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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
megsuring. 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 resder has sore familiarity with
various modes of fouricr transform. In particular use
will be mrade of certain similaritiss vetween the transform
of a function of a contizuous variavle and that of a
function of a discrete variabls, since the discrete
transforms usually have much more complicatad analytic
expressiong yet have much the same vehaviour. It «1ll 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 tzat some of
design has peen 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 unususl - it is an attempt to write
it such that forward references were not required. This
work is part of the work done towards s ixasters Thesis

on the avplication of fourier transforms to image proceséing,
and comments would be appreciated. Finally, no gusarantees
is given on the accuracy of the vidisector constants
reported herein - when more accurate values becone
available they will be reported in the log-book(under the
monitor).
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Purncse: Focusing is one acspect of camera oseration

is not usually automated (unlikec exposurc time settins),
It was thus of interest to show th«t it 1is possible %o
focus an ontical device automaticully witn the same do-
sree of accuracy acnleved by a human watching the picture
on a ground-glass screen (or in our case the monitor).
The method descrived saows one of a numver oi applica-
tions of the fourier transform in imaﬂé processing.,
Another goal is distance meussuring without utilizinz a
sterso effect (thus avoidings the slereo metch sroclem).
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Variations on ti Tourier chemc: The staandsrd four
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transform pair of & function of a continuous varist

.
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be written as:

3l = Lim o= f £G) @™ dx

_(;(xy = Ill\‘::o,j_“ i: %(w) omixw koo

This can be extended to functions of more than one dimen-
sion, by allowing the transform to be a function of as
nany frequency-variables as the original fuvnction is of

spaceée-variables,

W0 = (U e S RS,
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dhen Lae function depends on digccioete voriables ratner
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This again may be simply extended to more than one dimen-
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sions., In certain cases 1t is possible to calculate
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crete fourier transforms (DFT's) very repidly by the 1
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thod of fast fourier transforms (FFT) described in an ap-
pendix.

Kote that the DFT assumes & certain veriocdicity in the
function:
o ((N+v)w) = aluw)
4 (N+0) T) = [T

£0-xT) = F{(n-XTT)

ie. both the function and its transform are periocdic
functions of dicscrete variables. Another interpretation
useful in certain cases is that one of the two revresents

samdyles of a periodic freasuency-limited furnction, the
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other one then is discrete but nonzero oaly over an ia-
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The effect of defocusing an imase: Consider an ima;e

e of
a plane perpendicular to tne opvicel axie, Hzch noint of

the object genersztes a point on the image with irtensity
proportional to the source point. When we insert e
perpencicular to the optical axis between the image pl
and the lens we cut each cone of light (corresponding to
an image-point) in a circle. The intensity in esch
circle is again proportional to that of the corrssy

source point, uniform across the circle and decreasing
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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 OlllbOX(WiO se height is
dhe squore ok
inversly proportional . to, its radius), Tnis effect is
gzsier to describe in the freqguency domain, slace convo-
lution in the space domain corresponds to nultviplication
in the frequency domain. In other words the frequency
spectrum of the cdefocused imaze 1s that of the in-focus
image multiplied by the frequency spectrum of the pilli-
box. This transform is found in an appendix to be 2
"3.(&/9> /(&/:3 where p is the frequency (in racians
per unit d‘stance) in polar coordinates and R 1s the ra-
dius of the pillbox. ( J, is the Besrel-function of
order 1). Also shown in the appendix i1s a cross-section
throuch this function (which is symmetrical about tbs

origin).
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SE8 ie. the first zero Crobonina anprosecncs Lo Oricsin)
and the offect of defocusing can thus be cezn to be o 10—

cuction of hich frenuency components in & certain vay 924

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 vte used as functions to
be mavimised so as to obtain best focus (w.r.t lens posi-
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tion). A description of such a method is not complete

nowever without san analyéis of noise, since it is trivie
to focus in the absence of noise (for example by maximi-
sing tne difference bevtween the light-intensity at two
aajacent points on the retina corresponding to two npoints
close together on a part of an object which has other
than & uniform light intensity distritution). ©Noise ap-
pears in various ways in vidisector imazes, The most im-
portant appearing in an obvious way in the intens
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valuee returned, caused by the statistical fluctuat
the number of photoelectrons pgenerated at the srea un
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considefation. The function of the Iourier trarsiorm
be used has to be designed as a compromise between ones
relatively free from noilsec and oneswith a narrow maximum
(in the absence of noise it is trivieally possible to nar-
row the width of a maximum as much as oae pleases by rei-

sing the function tu a high enough power).
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Sensitivity: Ve would like to know what error in din-
tance nsssurement is incurred by two xinds of error:
a) 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 imaze plane.
The lens is moved about, csusing the true imaze to form
somewhere behind or ocfore the image nlans. First let us
find the chanze in true imaze position due to a small
change in lens position: |
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Vi Next we would like to know what change in image disvance

this corres 'UOHOS to:



| [N
R S VP QR S ET) Ty (g, V]

{-5 17 >

“

Ummhax.x4mb+ﬂrw werd A we Ja+” mw.V oty
. €o Ad z =\

T4 also %o;ofu. .1;94 \mklﬁu .X+.ng,\ﬁ

for x> 125 (w. dyes§) Lo eomy (witin 5%)

. e
oz = (($-2) -2)

A.mmlwu. ,.v_ thcw*cxoﬁif\ r..« a dooL' or%ﬂ.\oxac»p..m..ox .m.o .T.w..m

vuless Amsuv,oo
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4.0 1.0
4.5 5.S9
5.0 0..853
5.0 14,5
7.0 25.0
5.0 AL4.,0
10.0 52.0
15.0 18,0
2C.0 322.0
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Foousins funetion: Tafore continuin: Lo an anaslysis of

noico effechs it will be necessary Lo dencribe thae func
tion vred in more detnil. This is done with some hesi-
tancy since it is rather ad hoc, snd many other simnlo-
minded procedures would have been satisfactory. The

point is that the information is vresent in the

ransform in a 'convenient' form and thke practical de-

tails of tbe particulsr function uvsed might detract frox
this fact. To get scme idea of how the murber of noints
used, their spacing, ncise and resclution limits arlfect

the accuracy one nas to be specific however (and al

make some drastic simplifying assumptions in the arithme-
tic).

‘For each setting of lens position investigated, inteasity
values zre read for N points spaced uniformly T cms apart
slong the circumference of a circle (the resson for
choosing a circle will bLe apparent later). We now per-
form & one dimensioneal IFT on these points to obtain N
“frequency components (the reason for usinzg the less
powerful one-dimensional approach will also be discussed
‘later). XNext we form the power spectrum by &dding the
scuare of the imaginary part to the square of the real
part at each frequency. One now suws all components
starting at some minirum frequency MW up to the centre
fregquency (¥-1)w . The top half of the spectrur is not
used since it is merely a reflection of the lower half
(the transform of any real function has this symmetry

property).

To cbtain scme indevpendence of chunvTes in overall level
‘we have to normalise the rasult. ividing bty a single

value (eg. the DC or zero-frequency comnonen,) causes
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lutive noise in the resull of enual momnitude ws the

relavive error in this sinslae value and i Lohercfore not
advissble, BEm»niricnlly it was found thst 'best!' results
could bpe obtained by dividings by the sum of all terms ox-

cept the DC term{zero frequency terwm),

The program now proceeds to carry out this operation for
some ‘rance of lens—settihgs, thus formning a functien T
of lens-setting which has a noisy peak near ontimum fo-
cus.

Sirnal to noise ratio: The main noise contritution %o

the signsl is ceused by ststistical fluctuation in the

number of photcelectrons emitted by the photocathode.
The video processor is so designed that the peax-signsl
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.
Signst (Peak)
Confidence level Noise (RLS) Pnotoelectrons

o & 1

1 15 =29

2 32 ae

5 64 ~ 2..‘3

The vidioc-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 thean

that in a high value. It 1s convenient to assume however
that the error in all pcocints is the same, and equal t
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that in the point with the hiphest intensity. This
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tisation error has a roughly uniform distribution.
ding many terms,. 2s we do in forming the transform, gives
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us a roupghly cauvaesian digtrioution. Let f bos tbhe purs
signal and g a superimposced nolse:
. ) ’ b -t
LN (YT — L C -
Let W L3 X/ = T a b EE%(ZT>-L»
ve=o Vs
S (E.u)ka\ To kolde Powt’r\ = O /cr
Led [ =D | A &= DFT (s
e {=DFT (4 o~ n 9 = %)
thew DFT (f44) = DFT(H + D FT(q)
Zach g(uuﬁ is the sum of N independent vectors each with
varisnce o~ . N/P of these point in one of p directions,
(where p depends on the common factors of u and X). The
sums in each of these directions, have mean zero ard &
~

variance of po~. Decomposing these varistions aloag the
real and imaginary axis we have:

| &

' N T i
s N ot L
Rezl contributions Z% ? 4
Imaginary contribution ii,-ﬁ AT
= P

Y
The resultant vectors thus have zero mean and variance
Ne¢ . Since we divided by N in formiﬁg the DFL we
have to divide by N to get the variance in each of the
frequency components. The transform of such & noicse siz-
nal thus has the same charecteristics as the original
noise sigral (ie. zero mean and variance o ),

We next have To0 consider the power spectrum:
— - - _ i1 ——
L T+351m = 13 A5 4 20050

Where EYRRY Fh2  Coumgley (G'\\—')V:)GiQ of 2



?JE 1o smaill com-
nared to the sicgnel power I/ and the cross-term. This

c 18 the main source of noig~ in the power
snectrum, 1t has variance \IﬁaV* %j. In forming the sum
from N, to (¥-1) we find the ratio of power of the value

so formed to its noise is:
\

5 -\ =\ Ny - _ N/L—-I‘—L
e R SNy
§ T Sy i e A

iU ity B R S ke

where F,,F, are fthe vadios i Fhe above 2xpansicra.

'ﬁggg: 1) The result is only approximate and merely pre-
sented to give a clue as To what factors make for a zood
'signal to noise ratio; the variation with N is particu-~
larly important.

2) The form-factor ¥ depends on the imege asnd is
approximately cone for an image having & more or less flat
spectrum,‘and is inversely proportioconal to N, for one
having a hyperbolic (‘/u) spectrum. lost images lie
somewhere between these two extremes; an image with a lot
of texture couming closer to the first form, cne witia a
single edge coming closer to the secoad. ¥, 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 variastion as F, , but

'is not as sensitive to small changes in an image.



mination where this is necessary to avoid missing

3) It is clzar that one should try for a high sic-
nal to noise ratio in the image and besides using high

values of the confidence level one can help to achieve

this by averaging light intensities at each point over

more than one rcading. This was not found %o be neces-
97

sary (unlike such local operations as homoreneity de
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changes in level between regions differing only slightly
in brightness).
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&) The last term in the product is in fact 5; s

the sum of sqguares in the transform is egual to the

0

un

of squsres in tThe original function and since the vrans-
N wm .

form is symetric.



M1dth of the ﬁ‘"]r“' in the focuas Ak function: Tet the
width b2 vhe distuance bctwbcu two polnts on the curve 5%

[y . . . - ~
hes AR of its maximum valunz,. I1

vhich the function rasc
£(x7T) is the intensity function when the true iwnse

falls on the imase-plane, %0JVR> the Bessel-defocunins
function with R the radius of the circles corresponding

o each in-focus image point. We have to find two valuss
f R s.t:

N/~ M/ -1 ~
ji: 4(%T>x<3[xT QS//EZj L(xTﬁ - VA

Ve Ny,

Since 1its such a pain to do arithmetic on the Incompatabl

Tirme Sharing System (ITS) end since we only need approxi-
‘mations, we only have estimates for R:

3'5?1 L= N, B for a 'flat' spectrunm
. r b 1 RPN
%izz_%: I N ST S hyperbolic spsctrur
) - . : oo as
For N large (&. near I£%): Ro= MR, — - 122 ()

it

In vrectice 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. Imperically it is found that

one can achieve a width 1 to 2 timesthe above 1d case
It is clear that the choice of X,1s one place w» o
can trade off signal To noise ratio versus width of th

maxirum. Clearly also the width denends on the relative

H
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hizh~frequency content of the intensity function
_easier to focus on a8 line (two edges) than on a siagle

edre and 1t is very essy to focus on say anewsnrint or

Cf

cosrsely textured material. It would seem at first si
tnat one could improve matters without limit by decrea_

siny T. Intuitively however we inow that one cannot ex-

e
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nect to ot onuch imorevewnent once T ois smallier thon tine
- h} 4+ A 2 oy s - . o o i~ 3 FIE
resolution limit of the instrument. S0 we need next Lo
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concorn ouraslvaes with this Wind Oof limitaotion 1

istortiong: All optical instruments have certain limit

tions (if only to preserve our belief that one cannot
obssrve nature exactly - whatever tnat means). Some of
the distortions are flobal in character (such P pin -
cushion distortion and spherical distvortion) and do notb
concern us here,  QOthar distortions sre nore

bs
cerived in terms of local

efiects (ep, diffrac
distortions act in & similar way to defocusing in thst
they take each point of the image and 'smudge' 1t over
its neighbou The smudged image then 1s the true
imaze convo’wed with some function which is large only L
a small area nesr the origin. The shspe of this little

'hill' depends on the distortiorn under discussion, for
diffraction it is 2= D (Rx) ARx) | The scale factor R

is (ﬁ')}x(q/+3 (A-MQV ength of light, f-focal
leasth of lens, & - dismeter of lens). 3y the well rnown
duality of transforuns we caan imnmediatlly conclude that the
effect of diffrection is fo multiply the irna gnectrunm

i

nss the effect of low-pass filtering T!
maxirvm frequency passed with A% kand a numericsl aper-
ture of 4 is 2500 cycles/cm. The well known prenocmens of
reéolupion limits in telescopnes and microscopes are dus

“to exactly this

4 lareer effect in our cnee is due tou the vidisector. Iv
overstes by allowing photoelectrons fromn the vhotocathode

ct
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11 on a pinhole (approximsote diameter 0.C05 cm).
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Tho o emavein on Lhe oty shan are counhed, The mono-
o ~Laat I T - 4 tA L2 b} : -

Pie Tiald in the tube celcocots tha parviculisr circulaxr

1

nron of the nhotocathode from which thns2 ohotoelecbrong
cnTe. The effact ic thus ccon bo be identical to thot of

cusing. In practice however verious other effechs

jof
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set in, causing electrons from the outside arca Lo o2

counted and the loss of somz of the electrons from insids

£his area. In other words we have ‘'smudged'!  the Lrste
not by a pillbex but e swmoother, larzer 'hill', The cize
and shape of this hill depend critically on the adjust-
ent of the vidisector. To get so
tihis new 'smudging' has, we will assumc that the 'hill'
&) & ]
ias a gaussian shape, ie.:
¢ L=
068 = g o~ zlmT

g

s
N SRR
_;()(‘\D\) —‘\(-Q . S x o .2_( k>

ransforming we get:

)

‘3(\) v} ?—'n j;} j-cb ,{‘,(mtb QC(UITV‘O\ o’u,;ob?,
: - u -'2{(";‘)1 .
- L R LR

Slor)t _ R
= £ 0w e Ik A

The radius of the gaussian 'blob' before transfornation,

“(out to where it hes '/{2' of its maxipun value) is .233

the radius of the gaussizn 'oDlob' in the Ireguency do-

rain is  -223 /R . Experimentslly it 1

szctor had a halfpower frequency 4} of 20 cycles
en adjusted - even slizntly ou of adlustmenyt vne

cub=-off frequency <rons considerably)y. This corresponds

o

o' width of 0.009 cm, which indicates that
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A kKnowledre of —% allows us to choose ressonable values

e
for T. The maximum frequency appearinz in the transiorn
. () ~ ) . . .
is 3 %=5 = = « It is apparent that there ise ro point
. s { | .
in making T s¢ small that 23->?’£o (or eloe mary of the

high-frequency terms in the transform will alwors Le nsar
VAt = 24 satisfa

ey

maximum in the focusing curve is )
(ie. .01 cms). To find the corresponding alloved varia-
tion in the imase plane positicn we have to multiply by
the numerical arperture r. Using our sensitivity result

we finslly obtain:

o\v. (d(s;‘qk(e r&kcjg\) = LT X 'fi‘“_;ok [(( %—’>'1§-— ZX
=0z ((4-2-2)

N N C YA A dp =G om

Servo inaccuracy: The main obstacle preventing one from

chieving such high accuracy is the servo controlling the
ens position. This serve operates in units of about
0.005 cms. The error in positioning is made up of three

components:
a) Systematic error causing the servo to settle &4
units higher than requested.
b) ZRBacklash of about 2 units.

¢) TUnoredictable variation of about 4 units in both
* directions. Tnis 1s actuslly a time variation;
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the gservo 'oscilliates!' Ly this amount about
steady position at s very low frequency
' b 1
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In addition the lens holder can move the enulvslent of 2
units w.r.t. the servo positioning mechsanism by tlilting.
srrors a) and b) can be accounted for, leaving us with a
total error of about .05 cm in either direction,

N
]
W
r
-

badly adjusted the servo mechsnism can be much worse then
this, as much as 20 units either way where observed when
the coupling between motor and cem was T0O
loosc) This error now has Lo be multiplied by one of ocur
sensitivity terms:
2 Xty
X - ,\{?;—,__j——\

which for x» S is also about  H+x"— 2
i K P -~ i .
d (distance range) = .g¢ x((%}—l}-—2>

The servo error thus is dominant unless the mumerical ar-
perture is more than about 6. (the cross-over point of
xhich of the two errors is more important depends very
much on the adjustment of the two systemé).



Practical Teibleso: The moltion ol the lens glso cavcos 050

&) Chen~e in masrification.

. . , . ~ .
b) Chanme in numerical aperture (rastio ol'iicnd TO
+ £
4

i
me plane disvance)to diametsr of

@

The chan~e in marnification can be taken care of vy relzrin-z
all coordinates to a standard system lixed w.Ir.tv

In the orogram the distance was arbiftrarily cnozfcen cqual To
Py < i i

the focal length. (

<

Planme

\"c'sri\fiuce \(

6]

The transformation of coordinsastes simply multinlies distance

ey
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from the opticel axis by fl/f . This introduces two n
ef:ecvus:

a) Some points of the image may wove outside

the useful imese area of the vidisector as

the lens is moved further away.

=

b) Ths sepersiion
intensity is measured, ilncreases as the .ens

, of points at which the imacze
I

moves forward. This causes a decreas
sensitivity - unless T is chosen small enoush
b

so that accuracy willm® limited by o Tather
‘than 1/7.
Changes in numerical apecrture can teé correécted py overating
the iris servo - since it doesa't work one hags vo account

for chanres introduced by two ellects:

z) Image dimning.

b) Chanze in @écVracy oi the focusiny functiun.




Ivace qiwriny 16 not a airecl problem aince Ghno calcouislions
ara poraonlised, It i howoever a practicsl orobioem since ores
has to adjuct the iris when the lens is cloce to the vici-
sgahor (ie. whonihe rurerical apevture 1s cwallest, rivino
the highe

square of numcrical aperture, quite a ranc-e of intensitiss is

st lirht-intensivy). Since intensity degencs on the

irvolved and some simnificant areas may be 'dim-cut-ofl!

4

when the lens is in the fully extended position.

'he change in accuracy 1is due to the fact tnat the ceiocusing
circles are smaller for smaller numerical aperturcs. Lost
of the above effects are of no concern when one nss a rouvn

idea of where the lens should be, and are not iuwportant

problems norumally.

Another prooblem, possibly more of historic interes

caused by‘occasional bad points. At times. an intensity
would be returned by the system in & gsrbled form - the
problem was highly irreguisr and most prevelant at aigh

intensities. An indaividual bad point acts like & pulse

and thus adds very hicsh values to the transiorm, 13“u;t125
in completly useless results for tasat Ticular sevting

e
of the focus servo. Smoothing the resu 7tlnU focus functicn
¥ was found to be nulte useless and the disturbanc
a non-linesr metvhod for removal.vIc was found tzat most of
the bad spots in 7 could be located by comparing p

the sum of their immediate neighbours - 1f hien the value

at that point was replaced by tne average of 1ts neifnoours.
Since the provlem is now well hidaen 1t was never deternined
wether it was causeda py the video-processcr or the tine-

sharing swstem{or wether <% ¢dill excists).

The function F presents a last place where one may trode of:
siznal to nolse ratio against wiulhl of The peax. The

off achieved in designine the focusing function apears here
in a somewhat ¢sroled and hishly variaole condition, so it

o
is.advisable to smooth F a bit.
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one reaquirecs aporoximatl;y the same nunver of pointn = exeant
tuat they ar- now arranned on a roctancular area. The tine

for the transform is still rouzmily the same, but

a much smaller area of tne image is used. The result iz bLhus
highly dependend on small movements of the camera (the camera
nmoves around quite a bit on the raised flour when comebody
walks a few yards éway). Also of  -course, ore has to Krow o bit
more accuratly where the area or festure is that one wants o
focus on. The alternative is to work with 2 larcer area with

a correspondinq increase in time. It was found epperimentelly
that the two-dimensional transform zllows ' one to measure the
distances to very small areas of the image, provided itnsse
areas contained some detail (edge or texture orf some xind)
and the vidisector was supported to stavilise it w.r.t

the object. The one-dimensional approach wes used in the
general~use program since it is more 'robust'.

Choice of curve in ime~e nlanc: The DIT as-umes a certain

periodicity in the function to be transformed. When readin:
light-intensities this periodicity is no
and tals causes certain provlems. In effect cne is introd-
ucing a sharp edze (with its attendant hish-frequsacy

ar
components) at the juncuion vetwesn two cycles.
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This works very well despite the fact thnat 1t ds difficult

Lo interpret what 1s meant by a fourder trans orm @ lon:, A
curved line{The corresponding problews for Fwo-dimensian has wat bicy
So\ved)

T two values rapresenting tine range ol servo positions
er which the search is to take place. The program tnen

v
¢valuates the focusins function at abo
naced pOPitions in tnis rance. At each »
irtensities corresponding to two intercecti
measured and used as the real and imagl
functicn to bs transformed.(as 1s expiain
one can obtain the transrorm of two real functi

cheaply as that of one). There are 128 points

*

Afte: taking the transform ané s
transforms, the power spectra are tfrorm
gsquare of the resal part to the sau

4+

a
part. Now all but about the Tir 5 comsonents are zddezd

s
and divided by the sum of all out the DC componenv. he

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

.The set of values F, so ovtained is then 'c ol
remove noise, smoothed snd nornalised to have a2 wminiTurs
i

of zzro and a maximum of ons. The new ran-e in which the
scarch is to be continuea is then Touna vy ITindins where
"the funcition exceeas avbout .3 . The range 1s actually rade

slimntly larser 'Jjust in case! (Joice may hav

to select a range not containins the maxinum.)
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1f necessary a third ranse 1s found and scarched with

similarly modified paramcters. At eacn stage the ronee i

checxed to see if it is less than about 40. focuc vervo unit
(0.2 cm). If so the nidpoint ie choscn, the lens o ition

and various uceful values orinted (such ao distance focuvsea
at, numericai aperture etc.). The whole nrccess Laox2n sbout
20 to 70 seconds. The limiving factor is the servo scoilins
time and a more sopaiticated search procedure should ve
acle to operate wuch faster.

The ar-a focused on is on the cuptical axls,unless the user
chan=es this to & »oint of wore interest to him. lunctioar
are nrovided for relacin@‘COUrdinatcz to the stantszd
coorédinates and also for ovtaininzg a print-ocve of interncity
values in a selectved rectannle on the iwmawe, Thie lset

item alleviates the one seriuus practical problem inm using

Callinm vhe oro-rem: The srithmetic part of vhe prorranm

is written in IDAS and .as loaced tometner with o

relocataole LISP, usinz STIMK. This modiried version of

LISP was then durpsd onto tanc RS4 as a file namead
TOCUS RIN.: The recuired LISP-functions arec on the canc
tape ~as FQOCU US TEXT. The coliing sejuence is:

oo
nen loaded, type LISPG0.LG
Answer Y to ALiOC , and allocate
25 blocks of core and 50“08 inary Progranm Spac
Then vyne (UREZAD TFOCUS TxXY n, ¢ W

4
u/
The LISP will gprint (V) when sll the functions
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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 resd;
they range from O to 1777g.

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

(VIDLIN X Y) returns value from O to 400,, proportional
8
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 old vidisector(TVB) and the new vidi-
ssctor(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 400008 nunber of lines in raster
(usually 1000g 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=!l.



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

77
where x is 277 when CONF is 1
4% 2
Y 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.C when CONF is 1
x 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.

SWITCHZS: 0Old 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 %o
whether one is using the old or the new functions.

3, On the trolley on which the old vidisector is mounted,
is a larze 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 1s 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.



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 afiected 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 defledtiuon of the monitory 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.

6. Small switch on extreme right has to be set in out
position or you loose.
Potentiometers:
. 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 its size.

Near the power switch (1. above) is the c¢ontrast
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 1it.

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, ore 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.

6. The two helipots marked 'Manual reference' and
'Refarence 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 60C for both sesm 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.

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

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

4, The Raster pushbutton selects manual control of the
raster(white light) - allowing the use of the
potentiometers mentioned in 1. Bbove. In the red
state the processor is ready for the PDP-5 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, cur:rent problems and cures, consult
the log-book under the monitor-scope.

Optics:

01ld Vidisector: 55mm fl.2 lens, raster is .00l inch.
Resolution is approximatly .002 inch.
Distance settings on the lens are not
to e trusted,-ratner ucse the moaitor
as an aid in focusing.



New Vidisector:

also:

-32=

164mm f£3.2 lens, raster is ,003 inch
when RES 1is 20008. Fesolution is
approximatly .0C%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 of-.:;5OOEj When RS is 20008.

25Umm £5 lens.



APPENDIX 2: Anslog Multiplexor:

The snalog multiplexor allows one to read settings of
potentiometers and to cause servo-controlled motors to
operate, In LISP ore iirst 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 s value from channel n:

(IMPX n)
To cause the servo controlled motor n to assune position x:

(OMPX n x)
n ranges from O to 255; X and the values returned by INPX
are usually some subrange of C to 7/7/7,. Be sure to
the limits of the servo you are contro%ling.

Switches: these are on the multiplexor and the positions
for computer operation src 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 are slaved to certain vpots
in this position. This for example allows fine setting

of the focus servo. Channels of interest to the vidisector
user:
Servb&Read-inhﬂaved to

Iris 328l 538l 1528
Focus 538 548 1558

Thus in the test - clock ppsition one may adjust focus
by using potentiometer 1528. In the computer input -
cemputer output position oneg can csuse the gervo to
go to a certain position by executing:

(OVPX 33 3000.)

Control is returndd immediatly to the user program and it

is his resporsibility to check on the servo's position by

executing: (IMPY 34)

Rather than loop on this test it is fair to other users to

use the function:
(SLEIP n)



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
opersting the motors.

Various useful (%) constants:

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

Distance of equivalent lens of 1o4mm focal lens from
vidisector:

306, - 0.0459 ¥ CH34 inmm's

330. - 0.0459 * CH3L4 (for the 254 mm lens)
Diameter of iris:

0.053%32 * CH3% - 75, in mn's

where CH?4 & CH3% are the values returned by analog
channels 548 3 558 respectivly.

The limits on the servos are:

Focus: 240. (all the way out) to 2860.
Iris : 1500.(closed") 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 suvdienly
depart from their position, hunt around for
a second or two and return to their position.”
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