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Focusing

Barthold Harn

This memo deseribes a method of sutomatically focusing the new
vidisector (TVC). The same method can be used for distance
mesgsuring. Included are instructions describing the use of a
epeclal LIZP and the required LISP-functions. The use of the
vidieectors, as well as estimates of thelr physical character=-
igtice ie sleg included, since s collection of such data has
not previocusly 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 hazs sume familiarity with
various modes of fourier transform. In particular use
will be mede of certain similarities opetwesn the transform
of & function of a continvous variable and that of a
funetion of a discrete variable, since the discrete
transforms uwsually have much more complicated apalytic
expressions yet have much the ssme behavigur. It «ill be
gean that the function E‘Jl{xjfx plays the mame role

in the two-dimansional transform as sin(x)/T does in the
ona=-dimensional transform. It may be found that some of
design has bpeen spelled out in too rTuch detail = if =o
Torzive those of us who have forgotten their optiece and
would like it spelled cut. The ordering of teopies may
also be found to be unususl - it is &n sttempt to write
it such thaet forwerd references were not required. This
work is pert of the work done towerds s iesters Thesis

on the epplication of fourier transforms to imags Drnceséing,
and comments would be apprecisted. Finslly, no gusrantee
is miven on the sccurscy of the vidiseetor constants
reportaed herein - when more sccurate values becoms
aveilable they will be reported in the log-book(under the
monitor).
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is not usually automated

It was
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anoect of camorno ozerstion Lhe

(unlike exposurc time settin-<).

poosible to

Focue an ootiesl device osutomobicully witn the same de-

#ree of sccuracy acnieved by a human wutchinm the picture

on a ground-zlsss screen (or in our case the monitor).

The method described snows one of & numuer of
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tiona of the fourier transform in iMH{é proceasins.
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en Lue Funetion depends on disciete variables rotier
than enntinuous onen wa oy

e the dizoreto Tonrior
transform:
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This esgein may be simply extended to more than one dimene
sions. In certain csses it is possible to celeulnte dis-
crete fourier transforms (DFT's) very rspidly by the me-

thed of fast fourier tronsforms (PFT) described in sn ep=-
pendix.

Note that the DIl assumes a certain veriocdicity in tha
function:

%{ﬁ4+ﬁ]u} = ﬁ[ﬂwj
TN+ T) = [ =T]

o (-uud) = ﬁ(iw-u}uj
£0-xT) = S({(N-0)T)

ie. both the function and its trznsform are periedie
functions of discrete variables. Another intsrpretation
usaful in ceortain cares is thot one of the two Teoresesnts
samples of o pericdic frequency-lirmited furncticon, the

other one then is discrete but nonzero only over an ia-
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The effect of defocusing an imame: Consider an imspe of

& plane perpandicular to the opticpl axie. Ezch noint of

3
the object generstes 8 point on the imoge with irtensity

-
=

rronortional to the source polnt. When we insert 8 la

L]

perpendicular to the optical axis between the lmape plane
and the lens we cut each cone of light orrespondine to
an image-point) in a cirele. The intensity in each =zuch
circle is again proporticonal to that of the corrzsponiing
source point, uniform across the circle and decreasing
with the radius of the eirecle such that the totasl light
iz gonstant. The new imave is thus the convolution of
 the inafﬁcus imapge aﬂi ﬂu}iFP}E pillbﬂxfwhﬂse neight is
inversly proportional.to, its radius), This efisct iz
gagtier to describe in the frequency domsin, aince convo=
lutionr in the space domain corresponds to omultiplication
in the frequency domain. In other words the Irequency
speetrum of the defocused image in that of the in-focus
image multiplied by the frequency spectrum of the Jill=-
box. This trgnsform is found in usn a'ppendix to bz ZLow
"j,l[p:.,l,.ﬁ ,r"’l{'#-.ﬂ where £ is the frequency (in radians
per unit distance) in polar coordinates and R is the ra-
dius of the pillbox. ( 3, is the Bassel-function of
order 1). Alsc shown in the eppendix is a ¢ross-saction
throurh this funétinn {which is symametriecal about the

origin}.



It will be seen that bhis functiop ceonlrancets arn R incran-
sgg8 {ie. the first zero crossinm apnroschen the orisin)
and the eoffect of delocusing can thus be cean to be o 1o-
duction of hirh freauvency components in & certain way and
guch that lower and lowar frequancies are affactod on we
defocus more and more (ie. incrensing R). Taking the
fourier transform thus gives us o functioen in which the
effect of defocusing is easy to interpret. Various func-
tions of this transform can now ba used as fucctions to
be maxwimised s¢ as te obtaln best foecus (w.r.t lsns posi-
tiond. & description of such & method is not completa
however without sn anslysis of noise, since it is trivisl
to focus in the sbsence of noise (for example by maximi-
8inz the difference betwsen the light-intensity at twa
adjscent peoints on the retina correspording to twe peints
close together on 8 part of an object which has other
than & unifore light intensity distribution). Nolse ap-
pears in varicus ways in vidisector imases, the omost in-
portant sppearing in an obvious way in the intensity
values returned, caused by the statistical fluctuation in
~the numbar of photoelectrons generated at the sres undsr
_cﬁnsiﬁafatinn. Thea funetion of the fourier trarnsiorm to
be usaed has to be desizned as a compromise bLetween ones
ralatively fres from nolse and coneswith a narrow maxinum
{in the abzence of noise it is trivially possible to nar-
row tne width of a meximum as much &5 one plegsses by rai-
sing the function tu a high encugh power).
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Genaitivity: Wa would like Lo know waatb

crior in dine

tanse messurement is incurred by two rinds of error:

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

Y EBrror in lens positioning.

We have a [ixed object plane and s Tixed imaze plane,
The lens is moved about, csusinz the true imaze to form

comewhaere behind or o¢fore the imaze alana.

find the chanzme in true imsze position dus to s s

Firet let
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Dext we would like to know what chanme in image distancae

this corresnonds to:
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Focusin= fvaction: Tefore contimiing: Lo an anslysis of

noiee affects it will be neconsory Lo describe tha Miro-
tion vwrad in more detnil. This is done with some kesi=-
tuney sinas 4t is rather ad hoc, snd many other pimnio-
minded procedures would have boon matisfactory. Tho
moint is that the information is vroesent in the fourier
transform in a 'convenient' form and the practical da-
tails. of the particulsr function usad mieht debtroet [oox
this fact. To gebt some idsa of how the murber of noints

£l

used, thelr ssocing, ncise ond resclution limits affect
the acecuracy one nas to te specifiec however (and slso
make some drestic simplifying assumptions in the arithma-

tic).

For easch setting of lens position investigated, intensity
values sre read for K points spaced uniformly T cms ajart
alonp the circumference of a circle (the resson for
choosging a circle will be epparent later). Wa now Der-
form & one dimensicnel TFT on these points to obtain X
freguency components (the reason for using the less
powerful one-dimensional approach will =alsc be discussad
later). Next we forn the power spectrum by sdding the
souare of the irmaginary part to the square of the real
part at sach frequency. One now sums all componsnts
starting at some minimum frequency ™ up to the centre
frequency ug-ﬁha. The top halfl of the spectrum is not
uged since it is merely & reflection of the lower hselfl
(the transform of any real function has this symmetry

rroparty).

To obtain sceme independence of chuncmes in overall leveal
we have to normalise the result. Dividing by a rpingle
value (eg. %She DC or zero-{requency componani) causas



relutive nolse in the rooult of equsl rofnitude oo the
relative error in thie sinzle woalue snd is thercfore not
advianble. EBmnirienlly it woae found that 'best! resulls
could be obtained by dividing by the sum of all torms oX-
cept Lhe DO tEme?ﬁrD LvEﬂunncj term),

The srosram now proceeds to carry out this operation for
some ‘rence of lens-settings, thus forming a function T
of lens-setting which hes & nolsy peak near optimum fo-

CUE .

2irnal to noise ratic: The malin nolss cont ibution to

the signal is ccused by stetistical fluﬂtﬂﬂtlﬂn in the
nuanber of photoglectrons emitted by the photocethods.

The video processor is so designed that the pead-signal
to rms-noise ratio incresse by a factor of 2 for esch in-
erease in the confidence level, by counting 4 times as
many alactrons.

3ig (Paak)
Confidence level Hﬂ 50 (RLS) Paotoelectrons
0 & o=y
1 13 =1t
2 32 =R
> o =1l

The vidig-processor is so built that this relative eroo:
is the ssrme for different levels of illuminatlon, So L&t
the absolute error in a low value will be smaller than
that in a high velue, It iz convenient to assume however
that the error in all peints is the some, snd eausl to
that in the point with the kighest invensity. This quan-
tization error hes a rouphly uniform distribution. Ad-
dine many terms, as we do in forming the trapsform, gives
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ug a rouphly coanasian dietvisution. Lol £ ba tho jwra
sisnal snd g oA suparimnoesnad noine:
[ ’
L Eij s i wn NS _
Let [ E U*T:' = 0 awd T -J.IfxT} = &=
WES U=w

F; ('E.i::.'hn.ll T meide .anrr"] = & S
Led [=DFT(4] oawna 3= DFT(qg

thew DET ({4 4) = DFT(%) D FT(a)

Each gfuﬂﬁ iz the sumlnf K independent vectors each with
varience o . NfP of thesa point in one of p directions,
(where p depends on the commor factors of u and N). The
surs in each of these directions, have mean zero end &
variance of po . Decomposing these varistions slcap the
real and imaginary sxis we have:
pei
- ¢
Resl contributions Eg; %? o™ 7;
Imsginary contribution

53 N gt

[y ] ™ P
The resultant vectors thus have zero mean and variance
Ne. Since we divided by [W ' in forming the DFI we
have to divide by K to gpet the verience in easch of the
frequency componants. The transform of such a noize sir=
nal thus has the same charscteristics ss the original

noise signal (ie. zerc mean and variance o ).

We next have to consider the power spactrum:
[T +30"= 13500 4 21750

where 'ESL (TR ] t‘hhfll:ﬂ. Enjutln.'tn. u.[. ?:I'



; , . 1=t .
It can b2 assumaed Lot Lhe helise power (9] 10 small eom-

parsd to the sicnal powor 'I-filam‘l tha erosc=term. This
¢rosa=term thua ig the mein svurce of noise in the powur
snectrum, it has variance l;ﬁiﬁ“?i « In forming Lhe sum
from N, to {T—Q we find the ratio of nower of the wvalue

so Tformed to its noise is:

H-"L-l 1
2 M
5
eI
[ B |
== i o

Sp = F, o= Foox ';ﬂa_'lj'“ 5y

'HLtlr-t. _FI rF':- are the 'I"-ﬂ.-"il.'n!i La 'H'-'i d""""" B PRI i,

¥ote: 1) The result is only aspproximste end merely pre-

santed to give a clue as to what factors make for a zood
signal to moise ratic; the variation with N is particu-

larly important.

2} The form=-factor K, depends on the imeze aspd is
approximately croe for an image heving a more or less flat
spectrum, and is inversely proporticnal to K, for one
heving & hyperbolic {lfu] spectrum.’ Nost imsges lie
snmewﬁere betwezn thesa two axtremes; on imepe with a lot
of texture coming closer to the first form, one with a
single edge coming clossr to the second. ¥ describes
how 'wnbbly'1f1 is sbove the alnloum frequency NMN,w
The other form-factor F. describes how much of the sipg-
nal power is in the high-frequensy part (above MNw ) of
the spectrum. It has a similar varietion as F, , but
iz not s sensitive to srmall changes in an image.



3} It is clesr that one should try for a biph nir=

this by averaging lipght intensitles at each point over
more than one reading. This was not found to be noces-
gary (unlike such local operstiong &as homomeneity detar-
mination whare this is necessary to avold missing smzll
chantes in level between regicons differing only slightly
in brightness). '

4) The last term in the product is in fact 5 since
the sum of squares in the transform is equal to the sum
of squares in the original function aand since The trans-
form is Eyﬁ%tric.
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tidth of the maximum in the focuning funchion: Tet bhe

e

width e She distance bebween Lwo uuiﬂfs on bhe ourya sl
which She function resches VAT of its moxioum value., IF
ifn#ﬁ is the intensity function when the true iaape
fulls on the imare=-plane, ﬁhﬁﬁﬂ} the Besnol=delfocuning
funetion with B the rnﬁius of the circlas corresponding

L

te each in-focus image point. %We have to find two values

of R s.t:
by =1 MA-A
S TDxalxT, &) /2 FxT) - 14T
ENNG Ve ka,

Since its such a pein to do arithmetic on the Inscmpatsble
Tire Sharing Syster (ITS) and since we only need epproxi-
mations, we only have estimates for R:

R Bl for a 'flat' spsctrum
(30 57 WA MECRNE S hrperbolic epectrun
e :
. 1 . L -
For N, large (i. wear &i}: po= bR, oo ()

In prsctice howaver we keep N,small soc ss to give us nish
form-fectors in the signal to noise expression and we 4o
not have 'flat' spectra. Smpericelly it is found that
one can achieve 8 width 1 to 2 times the asbove ideal case.
Tt iz clear that the cholice of ¥,is one place wiere one
can trede off signsl to noise ratio versus width of the
maximum. Clesrly also the width deosends on %the relative
hirh=-frenuancy conteat of the intensity function: it 1is
ezsier to focus on & line (two edges) than on & single
edra and it is very essy to focus oa 53y nawsarint or
coirsely textured material. It would sesm at first sight
tnat one could improve matters without limit by cecros-

sin® T. Intuitively however we know that one camnot ex-
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nact to ot nueh Imoroveoent oence T o1s smaller thon tie
resalution limit of the instruncnt. Bo we peed next to
concsrn onrselves with this kind of limitation in the vwia
disactaor. '

Tirtartinng: A1l optical instruments heave certoin limita-
tions (if only to preserve our belief that one cannot

phserva nature exactly - whatever that mesas). Some of
tha distortions are plobal in character (such P pin =
cushion distortion and spherical distorticn) and do aob
concern us here, " Doher
aribed in terms of loecal efiects (ep. diffraction). These
distortions act in a similar way %o defocusing in thst
they toke each point of the image aad 'smudge' 1t over
its peipghboura. The smudged imeze then is the trie

iﬁ&ge convolved with some function which is larze only in

iectordions are tore essily 4as-

s =mall ares nesr the oriesin. The sheope of this 1ittle
'hill" éepends on the distortion under discgussion, for
diffraction it iz 2= 2, (Rx} /L&x) . The scale factor R
is Efnﬁﬁ:[qf+3 {;;uavalezgth of light, f=foczl
leagth of lens, & - diameter of lens). By the well loowzn
duality of trensforms we can immedistly conclude that the

by & willbox of redius (Ax)(2/4) . Diffracticn thus
nss the effect of low-psss filtering the sipnal. The
mawimem frequency passed with ek and s numericsl apor-
ture of & is 2800 eyeles/em. The well known phenomens of
resolution limits in telescopes ond microscopss are dus
"to exasctly this. .

4 larser effect in our croe ia Que to the vidieecctor. It
sperates by allowing ohotoelectrons from the photocothode
to fall on o pinhole (approximote diumeter O.C05 COl} .



" i [ - - ] Ly Y
e geareines on bho ekhor sida are covsueds The omoono-

tip Tiald in thae tuba selaets tha particular circuwlar
ar+n of the nhotoesthode from which these photoslectirons
coma. The effeet iz thus seen to Wo identieal to than of
defocusing. In practice howsver various other effechs
set in, causing electrons from the cutsida gran to be
counted and the loss of somz of the electrons {rom lnside
this msrea. In other words we have 'soudmed' the lruase
not by a pillbex but & amoother, larger 'hill'. The osize
anéd shape of this hill depend eriticslly om the adlust-
~ment of the vidisesctor. To ge? soue ides of the effect
tnigs new 'smudging' has, we will assunme thet the 'hill’
has & gaussisn shape, 1€.:

il 8) & - TR

Co ) Sia L)

il o= e oe : P

transforming we get:

oo = 3w [ [ Foud SRS A chay-
N ~ g _2(Zleur
s B @ 0 0 e BRG]
Sioelt __{(rmf
Ele, e ™ ke 1

o
e'% {E‘f}

c

The rodius of the gaussian 'bleb' before tronsformstion,
-{out to where it hes V02 of its maximpun value) is 033 W
the radius of the gaussisn 'ovlob' in the [regquency do-
rain is 8§33 /R . Experimentslly it is found that the
vidigactor had a2 halfpower fronuency 4} of 25 cgcles;’

¢r {when adjusted - even slizhtly out of adjustment zhe
cut=off frequaney drons considerably). This corresponds
to a 'blob' width of 0.008 em, which indicstes that



A knowledre of 4; allows us to choose rensonable values
for T, The maximum frequency oppsaring in tha transloaoe
s 2. == . It is apparent thot there is no point
in making T s¢ small that 55 2P 4. (or else macy of the
high={requency terms in the transform will always be ngar
zero). Eapiricsally one finds M1 s 2de satisfactory.

{ T = fy =roiem) A practicallyschisveble width for vhz
maximum in the foeusing curve is thus == 1122=T (.ol% T )
{ie. .01 ems). To find the corresponding alloved varla-
tion in the imaze plone positicn we have to multiply by
the numariecal arperture r. Using our sensitivity resuls
we finally obtaln;

Ay (didance rangd) = 122 ?L?,“EH %‘}“1\11— 2}
=iz ((4-20-2)

ey reb(d/E)=C thp =L cin

Servo insccuracy: The main obstacle preventing one from
achiaving such hish scecuracy is the sarvo controlling the
lens position. This serve operatas in units of about
0.005 ems.  The error in positioning is made ud of three
COmponante:

s) Systematic error causinz the servo to settle &
units hipher than requested.

b) Backlssh of about 2 units.

ey Un>»rsdictable waristion of asbout 4 units in boto
* direetions. Tnis is sctually a time variation;



ie, tha servo 'uwselllaobss! by Lhis smount shoub
the zteady position nt 5 very low frequency
(approximataly 0.4 cycles per seecond)

In addition the lens holder can move the equivalent of 2
units w.r.t., the sarvo positioning mechsnism by tilting.
grrors a) and b) can be accounted for, leoving us with o
total error of about .0% cm in either direction, {nzn
badly adjusted the servo mechanisz: can be much worse than

WhEh

£

this, &8s much as 20 units either way where cbserve

-
I’ oo

o

the coupling between motor snd ¢csm was too stirlf
leose) This error now hes 1o be multiplied by one of cur
sensitivity terms:
L lxt—
X- dxm
waich for =75 is alsc sbout  Hx'= L
d, (distsnce range) = .o¢ w{{%*p_‘:.l-l‘;

Tha servo error thus is dominent unless the mumerical ar-
parture is more than abeout 6. (the cross-over point of
which of the two errors is more imnertont depends very
much on the sdjustment of the two systamé).



Prsetiesl ¥oitlles:  The moblion ol he lens slso coucas oo

&)  Charte in marrification.

- & ¥ - .’
B} Chanpe in numerieal aperture (ratic ofileos To

imaso plane diﬁtancn]ta disceter of iriz)

Hha uhmnﬁﬁ in marnificsticn can be taken care of vy relferin:
all ecoordinntes to a standard system rived w.r.t the lons.
In the program the distance was arbitrarily chozen equal to
the focal lengtih. {

< f

¥ irl

A
e,
.

#"““;“‘-rt+lftlti u

i lang
The transformation of coordinstes sivply multiplies distences
from the opticel axis by flff . Thig introduces two new
efrects:
a) Some polnts of the image may rwove outside

the useful insme srea of the vidisector as

the lens is moved further away.

by The seperstion T, of points at which the imaze
intensity is messured, increases as the leas
moves forward. This causes a decrease 1o
gensivivity - unless © is chosen small enoush
so that accuracy will b limitec by fD rathar
than 1/T.

Chanwes in numerical aperture can oe corra2cted oy ooeratlas
the iris servo = since it doesn't work one hazs to eccount
for chanmes introducced by two eflecte:

) Imare dimiinz.

b) Chanze in aécvrecy of tha focusiany funciion.



Imtey divsin ig not n ciroct osroblem sises bha coloculsbione

ara poersonlised. It i however a practical nioblem sinne ono

#f

Bas Lo adinct tae iris when the lens is close to tho vici=

abar {1z, when the nurarical aperture is emallest, rivias

i1
LTy
W1

the hichest lipht=intensicy). Siace intensity depencs on Lhe
pnuare of numerieal aperture, quite a rangce of intensitian is
irvolved snd some givnificont areas may bo 'dim-ent-pf!
‘when the lens is in the fully cxtended position.

Lhe change in eccuracy ilo due Lo the fact that the defoousing
¢ircies are smnller for smaller nurnerical mpartures. st

of the above affects are of no concern whan one hes 8 rouvri
idea of where the lens should be, ené are not iwportent
problams noroslly.

Another problem, possibly more of nistoric interest, was
cauzed by cccasicnel bad polnte. At times. an intensity
would be returned by the systenm in e garblea form = tha
problem was hishly irrepuisr snd most prevelant et hich
intensities. An individusl bad point ascts like a pulse

and thus adds very hirh wvalues to the trensform, resultiag
in completly useless results for that particular setiting

of the focus servo. Smoeothing the resulting locus fumeticn
¥ was found to be quite useless and the disturbance reuirad
a4 non=linesr method for removel. It was found that most of
the bed spots in F could te locsted by compsring points o
the sum of their immediate neignbours - it hish the valua

at thet point was replaced by the aversge of 1ts neishbours.
Since the problem is now well hidaen it wos never deterninad
wether it was c¢asused by the video-processcr or the tioe-
sharing system{er welher 3% ohill ewcists).

The function I
sicnal to noise ratio arainst wiuuh oif the peak. The trade-
off schieved in designinz the focusing function ap wears hare
in 8 sonawhat rarpled ané hirhly varisole condéition, =20 it

presants a lqﬂ:placa whiere one ney trade ofy

ig. afdvisable to smocth F & bift.



Cro=dircnsionsl varang two=rdirensionnl: The choice ol which

Lo use invalves Ywe Jaotors, nsmely ep2-6 and srooc. hen
using the %wo-dimonzienal Srensforn (and dolns much the noma
to it a3 we 414 te the one-diwensional ons) one can obtain
sgimilar reaults o the aoncs we obbained, I'cr the same ooouTacy
" ane ranuires aporowimatl; the snme panber of noints = exen)
tiant they are now arranced on a roectoarular area. The tine
raquired for the Lronsform is still rousaly the same, bhut

a much smaller ares of thoe imsFfe is used. The result iz bhus
highly denpendend on small movements of the camera (the canora
moveas around aquite a bit on the roaised flouvr shan somebody
walks a few yards away). Also of -course, one has Lo Know o Lit
more accurstly where the area or feature is that ¢ne wants o
focus on. The alternative is to worx with & larier area with

a corresponding incresse in time. It was found eperimantally
thet the two-dimensional trpnsform allows @ one to messure the
distsnces to very small asress of the image, srovided tnese
aress contained some deteil (edse or textura of some zind)

and the vidisector was supported to stapilise it w.r.t

the object. The one-dimensionsl spproach wss used in ths

. ganersl-use program since it is meore 'robust'.

Choice of curve in imare nlan2: The DIT &s.umes & certain

periodicity in the function to be trsnsformed. Then reading
light=-intsnsities this perlodicity is not necsssarily srecent
snd this csuses certain proulems. In effect one g introd-
ucing a =harp edze (with its stvendant high-Iraquesacy
components) at the juncuion petwsen two cycles.

t"' Jli}fib*l‘g.]'ifr



ne ean o mateh o un o L A LF nabenrninon Laerry

rancti n. Traerabtonlir wier chanla nebeh ous s e s av-
atives as well, oual o orectics volds ds el 1oquirsd SR N

Lag conooncneh 1o ed vt e b matoniist LITR g CIRTR RN |
char e moils oieranb.s Anotharg jﬂﬁﬂlblf RETPIECENEN ERRLETS P ST RPERY SENRELS

ir Lo poa ure livst=inscesisies slens o elesdd ourye, o Lhar
than o straisht line, thus assurias the periodicity rapuirost
Yhis vorke very well despite the fact thnt it i= Giffieult

Lo interpret what is mesnt by a fourier Lrangtorn o lonl, =
curved line{The cervesponding problew. far Twe-dimtunsiog har wet basy
In-!lu-lnl}

T PROGRAN:

fmargtinn: The user cells the focusing function snd =ives

it two values represenbing tne range of servo posltlons

over whick the sesrch is to take slace. The program tnen
evaluastes the focusinm function at about 17 uniformly
spaced‘ﬂuxitiﬂns in this ranTe. At eazch position tha Lisht
intensities corresnondins to two intercectlng cireles are
neasured and used ar the real sad imapinary perts of a
function to oa tsransformed.(as is explained in the apazndiv,
one can obtain the transform of two reol functions wme
cheeply as thet of one). There are 124 npointz on each circle.
After takinm the transform and seperating out the two
transforne, the power spectra are formed by addlas the
sousre of the rssl oart to the sguare of the lmazinary
part. Now all but sboul the Tirst 5 comsonents sre adled

and divided by the sum of all oput the DO conponenu. The

value used is the meomatric measn of the two velues so formed.

The set of values F, so obtained is then 'clipped' to
remove noise, smosthed and noraalised to heve 2 mininus

af zero and & maximum of one. The new ranse 1n shich thz
saareh is to be conbinuwed is then founa by Iiadins whsls
the function axeeqas sbuut .8 . The range is sctunlly rsue
sligktly larcer 'just in case’ {doire may hove coused ond
to select s ranpe not containins the maximum.)
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This mesw oonse jl:“' pAan branted sivibtor Lo Lo Tircu oon L
Lhat Tawer intarvals are oo, the neall s sharvacnad o vond e
A siic-htly smaller T oanad 2li72%1ly loare-ar 1 and in nd4dition
the cut=o0ff for {findioe Lhe poext rabeoe is oot elirchly hichoe.
If necescary o third race is found and searched with
girmilorly modiried paramcters. At eaca stame the randr io
checked to nee i it is less than about 40. focur sarvo units.
{0.2 em)s If 80 the nddpelnt is chosen, the lensn o iticnoed
and warious uceful values nrinted (such oo distance focuvseo
st , numericel apertura Euc.]. The whole procass Ltaxar about
20 to 50 %ecanﬂh. The limitinz factor is the serve scbilin
time and a more sophirticated search procedure should ve
aple te operste much lagtor.

The arcs focused on is on the ¢ptical awis,unless the user
chanses this to & 2o0int of foere intereat to him. funoetions
are srovided for rﬁlﬂtiﬂﬁ.ﬂﬁﬂrﬁlﬂﬁtﬂﬁ To the stansssd
coordinates and glso for outaining a srinteocvy of intensity
values in a selectzd rectansle oo the iLmsce. This l=st

item slleviates the one sérivus pra¢ticel problem 1o usiag
the fotusing oro rsm(snd in fact in using the vidi-pestor
gt all) rnamely firndinw where the - areas of interect lie.

Callinm tha orocrem: The srithmetic part of The prosram
is written in WIDAS and .as losaed tomethar with &
relocrteple LISP, usin~ STIMH. This modified version of
LISP was then durpsd onto tanc hiEs as a file named

oLS BIN, The renuired LISP-functions are on the cana
tepe ~as TFOCUS TeXT. Tha coelliinr sejluence is:

Mount tspe RSS on vane n.

Iz DOT ®rpe LISPHJ, toen

$LFOCUs BIN UTa 2

“hen loaded, tvpz LISPG0:5G

Angswer ¥ to ALLOC , and allocate

2% blocks of core and 50004 Binary Profram Sance
Yhapn troe (URZAD FOCUE THT al v orw

The LISP will grint (V) when sll the functions



Phe vidoo-arscesoor hnus e ba on, the multiplevor rusni
pe in comoubar=inoutfcomputer-cutout mede and the focus
~atar swiseh in the rervo position {(szc Appendix). Lhe

foouninT function can be called by

{R3CH Rl R2)

where Wl and B2 are the limits of the range %o be
investigated (in servo units). The maximum ranTes ara:

for the létmm lens  300. to 2800.
for the 254mm lens 300. to 1700.

The prozram will print esch new ranze it is investimating
and a number of useful wvalues when it has focused successfiully.
If it iz desired to Qisplay' = part of the imare on 3 Gl-

.gonsole, L. . cub

(LOOK ¥LOV XUP YLON YUP)
Whare (XLOY,YLOY) is the lower left=nand coraer,{(XUP,TUP)
the up;ef right-hand coraer of the rectangle of
interast. The intensity values displayed are multiplied by
a scalefactor LSCL, which can be modified to brinz the
nunbers inte a comvenient raane. The coordinates sre for
RZ5 = 2000y. Once the coordinates of sn aresz of intersst
have oeen determined, one can scale thex to the
reference plane by executing:

(SCALE) (ST X{(XRL x) (82T Y(YRL rﬁ}

where ¥-and y are the centre of the area onc would l1ike
to focus on.



Perrfaensnet s P90 nroTram o onmo o Lo Lheorabioosl  aupornnabhiagnn

aod . owase Sound o porTors A 2ll as o hiusah entralor
ohreyvin: che ronitor veroan (Chere the more noizy oio-anl

on the ferean i inmoroved sosaehnt by averamine e the ooed

In addition & corvparicon wor mode wWithn Hwo mevieds o Yiccdims
onti-un feocurn uced praviously. '

1) 2Un-01-8 VATES: The snocinsl cace that “1 = 0 iz of
irteresat siace the zum of 2 unrens of the trancform ig enual
to the sum of squares of the furnction. Ve can axpect then
that the sum of squares of the intensity funeblon also
shows a maximum acar best Focus., We also know that it

will be much 'wider' Lthan the orne that mg tegen achieveo

by throwing out the low Irequency cononaats. Snall
nesemsnts of the caners slso hove 8 large effect on thais
meegure becauss of the lar - resultast cheacse 1o the low
fraauency comaonenis, Also it is not easy Lo nurmaline

tne result (in faet we divicad oy this nusber to ﬂurmalizeﬁ
illustrating our fsith in Jjust how flat a maxizum 1t has 1)
Al1l of thase problans vere born out in ﬂra¢ti¢e, the last
one being most serious, often the function vounld indesd nave
a hill, but it wss difiicult to find baecsuse of the

51¢p£n3 mrovwnd 1t stood on.

2) SUL-0P-8 VAT US=0P=DIFF2RIRCES: This function {su=s ested
by J.L.%¥hite) is slso more easily analyzed in terss of
f161UnﬂG? gnactra, 'Differantinting' in the discrete care
ie’ "1L1J51E1t to multislyine the transfors oy (w¥—=1 )

- That is de=-gmnhosising low=iTrewmencics and oexplasininsT
niﬁh frayjusneciazs. The firev of tneoe two eflacte is shared
with our method, the second ~ives tne hint as to why wnis
funeticn is inferiow. 'Yhe hick freasuvencles consint larel: of
Avise {uzlasss T was nuch lar<er than ©ne recoletisn liz in
wHich coece ae hove lost roasitivity) and tua finwion taan

s axcsssively nolsy. uhic woisrrness was confirmed Ly

o

-
J . L+wniu% cnd also using this nrocsrom in o sodifizd r'orm.



WO oranoerieal seclyocb osould w2 oo ctrailcat difisrane
nm o artimats of LR 8rlvat. i, Pnh L
wadmatine sr_psdure Lokttt dnto aooorat pore chan dvab e

two soinkns. i Ghis Loy he wewnld be lan: reapibive Lo onane
cut smradues aifrtorbisne wn ronic ghagece of o @arivativae.

Ke mav i+ fact derisn a satchad differencintion Iilter Lo

vive him Lhe desired trade-off petween trneme two lentures

in the bast nossible way for the pnrticular class of Tunctions
and the particular noise ae has  to put uz with. Such o
differentiation aparoximator iz wore emnily upderstooss in
terms of the frequency domaine. One has to dezipsn o Junstion
whosne transform motches =2 closely as nos-iple {“f” -n} ove T
the renre where the simnnl has high copponents, Fot mado 10
gemall whereavar the noise hos hipgn comhoasnis (thinrs ars

not just done by aiming over tne thumby tnere iz a raspectnile
theory to this). Typically the functionm will ce a cloce
eooro¥imation to (v — ﬁ at low frequancies and fell off
at higher frequencies. Usint this kind of differentistion
would probably te the one way of imoproviny on the fucusing
fuscticn presented in this memo. It will be seen that the
rapid way of using this runction would &seln be to first find
‘the transform, then aposly the transform of the matchaid .
differenviation function, square snd sum.

f__________‘__‘h“‘- | e 0 .-f—u-;.u:;-.:l -I:.-"-n.l:'h'-h
/ \j’— F..;mh“_ 'hhl\_*ﬂlﬁﬂ_l
/ d.-IL‘E- iratiater,

D Lo A . [L:"ﬁ'"-"-i'

The sbove discussion snsuld have made it clear tnat the fourisr
transform is a tocl, rather than an ena in itself. It is

VETT urefﬁl ia thin.ins acout certain ospmets of ilaames, Buch
65 cistoertions of varieun «inds.



Haen? Ger topron pumtricsl soacuwre of Ayt el ronven jor

Loz Laan ponition wewes in Josus Roere fourned Lo ke {r‘h fewnn W"fé

i N focurin - on nausring
* 15 rgecaing en o pingio ed-a

palmosjustrant ot either vidiszeter or servo can caougst rantoo
to Lo Aag oot oas 0. Tne relative accuracy 1o thun:

doe .40 x (($-2-2) Lo

= {_d_—‘;f]-a‘ dr=1|"l'll' Gn

The absolute accuracy is not &0 goud since similar errors
are encountered in ecslibretion.



APPENDTY 1: Vidisectors:

0ld functions: (for the old vidisector only)

The two arguments to these functions specify the
location of the point whose intensity is to be read,
they range from 0 to 1???5.

(VIDI X ¥) returns value from O to 400gs proportional
to inverae of intensity.

(VIDLIN X ¥) returns value from O to 4GGE, proportional
to intensity,

(VIDLOG X ¥) returns value from 0 to 40¢8, proportional
to log of intensity.

New functions: (these use the video-processor and apply
o both the old vidisector{TVE) and the new vidi-
sector{IVC))

Eafors using the new functions one hag to initialize
the systam by calling NVSET. NVSET can be called
again if required to change parameters,

(RVSET FIL CONF RES DIM XYZ)

where:; FIL 0= Filter selection, sny combinstion
of the thres filters csn be select-
by the appropriste bit combinat-
ions.(not cperstive as yet).

CONF 0O=3 Signal to noise ratioy 3 gives
highest ratio, but takes longest
per point.

HES to 4GGDGE number of lines in raster
(usually 10004 To 4000g)

DIM 0=7 Dim=cut=off; C e most patient ie.
darkest cut-off.

XYZE (] indicates new vidiszsector.
1,2,3 indicates old vidisector.

The two arguments to the following funetions sgein
indicete the location of the point whose intensity
is to be read; they range from 0 to RES=-I.
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(HVFIX X Y) returns a value proportional to the log of
of intensity; the values rgqnge from X to 21'??'?5,
]

77
where x is 277 when CONF is 1
LA 2
= 3

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

=16000.0 o

where ¥ is = 4000.0 when CONF is 1
= 1000.0 2

= 250.0 3

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

EWITOHESE: 0Old vidisector:

1. 8mall switch on the back of the camara selects signal
to noise watio; ususlly set in up(high S/N) position.

2. Second smsll switch on the back of the camera, below
1. salects old or new interface{ set according to
whether one is using the old or the new functicons.

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

4, Above it is a smaller power switch for the cemsra
itsalf.

5. On the other side of the trolley is & switch selecting
the origin of the deflection signals, either the
z40 display or the Video-processor (set sccording to
whether one 1s using the old or the rnew 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 cne i=s going %o use the old ones},
so as to connect it to the wvideo-processor and allow
displayon the monitor. They then
have to be reget to thelr correct positions before
commencing read-in.
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Heaw vidisector:

On the right of the msin psnel of the video-processor
iz the power switch.

To the left is the LIN/LOG switch set according to
whether one 18 using NVID or WWFLX (although only low
order bits are afiected if it is set incorrectly)

The left-most of the row of small switches controle
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
gelect wether the monitor display is controlled by
thres pots mounted sporoximatly below them{switches

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

Betwesn 2. & 3. is snother 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 smell area, the
deflection is inecreazed so as to slways fill the
monitor screesn. When in the down positicn, the monitor
is deflected in step with the vidisector.

6. Small switech on extreme right hes to be set in out
position or you loose,.
Potentiometers:
1. Mentioned in 4. above are three pots just to the

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

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

Kounted low down is tha helipot controlling monitor
focus - do not adjust unless neceasary - recommended
setting is marked down near it.

Gain controls on the twechannele 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 switech behind it intec the
focus position).When used in this way the vertical
daflection is proportional to intensity and using

the three pots in 1. to select a8 2mall ares of the
scane ome can adjust the focus sco as to glve as sharp
as possible a rise on some edge.
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5. The two raster-rate potenticmeters may be set to
give s flicker free and line free display, but do ~
not affect the operation in any cther way.

f. The two helipots marked 'Manual referance' and
'"Refarance 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
reagson to set them to some specific value, settings
of 600 for both sesm to be resscnable,

Pushbuttons and Meters:

1. 3 meters display varicus values which vary with the
illumination. The video processor trips out the camera
if any of them reach a 100 deflection. The right-—
most one is usually observed when setting the irie.
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-cff's.

2, When the camera has tripped out, the &node-warn push-
botton lights up. After reducing the light (or clozing
the iris) it cen be reset by pressing it.

3, The High=-voltsge may be off under other conditions
than such s trip, end it may then be reset by
preaszing the Aigh-voltage button.

4, The Rsster pushbutton selectsmanual control of the
ragter(white light) - allowing the use of the
potentiometers mentioned in 1. bbove. In the red
state the processor is ready for the PDP-6 to rejquest
input; while busy the pushbutten is not lisghted and
the monitor displays the position and intensity of
the polnt rejquested by the CFU. When not busy for
more than about a second, the video procassor gFoes
into an automatic raster state.

Note: For more details, currest problems and cures, consult
the log=book under the ronitor-scope.

DEticE:

0ld Vidisector: 55mm fl.2 lens, raster isg .001 inch.
Resolution is spproximatly 002 inch,
Distance settinge on the lens are not
to be trusted,-rather use the moaiter
as an aid in focusing.
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New Vidisector: 1&4mm £3.2 lens, raster is 003 ineh
when R&ES is EGDGE. Fesgolution is
aporoximatly .006 inch. Some drum
distortion is evident and not all of
the surfac: is available {(ie. some is
blocked off)}. The area of the image i=s
a circle placed not quite centrally
with = radius afaﬁﬂﬂﬁ ¥hen RES 1is EHDDE.

also:  254mm £5 lens.
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AFPONDIYE 2- Analog MultislexXor:

The spalog multiplexor allows one to reasd settings of
potentiometers and to csuse servoe-conkroelled motors Lo
operate. In LISP om first has to open the multiplevor oy
executing:

(MPEZ T)
jore than one person can have the mu tiplexor open at the
game tima, Tt can be closed by ewecuting:

{MPX NIL)

To read a values from channel n:
{INFX n)

To cause the zervo controlled motor n Go assune position Xi
{OMFE n x)

n ranges from O to 25%; % and the values returnsd by INPX
are ususlly some subrange of 0 to 777/.,. Be sure to
the limits of the servo you are cnntraﬁling.

Switches: these are on the multiplexor and the positions
or computer operstion ars underlined.

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

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

of the focus sarvo, Channels of interest to the vidisector
user:
EurquHzaduiJElaved to

Iris ﬁEBI EEEI 1325
Focus 33a g 133g

Thus in tha test - clock pepsition cne may adjust focus
by using potentiometer 1323. In the computer input -
computer output positlon one can csuse the servo to
go to a certain position oy executing:

(ONPX 33 3000.)
Qontrol is returndd immediatly to the user program and it
is his resporsibility to check on the servo's position by
executing: (IMFY 34)
Bather than loop on this test it ie fair to other users fo

use the function:
(SLEIP n)
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which returns control to the program sfter n/30. seconds,
n shouwld be about 10. plus(units to travel / 25. )

Both JIris and focus motors can be operated manually

and the switches which select manusl or servoed(ie. computer
putrut or slaved) are in a8 small btox near the vidisector.
Thege switches have &8 third position ( straight out)

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

used. Above these are the two switches for manuslly
operating the motors.

Various useful (YY) constents:

Distance from front of mein body of vidisector to surface
of vidigector: 9 3mm

Distance of equivalent lens of lo%mm focal lens from
vidisector:

306, - 0.0459 * CH3L in mm's
330. - 0.0459 # CH3L (for the 254 mm lens)
Dismater of iris:

0.0532 * CH33 = 75, 1in mm's

whera CHZ4 & CH3Z are the values returned by snalog
channsls 5#5 i 55& resnpectivliy.

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. (batter
near centrs of range = more like 5.) of the value requested.

Probleme: 1. Trie sarvo inopersative,

2, For some unknown resson servos meay sudienly
depart from thelr position, hunt around for
s s=scond or two snd return to their position.”
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AP-ENDIX S: Raferances

Fourier transforms: N.Wiener: "SENERALIZED HARMONIC ANALYSIS
ARD TAUBERIAN THHOREME" .

Fast Fourier trans: ERader &% Gold: "WHAT IS THE FAST FOURIZR
TRANSFORE Y" June &7,Procesedings of the
I1ZEE.

Apolication of P.M.Duffieux: "L'INTEGREAL DE FOURIER ET
fourier techniues SES APPLICATIONS A L'OPTIQUE" 46 ,Besancon
to optics:
' F.D.Smith: "OPTICAL IMAGE EVALUATION
AND THE TRANSFER FUNCTION" April &3,
Apalied Optics

Application to J.D.ABMITAGE - A.W.Lohmann: "CHARACTUR
Pattern Hecog.: RECOGNITION BY INCOHERZINT SPATIAL FILTARIOG!
April =5, Applied Optice.

tlsc interasting: L.J.Cutrona: “"OPTICAL AND ELECTRO=-
OPTICAL INFORMATION PROCESSING" 65,
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