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Focusing .

Berthold Horn

This memo describes a method of automatically focusing the new
vidisector (TVC). The same method can be used for distance
measuring. Included are instructions describing the use of a
special LISP and the required LISP-functions. The use of the
vidisectors, as well as estimates of their physical character-
istics is also included, since a collection of such data has
not previously been available.
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Introduction: This memo describes the application of

a fourier transform method to the focusing problem. It

is assumed that the reader has some familiarity with
various modes of fourier transform. In particular use
will be made of certain similarities vetween the transform
of a function of a continuous variable and that of a
function of a discrete variable, since the discrete
transforms usually have much more complicated analytic
expressions yet have much the same behaviour. It «ill be
seen that the function 2*Jl(x)/x plays the same role

in the two-dimsnsional transform as sin(x)/x does in the
one-dimensional transform. It may te found that some of
design has pbeen spelled out in too much detail - if so
forgive those of us who have forgotten their optics and
would like it spelled out. The ordering of topics may
also be found to be unususal - it is an attempt to write
it such that forward references were not required. This
work is part of the work done towards a iasters Thesis

on the avplication of fourier transforms to image proceséing,
and comments would be appreciated. Finally, no guarantee
is given on the accuracy of the vidisector constants
reported herein - when more accurate values become
available they will be reported in the log-book(under the
monitor).




Purnose: Focusing is one aswvect of camera ooeration thaoi

is not usually automated (unlike exposurc time setting).
It was thus of interest to show th:t it is possible to
focus an ontical device automatically witn the sume do-
sree of accuracy acnieved by a human watching the picture
on a ground-glass screen (or in our case the moriitor).
The method described saows one of a numver of applica-
tions of the fourier transform in ima@é processing.,
Another goal is distance messuring without utilizinw a
stereo effect (thus avoidins the slereo mabtch sroclem).

Variations on the ITourier theme: The standsrd fourier

transform pair of & function of a continuous variatle can
be written as:
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This can be extended to functions of more than one dimen-
'sion, by allowing the transform to be a function of as
many frequency-variables as the original function is of
spaceé-variables.
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en Lue function depends on diccerete voriables rather
than continuous ones we wmoy use the discrele fourier

transform:
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This again may be simply extended to more than one dimen-
sions. In certain cases it is possible to celculste dis-
crete fourier transforms (DFT's) very rapidly by the me-
thod of fast fourier transforms (FFT) described in an &ap-
pendix.

Note that the DFT assumes a certain veriodicity in the
function:

o ((N+u)w) = olvw)

LN+ T) = -(("T)

%C(-Uw» )((N ~o)w)

£(-am) - N -x)T)

.

ie. both the function and its transform are periodic
functions of discrete variables. Another interpretation
useful in certain cases is that one of the two revresents
samples of a periodic frequency-limited function, the |
other one then is discrete but nonzero only over arn ia-
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The effect of defocusing an imase: Consider an imayre of

a plane perpendicular to the opticeal axie. Bach noint of
the object generszstes a point on the image with iptensify
proportional to the source point. When we insert a »Hlarc
perpendicular to the optical axis between tae image plane
and the lens we cut each cone of light (corresponding to
an image-point) in a circle. The intensity in each such
circle is again proportional to that of the corrssponding
source point, uniform across the circle and decreasing

D)

with the radius of the circle such that the totsl light
is constant. The new imape 1s thus the convolution of
the in-focus image and & little pillbox(whose height is

. +he squore o4 -
inversly proportional.to, its radius). This effect is
gzsier to describe in the frequency domain, siance convo-
lution in the space domain corresponds to multviplication
in the frequency domein. In other words the frequency
spectrum of the defocused image 1s that of the in-focus
image multiplied by the frequency spectrum of the pill-
box. This transform 1s found in an appendix to be 2
j,(&/:) /(&A where p is the frequency (in radians
per unit distanoe) in polar coordinates and R is the ra-
dius of the pillbox. ( I, is the Bessel-function of
order 1). Also shown in the eppendix is a cross-scction
throush this function (which is symmetrical about the
origin).




It will te seun that tﬂis function conblracts an R incroo-
ges (ie. the first zero crocning approsches the oricin)
and the offect of defocusing can thus be seen to be o 10—
duction of hich freouency components in & certain vay and
such that lower and lower frequencies are affected as we
~defocus more and more (ie. increasing R). Taking the

. fourier transform thus gives us a function in wnich the
effect of defocusing is easy to interpret. Various func-
tions of this transform can now ute used as funciions to
be maximised so as to obtain vest focus (w.r.t lens posi-
tion). A description of such a method is not complete
however without an analyéis of noise, since it is triviel
to focus in the absence of noise (for example by maximi-
sing the difference between the light-intensity at two
adjacent points on the retina corresponding to two points
close together on a part of an object which has other
than a uniform light intensity distritution). Noise ap-
pears in various ways in vidisector images, the most im-
portant appearing in an obvious way in the intensity
“values returned, caused by the statistical fluctuation in
~the number of photoelectrons generated at the area under
ponsidefation. The function of the fourier transform to
be used has to be designed as a compromise between ones
relatively free from noise and oneswith a narrow maximum
(in the absence of noise it is trivially possible to nrar-
row the width of a maximum as much as one pleases by rai-
sing the function to a high enough power).



Sensitivity: We would like to know what erior in dic-

tance nessurement is incurred by two kinds ol error:

o)
~

Limitations on determining correct focus due to
a combination of vidisector resolution limits
and noise.

b) Error in lens positioning.

We have a fixed object plane and & fixed image plane.

' The lens is moved about, ceusing the true imaze to form
somewhere behind or ocforé the image »plane. TFirst let us
find the change in. true image position due to a small
change in lens position:
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iext we would like to know what changme in image disvance

this corresponds to:
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Foeunain- function: Tefore continuing to an apalysic of

noice effects it will be necessary to describe the func-
tion veed in more detail. This is done with some hesi-
tancy since it is rather ad hoc, and many other cimnlo-
minded procedures would have been satisfactory. The
point is that the information is vresent in the fourier
transform in a 'convenient' form and the practical de-
tails. of the particulsr function used mis ¢

this fact. To get scme idea of how the murber of points
used, their spacing, nroise and resclution limits affect
the accuracy one nas to ve specific however (and also
make some drestic simplifying assuvmptions in the arithme-
tic).

"For each setting of lens position investigated, intensity
values are read for N points spaced uniformly T cms apart
along the circumference of a circle (the resson for
choosing a circle will bLe apparent later). We now per-
form & one dimensionel TFT on these points to obtain N

" frequency components (the reason for using the less
powerful one-dimensional approach will also be discussed

[}

vlatér). Next we form the power spectrum by adding th
square of the imaginary part to the square of the real
part at each frequency. One now sums all components
starting at some minimum. frequency M@ up to the centre
frequency (¥-1)w . The top half of the spectrum is not
used since it is merely a reflection of the lower half
(the transform of any real function has this symmetry
property).

To obtain some independence of chances in overall level
‘we have to normalise the result. Dividing by a e

i
value (eg. the DC or zero-frequeacy componeni) causes



reluative noise in the result of equal mopnitude as the

relative error in this sinsle value and is Lher
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advissble, Bmnirically it was found thst 'best' resultls
could be obtained by dividing by the sum of all terms ox-
cept the IC term(?_ero &vec}uev\ctj ‘\'e_rw\).

The prosram now proceeds to carry out this operation for
some ‘range of lens-settihgs, thus forming a functicn F
of lens-setting which has a noisy peak near optimum fo-
cus.

Sirnal to noise ratio: The main noise contribution to

the signal is czused by statistical fluctuation in the
number of photoelectrons emitted by the photocathode.

The video processor is so designed that the peak-signal
to rms-noise ratio increase by a factor of 2 for each in-
crease in the confidence level, by counting 4 times as

many electrons.

Sienal (Pesk)

Confidence level Noise (RLS) Photoelectrons
0 8 =z
1 15 ';:)_‘1
2 32 R

The vidio-processor is so built that this relative error
is the same for different levels of illumination, so that
the absolute error in a low value will be smaller than
that in a high value. It is convenient to assume however
that the error in all points is the same, and equal to
that in the point with the hishest invensity. This
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tisation error has a roughly uniform distribution. Ad-
ding many terms,. as we do in forming the transform, gi
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us a roughly saussian distvioution. Let f bs the purs

"signal and g a superimposcd noisc:
: -
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led [=DFT(4) awa 3= DFT(y)

+hew DFT (.(-f 3) = DFET (%) *—DFT‘(@)

Each g(vwﬁ is the sum of N independent vectors each with
varisnce o~ . N/P of these point in one of p directions,
T

(where p depends on the common factors of u and X). Th

(&)

sums in each of these directions, have mean zero arnd &
variance of po~. Decomposing these variations slecang the
real and imaginary axis we have:

r-!

' . v N ot .y
Real contributions r i P
Imsginary contribution jfi ~ y@?%}
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The resultant vectors thus have zero mean and variance
NI Since we divided by IN" in formiﬁg the DFT we
have to divide by N to get the variance in each of the
frequency components. The transform of such & noice sig-
nal thus has the same characteristics as the original
noise signal (ie. zero mean and variance & ).

We next have to consider the power spectrum:
. = — - ~ 13 ——
LT +35)" = 131 A5 4 20850

where —55(’ ve e comglex (o'p')uso:tq a(, ?3‘
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It can be assunad tnbt Lhe noisce power ‘%V.im small com-
pared to the sicgnal power Lﬁland the cross-term. This
cross-term thus is the mailn source of noige in the power
snectrum, it has variance \I’aﬁxzi . In formingm Uhe sunm
from N, vo (¥-1) we find the ratio of power of the value

so formed to its noise is:

~ Ny Ny - N/ =1
- . . .
;. - 2= LI %‘:\f)la?f?\f};(':-% 2, 7]

Dalv ot I ad i (3-)

S¢ = Fp X . x(%-\)X‘S;

WL\Qre Fl/Fz_ are tke vyatios (u H e a&eue 2y PARSICPa .

lﬁgzg: 1) The result is only epproximate and merely pre-

sented to give a clue as to what factors make for a good
'signal to noise ratio; the variation with N is particu-

larly important.

2) The form-factor F, depends on the image and is
approximately core for an image having a more or less flat
SPectrum,‘and is inversely proportional to N, for one
having a hyperbolic (l/u) spectrum. lost images lie
somewhere between these two extremes; an imare with a lot
of texture coming closer to tne first form, one witn a
single edge coming closer to the second. ¥, describes
how 'wobbly' \f} is above the minimum frequency N,w .
The other form-factor F. describes how much of the siz-
nal power is in the high-frequensy part (above N,w) of
the spectrum. It has a similar variation as F, , but
'is not as sensitive to small changes in an image.
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3) It is clear that one should try for a high sic-
nal to noise ratio in the image and besides using hiph
values of the confidence level ohe can help to achieve
this by averaging light intensities at each point over
more than one rcading. This was not found to be necces-

- sary (unlike such local operations as homogeneity deter-

mination where this is necessary to avoid missing small
changes in level between regions differing only slightly
in brightness). '

4) The last term in the product is in fact 5¢ since
the sum of sqguares in the transform is egual fo the sun
of squares in the original function and since the trans-
form is syﬁ@tric.
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Midth of the ““VHFP” ]:1 l“o focwﬁﬁrn‘ furct*on pT 1‘ﬂ

width b2 vhe dlst nce b t\>on two 001nuO on Lﬂo curvn 5t
vhich the function raesaches VT of its maximum value., IT
L(KTﬁ i3 the intensity function when the true imape
falls on the imare-plane, o(xT,R) the Bessel-defocusins
unction with R the radius of the circles corresponding
to each in-focus image point. We have to find two values
of R s.t:

N/ ~\ WA -\
Z qf(xﬁx%CxT P\B/Z &(x‘ﬂ - VD

Since its such a pain to do arithmetic on the Incompatable
Time Sharing System (ITS) and since we only need approxi-

‘mations, we only have estimates for R:

—

. ~

Zﬁéé}H-& = N, * = for a 'flat' spectrun

- N n 4 - L ee]

%-ﬁl . _\\: =N, + 3o hyperbolic spectrum
, ‘ . 3832 Y o . y
For N large (&. near &): Ro= 2, - ()

In practice however we kKeep N,small so as to give us high
form-factors in the signal to noise expression and we do
not have 'flat' spectra. Dmperically it is found that
one can achieve a width 1 to 2 times the above ideal case.
Tt is clear that the choice of XN,is one place wnere one
can trade off signal to noise ratio versus widthz of the
maximum. Cleerly also the width depends on the relative
high~-frequency content of the intensity function: 1t is

_easier to focus on a line (two edges) than on a single

edee and it is very eassy to focus on say newsnrint or
coarsely textured materlal It would seem at first sight
taat one could improve matters without limit by cdecrea-

sincs T. Intuitively however we know that one cannot ex-
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to et nuch imorevenent once T is sualler than the

ne

O

resolution limit of the instrument. So we neced next to
concern ourselves with this kind of limitation in the vi-

disector.

Listortions: All optical instruments have certain limita-

tions (11 only to preserve our belief that one cannot
obsarve nature exactly - whatever tunat means). Some of
the distortions are mlobal in charact

er
cushion distortion and sphericsl d1stortion) and do

g not
concern us here.  Other distortions sre »ore easily Ges-
cribed in terms of local efiects (en diffractiovn). Theae

distortions act in a similar way to defocusing in thst
they take each point of the image and 'smudge' 1t over
luS eighbourq. The smudged imege then is the true

;ma ~e convolved with some function which is large only in
a small area nesar the origin. The shape of this little
'hill' depends on the distortvion under discussion, for
diffraction it is 2 * D, (Kx3 /Cex) . The scale factor R
is (T/A)x(2/%) (- vavelength of light, f-focal
lensth of lens, a - dismeter of 1eﬁs). By the well knoun
duality of transforus we can immediatly conclude that the
effect of diffrection is to multiply Tthe image spectrun
by & pillbox of radius (1AN)(a/€) . Diffraction thus
nas the effect of ’ow— pass filtering the signal. The
maxinmvm frequency passed with N=Sot0 h and a numerical GRotchals
ture of 4 is 2500 cycles/cm. The well known prenomena of
resolution limits in telescopes and microscopes are dug

"to exactly this.

4 lareer effect in our cnee is due to the vidisector. It
operstes by allowing photoelectrons frow the ﬁnouoc thode

vo fall on a p;nhole (aﬂnrox1 wate diameter 0.C05 cm).
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Tho o emorming on the othor side ar2 counued, The morno—

tiec Tield ip the tube selcets the narticular circular
arna of the vhotocathode from which theose photoelectrong
oma. The effect ic thus scen to be identical to that of

defocusing., In nractice however varjous other effects

set in, causing electrons from the outside arca to be

h

counted and the loss of som= of the electrons from inside

this area. In other words we have ‘'smudpged' the imrsy

not by a pillbox but a smoother, larzer 'hill'. The size

and shape of this hill depend critically on the adjust-

“ment of the vidisector. To get some idez of the effect

this new 'smudging' has, we will assume that the 'hill?
has a gaussian shape, ie.:

¢ L

+(r,e> = k_a’ L(—E’:)\.

VxR v BT
Looy) = \c.e—-"('p*) . e’.i( )

transforming we getl:
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The radius of the gaussian 'blod' before trsnsfornation,
- (out to where it hes '/{2' of its maximum value) is .233 R

the radius of the gaussizn 'Dlob' in the fregquency do-

main ise .83y SR, Bxperimentally it is found that thre
vidiseetor had a halfpower frequency 4; of 20 cycleS//
cr (when adjusted — even slizhtly out of adjustment the
cut-off frequcncy Arons considerably). Tnis corresponds

v
to a 'blob' widtan of 0.00% cm, which indicates that
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points have to bLe at lesit 0.015 cm apavrt to be reasons-

tly independent.

A knowledre of 4; allows us to choose reasonable values

for T. The maximum frenuenoy appearinz in the transfowrm
. [N N ) . .
is 7 %35 ZF . It is apparent that there is no point

. i
in making T sc¢ emall that 35 >7 4. (or else many of the
high-frequency terms in the transform will always Ue n=2ar

zero). Bapirically one finds 4T = 24 satisfactory
( T = Yy =+olem ) A practicalyachisvable width for iibs
maximum in the focusing curve is thus == 1'22xT (.ol2 tm )
(ie. .01 cms). To find the corresponding allowed varia-
tion in the imasze plane position we have to multiply by
the numerical arperture r. Using our sensitivity result
we finally obtain:

b Gt o= e s (43721
=.012 ((%—1$—z)

ey vt (A/R)=C dp =6 cm

Servo inaccuracy: The msin obstacle preventing one frou
achieving such hizh accuracykis the servo controlling the
lens position. This servo operates in units of aboutv
0.005 cms. The error in positioning is made ubp of three

components:
a) - Systematic error causing the servo to settle &
units higher than requeoted
b) Backlssh of about 2 units.

¢) Unpredictable variation of about 4 univs in both
* directions. Tnis is actually & time variation,
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ie. bhe servo 'ouscillates' by this amount about
the steady vpocition at s very low frequency
(approximately 0.4 cycles per second)

In addition the lens holder can move the equivalcent of 2
units w.r.t. the servo positioning mechanism by tilting.
srrors a) and b) can be accounted for, leaving us with a
total error of about .03 cm in either direction, (/nsn
badly adjusted the servo mechanism can be much worse than

this, as much as 20 units either way where observed when

the coupling between motor and cam was too stiff or €00

lqose) This error now has to be multiplied by one of our
sensitivity terms:

23Xt
X - r\‘XL— \

. . . o 1
which for x> IS is also about by~ 2

d\S (distahce range) = .0( % ((%‘-2-31"7»

The servo error thus is dominant unless the numerical ar-
perture is more than about ©. (the cross-over point of
which of the two errors is more important depends very
much on the adjustment of the two,systemé)..
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Practical Toibles: ‘The motion uvf the lens also cavcees 140

side cfects:

) Chanre in marrification.

©

. . . ~ 1 .
b) Change in numerical aperture (ratio of\lzns to

o)
imame plane distance)to diameter of iris)
T )

The chan:é in magnificastion can be tqken care of by relzrin
all coordinates to a standard system tixed w.r.t the lecn
In the program the distance was arbitrarily cnozen equal to
the focal length.

~ f
< ¥
/rc-k‘évtuce

V?\A\hg

The transformastion of coordinates simply multipnlies distances

e

\

-]
.

from the opticel axis by fl/f . This introduces two new
efrects:
a) Some points of the image may move outside
the useful imase areca of the vidisector as
the lens is moved further away.

'b) The seperation T, of points at which the image
intensity is measured, increases as ¥

oy
(&)
'._l
[0
o
n

moves forward. This causes a decreasc in
sensitivity - unless T is chosen small enou:h
so that accuracy will ® limited by £

‘than 1/T.

0

Changes in numerical aperture can ve corrected oy overating

the iris servo - since it doesn't work one has to account

for chanres introduced by two effects:
a) Image dimuing.

b) Chanze in zécVUracy oi the focusiny function.




Inace daimrinn is not o airect problem since the catcuiniion:
ara norsalised,. It 1s however a o

racticsl nioblem sirnce ons
has to adjiuct the iris when the lens is cloce to the vici-
seator (ie. whenthe nurerical aperture is cumallest, mivino
the highest light-intensity). Since intensity depencs on the
square of numcrical aperture, quite a ranyse of intensi
involved énd some sirnificant areas may be 'dim-cut-ofi'
‘when the lens is in the fully cxtended position.

'he change in accuracy is due to the fact that the defocusins

circles are smaller for smaller numcrical aperturecs. Hos%
of the above effects are of no concern when one hss & roush
idea of where the lens should be, and are not ilwportant
problems normally.

Another D“oolem, possibly more of historic interest, was

caused by occasional bad points. At times. an intensity
would be returned by the system in a garblea form - the

problem was hizhly irregular and most prevelent at high
intensities. An individual bad point acts like a pulse
and thus adds very hiech values to the transform, resuiting
in completly useless results for that particular sevting
of the focus servo. Smoothing the resulting focus functicn

- ¥ was found to be quite useless and the disturbance rsquired
a non-linesr method for removal. It was found that most of

the bed spots in F could be located by compsring points ¢

O

the sum of their immediate neighbours - if high the value
at that point was replaced by tne average of its neighoours.
Since the problem is now well hidaen it was never determinec
wether it was caused by the video-processocr or the time-

sharing system{or wether 1% Fill excists).

The function F presents a last place where one may trade off
siznal to noise ratvio arainst wiuuh oif the Deak. The trade-
0ff achieved in designing the focusing function apeers here
in a sormewhat ssrbled and hichly varisole condition, s9o it

is.advisable to smooth F a bit.




Cne-dimensional varsus tv )—nllw*nhlcvz’.: The choice of whic

1o use involves two Juctors, namely speod and ar2s. hon
using the two-dimensionsl tronsforn (and dolny much thne soame
to it as we did to the oneQGimensiunal one) one can obtain
similar results to the ones we obvaincd. lor the same scenrnscy
" one requires approximatl; the same numver of points = cxeaph
that they ar: now arranned on a rcctansular areca. Yhe tine

=, but

a much smaller area of tne imapge is used. The result is bhus

required for the transform is still rouznhly the sam

highly.dependend on small movements of the camera (the carniera
moves around quite a bit on the raised floor when somebody
walks a few yards éway). Also of -course,one has to know a bit
more accuratly where the area or feature 1is that one wants ©o
focus on. The alternatlve is to work with & larger arca with

a corresponding increasse in time. It wss found eperimentslly
that the two-dimensional transform alliows: one to measure the
_distances to very small areas of the image, provided tnese
areas contained some detail (edge or texture of some xind

-’

and the vidisector was supported vo stavilise 1% W.r.t
the object. The one-dimensional approach wes used in the
general-use program since it is more 'robdbust

Choice of curve in imase nl ane: he DI'T ascumes a certain

.

perlodlcluy in the functlon to be tranceformed. wWhen readin

)
light—lnten51tles this periodicity 1s not necessarily precent
and this causes certain provlems. In effect one is introd-

ucing a sharp edze (with its atvendant high-frequeacy
~components) at the Jjuncuion vpetween UwO cycles.

\\

T als (sb'*lhu]‘fy
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ig Lo pea.ure licht—intensitics slons a closdéd curve, 1 thaxr

than a straight line, thus assuringy the periodicity rojuires
This works very well despite the fact that 1t dis difficult
Lo interpret what is meant by a fourier transtorm :long &
curved linc{The corresponding problews for two-dimensianr has nat bacy
Solved) V

Ty PROGRAL:

Opnzration: Lhe user czlls the focusing function and zlves
it two values representing the range ol servo positioans
over which the search is to take slace. The program tnen
evaluates the focusing function at about 12 uniformly
s?aced'p0$iuions in this ranze. At each position the limht
intensities corresponding to two intercecting circles are
measured and used as the real and imaginary parts of a
function to be transformed.(as is expiained inm the aposendir,
one can obtain the transrorm of two real functions as

cheaply as that of one). There are 128 points on eacn circle.
Afte: taking the transform and seperating out the two
transforms, the power spectra are formed by adaing the

square of the resl part to the square of the iwmazinary

part. Now all but about the first 5 components are zdled

and divided oy the sum of all out the DC component. ‘The

value used is the geometric mean of the two values so formed.

The set of values F, so obtained is then 'clipped' to
remove noise, smoothed und normalised to have a miniwmur
of zero and a maximum of one. The new rancse in which the
coarch is to be conbtinued is then found by findins where
't

ne function exceeas about .8 . The 1anse is actually nae
slieshtly larser 'just in case' (Joice may hove caused one
0

[

to select a range not containing the maximum. )




(0.2 cm). If so the midpoint is chosen, the lens wo itioned
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that Tewer intervale are usea, the neall is shavpenad by ol

ind in ndaition

!,._:

a slicntly smaller T oond olintly larces ﬁl a

ths cut-off for findine Lhe next rabre is set elighly hiichoor,
1If pecessary a third ranze is founa and searched with
similarly modified parameters. At each stage the ranoe is
checked to see if it is less than about 40, focur vervo units.
and various uceful values nrinted (such as distance focused
at, numericai aperture etc.). The whole process taxer about
20 to 50 seconds. The limiting factor is the servo settli
time and a more sopaBticated search procedure shouvld ve

~

able to operate wuch Tfaster.

The arca fOC“"eC on is on the c¢ptical axis,unless tne uscr

e
o
(@]
<
H.
C
o
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chan=es this to & »oint of more interest to him. lunc
are onrovided for relatinﬁ'coo rdirates to the stancszd
coordinates and also for outaining a print-ouv of 1
values in a,selecteq rectansle on the imzne. Th‘ laet
item alleviates the one seriuvus practical orublem i
the focﬁsina oro-ram(ané in fact in using tne vidi-gsectorv
at all) namely findin= where the . areas of interest lie

Calling the 3ro Ten: Phe srithmetic part of the prorram
is written in IDAS and‘;as loaced torether with o
relocatable LISP, usinz STTIYR. This modified version of
ISP was then durped onto tape RS4 as a file named
TOCLS BIN. The required LISP-functions sre on the
tape ~as FOCUS TEXT. The caliing seojuence is:

Mount Tape ESZ on tane n.
In DDT trpe LISPHJ, then

$1L70CTU5 BIN UTn 2

hen loaded,type LISPGC.:G
Answer Y to AL:OC , and allocate.
25 blocks of core and 50008 Binary Program 8D23CH
then tyne (UREAD FOCUS TUXYL n) ¥ T W

The LISP will grint (V) when all the func

[¢9)

o3
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" The vidco-oroces or hng 1e be 0N, the multiplayor muny
be in comouter—inbut/comnufc"—outnut mode and thie focus
—otor switch in th2 servo position (sec Appendix). 'The

focusine function can be called by
(R3CH Rl R2)

where Rl and R2 sre the limits of the range to ne
investigated (in servo units). The maximum rsnges are:

for the 164mm lens  %00. to 28C0.
for the 25i4mm lens 300. to 1700.

H
o}
o4

The prozram will print esch new ranse 1t is investigati

and a number of useful values when it has focused su

(9]
t
I

If it is desired to Wdisplay' 2 part of the image on 3

b

.console, .l .ot

(LOOK XLOW XUP YLOW YUP)

there (XLOV, YLO¥) is the lower left-hand corner, (XUP,YUP)
the upJer right-hand corner of the rectangle of

interest. Tbe_intensity,values displayed are nultiplied by
a scalefactor LSCL, which can be modified to bring the
numbers into a convenient ranze. The coordinates are for
RES = 2000g. Once the coor dinates of an arez of interest
have peen determined, one can scale them to the

rﬂference plane by executing:

(SCALE) (8504 X(XRL %)) (S317 Y(YRL ¥))

where x'and y are the centre of the arca onc would like
‘to focus on.
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and wne -found to porform  as well as o husan on2rotor

3 e s -5 - 34 . N - TR 4l R O
ohcervins che ronitor vercen (Uhere tne mole NOlsy ©roUan
on the screen is improvad somewhnat by averaTings 1r tho I N

In acdition a corparicon wos rmade with two rmetuods of Ti-dinz

2

i previously.

e

N i T b
ontilisun focus ugse

1) SUL=-01"-8 bﬂ‘uS: The upcelnl case that Hl = 0 is of

intorest since the sum of 5 ousres of the transform is enusl

g1y

to the sum of snuares of the function. e can expect then
that the sum of squares of the intensity function slsfo
shows a maximum acar best focus. We also know that 1t
will be much 'wider' than the one that n-s teen achleved
by throwing out the low frequency com~oneats. Sna
nosemants of the cawmera slso have a larjge effec
measure because of the lar-c resultant charcme 1in
freaquency comvone nts. Also it is not easy to avrmalis
the result (in fact we diviced oy this numbe ,
illustrating our fnith in Just how flat a maxizum 1t has 1y
All of these problens weyre born out in practice, the last
one being most serious, often the function would indesd nave
a hill, but it was difiicult to find becasuse ol the

slopinz sround it stood on.

2) SUL-0F=-S JUAR:IS-0P-DIFFsRONCES: This function (su= -ested
by J.L.%hite) is also more easily analysed in terus of

frequency snectra.'Differcntiatinzg' in the tiscretve cuace

’

~
<
Z
|
C
!
N~

is'enuivalcnf to multinlyine the transform v
. That is de-empnhasisirny; low-lreuencies and cempiacining
hlah f“°]h°nCLvu. The. first of tnece two efrfects is ghurced
with our method, the second mives the hint as to why vnis
functicn is inferior. ‘he nish frecuencies consist larelr o7
avise (uniess T was much larrcer than the rerolutio

which coce ve have lost ccnsitivity) and tue fin-tion tagn
cssively noisy. whic noisyness was confirmed Uy

c
J.L.¥hite and also uslnf this procram in a modirsied rorm.
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C

Hz mar in fact derimn a matched difrerencviation filter to
nive him the desired trade-off vpetween tnese two features

in the best nossible way for the particular class of functione
and the narticular noise he has to put up with. Buch 2
differentiation approximator is wmore easily underetood in
terms of the frequency domain. One has to design a function
whose transform matches =& clocely as »os.-ible (wv —\) over
the range where tne sicnal has high cowponents, yet wsce it

3
emall whereever the noise hag hipgn commoasnts (tninss are

not Jjust done by siming over the taumby there is a resonectalie
theory to this). Typically the function will oe )

o . - - . 3
approximation to (w - U at low freaguaencies an

ot
at higher frequencies. Usinx this kind of differentict
£

rapid way of using this runction would azein te to first find
‘the transform, then apply the transform of the matchea

differentiation function, squsre and sun.
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The above discussion should have maede 1t clear ¢t
transform is a tool, rather than an end in itself. It 1is
i a

very uceful in thin.ins acout certailn
v

ss Gistortions of various xinds.
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as bad as 40. The relative accuracy is thus:

A, = 10 x ((%—231— ?3 b

e, (a/f)=6 dr=1.4 cm
The absolutk accuracy is not so pood since similar errors

‘are encountered in calibration.




APPENDIX 1: Vidisectors:

0ld functions: (for the o0ld vidisector only)

The two arguments to these functions specify the
location of the point whose intensity is to be read;
they range from O to 17TQV

(VIDI X Y) returns valve from O to 400g» proportional
to inverse of intensity.

(VIDLIN X Y) returns value from O to 4008, proportional
to intensity.

(VIDLOG X Y) returns value from O to 400g, proportional
to log of intensity. _

New functions: (these use the video-processor and apply
to both the o0ld vidisector(TVB) and the new vidi-
sector(TVC))

Before using the new functions one has to initialise
the system by calling NVSET. NVSET can be called
again if required to change parameters.

(NVSET FIL CONF RES DIN XYZ)

where: FIL 0-7 Filter selection, any combination
of the three filters can be select-
by the appropriate bit combinat-
ions.(not operative as yet).

CONF 0-3 Signal to noise ratioy; 3% gives
highest ratio, but takes longest
per point.

RES to 40000 number of lines in raster
(usually 10004 to 40008)

DIM 0-7 Dim-cut-offy; C 8 most patient ie.
darkest cut-off.

XYZ 0 indicates new vidisector.
1,2,3 indicates o0ld vidisector,

The two arguments to the following functions again
indicate the location of the point whose intensity
is to be read; they range from O to RES~I.




(NVFIX X Y) returns a value proportional to the log of
of intensity; the values rgnge from x to;gl7778,
0

77
where x is 277 when CONF is 1
477 2
677 3

(NVID X Y) returns a value proportional to the inverse
of intensity; the values range from ®1.0 to y,

~16000.0 0

where y is ® 4000.0 when CONF is 1
~ 1000.0 2

= 250.0 3

Note: 1. NVID is the only function that returns floating
point values.
2. For points that are not cut off by dim-cut-off
the values returned are independent of CONF.

 SWITCHES: Old vidisector:

1. Small switch on the back of the camera selects signal
to noise xatio; usually set in up(high S/N) position.

2. Second small switch on the back of the camera, below
1. selects 0ld or new interface( set according to
whether one is using the old or the new functions.

3, On the trolley on which the old vidisector is mounted,
is a large black power switch that controls power to
the receptacles into which the two sunguns are usually
plugged.

4, Above it is a smaller power switch for the camera
itself.

5. On the other side of the trolley is a switch selecting
the origin of the deflection signals, either the
340 display or the Video-processor (set according to
whether one is using the old or the new functions.

Note: To set up the old vidisector it is convenient to
set switches 2. & 5. as though one was using the new
functions (even if one is going to use the old ones),
so as to connect it to the video-processor and allow
displayon the monitor. They then
have to be reset to their correct positions before
commencing read-in.
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New vidisector:

On the right of the main panel of the video-processor
is the power switch.

To the left is the LIN/LOG switch set according to
whether one is using NVID or NVFIX (although only low ‘
order bits are affected if it is set incorrectly)

The left-most of the row of small switches controls
the choice of vidisector connected to the processor,
up for the new camera, down for the old.

Not far to the right are three small switches which
select wether the monitor display is controlied by
three pots mounted approximatly below them(switches

in up position) or by three remote helipots (presently
mounted lower down on the processor).

Between 2. & 3. is another small switch which controls
the defledtion of the monitor; in the up position the
monitor behaves normal, ie. when the magnification pot
is turned left so as to display a small area, the
deflection is increased so as to always fill the
monitor screen. When in the down position, the monitor
is deflected in step with the vidisector.

Small switch on extreme right has to be set in out
position or you loose.

Potentiometers:

I.

Mentioned in 4. above are three pots just to the

right of the meters on the main panel, which control
the position of the area which the monitor is display-
ing and 1its size.

Near the power switch (1. above) is the egontrast
control for the monitor(marked video-gain), usually
turned all the way right.

Mounted low down is the helipot controlling monitor
focus - do not adjust unless necessary - recommended
setting is marked down near it.

Gain controls on the twechannels of the monitor have
standard positions, the left one(y-deflection) should
be turned right when using the monitor as a focusing
aid(by switching a marked switch behind it into the
focus position).When used in this way the vertical
deflection is proportional to intensity and using
the three pots in 1. to select a small area of the
scene, ome can adjust the focus so as to give as sharp

"as possible a rise on some edge.



5.

.

The two raster-rate potentiometers may be set to
give a flicker free and line free display, but do
not affect the operation in any other way.

The two helipots marked 'Manual reference' and
'Reference gain' control two hardware parameters
normally of little interest to the user and are
usually left in a more or less optimal setting.

If somebody has adjusted them and one has no
reason to set them to some specific value, settings
of 600 for both secm to be reasonable.

Pushbuttons and Meters:

1.

3 meters display various values which vary with the
illumination. The video processor trips out the camers
if any of them reach a 100 deflection. The right-
most one is usually observed when setting the iris.
Starting with the iris closed, it is opened slowly
until this meter shows between 10 & 50. Above 50

small changes are likely to trip out the camera, below
10 one has to start worrying about dark-cut-off's.

#hen the camera has tripped out, the aAnode-warn push-
button lights up. After reducing the light (or closing
the iris) it can be reset by pressing it.

The High-voltage may be off under other conditions
than such a trip, and it may then be reset by
pressing the digh-voltage button.

The Raster pushbutton selects manual control of the
raster(white light) - allowing the use of the
potentiometers mentioned in 1. bBbove. In the red
state the processor is ready for the PDP-6 to request
input; while busy the pushbutton is not lighted and
the monitor displays the position and intensity of
the point requested by the CPU. When not busy for
more than about a second, the video processor goes
into an automatic raster state.

Note: For more details, current problems and cures, consult
the log-book under the monitor-scope. '
Optics:

0ld Vidisector: 55mm fl.2 lens, raster is .00l inch.

Resolution is approximatly .002 inch.
Distance settings on the lens are not
to be trusted,-rather use the moaitor
as an aid in focusing.
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New Vidisector: 164mm f3.2 lens, raster is 003 inch
when RES 1is 2OOO8. Resolution is
approximatly .00%6 inch. Some drum
distortion is evident and not all of
the surfac: is available (ie. some is
blocked off). The area of the image is
a circle placed not nuite centrally
with a radius ofz5OO8 When RHES is 20008.

also: 254mm f5 lens.
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APPENDIX 2: Analog,Multiplexog:

The snalog multiplexor allows one to read settings of
potentiometers and to cause servo-controlled motors to
operate., In LISP ore first has to open the multiplexor by
executing:

(MPX T)
More than one person can have the mu tiplexor open at the
same time, It can be closed by executing:

(MPX NIL)

To resd a value from channel n:
(IMPX n)

To cause the servo controlled motor n to assume position X:
(OMPFX n x)

n ranges from O to 255; x and the values returned by INPX
are usually some subrange of O to 77/77,. Be sure to
the limits of the servo you are contro%ling.

Switches: these are on the multiplexor and the positions
for computer operation ars underlined.

1. Computer output/test
2. Computer imput/clock

When not in use, these switches should be in the un-under-
lined position. Certain servos sre slaved to certain vots
in this position. This for example allows fine setting -

of the focus servo. Channels of interest to the vidisector

user:
Sepvb‘Read—inhﬂaved to
Iris 328‘ 558' 1324
Focus 33g BHg 1234

Thus in the test - clock position one may adjust focus
by using potentiometer 132.,. In the computer input -
computer output position one can csuse the servo to
go to a certain position by executing:

(ONPX 33 3000.)

Control is returnédd immediatly to the user program and it
is his responsibility to check on the servo's position by

executing: (IMPX 34)
Rather than 1obp on this test it is fair to other users to
use the function:

(SLEZP n)
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which returns control to the program after n/30. seconds.

'n should be about 10. plus(units to travel / 25. )

Both Iris and focus motors can be operated manually

and the switches which select manusl or servoed(ie. computer
output or slaved) are in a small box near the vidisector.
These switches have 8 third position ( straight out)

which is the one they should be left in when not being

used., Above these are the two switches for manually
operating the motors.

Various useful (%) constants:

Distance from front of main body of vidisector to surface
of vidisector: 93mm

Distance of equivalent lens of 164mm focal lens from
vidisector:

306. - 0.0459 ¥ CH34 inmm's

330. - 0.0459 #* CH34 (for the 254 mm lens)
Diameter of iris:

0.0532 * CH33% - 75, in mnm's

where CH34 & CH3? are the values returned by analog
channels 548 & 558 respectivly.

The limits on the servos are:

Focus: 240. (all the way out) to 2860.
Iris : 1500.(%tlosed") to 2300.

The servos can be expected to settle within 10. (better
near centre of range - more like 5.) of the value requested.

Problems: 1. Iris servo inoperative.

2. For some unknown reason servos may sudienly
depart from their position, hunt around for
a second or two and return to their position.™
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"T98 NOKN LINEAR FILTERING OF MULTIPLIED

ANL CONVOLVED SIGNALS"™ (to be published)
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