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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  describes the application o f

a fourier transform method to  problem . I t

is assumed that the reader has some  wit h

various modes of fourier transform . In ;articular, us e

will be made of certain similarities oetween  transform

of a function of a continuous variable and that of a

function of a discrete variable, since the discret e

transforms usually have much more complicated analyti c

expressions, yet have much the same behaviour . It  b e

seen that the function

	

2*J1(x)/x plays the same rol e

in the two-dimensional transform as sin(x)/x does in th e

one-dimensional transform . It may be found that some o f

design has been spelled out in too much detail - if  
forgive those of us  have forgotten their optics an d

would like it spelled out . The ordering of topics ma y

also be found to  unusual - it  an attempt to -,rit e

it such that forward references were not required . Thi s

work is part of the work done towards a asters Thesi s

on the application of fourier transforms  image processing ,

and comments would be a p preciated . Finally, no guarante e

is given on the accuracy of the vidisector constant s

reported herein - when more accurate values becom e

available they will be reported in the log-book(under th e

monitor) .
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F0. c u s nl T,  one as ::,cct of ca ftlc r',:a o 1.) o i' ~ 3 t i c ',-n t, t :'l Ù

is not usu':illy ate~i (unlikc exposure tiii~c sE ttl Yl>") .

It %vas thus of interest to show that it is ~)Ossible t o
focus an o )tic, l device automaticbll,y witn tie s.r1111e ci c

ree of accuracy achieved bar 'a human watching the ,ictur e
on a ground-,lass screen (or  case the monitor) .

The method described snows one of a numuer of a)nlico -
tions of the .fourier transform in ima;fe arocessin N
Another goal is . distance measurin, without utilizirr ; a
stereo effect (thus avJidin~,-, the stereo matc h

Variations o n
transform pair
be written as :
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This can be extended to functions of more than one dimen-
sion, by .allowinry the transform to be a function of a s

many frequency-variables as the  function is o f
space-variables .
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Men the function depends ondisciete variables rathe r

than continuous ones wo may uhe the discrete fourie r
transform :
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This again may be simply extended to more than one dime n-
sions . .In certain cases it is possible to calculate 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 periodicity in th e

function :

c ,((NI-v u)

	

=

4 ((N x) T)

	

(x T )

t) a-- U LA.)))

	

=

	

(( Is) -

+ (( -xT)) --= ((N - x)t

ie . both the function and its transform are periodi c

functions of discrete variables . Another interpretatio n

useful in certain cases is that one of the two r e present s

sam)Ies of a periodic frequency-limited function, th e

other , one then is discrete but nonzero only over an in-



an image : Consider an imae o f

a plane perpendicular to the optical axis . Each point o f

the object generates a point on the image with intensit y

proportional to the source point . When we insert a Slane

perpendicular to the optical axis between the image plan e

and the lens we cut each cone of light (corresponding t o

an image-point) in a circle . The intensity in each suc h

circle is again proportional to that of the correspondin g

source point, uniform across the circle and decreasin g

with the radius of the circle such that the total ligh t

is constant . The new irnae is thus the convolution o f

the in-focus image and a little pillbox (whose height i s
Lht sgvavt 0 4

inversly proportional, to,,its radius). This effect i s

easier to describe in the frequency domain, since convo-

lution in the space domain corresponds to multiplicatio n

in the frequency domain . In other words the frequenc y

spectrum of the defocused image is that of the in-focu s

image multiplied by the frequency spectrum of the pill -

box . This transform is found in an appendix to be 2 -

/('(& P)

	

where P  frequency (in radian s

per unit distance) in polar coordinates and R is the ra -

dius of the pillbox . (

	

is the Besael-function o f

order 1) . Also shown in the appendix is a cross-sectio n

through this function (which is symmetrical  

origin) .



It will be seen the t hie funcUdon conLrecL

	

R incree-
scs (i.e . the first zero crossing opproechcs the orijn )
and the effect of defocusing can thus be seen to be a re-

duction of high fre(luency components in a certain vay aed

such that lower and lower frequencies are affected as ,,,,, e

defocus more and more (ie . increasing R) . Taking th e

fourier transform thus gives us a function in which th e

effect of defocusing is easy to interpret . Various func-

tions of this transform can now be used as functions t o

be maximised so as to obtain best focus (w .r .t lees poz. i -

tion) . A description of such a method . is not complet e

however without an analysis of noise, since it is trivia l

to focus in the absence of noise (for example by maximi-

sing the difference between the light-intensity at tw o

adjacent points on the retina corresponding to two p oint s

close together on a part of an object which has othe r

than a uniform light intensity distribution) . Noise ap-

pears in various ways in vidisector images, the most im-
portant appearing in an obvious way in the intensit y

values returned, caused by the statistical fluctuation i n

the number of photoelectrons generated at the area unde r

consideration . The function of the fourier transf orm t o
be used has to be designed as a compromise between one s

relatively free from noise and ones with a narrow maximu m

(in the absence of noise it is trivially possible to nar-

row the width of a maximum as much as one pleases by rai-

sing the function to a high enough power) .
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Sensitivity : We . would like to know what err Or in dis-
tance measurement is incurred by two .inds of error :

a) Limitations on determining; correct focus due t o
a combination of vidisector resolution  
and 

b) Error in lens positioning .

We have a fixed object plane and a fixed image 
The lens is moved about, causing the true image to form
somewhere behind or aefore the image plane . First let u s

find the change in true image position  a smal l

change in lens position :

t

4, 1- 4. , 4
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E ; xz 1Zd.ck .

Next we would like to know

this corres ponds to :

what change in  distance
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. lore continuin ; to on an .jt ;n io o f

noie effect' s

	

be nec sser `r to describe the Lure -

ti on 7? . ed in more detail

	

This is done with some he :-, i

tency since it is rather ad hoc, and many other : i en] c -

minded procedures would have been satisfactory . Th e

p oint is that the information is Present in the four i e r

transform in a 'convenient' form and the practical de -

tails. of the particular function used m i ght de erect fro m

this fact . To get some idea of how the number of point s

used, their sracing, noise and resolution limits effec t

the accuracy one has to be specific however (and als o

make some drastic simplifying assumptions in the arithme-

tic) .

Po, each setting of lens position investi ;aced, intensity

values are read for N points spaced uniformly T eras apart

along the circumference of a circle (the reason fo r

choosing a circle will  apparent later) . We now per-

form a one dimensional FFT on these points to obtain N

frequency components (the reason for using the les s

powerful one-dimensional approach will also be discusse d

later) . Next we form the power spectrum by adding th e

square of the imaginary part to the square of the ree l

part at each frequency . One now  component s

starting at some minimum . frequency Ni(A) up to the centr e

frequency

	

The top half of the spectrum is no t

used since it is merely a reflection of the lower hal f

(the transform of any real function has this ' sy mmetr y

property) .

To obtain some independence of changes  

we have to  result . Dividing by a sn; : e

value (eg. the DC or 
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relet ive noise . . In  .  o .fi . . e ual m e f;nitu o 0 s th e

reletive errer
l
in . . thi

	

i
}
n

;'
1

YIe

value and is therefo r e net . .

a d\~ .L . - ' , l e . E mpi r i c e l l y i U e s found that 'beet' r  s  t s

could b e. obtained by divc'in„ by the sum of all ter ;na ex-

cept the AC term“ero -4relee,Acy {e- ) .

The program now proceeds to carry out this operation fo r

some 'range of lens-settings, thus forming a function F

of lens-setting which has a noisy peak near optimum fo-

cus .

to noise ratio : The main noise contribution t o

the signal is caused by statistical  in th e
number of photoelectrons emitted by the photocathode .

The video processor  designed that  peak-signa l

to rms-noise ratio  by a factor of 2 for each in-

crease in the confidence level, by counting ' 4 times a s

many electrons .

Confidence level Noise

	

(RLS) Photoelectrons

r3
N 2.7

1 to Z9
2
3

3 2
04 2:22 1

The vidic-processor  that this relative erro r

is the same  different levels  



so tha t

the  in a low value will be smaller tha n

that in a high value . It is convenient to assume  

that the error  points  the same, and equal t o

that in the point with the hi„hest intensity . This quon-

tisation error has a  uniform distribution .

ding many terms, as we do  the transform, give s

Cpee k
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Each g(v64) is the sum of N independent vectors each wit h

variance a' . N/P of these point in one of p directions ,

(where p depends on the common factors of u and N) . The

sums in each of these directions, have mean zero and a

variance of Fo- . Decomposing these variations along th e

real and imaginary axis we have :

Real contribution s

Imaginary contributio n

The resultant vectors thus have zero mean and varianc e

  Since we divided by 17T in forming the DPT w e

have to divide by N to get the variance in each of th e

frequency components . The transform of such a noise si ;-

nal thus has the same characteristics as the origina l

noise signal (i.e . zero mean and variance a-) .

We next have to consider the power spectrum :

1-T .+9) ' " = 1 ;1'4-13) 1 4 2k-TT

L-Tr

P

oi. ..t(QX

	

Ca7.. Q 0  5



I
- It cc n be assumed •tIt the noise Dower vy in smoi l COT -

pared to the signal power \-j
7_
and the .cross-term . Thi s

cross-term thus is . the _main source of no so in the .powi r

spectrum, it nas variance ► ;) xCx

	

In forming the urn

from N, to (i-i) we find the ratio of Dower of the valu e

so formed to its noise is :
N/y- ,
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Note : 1) The result is only approximate and merely pre-

sented to give a clue as to what factors make for a goo d

signal to noise ratio ; the variation with N is particu-

larly important .

2) The form-factor F ti depends on the image and i s

approximately one for an image having a more or less fla t

spectrum, and is inversely proportional to ;,for one

having a  ( 1 /u) spectrum .' IlJiost images li e

somewhere between these two extremes ; an image with a lot

of texture coming closer to the first form, one with a

single edge coming closer to the second . it describe s

how 'wobbly'

	

is above the minimum frequency N, w

The other form-factor F: describes how much of the sig-

nal power is in the high-frequency part (above N,w) o f

the spectrum . It has a similar variation as F, , but

is not as sensitive to small changes in an image .



3) It is clear t'iat one should try for a high >i. `-

nal to noise ratio in the image and besides using; hig h

values of the confidence level one con hell' to achiev e

this by averaging light intensities at each point ove r

more than one reading . This was not found to be neces-

sary (unlike such local operations as homogeneity deter-

mination where this is necessary to avoid missing smal l

changes in level between regions differing only slightl y

in brightness) .

4) The last term in the product is in fact 5 L sinc e

the sum of squares in the transform is equal to the sum

of squares in the original function and since the trans-

form is syretric .



„

	

t t

	

.1':~l• : . of the	
-

	 e~CIT?"~U-i 71l i. ., e .foc11fi1 t l n7	 f -~ , nct

	

-•~ et th e~'~'l

wicit;ri b the d ist=Inca betecen two ; points on. tie curv e

which the un t on

	

cho

	

m

	

/

	

of 1t s., 1 e :{l

	

'Ti
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V~1_ r'.

() C I} is the intensity function when the true 7' : e

falls on the imaf;e-plane, Jbt-rf ) the Besnel-de : ocu n_in r

function with R . the radius of the circles correspondin g

to each in-focus image point . We have to find two . value s

R s .t :
w/1-I

	

Nil _ k

TINT) x .03

	

T (x r)

	

/f-27

Since its such a pain to do arithmetic on the InceM , :q tr bl e

Time Sharing System (ITS) and since we only need approxi-

mations, we only have estimates for R :

-

	

for a 'flat' spectrum

	

3832

	

._ 3 N

	

, 3 N

	

hyperbolic spectru m

 N 1 large (4 . n 2ar

	

= 3 
N =

( .2_ 1

In practice however  keep N,  as to give us hi-,h

form-factors in the signal to noise expression and we d o

not have 'flat' spectra . Emperically it is found tha t

one can achieve a width 1 to 2 times the above ideal case .

It is clear that the choice of N i ts one place were one

can trade off signal to noise ratio versus width of th e

maximum . Clearly also the width depends on the relativ e

high-frequency content of the intensity function : it i s

easier to'focus on a line_(two edges) than on a singl e

edge and it is . very easy to focus on say newsprint o r

coarsely textured material . . It would seem at first si h t

teet one could improve natt r : without limit by decree -

sing T . Intuitively however Ve know that one cannot ex -



pact to

	

much lm r  once T 



>r.isl1.Pr than1 t

. g lut -_ oil limit : of the instrument .

	

uo

	

need ne :t t; o

concern ourselves . with .this

	

limitation i n th e v i -

di't star .

Distortirtns : Al l . . .optical instruments have certain limit :a

tions (if only. to preserve our belief th ~t _ .on e . . .cannot

observe nature exactly - whatever that means) . Some of

the distortions . are global in character (such as pin -

cushion distortio n . and . spherica l . distortion) and do no t

concern us ?:ere . 0cr,ar c i ._tOrtiorti' ~~re_ • ~~ ~ ea~~s,r des-

cribed in terms of local effects (e`?; . diffraction) . Thes e

distortions act in a similar way to defocusing in tha t

they take each point of the image and 'smudge' it ove r

its neighbours . The smud g ed  the  
ima5e convolved with some function which is large only in

a small area near the origin . The shape of this littl e

'hill' depends on the distortion under discussion, for

diffraction it is 2* 7, (Rx) /( P-z)

	

The scale factor R

is (1-r'//)x(q/4)

	

(>,_ wavelength of light, _f-foc=ga l

length of lens, a - diameter of Ions) .  tha wall Ynou:

dualit~~ of transforms t>e can 1!nmediatiy conclude that th e: .

eIfect ofdiffrecti on is to multiply the i age

	

ec t

by a pillbox of radius ( 1 /La)( &/

	

. Diffraction thus

ha s as the effe ct of low-pass filtering the sign-a1 . Th e

maximum

	

o
afrequency paseed with ' '' 5 0 , And a numerical a Ip er-

ture of 4 is 2500 cycles/cm . The well known phenomena o f

resolution limits in telescopes and microscopes are due

to exactly this .

larger effect in our case is due to the vidisoctor . It

operates by allowing photoelectrons from the photocathod e

to fall on a pinhole (approximate diameter 0.005 cm) .
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n the ether e'Lde . are

	

Th e

ti c
area of the photbcathode . from which these photoelectron s
come . The effec t
defocusing .

	

In practice how.ever . .VOW; ..P ..-V effech s

set in, causing electrons from the outs ideo)7OC-I t o

counted and the lose

	

some o f
this area . In .. other words we hove 'smudged' the iM e
not by a pillbox but . a . .smbothr, larger 'hill

	

The siz e
and shape of this . hill .depend critically on the adjust-

ment of the vidisector . Tbget sore idea of the ef ;ffeCt	 e .

this new 'smudging' has, we will assumo that . the_ 'hill '

has a gaussian shape ,

4 (Y. , . (3) .
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c e -

The radius of the gaussian 'blob' before transformation ,
( out to where it has ' /'_fT of its maximum value) i-s .B3 _

the radius of the gaussian 'blob' in the frequency do-
main is -833/R

	

Experimentally it is found that th e

vidisector had a half-power frequency ;0 of 26 cycles/

c' (when adjusted - even sli :,htly out of adustment th e
cut-off frequency drops conSiderably) . This correspond s

to a 'blob' width of . 0 .009 cm, which indicate'S tha t

transforming we get :

	

0.1
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e-i( )

	

v 'c '̀L'`~~ f
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a
_ v 3=



p oints have to be tit lc   . 0 .015 cm apart to be reasona-

bly independent .

A knowledge of -e allows us to choose reasonable v, lue ~

for T . .The maximum. frequency appearing in the tre ster n

is 2ir " i - 2T

	

It is apparent that there i . no Point

in making T so small that y >> -~a (or else many of the

high-frequency terms i n

zero) . Empirically on e

( T _ l

	

.oto .)

	

A

maxi= in the . focusing
(ie . .01 ems) . To find

Lion in the image plan e

the numerical arpertur e

we finally obtain :

the transform ga 11  o rs be nea r

finds 1/27- - 2,40 satiSfsctorg .

pr acticaDy nchi veble width for t h-

curve is thus

	

122.m ( . o 42 Gt,n

the coresponding allowed varia-

position we. . have .t o .. multiply by

r . L'sing our sensitivity resul t

(j
ay- (d~s~l&ice ran t _ I . 12 x ~ o k [ (( ) - 2)z --

•o2

	

(( 4' 2)1. -Z)

r-=4,(d(f)=L )

Servo inaccuracy : The main obstacle preventing one from

achieving such high accuracy is the servo controlling th e

lens position . This servo operates in units of about

0 .005 cros . The error in positioning is made up of thre e

components :

a) Systematic error causing the servo to settle 4
units higher than requested .

Unpredictable variation of about 4 units it Oat h
directions . T+iis is actually a time variation-



ie . t~ 3 servo t osciLleL

	

t by this amount rtbo lt ;
the steed y position at a very love frequenc y
(approximately 0 .4 cycles per second )

In addition the lens holder can move . the equivalent of 2

units w .r .t . .the servo positioning mechanism .by tilting .

Errors a) and b) can be accounted for, leaving us ;;,ith r ~

total error of about .03 cm in either . direction . ( :'e n

badly adjusted the servo mechan_sm. . .ca n be much_wor e. tha n

this, as much as 20 units either way w : e r g observed . :;he n

.the .coupling between 'motor and cam was too .stiff or to o
loose) This . error now has to be multiplied by one of ou r

sensitivity terms :

2x_4 v

- 4-X7-- `

which for x->1 .5- is also about Lt-

x''-&s (distance range)

	

, 0 x l( -Z}z-2)

The servo error thus is dominant unless the numerical ar-

perture is more than about 6 . (the cross-over point o f

which of the two errors is more important depends ver y

much on the adjustment of the two systems) .



Pr<,c j • ;	 T'OI

side of ect . :

''he nlol.ion ~)f the lens also c >> r

	

; : : ot )

a) Change in magiification .

r
b) Change in numerical aperture (ratio o3'tl

	

t o

image plane distance) to diameter  

The can

	

in magnification can be taken care of by ref ran .

all coordinates to a standard system fixed w .r .t the l e

In the program the distance was arbitrarily chose : equal t o

the focal length .

~- 1 7C 4v .I cQ
O axh n

The transformation of coordinates simply multiplies distance s

from the optical axis by

	

1/
.f

. This introduces two ne w

effects :

Some points of the image may move outsid e

the useful image area . . o f . the vidise c.to r .  

the lens  moved _further away .

b) The sepera vion T, of points at which the imag e

intensity is measured-., increases as the lens

moves forward . This causes a decrease i n

sensitivity - unless T is  enough

so that accuracy will

	

limited by fC rathe r

than l/T .

Changes in numerical aperture can oe corrected by ooeratin '

the iris 



since it d o esn't work, one has to accoun t

for changes introduced by two effects :

a) Image

b) Change in :ccQracy of the focusing function .
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. ,

	

is hot a fi : Z O C . L

	

ci : i e u iL

. are ne e eli,sed .

	

ho

	

precti cal problem

	

se.e .

'r

	

to ed - usu tee iris when the leas is close to the

	

-;

seo or (le . when the rill'! unreal aperture is f'mellest,

	

vin

the highest li ,t. t;-intenoity) . Since intensity depeeea on th e

s quare of nume icel aperture, quite a range of intensities i s

isvo].vea and some significant areas may be 'dim-cut-off '

when the lens is in the fully extended position .

The change in accuracy is due to the fact t ;alt the d_efocusin :,

circles are smaller for smaller numerical apertures .

of the above effects are of no concern when one hea

	

roug h

idea of where the lens should be, and are not importan t

problems normally .

Another problem, possibly more of historic interest, wa s

caused by occasional bay points . At TimeS, a n intensit y
would be returnea by the system in e gartlea form th e
problem was highly irregular and most prevelant at hi ;-4h

intensities . An indiviual bad point acts like a puls e

and thus adds very high values to the transform, resultin g

in completly useless results for that particular settin g

of the focus servo . Smoothing-, the resultin t; focus functio n

1 was found to be cults useless and the disturbance require d

a non-linear method f or_ rer.;cval . It was found that most o f

the bad spots in. 1 could b,e. .located by comparing p oints t o

the sum of their immediate neighbours - if hie;h the valu e

at that point was replaced by the average of its neighbours .

Since the problem is no w. well hidden it was never deter mine d

wether it was causea_by the video-processor orthe time -

sharing system(or we'1,or

	

exc■sls) .

The function y presents a lad placewhere one . may trade of f

signal to noise ratio seai_nst v ie t, : . o ' the, peak . The trade -

off achieved in cesigninq the focusing function ap years her e

in a somewhat parrilei any iiiosly verissle condition, so i t

is .advisable to smooth P a bit .



-21 -

.

	

..

	

.
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.

r,rc,-mnslonal versus tTo-diensionaj 	 Te. . . lo
to use involves two factors, namely sped and . area

	

iWCt

u sin the two-dimensionaltransform (and doin much 1 : .e : . am e

to it as we did to the one-Oiensional one) one can obtai n

similar resultsto . ...thQ .

. one requires aporoximatly- the same number' of points - ech ;)t

that they or'' now arran ;ed on a roctangular area . The tim e

required for tnp ...transform j,s, .... : .qtill roughly the sam , hu t

a much smaller ores of . the ir4ae is used . The result is ,u s

highly .dependqnd on sma1l. . .movpTlents .:	 of	 ( . .. camera . .. . .

moves around quite a bit on the r,~ sed floor ,he n

walks a few yards away) . Also of -cours e ) one has to know. obi t

more accuratly where the area or featu) e_ is treat one antis ~ o

focus on . The alternative is . ..tbwork,... wit h...:.. .a ., .1prE:er area witn. . .

	

. a correspondin g; increase

	

ti'me . . .It was found experimentall y

that the two-dimensional. ..transform

distances to very the _ small areas. . .of . .. . ....image, provide d

areas contained some detail (edge or .texture .. .o .f ..soms . .kid)

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

the object . The one-dimensional.. .approach wasuspd	 in	 t4e . .

general:use program since it iSmoro... .'robUW,

Choice of curve inimae Plane : The DPT as -times a certai n

Periodicity in the function to be transformed . Tien readin ;

light-intensities this Periodicity is not necessarily presen t

and this causes certain pronlems . In effect one is introd -

ucing a sharp edge (with its attendant h.il-frequency

components) at the junction oetween two cycles .

t- disc.,,}~p~',ty



.e C .J onC h s 1i{t1. V: ,-i

	

r;

j'

	

~]E

	

• i

iS tee re :u UTe

tr1 le, 1

	

U h
p r ., C,Clath e r

	

)OSfii ly f?

than a straight lire, thin `{ urin the, per od1cltr . p

This

	

very well despite the fact. that... it is dif f icult ...r -

to interpret / what is meant by a I ourier tranS ~ r . to g

curved line(1i e

	

 r   i► k  

Solved )

Cneratioe : The user calls the focusiri function ama

	

ve s

it two values representin the range of servo position s

over which the search is to take place . The pro ram the n

evaluates the focusing fa ction at about 13 L iforr,ly

spaced poa.itions in this ranee . At each p osition the 1 1 , .- t

intensities correso ndir;d to two intel"aect L circles ar e

measured and used as the real and imaginary Darts of c.

function to be transformed .(as is ex p y.ained in the ap :enalx ,

one can obtain the transform of   o real functions a s

cheaply as that of one) .  are 128 points on each circle .

Afte• taking the transform and s• peratin3 out 



tw o

transforms, the power s pectra are formed by adeir c th e

square of the real part to the square of the im<o : ,i or j

part . Now all but about the first 5 components are adde d

and divided by the sum of  out the DC co, :apoment .  

  is the geometric mean of the -c) values so formed .

•Theset ofvalues .F,•so obtained is then 'clipped' t o

remove noise, smoothed and rior .alised to have a minimu m





zero and  maximum   The new r .a 7e in . . which th e

rch is to as co i{ yea i~ thei' f o Tom ; U ' Y i 1, i!

	

ti'vl .er r,

1
the function exceeds about .~`~

	

The i o n e is a c yt all mac e

. .slightly larger 'just in . case ' ._ (oi e mazy. h . ve caused one .

to select a . . ranTe not containinthe maximum..)



This 'h'wrane . is t,he

	

treatea .

	

o

y wit fewer ihtervals orA Ti

	

e'al is shapond.

S

	

T

	

and ill,s .

	

11 . lily isr' .'ei v l

the cut-off for findi h!-. Lhe . ne );t ... rb b is act

	

rlii'hly

	

h , r

If necessary

	

third .ranje is found and Seren-C wit h

similarly modified parametels . At each stage the

	

i s

checLed to see if it is less than a b out 4 0 . focus servo units .

(0 .2 cm) . If so the T .idpoint is chosen, tae lens .:o itioae ,

and various useful values printed (such

	

d istance f.ocuse e

at, numerical aPe rture etc .) . The whole proccss t tea abou t

20 to 50 ,-econds . The limitinr; factor is the serv o

time and a more sophkticated search. procedure should s e

able to operate much faster .

The ara focused on is on the optical axis j unless the use r

chanes this t o a point of 1T-ore interest to him- - action s

are hrovided for relatio c coordinates to the sla .-Ic..ard

coordinates a nd also for o '-- t3inin ' a 7rint-ouu of intensit 7

values in a selected rectan 7le on the

	

This las t

item alleviates the one serious practical problem ih usih ;

the focusin Pro ram(and .n fact in usin tae

at alit namely fin7 Where the

	

area s . of interestlie . . .

Callin,r tae aroraTl: The arithmetic part of th.e PrP ra m.

is written in :,;TEAS and as loaded tc'-,et 'ricr m- tri a

relocataole LISP, usin- STIK . This modified version o f

LISP ,,as then duTped onto tape RS/J as a file name d

FOCUS BIN . The required .:JISP-functions are on t :h h e san e

tape -as FOCUS TEXT . The callin:7 sesnence is :

lZount tape RS .L on tahe n .

In DDT t .' )e LISPJ, tne n

I)FOCU6 BIN UTn

"'he n

Answer Y to AL .0C , and allocate .

25 blocks of core and 50008 Binary Pro ;raT ,'pace .

Then tye, (=AD FOCUS TEXT n ; 1",ti

The LISP w ill print (V) when all the functions







  . .

. v i .



 ._




 T put cone end th e. focu s

motor switch 7 n ti'. eT vo osi Lion (sec ilppendix) . Th e

focusinT function can  

(W;0H R1 R2 )

•,;here Ri and R2 are the limits of the r_inTe to t, e

investigated (in servo units) . The maximum ranges are :

for the 1~4mm lens

	

300, to 280 .
for the 254r lens 300 . to 1700.

The program will print each new . ran=__;e it is inve_sti satin s

and:a number of useful values ~•~hen it has focused . successf ill y

If it is desired to 4aisplay' a part of the . image on a GE- .

console,

(LOOK XLOW XLPYLO;J YIP)

Nhere (XLO":`,YLO i ) is the lower left-hand corner, (XUP,YuP )

the up .Jer right-hand corner of the rectangle o f

interest . The intensity values display ea are :multiplie d

a scale-factor LSCL, which can be modified to bring th e

numbers into a convenient range . The coordinates are for

R ES = 20008 . Once the coordinates of an area of interes t

have been determined, one can scale them to the

reference plane by executing :

(SCALE) (S T )((XRL x)) (S .I Y(YRL y) )

where x • and y are the centre of the area one would lit;e

to focus on .
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]r th e

1 3''e  'ti v

1

	

T~

	

,- n

	

n

	

The f~~teCl l cas ere t hJ t.

	

1.

	

0 is~=J ~'~~L : .-QJ'17

	

1TC~'.] .~

	

o f

interest t since the .` lTi of

	

li res of the transform is equa l

to . the sum of sluares of the function . We can e acct the n

that the sure of squares of the 1, 1tcnsit f uriceion . -:als o

shows a maximum near test . focus . We also know th at it.

will be much 'wider' than the ore t'nat h <o : .een c ieve d

by throwing , out the low frequency con^onent . Small.

;' o ;c

	

e cam

	

r

	

on thi s:L~~~ni~ s., ~~~ t'rl

	

~



hav „e a 1G~r,,~;;eeffec t

measure because of the mar

	

resultant  r

fre uercy co . .. ~[ic rts . _also _it 1 riot easy t o

the result (in_ fact we divided _u ,v this number to n r .ialise ,

illustrating  faith in just hoar flat a axi ~u;. t h35 ' )

All of . .. these . problems ti^;ere . born out in prac ice, the las t

one being most serious, often the function would indeed hav e

a hill, but it was difficult to find because of th e

slopin?; <-,round it stood on .

2) iJu11 ~F-s A S-OI-DIl ET:4Nc74s

	

1ni, 1_un4ion

	

,7 VJLed

by J .L .'?dhite) is also more easily analysed in terms of -

. frequency snoctra .'Difterent:iatin ;' in the discrete cas e

is e.71 - alcnt to multiplyinr,, tme transform

	

(\v_L)
That iS de emphnsisiron, to-. -i re iLeriCie° h . d . 'mph i s

h i p,h frequencies . The-first of t,~.e . .~ .e t,., ~,,~, e i + .~c,_, ~ i .~~~

c with our method,t_he second ryes_ t ne hir t as to ~ : y t am

function is inferior . l'he . hi h frecuencies consist l ;r el .' o f

a i se (u :less T `as ;r.uch lay er than i ;c reoolstion . lim t ,

he ronitor. C7 Je n

on the screen is 1.rInruve d

In addition .. co ~ ricon wa s

otitum

	

^ focus

	

Prvi °uIv .

whic C ,`e c r oVP iv i E ' er ^ :3 i it ;?) and' t .L _ . . 7 G 1

is excessively noisy . 'ihi'c .'o1S ,7feS : ass confirmed

J .L . :'rhite) and also usin this pro:rro . in a modified form .
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 



rlr,'

	

'

. 



 : .  . . Ci p

 may . in fact Jeri :-;h a matched .  fitter. t o

ive h1. i the a £,1rC ~~ trade-o f bet',`Jten tr e e Ua j eature '

in the nest possibl e . . way for the particular class of z unc Lion s .

and the particular . . noise . he _ .hac3 t o . put eta with . . Such a

differentiation ap roxinat r. is r: ~r easily underctoco i n

terns of the frequency domain . One h : ; ; i J de : i<"'n a functio n

whose transform matches a" 



as nos ible CW
v

-1) ove r

the ran.Fe 'a';here the si  has hit;h conponen.ts, yet make i t

small . whereever the noise ha hl ;?'n components ( ̀ 



are

not just done by aimin over the thumb ; there is a .respect .. Ol e

theory to this) . Typically the function . will ce

	

close _

ao rox m : Lion to (`N

	

- t ) at low 1. eduancies ;3r, _fall oi'i

at hiaiier fre 'uencies Usin this kind of c.ifferenti . ti r

would probably oe the one way of im ;)rovin: on the fucusi :n

function presentea in this memo . It will be seen that th e

rapid ,',ay of using this function would

	

be to first fin d

the transform, then ap ply the transform of tie matche d

differentiation function, square and sum .

.~•UCSIKO •!S-VNCItok.

j'"'- QoS$tWe w .OL 4CLz d
~1

	

~+,i~k 3 a ktia~or .

The above discussion c ould have Made it clear that the iour i

transform is

	

tool, rather than an erc in itself It is.

very useful in t,r.i~'1 ~ ~, .ir

	

scout

	

a

	

ce

	

s

	

s, suc hv .,

	

'Ytain

	

,~~.ct^ of im :,T

easdistortions of various kinis .

o `ICCut

	

'•Ore



 r ,

	

on Y .`?',, ._'fir. ir.l ,

oC:i V'in` .: on c,! s1 n7, i c

 r :>nt of ait ;z  rid

	

 r vo 





to tip ns on as

	

110 . The' relative 

 



(d/f)=6

	

d r = 1 .4 cm

The absolute accuracy is not so rood since similar erL -.•or s

are encountered in calibration .

,0 1 .'

	

'a

	

r''. l- ~

t h3 1.n" he,r' t
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APPENDIX 1 :

	

Vidisectors :

Old functions : (for the old vidisector only )

The two arguments to these functions specify th e
location of the point whose intensity is to be read ;
they range from 0 to 17778 .

(VIDI X Y) returns value from 0 to 4008, proportiona l
to inverse of intensity .

(VIDLIN X Y) returns value from 0 to 40 08 , proportiona l
to intensity .

(VIDLOG X Y) returns value from 0 to 40 08 , proportiona l
to log of intensity .

New functions : (these use the video-processor and appl y
to both the old vidisector(TVB) and the new vidi-
sector(1VC) )

Before using the new functions one has to initialis e
the system by calling NVSET . NVSET can be calle d
again if required to change parameters.

(NVSET FIL CONF RES DIM XYZ )

where :FIL

	

0-7

	

Filter selection, any combinatio n
of the three filters can be select -
by the appropriate bit combinat-
ions .(not operative as yet) .

CONF 0-3

	

Signal to noise ratio ; 3 give s
highest ratio, but takes longes t
per point .

RES to 400008 number of lines in raste r
(usually 10008 t o 40008 )

DIM 0-7

	

Dim-cut-off ; 0 is most patient ie .
darkest cut-off .

XYZ

	

0

	

indicates new vidisector .
1,2,3 indicates old vidisector .

The two arguments to the following functions agai n
indicate the location of the point whose intensit y
is to be read ; they range from 0 to RES .-1 .
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value proportional to the log o f
values retnge from x to lt l7778 ,

0
when CONF is 1

2
3

(NVID X Y) returns a value proportional to the invers e
of intensity ; the values range from 1 .0 to y ,

	

16000 .0

	

0
where y is x 4000.0 when CONF is 1

	

x 1000 .0

	

2

	

X250 .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-of f

the values returned are independent of CONF .

SWITCHES : Old vidisector :

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

2. Second small switch on the back of the  below
1 . selects old or new interface( set according t o
whether one is using the old or the new functions .

On the trolley on which the old vidisector is mounted )
is a large black power switch that controls power t o
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 th e
340 display or the Video-processor (set according t o
whether one is using the old or the new functions .

Note : To set up the old  it is convenient  
set switches 2 . &. 5 . as though one was using the ne w
functions (even if one is going to use the old ones) ,
sous to connect it to the video-processor and allow
display on the monitor . They then
have to be reset to their correct positions before
commencing read-in .

(NVFIX X Y) returns a
of intensity ; th e

77
is 27 7

47 7
677

where x
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New vidisector :

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

2. To the left is the LIN/LOG switch set according t o
whether one is using NVID or NVFIX (although only lo w
order bits are affected if it is set incorrectly )

3. The left-most  the row of small switches control s
the choice of vidisector connected to the processor ;
up for the new camera, down for the old .

4. Not far to the right are three small switches whic h
select wether the monitor display is controlled by
three pots mounted ap?roximatly below them(switche s
in up position) or by three remote helipots (presentl y
mounted lower down on the processor) .

5. Between 2 .

	

3 . is another small switch which control s
the def ledtion of the m6nitor ; in the up position th e
monitor behaves normal, ie . when the magnification po t
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 ou t
position or you loose .

Potentiometers :

1 . Mentioned in 4 . above are three pots just to th e
right of the meters on the main panel, which contro l
the position of the area which the monitor is display-
ing and its size .

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

3 . Mounted low down is the helipot controlling monito r
focus - do not adjust unless necessary - recommende d
setting is marked down near it .

4 . Gain controls on the two channels of the monitor hav e
standard positions, the left one(y-deflection) 
be turned right when using the monitor as a focusin g
aid(by switching a marked switch behind it into th e
focus position) .When used in this way the vertica l
deflection is proportional to intensity and usin g
the three pots in 1 . to select a small area of th e
scene, ore can adjust the focus so as to give as shar p
as possible a rise on some edge .

2 .
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5. The two raster-rate potentiometers may be set t o
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
'Reference gain' control two hardware parameter s
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 n o
reason to set them to some specific value, setting s
of 600 for both seem to be reasonable .

Pushbuttons and Meters :

1. 3 meters display various values which vary with th e
illumination . The video processor trips out the camer a
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 5 0
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 .

3. The High-voltage may be off under other condition s
than such a trip, and it may then be reset b y
pressing the =high-voltage button .

4. The Raster pushbutton selects manual control of th e
ratter(white light) - allowing the use of th e
potentiometers mentioned in 1 . bbove . In the red
state the processor is ready for the PDP-6 to reques t
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 fo r
more than about a second, the video processor goe s
into an automatic raster state .

Note : For more details, cur ent problems and cures, consul t
the log-book under the monitor-scope .

Optics :

Old Vidisector : 55mm f1 .2 lens, raster is .001 inch .
Resolution is approximatly .002 inch .
Distance settlings on the lens are no t
to be trusted,-rather use the monitor
as an aid in focusing .
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New Vidisector : 164mm f3 .2 lens, raster is ;003 inc h
when RES is 20005 . Resolution is
approximatly

	

006 inch . Some dru m
distortion is evident and not all o f
the surface is available (ie . some i s
blocked off) . The area of the image i s
a circle placed not q uite centrally
with a radius of5008 hen RES is 20008 .

also : 254rmn f5 lens .
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APPENDIX 2 :

	

Analog Multiplexor :

The analog multiplexor allows one to read settings o f
potentiometers and to cause servo-controlled motors t o
operate . In LISP orr first has to open the multiplexor o y
executing :

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

(MPX NIL )
To read a value from channel 

(I MPX n )
To cause the servo controlled motor n to assume position x :

(OMPX n x )
n ranges from 0 to 255 ; x and the values returned by IMPX
are usually some subrange of 0 to 7777 . Be sure t o
the limits of the servo you are controfling .

Switches : these are on the multiplexor and the position s
for computer operation are underlined .

1. Computeroutput/tes t

2. Computerimput/cloc k

When not in use,these switches should be in the un-under-
lined position . Certain servos are slaved to certain pot s
in this position . This  example allows fine settin g
of the focus servo . Cha n n els of interest to the vidisecto r .
user :

Iris

	

328

	

33 8

	

1328

Focus

	

33 8

	

348

	

1338

Thus in the test - clock ppsition one may adjust focus
by using potentiometer 132 8 . In the computer input -
computer output position

	

one can cause the servo t o
go to a certain. position by executing :

 PX 33 3000 . )
Control is returned immediatly to the user program and i t
 his responsibility to check on the servo's position b y
executing : (IMPX 34 )
Rather than loop on this test it is fair to other users t o
 the function :

(SLE 1,P n )

Seryb Read-i Slaved to
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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 manual or servoed(ie . compute r
output or slaved) are in a small box near the vidisector .
These switches have a third position ( straight out )
which is the one they should be left in when not bein g
used . Above these are the two switches for manually
operating the motors .

Various useful	 (`) constants :

Distance from front of main body of vidisector to surfac e
of vidisector :

	

93nrn

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

306 . - 0 .0459 * CH34 in rrrn' s
330 . - 0 .0459 * CH34  the 254 nun lens )

Diameter of iris :

0 .0532 CH33 - 75 . in  

where CH34 &  are the values returned by analo g
channels 348 & 338 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 .

. For  unknown reason servos  enly
depart from  position, hunt around 
a second  to their position .
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AP'ENDIX 5 : Reference s

Fourier transforms : N .Wiener : "GENERALIZED HARMONIC ANALYSI S

AND T'AUBdRIAN THEOREMS" .

   Rader s Gold "WHAT IS . THE PAS_FOURIER

 June 67,Proceedings of the

 .

Application of

	

P .IA .Duffieux : "L'INTLGRAL 

fourier techni q SES APPLICATIONS A L'OPTIQUE" 46,Besancon

to optics :

   



"OPTICAL IMAGE EVALUATIO N

AND THE TRANSFER FUNCTION" April 63 ,

Applied Optic s

Application to

	

J .D .ARMITAGE

	

A .N .Lohmann : "CHARAC'T'ER

Pattern Recog .

	

RECOGNITION BY INCOHERENT SPATIAL FI ..TRING "

April 65, Applied Optics .

 interesting :

	

L .J .Cutrona : "OPTICAL AND ELECTRO-

 65 ,

M .I .T Press .

T .G .Stockham Jr . "HIGH SPED COiVOL17TION

AND CORRELATION" l96o, Spring Joint C .

R .Nathan : "DIGITAL VIDEO-DATA HANDLING "

NASA Technical Report 32-877,JPL, Jan 66

Also NASA CR-71399, N6 .)-21646.



A .V .Oppenheim, P .N .Schafer, T,G .Stockhaa: Jr . ,
"Tf_f NOE LINEAR 

AND CONVOLVED SIGNALS" (to be published )

IEEE Proceedings 68 .
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