tackled
next and is discussed in more detail in the next subsection.

4.3.4 Filter Optimisation

At this point, the problem of finding the optimal choice
of filter was addressed. Initially, 4-tap parametric PCC
filters [15] were used in the SRC, one filter set per output
pixel. The question remained as to whether another choice of
filter could give either better results or a simplified
filtering requirement. The same well-known and applicable
candidate filters were tried as in the previous vertical case
(see section 3.3.5). The details of these filters can be found
in Appendix 3A, and the different qualities they possess have
been discussed in section 3. 3.5. The results of this
investigation gave the same results as were previously
obtained in the 86WS case, namely that, the linear and PCC
filters gave the best performance.

Furthermore filter accuracy (i.e. sUb-pixel positional
accuracy) had to be investigated because the requirement of
one filter set per output pixel as required up to this point
is obviously unacceptable. In the same manner as for the
vertical case tests were run with 1,2,4,8,16,and 32 filter
sets corresponding to the same amount of sUb-pixel
interpolation accuracy. The results indicated that for both
the linear and the PCC filters, as in the previous case, 8
filter sets were necessary to get the same apparent
performance as in the one filter set per pixel case. The fact
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that the same number is required as for the vertical
correction is probably on reflection not accidental. Firstly,
the 66 FS EW requirs about 15% correction (compared to 14% for
previous 86WS NS case) and both distortions are approximately
parabolic in form and both are symmetric about the tube
centre. Hence, they both have more or less the same
compression ratio variation and hence a similar maximum
compression ratio.

4.3.5 Conclusions for algorithm development

The major conclusion is that a suitable correction
algorithm has been developed for transferring a 575 line by
720 pixel input image at 50 Hz frame frequency to a 575 line
by 720 pixel output image running at 100 Hz frame frequency.
This can be done using as few as 8 filter coefficient sets
(type linear or PCC). In interpolating a new output pixel the
coefficient set is chosen corresponding best to the subpixel
offset between the new pixel and the input pixels from which
it is to be derived.

However, though good, the results are not perfect.
Furthermore, beyond the EW-only correction, the corrections
are not, per definition, analytically correct. This is because
that the results are based on a precorrection which itself is
derived on the basis of a given current form and no account is
taken directly of the effect of the tube/coil combination (as
regards internal-raster distortion) off the centre line but
information is only derived indirectly from the EW envelope
measurement and the current (or assumed current) form, which
is assumed to give perfect correction at y=O. Obviously, it
would be better to derive this information directly and this
point will be returned to at the end of this chapter.

4.4 Aspects concerning Implementation

The implementation of this correction is line-based in
contrast to the vertical situation. Hence, no more than 2 LMs
(line-memories) are required for storage, one being used for
input and one for output during any line, the roles being
reversed during the following input line. Improvements exist
which allow this requirement to be reduced down to no more one
memory with a length no more than the maximum difference in
active pixels between an input line and any given output line
(i.e. maximum value of the EW envelope). Hence for the 66FS
case this corresponds to approximately 30% of the total active
line length. Thus, on economic grounds an implementation is
justifiable. A global idea is given in figure 4.4.1, which is
not a circuit as such, but gives the form that such a circuit
could take.

4.5 Conclusions

Firstly, it can be concluded on the basis of section 4.3
that a correction for the horizontal distortion is technically
possible. On the grounds of section 4.4, it is equally obvious
that an implementation is economically possible. Thus, these
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two give a clear motivation to continue with the work.
However, a few aspects of concern exist. Firstly, a clear
understanding of the distortion (and thus the required
correction) for above the EW envelope case does not exist. The
consequence of this has been that 'approximations' to the
process which give good but not perfect results have been used
up to now. Hence, a clear model for the distortion, from which
the correction requirements can be derived (preferably in a
non-implementation dependent way) is required, if a perfect
(or as near perfect as possible) correction is to be derived.
Thus, the tube/coil distortion will have to be characterised
directly, thereby freeing the correction from assumptions
regarding the current form. The building of such a model, the
more detailed reasons behind that decision and the correction
and results on the basis of that model are the Subject of the
next chapter (chapter 5).
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5.0 Nominal Horizontal Pre-correction

In this chapter, an account is given of the work done in
order to achieve a more accurate, a more flexible and, a more
universal mechanism for carrying out horizontal geometric pre
correction in the video than had been realised during the
course of the previous chapter.

The first section (5.1) gives the motivation for the work
which was done on nominal corrections.

The following section (section 5.2) describes the most
important element of the work and that was the development of
a good model for the geometric distortion process (and
likewise for the pre-correction necessary) . The first
subsection gives the boundary conditions that the model has to
fulfil. The next one (5.2.2) describes the model and its
development. The usage of the model to generate a pre
correction is the sUbject of the next subsection while the
last subsection lists the changes (if any) which were required
to the hardware of the display system in order to carry out
the various tests performed.

The next section (5.3) gives an account of how the basic
model was improved in order to get better results .
Improvements were possible in two main areas. The first of
these areas concerned the quality of the tube/coil input
output mapping (subsection 5.3.1). The next (5.3.2) concerned
the accuracy of the modelled current waveform used, especially
in relation to the actual def lection current waveform
encountered in practice.

The video processing is handled in the following section
(5.4), insofar that it differs from the previous processing.
Firstly, the actual environments in which video was processed
and video was displayed are presented (subsection 5.4.1). The
second subsection (5.4.2) gives a short account of the
attempts to optimise the interpolation filter set used in
generating the pre-corrected image.

The possibilities for implementation using digital video
interpolation are examined in next section (5.5).

A second manner of translating the model and the
precorrection it generates to a method of implementation,
quite different from video interpolation, is related briefly
in section 5.6. This description has four main parts. In the
first one (5.6.1), the alternative method of precorrection
method is given in outline. Next ( 5 . 6 . 2), the conversion of
the model to suit the application is described. Then,
simulations of this pre-correction which were performed are
examined (5.6.3). In the last subsection (5.6.4) in this
section, the results were evaluated (5.6.4).

Finally, (section 5.8) a summary of the main conclusions
that can be drawn, from the work described in this chapter, is
presented.

5.1 Motivation for Nominal Correction method

In the previous chapter, it has been shown
horizontal pre-correction in the video for geometric
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distortion caused by the display is both technically feasible
and is far more attractive, economically seen, than the
vertical pre-correction circuit discussed in chapter 3.
However, all correction attempts tried, up to this, made no
use of the actual tube/coil geometry information apart from at
the centre line (y=O) where the tube/coil characteristic was
inferred indirectly from the current form. Thus in order to
obtain an improved correction, information for the tube/coil
geometry transfer function will be used explicitly, in this
chapter, in the generation of video pre-correction. There are
several important reasons for taking this approach:

(1) As stated previously, with this information it is
possible to correct for the actual internal raster
distortion independent of the given scanning current
form. This also presents the opportunity of finding an
optimal current form for the given tube/coil geometry
function, enabling good pre-correction in the video.

(2) A clearer insight is given into the actual geometry
problem itself keeping the complicating influence of the
non-linear current form quite distinct from it.

(3) The use of standard tube/coil data (given by the
measurement of a sample manufactured unit) allows a fixed
nominal correction to be defined for a given tube/coil
system, regardless of the scanning standard used. This is
important for the practical implementation of such a
correction in a mass production situation. This allows 1
correction to be built into a display at factory which
need not be adjusted but is guaranteed to give a
correction close enough to the ideal that the remaining
error is insignificant. This speeds up set manufacture
and reduces production costs.

(4) The effects on geometry of the deflection and the
tube/coil system are separated. Thus, the horizontal
deflection which is in fact a variable can be handled as
such, independent of the tube/coil geometry which is (for
a given system) a constant.

(5) Furthermore, the effects on geometry and, hence on the
pre-correction requirements, of selective simplifications
in the horizontal deflection system aimed at decreasing
set cost and increasing set reliability can be more
easily studied.

(6) Because the problem has been broken into distinct units,
this allows a more logical division, when it comes to a
realisation, between elements best realised by fixed
value units and those which could be better realised by
more dynamic hardware (e.g. direct current sampling
versus a fixed PROM model for nominal current). This
division is important for limiting the cost and yet
maintaining enough flexibility in the system.

Hence, there is more than enough motivation to seek to
bring the actual tube/coil mapping data, in some way, into the
pre-correction process. Obviously, to do this a model for the
deformation (and hence for the precorrection, its \ inverse' )
must be built, in which the input and output variables for the
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tUbe/coil system explicitly appear.

5.2 The development of the Model

Hence a model for the geometrical distortion process is
required and preferably one where the effects of the
horizontal- and vertical-deflections and the tube/coil system
are represented by distinct blocks. In this way, the
geometrical distortion process, is broken into 3 clear and
natural steps. Firstly, the horizontal timebasis is
transformed to a horizontal current basis (the horizontal
deflection). Secondly, the vertical timebasis is transformed
to a vertical current basis (the vertical-deflection).
Thirdly, the output of the above two blocks (horizontal
current basis, vertical current basis) serves as an input to
the tube/coil model, which then delivers the resulting
(distorted) screen position (horizontal,vertical) as an
output. The development of such a model, which accounts for
the mapping undergone by an orthogonal input image to being a
distorted displayed image (or equivalently from the input
horizontal- and vertical-timebases to the output display
screen position), is described next.

5.2.1 The Boundary Conditions for the Model

The first problem faced is that of defining the boundary
conditions that the model must satisfy. The first, and
foremost, criterion is that the model can adequately represent
the distorted mapping from the input variables to the visible
screen area of the scanning raster. Thus:

I~(x,y) - F(x,y) I < eps
{for all input image coordinates (x,y) I F(x,y) is in

the visible scanning raster}

where ~(x,y) are the actual output geometric coordinates
corresponding to input (x,y)

and where F(X,y) are those for the model corresponding to
the same input (x,y)

and where eps is an acceptably small error tolerance.

Note, that for the area scanned on display outside the
active viewing area no conclusions can or need be drawn
(beyond that the model ensures that for ~(x,y) in this zone
that F(x,y) lies outside the actively displayed area). This is
equivalent to demanding that output pixels in this region are
blanked, and the model has only to indicate that such blanking
is required at the right moments. In addition, the question
arises as to how small 'eps' must be. As a starting point, it
was assumed that errors below 1% should be tolerable (eps =
0.01). Of course, a reliable value soon emerged when real
pictures were processed using the model and the results
evaluated on the test display. It turned out that for accurate
results on the 86WS system 'eps' should be smaller than about
0.7% (eps < 0.007).

The second criterion for the model is that the form of
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its tUbe/coil mapping function must reflect the form of the
actually observed tUbe/coil distortion. When driven by linear
test currents, this distortion is seen to result in a uniform
input image being displayed as an image which is axially
symmetric about both the horizontal axis (y=O) and the
vertical axis (x=O) through the screen centre (see chapter 2).
The point where these two axes cross will be taken, and
referred to, as the origin for the input and displayed images,
(x,y) and (x' ,y' )=.E(x ,y) respectively, in relation to the
faceplate. Hence the distortion part of the mapping function
has terms containing even xg' and even y9 powers only and
contains no constant shift term either (the origin is mapped
to itself).

Another important characteristic that this distortion
form gives to the mapping is that the mapping can be evaluated
using data from only 1 quadrant because a function with such
sYmmetry is determined over all quadrants by its relation in
any given one. Summing up:

if F( xg' yg) = ( x' , y' )
then F( -xo' Yo) = (-x' , y' )
and F( x;, -y;) = ( x' ,-y' )
and F( -xg' -yg) = (-x' ,-y' )

and further:

= ( x [1 + x 2 + Y 2 + X 2y 2 + •.. ]
9 9 9 9 9

yg[l + x 2 + Y 2 + X 2y 2 + ... ] )
9 9 9 9

= ( x' , y' )

where xg is the horizontal deflection current in
normalised form

and where yg is the vertical deflection current in
normallsed form

and where F(xg,yg) = (x',y') is the corresponding screen
position (norizontal,vertical) in normalised form,
in other words, the tUbe/coil model function.

One final, and essential criterion is that the model (and
in any case its output and input) can be readily translated to
a form relevant to any chosen method for the realisation of
the pre-correction. That this can be done will be illustrated,
for two quite different realisations which were handled,
during the course of this report.

The first of these realisations is the video
interpolation method which has been used during all the
investigations performed up until now and is the method used
with the work carried out in this chapter. The other
realisation will be discussed briefly in a special section
(5.6), later on in this chapter, in order to illustrate the
flexibility of the model. The important point is that both of
the pre-corrections were determined in these two very
different realisations, using the same model, by suitable
translation of the model and its input and output form to the
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actual given implementational situation.

5.2.2 Modelling the Geometric mapping

Having given the reasons for creating such a model and
the boundary conditions it must satisfy, the model must be
developed. Basically, 3 separate sub-processes determine, in
the general case for 'pin-cushion' distortion (see chapter 2),
the overall process whereby an orthogonal input image basis
(x,y) is deformed to the display image basis M(x,y)=(x' ,y')
(see fig 5.2.2.1). These are:

(1) The horizontal input position to horizontal scanning
current process (i.e. the horizontal deflection).

(2) The vertical input position to vertical scanning
current process (i.e. the vertical deflection).

(3) The horizontal and vertical scanning currents to
horizontal and vertical output position process
(i.e. the tube/coil mapping).
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It is important to note that the (x,y) basis is, by its
definition, linearly related to the basis of the horizontal
scan time (tH) and the vertical scan time ('tv) respectively ,
(tH,'tv) thus (i.e. the video rate is constant both horizontally
and vertically in the input image). This general model can be
simplified in the case of a tube/coil system where horizontal
deformation only takes place (the case in question). In this
case, the tube/coil combination is designed so that,

62



regardless of the horizontal scanning current, every vertical
scanning current gives one and only one vertical output
position. Hence, to ensure good vertical geometry, one must
set the vertical deflection block in such a way that it
cancels any vertical non-linearity in the tube/coil process.
At this point, the tUbe/coil deformation only remains of
interest in the horizontal direction (see figs 5.2.2. 2A and
figs 5.2.2.2B) because the overall process is transparent in
the vertical direction.
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It should be noted that it is implicity assumed that the
horizontal and vertical deflection waveforms are mutually
independent ( i . e. no classical current correction is used).
Thus the model has only one output of interest (the X'
horizontal output position), in this case.

The blocks must now be filled in with relations to
describe the processes taking place in them. The central
relation is the one for the tube/coil block. At first,
attempts were made to precorrect for the 66 FS tube/coil set,
using a collection of analytic relations [22], to determine
this relation. The results were somewhat disappointing.
Attempts were made to improve the accuracy of the result by
improving the accuracy of factors and coefficients used in
these relations. For example, figures from a databook were
used to replace one relation in the set of relations used
[23]. After several further efforts to improve the accuracy of
the precorrection, produced by these relations, failed, it
became apparent that input data, from which these coefficients
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and factors were derived, was incorrect. This made the output
of the relations too inaccurate for the purposes of video
correction. However, another approach is possible, and that is
to build a numerical fit using directly measured input-output
vector pairs {(xg,yg)=>x' and (xg,y )=>y'}.

Accurate data, built up Juring coil design by the
designers of the tube/coil sets, was made available [24].

This was a set of data points corresponding to an
orthogonal 9 (horizontal) *7 (vertical) grid of screen positions
defined over one quadrant on the active screen (i.e. an
orthogonal grid of output positions).

Having obtained a reliable set of data points, a
numerical fit had to be performed relating the input and the
output. Furthermore, this fit is two dimensional
(Le. (xg,yg) -> x'). Obviously, some polynomial in x and y
must be found to match to x'. Initially, a 2-dimimsional
polynomial surface fitting technique was tried [25]. However,
some problems were noted. Firstly, in initial testing a known
polynomial, which had form close to the unknown one, was used
to generate input-output data pairs. Then, the fitting
technique was applied to this data to produce a fitted
polynomial. The actual and fitted polynomials could then be
compared in terms of coefficient error and the error at data
points. It was found that for this method of fitting that the
error performance if less than 30 by 30 data points were used
for fitting was poor and the error close to the edge of the
data area tended to be large (as is usual with polynomial
surface fits). The second fitting teChnique tried was a
bicubic spline surface fit [26], where fitting is done locally
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per "panel" for a set of small "panels" defined over the total
area. Each panel is allocated its own third order two
dimensional polynomial. These polynomials are made to be
continuous both functionally and in terms of the first and
second derivatives between neighbouring panels. The results of
this fitting approach were again not very satisfactory in
terms of the root mean square error (sigma). Furthermore, it
took 10 by 10 points to reach the best performance and the fit
does not work at all if there are less than 8 points either
horizontally or vertically. Finally, it was clearly quite
unstable in that the error did not uniformly decrease, in a
monotonic way, with an increasing number of data points but,
in fact, tended to oscillate, and could be extremely poor if
the data framework was not well chosen. This inflexibility is
highly undesirable in this case where a uniform fitting
technique is required for all tube/coil sets (i. e. different
polynomials) and sometimes with different screen dimensions
and screen measuring positions (i.e. different normalised
measuring positions). Thus a third more basic technique was
tried, the LSE (least squared error) solution to an
overdefined set of linear equations [27]. This had the
advantage that the polynomial function was directly accessible
and that selected polynomial components known not to be
present in the true function (i.e. the uneven ones) could be
explicitly set to zero in the attempt to fit a function to the
true one. This gave a much better (i.e. reduced) sigma than
either of the other two fitting techniques had in the initial
test, when the amount of data used in the input to the fitting
compared with the 9 points by 7 points situation that could be
expected in practice. This fitting method was then chosen as
the most suitable for this application and was used to fit the
actual tube/coil system data. Initially, a lot of coefficients
were used but after much trial and error a "best fit" was
found (i.e a low sigma combined with an even error performance
over all data points and only coeff icients from above the
"noise" level) using a particular set of coefficients.

The question now remains as to what functions should be
placed in the deflection blocks. The contents of the vertical
block can be inferred by observing that, for any 'x', the
overall end-to-end process for 'y' is transparent by design
(see fig 5.2.2.2B). Thus the vertical deflection relation must
be the 'inverse' of the vertical tube/coil relation (fig
5.2.2.3).

This inverse can be most easily obtained by making a 1
dimensional numerical fit in the opposite direction (input as
a function of output, for all Xi y'=y => Y9) for the tUbe/coil
data. Here, implicit use is made of the fact that the
tube/coil input-output relation is known to be a bi; ection
(every input current pair has one and only output position
pair and hence no multi-valued solutions exist) and therefore,
taking the vertical relation which is here independent of x,
the inverse must exist and such a 'reverse' fitting technique
will work and, give a good result, if the number and position
of point pairs is chosen adequately.

The (reasonable) assumption is made that the horizontal
scanning has been designed so that, along the centre of the

65



y

Input
Posibon

(time)

~~~~:~~,o~:::;~~~~s;~~:~i
·1 rvCY) I Y

g

'I I, eYg) Y ;

. Output
Position

Fig 5.2.2.3

tube (y=O, and where also Yg=O from the previous vertical
relation), no distortion takes place (i.e. the overall process
1S transparent in 'x'). Hence, it can inferred that the
horizontal deflection relation must be the 'inverse' of the
horizontal tube/coi~ relation at Yg=O, namely, the inverse of
f 1(xg,yg=O)=f,o(xg) (flg 5.2.2.4).

Once again, the inverse can be most easily obtained by
making a 2-dimensional numerical fit in the oppo8it~ dircctivu
(input as a function of output), for the tube/coil data. Here,
the bijection property is once more implicitly used and thus
the horizontal deflection relation is the reversed fit
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evaluated at y=O (i.e. Yg=O) , namely, g,(x,y=O)=g,o(x).
Note, that at any other value of Y, the transfer becomes

non-linear (distorted thus), because that while flO( g,o(x) ) =
x, in general, f,( glO(x) ,Yg<>O )<>x (fig 5.2.2.5). This is, in
fact, the core of the whole horizontal distortion problem!

It should be noted that for both 'reverse fits', the
uneven distortion components also do not exist, hence a
similar, reduced, set of polynomial coefficients can be used
in the creation of these numerical fits.
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5.2.3 Using the Model for Video Pre-Correction

So, armed with a model, it remains to be seen if it can
be used to pre-correct the video so as to obtain a
satisfactory orthogonal image on the display. To this end, the
model has to be translated to a form where it can be used
together with the chosen method of pre-correction, which is in
this case digital video interpolation (DVI ), in order to
extract a pre-corrected output from the input video. In the
DVI system, a linear relation exists between the horizontal
scan time (til) and the horizontal position in the output video
1...Xout.l for all lines (y). Hence, as horizontal scan time is
linearly related to the x input for the model as stated
previously, xout and the x input to the model are linearly
related. Similarly, the vertical scan time (h~ and the
vertical position in the output video (Yoot.l are aiso linearly
related for all pixels (x). Hence, Yout and the y input to the
model are linearly related. The model gives as output a value
linearly related to the screen position (x',y') corresponding
to the (x,y) model input. For all systems (DVI or otherwise),
input lines are mapped vertically to the same line at the
output (i.e. y~t = Yin) and thus x' is linearly related to the
horizontal posltion on the current vertical output line which
is equal to the current vertical input line value. However,
for the displayed image to be orthogonal (i. e. geometrically
correct), a linear relation must exist between the horizontal
screen position on the display and the horizontal position in
the input video (xin.l for all lines (y). Thus, the horizontal
position in the output video (xoot.l for a given vertical output
1ine (Yout) is relate? via the model COmb~ned with :;>u~tab~e
input and output scallng factors to the horlzontal posltl0n ln
the input video (xin.l for the same input line number and this
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is true for all output lines (see fig 5.2.3.1).
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The functions h"h2 and h3 (see fig 5.2.3.1) are all
linear scaling operations (with an offset) that relate the
actual physical scanning standards (the number of active
pixels per line combined with the number of active lines per
frame) to the abstract normalised geometric model,
(x,y)->(x',y'), where the centre of the tube is (0,0) and the
North, East, South and West tube faceplate positions have the
values (0,1),(1,0),(0,-1) and (-1,0) respectively. This shows
the strength of such a model, in that it describes the
distortion/correction process in terms that allow the one set
of values to be easily translated to any given physical
display standard. The boundary functions (h"h2 and h3 ) are of
course themselves dependent on the image format but are
independent of the contents of the model (thanks to normalised
format), and hence do not depend on the geometry (tube/coil
set) in question. Thus, the two factors image format and
geometry, which are physically separate entities, are also
kept separate within in the pre-correction mapping (model plus
boundary functions). This is obviously a desirable feature.

Input Format
Output Format

Active Lines
1152
1152

Active Pixels
1024
1024

Table 5.2.3.1

For example, given the standards in the above table
(Table 5.2.3.1), the boundary functions are:

h, ( xout ) = X = [xout - 512. 0 ] / 512. 0
h 2 ( Yout) = y = [ Yout - 576. 0 ] / 576. 0

h 3 ( X I ) = X in = [ X I * 512. 0 ] + 512. 0
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Therefore, the pre-correction algorithm has the following
structure:

Do for all output lines [y t];{
D f

. ou
o or all output p1xels [x~t];{

x = h, ( xout );
y ~ h2 ( Yout .);
xg - glO( x ),
Yg = g2 ( Y );

x I = f, ( xg , Y9 );

( Ix' I > 1 ) ? {
[yes] output_video (xout'Yout) = blank; }

: {
[no] X in = h3 ( X I );

Yin = Yout ;
output_video (xout ' Y~t) =

interpolate( source video
centred on (xin'Yin» }

}
}

The interpolation (video processing) used operates in the
same way as that described in the last chapter. In order to
keep the video interpolation problem separate from the
geometric problem, the video processing was set back to being
real-valued both in terms of input-output positioning and in
terms of the coefficient values.

In this manner, not only has a successful translation of
the model to pre-correction been made, but it has been shown
that the model is, as such, translatable and this was one of
the boundary criteria mentioned for the model.

The actual output results of this algorithm were good for
horizontal correction on the 86 WS but not as good for the 66
FS as had been hoped. After use of a suitable extra vertical
seal ing factor ( i . e. a "fudge" factor!!), the results on the
66 FS were good. After a good deal of investigation, it was
found that the cause of this problem was fundamental. The data
for the tube/coil numerical fit essential to the creation of
the model was invalid because it was based on a coil design
which had long been superseded [28] (i.e. by the design used
in the current 66 FS system). New data pertaining to the new
coil/tube combination is unavailable. This is because certain
field effects (related to the new coil type) occur during the
coil magnetic field measurements which make those measurements
(necessary to generate the data for the tube/coil system)
unreliable. Hence, to date, no new data for the tube/coil
system has been released. However, by comparing the EW
correction observed to be required by this coil with what the
numerical fit data predicts, the necessary extra vertical
scaling factor can be explained. It was observed, namely, that
it reflected the ratio between the actual and the predicted EW
correction amplitude values. However, this gives no basis for
reliable investigation of nominal corrections for the 66 FS
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case. Due to the timing of the project, and the low
probability that new data would be available within a
reasonable time-scale, it was decided to stop further work on
the 66 FS in the short-term and to concentrate efforts on the
86 WS case where the source tube/coil data was known to be
good. It should be stressed that all corrections here were
truly nominal, in the sense that at no point was locally
measured data from the actual tube/coil set in question used
in the modelling. Obviously, locally measured data, such as
the video display standard and the actual test image
dimensions were required in order to generate the boundary
functions properly. Sometimes, data was measured locally for
the purposes of checking results or explaining anomalies, such
as the 66 FS "fudge" factor.

Another interesting aspect to this correction is that,
because of the "concave" form of the horizontal tube/coil
relation at the tube centre (x -> x' at y=O), the line current
will have the inverse "convex" form by design. This results in
the effect that the relative magnitude of positional EW
geometry correction significantly exceeds that of the
traditional current correction magnitude needed to do the same
job (see Appendix 5B). This is important When one is
considering what the specifications will be for a circuit to
carry out such a time(position) based correction to replace a
current based one.

It is also important to note that checks were carried out
to see how robust the correction was with respect to changes
in the tube anode voltage ( i. e. the acceleration voltage).
This is the voltage placed on the inside of the tube (from
faceplate to the end of the neck) in order to draw electrons
from the gun, with sufficient energy, that light is emitted on
impact with the phosphor. If the anode voltage
increases(decreases), then the deflection angle achieved by a
given input horizontal- and vertical-current pair
decreases ( increases) and hence the output position changes.
Because of the non-linear nature of the distortion, if the
anode voltage varies, at a certain point, the correction
applied at a given position in the video differs so much from
what the actual screen position corresponding to that video
requires, that the geometry precorrection fails to produce an
image which is displayed orthogonally. It was seen that anode
voltage changes of up to about 5% (for the 86 WS) did not
cause serious deviation from pure scaling (i.e where the size
varies but the geometry as such remains good).

5.2.4 The Test- and Reference Systems

Attention is now drawn to the fact that, in order to
carry out horizontal correction (EW) research on the 86 WS
tube/coil system, a test display system for such video pre
corrections was required. The display system used to carry out
this was realised by modifying the 86 WS reference display
system used in the NS pre-correction investigations. It was
modified so that the horizontal deflection (line-scan) could
be switched between the following options:
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(1) Automatic correction (i.e via deflection current)
(2) Current correction for linearity error only
(3) Current correction for EW error only
( 4 ) Basic current with no corrections ( i . e. no EW or

linearity correction)

This allowed the 86 WS display, that had served as
reference display in the vertical precorrection experiments,
to be used as both reference- and test-display respectively,
in the 86 WS horizontal precorrection experiments. option 3
has never been used, option 4 was used for the no linearity
tests mentioned at the end of subsection 5.3.2, and for all
the remaining tests, option 2 was used.

The 66 FS system remained just as it was described in the
previous chapter (chapter 4).

5.3 Improving the Model

Although the nominal (model based) pre-correction for the
86 WS had been seen to be good, there was obviously still room
for improvement in the geometry of the displayed image. Hence,
the model, which provides the pre-correction inrormation,
needed some "fine-tuning". In particular, the numerical
fitting process had aspects which required attention.
Furthermore, the horizontal current relation had been defined,
indirectly and this too required further investigation. The
vertical current on the other hand was seen to fulfil the
assumptions made about it and therefore can escape further
attention, for the present.

5.3.1 Improving the Tube/Coil fitting

To begin with, the numerical fit (LSE method with given
allowed polynomial factors) needed refining as it was clear
that it did not perform well at the edge of the screen.
3 factors clearly contributed to this:

(1) 7 horizontal data point positions are not sufficient
f or good fitting with higher order ( e . g. order 7 )
horizontal powers in the polynomial. These powers
were seen to be necessary to describe the tube/coil
mapping adequately.

(2) Regardless of the number of data points used, their
uniform distribution over the tube faceplate is not
the most advantageous structure possible for this
sort of numerical fitting technique. Firstly, better
high order polynomial behaviour can be obtained by
"stUffing" the screen edge zone with extra points.
Secondly, the data is uniformly distributed when
viewed from a position perspective but in the model
the tube coil relation uses the current pairs as
input variables, and these are certainly not
uniformly distributed.

( 3 ) When checked by measurement on the tube faceplate,
it was found that the boundary data points in the
initial data set corresponded to points well inside
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the faceplate display area meaning outside this area
polynomials were being used in their extrapolated
region. This is not a recipe for success especially
considering some high order powers in certain
components of the polynomial must give a significant
contribution to the mapping accuracy. .

To take account of the above three factors the number of
data points was increased to 187 (17*11) with the 25 (5*5) of
these being wi thin the band 10% normalised height or width
away from the edge of the faceplate [24].

This new set of data was seen to give an improved fit.
However, looking at the le-3 standard error, one felt that
even more could be achieved by better use of the data. At this
point a reassessment of the polynomial used for fitting was
made. The original form was based on findings in previous
coil/faceplate research [22]. Examining, the nature of the
distortion, suggested that the polynomial should use a
somewhat modified set of components and that this modified set
should be fitted to the 187 data points. When this operation
was done, it did, in fact, result in a clear reduction of the
standard error and, more importantly, an improved picture
geometry (see photo 13).

5.3.2 Improving the current relation

up to now, it had been assumed that the current form
could be set in such a way to match the inverse of the
tUbe/coil distortion at a given line (y=o being the most
logical choice). For various reasons, particularly deflection
power consumption and dissipation, {[4],10.18-10.33 and 13.16}
it is rarely practical to attempt to make an arbitrary
horizontal current form. Thus, the current in practical
horizontal deflection circuits, generally, has approximately
the following form (see Appendix 5A):

iH(x) = 10 Sine wox + 0 )

where iH(x) is the horizontal current at normalised
horizontal scan time (input video position) x

and where 1
0

is some constant whose value is related to
the maximum magnitude of the current required to
reach the left or right edge of the screen

and where Wo is a variable dependent on coil and on
deflection design

and where 0 indicates the phase shift between current and
time and this value can be varied in the deflection
circuit.
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The current generator start is delayed/advanced until 0=0
and hence unnecessary scanning asymmetry which gives
asymmetric distortion is avoided. For convenience, the current
is converted to its normalised form so that it fits into the
scheme of the existing model. This gives:

iH(x) =[ xg<max) / Sin(wo) ] Sine wox )

where xg<mlll<) is the maximum normalised horizontal current
magn1tude (xg ) required (at y=O) to reach the right
hand edge of the screen, when the normalised
horizontal scan time(position) x equals +1. In other
words, iH(x) equals +1 at x = +1 and iH(x) equals -1
at x = -1.

It is of interest to note that this problem did not occur
in the NS-correction case. This is because the vertical
deflection is not subject to the same physical circuit
limitations as the horizontal one. Thus, in the vertical case,
a form could be created which gave the inverse to the vertical
tube/coil relation at x=o for that tube/coil set.

The value of Wo relating to the actual 86 WS coil and
deflection combination used was calculated and xg(max) is known
from the data for the tUbe/coil numerical fit. Hence, the iH(x)
function correct for this case could be calculated.

This function was then used to replace g,o(x) in the old
model (see fig 5.2.3.1). The same replacement occurs in the
pre-correction algorithm (see page 69).

The results with the new model were very encouraging. The
geometry in the displayed image which had been pre-corrected
using it was seen to be improved with respect to that obtained
with the old model. This was logical, because the processing
now takes account of the real current form encountered in the
86 WS system. It should be stressed that this form is
universal for 86 WS systems in generaL This is because for
any given tube/coil series a standard recommended value of w
exists (the one that gives the best approximation to the ideal
current form). Given that the only other variable xg(lVax) is also
defined by the tube/coil series in question, it 1S obvious
that this current form is nominal and applies to all normal
displays built with that coil/tube type. Hence, the model
remains general and application specif ic entities (in a real
sense) have not been used inside it. All this means that the
model has not lost any of its implementation independent
structure when compared to its previous form.

However, it was now desired to go a step further and to
extend the video pre-correction to correct yet another
distortion which up to this point had been dealt with, at
source, in the line deflection itself. This correction is
known as linearity correction (see photo 14) and arises
because for practical reasons (i. e. dissipation), the line
deflection current is generated from a switched voltage
source. Hence, because of the coils resistance, the current
waveform is very slightly damped resulting (by close
approximation, see Appendix 5A for more details) in a partial
sinusoid with an exponential decay as actual current form. If
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the normal correction circuit is removed (a saturable variable
inductor), it reduces the set cost and just as importantly it
removes a "factory adj ustment" which is otherwise necessary.
However, one is essentially left with the following current
form (see Appendix 5A):

iH(x) = 1
0

e-ax sine wox + 0 )

where a is the decay constant inversely proportional to
the reciprocal of the coil quality factor (Q)
(a=Reo ; [/2Lco ; [ and Q=woLeo ; [/Reo ; [ )

and where Io'wo and 0 are as previously defined.

It is obvious that the peak amplitude at the beginning of
the line (LHS ) is greater than at the end (RHS ) and thus in
order to ensure that the scanning on the RHS reaches the edge
of the screen, overscan results on the LHS ( see Appendix 5A
for more details) and once again the phase (0) is set to zero.
This gives a more concrete form for the above equation:

where xg(max) is as previously defined.

Hence at the RHS of the screen:

i H(x=l) = xg(max) as required,

and at the LHS of the screen:

i H(X=-I) = e 2a xg(max)

This current form was then substituted, in place of the
previous current relation, into the model (see fig 5.2.3.1)
and hence into the pre-correction processing algorithm (see
page 69). The test system was switched from its previous
configuration to the "no correction" setting (option 4 , see
section 5 . 2 . 4 above) and, when viewed on the display, the
results of pre-correction were seen to be, once again, quite
good (displayed image had good geometry, see photo 15).

However, it was noticed that once again just as in the
previous case, overcorrection was taking place on the LHS and
undercorrection on the RHS. Hence, it appeared time to check
if the boundary functions were resulting in the correct offset
so that the actual line-position at the point of zero line
deflection corresponded to the line position that gave x=o as
input to the model. After measurement, using the pixel
function in the ISP display system, it was found that the
centre of the physical screen corresponded to the location
(493,578) (for a 1024 pixel * 1152 line image) in the image
structure instead of (512,576) as had been assumed.
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The boundary functions h" h2 and h3 were altered to take
account of this:

h, ( x out ) = X = [ x out - 493. 0 ] / 531. 0
h 2 ( Yout) = y = [ Yout - 578. 0 ] / 576. 0

h3 ( x' ) = x in = [ x' * 531.0 ] + 493.0

This resulted after pre-correction in a further improved
display image, which had almost no residual distortion left in
it. The LHS and RHS were symmetric and the edges were almost
completely straight (see photo 16).

5.4 The Video Processing

5.4.1 The Video processing Environment

The video processing environment in this chapter
corresponds to the same one as described in the previous
chapter (chapter 4) for the 66 FS case. In the case of the 86
WS processing, all pre-correction processing was carried out
(on the VAX system thus) using the following standard as
output:

Pixels (active)
Lines (active)
Interlace Factor
Line Rate
Field Rate

1440
1152
1:1
62.5 kHz
50 Hz

However, there was a problem when it came to displaying
this actively on the display system (ISP), namely the hardware
bus in that system couldn't deliver output pixels to the D/A
above a rate higher than 81 Mhz (whereas the above standard
requires a 108 Mhz video rate), resulting in 1080 available
active pixels. Furthermore, the ISP at this video rate, had
problems creating the necessary accompanying sync signal. The
result was that more active pixels had to be sacrificed in
order to maintain the 81 Mhz video rate combined with the
required sync output. Thus the display standard was:

Pixels (active)
Lines (active)
Interlace Factor
Line Rate
Field Rate

1024
1152
1:1
62.5 kHz
50 Hz

Hence, all pre-correction processing (on the VAX) was
carried out on the first 1024 pixels on a line, centred on
pixel 512. The display settings were adjusted so as to achieve
edge-to-edge scanning with these 1024 pixels. The geometric
pre-correction processing itself, was the same as that for the
66 FS in form. However, in this case only one component
(luminance Y) had to be processed. The other peripheral
processing required to convert from the input and to the
output video standard, to and from, respectively, the geometry
corrector, was the same processing as used for the same
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purpose in the 86 WS NS correction programs.
Apart from these dissimilarities, all processing and

storage was carried out in the same VAX environment as in the
previous cases, using the same display system (ISP), under the
same (single-user) operating conditions, to display results on
the displays for evaluation.

5.4.2 Filter optimisation

At this point, the possibility of reducing the filter
load, was addressed just as it was in previous chapters.
Initially, positionally perfect, PCC and linear filtering,
were both used. However, because the geometrical correction is
now obviously non-linear in the horizontal direction, it
cannot be claimed that filtering is guaranteed to eliminate
alias in the direction of the filter, at all points and times
(i.e. the compression rate can be locally so high at a
particular image point, that the frequency of the video which
occurs there, for a given image, lies above the output nyquist
rate). However, this is truly a case of "seeing is believing".
In other words, the safest option is to test using as input
the demanding picture most frequently encountered in practice:
the Test Circle, and to view the results on the display
itself. The same simplifications (and for the same reasons)
were tried out, for the 86 WS EW pre-correction filtering, as
were tried in the previous chapters for the pre-correction
f iltering used there. However, in stark contrast to the EW
precorrection in the 66 FS case (where an 8 filter set {PCC or
Linear} was sufficient, see chapter 4), in this case the 86 WS
needed at least a 16 filter set (PCC type) or, a 32 filter set
(Linear type), to give acceptably alias free output (see
photo's 17-19 inclusive as regards 'jaggedness' artefact and
photo's 20-22 inclusive as regards alias artefact)! The most
obvious possible explanations for this change are:

(1) The pixel width on the 86 WS (0.77 mm/pixel) is
physically slightly larger than for the 66 FS case
(0.75 mm/pixel), hence the actual physical sub-pixel
accuracy afforded by a given filter set size is the
same or even slightly diminished.

(2) The 66 FS tube has a shadow mask and this reduces
light output by a factor 5. Hence, to get a
reasonable light output, 5 times so much beam
current is required and hence the spot grows
considerably in size and this serves as much
improved post-filter than the high-resolution
maskerless 86 WS spot!

(3) Regardless of the performance of one spot, the three
spots (RGB) are by nature most defocused and
misconverged in the corners, where precorrection and
distortion are maximum. Hence, the filtering effect
is increased conveniently where it serves best. The
86 WS, on the other hand, is monochrome and hence
there is no convergence needed and the spot focus
can be optimised (i.e. only one spot with one
deflection arc length). Thus such filtering effects
as present in the 66 FS case are not present in the
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86 WS case.

In support of the first point above, compare this
situation to the case of, as previously encountered, NS pre
correction on the same tube, where for 1152 active lines, an 8
filter set was sufficient. However, 10% EW pre-correction for
1024 pixels on a 16:9 tube is physically equivalent to 10% NS
for 576 lines, and thus it is therefore important to remember
that 14% NS couldn't be reproduced without 'jaggedness' (see
chapter 3). This question can be best answered, when the
promised display system upgrade comes, allowing 160 Mhz and
thus >1440 pixels per line. If this the explanation, then the
number of filters in the required set should drop back to 8 or
less.

5.5 Aspects concerning Imp1ementation

Implementation of this pre-correction follows the same
rules as in the previous chapter (chapter 4). In fact, the
same circuit can be used as suggested there (f ig 4.4.1). In
this case, the correction circuit block in that circuit is
implemented using a circuit based on the model developed in
this chapter (see fig 5.2.3.1). The entire correction process
(boundary functions plus model) can be programmed into an IC
(e. g. a PROM) as a set of input-output relations, for all
visible displayed positions. It can also be implemented with a
mixture of fixed (look-up) devices, for some blocks, and more
dynamic hardware for other blocks. This gives it a more
flexible nature. However, taking the circuit one step further
and using the structure given by the model, and using the fact
that tube/coil and current relations are separable, an
alternative correction value generator based on the model as
shown in fig 5.2.3.1 is realisable (fig 5.5.1). In this
circuit realisation, the deflection blocks plus their
associated input boundary functions have been replaced by two
current samplers.

The most interesting aspect is that direct scaled
versions of the actual horizontal- and vertical-scanning
currents are used in the model in the place of the old static
model deflection blocks. The pixel and line signals are used
to clock-in a new sample value of horizontal and vertical scan
current respectively . This gives a great advantage over the
previous correction circuit in that this circuit carries out
dynamic correction. The correction carried out adjusts to
follow the actual deflection currents, making it very suited
to a multi-standard and non-standard display environments, for
example.

Furthermore, another danger of the previous form, namely,
vUlnerability to time-drift of the deflection, is avoided as
the actual currents are inherently followed by the corrector
circuit, up to the limit of its control range. The tube/coil
data is held in a fixed device (such as an ASIC or PROM) and
each tube/coil set type requires its own set of coefficients
(or input-output relations).
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The rest of the circuit complies with that given in
chapter 4 (fig 4.4.1).

5.6 Using the Model in another correction method

5.6.1 Outline of the method

In this section, a brief description will be given of how
this model can be successfully translated to a different
method of correction. The method of correction used is
generally termed "timebase modulation" (TBM) (29] (30], and it
is a correction of the timebase of the existing input video
instead of interpolating new video, as had been done up to
now. Here, the concern is only to show that the model is
translatable and the detail of how such a system can be
implemented can be best found in the reference «(30]) given
above. In short, the horizontal distortion is corrected line
for-line, by only clocking a given horizontal video position
out to the CRT when the beam has reached the right position on
the tube. If this is done so as to ensure that, for all lines,
one linear relation links horizontal output screen position
and horizontal input video position (time) then the output
picture will have good geometry. So a correction signal is
applied to a clock signal which is. applied itself to the
output of a LM (line memory). The incoming video is clocked
uniformly into the LM. In this way, the video is "held back"
in the memory until the beam is at the right position on the
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screen. Thus, the precorrection takes the form of varying the
clock frequency to the LM output, in response to the correct
screen position input. The output of video from the LM must
also be prevented until the beam reaches the left-hand side of
the screen from out of the overscanning, which results from
the distorted scanning raster. Thus correction takes the form
of an output start delay, followed by a frequency correction
thereafter.

5.6.2 Model conversion

The model must be converted to yield the modulation for
the output clock and the delay signal.

The question of the modulation is dealt with first. It is
noted that the x input of the model is also equivalent to the
horizontal line time as previously stated. In this case, it is
convenient to stress that aspect and so it shall be referred
to as the "t" (time) input. This input is still directly
related to the output line position (x~t)' just as previously,
via the h, boundary function. The position of an element in the
incoming video, whose timebase is changed by the
precorrection, is referred to as "X". Now, the key point is
that, in a geometrically good picture, a linear relation
exists between output screen position and the input line
position (i.e. x'=x).

The model functions must now be considered. First of all,
it is noted that distortion takes place in the horizontal
direction only, hence on every scan line (a given yg)' both Y
and ygremain constant. Thus, on a given scanline, the relation
f, ( xg , yg ) degenerates to a function in xg only, say f,y( x g
), a I-dimensional function thus. This function can be made
directly from the 2-dimensional f, polynomial function in the
model by firstly grouping all polynomial coefficients together
according to their power of xa. Then, a new set of coefficients
(dependent on y) are formea for each power of xg in the
polynomial, giving a function which for each given yg (i.e. a
given scanline) becomes a different polynomial in x~ only. The
model contained distortion terms up to order 6 ana hence the
tube/coil function has the form:

f,y( xg ) = a*xg + b*xg
3 +c*xg

5 + d*X/ = x'

where a,b,c and d are variables in yg only.

Its derivative wrt to xg' when Yg is fixed, is thus:

d( f ,y( xg » /dxg = a + 3b*xg
2 +5C*X

Q
4 + 7d*xg

6

= df,y ( xg ) ( say)

and is thus known if the coeff icients in the original
model function are known!
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The horizontal deflection relation (now t mapped to x g) is
by definition a one-dimensional function and has the same
structure as f 1 as discussed previously, hence by analogy:

xg = g10( t ) = e*t + f*t3 +g*t5 + h*t7

where e,f,g and h are constants.

Its derivative wrt to tis:

dXg/dt = d( g10( t » /dt = e + 3f*t2 +5g*t4 + 7h*t6

= dg1Q( t) (say)

The frequency at the line memory output determines the
video rate and this is the rate of change of input video
position wrt time, or mathematically dX/dt.

Hence, if geometry is good dx/dt = d(x')/dt and this can
be determined from the model as being:

d(x')/dt = d( x') /dxll. * dXg/dt by the chain rule
= d(f1v ( xa })/dxa * dxa/dt from above
= df,y( xg -) * dg;o( t J
= df,y( g1Q( t ) ) * dg,o( t )
= f 3y ~ t) (say)

Thus, summing up:

d(x')/dt = f~( t )

Thus, when displayed image geometry is good (x'=x):

dx/dt = f 3y ( t )

where f 3 is a composition of functions either, contained
in the driginal model or, derivable from the coefficients
of those original functions.

The quantity dx/dt "is by definition the video rate (i. e.
the rate at which video is supplied to the CRT gun from the LM
output). Hence, this is a normalised form of the actual clock
frequency required at the LM output when a geometrically
correct image is desired! Thus, with a suitable scaling factor
the normalised dx/dt can be applied as a voltage to a voltage
controlled oscillator (veo) , the output of which is used as
the video output clock for the LM and this will give a
geometrically correct picture, providing the initial delay
before the first pixel is clocked out is correct. Obviously f 3
is different function in t for each y and can be changed to an
explicit 2-dimensional form (i.e. f 3 (t,y) ) if desired (for
example using a numerical fit!).

The old model itself gives directly the information
needed to create the correct normalised initial delay before
any output from the LM is allowed, namely, the output must
begin, for any given line, when the beam reaches the IJIS of
the active screen from out of the initial overscanning, in
other words when x'=-l. Thus, functionally, a comparator is
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placed at the output (x') of the original model, which goes to
the FALSE state when x'>-l. The output of the comparator
(which is an output of the translated model) is then used to
gate the modulated output clock for the LM, and allows the
clock through when the comparator output goes to the FALSE
state. This operation is performed once for each display line
at the beginning of the output display line. Thus, the delay
control signal (d) can be modelled as a function in x and y,
say D(x,y), with a logical output, such that:

D(x,y) = { if M(x,y)=x'<-l then TRUE else FALSE }

Hence the model gives all the information required to
generate the output clock and the delay signal, for all
display lines, together with the two previous input boundary
functions and a new output one, which scales x' to the veo
control voltage requirement (fig 5.6.2.1).
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Fig 5.6.2.1

5.6.3 Simulation of the method

Having produced this model, one must simulate it in order
to check it. This was done using the DVI system already in
existence. Hence, the output frequency correction had to be
converted back to a positional correction. Note, for the
timebase modulation system, the correction output was:

dx' = d(x' )/dt = f 3y ( t )

Now, it has been noted that in the above analysis the
horizontal input time was t. However in the DVI system this is
related to the x input of the model. Similarly, the X" output
of the model in the DVI system points at the required position
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in the input line, if the display geometry is to be correct.
Hence, for the DVI approach the above equation becomes:

dx ' = f 3y ( x }

and then by integrating wrt x:

x' = if~( x } + constant

where if3y is the integral of f 3y wrt x.

Now, for any line, no positional shift is required on the
y-axis. thus for all y x/=O at x=o and hence:

x I = if3y ( X ) - if3y ( 0 )
= f~( x} (say)

This function can be
dimensional form if desired,
giving:

converted to an explicit 2
just as indicated above for f~,

for the horizontal
the data provided,
were laid down in

This is the model function that must be used, instead of
the old model for generating precorection (together with the
boundary functions) in the DVI simulation of "timebase
modulation". The translation of the timebase modulation
"delay" to the DVI simulation is trivial, in that it simply
becomes the old "blank output video if Ix I I > 1" condition,
that already exists in the DVI system algorithm (see page 69).

5.6.4 Results of the simulation

DVI pre-correction simulations were carried out using
both the original model and then using the model derived from
"timebase modulation". In both cases the demanding Testcircle
image was used as video input. The output pre-corrected video
in both cases was displayed « on the horizontally distorted
scanning raster. The resulting images, in both cases were seen
to be similar orthoqonal images. The conclusion is, thus, that
both models are successful in pre-correcting the video. By
inference, the timebase modulation model itself must also be
successful in correcting for the scanning distortion. Hence,
it can be seen that the model can indeed be translated to this
other correction method, and still be used to generate the
required pre-correction, successfully.

5.7 Conclusions

It has been shown that a model
distortion process can be created using
satisfying the boundary conditions that
section (5.2.1).

Secondly, it can be seen that this model can be used to
give a very accurate result for pre-correction (especially in
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the model with respect to the
has been shown in its

timebase modulation method.

the case of the 86 WS horizontal correction). These
corrections are nominal in that no measurements were performed
locally to realise them model that produces them. Hence, all
the advantages listed in section 5.1 stemming from this can be
realised.

Equally, the dependence on go~d data can present a
problem, if as in the 66 FS case, it 1S not available. Hence,
good nominal correction has been shown for the 86 WS
horizontal correction, but 66 FS case still remains uncertain.

Another result is that a good model is still possible,
for the 86 WS case, even if the number of polynomial
coefficients is limited.

The model is usable for in a digital video interpolator
for geometry correction as in the previous chapter.
Furthermore, the basic model has been shown to be adaptable
for use with real-time scaled horizontal- and vertical
currents, in such an implementation, allowing the correction
to take on a more dynamic nature, with all the benefits
thereof.

Finally, the flexibility of
actual implementational form,
applicability to the alternative
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6.0 Conclusions and Recommendations

In this chapter, the main conclusions are presented that
can be drawn on the basis of the work performed. Firstly,
(section 6.1) the outcome of the NS (North-South) video
precorrection stUdy is dealt with and then ( section 6. 2) a
review of the results of the EW video precorrection stUdy is
given. Following this (section 6.3) , the global
recommendations and the future options for usefully extending
the study are given. Finally (section 6.4), the main points
made in this chapter are summarised.

6.1 Results from the NS correction stUdy

4 main conclusions emerged from the study with respect to
the NS video precorrection studies (as outlined in chapter 3)
on the 86 WS system:

(1) The geometric accuracy of the precorrection that can
be achieved is very satisfactory.

(2) Interpolation based on I-Dimensional filtering
proved sufficient in the case of 1152 display lines,
but not in the case of 576 lines.

(3) Filtering can be considerably simplified without
sUbjective loss in image quality. This is certainly
true for the 1152 line case where, 8 linear filter
sets with 3-bit coefficient accuracy, were
sufficient to maintain image quality.

(4) Implementation is possible, but the unavoidable
additional set cost entailed in any implementation
(due to the necessary partial field store), make
implementation unattractive, at the present time at
least.

Hence the general conclusion can be drawn that NS
precorrection can be performed satisfactorily on the 86 WS
screen with the use of a 1152 display line structure, in
situations where the extra cost is regarded as being
acceptable. The situation with regard to 576 display lines is
quite different. Here, the geometrical correction is still
good, but the coarser nature of the display line structure,
allows diagonal artefacts not filtered out in the
interpolation, to be observed. This point needs (and is
currently receiving) further study (see recommendations).

6.2 Results from the EW correction study

4 main conclusions also emerged from the study with
respect to EW video precorrection (as outlined in chapters 4 &
5) on the 86 WS and the 66 FS systems:
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(1) Reasonable geometric correction is achievable using
linear scaling alone on the 66 FS system. The
internal raster distortion which remained could be
reduced by making the assumption that the s
corrected current form gave perfect geometry on the
middle line. However, on the 86 WS the best results
were obtained using the actual tube/coil distortion
information. Here, the geometry was very
satisfactory indeed.

(2) 1-0imensional filtering proved itself sufficient in
the case of the 720 pixel, 576 display line, 66 FS
system. Filtering could, once again, be considerably
simplified. In this case, 8 linear filter sets with
3-bit coefficient accuracy, were sufficient to
maintain image quality. However, considerably more
filter sets (32 linear sets) were required to
maintain picture quality in the case of the 86 WS
tube which has no shadow-mask where a display
scanning structure of 1024 pixels and 1152 lines was
used.

( 3) However, one of the most important aspects was the
emergence of a model, which not only gave the extent
of the distortion but, it also simultaneously gave
the required correction function. It has been
successfully translated to 2 different correction
mechanisms (OVI and TBM), for the 86 WS case.
However, the dependence on good tube/coil data is
obvious from the lack of success using this method
combined with inaccurate data on the 66 FS system.
Furthermore, the number of polynomials required to
generate a good correction (in the 86 WS case
anyway) has been found to be quite low (4-6
depending on how exact the geometry must be).

(4) Quite significantly, and in contrast to the North
South case, implementation has been shown to be
feasible, and a schematic is present for one such
implementation. Furthermore, a number of options for
the correction generator to be used with the circuit
are presented. Initially, a static "measurement
based" one is presented in chapter 4. A more
flexible static corrector along with a dynamic
alternative are presented in chapter 5. These
circuits can be built for any given geometric
accuracy requirement and each realisation has a
different circuit cost and correction flexibility,
attached to it.

Hence the general conclusion can be drawn that EW
correction can be performed satisfactorily on both the 66 FS
and the 86 WS screen. However in the 86 WS case the filtering
requirement, remains rather high (32 sets). But, as far as
correction methods are concerned, which correct for geometry
in the video by means other than by interpolation, this is not
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a problem. Hence, the model can already be directly used at
the present (if so desired) to develop a correction for an
implementation of such a system, whose performance will be
acceptable.

6.3 Recommendations and Future options

Now that the conclusions resulting from this work have
been presented, the recommendations and the options for future
work stemming from them can be made:

(1) Investigation of the "diagonal" alias persisting in
the displayed corrected 576 line image in the case
of the NS precorrection on the 86 WS system should
be carried out. The information gained from this
study can also probably be applied to the case of EW
correction on the 86 WS system. In particular, it
requires to be seen if the 32 I-dimensional linear
filter set can be reduced to something, more
compact, in two dimensions.

(2) An investigation should be done to see if the moae~

for the EW distortion could be used together with a
technically and economically feasible correction
mechanism, in order to arrive at a prototype
implementation.

(3) In any case, on the basis of the schematics
presented here and the work already done here to
define the precorrection algorithm, study should be
carried out to see if a realisation for NS and/or EW
video precorrection in a Digital Video Interpolation
format can be made. This is above the cost level of
present TV sets but is relevant to the sort of set
architecture that will be present in display systems
built to display signals with HDTV quality.

(4) One could even go so far as to see if the EW and NS
precorrections are, in some way, combinable and
investigate the possibility to see if a tube/coil
system designed with PC ( "pincushion" ) distortion
could not be corrected using these methods.

Clearly, point (1) above is one of the major problems
remaining to be resolved. Preliminary study, indicates that it
might emerge from the fact that the interpolation filtering is
I-dimensional. Various options are open to tackle it: (a)
video pre-filtering (i.e. band-limit the input), (b)
incorporate this pre-filtering function into the interpolation
filter, and (c) make the interpolation truly 2-dimensional.
The outcome of this study has considerable consequences. For
example, system complexity, remains relatively unchanged, as
long as the pre-filtering occurs in the same direction as the
interpolation. However, when prefiltering takes place
involving pixels from neighbouring columns then the situation
becomes more complex. However, even in that case (2-
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dimensional filtering), there are differences in complexity.
The most simple case involves using separable filters, where
essentially one I-dimensional filtering unit (say ALU or PROM)
can be used serially to perform the 2-dimensional filtering.
The complexity however really increases when true non
separable filter functions must be carried out. This study is
still being carried out, and hence it is still too soon to
declare the results.

6.4 Conclusions

Thus, in the first 2 sections of this chapter the results
of the work done to date are summed up while in the previous
section the potential topics for continued or even future
research are given. In closing, it must be said that while no
system has yet been built, the likelihood that such a system
will be built have been increased as a result of these
studies.
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photographs:



Photo 1: Input Test Circle (1250 line by 1024 pixel) on
normal CRT (reference geometry)

Photo 2: Input Test Circle (1250 line by 1024 pixel) on
NS test display (NS distortion)



Photo 3: NS-precorrected Test Circle (1250 line by 1024
pixel) on normal display (i.e. the form of the
precorrection wrt an orthogonal display basis)

Photo 4: NS-precorrected Test Circle (1250 line by 1024
pixel) on NS test display (compare to photo 1)



Photo 3: NS-precorrected Test Circle (1250 line by 1024
pixel) on normal display (i.e. the form of the
precorrection wrt an orthogonal display basis)

Photo 4: Ns-precorrected Test Circle (1250 line by 1024
pixel) on NS test display (compare to photo 1)



Photo 5: NS-precorrected Test Circle (625 line by 720 pixel)
on NS test display

Photo 6: Zoom of NW corner of photo 5 (shows 625-line
artefacts 'jagged lines' more clearly)



Photo 7: Zoom of NW corner of NS-precorrected Test Circle
(1250 line by 1024 pixel) on NS test display (i. e.
zoom of photo 4)

Photo 8: Zoom of NW corner of NS-precorrected Test Circle
(1250 line by 1024 pixel), with only a set of 2
interpolation filters to choose from, on NS test
display



Photo 9: Zoom of NW corner of NS-precorrected Test Circle
(1250 line by 1024 pixel), with only a set of 4
interpolation filters to choose from, on NS test
display

Photo 10: Zoom of NW corner of NS-precorrected Test Circle
(1250 line by 1024 pixel) , with only a set of 8
interpolation filters to choose from, on NS test
display



Photo 11: NS-precorrected Test Circle (1250 line by 1024
pixel) on NS test display with only a set of 8
interpolation filters and 4-,3-,2- and I-bit filter
coefficient accuracy in the NW,NE,SE and SW
quadrants respectively

Photo 12: Input Test Circle (1250 line by 1024 pixel) on
EW test display (EW distortion)



Photo 13: EW-precorrected Test Circle (1250 line bv 10/.4
pixel) on EW test display (compare to photo 1)

Photo 14: Input Test Circle (1250 line by 1024 pixel) on
EW test display with current linearity correction
disabled (EW and Linearity distortion)



Photo 15: Linearity- and EW-precorrected Test Circle (1250
line by 1024 pixel) on EW test display with current
linearity correction disabled

Photo 16: Linearity- and EW-precorrected Test Circle (1250
line by 1024 pixel) on EW test display with current
linearity correction disabled (using modified
polynomial relations and applying horizontal offset
correction)



Photo 17: Zoom of NW corner of photo 13 (showing remaining
artefacts)

Photo 18: Zoom of NW corner of EW-precorrected Test Circle
(1250 line by 1024 pixel) on EW test display, with
only a set of 4 interpolation filters to choose from
(compare to photo 17, increase in artefacts)



Photo 19: Zoom of NW corner of EW-precorrected Test Circle
(1250 line by 1024 pixel) on EW test display, with
only a set of 32 interpolation filters to choose
from (compare to photo 17)

Photo 20: Zoom of centre of photo 13



Photo 21: Zoom of centre of EW-precorrected Test Circle
(1250 line by 1024 pixel) on EW test display, with
only a set of 16 interpolation filters to choose
from (compare to photo 20, increase in alias)



Photo 22: Zoom of centre of EW-precorrected Test Circle
(1250 line by 1024 pixel) on EW test display, with
only a set of 32 interpolation filters to choose
from (compare to photo 20)
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APPENDIX JA: INTERPOLATION FILTERS

In this appendix, the formulas and form of the various
interpolation filters are given. These all meet the
specifications required of an interpolation filter as already
mentioned in section 3. The filters are:

I
2
3
4
5
6
7

Parametric Cubic Convolution Filter (PCC)
Linear Filter
Cosine Rolloff Filter
step Filter ('Nearest Neighbour')
Truncated Sinc Filter
Truncated Sinc Filter
Windowed Sinc Filter

4-tap
2-tap
2-tap
I-tap
4-tap
lo-tap
4-tap



1. PCC filter

hex)

]\
-s -4 -3 -2 -1 0 1 2 3 4 5

pee Filter (4-tap)

x

This filter has the following output formula wrt to 'x',
the normalised spatial coordinate in the input:

hex) = {
{
{

1 - (a+3) Ix\2 + (a+2) \x1 3
•• if abs(x) <=1}

-4a + 8alx - 5alxl2 + a xl 3 •• if 1< abs(x) < 2}
o •• if abs(x) > 2}

In most applications, it has been found that a=-O.5 gives
the best results, and was thus also chosen in this case.

2. Linear filter

hex)

11\
-5 -4 -3 -2 -1 0 1 2 3 4 5

Linear Filter

x

This filter has the following output formula wrt to 'x',
the normalised spatial coordinate in the input:

hex) = {
{

0.5 - O.5!x\
o

1

if
.. if

abs(x) <=1 }
abs(x) > 1 }



3. Cosine Rolloff filter

hex)

-5 -4 -3 -2 -1 0 1 2 3 4 5

x

Cosine Rollott Filter

This filter has the following output formula wrt to 'x',
the normalised spatial coordinate in the input:

hex) = {
{

0.5 + 0.5 Cos( nx )
o

if -1 < X

if abs(x)
<=1 }
> 1 }

4. step filter

hex)

1rlt-

X
-s -4 -3 -2-1 0 1 2 3 4 5

Step Filter

(nearest neighbour)

This filter has the following output formula wrt to 'x',
the normalised spatial coordinate in the input:

hex) = {
{

1.0 if -0.5 < X < 0.5 }
o .. if abs(x) > 0.5 }
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5. Sine filter 4-taps

hex)

x

- 5 -4 - 3 - 2 -1 0 1 2 3 4 5

Sine Filter C1-tap)

This filter has the following output formula wrt to 'x',
the normalised spatial coordinate in the input:

hex) = {
{

Sin(~x)/(~x) if -2 < X < 2 }
o .. if abs(x) > 2 }

6. Sine filter IO-taps

hex)

x

- 5 -4 - 3 - 2 -1 0 1 2 3 4 5

Sine Filter CiO-tap)

The window function is based on the 5 unit width of the
filter. This filter has the following output formula wrt to
'x', the normalised spatial coordinate in the input:

hex) = {
(

Sin(~x)/(~x) if -2 < x < 2 }
o .. if abs(x) > 5 }

3



7. Windowed sine filter lO-taps

hex)

-5 -4 -3 -2 -1 0 1 2 3 4 5

Windowed Sine Filter

(10-tap)

x

This filter has the following output formula wrt to 'x',
the normalised spatial coordinate in the input:

hex) = { O.5( Sin(ffx)/(ffX) )( 1+COS(ffX/5) )
{ 0

4

if -5 < x < 5 }
•. if abs(x) > 5 }



APPENDIX 3B: GRAPHS OF NORTH-SOUTH DISTORTION

(i) 86 WS Test System, Screen Top
(Figure 3.3.2.1 A)

(ii) 86 WS Test System, Screen Bottom
(Figure 3.3.2.1 B)
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APPENDIX SA: PRACTICAL HORIZONTAL DEFLECTION CURRENTS

In this Appendix, an analysis is made of the basic
current forms encountered in practical deflection circuits.



Practical horizontal deflections have the effective
circuit shown in the diagram below (fig 1) during the active
scan time. The configuration changes during flyback but that
does not concern us here except to note that this
configuration change allows energy to be put into the circuit.

Cs

Fig 1

I
- I

Leol II
I
I
I
I

Rcoi I :
I

I

jICOil~.

The function of the linearity coil (Llin ) is to ensure
that only symmetrical distortion appears in the current. By
approximation, at the normal horizontal line scan frequencies,
this is effectively a tuned circuit, with resonant frequency
wo:

_ ( 1/2
Wo - 1/ L eoH Cs )

which yields the following current relation:

iH(x) = I o Sine wox + 0 )

where iH(x) is the horizontal current at horizontal scan
time x,

and where I o is some constant whose value is related to
the maximum magnitude of the current required to
reach the left or right edge of the screen. This
amplitude is set by the energy pumped into the
circuit from the outside during the flyback time,

and where Wo is the resonant frequency of the tuned
circuit as given above,

and where 0 indicates the phase shift between current and
the chosen reference timebasis x.

If however the linearity coil is removed from the
circuit, a quite different situation arises (fig 2).
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Cs

~t" ) = Vb

I

IrCOil f·
,
I
I
I
I
I
I
I

leo i
_J ---l

r-

I

Lcoi I:
I
I
I
I

Rcoi I I
I

Fig 2

In this case, the circuit behaves as a damped resonant
circ~it wher~ '"-ue energy l.ost during the scan time is
compensated from outside during flyback of the circuit. The
amount of damping can be quantified by the dimensionless
damping factor k , and this is inversely proportional to the
quality factor 0 of the coil. Numerically:

Q = ~arallel (Cs/Lcoit> 1/2 (by definition)

where ~aral~el is the resistance in parallel with the tuned
c1rcu1t,

and where 0>7 or so [1],

where Rseriel\ is the resistance in series with the tuned
circu1t,

In this case (86 WS):
Lcoi l = 150 e-6 H
Cs = 330 e-9 F

=> wo = 1.42 e+5 Rad/s

now Rseries = Rcoil = 0.266 R

=> Q = 80.151 (and Q » 7 hence above formula is valid)
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Damped resonant circuits have 3 possible modes of
behaviour [2] depending on how damped they as indicated by
the value of k which is related to the Q factor by:

k = 1/(2Q)
These three modes are:

k<l underdamped
k=1 critically damped
k>l overdamped

In this case k = 1/(2*80.151)
=> k = 6.2383 e-3

Hence, the circuit is very much underdamped (as it should
be if it is to operate as a deflection!). Now, for such
circuits the general time solution is [2]:

iH(x) = 1
0

[ sine wr?' + (2) ) + B Cos( wr?' + (2) ) ] e- ax

where B = k / ( 1 - k 2 ) 1/2

and where a = k Wo t l/2 (the factor t l/2 , the half
line scan time = 6.5 e-6 seconds, is necessary for
normalisation of the timebase to x = [-1,1])

and where w
d

= Wo ( 1 - k2 ) 1/2

Hence, in this case:
B = 6.238 e-3
a = 5.7633 e-3
wd = 0.99998 Wo ~ Wo (i.e the damping has no effect

on the resonant frequency)

Noting that B « 1 (i. e. the orthogonal cosine term is
negligible) then the solution can be simplified, in this case
to:

iH(x) = 1
0

[ sine wox + 0 ) ] e-ax

This was the formula used in the model in the EW
precorrection tests for the 86 WS system with no correction
made to current linearity in the deflection circuit.

3
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APPENDIX 58: CURRENT-(HORIZONTAL1POSITION-TIME GRAPHS

Plot of tube/coil, H-deflection and V deflection
characteristics given ideal inverse current assumption.

(A) X (current) vs. X(time) [86 WS]
(B) X~(position) vs. x~(current) for y=O,l [86 WS]
(C) X'(position) vs. Xltime) for y=O,l [86 WS]
(D) X'(time) vs. X' (position) for y=O,l [66 FS]
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