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1 The work reported here is an outgrowth of research performed for a Doctoral

Thesis. The subject of that effort was an investigation into the possibility
that information processing in the central nervous system follows the rules
of holography. The results reported here add to the plausibility of that
notion.
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- SECTION 1

OVERVIEW

This is the final report of a theoretical and experimental investigation into
4 some properties of holograms. Optical holograms suffer from the existence of

complex conjugate terms and nonlinearities which add an unavoidable amount of
clutter . Because we were able to perform our experiments using a digital corn—
puter (Data General Eclipse), these conjugate terms and nonlinearities were
not present. This provided a certain cleanness in the mathematics which will
be evident. It also showed that the essential properties of the hologram are

- 

- 
not restricted to a wave propagation environment. Thus, we have chosen to
provide the general name of Machine Holography for our investigation. The
name implies that the principles investigated here may be embodied by diverse
types of machinery , not just laser based optical systems.

The investigation was divided into two packages. The first explored, the ulti-
mate storage capacity of what we have come to call Conventionally Multiplexed
Holograms. These are holograms which are multiplexed by a summation process
whereby each reference pattern participating is uncorrelated with the other
references in the ensemble.-~ This subject was partially explored by La Macchia
and Wbite * for certain types of optical holograms, and has been generalized
here , while also treating important new cases.

Theoretical treatment shows that the amount of information which may be stored
in this type of hologram is proportional to the number of degrees of freedom
available in the output of the holographic system. The theory also predicts
that it does not matter how the information is divided for storage. There may
be only a few pages of data with many bits on each page; conversely, a few
bits may be stored on each of many pages. Only the total number of bits to be
stored enters the. calculation . These theoretical results were confirmed by
means of computer simulations.

-The primary goal of the second package of work was to demonstrate that a holo-
gram could be trained to reliably distinguish between two highly correlated
(reference) patterns . - This effort broke entirely new ground. -In an effort to
design a training paradigm to \demonstrate this prediction, a new kind of machine
was discovered . This new machine put a negative feedback loop around the holo— V

gram. The hologram then became part of a servo mechanism in which both the
controller of the servo and the object of control was the stored hologram. ~~ 

- V

Theory predicted that this new type of adaptive hologram is capable of cleaning
up clutter and false reconstructions. It also indicated that this type of
hologram could be trained for differential pattern recognition by a remarkably
simple procedure . Experiments have confirmed both of these predictions. We
report , then , the pioneering of new and potentially very fert i le terri tory for
scient i f ic  exploration and technological exploitation .

*La Macchia, J. 1., and White , D. L. “Coded Multiple Exposure Holograms,”
4... Applied Optics, Vol. 7, No. 1, (Jan 1968) pp. 91—94.
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SECTION 2

MULTIPLEXING THEORY AND EXPERIMEN T

2.1 HOLOGRAPHIC RECORDING AND RECONSTRUCTION

2.1.1 INTRODUCTION

The formation and reconstruction of a hologram can be regarded as an exercise
in encoding and decoding an image. The encoding activity involves the linear
spatial transformation of the image and an appropriately configured reference
pattern. The transformed reference acts a~, an encoding key and is mixed with
the transformed image. The recorded result is the hologram.

Reconstruction involves inserting the reference into the system, transforming
it and play ing it against the hologram. The reference then decodes th” infor-
mation contained in the hologram. After an appropriate inverse transformation ,
the image is restored to something like its original form. The degree of
similarity between the original image and its reconstruction will be deter-
mined by the properties of the reference pattern used , by the nature of the
linear transformation , and by the mode of multiplexing which may be employed .

2.1.2 DERIVATION

Let us consider first a simple unmultiplexed hologram. For the following
derivations we assume , for clarity , continuum images and transformations.
Perhaps the most typical and useful linear transformation is the Fourier
transform , which is adopted here. All functions will be annotated with a
single independent variable to avoid undue notational complexity. Generaliza-
tion to two parameters for a full description of two—dimensional images is a
straightforward but tedious exercise.

Suppose we have a subject image s(x) which we wish to record and reconstruct.
This will be paired with a reference image r(x), which will be used to encode
and decode the hologram. These two patterns are connected with the hologram
domain through a Fourier transform

R(E) = I r(x) e i
~~ dx (1)

S(~) = 1 s(x) e~~~~ dx (2)

During the recording process both the reference and subject images are trans—
formed according to Equations 1 and 2. Before they are mixed together the
reference undergoes a further transformation into its complex conjugate form.
The hologram is recorded as the product of the transformed subject and complex

1. conjugate transformed reference:

1. H(~) S(F) R*(~ ) (3)

2— 1
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Reconstruction involves the reinsertion of the reference pattern , r(x), i n to
the reference channel. The reference is Fourier transformed and delivered to
the hologram domain. During the reconstruction the transformed ret erence
does not undergo complex conjugation. Instead , it simp ly multiplies the
hologram resulting in a response pattern:

— S( E )  R*(E.) R(E~) (4)

Finall y, this responses undergoes an inverse Fourier transform to produce the
reconstructed image

a(x) — F ’(AU~)1

The degree of resemblance between the reconstruction a(x) and the original
image s(x) will depend on the properties of the reference r(x) under a Fourier
transformation. This can be seen by noting that the inverse Fourier transform
of the triple product of Equation 4 results in the trip le convolution :

a(x) s(x) * (r(x)Ør(x)) (b)

Where r(x) 0 r(x) represents an autocorreh~t ion of the reference pattern.
This autocorrelation serves the purpose of a system point spread function.
The system output can therefore he written

a(x) — s(x) * p(x) (7)

where

p(x) r(x)Or(x)

It is w i t h i n  th i s  context  that the s igni t i~- .In~-e of the proper ch o ice  of
reference can he understood . Suppose that the  r e co n s t r u c t i o n  point spread
function Is delta function—like ; then

p(x) S(x) (5)

but by definition

a (x )  — 6(x)  * s(x) s(x)
r

Thus , ~i d e l t a — l i k e  re fe rence  au tocor r e la t i on  w i l l  p roduce a p e r f e c t  recon-
struction. In general , we might expect a re t  erence to he delta—like only in
approximation . In such a case , the reference a c t s  as a ti lter which de’grades
the reconstruction somewhat. For example , if the reference autocorrelation is
finite In width it will act l ike a low pass filter to smooth or blur the
reconstructed Image .

2-2 
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A n o t h e r  type ot reterence pattern , which is ot pal ticul ar interest in thi s
investigation . is a random function . Th~ au t o c or r e l a t i on  ot  such a junction

r will usually sh~~ a very sharp and na r ro w spike at aut oa l i gnme nt .

• lii is spike is dcl t a— like’ and leads t o  .1 h I g h  reso 1 Ut  ion e’coIls I ruc  t Ion o t the
subjec t image . When the ret erence pat tern is ~‘ut o t t oa I gnmen t • t he auto—
co t  re I a t  ion w i l l  produce a low level random ‘‘n oi se  • ‘‘ The convo I n  t ton o I t h i s
no I se~

— like pat t erti wit Ii the, sub icc t w i l l  t e -su i t  in a scrambled ha:e ot c lut t er
Thus , h o l o g r a p h t ca l i v  a s so c i a t i n g  a suh~ ec t Im age w i t h  a r and om i t  e rence
pat t e r n  leads to a sharp reconstructed image’ super  imposed on .t low levi 1 random
cl utter background .

Coti s ide r nt~x t what happens when t h .  ret t’rence used I or r e c o n s t r uc t  i Ot t • r ‘ x )
is not  i d e nt  t ~~ .t I t o  th e  r e f er e n c e  used f or  r ecord tug the hologram . ihe

* r e c o n s t r u c t  ion has • t h en  t h ’ form

a lx ~ s(x) ~ ~~~ Or ’ (x))

The s v stem p o i n t  s p i c ad  t u n c  t t on

p(x) — r l x t ® r ’ lx) 110)

w i l l  be degraded by the degree ot mism a t ch b e t w e e n  r (x) and r ‘ x~ . The cor-
r e l at i on  c o o t  t b ent , taken b etween  rix ) and r ’ t x ~ . provides a measure’ ot the
similar i t  v he tweet~ the se  two t unc t ions and • t h e re  I , 0 I t he  qua l i t v oX the
reconstruction . If r(x) and r ’ (x~ are comp l e t e ly  u t tcs , I V IV C l a t e d  t h e  p o i n t  t u n e —
t ion of Fqua t ion it )  will usua l Iv produce a r and om pat t e r n  o I low amp l i t u d e ’ .
This rand om t u n c t  ion , in turn , means that t h e  at  t empted  r e c o nst r u c t  ion oX
E qua t ion w i l l  con l a i n  on l y  1 ow I eve I r and om noise

This is .t u s e tu l  p r o p e r t y  w h i c h  can h ’ pu t  to us’ in multip lex ing holograms.
Suppose we e s t a b l i s h  an ensemb It’ ot r e t  eI V OnC I~ pat  L o t u s :  rk ~x) . The c on —  V

di t ion to  he met by these pat t e m s  i s  t h a t  each memb er i s  comp l et e ’ lv
uncorr elated w i t h  the other members oX the ensemb le .  ihus

r ~x) Ør (x) — ~ ~~x) + t x ’s i, I i~ 

V

k 1. LI

where

— 0, when k • I.
I - 

L I V  
- • when k - I

‘ Li ~
x) — a random t u z i c  t Ion dependent on k and I

I.

F
a-

L
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I f  the set of references has this property, multip lexing a set of subject
images can be achieved by addition. Each subject is paired with one reference
drawn from the ensemble of references. The hologram is formed by adding up
all of these pairings . Thus, the form of the t~ult ip lexed hologram is:

— s 1(E~) R~ (i~) + S2(1) R ( ~) + S
3 
R + . . .  (12

or

H(~~) — Ek S
k
(
~
.) R

k(~
)

I t  we, w r i t e  t h i s  in the ou tput image domain we have

h(x) — 

~k 
sk
(x) ®rk

(x) (13)

Reconstru ction of one particular subject will occur when we reinsert the
associated reference into the system. In the image domain this process may
be w r i tt en as:

a
L

(x) — r
L
(x) 

~~~~k 
r
k

(x )  * 5
k~~)) 

(l-~)

a (x) — ~: Ix) Or, (x)) * s (x) (15)
1. k~~~~i. k

Making use of Equation 11 in Equation 15 we have:

aL
(x)  3 (x ) * sL

(x) + 

~k ~~~
(x) * s

k
(x)

aL
(x) — s1

(x) + noise (16)

The reconstruction ot the subject associated with the chosen reference Is
accompanied by clutter noise generated by various random cross terms . As we
incr ease the number of holograms stored in a multiplexed ensemble we will also
get a corresponding increase in noise. This noise ultimatel y se ts a l imi t on
the amount of information which may he stored . This limit will be calculated
in detail in Paragrap h 2.2 . Note the i m p o r t a n t  p o i n t  t ha t  m u l t i p lex ing  by
this means (called conventional multiplexing) depends on a correlation process.
This correla tion is the consequence of recording the hologram in the form of a
sum of Fourier transforms of the contributing images.

In summary, the process of holograph y depends on a convo l ut ional associa tion
between a reference and a subject pattern. Reconstruction results from the
creation of a synthetic point spread function resulting t rom the auto— or
crosscorrela tion of two references. Multip lexing Is possible because the use
of an uncorrela ted reference in the reconstruction results mer ely in the
genera tion o a haze of clutter noise.

2—4 J
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I
2.2 SIGNAL-TO—NOISE RATIO FOR RECONSTRUCTION OF A MULTIPLEXED HOLOGRAN

2.2.1 BACKGROUND

One of the major tasks of the contract was to explore the storage capacity of
a conventionally multiplexed hologram. A prime goal was to find out which
factors were significant in determining the storage limit. We also wished to
know what the functional dependence was on these significant parameters.

A conventionally multiplexed hologram is defined as a multiply exposed hologram
formed by adding together separately recorded subholograms. The result 18 a

• - summed ensemble. Random encoding of the individual references paired with each
subject is used to make each subject in the ensemble selectively retrievable.

A theoretical investigation of this task had previously been carried out for
a type of optical hologram*. But this investigation did not consider the
possibility that the subjects would be made up of multiple data points. Some
questions also existed as to the effect of sampling on the storage capacity.

These issues have now been settled with the following principal results:

(a) The storage capacity of a random reference multiplexed
hologram depends directly on the number of degrees of
freedom of the image output of the system.

(b) The storage capacity varies inversely with the energy
signal—to—noise ratio (clutter) required at the system
output.

(c) It does not matter in what configuration the data is
stored: a few frames of data with many data points will
produce the same signal—to—clutter ratio as many frames
with few data points each. Only the total number of data
points extracted from all the frames matters.

The last result appears to be new and is important in assessing the performance
of holographic data storage systems.

2.2.2 DERIVATION

Let us assume that the hologram plane is composed of n sample points. We
wish to store a total of H subholograms within this domain . Each subhologram
is presumed to have been formed with a unique random reference pattern , each
having a narrow autocorrelation function . We suppose that at each sample point
it’ the hologram the contributed amplitude from any given subhologram in the
ensemble has, on the average, a value of ~~ .

*La Macchia , J. T., and White , D. L. “Coded Multiple Exposure Holograms,”
Applied Optics , Vol. 7, No. 1, (Jan 1968) pp. 91—94 .
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We will t ind tha the reconstruction includes clutter terms from two sources:

o Cross terms within the proper reference function .

o Cross terms between uncorrelated reference functions .

The limits of data storage capacity will depend on the amount of clutter wh i ch
creeps into the reconstruct ion process I rom these two sources.

The proper perspective for performing signal magnitude calculations is
developed by c o n s i d e r i n g  the f o l l o w i n g  po in t s :

(a) Every sampled image may be treated as a vec to r a r ray  of
samp le values.

(b )  The ve c to r  has a length derived I reim an appropriate’ sum of
these values.

(L V )  A measure’ of the m a g n i t u d e  of the  image vec tor  is the  square
of its length. This measure corresponds to the  intens i ~v of
a conven t  ional opt i c a l  wave .

I d )  i t we examine  the  image in the  o u t p u t  domain we f i n d  that
each of it s information hearing points is isolated and
unaffected by its associates . Thus , i f  the average amplitude
of each of these points is o, the square magnitude b r , p,
points will Just he the sum of the squares ot t h e  i n div i d u a l
points:

P 
2 

(1 7)

Another way o I say i ug this is that the magnitude ot t h e
ou tpu t  image vec to r  is e l c t t ’rmi ne ’d by a root sum square  (RSS)
add i t  ion ol the out put image p o i n t s .

(& ‘ ) If we exam i ne t h e  discret e Fourier transform (l)FT) ot this
image , we t m d  t h a t  t h e  san ip to va 1 ties in  t It i s  now space- •tr e
no longer  i nd epend en t and do not comb i ne in  RSS t ash ion .
In  f a c t , they  ar e  coherently l i n k e d . rh is  means t h a t  t h e i r
ampli tude values add dir e ctl y , and the square m a g n i t u d e  is
the  square -  ot t h e  sum ot  the i n d i v i d u a l  amp lit tides.

Thus , i t tho average amp I i tude- of a t rans I ormed image ’ samp le
in the’ Fourier domain  is c , and i t  t h e r e  a r e ’ , il , such samp les ,
t h e n  the square’ magnitud e ot the Image w i l l  be

M — (n ~t )  ( 1 8)

2-h
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- I Combining Equa t ions 18 and 19 we f i n d  t h a t :

— 

-- 

— ~~ 
- - 

(19)

The effect of lutter may be calculated by a detailed examination ot the
reference func t ion  d u r i n g  reconst ruct ion . We recognize that the reference may
be considered as a sample data  func t ion , in the Fourier domain , of the form :

re fe rence  —

- 
- ~~. Where ~ is an index w h i c h  locates  a particular samp le in a sp ace of n such

samples . The index k labels the p a r t i c u l a r  reference  func t ion  from the
V ensemble , which is being used.

In a conventionally multi p lexed hologram the resulting reference involves a
linear summation of many terms . I f  we ignore the associated subject functions
we may write a reference ensemble as:

* *R — 

~k ~~~~ 
(20)

Let us now go through  the reconstruc t ion process by i n se r t i ng  a particular
r e f e rence R~~(~ ) .  The r esu l t  w i l l  be to output  a f u n c t i o n  of the form

P(~ ) - R~(~) ~k R ( 1) (2 1)

VI 
*P(~) — jR (

~.) I + ~ R (f~) R.k
(E

~
)

‘~ k~J

Let us next  express these r e f e r ence  components In  term s ot  the i r  image domain
represen ta t ions .  The c o n n e c t i o n  is a d i s c r e t e  Four ie r  t r a n s f o r m .

- I 
~~~ ~~~~~ 

~~~ V + 

~~ (~~~ 

r 1
(x) ~•

_i1.
x)(

~ r~ (y) 
+i.~ Y) - 

( 2 2 )

Let us cons id ’r I irst the second term on the r i gat , wit ich cont r ib u t e s  pure
clutter. Rearranging the summat tons (a titis term we get:

• * — U . ( x — y )(- — r (x) r (v) e’ (i )
k~ J x v J k

‘ This is a random summation cv itt c’nced by the f a c t  t h a t  t he  I actor  e ~~ (x—y)  
~~nonzero and range’s un I orm I y over a l l  va I tic ’s f ron t  — I to  + I and from —1 to  + I

Thus the t e rms must be sunined t oge the r  RSS to get the  e q u i v a l e n t  vector
m ag n i t u d e .  Let  us assume ’ t ir s  t tita t the ’  average  amp l i t  tide independent  o I
phase ef t cc ts will be a such t h a t

a — ‘ i  1 (x )  rk ( v)  ‘ (24)

L. 2—i
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Next , it is necessary to count te ’rma . We itot~- that hot It x and y raitge ’ OV er  a
sample’s. So the double sum over these parameters contributes a2 te’rms. It
the ensemble has H separate subhe lograms , U — I  ot these wi l l  c o n t r i b u t e  to C 1and the remaining one will result in the I-e’cons t r uc t  ion o t the’ image’. We~
therefore have a total of (H—l)n 2 amplitud es c o n t r i b u t i n g  t o  c l u t t e r  t roni t h is
component of the reconstruct ton . Si ace t he~ e’ terms a ie’ random lv phased , their
magn i t  tide w i l l  he the resu l t  ot an RSS comb ! nat  I em . The’ c I utter square
magnt  tude  f r o m  t h i s  component will the’re lore’ he’

- ( h I - I ) n 2 2 
( 2 ~~)

We e’xam i ne next t h e  I trst te’rm on the ri ght In Eeluat ion 22:

II (•~~) 
,-i~,x 1

2 
- 

~~ 1r 1 (x) 1 2 
+ ~ ~r 3 (x) r 1 (v )  e~ 

i~.(x-y) (2(i)x 
Xf ~y J

The’ I I rst term on t h e  r i g h t is the’ r e c o n s t r u c t  Ion t e rm . There’ are ’ it of these’
terms each represen ted  by an average ’ amp l i t u d e  a. N o t e ’ t h a t  there ’  is flet phase’
var tat ion so tha t the sunuua t ion ot acnp l I ttitle~ (over the ind ex x) is coh ere-nt .
T h i s  leads to the  square - m a gn i t u d e  re’su I t  g lye- n by Equa l  ion 18.

The’ second t ernt on the ’  righ t involves  an Incoherent s immat Ion and coat r that es
to the  c Lu  t t er  . ( N o t e , t h a t  fo r  ‘er t a in t ype ’~ o I r e f e r e n ce ’ t

V
u f lc  t ion s • such

as a d e l t a  f un c t  t on  in the ’  image p l an e , t h i s  term is zero and res u l t s in a
p e ’r f e’c t recons t rue - t ton when t he r e  is no m u l t i p l e x i n g . )  We recogn I ~~~~ t h a t
t h e r e must  he ’ n~ — n coat rihut ions c i  ampi ttude ’ ct f rom t h i s  term . Since ’ the ’
sumniat tern of these’ coat r t h u t  Ions is I it coh er ent  t h e y  w i l l  be ’ RSS added and w i l l
the r e tore  comb tite ’ in square ’ m ag n i t u d e ’ w i t  Ii Eqeca I len 2 ‘t • The’ t o t a l  c (u t t e r  is
t h e r e f o r e

I I I I

C — ( H — I )  n~~~ + (n — n ) a

, ) I I
— hIn ct —

— ( H n — i ) i c t t  ( 27 )

11t is is t he ’  o I cit  t e’r as measured in t In’ Four I I_ tV d o m a i n .  Its lmjtae t , however
will he ott the ’  recons t r u e ’ t ton in the ’ image domain. Suppose’ t h a t  the image’
doma in cent  a ins  a 1 o t a 1 o t in s amp le po in I s or 1 eg rt’e s ot I re’t’dom . I t the’
average am p l i t u d e  ol the’ e• in t I er in  the ’ image ’ eloina In  Is V . t he’n t h e  square’
magn i tude’ ett iltis c t a t t e r w i l l  he’ (assuming I ne’eht’re’nt sunamat ion)

— my 2 ( 2 8 )

V~11
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I i~ By equating Equations 27 and 28 we determine the average clutter at each
sample point of the output domain:

n ( H n — l ) c t 2 
— my 2 

(29)

- 
~~. v — (Hn—l) a (30)

(Note: The assumptions leading to Equations 29 and 19 involved imp licit use
- of Parseval’s theorem.)

Now we can estimate the mean signal—to—clutter ratio by taking the ratios of
Equations 19 and 30.

an 
_____ -

‘3 
- ------—- —-— (31)

v~~~j P n
( H n _ l )  a

• 
1(V ) (

~
) A 

fP~~~n~~i) (32)

- represents an amp litude signal—to—noise ratio where the noise is due
\ FA solely to crosstalk c l u t t e r .  Rearranging Equat ion 32 we get

PH — “ 
+ V! (33)

(~~) A

Equation 33 Is the pr imary resu l t  of interest.

The total amount of data stored in the type of multi plexed hologram is P
points stored in each of H holograms or PH. We define the data total as:

PH D (34)

Note that for a sufficient rat!) of n to p we have , approximately:

D ~ ~
1
-’r- (35)1 (

~1!
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Thus , the tota l amount of data  stored is in proport ion to the number of samp les V

(or degrees of freedom) in the OUTPUT image field. This is a new and very
interesting result. An important consequence of Equations 34 and 3S is that
it does not matter how the division is made between numbers of data pages (H)
and numbers of data points (P~ per page .

The inverse square relationship with the amp litude signal-to—clutt er ratio
corresponds to an inverse relationship to the “energy ” (intensity)
signal—to—clutter ratio familiar from coheren t optics . in the special case
where the output image plane has the same number of degrees of freedom as tite
Fourier or hologram plane, we may write:

• D— - - — ~--2
-- + (36)

and

— 
_____  (37)

~N , A .JPHn—P

An example calculation is useful in establishing a baseline’ for tite expe’rl—
ments to be desc ribed shor t ly,  Suppose we have an image field of 4096 points
and that our dat a  field has many fewer points , so that

1’ ‘<  n (38)

then

_ _  
(39)

~~ N J A  

~fl ~ñ ~[PH

— ~
—

~~~~
-
~~
-— 1 (40) F’

A

Equation 40 describes the experimental c o n d i t i o n s  and resul ts which  we wish
to verify.
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LV  ~~~~~ ~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~ V 
~~ V



ç V~~~~~~~~~~~~~~~~~ V~~~~~~ V 
~~~~~~~~~~~~ V~~~~~~~~~~~~ 

2. 3 RESULTS OF MULTIPLEXING EXPERIMENTS

in order to validate the theoretical arguments presented In the previous

j paragraphs , a series of experiments was performed . The experiments Involved
the formation and reconstruction of multiplexed holograms using random
reference patterns and conventionalized subject images.

The primary object of these experiments was to determine the dependence ’ of
signal—to—clutter ratio on the amount of data stored . Also , we wished to
f ind out whether or not the data limit was independent of page formatting ,
as predicted .

In .a typical experiment , several reference subject pairs were associated and
added together to form a conventionally multiplexed hologram . Then each ot
the reference images was submitted , in turn , to the hologram and the assoc i-
ated subject image was reconstructed .

The sign al—to—clutter ratio was determin ed by averag ing tlte amplitudes , of the
data points and comparing this value with an average of samples taken f rom the
data-free border reg ion. By vary ing the number of data points in the image,
the number of samples in the field , and the number of subholograms in an
ensemble a parametric study could be performed .

The apparatus for this experiment was a Da ta Genera l Ec ’lpse computer , cot~~
bined witlt a Printronix printer , The print cha1~~-rers ~ ~

-
~~~ e- unde’r so f t war e

control and were programed to produce images with ten ievels of grayscale.

The image format for the experiments presented here- e’~ nsisted et t a square
array of 4096 samples. The Fourier transform plane also contained 40% samp les.
The data arrays were also chosen as square a r rays  r ang ing  from one point to
sixteen.

In Figures 1 and 2 , sample outputs from f i v e  exper iments  ,are shown . Tlte data
image for these experiments consisted of a square array of four point s . In
order to show that proper independent reconstruction was taking place the data
arrays used to  fo rm different subholograms t~ere located in d i f f e r e n t  parts ot
the scene.

A cursory examin ation of Figure’s 1 and 2 shows the quail t a t  ive feature that
the signal—to—clutter ratio (S/N) decreases as the number of Images multip lcx ’d V

in an ensemble increases . This  i s  as expected . The quantitative’ results coti-
formed to the theory, also. This is illustr ated by the  numbers  e f  Table 1
and the plot of these numbers  g iven  in Fi gure 4.  The t h t ’ ’re’ t t e a l  values given
in the second column are computed u s i n g  Eq u a t i o n s  34 and l’ . The standa rd
deviation given in the last column Is comp lied from measurements of the
r e const ruV : t ion  s i g n a l — t o — c l u t t e r  r a t i os  af each member of a given ensemble ’ . P

l1
2 — i l
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A. Nonmultiplexed , one image stored B. Multiplexed, two images stored
S/N = 33.56 S/N = 21.54

V •
~ 

• • :- 
~~~ • Sample field has 4096 points

-
. 

: • Data Image has 4 points
.. . - :• . : 

~~~. 
I S/N ratios are for particular

.. .. images being reconstructed
• 

~. :~~~
•
~~~~

• : ~. 
. 

. 
.
. I Each image represents a

different experiment

• •  .

1 - . .. I

C. Multiplexed, four images stored

S/N — 15.71
934.17

FIGURE 1. TYPICAL RECONSTRUCTIONS OF MULTIPLEXED HOLOGRAM EXPERIMENTS - .
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A. Multiplexed , eight images stored B. Multiplexed , sixteen images stored
S/N — 10.97 S/N • 8.023

93.1.11

FIGURE 2. ADDITIONAL SAMPLE MULTIPLEXING EXPERIMENTS WITH FOUR POINT
DATA IMAGES (SUBJE CT)
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‘ . M u l t i p l e x e d , f o u r  images P. Mul t ip l e x e d , ei ght  images

S/ N  • 8.22 S~N — S .~~9

• Sixteen—point data imaSe us ed

• Each i~~a~ e is a r e p re s eu t at  I V e ’ t t ~~~OU S  t ~uc t iOU I t O l ~ Ot t e ’ e x p er im e’flt
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It should also be noted that t it e use ot a random ret erene-- results in some n e t

~
• lut ter even when only a sing le image is be ing  rec ord ed and recons ru e-t e d .
Th is is illustrated by Figure 1 , view A.

T hi s  ser  it ’s ot experiments was r epe’a t e’d fo r  the  c.tse whe’re t he dat a image con-
s i s ted  of att ar r a ~- of s i x t e e n  p o i n ts  ( F i g u r e’ 3) . Again , as d e m o i t s t r . i t e -d i n
VF~t h l t ~ I and Fig ure 4 the experiments and the t lte orv are  in st t j e t  q u .I n t  i t  a t  i ye’
agreement.

‘tABLE I . SIGNA I . —T O— CLU TT ER RATIOS FOR ML IL T I l’l EX EI HOLOGRAMS

Out put image domain  has 409o samples. Number ot ~I~t t a points in cacti image is
as l i s t e d .

~o,  ot  M u t t  ip h ’xed
Holograms (H) S/N The’oret i cat S/N Experiment at

I).ita l’o i i t t  Image

1 32 I I . ~ —

2 22 . t~~I 2 2 .  i t ~ 0 .5 2”

16 ~~~~~
S 11 . 3 1  l l . -e ’~ 0. U i

16 8 S . i ~ t’

10 Da t  .i Pot n t Image

I lo I -
~ . —

2 11. 11 1 2 . 2 ’  O . S~
8 8. ; 0. ~

S ~.o5 S .t - , ; -4  0.1%

A t that experiment in this c l a ss  was performed to  t e s t  t h e ’ as ser t  ion that th~’
d a t a  w h i c h  could  he stored is p r i m a r i  lv  dependen t  on t h e ’ numh et  et degree-s ot

reedom of the o u t p u t  image p l a n e , in accord w i t h  Fqua t ion IS . in t It i s  exper —

men t the  random re fe ’r ence emp loved was windowed so as to be a ml  not- port ion
ot the t ie’ld of view .

The e-onsequence ot t it  is window ing  is  t h a t  d u r i n g  ree~ons t ri t e’ t i on t h e ’ e 1 u t I e r  is
we’ i gh t ed by t h e  au t ocorre Ia t ion t ’ t t he’ vi ndow t t in e’ L i  on - Mor eov c i  , b ee  a n s ’ ’ I he’
c tnt ter is conf ined in t he  field ot ’ v i e w , I t s  magn i tude ’  is  e’nhanced . I t  t

t h i s  en h a n c i n g  f ac t o r  which reduce’s the  s i g n a l — t o — c  lu t  t or t a t  to and ,
cons eque’n t lv _ the’ amount of I n f o  rma t ion wh i oh can be s t o r ed

2- 16
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I ti t o t ’~~’ns t t~~~ t i~~~ t 0 t t t  is t ’xper tmt’t it i~ i l  lus t  tat Oct I n  F i ~~ Ut ~~ •

wet  gh t ing 1w the aut ocorre l~i t ion ot the wind ow f un c  t i  ott is c lear  lv  cv iden t
th e’ enhancement  ot c l u t t e r  is e v i d e n t  whe it  t ft is il l List rat iou  is comp ar e’d

I w i t h  F i g u re  1 , v i ew  A.

I -
‘

-

1 • 

~~~~~~~~~~~~~~~~~~~~ ~ 
: -  

£

I • 
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‘ -

• Hologram is unmult iplexed F
I (lut ter I iold t.up e-red according to auto cor r e l at i on  ot  r ot  er e nce  w i n d o w  f u n c t  ion
• t’i’.ik c h u t  t or very mt i - h  it igher  than  if it ~ e’re’ more vide ’ l v  d i  st  r ibut e’el

t c c~mpar e w i t h  Fi gure’ 1 , V i ew A
• N~’ .u I I e’mpt made’ to  measure’ s i g n a l — t o — c l L i t  t or rat i o in this expet ime’nt

934.2 1

F I G U R E  r~ • SAMPLE RFi ONSTRU ’V I ON WITH ORI G I SAl R1V V F F R 1V V S C 1 V
V CONS tRA I N ED TO A FRAC l i O N
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SECTION 3

ADAPTIVE HOLOGRAMS

I
3.1 THEORY

3.1.1 INTRODUCTiON

I t was asser ted b y the proposal tha t a hologram could be trained to dis tinguish
between two very similar reference patterns .

The notion was tha t the common subset of the two reference patterns could be
canceled , leav ing di st inguishing features which could be used to reconstruct

( identif ying subject images . The technique makes use of the ability of a
hologr am to coheren t ly sub trac t by means of a phase change . The isolation of
the characteristic features was considered to be analogous to the Gram—Schmidt
orthogonalization technique . This concept is explored in detail in Appendix
A , whi ch is borrowed from the proposal.

During a design of the t r a i n i n g  algori thm , which would implement this concep t ,
it was realized tha t a negative feedback process would achieve the desired
goal. The idea was to wrap a feedback link around the outside of the holo—
graphic system so that the reconstructed image would be subt rac ted  from the• L current subject input. The holographic recording mechanism would use this
difference image , combine it with the current reference , and add the result—
lag subhologram to the preexisting ensemble according to the rules of conven—
tional multiplexing . Figure 6 provides a schematic representation of this
process.

By supp lying two different paired subject and reference patterns to the system
( inpu ts according to some sor t of al terna tion sch eme , it was felt that the

common subsets of the reference patterns would be subtracted off. This would
leave the reconstructions to the mutually othorgonal features of the two
reference patterns .

This configuration was extremely in teres ting,  but it involved a great deal of
computation in performing the forward and inverse Fourier transformations for
each iteration .

Af ter some study it was realized that , because of the linearity properties of
these transforms , the feedback ioop could be broug ht inside the transforms.
The adjustment process then would be entirely in the Fourier domain. Except
for ini tial transformations to prepare the subject and reference and an
inversion to display the ultimate result , there would be no need f or repe ti tive
Fourier transformations.
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The comb I uta t ton ~t t  Equat  ions •u I • u I , anci 44 rt ’su I t s  in  a el l i i i ’  rent-c e-qu .c t t o n .
E’or e’xamp t o , u s i n g  E qua I b i t s  41 and 44

Ii — g 
~~II 

— A )R * + ~~~ ( - ~~~ )

Emp 1 c’y i ng E q u a t i o n  u I Lit ~~1 g lvi’s

Ii — g S R * — g Ix ~~
‘ II + II ( “ 4~~1 )

it  U II n n n— I

We’ t ail solve l e ’ i ~ Ii
I,

II + g S R ~~
II n-- I 

V 
i
~ V fl~ ( 4 1)

I + g ( R ~~

lit is i s  t i t e ’  proper I t t ’ m . c t lvi’ d l  t e - r e i i e ’ e’ oquzi t ion to eli’s t ’r I he’ the opt ’ ration of
F t t o cd . Ip  l v i ’ ho log r an .  I t  is  t incon d i t  t ona  11 v stable’ . N o t  I cv that i i i  the’
eli’ rival tern ot  (It is e’qtt~ l i o n  i t  was assumed that t h e  I omm a 1 i on  t i t  t h e ’  Inc remot~ I
to (l it ’ h o l o g r am  ensemb l e- , g(S~ — A 1~

) R~ , used a r econs t ruc t io ti , An ,  w h I c h  I tse ’lf
eIt,’pCl14~le’J  c i i i  I l i i’ I i t c  re’mt ’n t . Th Is seems l ike ’  a b o o t s t r a p  opera t ion and is
coutite I in t u c i L t  ye . The p roc edure  Is known as backward d lii’ mono ing and is
e s s e n t i al  ( c i t  st ab i l it y . *

We’ We ’re’ t ci use’ a more l i t  In I t  I Vt’ approach . L e t  us make- I it t’ sub e e l
cht ann e ’ i i npeu F depend em the’ rccoiis true -L I on of what ic .ts ,c I ready boon ri- c-ni-d od
Thus
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I n  th i ’ h u t  ha I series of experiments on the’ adapt  lye ’ ito 1 e igram t i t e -  hi lw - I rd
ch il l or e ’ne’c Eq ua t ion  50 was emp loyed . W~ I ound that l i i i ’ p 1 O O e ’ss w ild id e-o utve ’i’go
b r  a w h i l e , hu t then wou ld begin to r a p i d ly  d i v e r a g e . We’ we’re ’ e t s i u t g  random
re’ f e ’re it ce pa t terns  for these experiments. In order to ge- I t h e  cou t v t ’mg e ’I t t ’e’
t Ime w i t h  in re ’asonab le limits , the va Iu~ of g was made- moele’rat i-i v 1 arge ’ . I t
w e t u i d  t u r n  out that some spatial frequency component of the power spe ’ctruln ol
the  r e f e r e n c e , IR n(~) I2 , would be large enough to satisty Equation ‘l . This
spatial frequency would exhibit positive feedback and the sys tem wou ld bl ow
up. By switching to the backward ditference Equation 47 , we comp letely cured
the problem .

1 .1, 3 (‘etNFINt j(l~t CASE

I n  t u t d e - r  t e l  g a i n  further ins ight into the’ propert los c i i  the adap t  lye ’ bet i n g r a m
let  us c a r r y  the dii ferene’ tog pr oe-ess to the i n f i n i t e s i m al l i m i t  . I t  the’ stop
jute- u-va 1 be tween  n — I  and u represents a lime At , we may r e a r ran ge ’  E q u c  I I on 4o
and w r i  I t ’ :

ii — II
it  i t— I ‘V — *

- — g I R I H + g S  R
it II It II

C a r r y i n g  t l t i s  t o  t he  l i m i t  we get :

d H ( r  t )  I *
— —g R~~~., t)V ll (~~,t )  + g SU ~, t) R (~ V , t ’t  ( ‘i i )

Equation 53 is t he  me’s F ge-flora I descr I pt 1cm of Il te aelap l i v e ’ 11(1 1 ograp h Ic
pr e~ -ess . Wi lb spec’ j a I l  z , i t  ion of the  t e’t -ms we’ can thaw nut some’ iuu t  c res t  i t tg
result s - We’ clint ’s e as a spec i a I case’ a re’ I e’r once and siub ~ e’ e’ t wit j o l t  ho lb
s w i tch  on to a cons t an t  lOVe’l.

dH ( ~ t )  ‘ *
= —g R( -~~l~ h1( ~, , t~ + g S(~~ R (~~ V ’t

t t i t~ t ” O

I i  II — 0 t or t ‘_ 0 , (it t ’ so let I ion  ~t E q i t a  t m i t  ‘
~~-~ I t ;  s t i l l  g it t I ot ’wa rd • and 105 I I I  1 5

lit the’ equa t i till :
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1 . 1 .4 IMPORTAN T PROPERTIES

There are two t h i n g s  to  note about Equation 55. Fi r st , tlte hologrant converges ,
in the limit of i n f i n i te t ime , to the spatial pattern.

*
4 11(1) S(~, ) R (i , ) S( ’, , )

- 

IR (i,)1 
R ( f ,) (St~)

We see that the r’t e re ’u t c e pat tern Is thrown in t e  the denomina to r,
Reconstruct ion of t ite’ hologram , using Utis reference , is desc ribed by:

— R( 1,) H (i~) — ~~~~~~~~~~~~~~~~~ — — S(t ~) ( 5 7 )R( ~~)

Thus , the’ ree’on s t r uct ion  Is a per f e’e-I reproduction of the subject , regardless
of the fune’ t ton which is used for the reference.

This is a substantial improvement over the conventiona l recording and ree’ein-
struction process . Even I t  a comp letely random function is used for  the
reference , there w i l l  he no background haze with this type of hologram . I n
terms of the description give by Equation II ,

— 
I r K

(x) 0 r 1 
(x) — 

~KL ~ (x)  + 
~KL (x ) , (1 1)

the r andom crosstalk term , PKL(x), 
is forced to zero .

We can regard this otutcome as a sidelohe cancellation process whereby the
sidelobes of the poin t  spread fun c t io t i , produced through the au tocor r ela t ion
of the reference , are’ suppressed .

(It has not escaped notice that (lie [unctiotia l form of Equa t ion  Sb Is esseti—
tially the sante as tha t  employed in image restoration work. It may very well
be that a variant of th is technique will prove u s e f u l  fo r image r e s t o r a t i o n . )

The second issue of consequence arises from e’ t i l ls  ide r at  ion of the futuc t inna  1
rat io  of Equation Sit . Selection of an arhit t’ary function , r ,x ’) , to serve as
a reference will usuall y result L i t  the t r an s f ormed patt crut , R(~

,) , t a k i n g  on
the value zero [or cer t a in  f requenc ies , ~,. We mig ht  expect t ha t  t l te holog ram .
apparent  1-v hav ing  zeros In the denom i na tor , w i l l  he lii i m t  te in value at some
poin ts. In fact , t h i s  does not happen .

V The reso hi t ion of this problem Is I ound by exam I nat  ton of the t ime cons t an t  of
the exponent in E q u a t I o n  55:

L u (F,) - - 
~- 1

V gjR(~,’t~~
V 

‘-7



r ~~~~~~~~~~~~~~ 
_ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~_ V V

The t ime constant  is a function of spatial. freq uency which is inversely pro—
portiema l to the’ power spectral density. For those spatial frequencies at
whi ch R(~ ) — 0 , t he ’ time cons tant is  i nf i n i t e  and nit change in the  hoheigram

V takes place during the adaptation .

There are’ interesting correlar lea of this important result. First , a l l  p or—
t i o u t s  of the  hologram do not adap t a t  the  same r a t e .  1’hus , the hologram I s
not formed as a u n i t .  Second , s p a t i a l  f requencies  where t ite powe ’r s p e c t r a l
d e n s i t y  is hi ghest will adapt most quickly and come to equilibrium . For most
r e’ t e ’r t ’ut e ’e scenes these w i l l  usual ly  correspoti d to the dc ba ckgr ound and slowly
varying te’rms. High spatial frequency terms are usuall y low it t  amp litude and
will ad)ust slowly . This means that finely detailed structure’s and features
w i l l  have in f luence  onl y after a substantial time has passed .

These r e su l t s  may be summarized by the r u l e ’ t h a t  the ’ basic form auid shape ( low
f requenc ies )  of an ob le’e’t will tend (ci impact the hologram before  the t ine
de tails and texture (high Irequencie’s). This rule will he violated only when
the hi gh spa t ia l  f r eq uenci es domina te the power spe ct rum as when a scene is
composed mostly of contrasty textures.

A t itua l corre’iary is that spatial frequencies of a subject image will not  he
recorded u n l e ’ss Ilte corresponding spat ia l  f requenc ies  exis t  in the r e f e r e n c e .
Th is rule Is true f o r  conventional holography a l so .

These proper ties of t ite  adaptive h o l o g r a m  will he nt groat significance ’ if the’
colic-opt  is employed leit pat ten t recognition.

1. 1. 5 1)1ST 1 NGIJ 1SH IN (; BETW EEN TWO PA1’TERN S

Gi ven the in teres t  t u t g  prop ert  t e ’~~ of the a d a p t i v e  holog ram , i t  bee’omes rela-
tively simp le to Se’t up a global train Ing paradigm to train It to distinguish
between (wet similar pat tern s.  The p a t  terns to be’ recognized a re fed In  t h rough
the reference ’ c han n e l .  Assoc ia ted  w i t h  eat -h r ot  e’rence is a suh )oe t pat t e rn
whi t - li serve ’s to label i t s  associate’ .

We did a number of exper iments  Ii i  wit ! c’h the’se pat t e’rns we’re feel t o  the s svs I em
in di ffereutt e’rdcr s wi  t h i  var i ab le ’  amonui t s  of adap t a t i o n  pe rmi t t ed,  In a t yp i ca l
experimen t , a p ar t i e ’eila r r e f e r en c e ’— s u h i e’ct p a i r  was to d in and many I t e r a t i v e
cyc le’~ we’re i’e mpu tt’el Se) as Ic ) permit the aeluipta tieti t to go nearly to completion,
The’n a second ref  e’rt ’nc - e’ sub icc t pa i r wou ld  he’ i u t  roduced , aga in w I Ut stu b—
s ta nt  t a h  a d a p t a t i o n . At t h e  end of a doub le  p a i r i n g  process , a test  would he
made to se’e’ whether or not false re’c’onst ruct lotis occurred . This  t es t  con-
s i s t  ed of app ly ing each re’ I e’rence’ in t turn ,tnel see it ig who I h e r  or not a rae ’e of
the unassoc I at e’el suh 4 e’c’ t appeared . We’ usua l i v found t ha t  i t  was necessary let
f l i p  hack anti forth between t h e  ,t ssoc - t , uI  e’d p u  i r s  seve ral  t ime ’s  be fo r e  all
traces of Ia I Sc ’ r oe -oti s t reuc t inn we’re’ rendered I uuv Isib Ii ’ I. that is , supp ressed
below the lowest i ey e ’l t~~f the’ pt ’iuil gr~uv sc -ale) .
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Second , add i tion elf information to an adapted hologram requires a great deal
of adjustment. The new image will generate’ cross terms with all the othe’r
images previously stored . These will have to be adapted out one by one.
Moreover , this first order adaptation process will in turn c reate new cross
terms which will require at least second order correction. Clearly , the
amount of iteration required to stuff a new pair into an ensemble will be a
very strong function of the number of old pairs already making up the ensemble.

A third consequence is that the adaptive hologram may provide an immensely
p o w e r f u l  mechanism fo r  p a t t e r n  r ecogn i t ion . Th i s  is because- , i f c r o s s t a l k
ca n c e l l at i o n  happens , the number of reference p a t t e r n s  wh ich  may be r ecogni~ e’ci
will be equal to the number of pat terns which may he embedded . Which is , of
cour se , t h e  number of degrees of freedom .

Po uts  ider  a p r ac t  it -al case. It is wi t h i n  (he St  a t e ’ 01 t i l e ’ art  to pr ovide
Fourier traii sfc mms , over an array of 40% t’leme ’utts, mauiv time s a se~-o u d .  I f
the ,ut i o~’c argument is e-orrect , a pretrai uied system of t itis size could he made
to d i s t i n g u i s h  amoutg as many as 409(i similar and di ltet - c’nt patterns in a
s ing le pass ( m i l l i s e c - o u i d s ) .

The possibility tha t this superpacking of the hologram may work sets a clear
direction for follow—on research. We must discover if full cross talk can-
cellation is possible or if the rules of conventional multi plexing set the
l i m i t,  I t  superpacking proves possibl e, then an i nv e s t i g a t i o n  should h~’ made’
to f ind  alt efficient training se’heme . Once this h,usi~- research wcirk is
suc c e s s f u l l y  comp leted pract it -al app i i t - a t  ions wil l  r a p i d  lv  t e l  low b~~e’j u ~~t’ the
t echnology  base is ripe .

3.2 EXPERIMENTAL RESULTS

3 , 2 , 1  TESTS OF ADAPTATION

The discovery of the adaptive hologram substantiall y modified our origiutal
V 

experimental plan . We had intended to move straight into an exercise of t r a i n -  V

ing a hologr am to distinguish between two similar patterns. instead , we
decided to f i r s t  explore some of the convergence and c l u t t e r  r e j e c t i o n  proper-
ties of the adaptive system.

Our i n i t i a l  series of experiments employed a single sub lect—reference pair.
The subject was a data array of sixteen uniform amp litude points , and the
associated reference was a random pattern . The choice of these images was
made because we had just concluded a detailed properties study of this class
of holograms .

After some wrestling with the sot (ware and adjusting t h e’ f eedbac k ioop ga in
coefficient , we found that the adapting system gradually cleaned up th e’ clutter.
This was a notable and exciting event. Further iteration resulted in diver-
gence, however. The reconstructed subject p a t t e r n s  showed chara~-t e ris t i c’ pet’i—
odicities indicating that the divergence was occurring at localized points in
t he Fourier plane . Figure 8 shows a represen ta t ive ’  se’cl uc ’ne ~e’ 01 d ive rgence .
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Upon investigation the problem was traced to our use of a forward  d i f f e r e n c e
equation to describe the feedback process• in the preceding theoretical sec-
t ion there is a detailed discussion of this issue. By switching to a backward
difference equation , the instability was eliminated and no further problems
of this kind were encountered.

A typ ica l  early experiment wi th  the correc ted  system is i l lus t ra ted by F igures 9
and 10. Figure 9 shows reconstructions of the data field subject with the image
showing the characteristic clutter caused by the autocorrelatlon of the random
reference pattern . Note that the initial signal—to—cl utter ratio is close to
the ensemble average value of sixteen predicted by theory. The other entries
in Fi gure 9 graphically demonstrate the improvement in reconstruction quality
as the s stem iterativel y adapts.

The quantitative results of this experiment are illustrated by Fi gure 10. The
subjec t amplitude was 100. Initially the reconstructed image had a much lower
amp l itude. This was a consequence of the values chosen for the magnitudes of
the reference pa tt ern , and the loop ga in c o e f f i c ien t , g. Upon iteration the
ampl itude of the reconstruction exponentially converged to that of the subject
in accord with Equations 55 and 57. The signal— to—clutter ratio also improved
dramaticall y during this convergence process.

~~. 
1 . 2  TESTS OF CONVERGENCE

In the  i n i t i a l  series of experiments the reference was a random pattern . T h i s
type of reference had approximately a uniform power spectral density. rite
t heo ry ,  as exemp l i f ied  b y Equa t ion 58 , indicated that , in this case all spatial
freq uencies in the reconstruction would converge at approximately the sante r a t e .
This was apparen tly the case in the initial set of experiments.

We decided to try a much sterner test of the convergence of the sy s t e m .  We
selected a reference pattern almost comp letely dominated by low spatial fre-
quencies with the high frequency term s being relatively very weak . T h i s  r e fe r -
ence was paired with a subject which was small , complicated and composed pri- V

man ly of ve ry  h ig h spatial frequencie’s. in conventional holography there
would be no chance of g e t t i n g  a u s e f u l  r e c o n s t r u c t i o n  of the  sub j ec t , bu t  the
new theory predicted that , af ter adap ta ti on , a c lear  r e c o n s t r u c t ion  was p o s s i —  V

ble. The reference for this experiment was a two dimensiona l square wave ,

h a l f  f i l l i n g  the  field of view. The Fourier tr,tnsforin of this funct ion has
the usual form of Sin ~~~~~ and thus assures there Is at least some signa l at
the highest spatial frequencies of the spectrum . Th is t u n c t i o n  a l so  con t a in s
regions of zero signal , which  provides  an i n t er e ’s t in g  test of the theory.

The subjec t chosen to be associated was the  image’ of t ilt’ le ’t t er  ~- 1 u ar , i o t e r , W
(see Figure 148). The structures of t h i s  c h a ra c t e r  w e r e’  one p ixe l  wide  and ,
therefore , most of the signal energy was c o n c e n t r a t e d  , u t  t i l e ’ h i g h  f r e q u e ’ns -v
end of the spatial spectrum.
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A. Initial frame of sequence. B. Recons t ruc t ion  a f t e r  p a r t i a l
R e c o n s t r u c tio n  has S/N of 15,11 , adaption , showing partial cleaz~
compared to t h e o r e t i ca l  of 16. of a u t o c o r r e l a t i o n  produced

c l u t t e r .  S/N  =

- V - V

- 

V V

a a a S a • U S

a a U S S S U

a a . a U S — U

F 
a a a a a a a a

V V

N-

C. Continued cleanup of c l u t t e r .  D . Late  r e c o n s t r u c t ion  in adap t ive
S/N 24 .30  sequence.  S /N — 32 .59

The c l u t t e r  is i n i t I a l ly  ge’ne’rate’ef
through the autocorrelation of ,u
random r e f e r e n c e  image . No m u l t i -
p lexi ng occurred in this
experimen t.

FIGURE 9. SEQUENCE OF RECONSTRUCIV 1& V1NS Sih)W1NP CLUTTER R E D U P V 1 P I N  BY FEEDBACK
ADAPTION
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Fi gure 11 illustrates the reference used , together with reconstructions after
various numbers of iterations. The early reconstructions lack any useable
deta il , as indica ted by Figure llB. Here the energy of the low spatial fre-
quen cies in the reference totall y dominate the holographic process. This
image is representative of (although somewhat better than) conventional holog-
raph y. Af ter many iterations the characteristic shape of the W becomes visi-
ble. Figure llD provides an example , late in the iteration sequence of this

V particular experiment. There are some peculiar features of the process indi-
cated by this reconstruction . Since the effects of the low spatial frequencies
have been adapted away, the high frequency terms are dominant. Note the traces
of the corners of the reference indicated by the secondary reconstruc t ions at
tile left and bottom edges of the field. These reconstructions illustrate that
cross correlation between the corners is very strong . Note also the influence
of the  ed ges of the reference function which  is apparen t  in the  s t r eaks  radiat-
ing from the princ ipal (central) reconstruction.

Since convergence was slow , we repeated the experiment with a much stronger
feedback c o e f f i c i e n t .  The res ul ts are shown in Fi gure 12. The first f igure
in the sequence apparently picks up at the end of the previous experiment.
As the sequence progresses the primary and secondary reconstructions become
clear and accurate representations of the original subject. The impact of the
edges of the reference function have nearly faded by the end of the sequence ,
and the reconstruction process is dominated by the corners.

There is some fluctuation in the secondary reconstructions as the convergence
process progresses. The lef t—hand reconstructions start to increase slightly
in s t r e n g t h  as the bot tom reconstruc tion beg ins to fade. Presumably, the left
recons t ruc tions would peak and fade  if the itera t ion process con t inued  long
enough (about  two hours of CPU time was used fan this experiment).

A t h i rd  experiment in thi~ series validated the preliminary conclusions drawn
from the ear l ie r  experiments. For this experiment the square wave was th inned
down to V I U S t  its edge. The reference thus took the form of an empty box (see
Figure 14D). This enhancement of the high spatial frequencies in the refer-
ence grea t ly speeded the convergence; Figure 13 evidences the result, in the
early i t e r a t ions  the recons truct ion looks much like the la te for m s of F igure 12.
By the end of the  experiment , the p r i n c ipal recons truction is near ly  p e r f e c t ,
whereas traces of the secondary recons truc tions are nearl y eliminated .

We conclude from these tests that the major features of the theory of adapta-
t ion are confirmed . More detailed quantitative studies might show some unex-
pected phenomena. However , we felt that there would be a greater return for
our efforts by pressing on to a test of differential pattern recognition .

3 .2 . 3  RECOGNITION OF DIFFERENCES

Having successfully demonstrated that the adaptive hologram follows the theo—
etical predictions , the experimental effort returned to the originall y scheduled
task. As described in the foregoing theoretical section , it was believed that
a hologram could be trained to d is t inguish  between two s imi l a r  (hi ghl y corre—
lated) patterns . With the machinery of the adaptive hologram available , a test
of this idea was relatively easy.
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A. Reference pattern. This pattern B. Reconstruct ion a f t e r  first series
consists mostly of low spatial of iterations . Note dominance
frequencies . of low spatial frequencies.

_ 

f t[4

_____________________________________________________________________ i i) ..:

C. Further in the iteration sequence. D. Reconstruc tion at end of test run .

1-high spatial  frequency structure The shape of the subject Is becom—

is becoming apparent ing clear. Reconstruction is now
dominated by the re fe rence  edge
s t ruc ture . Repeat Images are the

This experiment  a t t e m p t s  to reconst ruct  resul t  of h ig h cross co r r e l a tion
a small highly structured subject (the among the corners of ref erence
image of the letter W) wi th a much box image .
larger nearly unstructured reference.
In conventional holography the
reconstruction would show virtually
no structure.

93 8 1 i

V FIGURE 11. ATTEI~~TED RECONSTRUCTION OF SMAL L SUBJECT -
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A. Initial reconstruction . The result B. Reconstruction after 75 iterations .
— is very similar to the fInal result The W s t r uc tu r e  is becoming c lea r .

of Figure 11. This experiment Is Repeat of the image is caused by
p r o p e r ly  regarded as a continuation corner cross correlations.
of that experiment.

~1 w *1

Li 
_____________________________

C. Continued clean up of main image D. Final Image in experiment. Basic
and f u r t h e r  weakening of secondary trends continue to prevail except
reconstru c~~ions . for a sl ight enhancement of the

upper left secondary image.
Exper imen t  similar to that of F i g u r e  11 ,
but wi th increased loop gain. The fina l

- - reconstruction d early shows the d e s i r e d

V image in the center of the f r a m e .
Secondary recons tructions should fade
out after further Iteration.

938 12

FIGURE 12 . A t TEM P TED RECONSTR U CT 1~~N OF SMALL SUBJECT WITH IN CRE A SEI )  LOOP ~A 1 N
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A. Reco nst ruct ion at beginning of B. Continued clean up of
i t e r a t ion  series. N ote  S i m i l a r i t y  r econs t ruc t ion .
to 12A. Secondary reconstructions
start out weaker in this series.

W

C. Further reduction of secondary D. Fina l reconstructli-m In test
V 

reconstructions sequence . Primary image Is almost
comp letely clean . Secondary
reconstruct ions are nearly
eliminated.

9 3 8 1 .

FIGURE 13. EXPERIMENT SIMILAR TO FIGURES 11 AND 12 , EXCEPT THAT THE RF:FERENCE
CONSISTED OF JUST THE EDGE OF THE BOX (SEE FIGUR E 14D) ]
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An experiment was designed in which two different subject—reference pairs were
presented , alternately, to the system for training. Upon presentation of one
such pair , the system was allowed to adapt for several iterations and a test
was then made of the reconstructive properties of the partially trained holo-
gram. This consisted of separately presenting the two reference patterns to
see what form the reconstructions would take. After this test the alternate
reference—subject image pair was injected and the iteration continued .

Typical results are i l lustrated in Figures 14 and 15. In Figure 14 the refer-
ence and subject images are shown. The images were chosen based on previous
experience with the system convergence properties, and by the need for simplic—
ity to avoid tedious hand entry of data.

As i l lustrated a narrow , rectangular box served as the reference for the sub-
ject letter image N. A wide, square box was selected as the reference to be
paired with the letter image W. The purpose of the experiment was to show
that after suitable training, according to the simple paradigm just described ,

V the narrow box would reconstruct  only the image of the N, whereas the wide box
would reconstruct only the W.

The cross correlation coefficient between the two reference patterns was calcu—
V lated to be 0.689, so a failure of the system to distinguish between the two

reference patterns would show up as strong secondary reconstructions. In order
to make these shadow reconstructions evident, the N and W images were located
in slight ly different positions within the field of view .

Figure 15 demonstrates the success of this experiment. Figures 15-A and 15B
show intermediate results after a certain amount of adaptation has occurred . V

The desired primary reconstructions are becoming clear. Substantial secondary
reconstructions of the unpaired subject shows the correlated subset of the two
references has not been entirely cancelled out .

The last two subfigures picture the state of the system after further adapta-
tion. The reference subject pair used immediately before this test reconstruc-
tion was the W—square box. This shows in the perfectly reconstructed image of
the W. It also shows in the slight imperfections of the N image when the
narrow box reference is played through the hologram. Although this was the
end of the test sequence, convergence was not yet complete. Evidently spatial
frequencies of low amplitude were still impacting the reconstruction process
and causing false reconstructions.

Other experiments of a rough sort indicated that convergence is path dependent.
That is, it matters what the strength of the feedback is or how many ite rations
are made before switching reference—subject pairs. The degree of cross correla—
tion between different reference patterns also appears to have an, as yet ,
undetermined impact. Both of these topics may be important and should have
priority in future investigations.
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A. Subject image paired with narrow B. Subject image paired with wide
box reference box reference

C. Narrow box serves as reference D. Wide box serves as reference
pattern for subject letter N pattern for image of W

The c o r r e l at i o n  between the  two r e f e ren c e s  is  O.68q

9 3 8* 8

FIGU RE 14. CONTRIBUTING SUBJECT AND REFERENCE IMAGES FOR PATTERN SEPARATION AND
RECOGNI TI ON EXPERIMENT
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A. Reconstruction using the narrow B. Reconstruction with wide box image
box image as reference . Note the after partial training . Note
false reconstructions . This image false reconstructions of N near
was produced after a sequence of the W. Note also the false
alternating subject reference reconstructions due to the other
p a i r s  had been presented to corners of the box.
partiall y train the system in
differential recognition.

-N. N

C. Reconstruction with training D. Reconstruction w i t h  wide  hex
almos t comp le ted. The last referenc e and the system in the
iteration sequence had used a same s t a t e  of training as
W—wide box combination . This view C.
explains the residual cross t a lk .  The system has learned t o  distinguish

V between reference pat terns that have
a O . ( 89  c o r r e l at i o n .I

FIGURE 1 5. RESULTS OF DIFFERENTIAL T R A I N I N G  EXPER I MENT 938  *8
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SECTION 4

MACHINE HOLOGRAPHY SOFTWAREa -
4 . 1  SUMMARY

The machine holography exercise explored the data storage properties and some
image recognition properties of holograms through use of a computer simulation.
The software developed for the hologram simulation consists of five main
classes of programs :

• (1) Image creat ion routines

(2) Hologram routines

(3) I/ O rout ines

(4) Utility rout ines

(5) Borrowed and miscellaneous rout ines

All machine holography software resides on disk under directory HOLO.DR. The
directory is saved on magnetic tape. File 0 of the tape contains the holo—
graphy programs, and File 1 contains the holography image files.

V 

The image creation routines create various simple point images and random
noise scenes in the integer disk file format used by the machine holography V

software. The image creation routines have file names of the following t
form: CR—.FR. All image creation software is a variation to the CRSCN.FR
program which creates a point image at specified coord inates in an integer
array stored on disk. CRNOI.— program creates random noise integer arrays
in the standard disk format used by machine holography software. There
appeared to be some correlation between different random scenes , so the
random scenes were input to the program SCRAI’1.FR to “scramble” (randomly
shift) the rows and columns of the data file . The following are scene
creation rout ines:

CRSCN.— Creates single point image file; ex. file P3333. is a
V ‘ point at coordinates X 33 Y = 33

CRNO1.— Creates a random noise scene ; ex. file NOISE1 is a
random noise file

SCRAM .— Used to “randomize” a random scene. This program
m o d i f i e s  a f i l e  that  had been p reviously created .

CR4SCN . - Creates a four point  image; ex. f i l e  F3232 is
a f i l e  of fou r  po in t s  w i t h  LH corner at X = 32 ,
Y — 3 2

4— 1
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CRIbSCN.— Creates a sixteen point scene;  cx. S l .~ L~ is a
ft Ic of sixteen point s w i t h  UI corn er  at
X —3 2 , Y — 3 2

CRLNO 1 . - Creates a random noise scene o t I tnt i t  ed
~~~~~~~~~~ ~~~~~~~

CRN . Creates an image “N ” ; cx • tie IACEN was
created by CR N . SV

CRW.— Cr eates an image ot “W”; ox. t i l e  IMAGEW
was crea t ed by CRW .SV

CR 1 . Crc~*t Os an image t t i e  ol a
CR4 . “+“ and .nt t n t  eger .  V I~he st~
CR5 .— were  used t o  cr o. *t  e the
CRh .  - Tank l .i~. tiles: V1DI  V V l l ~~

Vl • UU 111 )4, r I D S , and U I 1 ) b .
CRSQ . Cr eat  es a -.qtia r e Im age

A I I image t t i e s  can be examined by execut ing the program IMACER . SV . I MACER
read s the image f rom disk and out  puts a gr a v s c a  Ic p l o t  t o  the’ line printer.
l Ite~ subrout tue SDEF (con ta ined  in d i s k  t lie 1RF.AD. ) is used by machine’
ho l ograp hy sof tware to read the’ image’ f i l e s  f rom d I s k  i n t o  memory .

rhe ’ ac tua l h o lography  rout Ines cons 1st et t o u r  p r ograms :  HDR\ ’ . . }ISItRV
MHOLO .- FB ORVT . • and CRSUM .— .

IIDRV . - Creates a sing l e hologr am and p e r f o r m s
an image rec onst rut - t ion

HSDRV . - Creates a mu it I p l exe d ho log ram

MIIOLO. Reads a ho I ogram , pt’ r t e r m s  an image tee ens t rue t ion
and o u t p u t s  a gray sea 1’ p lot . MUOLO. is  u sod In
con i nuc t ton w i t h  HSDRV .

FBDRVT . CIV cat c s a ho log rant t eedhac k loop

CRSUM . - I s  a Ut i i i  v pro gr am used t o  zero a ~- ornp lox a: I- as-
l I e  on d isk .  CRSUM . is exect i  t eel to cl eat e a .~ e r o

v a l ue d  he legram fl it ’ p r i o r  t o  1-nun lug HSDRV . —

I/ O rout ines .:r c RBLC . , R B I V K C  . - 
, WBIVC . , anti Wt ~l K C . . V

~ I~~ rout I nes -* :e
used to  read and w r i t e  ~~-4 by t~4 complex • * I t ~ % \ V S t o  and ir o n  Il~~k

Sever .i 1 rout ines were her rowed I rem t i l t  I orent direct ~r t e s . The’ se are
FFT2D .RR , CSPLT . PICI’LT .RB , and P L P T . R B .  V

- i  
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FFT2D.RB Performs a two—dimensiona l Fourier transform

on a complex array

- GSPLT. Performs a grayscale plot of a comp lex data
array. The program was modified to calculate
S/N of the array.

GSPLTX.— Is a modified version of GSPLT.— which has a
parameter in the call statement specifying
how many points are used in the S/N calc ula t ion

PLPT.RB and Are used by GSPLT and GSPLTX
V PICPLT.RB

The so f twa r e  operates on 64 by 64 complex arrays . Because of limited memory ,
as the programs execute they swap data back and forth from memory to disk.
The dr iver programs create files and read existing files. The operator
specif ies the requ ired f i l e  names when promp ted by the programs. The file
names are stored in seven element integer arrays, so file names are limited
to seven characters. Any I/O error causes the programs to stop.

The u t i l i t y  subroutines and the disk I/O subroutines (except SUBROUTINE SDEF)
use the format shown in Figure 16 to read and write data. The disk file uses

V s i x t y — f i v e  256—word b locks.

NOTE : I
(1) All file names used are seven characters or less.

(2) File names are stored by the program in in teger arrays.

(3) Data s tored on disk f i les  are in standard format , i.e., V

either integer format or complex format

(4)  In the  fo l lowing write—up, upper case letters correspond to
program console output . Underlines lowercase letters correspond

V 
to operator console input.

V (5) means carr iage return .
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54 COMPLEX VALUES
256 WORDS

t 
V~~

H E A D E R  B L K O  J54 J 1 1.. ‘1
51K 1 IS (1 1) IS (2 . 1) • , . 15 154 . 1)

BLK 2 IS(1 .2) 1S 12. 2) . . . IS (64 . 2)

• S

• S

• S

81K n IS (1 . ‘~~ IS 12. n) . . • IS (64 . n)

•
• S

• S

BLK B4 15(1 64) IS (2. 64) . • . 15 (64.64)

• DATA IS STOREO IN MEMORY IN THE
COMPLEX ARRAY IS (64 64) [ 4

/ \
COLUMN ROW
INDEX INDEX

• DATA IS STOREO IN 65 BLOCKS ON THE
DISK FILE. EACH BLOCK CONTAINS ONE
ROW OF DATA (64 COMPLEX VALUES - 256 WORDS)

93- 8-f

FIGUR E 16. DATA FORMAT OF COMPLEX DISK FILE DATA
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I
4 . 2  IMAGE CREATION ROUTINE S

Al l  images and scenes used by the machine  holograph y so f tware  are s tored on
integer  disk  f i l e s  accord ing to the fo rma t  in Figure  17.  The d i sk  f i l e
stores a two—dimensional array. Each row of the array is stored in one block
of the file with consecutive rows stored in consecutive blocks. Each bloc k 

V

is 256 words , w i t h  each row of the  image having 256 in t eger values. All
machine  ho log raphy  images are 64 by 64 , so only a quarter of each block is
used . This  is shown by the  shaded area in F igure  17. The image f i l e  can
have an a r b i t r a r y  number of rows (bloc ks) of d at a .  Machine holography images
have 64 rows of da t a .  All machine holography images have ar ray  coordinates V

1 , 1 a t  the upper left hand corner of image array file . All integer f i l e s  are
read us ing  IMA CER . SV ( f o r  p l o t s )  or SUB SDEF ( con ta ined  in f i l e  IRE AD .—).

- . .2 . 1  C R S C N .F R  V

C R S C N . F R  is a FORTRAN program tha t  generates  an integer image file. All
mach ine  holography programs of the f o r m  CR— .FR (except  CRSUM ) are mod i f i c a tions
of C R S C N . F R .

CRSCN.FR creates an integer image f i l e  consisting of a sing le po in t of a
spec i f i ed  value , at spec i f i ed  coord ina tes , with the remaining points of the
image set to zero. All CR— . FR programs (except CRSUM ) ask fo r  the image a r r ay  ‘-Ii
size and position w i t h i n  the data  f i l e  (refer to Figure 1 7 ) .  All  machine
holography images are’ cu r r en t ly 64 b y 64 in size and are positioned with the
upper left-hand corner positioned at coordinates 1 ,1.

Modifica tions to CRSCN., in order to create images other than a single point ,
are made by modif ying the FORTRAN code in the DO 50 loop . This can be best
understood by examin ing the l i s t i n g s  of the d i f f e r e n t  CR— . FR programs . The V

f o l l o w i n g  is the d ia logue  between the  program and operator .

RUN n
COLUMN integer
ROW in teger

(NOTE: Column and row are the coord inates  of the image point  w i t h i n
the  image a r r a y . )

VALUE real number

(NOTE: Value is the “ i n t e n s i t y” of the p o i n t .  VALU E 100. fo r  most
machine  holography images . )

4-5 
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256 INTEGER VALUES

NO. NO.
COL R~WS 

_ _ _ _ _ _ _ _ _ _ _ _

V HEADER BLOCK O 1~ i ! 1  ~~~~

-

DATA ROW 1 BLOC K I 
~ 

.. 
~~~

. I
DATA ROW 2 BLOCK 2

•
•
•

CLOC K 
V - - - : V . .

n ROWS

DATA ROW m BLOCK n 
~~ 

I
93 - 8-2

FIGURE 17. INTEGER IMAGE FORMAT
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I

C CR ~3CN FR 7/05/78
C
C CRSCN GENERATES AN 256 X JRMX ARRAY CONTAINING
C AN NX X NY IMAGE WITH UPPER LH CORNER COORDS (NXC ,NYC) V

V 
C THE PORTIONS OF THE ARRAY NOT CONTAINING THE IMAGE ARE
C FILLED WITH ZEROS AND THE ARRAY IS STORED ON DISK AS KNAM E
C

DIMENSION IDD(256>, KNAME~~7)

C
C KNAME IN FILE *1 IS USED TO STORE THE BACKGROUND IMAGE

DO 80 180—I. 10
TYPE RUN “ 190
ACCEPT “COLUMN “.NCOL , “ROW ‘.NROW . “VALUE , VALUE
W RITE t 10. 900 >

900 FORMA T(” NAME OF FILE TO BE CREATED —
READ (i1,905> KNAM E (1>

905 FORMA T (S7)
CALL DFILW (KNAME (1). IER >
CALL CFILW (KNAM E (1>.2 . IER >
I F (IE R V N E  1> STOP —- CFILW ERROR (BGD ) ——
CALL OPEN (1.KNAME (i).2 . IER . 512)
1F IER V NE . 1) STOP ——OPEN ERROR (BGD) — —

C
C INPUT IMAGE PARAMETERS
C

ACCEPT ” IMAGE SIZE (NX ,NY ) = • ,NX ,NY
)YPE ”COORDS OF UPPER LH CORNER OF IMAGE
TYPE” EV GV (1.1)— UPPER LH CORNER OF ENTIRE ARRAY ’
ACCEPT ”(NXC .NYC > — ,N X C V N Y C
.JCMX NX +NXC— 1
JR PIX=NY+NYC— i
IF(JCMX CT. 256> STOP--IMAGE OFF RIGHT EDGE OF ARRAY——

P1=3. 14 1 5926
AR G=P I/ 8.
DO 10 1=1.256

10 IUD (I)=0
IDD (2)z256
IDD 4 )—J RM X
CALL WRBLK (l.0 . IDD , 1. IER )
IF (IER NE . 1)STOP-—WRBLK ERR--
IDD~ 2)—O
IDD (4)=0
NS 1=N~r C — 1

- - V - - - V - - IF NS1 V L ~~~: U)  f~O ‘0 i0
1)0 20 IR—I NSI

20 CALL WRBL K (i, IR . IDD , 1. IER )
IFIV I E R  NE I) STOP — --WRBLK ERR— —

30 CONTINUE
RMEAN—0
SIGMA -256
NRAND—235 I
DO 50 IR—NYC JRMX
I IR=I R+ NY C—1
DO 5 IC= 1 NX
IIC=IC+NXC—I V

IDD ( I I C )  — 0
5 t.UN1ANUE

IF (IR EQ NROW )IDD(NCOL )—VALUE
CALL WRBL K (I , IR . IDD . 1. IER )
IF ’ IER NE I ) STOP —- WR BLK ERROR (B OD >— —

50 cONTINUE

CALL CLOSE( I,  IER >
80 CONTINUE

STOP
END

4—7
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C CRNO I FR 7/05/78
C

V C CRSCN GENERATES AN 25a X JRMX ARRAY CONTA1NINO
C AN NX X NY IMAGE WITH UPPER LH CORNER COORDS (NXC .. NYC ) .
C THE PORTIONS OF THE ARRAY NOT CON TAIN 1N Q THE IMAGE ARE
C F I l l E D  W I T H  ZEROS AND THE ARRA Y IS STORED ON D.SK AS KNAME
C

DI MENSION IDD (256),KNAME (7)

C
C l’.NAMI IN F ILE *1 IS USED TO STORE T HE. BACKGROUND IMAGE

NME AN C
SIGMA -256
NRAND V ~~35l
/L~~I P 1  RAN DOM SEED ’ . NRAND
DO 00 180—1. 10
T , I ~~~ “RUN “ . 180
(4R !T E ( i O . 900 )

) P MA T ( ”  NAME OF F IL. E TO BE CREATED = “ . Z )
W E A D 4 . i 1 V ~ ?05 ) KNAME I.1)
F0RIiAT ,~~ 7 )  - _

CAL L DFI L W (KNAME (1). IER )
CA L LV ~)-~ILW(KNAME (1),2. IUR )
1~ ~ IF~~ NE 1 STOP -— CFILW ERROR (000) — —  -

CAL I OPEN 1 - KNAME ( I ) .  2. IER. 512)
I~ V U R  NI 1’ STOP - - OI’EN ERROR iBOD) — —

C
C INPt’T IMAiIE PARAMETERS
C

A (~~~L C 1  IMAGE SIZE t NX . N ~~
) — “,NX ,NY V

T~~ i C0’IRDS 01 UPPER LH CORNER OF IMAGE ” V

PiP) IV G ~ t .  1)-  UPPER LH CORNER OF ENTIRE ARRA Y”
A CCEPT ’ (N *C NYC ) • . NX C.N YC

~‘C M X — NX 4 I - i * C  I V

S)R M~ r-J~ .N’yC 1 V

I~~~. C M %  GT 2~~ .’ STOP V _ I M A Q F  OFF RIGHT EDGE OF ARRAY—- 
V .

P t — i I4t59:~
AI~G~~’ 

V

L’u 10 ( — 1 .  . .5t,
10 I D D (  I ) — O

H
100 i4 ) JRMX

~ L.N n l  I~. ( 1 .  0. [O D .  1. TE R
I~ U N NE i )STOP—-- W RB LK ERR~~

IDD 41=0
N~~I ~N ’~C — I
I F i N~i1 CE 0) 00 TO 30
DO .‘~.) t R l .NS I

20 CAL Wf-’13 K ( 1. IR ,  101) . 1.  lEN )
I F t  lEN NE 1) STOP—-WRBL.K ERR---

30 CONTIN’’)
D i -  - .i L R — N ’ ,C .  JRM~ 

V

I I R — 1 W s N ’ v C — t
IV)i.) ~ I C~~t ,NX( I C -  I C I N X C — 1
IDD,IIC )-ROAUS (RMCAN ,SIQMA , NRAND)

5 (V IV )NI 1NUE
CALL I IOLKI l,  IN. 11)0 1- lEN )
!F’IUR NE 1 >  STOP V

~~~W R B L K  ERROR (000)-—
CONTI NUE

CALL CL~~ .) 1. (IN )
00 CONTINUE

STOP

~ NI)

6—
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C
C TUIB ROUTINE RANDOMIZES A RANDOM ARRAY
C 9v  P(RFORMINO RANDOM CIRCULAR CNZFTS
C IF THE ROWS AND COLUMNS
C
C SUBROUTINES USED RAND RB
C IREA D RB
C

DIMENSION IDD(2So), i~NAME(7)
COMl~LEX I I i t a4 .6 4 ) .  T EMP(64)
ACCEPT ‘ INPUT SEED FOR RANDOM NUMBER” . NRND

t A T — I
ti-a
NR -a4
NC-64
CALL SDEFiIS , M. IMN, IA T,l ~NAME

C
C SHIFT AND INTERCHANQE COL UMNS
C

00 50 150—I.NR
CA t .  I RAND iNRND )
LNO&x—I-LOAT (NRND ).64 /aSS)6
INDE~~— IN0EX.32

I-
T~vPE IND E IV INDEX. INDE X

I.
1)0 40 I4O~~IVNCMUV E-t .M O DI I4O + INDEX ,64 )
1 FMP (I4~~’-!9(MOVE. I5O)

40 CONTINUE
1)0 42 141—I NC
)c,1 4 2 .I5O)— TEMPtI4I

4 1  IV ONTINU F
50 CONTINUE

C
C t.H I I1  AND IN1ERCHANQE ROWS
‘-

DO aO 160-I NC
ALL RAND NRND )

LNDEX-F LUAT (NRND )*64 ~~~~~~~
INDEX- INDE X +32

V C
T ’O’L INDE>.V INDEX. INDEX

C
DO 70 170—I Ntl

— tIOVE—I+M OD(I 70+INDEX. a4)
TEMP I70)— I5 ( 160-MOVE )

V 70 C’)NT INUE V

DO ~1 1 7 2 — I Ntl
~~ \ ‘)l..IeMPI)~~)~ V

‘I CON ) INI E
60 CONHN UE

C
C
C W R I T E  FILE TO DISN
C

W R I T E . 10- 000)
000 E t ) RMAII NAME OF FILE TO RE CREATED • ‘ . Z)

REA D~ 1I- 9O5) l ’.NA MEt1’
00~ i- ORMA T ,57 )

CALL D F 1 I W U ’.NAME I I ) .  IER I
CALL Cfl(  W I N N A M E ( 1 ) V V ICR )
l i t t E R  NE L)STOP --CREATE FILE ERROR--
CALL O PE N I I V N N A M E ( 1 ) , .IER.512 )
t i l l E R  HF 1 ) STOP --OPEN ERROR--

V P411-64
N’v-64
N 1 1 C — 1

L N t C • I  V

.JCMX —N X ~~lMX C —I V

.1R t111 — N \ ~N~ C I
4 C

DO 1~.’ tIl)—t.2 56 V
t D D l I t O V _ (

~10 CON) INUF

( I I V I D I 4 V J R I 1 1 1

CALL WRDL i~~ I .O . 100. l I L A ’V 
I F t I E R  NE tIStOP --WRB L l~ ERROR--
lDD ,~~ ) .0
I I~Di4 )-0

C
Dl) 200 IR-N ’VC.JR IIX
IIR—I R .N ’~C I
DO ~ I V . l . NX
I IC .lC .N~ i

10 0 - I I c  I—REAL II;, IC -  IR) I
5 CON) INUF

CALL W RBL~~(I I R V  100. I V  IFRI V
I~ ILR NE I ISItiP - - W RUI .i~ IRROR V -

100 i’NIINUC
C

cALL CLO SITII .  IER I 4_ ’3 V

~~~~~~~~~~~~~
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IV ~~~~4 - i C l . t  ~~H It iO9il9
C
C CRSCN GENERATES AN 256 X JRMX ARRAY CONTAINING
C AN NX X NY IMAGE WITH UPPER LW CORNER COORDS (NXC .NYC)
C T HE PORTIONS OF THE ARRAY NOT CONTAINING THE IMAGE ARE
C EILL E . D  WITH ZEROS AND THE ARRAY IS STORED ON DIS$~ AS KP4AME
C

LV~~~~EN il ON ID b) TI’~NAME (7)

I-

C KNAME IN FILE 01 IS USED TO STORE THE BACKGROUND IMAGE

Dli 00 3 0 — 1 . 1 6
1I)t V

,~~ )N 
V V I~ 0

A.~~C~~T ‘ COLUMN “ .NCOL “ROW “ .NROW . “VALUE “ VALUE
V~~~ TTE ( 10. 900)

900 FO~MAT l ” NAME OF FILE TO BE CREATED - “ .2)
NEAL~~11,9 05) KNALIE (t)

905 f- Oi~MAT S-’) -

D F TLW I K N AM E I I ) V lEN )
-~~. 1  t-FILWtKNAME(1).2~ JER )
IF- lE N NE 1) STOP — —  CFILW ERROR LOCD) --
(A L L OPEN,. 1 . KNA M E( I ) . 2 . IER 5I2)
IF iER NE 1) STOP ---OPEN ERROR (SOD) --

C
C INP’Ul £MAOE PARAMETERS
- 

,* Ct~J T I MA G E  SIZE iNl.N’v) • “.N*.NY
T y ~~ cflCRDS OF UPPER LW CORNER OF IMAGE
TiPE E 0 t I I t -  UPPER LW CORNER OF ENTIRE ARRA Y
CtCIV EPT ( N~~~C V  NY C )  — N X C V  NYC
.- C M X — NX + N~ C 1
~~~~ ~N ~~~~~~

~~~~~~~~~~~~~~~~~~~~ 2~~~~~) STOP— -IMAGE OFt- RIGHT EDGE OF ARRAY--

P~~~--~~ 1~~ t 5~-
~~~ : =P I / R

LV - I 1 )  t — X V  .

10 l D C iV I ) ~~ 0

10014’  ~.~jRt1X
C’ iLl ~J P L ~ L V S l I V U V  100 I V  IER )
L F t IER T~E I~~STOP--W RBLK ERR--
100 2, -t )
IDDi4 -0
N St - NY C - I
IFtNS I LE 0) GO TO 30
DO ~0 IR-t .NS1

20 LMLL L4RD1V~~~~l V  IN . 100 1. IER )
I F t I E R  NE I V )  ~TC’P- —W R B L )~ ERR--

30 t~ONT t tJL-E
kMEAN=t)

~ V l V M ~~~~~. 5 ~~

NRA ND— 3,, 1
D~ 50 It~— N V C . J RMX
IIR=IR 4NYC—1
DO 5 IC~~1 .NX
I IC - ~ IC . N* C — l
1I)D I I C)”t)

- CONT!NUE
IF , IR FJ NROW I IDD -.NCOL ) -VALUE
U i  I ’, ~~Cj NR~~ W ’  tDD t NCOL .1,-~vALt$1

1~~
V IP t~O NR1 IW +J) IL) D NCOL ) .VALUE

I F t I N  t0  NR~W’))IDD (NCOL+3) VALUE
CALL WRBL)~~1 . IR . 100.1’ IER
U’ rLR ~~ 1 ~~T I ~ - t~POLK ERROR BQD)— -

50 CONTI NUE

CA L l. CLOSEV I S -  IER~
~ - LUN INUE

4-10 
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C CR16SCN FR 11/09/79

C CRSCN t~EN€RA TES AN 256 11 JRMX ARRAY CONTAINING
C AN NI A NY IMAGE WITH UPPER IN COR NER COORDS ( NX C .NVC )
C THE PORTIONS OF THE ARRAY NOT CONTAINING THE I MAGE ARE

• C FILLED WITH ZEROS AND THE ARRAY IS STORED ON 019$ AS ~NAME
C

DIMENSION IDD 25b) .$NAME(7)

I-

C NNAME I N FILE 02 19 USED TO STORE THE BACNOROUND IMAGE

fIr) 80 IEI0~~I, 26
TYPE “RUN “ . 180
A LCEPT COLUMN ‘ . NCOL , “ROW ‘ .NROW. ‘VALUE “ VALUE
)4R IT E ( t O . 900 )

90(1 FORMAT (” NAME OF FILE TO BE CREATED — . Z)
R E A D t I i . 0 0 5  $NAMEII)

~05 FORMAT ’S”’
I ~t I DFII V W(I~NA ME ( I). IER ’
CALL CFILW $NANE l)V ~~ V IER )

• tr IER NF I) STOP - -  CF ILW ERROR (DOD ) ——
CA LL 0PLN (I,$P4AME I~~.2, IER . 512)
IF IIE R NE I l STOP —-OPEN ERROR (ROD ) --

C
C II4PUI IMAGE PANAMETERS
C

ACCLV PTVV IM AO E SIZ L ,N X, N Y ) - . NI. NY
T~ Pc .VCOORDS OF UPPER LN CORNER OF IMAGE”
TYF E E ( ( 1 1) —  UPPER LW CORNER OF ENTIRE ARRAY ’
ACCEPT’(N X C , NYC ) — “ .NX C .NYC

V r V ~~~ NX , N XC I
JRM X—NY.NYC— 1
~ F I V lC(’1~~ ITT ~5o’ STOP--IMAGE OFF RIGHT EDGE OF ARRAY- -

F 1 ” ~ I4I~~9.2b
ARt~~P 1/8
DO 10 1— 1 .258

I I  TDD tII - 0
L O U t  2 1 — 2

100 4 l— J RMX
At . WRRI $1 1 0 100 1. IER )

Ii~~I~i~ NC 1 I S T V JP__WR BLI ERR—-
1UD~ I

1DD 4)-0
NSI .N ,C- I
IF I NSI L~ 0) GO TO 30
DO 20 IA— I NS!

2(1 CALL WR SLNU. IA. IDD . 1 lEA )
I F- l E A  NE 1) STOP--WRBL K ERR--
CONTINUE
RMEAN- 0

NR AND--2351
DO 50 IR—NYC ,JRM I
I 1R — 1 R + N Y C — I
DI) 5 IC—I N!
I I C — I C + N 1 1 C - t
t I L l 11C )—0

V ONTINU L
IF IR Eti NROW 100INCOL UVALUE

V 
I P V V I R  EQ NA O W ) TD D NCOL ’4) VALUE
IF IR EQ NROW )ADU, N COL+ 8) VAL UEl r t .~ C-) N R O W t I D D t N ~OL*I2 ) VALUE
, - , , A  t, .j  NNQW. 4 ) &DDt NCU L I•VALUE

V 
I F t I R  EQ

EQ
V h u N  CO NROW .4)IDD NCOL+12 )—VA LUE

U - T I )  LI) NROW ’tOlfll ),NCOL )~~VALUE
IA EQ

EQ
I F I I R  EQ NROW +R )IDD INCOL + I2)—VALUE

I. hF’V I R  EQ NROW ,I2 IDD NCOL —VALUE
EQ

IF( IR EQ
IFt IR EQ NROW .12)IDD NCOL+I2)—VALUE
CALL WR D L K I I .  IR , 100. 1 1CR )
IF (IER NE I) STOP ——WRBL P. ERROR (DOD )——

50 CONTINUE

C A L L  CLO S F(I V ICR )
80 CONT I NUE

STOP
END

II
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C CRLNOI.FR 11/10/78
C— C CRSCN GENERATES AN 256 X JRMX ARRAY CONTAINING
C AN NX X NY IMAGE WITH UPPER LH CORNER COORDS (NXC .NYC).
C THE PORTIONS OF THE ARRAY NOT CONTAINING THE I MAGE ARE
C FILLED WITH ZEROS AND THE ARRAY IS STORED ON DIS$~ AS KNAME
C

DIMENS ION IDD (256).KNAME(7)

C
C KNAME IN FILE *1 IS USED TO STORE THE BACKGROUND IMAGE

R MEAN O.
510NA 236.
NRAND 23S 1
ACCEPT “RANDOM SEED ”. NRAND
DO BO 180 1. 10
TYPE ‘RUN SI~ ~~~ACCEPT ‘REF ERENCE SIZE — “,NSIZE
ACCEPT “REFERENCE POSITION — “,NPO8
WRITE( 10.900)

900 FORMAT(” NAME OF FILE TO HE CREATED —
READ (11.905) KNAME (1)

905 FORMAT (S7)
CALL DFILW (KNAME (1), IER )
CALL CF ZLW (KNAIIE (1),2 IER >
IF (IER . NE. 1) STOP —— CFILW ERROR (HOD) -—
CALL OPEN (1.KNAME (1).2. IER , 512)
IP (IER . NE. 1) STOP ——OPEN ERROR (SOD) -—

C
C INPUT IMAGE PARAMETERS
C

ACCEPT”ZPIAQE SIZE (NX , NY ) — “.NX .NY
TYPE”COORDS OF UPPER LH CORNER OF IMAGE”
TYPE”E. 0. (1. I)— UPPER LH CORNER OF ENTIRE ARRAY ”
ACCEPT”(NXC NYC ) — “.NXC ,NYC
JCMX NX +NXC I
JRMX NY+NYC—I
IF (JCMX .GT. 256) STOP—-IMAGE OFF RIGHT EDGE OF ARRAY——

P1—3. 1415926
ARQ P  I/B .
DO 10 1—1.256

10 IDD (I) 0 V

IDD (2) 256
IDD (4) JRMX
CALL WRBLK (1,O.- IDD ,1.IER )
IF (IER NE . 1)STOP——WRBLK ERR-—
IDD (2) 0
I DD (4) 0
NSI NYC-1
IFCNS1 . LE. 0) 00 TO 30
DO 20 IR—t.NS 1

20 CALL WRHLK (1. IR . ZOO . 1. ZER )
ZF (IER .NE . I) STOP——WRHLK ERR-—

30 CONTINUE
DO 50 IR.NYC . JRMX

V !IR—IR+NYC—1
IF (IIR .LT. 20 .OR . h R  GE. 34)00 TO 333
DO 5 1C 1.NX V

IIC—IC +NXC— 1 
V

IF (IIC EQ. 29 .OR . IIC EQ. 33)IDD (IIC) 100
IF (IXR .E0. 30 .AND. IIC EQ. 30)IOD (IIC) 100
IF (IIR .EQ. 31 AND. IIC EQ. 31)IDD (IIC) 100
ZF (IXR EQ. 32 .ANO . IIC EQ 3 2 ) Z D D ( I I C ) 100

354 CONTINUE
5 CONTINUE r
555 CONT INUE

CALL WRBLK (1. IN , ZOO. 1, lEN )
IF (IEA. NE. 1) STOP ——W RILK ERROR (BOD )——
00 6 16 1.NX
IDD (16) 0

6 CONT I NUE
356 CONTINUE

30 CONTINUE
CALL CLOSE (1 ,- hER ) V

80 CONTINUE
STOP
END
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C V P W ~i 12/20/79
C

CPSC N GENERATES AN 254 I ,~~MI AR RAY CONTAINING
C AN Ni * N IMAGE W I T H  UPPER LU COR NER COORDS ( N X C V N Y C )
C INE PORT IONS OP TNE ARRA Y N~~T CONTAINING TNE IMAGE ARE
C FILLED W ITH ZEROS AND TIE ARRAY IS STONED ON 019*1 AS I’,NAIE
C

DIPENS ION I D D 2~ 6 I’NAPEI7 ,

C
C ~ P4AIE I’~ F I L E  SI IS USE D TO STORE TIE •AC*1000UND IMAGE

ONE A N O
SI OMA—25o
* AN0 2351
ACCEPT “RANDOM SEED’ I~~ AND
DO 00 ISO I V  10
TYPE “NUN ‘ . ISO
A CCEPT “REFERENC E SIZE — V NSIZE
ACCEPT V~REFENENCE POSITION - , 105
W RIT E I 10- 900 ’900 FOO MA T I ”  NANE OP FILE TO SE CREATED — . Z )
0( 40111 9051 *1NAIE(ll

905 FO AT S7
C A L L  DFILWI * 1NADEI I )V  IER I
CALL CPILW *1NAIE~~I ) V 2 V IER
IFIIE R NE II STOP -- CFILW ERROR (ROD) --
CA L L  O P E N I IV N NA N E I I ) V 2 , I~~R V 5 I ~~
IF lEO NE II STOP --OPEN ERROR 11001 -- V

L

INP )T I PYAGE PAR AI’E T ERS

A V C E P~~~~I PiAQE SIZE NZ. NY ) — ‘ M X V N Y  V

TYPE VV C~)QRDS OF UPPER LU COR NER OF IMAGE
TY PE E S II 1 ) —  UPPER LU CORNER OF ENTIRE AR RAY”
AC C IP T”(NI CV NYC ) — ‘ V N X C V N Y C

) PPI N% ” NXC- )
JRPiI.NV.NY C-1
I~ ~~“ ~.T 2561 STOP--IPIAQE OFF RIGHT EDGE OP ARRAY— -

FL- i  1415924
ASIT - P h / B
DC 10 I~~~I V  254 V

I) I D D I 0
IDD,21.256 V

hOD 4).JRMX
IA L  wR BL)~ll ,0, hOD 1. IES)
IF (TIP NE l)STOP—— * 1L*1 ERR --
100 121-0
IDD’ E ) O
NSI NYC-l
h)~lNbI LE 01 00 TO 30
DO 20 IR I.NS I

20 CALL WP BL *1lI , IN , IDO. I. TEN ,
IFIIER NE I) STOP--W RBL~ ERR—-

30 CONTINUE V
DO 50 IR.NYC.VJNMX
h lR—IR .NY C—I
IF IlR LI ~9 OR T IN  CT 35(00 10 555
DO 5 IC— I N!
I IC.IC*NXC— I
100 1 32 I .  100
I F t I I O  EQ 32 AND IIC EQ 30)ID O(II C I— I0O
IF ,IIR EQ 32 AND tIC EQ 311I00(IIC)—IO0
!F II R EQ 32 AND IIC EQ 33)IDD (IIC )— I00
IF IIR EQ 32 AND T IC EQ 34)IDD(II C )— IO0
IF IIR EQ 32 AND T I C EQ 29)IDD (IIC)’.I 00
I t IIR EQ 32 AND T IC EQ 35)I D DIII C —100

C
TrIIIR EQ 29 AND IIC EQ 4911DD (IIC )— I00
I F I T I R  EQ 29 AND T IC EQ 50 )IDD( IIC>— I00
IF~~IIR EQ 29 AND IIC EQ 5I>I DD )IIC )—I00
I F IIR EQ 30 AND T IC EQ SI)IDD)IIC) — 100
I F IIR EQ 31 AND TIC EQ SI IDOIII C —I00

EQ 32 AND T I C  EQ 49)IDD )IICI— I00
T F I I I R  EQ 32 AND T I C EQ 50)IDD IIIC )—I00
I F IIR EQ 32 AND IIC EQ SI)TDD )IIC )— I00

V I F I I I R  EQ 33 AND T IC EQ 51)I DD(II C )— i00
IF~~I hR EQ 34 AND IIC EQ 51)ID D (ITC I—I00

EQ 35 AND t IC EQ 49)hDD (IICI— I00
TF(th R EQ 35 AND T IC EQ 50)IDD)IICI-I00
I f - T I P  €5 3) AND TI C EQ 51 (IDDITZ C I—I00

C
554 CONTINUE

5 CONTINUE
555 CONTINUE

CALL W R D LR ) I V  hR I D D V  l IEN )
IF (IER Nt 1 1  STOP —-WR BL* 1 ERROR 15001——
1)0 6 16— I N !

DO’ 16 1 l )

e CONTINUE - -

5~~N CONTINUE
50 CONTIIOJE

CALL CL O SE IIV lEO )
SQ LONTINUE

V STOP
[ND

V 

4-fl
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C CR3 12/20/78
Cc CRSCN GENERATES AN 256 X JRMX ARRAY CONTAINING
C AN NX X NV IMAGE WITH UPPER LII CORNER COORDS ( NXC . NYC )
C THE PORTIONS OF THE ARRAY NOT CONTAINING THE IMAGE ARE
C FILLED WITH ZEROS AND THE ARRAY IS STORED ON DIS)~ AS KNAME
C

DIMENSION LDD (236).KNAME (7)

C
C MNAME IN FILE $3 IS USED TO STORE THE BACKGROUND IMAGE

RIIEAN=0
SIOMA—256.
NRAND—235 I
ACCEPT RANDOM SEED” , NRAND
DO 80 180.1. 10
TYPE ““RUN .180
ACCEPT “REFERENCE SIZE • “.NSIZE
ACCEPT “REFERENC E POSITION • “.NPOS
WR ITE ! 20~ 900)

900 FORMATY’ NAME OF FILE TO BE CREATED • “ Z)
READUI.905) KP4AME (1)

905 FORMAT (S7 )
CALL DFILW ( KNAM E( 1) .  IER )
CALL CFZLW ~~~P4AP1E(1)I2. IER )
I F (I E R V N E V I )  STOP —— CFILW ERROR (SOD ) — -

CALL OPEN (1.KNAME (l).2. IER - 312)
IF (IER NE. 1) STOP ——OPEN ERROR (80D --

C
C INPUT IMAGE PARAMETERS
C

ACCEPT”XMAOE SIZE (NX .NY ) “,NX ,NY
TYPE”COORDS OF UPPER LII CORNER OF IMA QE’
T Y P E ° EV Q  (1.1). UPPER LII CORNER OF ENTIRE ARRAY”
ACCEPT ’(P-4XC .NYC) • “ I N XC INVC
JCMX ”NX +NXC— l
JRMX— NY.NYC— 1
IF( JCMX QT 236 ) STOP—-IMAGE OFF RIGHT EDGE OF ARRAY-—

P1— 3 1415926
A RO—PI/ 9 .
00 10 1*1,256

10 IDD (I)—O
100 (21—256
ID0(4 )~~ .JRMX
CALL WRBLK(1. 0 . I DD . 1 IER )
IF(IER NE . 3)STDP-—WRBLVs ERR—-

V IDD( 2 )— 0
100 (41=0
NSI NVC—1
IF(NSI LE. 0) 00 TO 30
00 20 IR—Z.NS 1

20 CALL WRELK (1.IR . 100.1.IER )
IF(IER NE. 1) STOP——W RSL K ERR——

30 CONTINUE
DO 30 IR—NYC .JRMX
I ZR—I R +NYC— 1
IF (IIR LI. 29 OR h R  CI 35)00 TO 555
DO S X C— t NX
IIC—I C +NXC— 1
100 3 2) — 100
IF (IIR EQ. 32 AND I IC EQ 3 0 ) I D D ( I I C ) 100
IF (IIR EQ. 32 AND. IIC EQ 31)IDD(IIC)*100
IF (IIR EQ. 32 AND IIC EQ 33)IDD(IIC) 100
I F(X I R  EQ. 32 AND. IIC EQ 34 ) ID D( I IC)= 1 00
IF(IIR EQ. 32 AND IIC EQ 2 9) Z D D U I C > = 1 0 0
I F( IZ R  EQ. 32 AND IIC EQ 3 5 ) L D D U I C )— 1 0 0

C
IF (IIR ~Q. 29 AND I I C  EQ 4 9 ) I D D ( I IC ) 100
IF (IIR EQ 29 AND IIC EQ SOIIDD IIC —1 00 V

IF(IIR EQ 29 AND T I C  EQ 3 1 ) I D D ( 1 ! C )— 1 0 0
IF (IIR EQ. 30 AND. tIC EQ . 51 )IDD( IIC )— 100
I F ( I I R  EQ. 31 AND. I IC EQ 5 1 ) I D DU IC )— l 0 0
IF(I!R EQ 32 AND t I C  EQ 4 9 ) I D D ( I T C )— 1 0 0
IF (IIR EQ 32 AND t IC EQ 3O )IDDUIC)—1 00
!F(IIR EQ. 32 AND Z I C  EQ 3 1 ) I D D ( I I C ) — 1 0 0
I F ( I I R  EQ. 33 AND tIC EQ 31 )ID D (IIC ) 100
IF (h1R EQ 34 AND IIC EQ 51 )IOD(II C )= 100
IF(11R EO 3~ AND IIC EQ 4 9 ) I D D ( I I C ) 100
I F ( I I R  EQ ~~ AND I IC EQ S0 ) 1 0 0( I IC ) 100
I F( I E R  EQ 35 AND IIC  EQ. 5 1 ) I D D U IC )— t 0 0

C
554 CONTI NUE

S CONTINUE
~~5 CONTINUE

CALL WRBLK (1, IR, IDD,1,IER )
IF (IER NE 1) STOP ——WRBL K ERROR (DOD)-—
DO 6 I6—i .NX
100(16 3.0 V

6 CONTINUE
556 CONTINUE

50 CONTINUE

CALL CLOSE (1. ICR )
80 CONTINUE

STOP
END 4—1 4 V

__ 
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C CR4 12/20/78
C
C CRSC N GENERATES AN 256 x JRMX ARRAY CONTAINING
C AN NX X NY IMAGE WITH UPPER LH CORNER COORDS (NX C .NV C )
C THE PORTIONS OF THE ARRA Y NOT CONT A I N I N G  THE I MAGE ARE
C FILLED WITH ZEROS AND THE ARRAY IS STORED ON DIS)~ AS KNAPIEC

Di MENSION IDO (256).KNAME(7)

C
C KNANE IN FILE *1 IS USED 10 STORE THE BACKGROUND IMAGE

RIIEAN—0.
S10MA 256
NRAND 235 1
ACCEPT “RANDOM SEED” . NRAN D
DO 80 180—I. 10
TYPE “NUN “.180
ACCEPT “REFERENCE SIZE - “ . NSI Z E
ACCEPT “REFERENCE POSITION “.NPOS
WRITE ! 10.900)

900 FORMAT !” NAME OF FILE TO BE CREATED •READ(I1 905) KNAP!E(1)
905 FORMAT (57 )

CA LL DF ILW (KNAMEU ).IER )
CALL CF ILW (KNAM EC I) .2 . hER )
IF (IER NE 1 STOP -- CFILW ERROR (DOD) --
CALL OPCNU .KNAME (Z).2. hER . 512)
IF (IE R NE. 1) STOP ——OPEN ERROR (BOO) ——

V C
C INPUT IMAGE PARAMETERS
C

ACCEPT ’ IMAOE SIZE (N X .NY ) • “.NX .N Y
TYPE’COORDS OF UPPER LW CORNER OF IMAGE”
TYPE”E . G (1.1)— UPPER LH CORNER OF ENTIRE ARRAY”
ACCEPT ” (NXC.P4YC ) • “ NXC ,NYC
JCMX—N X +NX C— 1
JRMX NY+NY C— 1
IF (JCMX 01 236) STOP-—IMAGE OFF RIGHT EDGE OF ARRAY--

P1—3 1415926
ARQ P I/ 8
DO 10 1*1,256

10 IDD (I) 0
IDD (2)=256
IDD ( 4 ) — 1JRMX
CALL WR 3L~c l.O IDD. t IER )
IF (IER NE t)STOP-— WRBLK ERR--
IDD (2)—0
IDD (4) 0
NS1 NYC—1
IF (NS I LE 0) GO TO 30
DO 20 IR=1 ,NS 1

20 CALL WR BLK (1. IN 100. 1 tEN )
IF (IER NE 1) STOP—-WRBL K ERR--

30 CONTINUE
DO SO IR .NYC .JRM X
IIR IR+N YC— 1
IF (IIR LT 29 OR h R  CI 35)00 TO 533
DO S XC t. NX
IIC—I C+ NXC—t
TDD (32 —I 0O
IF (IIR EQ 32 AND IIC EQ 30)IDD IIC —100
IF (IXR EQ 32 AND IIC EQ 3t)IDD(IIC )=IO0
IF (IIR EQ 32 AND TI C EQ 33 )IDD( IIC )= 100
IF(I!R EQ 32 AND ZIC EQ 34)XDDUIC)~~100IF (IIR EQ 32 AND IIC EQ. 29)I0D(hIC)~~100IF (IIR EQ. 32 AND IIC EQ 35)IDD (ZIC)=100

C
IF (IIR EQ 29 AND IIC EQ 49)IDDIIIC )=100
IF( I IR  EQ 30 AND t I C  EQ 4 9 ) I D D ( I I C ) ~~ ICO
IF( I IR  EQ 31 AND ZIC EQ 49)IDD(IIC)=100
IF (IIR EQ 32 AND tIC EQ 49)IDD(IIC )-”lOO
IF (IIR EQ 32 AND IIC EQ SO )IDD(IIC (=tQO
100(51 ).tOO

C
554 CONTINUE

S CONTIN UE - -

355 CONTINUE
CALL WR BLK (1. IR , 100 1. IE R
IF(IER NE. 1) STOP --WROLK ERROR 000)--
DO 6 I6.I,NX
IDD (1 6 ) O  V

6 CONTINUE
536 CONTINUE

30 CONTINUE 
V

CALL CLOSE ( 1. TEN )
80 CONTINUE

STOP
END

4—1 5
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C CR5 12/20/78
V C

C CRSCN GENERATES AN 236 X JRMX ARRAY CONTAINING
C AN NX X NY IMAGE WITH UPPER LH CORNER COORDS ( N X C , NY C )
C THE PORTIO NS OF THE ARRAY NOT CONTAINING THE IMAGE ARE
C FILLED WITH ZEROS AND THE ARR AY IS STORED ON DISK AS KNAME
C

D TME NSION TDD (256).KNAPIE (7)

C
C KNAME IN FILE $1 IS USED TO STORE THE BACKGROUND IMAGE

RMEA N O
S 10MA 258
NRANO 23S 1
ACCEPT “RANDOM SEED” . NRAND
00 80 180—1. 10
TYPE “RUN “ . 180
ACCEPT “REFERENCE SIZE = “ . NSIZE
ACCEPT “REFERENCE POSITION - “ , NPOS
WRITE (t0 . -900 )

900 FORMAT!” NAME OF FILE TO BE CREATED = “ . 1)
V READ (11~ 905) KNAME( I)

903 FQRMAI ( S1)
CALL DFILW(KNA ME( 1t.  TEN )
CA LL CF ILW (KNAME (I) ,2 ICR )
IF (IER NE I) STOP -- CFILW ERROR (BCD ) --
CALL OPEN( 1. KNAIIE( 1)’ 2. lEN. 512)
IF (IER NE 1) STOP -—OPEN ERROR BGO ) —-

C
C INPUT IMAGE PARAMETERS
C

ACC EPT” IMAGE SIZE ( N X . N Y ) • “ . N X . NY
TVP E”COORDS OF” UPPER LII CORNER OF IMAGE”
TYP E”E 0 ( 1  1 —  UPPER LII CORNER OF ENTIRE ARRAY”
ACCEPT’ (NXC ,NYC ) = “ NX C .  NYC
JCMX NX+ NXC— t
JRMX NY+NY C— 1
IF (JCPIX CT 236) ST(’)P-- IrIAGE OFF RIG HT EDGE OF ARRAY --

P1—3 14159 26
ARO P I /8
DO 10 1—1.236

10 IDD (I)=0
I DO! 2 ) =256
IDD(4 )— JR II X
CALL WR BL KU.O , IDO 1. LEN )
IF (IER NE 1)5TOP— -WRSLK ERR--
IDD (2)aO V

ZDD (4)— 0
NS1—NYC-1
IF(NS L .LE 0) GO 10 30
DO 20 1R 1.NSI

20 CALL WRSLK 1. X R~ 100.1. 1CR ,
IF(IER NE 2) STOP--WRBLK ERR--

30 CONTINUE V

DO 50 IR NYC ...)RMX
!ZRa IR+NYC— 1
IF(IIR LI 29 OR h R  CT 33)00 10 555
DO S 1C 1.NX
IIC IC+ NXC— 1 V

100(32)—tOO
IF( IIR CD 32 AND t IC  EQ 30’ IDD I t C ) ~~1O0 V

IF (IIR ED 32 AND t i C  EQ 3 V ID DI I IC )= 1 0 0
IFU I R EQ 32 AND tI C EQ 33 ZDD (IIC )_ I0 0
IF ZIR EQ. 32 AND LI C EQ 3 4 )lD D (IIC ’ 100
IF( IIR EQ 32 AND IIC EQ 29 100(11 C ”lOO
IF (IIR EQ 32 AND TIC EQ 35 )TDD (ZIC )-10 0

C
IF (IZR EQ 29 AND IIC EQ 49)IDD( IZC ) 100
TF (IZR EQ 29 AND ITC EQ 30)ID O(11 C —i 00
IF”( I IR . E Q  29 AND IIC  EQ 3 1 ) I D O ( Z I C ) — t 0 O
IF ( I T N  EQ 30 AND t I C  EQ 4 9 ) I D O ( I IC - t00
IF (IIR EQ. 31 AND t IC EQ 49)IDDUIC)~~100IF (IIR EQ 32 AND t IC EQ 49)IDD IIC -L00
IF (IIR EQ 32 AND IIC EQ 50)IDD IIC -100
IF( IIR EQ 32 AND t IC EQ SI IDDUIC —t O O
IFUIR EQ. 33 AND tIC EQ 5l)100 11C —1 00
IF (IIR EQ 34 AND IIC EQ S I I I D O U I C — 100
IFUIR EQ 35 AND T IC EQ 49)IDDUIC ) 100
IF (IIR EQ 33 AND tIC EQ 50 )IDO.II C)—1 00
IF (IIR EQ 35 AND IIC EQ 33)IDDUI C) ””tOO

C
554 CONT INUE V

S CONTINUE
355 CONTINUE

CALL WRBLK (t. ZR. IDD . 1. hER )
IF (IER NE 1) STOP --WRBLK ERROR (BCD)--
DC 6 16.I NX
ZOO! 163-0

6 CONTINUE
556 CONTINUE

50 CONTINUE
CALL CLOSE U TEN )

80 CONTINUE
STOP
END

4—16 ‘ .I
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C CR6 12/20/78
C
C CRSCN GENERATES AN 256 X JRMX ARRAY CONTAINING
C AN NX X NY IMAGE WITH UPPER LII CORNER COORDS (NXC .NYC )
C THE PORTIONS OF THE ARRAY NOT CONTAINING THE IMAGE ARE
C FILLED WITH ZEROS AND THE ARRAY IS STORED ON DISK AS KNAME
C

DIMENSION IDD (256).KNAME (7)

J C
t C KNAME IN FILE *1 IS USED TO STORE THE BACKGROUND IM AGE

RMEAN-O -
SIGPIA—256-
NRAND-2331
ACCEPT “RANDOM SEED”. NRAND
DO 80 180 1. 10
TYPE “RUN “ . ISO
ACCEPT “REFERENCE SIZE • “ . NS IZE
ACCEPT ‘REFEREP4CE POSITION • “ . NPOS
WR ITE ( 10. 900)

900 FORMAT !” NAME OF FILE TO BE CREATED - “ . 1>
READ (11.905) KNAMEU)

905 FORMAT(S7)
V CALL DFILW (KNAME (1,IER )

CALL CFILW (KNAPIE(1).2 IER )
IF (IER NE . 1) STOP — —  CFILW ERROR (BOO ) --

CALL OPEN (l .KNAPIE (I).2. ZEN. 512)
IF (IERV NE . 1) SlOP ——OPEN ERROR (BGD)

C
C INPUT I MAGE PAR AMETERS
C

ACCEPT”I MAOE SIZE (NX.NY ) • “ .NX NY
TYPE”COORDS OF UPPER L14 CORNER OF IMAGE”
TYPE”E 0- (1, 1)— UPPER LH CORNER OF ENTIRE ARRAY ”
ACCEPT” (NXC NYC ) • “ . NXC .NYC
JCM X—N X +NXC— t
.JRMX—NY-l’UYC— t V

IF (JC MX OT 256) STOP—-IMAGE OFF RIGHT EDGE OF ARRAY—-

P1—3 1415926
AR Q PI/8.
DO 10 1—1 .256

10 IDDU )—0 V

lDO(2)—256
IDD (4 )—JRMX
CALL WRBL K (i. 0. 100. 1, lEN ) - I
IF (TER NE . 1)STQP--WRBLec ERR--
100(23—0
100! 4 )0
NS1 NYC— 1
IF (NS 1 LE 0) 00 TO 30
DO 20 1R 1.NS1

20 CALL WRBLK (1. IR . IDD, 1, lEN )
IF (IER NE I) STOP—-WRBL K ERR—-

30 CONTiNUE
DO 50 IR NY C,~~)RMX
I IR .IR+ NYC —1
IFUIR LI 29 OR L IR CT 35)00 TO 555
DO 5 IC I.NX V

ITC— 1C 4 ’N XC— 1
100(32)— tOO
IF (IIR EQ 32 AND . IIC EQ 30 )IDD(T IC —100
IF (I !R EQ 32 AND tIC EQ 31 )IDD !IIC ) 100
IF (IIR - EQ 32 AND. tIC EQ 33)IDD (IIC)-100
[F(IIR EQ. 32 AND. IIC EQ. 34)IDD (IIC ) 100
IF (IIR EQ. 32 AND. TIC EQ 29)IDD (IIC -100 V
IF (IIR EQ 32 AND II C EQ 35 )IDD (ITC )—t O0

C
IF (IIR EQ. 29 AND T IC EQ 49)I0O (ITC )—I 00
IF (IIR EQ 29 AND IIC EQ 5O )IDO( IIC -t0O
IF (IIR EQ. 29 AND. tIC EQ Sl ) IDD (IIC ) 100
IF(IIR .E0. 30 AND t IC EQ 49)IDD (IIC )—I OO V
IF (IIR EQ 31 AND. tIC EQ 49>IDD (T IC ) 100
IF (IIR EQ. 32 AND. tIC EQ. 49)IDD (IIC )—100

V IFUIR EQ. 32 AND. IZC EQ 50)IDD (IIC )-IOO
IF (IIR EQ. 32 AND. t IC EQ 51 )IDD (IIC )—1 00
TF C II R EQ . 33 AND IIC EQ 5t)IDD (IIC)—1 00
IF (IIR EQ. 33 AND IIC -EQ 49)IDD (IIC)-100
IF (IIR EQ. 34 AND tIC EQ 51 )IDD (IIC )—10 0
IF (IIR EQ 34 AND. TIC EQ 4 9)ID O (IIC )—t O0
IF (IIR EQ 35 AND TIC EQ 49)IDD(1I C ) 100
IF (IIR EQ. 35 AND IIC EQ 50)IDD (IIC ) 100
IF (IIR EQ. 33 AND IIC EQ Si)IDD(II C )— 100

C
554 CONT INUE

5 CONTINUE
555 CONTINUE V

CALL WR 8LK (t . ZR . TDD. 1. IER )
IF (IER . NE 1 STOP --WRBL K ERROR (SOD)--
DO 6 16 1.NX

V IDD (T6)aO
6 CONTI NUE

556 CONTINUE
50 CONT INUE 

V

CALL CLOSE (3. IER .
• 80 CONT INUE

STOP
END

-— _________ ____ 4—17 
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C CRSQ FR 11/10/78
C
C CR~ CN GENERATES AN 256 X SJRMX A RRAY CONTAINING
C AN N~ X NY IMAGE WITH UPPER LH CORNER COORDS (NXC , NYC )
C THE PORTIONS OF THE ARRAY NOT CONTAINING THE IMAGE ARE
C FILLED WTT H ZEROS AND THE ARRAY TB STORED ON DISK AS KNAME
C

DIMENSION IDD (256).KNAME t7 )

C KNAIIE IN FILE *1 IS USED TO STORE THE BACKGROUND IMAGE

RNEAII=U
SI0M A=~~~t.
NRAND~~~351AccEe r ‘RANDOM SEED” . NRAND
DO GO I~ O—t.IO

RUN “ ISO
ACCEPT “REFERENC E SIZE • ‘ . NSIZE. ISI2E
ACCEPT ‘REFERENCE POSITION - “ .NPOS
WRITE ( 10. 900)

~~~~~~ FORMAT !”  NAME OF FILE TO BE CREATED “ . Z)
READ( 1 ) 905) KNAME ( 1)

905 FORMAT S7)
CALL DFILW (KNAME (1), hER )
CALL CFILW (KNAME (l),2, TEN )
IF t TEN NE 1) STOP —— CFILW ERROR (SOD ) — -

CALL OPEN(1.KNAME (1).2. IER 512)
IF! ICR NE 1 ) STOP --OPEN ERROR (BOO ) ——

C
C INPUT IMAGE PARAMETERS
C

ACCEPT°IMAOE SIZE (NX .NV ) — “.NX,NY
TV PE COORDS OF UPPER LII CORNER OF IMAGE ”
TYPE”E 0 (1.1 )— UPPER LII CORNER OF ENT IRE ARRAY”
ACCEPT ”(NXC .NYC ) — “.NXC, NYC
~1CMX—NX 4NXC—t
JRMX NY+NYC—t
IF (JCMX CT 258) STOP--IMAGE OFF R I G H T  EDGE OF ARR Ay --

P1.3 1415928
ARO.PI/9
DO 10 1— 1,256

tO 100 (13—0
100 (2) 256
100,4) -JRMX
CALL WRBLK t1.O. IDD . 1 .1CR )
IF (TER NE 1)STOP--WRBLK ERR--
IDD (2)—O
IDD (4) 0
MG I—NYC— i
IF (NS I LE 0) 00 TO 30
DO 20 IN—I NSt
CALL WR B LK (t. IN . IDD . 1.1C R )
IF (IER NE- 1) STOP--WRDLK ERR-- V

30 CONTINUE S
DO 50 IR”NYC . JRMX
I IR .IR+NYC—1
TF (IIR LT NPOS OR TI N CE NPOS+NS1ZE )0O TO 555 V

DO 5 IC—I N)!
XIC— IC .NXC— 1

OR tIC CE NPOS.ISIZE)CO TO 554
IDD ( TIC ) 100

554 CONTINUE
CONTINUE

555 CONTiNUE 
V

CALL WRBLK (1. IN 100.1, IER )
IFUER NE 1 STOP -—WRBLK ERROR (000)--
IF(IIR LI NPOS OR TI N GE NPOS+NSIZE)QO TO 55a
DO 6 Ia-I N)! 

V

IDD (T4)—O
6 CONTINUE

S 550 C J I V 4 T INUE V

SO

CALL CLO SE (IV lEN )
80 CONTINUE

Slop
V 

END

IV 
4-18 J
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C IMA QERV FR 11/3/78

C
C THIS ROUTINE READS AN INTEQER IMAQE

- C AND OUTPUTS A ORAYSCALE PLOT
C

COMPLEX IS(64 64)
DIMENSION ~NAME (7 )

NR— 64
NC—64
M 6
IAT -1
IMN—i
CALL SDEF ( IS. M . IMN . IAT .KNAIIE (1))

CALL QSPLT (IS. NC . NR . 3)
STOP

I END

1 V

4—19
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IREAD .FX 09/01/78
C

SUBROUTINE SD€F (IB . PI. IP*~, TAT. KNAME)
C
C SOEF READS A PORTION OF A REAL IMAGE STORED ON DISK
C AND STORES IT AS THE REAL COMPONENT OF COMPLEX ARRAY IS
C

DIMENSION KI (256.5).KNAME (7)
COMPLEX 16(64. 64), CZERO

C
INN—INN. 1

C
NC-2**M
MR-NC
MM-N
NCC 2**MM
NRR —NCC

C
WR ITE 10. 900)

900 F’ORMAT (” INPUT FILENAME • “ V Z)
REAO( I1.905) KNAPiE (I)

905 FORNAT(S7)
CALL
IF (IER NE 1)STOP--OPEN ERR--

910 FORMAT!” INPUT FILENAME “ S b )
CZERO—CMPLX(0. .0
DO 17 T5—I,NR
DO 17 l b—i NC

V 17 IS (Tb.I5 )—C ZERO
CALL RD9LK(1 ,O .KI,1.IER )
IF(IER NE i)STOP—— RD BL ERR-— V

NCI—*’,1 (2 .1)
NA 1— KI ( 4. 1)
TYPE “NC I. MR I” . NC I. MR I
TYPE INPUT (X V ) COORDS OF UPPER LH CORNER OF IMAGE ”
TvPE ’E C (1.1)- UPPER LII CORNER OF IMAGE ON DISK”
ACCEPT — “.NXC . NYC

920 FORMA T ” UPPER LII COORDS (X,Y) — “.215)
JCMI NXC +NCC—i
JRPiX—NYC .NRR- I
IF .JCMX CT M C I) SIOP --NXC TOO LARGE
IF JRMX CT NRI) STOP--NYC TOO LARGE
TT .I
I R ——4
NDLOCK—5
LOOP -NRR/NBLOCK
LOB-NRA- LOOP.NBLOCK)
IF (LOOP EQ 0)00 TO 1001
DO 40 140— 1 LOOP
IR—t1 40-t).5 ,NYC
C ALL RDBLKU IR .KT.NBLOC K . ICR )
IF TER NE 1)STOP--RDBL ERR-—

1002 CONTINUE
j J—O
DO 42 I42—i.NCC
IC—I 42+N XC— l
,j J—JJ 4 i

DO 43 143.1.NBLOCK
1 143— 1 43- i V

SS— FLOAT (KI!TC , 143))
IF(SS CT 1023)66-1023
IS ( JJ ,I1 .1143 )— CMP LX (SS O

43 CONTINUE
42 CONTINUE

11—11 .5
1001 CONT I NUE r
40 CONTINUE V 

V

IF (LOB EQ 0)00 TO 50
NO LOCK—LOB
LOB—0
IR—I R.S
CALL RDBLK I V IR.K T .N SLOCK. 1ER )
I N T E R  NE t )STOP — -R D BL ERR—
00 TO 1002

50 CONTINUE 
V

TYPE 19 (1.1) 15(64,64), IbV iO.2) ,16 (2V 10)
CALL CL0SE~~1 TEN )
RE TUR N
END

‘4~~ O
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4 .2 . 2  H DRV .FR

— HDRV .FR is a FORTRAN program which c rea tes  a single hologram and pe r fo rm s
an image recons t ruc t ion. The holograph is created by m u l t i p ly ing the two—
d imensional Four ier  transform of an image by the  comp lex c o n j u g a t e  of the
Four ier  t r a n s f o r m  of a r e fe rence  image. The m u l t i p l i c a t i o n  is done on a
point—to—point basis. The reconstruction is accomplished by multi p lying the
hologram by the Fourier transform of the r e f e rence  on a p o i n t — b y — p o i n t  basis ,
and taking the inverse Fourier transform . The r econs t ruc ted  image is written

— 
to a disk file , in complex format.

‘V

1.
1. 4—21
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C IIDRV FR 10/20/78 REV A 10/31/78
C
C THIS IS A DRIVEN PROGRAM TO GENERATE HOLOGRAM
C DATA FILES
C
C

DtMEf~SION KNAME (7). ,JR~ F 7),KSUM (7),KFNAME (7),JFREF (fl
C-it1PL1~( I~~ Ib 4 ,b4).TEMPt64 )

VIN ’t
II -6
IAT— l

NC -NR
TYPE “SUDJECT INPUT”
(S ALL SDEFUS.M. iNN. IAT KNAMI l) )
LVALL FFT2I)I jS, NC .NR M. I)
CA! L L~~C ’IS . ê’1FNAME (t ))

T I I F  “PEI-ERENCE INPUT”
V A I L  SDF:F.TS.M. INN. TAT .JREF 1))
CALL FFT..?L)IVIS, NC NR ,M.1 )
CALL WBL~~C I.IS, JFRE F t1) )

C
C OPEN Fl! E OF COMPLE X IMAGE FRE QUENC I ES TO BE READ
C

V 900 FORMAT!” NAME OF FILE TO BE READ - “.1)
905 E O R M A T ~ S7)

CALL OPEN (t,KFNAME (i).2, ZER . 512)
TF TER NE 1V)STOP --CPEN ERROR-—

C
C CONJUGATE REFERENCE AND PERFORM POINT TO POINT MULTIPLY
C

NBLOC)’.-1
00 40 140-1 64
TR ~~140 V

C’~LL ~~ U. V L  1, TN.  TEMF - ;4DLOC~~. TEN ) V

I (IER t~IE I)STOP V RDDLK ERROR---
999 F]RMAT- V

( BEi4 4)
V 

DO 4~) T4~~~1.64
l I I 4 1 , I )~~CONJGIlS ( 1 4 1 , I 4~)’)*TEMP (I4t) V

4~) I L~N ’ i IJ~~t

C
C CLOSE IMAGE FILE
C

,SA L)  CI OSEtI , ICR ’
TF ’VI ER :41 1)STOP - -CLOSE ERROR- -

V C
C OPEN REF~~~EN CE F I L E
C

CALL OPEN (l,jFREF I I ” .2. IER .512) 
V

IF.IER )~F i)STOP --OPEN ERROR --
C
C I’ )~~~(I .PI1 RECONSTRUCTiON 

V

C
DO ~0 t ‘-~~‘I . b4
T N -  I
CALL RD~ L~c’.1. IN . TCMP~ NDLOCK. ICR )
0(1 ~0 IS -’I . 64
j C I , 5 1 - I ’j ) ) l S ( l S l . I S O ) * T E M P ( T S t )

50 CL V V I ~ j )~

C
C ~t .~~~ Rt1 1 tV V .~~HSE 

)V~~~~T

C
CALL FF T 2DU S ,N L V N R V M V .2 ) V

C
C ST ,~ ’E P- JN ’ i T R U C T L D  I MA(1t

C
CA L L  CL (1~.Lt1. ICR
1~~~ I E R  NE 1)STOP CLOSE ERROR--
T~~P~

V
~~~HOLOGRAM OUTPUT ”

CAL L W RL KC II SV KSUM(1) ) V

¶ TOP
END

4_ ) - )

~~~~~~~ ~t ~~~
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C HDRV FR 10,20,78

‘-V

C THIS 18 A DR IVER PROGRAM TO GENERATE HOL OGRAM
C DATA FILES
C
1.

OIMENSION ItNA MEI?)
C OMPLEX CVAIUE
COMPLE) l 8 ) 6 4 . 6 4 ) . I E M P ( 64 )
INN-I
Fl-b

141-1 V

NA -~~~~ *M
i’IC-NR
ACCEP T “VAL UE — “ VALUE
CVALUE—CMPLX(VALUE . 0
CALL SDEF( 15, N. INN IA TI
CALL WILKC (I8)
CAl L FFI.2DI I S V N C , H A , M l I
DO .2.2 1 — I . e 4
DO 22 J —i 64
I5IIV J)SICVALU€~~1S IIV.i )

.2.2 CONtINUE
A l t  ) - F T .’O) I SV  NC HA M. 2)

C’\ l~~ W PLP, C II6I
STOP

41IV S D E E I I S V P IV INN. IA ) )
CA LL 1201 iS. NC V NA V P1. 1 ’

V C A L l WB L~~C l I S )
tV

C OPEN FILE Of’ COMPLEX IMAGES FREGUESNC lESS TO
C

W A I T E ( I 0  900)
900 ~SMA1 ’ ” NAME OF FILE 10 SF READ — “,Z) V

READ (IiV QOS)i&NAMEU)
905 FORMA T(S7)

1*1 1 OPEN I I V I A N A M ( ( i ) V 3 V I E R VS i 2 I
IF . lEA Fit I )STOP --OPEN ERROR -

IV

C ,l~ N I I ’ C 4 T F  REFERENCE AN I~ PERFOR M POINT TO POINT ~~~AV T I P t V )

c V I

NB LOCK—i
DO 40 140~~I V b4
15—140V 
CALL RD8LI~(l, IR . TEMP NSL.L)Cb’, IESR I
Ir~~lER NE I)STOP --RDBLK ERROR--

999 FORMA I Ii, SF14 4’
DO 40 1 4 1 ” 1 V 6 4
t S c t 4 i V t 4 0 ) . C O F 4 J G l I , ; I I 4 1 .% 4 C 1 I I . r E S M F~~T 4 % I

40 CONTINUE
C
C CL OSE IMAGE F ILE
C

CALL CLOSEt) IFS ’
IF ,IER NE ‘STOP - CLi ))~F ERR OR -

C
C OPEN REFERENC E ELI  V

1.
WR 1 1 E ’ % O  900)
HEAI)tII qOS)KNAME,I-
I A ) ) OPENt),K NAME~~I ’ .2 T E R V ~~~I.2’
It IFS tIlE 1)5105 OPEN IRR OR

C
C PERF~IRM RFCONSTAUCTI ISIN
C

III) ‘,~‘ I .,I— I 44
IS— I ‘I~
CA l I RI)I)i l~ 1 IN TEMP ~-~5l ILl’. IFS )
( I l l  ‘~ I~ I” l l . A i
1St I SI ISO~ — I S- I SI I ‘-.~‘ - “TEMP. I ~ 1 ’

50 ~~)NT (Nut
C
C PFRFI)R M INVERSF PE T
C

A l l  EFT _’p,IS NC H A M  .21

C - ~ l1S( NI I)Ni~ T U t’ s U I’ IMA0I
IV

C A l  I t I  11SF .1 l I S A )
U - l EA  NE I ‘STOP Cl tlSF ERPIIR —

. 411  WRl t t C ’ t S ~
ST OPIV 1,-Il’

1.
V -

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V —



4 .2 . 3  II SDRV .FR

HSDRV .FR is a FOR1’RAN program used to create a multi plexed hologram. ‘The
program accepts  ima ge and reference in tege r files , computes  t he  h o l o g r a m , and
adds the  r e su l t  to a speci f ied  hologram f i l e . The program r e q u i r e s  a hologram
t i l e ;  the refore , CRSUM .SV is usuall y run prior to running HSD R V .S V t o  cr e a t e
a f i l e  in the proper forma t f i l l e d  w i t h  zeros . ‘~IIe ima gE’s arc r e c o n s t r u c t e d
us ing  the  MIIOLO.SV program .

The o p e r a t o r  and program In t e r fa ce  via the console Is similar in terms 01
file Inputs to the  FBDRVT .FR program. Refe r  to FBDRVT .FR ope ra to r /p rog ram
dia logue (Paragraph 4.2,5) fo r  file formats.

4 . 2 . 4  MI(OLO . FR

~‘UIOLO .FR is a FORTRAN program which reads a spec i f i ed  hologram f i l e  and 
V

performs an image recons t ruc t ion  and gray scale plot for a specified reference
f i l e .  The r e f e r e n c e  f i l e  must  c o n t a i n  the Fourier Transform of the referenc e
Image.

‘l’he opera tor  and p ro~ ram d i a 1 oguc uses the  s tandard m a c h i  tie ho log rap h noln en—
c L a t u r e  d e ta i l  in t h e  FBDRVT . FR d e s c r i p t i o n  (Pa ragraph  4 . 2 . 5) .

4 — 24
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C HSDRV FR 10/31/78 REV. A 11/3/78
C
C THIS IS A DRIVER PRO GRAM TO GENERATE HOLOGR AM
C DATA FILES
C
C

DIMENSION KNAME (7). JNEF(7). E’.SUN(7). )l,FNAME (7), JFREF(7)
COMPLEX TS (64 , 64) .T EMPto4) .CVALUE
CVALUE—CMPLX (1
ACCEPT “WEIGHTING COEFFICIENT “ .WC
CVALUE—CMPLX(WC. 0.
WR ITE ) 10. 900)
READ( 11. 905)ItSUM( 1)
INN—i

V M-6
TAT— I
NR~~~**M
NC NR
ACCEPT ‘NUMBER OF RUNS “ , WRUNS

V DO 80 180-1,NRUNS
TYPE “RUN “ , 180
TY PE “SUBJECT INPUT”

V CALL SDEF (IS.P1~ INN. TAT , KNAM E (1))
CALL FFT2D(IS.NC .NR .M .i)
CA LL WBLP5C( IS~ KFNAME ( 1))TY PE ‘RUN “ . 180
riPE “REFERNCE INPUT
CALL SDEF(IS.M. INN. TAT. JREF( I))
CALL FFT~ D( IS. NC. NR. M. 1)
CALL WB LKC ( IS. JFREF ( 1 ) )

C
C OPEN FILE OF COMPLEX IMAGE FREQUENCIES TO BE READ

~-)Q FORMAT I, ” NAME OF FILE TO BE READ — “,Z )
5)5 FORFIAT S7)

CALL OPEN(1 ,KFNAM E(1) .~~, IER.5i2)
IF(IER NE. 1)STOP ——OPEN ERROR——

-. CONJUGATE REFERENCE AND PERFORM POINT TO POINT MULTIPLY
C

NBLOCK— 1
DO 40 140-1,64
IR—140
CALL RDBLK(i , IN. TEMP NBLOCK, IER )
IF TER NE 1)STOP ——RDBLK ERROR—— V

999 )-URMAT 1X,8E14 4)
110 4’~ 141=1.64 S
lbtl 4 i ,T 4 0 ) CONJO (IS(T41 ,T40))*TEM P (I41)

41) CONTINUE
L

C CLOSE IMAGE FILE
C

CALL CLOSE (I.IER )
INTER NE 1)STOP --CLOSE ERROR——

C
C OPEN HOLOGRAM SUM FTLE
C

CALL OPLN (1,SSUM (1),2, IER,512)
IFITE R NE. 1)STOF~ ——OPEN ERROR——

C
C PERFORM SUMMATION
C

DO 50 150—1 .64
1~~ ~~~~~

‘,AL L ROO L FICI. ZR, TEMP. NBLQC)~, IER )
DO 50 15 1-1 .64
1St 151 . T50 )—CVALUE*TS 151 , TSO)+TEM P ( ISit

50 CON T INUE
C
C STORE HOLOGRAM SUM
C

CALL CLOSE(1. IER )
IF TER NE 1)STDP —-CLOSE ERROR--
CALL WBLKC ITS. i~SUM ( I))

GO CONTINUE
b1OP
END

4—25
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C MHOLO. F’R 11/3/78
C
C THIS PROQRAM READS A MULTI PLEXED HOLOORAM
C FROM DISK. PERFORMS IMAQE RECONSTRUCTION
C AND OUTPUTS A ORAYSCALE PLOT
C
C

DIMENS ION KNAME (7) KSUM (7)
COMPLEX IS(64.64).TEMP (64)
P1-6

NC—64
NR ~o 4

C
V C

C READ FILE CONTA IN INO MULTIPLEXED HOLOCRAM
C
C

V NBLO CK I
ACC EPT “NUMBER OF RUNS “ INRUNS
DO 80 180-1.NRUNS
TYPE “RUN “ . 180
TYPE “HOLOORAM FILE ”
CALL RBLV .C (IS)

C
C INPUT REFERENCE IMA QE TRANSFORM (F-DOMAIN)
C

WR I TE (10. 900)
V 900 FORMAT (” NAME OF REFERENCE 15 “.2)

READ ( 11. 905)KNAME ( 1)
905 FORMA T (S7)

CALL OPEN ( 1. KNAME ( I). 2, IER . 512)
IF (1~ R .NE 1)STOP --OPEN ERROR --

C
C AND DO RECONSTRUCTION
C

DO 50 I50~~1.44
tR=150
CALL HDBL~~(1. IR , TEMP .NBLOCK. IER

)
DO 50 151— 1 . 64
1St . 1 5 1 , 150 ) —I S ( 151 . 150)*TEMP C 151)

50 CONTIN UE

C PERFORM INVERSE TRANSFORM
C

CALL FFT2D(IS,NC , NR ,M ,2 )
C

CALL CLOSE (1. IER )
IF (IER .NE 1)STOP --CLOSE ERROR--
CALL OSPLT (IS ,NC .NR ,3)
WR ITE( 12. 907)KNAME ( 1)

907 FORMAT ( IHO. S7)
80 CONTINUE

STOP
END

-I
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4.2.5 FBDRVT

V FBDRVT.FR is a FORTRAN driver program for hologram feedback systems . FBDRVT
requires the following relocatable binary files :

WBLC.RB

IREAD.RB

FFT2D.RB

FNORM.RE

CONS.RB

RBLC.RB

HCRE.RB

HRCON.RB

HADD.RB

CSPLT.RB

PICPLT.RB

PLPT.RB

FORT . LB

The proper load statement is contained in file FBDRVT .MC

4.2.6 FBDRVT .FR

FBDRVT.FR is a FORTRAN driver program used to examine multiplexed holograms
in feedback systems and is illustrated in Figures 18 and 19. The program
performs the equation

H + c R * S
n—i II (59)

n (i+cRR*)

where

H = t~’logram in Fourier domain at iteration nn

R — reference image in Fourier domain

— comp lex conjuga te of R

S — image scene in Fourier domain
fl

C — convergenc e constant

V 
~~~. for operator specified scene and reference image pairs.

- 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~V ~~~~~~~~~~~~~~~~~~ 
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St 8 VI

F1t ;URE 18. FBDRVT SU BROU l’ 1 N E 1 N V 1~ERFACE 1)1 At RAN

V
V
4~~~~.S

j  

—---.----——-— V - - - - - V ~~~~~~~~~~~~~~~~~~~ 4 1



— ~VV

~~r 1/ \ 1 1  -

~~~i 
-~- 1 !!~ I-~

( I ~~~V’~ ~~

~ t I~~~~I \~~I I I ~~ 
I t

~~ 1 l \ I  I I

a a H
I ~ I 5

L—~J _____ -
A1. 0 0

0H~H!~_Hi~F ~~~~ ~

4— 2 ’-)

_ _ _  
L.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V V V V V V ~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~•



________________ V V V -- -~~~~~~~~~~~~~~~ -

S R econs t ruc t  ion of the  image is ac comp lish ed by using t h e  t ormu 1 a

T
A 

— F ’ (R
A
•H)

where

V ‘A 
— I he reconst ructed image

— the r e f e r e n ce  in the F ou r i e r  don~i in  p a i r e d  w i t h  the  image

H — the ho I ogram In t h e  Foun t’ r doma i n

and

F — the  u v e r  se F ’ti I i  ~~~1V t r a ns t  orm operat or

•L’fit ’ d r i v e r  p rogram is I unc t L~’na liv d Iv LdE ’d  in t o  two d I r i s  ions.  The I I rsi
d lv is ion set s up t he set-ti i’ a nd r e f er enc e dat a t l i es  I hrough c otiso le i u t  er~
f at’ t’ w i t  ii the operator, The second div is ion Pt’ IV I orms the  h o l og r am  t et’dbac k
e q u a t ion  (E qua L ion ‘~‘-fl and the reconst m e t  ion eq u at i on  (F quat  ion t~O~ t . ’t
op era tor  spec i t  ted in~tge and scene pairs .

In t h e  first d iv is ion  the  program asks th e operator f o r  1 l I e s  ‘out a in lug
jut eger i-e1L-I- Cnc e images and integer scene images. For each ret ~‘meti c e and
scene pa t i -  the  pr ogram w i l l  ask f o r  f o u r  I t i e  names I or I

V 
i le ’~ the  progr am

ct- eat L’s. Th e se cond d i v i s i o n  the  program p e r t  orms the  t cedhack equat  ion and
image reconst ruct  ion.  The out put is  a gravsca Ic plot I or (~ ,hV Ii ~Pe 1V a1 01
spec i t  ted reconst ruc t ion.

The d i a l o g u e  b etween the o pe r at or  and the  progr am is :15 1 oil ows

NUMBER OF PRtX~RAN RUNS — int~~~~~~
NUMBER OF PO1N [S [0 BE AV F,RAL EI) IN t 51’i 1 — i n t e~~~t

’t

(SOlE: The g lV . t v s t.a le p1 .‘t I ind s t ltt spec it led numbetV ~~ ~~~~ i I i  ig he st
Va i t t  es and averages t hem t o e .t 1~’ u l . i  c S N (St’i’ t SPi 1
dcs~’r i p t  ion~ . 

‘1
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CONV ERGENCE CONSTANT - realnumber
NAME OF HOLOGRAM FILE TO BE CREAT ED - f i lename
NUMBER OF REFERENCES AND SCENE PAIRS - Integer

(NOTE : The program can perform the feedback equation on a maximum of
six reference and scene pairs , and the  hologram r e c o n s t r u c t i o n
e q u a t i o n  on a maximum of nine references. The maximum intege r
response to the message above is nine.)

The following set of responses is repeated for the specified number 01
reference and scene pa irs.

REFERENCE INPUT
INPUT FILENAM E = f i l e n a m e

(NOTE: The s p e c i f i e d  f i l e  must be an in teger  Image in the standard
format (see CRSCN descrip tion).)

NC I ,NRI 64 ,64

(NOTE: The number ~~ columns and the number o f rows of a l l  hologram
images are 64 by 64.)

INPUT (X ,Y) COORDS OF UPPER LII CORNER OF IMAGE
E.1. (1,1) = UPPER LII CORNER OF iMAGE ON DISK — 1 ,1

(NOTE: All hologram images have coordinates 1 ,1 for the upper left
hand corner  of the image.)

h IN FFT2D
OUT FFT2D

indicates that Fou r ier  transform has been pe rfo rmed .

NAME OF REF F I L E  IN F DOMAIN filename

(NOTE: The program de le te s  the s p e c i f i e d  f i l e  and c reates a new f i l e
c o n t a i nin g  the 64 by 64 complex a r r ay  of the ret’erence Fourier
t r a n s f o r m , in the past it  has been the p r a c t i c e  to st art
file names of t r a n s f o r me d  images w i t h  the l et t e r  F to  indicate
the data is in t h e  F ou r i er  domain.)

• SCEN E INPUT
V INPUT FILENAM E — f i l ename

(NOTE: The specified file must he an integer scen t’ in  the  s t a n dar d s
fo rmat  (set ’ CRSCN description).)

4 - l i
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NC I ,N R I  64 ,64
INPUT ~X ,Y )  COORD S OF UPPER LH CORNER OF IMAG E
E. G . (1 , 1) — UPPER LII CORNER OF IMAGE ON DISK — I , .
iN FFT2D
OUT FFT2D
NAME OF I MAG E FILE IN F DOMA IN - f i lename

(NOTE:  The program de let e s  the spec if ied f i le and c r e a te s  a new f i l e
containing the  64 by 64 comp lex a r r ay  ct the  scene Four i e r
t r ans fo rm . In the past it has been the p rac t  j e t’ to St ar t  f i l e
names ot

V 
F o u r i e r  t r a n s f o r m e d  f i l e s  w i t h  the l e tt e r  F t o  i n d i c a t e

t h e  da ta  i s  in t h e  F d o m a i n .

NAM E OF wORKIN ( ;  F I L E  — f i l e n ame

(NO’FE: The program c r eat e s  a f i l e  c o n t a i n i n g  1 / ( 1  + c RR*) (see
Equat ion 59) f o r  each r e f e r e n ce  and scene p a i r .  T h is  is cal led
the w o r k i n g  I i le .  The I iii ’ name must  he d i f f e r e n t  t or each
r e t t ’rence and scene p a i r .  If  a r e fer ence  i s  to  be’ used f o r
re cous t  ruc t  ion o n ly , a t

V 
t i e  name for  t he  w o r k i n g  I i It’ st i ll

must  he’ spec it it’d for e’,lt ’ ii r e f er e n t’ e and scene p a i r .

NAME OF CONSTANT F I L E  tilen ~nuc -

(NOTE: ‘l’he p rogram creates a f i l e ’ containing

c R*S 
V

U

V ( I + ~~

for eac 1. ret e-renct’ and scent’ p a i r  (see Equation S’-fl . l’hi s i s
c~t l i ed  t he c oust .tnt t i le . A di I fe’rent I i i e name’ must  he’
spec i t  icd t o r  each re t  erence’ and scene pair. it a r e t  erenc e
is used r econs t ruc t ion on \ , a I iii ’ name f o r  t h e  const ant f 1 Ic
st ill must  he spec if it’d [or etc h tef (,r eu c  e and sc e’ne p a i r  .

This  end s t h e  f i le s e t u p  div is ion ol I Itt ’ progi am.

The f o l l o w i n g  i s the d I a  1 ogue bet we’en t lie oper5lt or and I he’ p r o g r am I or t he’
feedback  and image r ec oust rue t I en set’ t ion ot t he p r o gr am .

NUMBER OF I TER.vr IONS = j u t  ~~~~~~~

(N or E : The p r og r am  w i l l  p ’  i - I ot-~ Equa l ion ‘
~~~~ t l i t ’ spec i t  f ed  n u m b e r

of t imes •tnd I hen st op • or re t  u r n  t e t he beg i n n  t u g  el t h e
p r o g r a m .  )

NUMBER OF 1TERA’I’ I ON S PE R PR I N  101 [ — j f l~ ~~~~ ~

4—12
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(NOTE: The first time through the loop the program computes
Equation 59 only once prior to a grayscale plot.)

J The f ollow ing message is repeated every iteration until a printout.

I WHICH REFERENC E AND SCENE — integer

(NOTE: The integer response indicates which reference and scene pair
is used in the hologram feedback equation (Equation 59), i . e . ,  1 V

means the first pair , 2 the second pa i r , e t c . )

- 
- 

HOW MANY PRINT OUTS? i n t ege r

‘rhe program w i l l  p e r f o r m  the specified number of reconstructions (Equation 60).
The program can handle up to nine image reconstructions , provided nine refer—

V ence and scene pairs were input in the first section of the program .

The fo l lowing  is repeated for the specified number of printouts:

WHICH REFERENCE FOR RECONSTRUCTION? in teger

A 1 means first reference , a 2 means second reference , etc.

IN FFT2D
OUT FFT2D

indicates  inverse Four i e r  t r an s fo rm has been performed .

ONE
IN GSPLT

V TWO
V THREE

FOUR
FIVE
SIX
SEVEN
EIGHT

After the specified number of printouts the program will repeat the ho logram
iteration routine. After the specified number of iterations and program runs
the program stops.

1
1• 
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C F’BDRVT ~~ 12/21,7B
C
C THIS ROUTINE IS A DR I VER TO CREATE A NOLOGRAPI

V C FEEDBACM LOOP
C

INTEGER SNAME ( 7 ) ,  RNAME 7)  FRNANE I ( 7 ) .  HNAME(7 BNAME(7) • A N AM E(7)

INTEGER FSNAME (7).WCON SI 7).WCON S2 (7>.WNAME I(7).WWAME2 (7)
INTEGER FRNAME2 (7). FRP.4AME3 (7). FRNAME4 (7). FRNAME5 (7). FRNAME~~(7)V 
INTEGER WCONS 3 (7 ) ,WCON S4 (7 hWCO NS S 7) ,W C O N S 6 (7 )
INTEGER WNAME3(7),WNAME4 (7),WNA PIE5 7),WNAIIEo (7>
INTEGER FRNAME7(7). FRNAPiE8(7), FRNAME9( 7)
COMPLEV ~ ISta4 , 64), CZERO. CONE

C
CONE— CMP LX (1 .0

NC’-~ 4
NR-64
I MN I
LA T~ I
C Z E R O a C I I P L X i O  . 0
ACCEPT VV NUMBER OF’ PR OGRAM RUN S - “ . NP RUNS
DO 303 I J O J = 1 . N P R U N S
ACCEPT “NUMBER OF POINTS TO BE AVERAGED IN CSPLT = “ .NP
IFLAQ—NP+ -1

C
C

ACCEPT VCONVERGENCE CONSTANT =

W R ITE i.10,900 )

900 FORMAT ” NAME OF HOLOGRAM FILE TO BE CREATED — “ . 1 )  
V

V READ I i t . 905)HNAME ( I)
905 FORMAT (S7)

DO tO 110-1.64
00 tO .J10—l 64

10 ISV [t0,J1O)=CZERO
CALL WBLC (LS. HNAME )

C READ REFERENCE IMAGE AND STORE TRANSFORM ON DISK
C

ACCEPT “NUMBER OF REFERENCES AND SCENE PAIRS — “ , NREFS
DO 30 I3O=t ,t’4 REFS
TYPE “REFERENCE INPUT”
CALL SDEFUS,M. 1MW IAT ,RNAME i. 1) )
CALL FFT2D (IS, NC , N R ,M V  1 )
CALL FNORM(IS. XNOR M) 

V
X N Q R Z I - L  /~~N0R N
CALL CONS IS~ XNORM)
WR I TE (I0. 999)

999 FORMAT( ” NAME OF REF FILE IN F DOMAIN - ~~~ 1)
IF (  130 EQ 1 )READ( 11, 905)FRNAME 1 (1 )
IF( 130 EQ. 2 I REA D(  I t .  905)FRNAME2 ( 1)
IF(130 EQ 3 ) R E A D ( 1 I . 9 O 5 ) F R N A M E 3 ( 1>
1F 130 EQ. 4 ) R EA D (  11, 905)FRNAME4 < 1 )
I F (  130 EQ 5)READ 11 , 9O5)FRNAMES( 1)
I F ( 1 30  EQ 8 ) R E A D ( 1 1 , 9 0 5 ) F R N A M E 6 ( 1 )
IF( 130 EQ 7)READ ( 11, 9 0 5) F R N A M E 7 (  I) - V

IF tI3 O EQ 8 ) R E A D (t I , 90 5 ) F R NA M E 8( 1 )
i Ft  130 EQ. 9)READ It, 905)FRNAME9( 1)
A F t . 130 £0 i CALL WBLC IV IS ,FRNAME 1I
I F I3O EQ ~~CALL WBLC (IS ,FRNAM E2 ) V I

IFi I3O EQ 3)CA LL W BLC(IS,FRNA ME3 )
IFIV 130 E Q 4)CALL W BLC t.I S ,FRNAME4 )
IF’ 130 EQ 5)CA LL W B LC ( IS . FRNAMES)
IF. 130 EQ 6SICALL WB LC (IS ,FRNAME 6)
IFt 130 EQ 7)CALL WBLC (IS .FRNAME 7)
IF(130 EQ 8 CALL WBLC ( IS,FRNAPIEB)
W i , 130 EQ 9)CALL WBLC (IS ,FRNANE9 )

C
C READ IMAGE AND STORE TRANSFO RM ON DISK
C

4- 14
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TYPE “SCENE INPUT ” V

CALL SDEF (IS, M. IMN, IAT .SNAME 1))
CALL FFT2D (IS• NC .NR .M.1)
WR I TE(t0 ,998)

998 FQRMAT( ” NAME OF IMAGE FILE TN F DOMAIN - “ ,Z)
READ 1 1 .  905)FSNAME ( 1)

V CALL W BLC( IS .FSP4AME)
C

V C REAU NAME OF HOLOGRAM FILE TO BE C R EA TED
C
C
C INPUT NAMES OF WORKING DISK FILES
C

W R I T E ( 10 , 1000 >
1000 FORMAT ( NAME OF WOR K ING FILE = “ .Z)

IF I3O EQ 1)READ(11. 905)WNAME I(t)
IF (130 EQ. 2)READ (t1.905)WNAME2 (1)
1F1130 EQ 3)READ( 11.905>WNAME3 (t)
IF (130 EQ. 4)READUI. 905)WNAME4(1>
IF( 130 EQ 5)READ( It . 905)WNAME5( 1)
IF( 130 EQ 6) REA D( 11, 905)WNAM E6( 1)
WR ITE (10. 1001)

1001 FORMAT (” NAME OF CONSTANT FILE —
IF( 130 . EQ. 1 )READ( 11, 905)WCO NSI ( 1>
IFU3O EQ. 2) READ( i 1 .905)WCONS2 ( 1)
IF ( 130 . EQ. 3)READ( 11. 905)WCONS3 ( 1)
IF (130 EQ. 4)READ( 1t.905)WCONS4 (1)
1Fi,130 EQ 5) READ ( 11 ,9 05 )WCONS 5 ( I )
IFt 130 - EQ ~ )READ( 11. 905 )WCONS6( 1)

V C
C PERFORM R.R CONJUGATE
C

IF (130 EQ 1)CALL RBLC(IS.FRNAMEI)
I F ( 1 30  EQ 2)CALL RBLC (IS. FRNAME2 >
IF (I30 EQ 3)CALL RBLC (IS. FRNAME3 )
IF (I3O EQ 4)CALL RBLC (ISS FRNAME4)
IF 130 EQ 5)CALL RBLC (IS,FRNAMES)
1F’.130 EQ. 6)CALL RBLC (ISS FRNAME6 )
IF(I30 EQ. 1)CALL HCRE( IS. FRNAMEI)
IF .130 EQ 2 CALL HCRE (IS.FRNAME2)
IFt 130 EQ 3)CALL HCRE( IS , FRNAME3 )
IFt..130 EQ. 4)CALL HCRE (IS.FRNAME4 )
IF(130 EQ 5)CALL HCRE (IS.FRNAME5)
IFi.130 EQ 6)CALL HCRE (IS.FRNAME6)
CALL CONS (IS.C)

C
C FIND t/~~I + C * R*R CON.,))

C
DO 20 1 ’O= l NC
DO 20 J20—I,NR

20 1 St  120 020)=CONE/ (CONE+IS(120, J20))
C

IF(130 EQ. 1)CALL W BLC( 1S, WCONS I)
IF(I30 EQ 2)CALL WBLC (IS.WCONS2)
IFt. 130 EQ 3)CALL WBLC (IS.WCONS3)

V IF(130 EQ . 4)CALL WBLC (IS. UCONS4 )
IF(130 EQ 5>CALL WBLC (IS.WCONS5)
IF(130 EQ. 6)CALL WB LC (IB.WCONS 6 )

C
C FIND C*RCONJ *S/(
C

CALL RBLC (IS.FSNAME )
IF (I30 EQ 1.tCALL HCRE (IS .FRNAME 1)
IF(130 EQ 2)CALL HCRE (IS .FRNAME2>
IF (130 EQ. 3)CALL HCRE (IB. FRNAME3)
IF(I30 EQ 4)CALL HCRE( IS. FRNAME4 )
tF (130 EQ. 5)CALL HCRE (IS ,FRNAMES )
IF (130 EQ 6)CALL HCRE (IS .FRNAME6 )
CALL CONS (IS .C)

C
IF(130 EQ. IV )CALL HRCON (IS.WCONSI)
IF(I30 EQ. 2)CALL HRCON ( IS WCONS2 )
IF(130 EQ 3)CALL HRCQN (IS .WCONS3 )
IF(130 EQ 4)CALL HRCON (IS . WCONS4 )
IF (130 EQ 5)CALL HRCON (IS WCONS5)

4— 35
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I

C CRSUM . FR 11/3/78

C THIS PROORAMS WR ITES A BLOCK OF COMPLEX ZEROS ON
C A DISK FILE
CC 

SUBROUT INES USED: WBLKC.RB
C 

COMPLEX IS(64 64) CZERO
CZERO .CMPLX (O. • 0.
DO 10 1— 1.64
DO 10 J.1.64
18(I J) CZERO

10 CONT INUE
CALL WBLKC (I8.NAME )
STOP
END

V 4 — I l  
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4 . 2 . 7  R R L C . F R

RBLC .FR is a FORTRAN s u b r o u t i n e  t h at  reads a 64 by 64 comp lex a r r ay  ft’~ m d i s k
as i i  l ust r at e d  in F’ Igurt ’ 20. The r out  Inc uses IV’hannel I t~or t h e  d i s k  t r a n s f e r .

Two argument s art ’  passed in the i,’a 11 s t a t e m e n t.  l’lw I I r st  Is  t he  name ot
the  c omplex ar r ay  In memory w h i c h  w i l l  ret’e lye t he  d i s k  d a t a .  VI SIw set’ ond I
an integer array that contains the  f i l e  name of the data on d i s k .  The CAl l,
s t a t e m e n t  is o t the  t

V
orm

CAL!, RBLC (a rr’ayn~ime , f i l e n a m e  a n a  v)

The subt’ out inc assumes the  da ta  on d i sk  Is a 64 by 64 complex a rr a y w i t h  the
I i r st row of data In BI.OCK 1 of the I l ie.

~~. 2 .8 Rt)BLC . FR

RDBI.C .FR l S  a FOR’I’RA N subroutine that reads a I
V 
lie name I i-on t h e  conso i t ’ , and

I hen 1Ve I d .~ a 64 by 64 t’omp l cx a r r ay  I rom the spec i t  it ’d i i  t’ (set’ Fl gurt ’ 2 1)

Vr h *V , subrout ine o u t p u t s  to the con sole  the message:

“NAME OF FILE ft) BE READ

to whIch t he opera t or responds with a f i l e  name (seven characters ma xl mum)
A 64 by 64 complex a r r ay  is t hen read f r om  t h e  spec i t ted d i s k  t i l e . The
sub r o u t i n e  assumes the dat a on d i s k  I s  a 64 by 64 comp it ’ x ar r ay  w i t h  t h e
I r st  row ol  da ta  in  B1,OCK 1 ot the  I i  i t ’

The complex  a r r ay  is r et u r n e d  to  the  c a t  h u g  p r og r am . The CAl l . s ta t em en t  Is
of t he  form

CALL RBLKC ( a r r avname)

V 4 • 2. 9 WBLC . FR

WHI C . F’R Is the name of a FORTRAN subr ot it  In c  I hat is used t o  w r i t e  11 64 by 64
comp lex a r r a y  out to d I sk (set ’ F t  gure 22) . ‘l’ht’ suhi-out I tie’ uses channel I I or
the d i s k  t rous te r .

Two a r g u m e n ts  a re  passed to the subrout tue. ‘l’he I t i - s t  I s  t he  ar r a y  name ot
the  e’omp I cx dat a which  is to be w r i t  t e n  out to  d I sb . Tht’ second i s  an hit  eget-
or r ay  which c out a Ins the’ I l i e  name o t I he d I s k t I I e 1 o be k -i’ eat ed . The CALl . 

A 

-

st at ement  is ci the  fo r m :

CAl.!, WBI.C (a r r ayn 4lm e’, I 11 ename a l  r . t  v )

18
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I
S. 64 COMPLEX VALUES

256 WORDS

,~ j 2. 1j3 . 11 
- 

j64.i

V 
ARRAY
15 164.64?

64 BLOCKS

1.611 J64.64 BLOCK 64

• KNAME I ) IS READ FROM CONSOLE

• FILE KNAME I ) IS REA D FROM
DISK INTO ARRAY IS I ,

• IS I . I IS PASSED TO CALLING
V PR OG R A M

V C RBLKC FR 10/23/78
C

V 
SUBROUTINE RBLKC t IS)

C
C THIS SUBROUTINE READS A 64 X 64 COMPLEX ARRAY

COMPLEX IS(64.64)

I DIMENSION KNAME (7)

C

WR ITE (10.900)
A 900 FORMAT (” NAME OF FILE TO BE READ -

READ (lt .905) KNAME (I)
905 FORMAT (S7)

CALL OPEN (1.KNAME (1) .2 .- IER.512 )
IF( IER . NE , 1) STOP -‘--OPEN ERROR —-
NDLOCK— 64
ZR—i
CALL RDBLK (1. ZR . IS. NBLOCK. IER )
IF (IER NE i)STOP -—RRBLK ERR——
CALL CLOSEd . IER )
IF (IER NE . 1)STOP —-CLOSE ERR--
RE TUR N
END

FIGURE 20. RBLKC.FR

A 4 — 3 9



64 COMPLEX VALUES
256 WORDS

Ju . i BLOC K 1

A R R A Y
IS 164, 64)

64 BLOCKS V

¶ 6 41 164.64 610CK 64

• KNAME I )IS PA SSEDTO
SUBROUTINE

• IS I V I IS READ FROM DISK FILE KNAME I
AND PASSED TO CALL I NG PROGRAM

• KNAME IS RETURNED TO CALLING
PROGRAM UNCHANGED

L ~~~~L ’ ~~k 12/6/78
L

S.UPOLiTiNE RBLCtIS .I.’~NAME >
C

T’~~~ 5Ut~ROUTINE READS A ~4 X 64 COMPLEX ARRAY
c

COMPLE X ISt~~4.64
GI MENSIUN ~NAME A, 7)

CALL OPEN ( 1 . ~NAME ( 1 ) 2 ,  I E RV  512)
IFIZ ER NE I) STOP ——OPEN ERROR —-
NDLQCK~ b4
IR ~ I
CALL RDBLI.c (l, ZR . IS. NBLOCK. IER )
IFi.IER NE 1)STOP -—RRBLK ERR-—
CALL CLOSE ( 1.  lEA )
ZFU ER NE 1)ST OP --CLOSE ERR—- ’
RET URN
END 

V

I ~rh ;t ’RF 2 1. R B L C . F R

j
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64 COMPLEX VALUES

1 
266 WORDS

I ~HEADER 1 11.4 1 1 164 1
1 1 , 1  J 2 . 1~ L M 1
1- 1.2

A R R A Y  
V

15164.64) 
V

- 64
BLOCKS

1 , 64 f64 64 BLK 64 H

• IS 164.64) PASSED TO SUBROUTINE

• KNAM E I?) PASSED TO CALLING PROGRAM
• IS (64 , 64) RETURNED TO CALLING V

PR OG R A M  U N C H A N G E D

C WB LKC FR 10/23/79
C

SUBROUTINE Wb LKC I IS- IeNAME I
1.

C r,.~:c CuP~~ocT INC t sp !  TL~~ A c,4 X 64 COMPLE X ARRAY
A , C

COMPLEX IS( b4 641
D IMENSION IDD 25a , KNAME~~~

C

WRITE ! 10. 900)
900 FORMA I (” NAME OF FILE TO BE CREATED - “ . f l

R E A D ( I I V  905) KNAMEU )
905 FORMAT (97)

CALL DFTLWUeNAMEII ’ . TER )
CALL CF ILW (KNAM E , 1). ~ IER)
IF’ IER NE I) STOP -- C F I L W  ERROR ( B~ D) --

I CALL O P D 4 ( t ,K N A M E I t 2 I E R . 5 I~~)
!F IER NE I’ STOP --OPEN ERROR (B QD) --
100(2 1 -64
100 1 3 — I

- 1 100 ,41—64

- ~ I 100e5 —t
C
C WR ITE HEADER INF ORMATION

• C
IR.0
CALL W R D L K e 1 .  15. 100 ~~. IER IV 
I F IER tiE 1)STOP --WRBLK ERR--
NB LAX K .64
ZR—I
CAL L W PBL K (I. 15. IS. NBLOCK. IE R )

L. I F t I E R  NE I)STOP --WRBLK ERR--
CALL C L O S E t s .  IER )

V 
IF~~ttR NE 1)STOP --CLOSE ERR-
RE ToRN

I END

FIGURE 22 . WBLKC .FR

I - i  
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The sub rou t ine  w r i t e s  some heade r i n f o r m a t i o n  (number  o t  rows and c o l u mn s )  i n t o
BLOCK 0 ot the f i l e , then w r i t e s  the  array out to disk with the  f i r st  row of
the  a r ray  in BLOCK i of the  f i l e . Subsequent rows are  w r i t t e n  i n to  sub-
sequent blocks .

4.2 .10 WBLKC .FR

WBLKC .FR is a FORTRAN subroutine that accepts a f i l e  name t rom the  conso le
and writes a 64 by 64 complex a r r ay  out  to t h e  specified disk tile (see
Fi gure 23). The s u b r o u t i n e  o u t p u t s  to the console the message:

“ NAM E OF F I L l ;  TO BE CREATED =

to which the operator responds with a file name and carriage return (seven
c h a ra c t e r s  maximum)

The s u b r o u t i n e  w r i t e s  some header  i n f o r m a t i o n  (number of rows and c o l u m n s )  i n t o
BLOCK 0 ci the  a r r a y ,  then  writes the 64 by 64 complex a r r ay  (passed t rom the
~‘5 i l i i n g  p r o g r a m )  out  to disk with the first row of data in BLOCK 1 01 the
specit - ied file . Subsequent rows arc w r i t t e n  in t o  s u b s e q u e n t  b locks .

The subroutine returns an i n te g e r  a r r a y  to the calling program containing
t he  spec i t  ied d i sk  f i l e  name . The CALL s t a t e m e n t  is  of the f o r m :

CAI ,L WBLK C ( a r r ayn am e , filename a r r a y )

V 
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1 ’
64 COMPLEX V A L U E S
256 WORDS

I HEADER J 6 4~~ 1 j BLOCK O

1. 3, 1 64 , 1 BLOCK 1
1. 2

V 1. 3

A R R A Y
IS (64, 64)

54 BLOCKS

F 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V 

1.64 164, 64 6 1 K

• AUGMENTS IS AND KNAME PASSED
TO SUBROUTINE

• IS AND KNAME RETURNED TO
CA L LIN G P R O G R A M  UNCHAN GE D

C WBLC FR 12/6/78
C

SUBROUTINE WSLC( IS,KNA IIE )
- :  C

V C THIS SUBROUTINE WRITES * 64 X 64 COMPLEX ARRAY
C

COIIPLEX IS(64 . 64 )
DIMENSION IDD 256 . KP~A ME (7 )

V C

CALL DF IL W (KNAP IE (1),IER )
CALL CFILW ( K N A PI E( j ) , 2 , IER )
IF(IER NE 1) STOP - -  CFILW ERROR ( BOD) -—
CALL OPEN i,KNA piE (j),2. IER, 5j~~) V

IFUER. NE 1)  STOP —-OPEN ERROR (BOD ) --
IDD (2)—o4
IDD(3 )—1

A IDD (4 )—6 4
IDD (5)— 1

C V.

C WR ITE HEADER INFORMATION
C

I R— O
CALL WR BLK( 1. Z R. IDD. 1. IER )
IF( IER NE. 1)STOP --WRB LK ERR--
NBLOCK—64
ZR— i
CALL WRBLK(1. IR . IS. NBLOCK. IER )
IF( IER NE 1)STOP --WRBLK ERR—-
CALL CLOSE(l.IER )

V IF(IER NE IV )STOP --CLOSE ERR-
RETURN
END V

L FIGURE 23 .  WBLC .FR
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4.1 UTI1.ITI SUBROUTiNES

There are six utilit y subroutines , each of which pert onus one simp le operati on
on a comp lex 64 by 64 a r r ay : (1) DIFF .— , (2)  HADD .—, (3) HCRE . . (4’) URCON .-- ,

V (5) FNORM . - - , and (6) CONS.- - . Each of these routines use channel 1 if d a ta
tweds to be transferred to  or f rom d i sk.  The subrou t ines  open and c lose
channe l 1 , and w i l l  cause a program ABORT i f any I / O error s occ ur on chann el 1

D 1FF .— computes the difference between two comp lex arra s. HADD.— adds two
complex arrays. CONS.— mul tiplies a comp lex arra\’ by a rea l number .  FNORN ._V

computes the square root ~~ the sum of the squares of a c omp lex a r r ay
HRC ON. V m u l t i p li e s  two complex arrays on an elemen t by element basis. HCRE.—
mult ip i ics a complex array by the comp lex conjuga te of a dif ferent complex
array on an element by element basis.

4 . 3 . 1  D I F F .F ’R

DI F F .FR is a FORTRAN subrout i ne named DIFF . The s u b r o u t i n e  takes the
d i f t e r & ’nt ’t’ of two c omplex 4 by 64 arrays element by element , one array being
in memory and the other array on disk.

Two parameters  are passed to the  subrout ine . The f i r s t  is  the  64 1w 64
c omplex a r ray  (in memory). The second is an In t ege r  ar r ay  c o n t a i n i n g  the  t i l t ’
name ci the  complex ar r ay  r e s id ing  on d i sk.  The c a l l  statement is of the  form

CALL D I F F  (at’ rayn am e , I. i lenam e a r r ay )

The sub rou t ine  assumes the d i s k  da ta  is a 64 by 64 complex a r r ay  w i t h  the
1st row of data  in BLOCK 1 of the  d i sk  f i l e .

The data  in  memory is subtracted from the da ta  on d i s k , w i t h  t h e  r e s u l t
stored in the  64 by 64 complex a r r a y  and re turned to the  c a l l i n g  p rogram.

4. 3 .2  HADD .FR V

HADD.FR is a FORTRAN subrout toe named 1-IAI)I) . The subrout  inc  adds • e l em e n t  by
element , a 64 by 64 comp lex a r r ay  in memory , w i t h  a 64 1w 64 c o m p l e x  a r r ay  on
d i s k .  Channe l 1 is  used by I he subroutine.

Two parameters are passed to the  subrout In c .  The f i r s t  is the  (~4 1w 64
complex  a r r a y  in memory . l’he second is an in teger  a r r ay  c o n t a i n i n g  the  f i l e
name of the complex  a r ray  rc~~i d tn g  on d i s k .  ‘l’l)e.’ call statement is ot  t he
fo rm : 4

CALL RAD1) (ar ra\ ’uame , t I lenam e ar r ay  
V

The subrout foe assumes the d I sk dat a Is  a (~4 b\’ 64 complex a r i a v  w i t  ii the
irst row of data  in Bl OCK 1 o f t he d i s k  f i l e .  Subsequent  rows ~~~ in sub-

sequent blocks.

The two arrays are added , w i t h  the ~~‘s~i l t  i ng  (~4 Lw t~4 complex arla \ r e t u r ne d
to the c a l l i n g  program.  . A

3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
V
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1 4 . 3 .3  FNORM.FR

FNORM.FR is a FORTRAN subrout ine nemed FNOR 1~1. The subrou t ine  c a l c u l a t e s  the
I square root of the sum of the squares of the elements in a 64 by 64 complex
I array . The result can be used to normalize the c~ np lex array.

Two arguments are passed in the CALL statement . The first is the 64 by 64
complex array. The second argumen t is the square root of the sum of the
squares returned by the subrout ine to the c a l l i n g  program.  The CALL s ta te -
ment is of the form: V

CALL FNORM (arrayname , realvariable)

The b4 by 64 complex array is returned to the calling program unchanged.

4.3.4 CONS.FR

CONS .FR is a FORT RAN subrout ine  named CONS . The subrou t ine  m u l t i p l i e s  each
element of a 64 by 64 comp lex array by a real var iable .

V 

Two arguments are passed in the CALL statement . The f i r s t  is the 64 by 64
V comp lex a r r ay .  The second is the real va r i ab le .  The CALL s tatement is of the

form

i i  1. CALL CONS (arrayname , r ea lvar iab l.e)

The resul t ing  64 by 64 complex array is r e tu rned  to the ca l l ing  program .

4 . 3 . 5  HRCON.FR

HRCON.FR is a FORTRAN subrout ine  named HRCON . The subroutine multiplies a
64 by 64 complex a r ray  in memory w i t h  one on disk , on an element by element
basis.

V 
Two arguments are passed f rom the c a l l i n g  program to the subrou t ine .  The
f i r s t  is the 64 by 64 complex array in memory . The second is an integer a r r a y
containing the f i l e  name of the d i s k  f i l e .  The CALL statement is of the f o r m

CALL HRCON (arrayname, f i lename ar r a y )

The subrou ti ne assumes the d isk  f i l e is a 64 by 64 complex array with the f i rs t
row of data in BLOCK 1 of the disk file , with sequent ia l  rows in sequential
f i l e  blocks.

I .  The r e s u l t i n g  complex a r r a y  is re tu rned  to  t h e  c a l l i n g  progr am .

L
L.
I.

I:
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4 . 3 . 6  HCRE .FR

HCRE.FR is a FORTRAN subroutine named NCRE . The subroutine multiplies a
- 64 by 64 comp lex a r ray  in memory wi th  the complex con juga te  of a 64 by 64

complex a r r a y  on disk , on an elemen t by element basis .

Two argument s are passed from the calling program to the subroutine. The
firs t is the 64 by 64 comp lex array in memory . The second is an integer ar:av
containing the f i l e  name of the disk  f i l e .  The CALL statement is of the fo rm :

V CALL HCRE (ar rayname , f i l e n a m e  a r r a y )
V 

The s u b r o u t i n e  assumes the  d isk  f i l e  is a 64 by 64 compl ex array w i t h  the f i r s t
row of da t a  in BLOCK 1 of the f i l e .

The subroutine returns the r e s u l t i n g  64 by 64 complex array to the  ca l l ing
program.

4-4h
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C DIFF.FR 12/5/78
C
C THIS SUBROUTINE TAKES THE DIFFERNCE OF TWO ARRAYS
C ONE PASSED IN THE ARGUMENT LIST AND THE OTHER ON
C DISK
C

• I SUBROUTINE DIFF (IS.CSNAME )
- V COMPLEX IS(64.64).CTEMP (64)

INTEGER CSNAME(7)

CALL OPEN( 1. CSNAME, 2. IER , 512)
IF(IER NE. 1)STOP — — 8 ( X )  OPEN ERROR——

iII J 
C

NBLOCK- 1
C

DO 10 110—1.64
IR— IlO
CALL RDBLK(1. IR CTEMP.NBLOCK. IER )
IF(IER .NE. 1)STOP ——RDBLK ERROR-— V

DO 20 J20-1.64
IS(J20 , I1O)—CTEMP ( J 20)—IS(J2 0 , 110)

20 CONT INUE
10 CONTINUE

V 
- CALL CLOSE (1.IER )

1F (~~~R . ME. 1)STOP -—CLOSE ERROR—-
RETUR 4

( END
•1

I ’

[ 
V

J 

I..
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C HADD. FR 12/5/78
C
C THIS SUBROUTINE ADDS TWO ARRAYS .ONE IN MEMORY
C WITH ONE ON DISK
C

SUBROUT INE HADD ( IS. CSNAME)
COMPLEX 18(64.64). CTEMP (64)
INTEGER CSNAME(7)

C
CALL OPEN(1,CSNAME. 2. IER. 512)
IF(IER .NE. 1)8TOP ——8 (X) OPEN ERROR——

C
NBLOCK I

C
DO 10 110—1.64
IR— IlO
CALL RDBLK ( 1, IR. CTEMP. NBLOCK IER )
IF(IER .NE. 1)STOP —-RDBLK ERROR——
DO 20 J20—1 .64
IS(J20. I10)—IS(J20. I10)+CTEMP(J20)

20 CONT I NUE
10 CONT INUE

CALL CLOSE (11IER )
IF (IER .ME . 1)STOP --CLOSE ERROR-—
RE TURN
END

4—48
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C FNORM. FF. 12/7/78

C
C THIS SUBROUTINE FINDS THE SORT OF THE
C SUM OF THE SQUARES OF ELEMENTS IN
C A COMPLEX ARRAY
C

SUBROUTINE FNORM(IS. XNORM)
COMPLEX IS(64. 64), CSUM

C
CSUM CMPLX (0. .0.

V DO 10 IlOal , 64
DO 10 J1O—1.6 4
CSUM—CSUM+IS (IIO . ,J1O)*IS (I10, ~.J10)

10 CONTINUE
XNORM — SORT (CA BS(CSUM ))
RE TURN
END

- ~~~~~~~~~~~~~~~~~~ 
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C CONS. FR 12/5/78
C
C TNIS SUBROUTINE MULTIPLIES A COMPLEX ARRAY BY A CONSTANT
C

SUBROUTiNE CONS( IS~ C)
COMPLEX IS(64. 64).COMC

C 
-.

COMC =CMPLX(C O. )
C

DO 10 110=1.64
DO 20 J20=1.64
IS(J20 ,I1O) 1S(J20,I1O)*COMC

20 CONTINUE
10 CONTINUE

RETURN
END

S.

‘p
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C HRCON.FR 12/5/78
C
C THIS SUBROUTINE MULTIPLIES AN ARRAY IN MEMORY
C BY ONE ON DISK ,ELEMENT BY ELE~~NT

SUBROUTINE HRCbN( IS, CSNAME)
COMPLEX 18(64.64). CTEMP(64)
INTEGER CSNAME (7)

C
CALL OPEN (I.CSNAME.2.IER.512)
IF(IER .NE. 1)STOP ——8 (X) OPEN ERROR——

C
NBLOCK I

C
DO 10 110=1.64
IR IIO
CALL RDBLK(1. IR.CTEMP.NBLOCK. IER )
IF( IER NE. 1 )STOP —--RDBLK ERROR-—
DO 20 J20—1.64
IS(J20,!10)=IS(J20,I10)*CTEMP (J20)

20 CONTINUE
10 CONTINUE

CALL CLOSE(1. IER )
LF (IER NE. 1)STOP --CLOSE ERROR--
RETURN
END

M

L
4— 5k
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C HCRE. FR 12/5/78
C
C THIS SUBROUTINE MULTIPLIES AN ARRAY IN MEMORY
C BY THE CONJUGATE OF AN ARRAY ON DISK TO
C PRODUCE A HOLOGRAM
C

SUBROUTINE HCRE ( IS. CSNAME)
COMPLEX IS(64.64).CTEMP (64)
INTEGER CSNAME (7)

C
CALL OPEN( 1. CSNAME. 2. IER . 512)
IF(IER NE. 1)STOP —-S (X) OPEN ERROR—-

C
NBLOCK I

C
DO 10 110—1.64
IP—I 10
CALL RDI3LK (1. IR.CTEMP N8LOCK. IER )
IF (IER NE. 1)STOP -—RDBLK ERROR——
DO 20 J20—1.64
IS(J20. I1O)—IS(J20. 11O)*CONJO (CTEMP (J20))

20 CONTINUE
10 CONTINUE

CALL CLOSE(i. IER )
IF (IER NE. 1)STOP ——CLOSE ERROR——
RETURN
END

.4
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CFFT2D FR 04/11/78

SUBROUTINE FFT2D(A.NC,NR.M, INV )
COMPLEX A (64.64) W (6,2).T,U
TYPETMIN FI~12D’
P4-2**M
FN— (1./N)*.2
NV2 N/2

4- P111—N-i
DO 50 1-I N
ANG--2 *3. 141596/2..L
W (L. 1)-CMPLX (COS (ANO).SIN (ANG))

50 W (L. 2)-CMPLX(COS(-ANC . SIN (-ANC))
DO 26 J2’~1.2
J-i

• DO 7 I-1.NM I
IF (I GE J) GO TO 5
DO 4 KK-l .N

• T—A (J.KK )
A (J. KK)-A ( I. KK)

4
5 K-NV2
6 IF(K GE J) 00 10 7

00 TO 6
7

LE— 1
00 20 t~~l .P~
LE 1— I I
LE—LE+L E
U (1 .O )
DO 20 J’I.LE I
DO 10 I.J.N.LE
IP— I+L El
DO 10 KK I.N
1—A C IP. KK)*U
A ( IP. KK)~ A ( I. KK)-T

10 A (I.KK)—A (I.KK )+T
20 U U*W (L,INV )

DO 25 I~~l.N
DO 25 KK’—I. N
TaM I •
A (I.KK)— A (KK . I)

25 A (KK.I)’T
26 CONT INUE

• IF (INV EQ 1) 00 10 5!’
IF t IFT EQ 2) FN—FN/(Ne.~~
DO 30 I~~2 .N
DO 30 KK~ 1 • N

• 30
55 TYPE”OUT IFT2D

RETURN
END

-~ 
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C OSPL.T FR 5/20/79 REV A 11/1/78
C REV B 11/2/79
C REV C 11/29/78
C

SUBROUTINE OSPLT’. IS. NC. NR. OFLO)
C
C OSPLT MAKES A GREY SCALE PLOT OF THE MAGNITUDE
C OF THE MR X NC COMPLEX ARRAY IS
C QFLQ- 0 NEW LINEAR GRAY SCALE
C 1 PREV IOUS GRAY SCALE
C 2 LOG GRAY SCALE
C 3 NORMALIZE PEAK VALUE TO 99
C 4 NORMALIZE PEAK VALUE TO 1000

COIIMON/GG/VAL ( 10), ORAT(30)
COMMON/JJ/LDUF (132.3)
DIMENSION ~BUF~ 260).TAB (1O24) AVE~64)
1NTECE~ TAB. VAL. ORAT. GFLG
COMPLLX IS(64,64).DD(64).CPKMQ.CPNORM,CSUM

C
DATA LBUFU3I.1)/5. 12K/
DATA LBUF (131.2)/5, i2K/
DATA LRUF( 131 3)/S. 12K/

• TYPE “ONE”
C
C
C INPUT NUMBER OF POINTS TO BE AVERAGED
C ZERO AVE ARRAY
C

ACCEPT “NUMBER OF POINTS AVERAGED”.NAVE
DO 202 I202-1,~~~
AVE( 1202)-0

202 CONTINUE
C
C

TYPE”rN QSPLT”
C

DATA ORAT/IOOK , 100K, i22K.IIIK. 122K. 155$.4’177K.
* tOOK, 122K. lOOK, 144K 155K. 3*122K. 155K . 177K.
• lOOK . lOOK . 122K. 111K. 122K 155K, 4*177K/

C
CALL OPEN (2. “SCRATCH” . 0. IER. 512)

C
DO 1 11-1.260

I KBUF .11)—O
C

DO 23 It-t.NR
DO 21 12— i N C

21 DD (12) 1S (12.I1)
CALL WRBLK (2.11-1.DD.t .IER )
IF IER NE 1) STOP ——WRBLK ERR——

23 CONTINUE
30 CONTINUE

• TYPE “TWO” H
PKMO—0
DO 5 .)—1.NR H

00 5 Ie1.NC
69—CABS i. IS( I. J)
IF OFLO EQ 2) SS—1O •ALOOIO (SS+1 )
IF(SS OT PKMO ) PKMQ—SS

S CONTINUE
C H

TYPE ‘T~4REE
C NORMALIZE INPUT ARRAY
C

IF~~ FLG LT 3)GO TO 87
PNORM- 1000
IF GFLO EQ 3)PNORM—99
CPNORM—CMPLK (PNORM. O
CPKMG-CMPLX (PNORMIPKMQ O

C

4—S .~. j
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I

DC 88 189—i NC
DO 89 J89—i.NR
16(168. J88) 16( 188 J89)eCPKMC

C
C FIND THE “NAVE” NUMBER OF PEAK POINTS
C

SSaCABSt 18(189. .J88))
IF(SS LE AVE (NAVE))QO TO 204

• AVE(NAV E ) -SS
NAVEL-NAVE- I

• DC 206 1206.1.NAVLL
IF(AVE (NAVE+ 1-1206) LE AVE (NAVE-1206))GO TO 204
TEPIP-AVE NAVE-1206)
AVE ( NAV E-1206).AV E(NA vE.i-1206 )
AVE(NAVE’I-1206)—TEMP

206 CONTINUE
204 CONTINUE

C
C

89 CONTINUE
TYPE “FOUR ”

C
C
C CALCULATE STATISTICS Of BACKGROUND
C
8’ CONTINUE

C
CSUM—CMPLXtO .0
BSUM—O
BSUM2 .O

C
DO 89 189-i NC
A—CABS4.IS I89. 1))
D—CABS~ 1St 189, NR))
CSUM-CSUM.1S 189. 1 ).IS 189. NR)
IS. IG~~. I ‘-CPNORM
1St 189. NR ) -CPNOR M
8SU(12-BSUM2.A.A+B.B

89 CONT INUE
TYPE ‘FIVE ”
NROWS-NR 1

C
DO 91 191-2. NROWS
A—CABS (ISI.1. 191))
B.CA8St.IS’~NR. 191))
CSUM.CSUM+IS(i. 191)+1S (NC. 191)
1St 1. 191)~~CPNORM
IStNC . I91)—CPNORM
BSUM2-DSUM2+A*A+B*B

91 CONTINUE
TYPE “SIX”

C
C
C CALCULATE AVERAGE OF THE PEAK VALUES
C

PAVE-Q
DO 208 1208-1.NAVE
PAVE-PAVE.AVE 1208)

208 CONTINUE
PAVE-PAVE/FLOAT (NAVE )

C
C

BSUM-CADS(C$UM)
DMEAN—BSUM/ (2.NC +2*NR-4)
BVAR!ANCE.(BSUM2/FLOAT (2aNC ”2.NR-4) )-BMEAN.BMEAN
BSTDDEV.SGRT( BVAR lANCE )
as IGNO I —PAVE/BSTDDEV



-

.1
C PLOT MAGN ITUDE
C

DO 92 192-I NC
DO 92 J92-1.NR
SS-CASS 18(192. J92))
IS(I92. J92)~ CpIPLX(66,O92 CONTINUE
IFLG.O
SUM 1.0
8(1112.0
NN-O
TYPE “SEVEN”
DO 8 16.l.NR
DC 8 15-iN C
SS-REAL ISug5, 16))
IF SS LE 0 ) SS—O
15(15. I6)—CMPLX SS,O

C DISCOUNT 0 BACKGROUND IN GRAYSCALE DEFINITION
IF SS CT 0 ) NN—NN .i
SUM1 —SUM 1 .SS

8 SUM2-SUM2,SS..2
C

TYPE “EIGHT”
RMEAN-Supi~ /NN
RSTD—SQRT( (SUM2-SUMi..2/NN),(p.Ip,l_1p,
DEL TA ’.RSTD/2

C CHECK FOR MAGNITUDE TOO HIGH FOR LINEAR PLOT
UP-RMEAN+SDEV
IF(UP LI 1023) 00 IL) 35
IF’GFLQ EQ 2) 00 TO 35
TYPE”SWITCH TO LOG PLOT”
(WLC-2
GO TO 30

35 CONTINUE
C
C MAKE A NEW GRAY SCALE
C

IF(CFLC EG 1) 00 TO 3
DO 10 1—1 , 10
KTEMPSIFIX(RMEAN,FLOAT4 I-5).DELTA)
IF(KTEMP LT. 1) KTEMP—1
IF (KTErIP CT 1023) KTCMP-I023

10 VAL (I)—KTEMP
DO 12 1—1.10
VAL ( I 1.100 *FLOAT( I)
IFt tèFLO EQ 3)VAL U .FLOAT(I-1).1O +9

12 CONTINUE
C
C

‘i— i
DO 11 1— 1.1024
IF (VAL (J) LI I) .J—J’~lIFJ CT 10) .J—10

Ii TAB (1)—J
3 CONTINUE
C

NNC -NC
NNR-NR
IF(QFLQ EQ. 0 OR GFLG EQ. 1)WRITE(i2, 905)

905 FORMAT (///” LINEAR PLOT” ,
IF CFLO EQ 2) WRITEU2,910)

910 FORMAT (///” LOG PLOT”)
WRITE(12, q15) PKMG.RMEAN. RSTD

4—56
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I
I

915 FORMAT ” MAX— ” .Fá 0. ” MEAN— ”.F6 O.”SDEV— ”.Fb 0)
W$ I TE I .~. 900) NNR • NNC. VAL

900 FORMAT ’.tX. “NROWS— ”. 14.
NC OLS— ”. 14/tx. “GRAY SCALE— ”. 1015//I

C
DO 15 I i— 1.N R
00 20 12— i NC
KTEMP—REAL (19U2. 11))
IF(KTEPIP 01 1023) KIEMP-1023
IF PTEMP CT VALUO)) KTEMP—VAL (10)

20 KDUF I2.lO).KTEMP
C

CALL PICPLT KBUF . 260. VAt... ORAT.LDUF. TAB )
CALL PLPT(LBUFU.1))
CALL PLPT (LBUF(1.2))
CALL PLPTLLRUF (1.3))

IS CONTINUE
C

00 27 1 1— 1.NR
CALL RDBLK (2. 1 1—l.D D . 1. 1(R)
IF IER NE 1) STOP --RDBLK ERR—-
DC 25 12— 1.P4C

23 IStI2,11’DD (I2)
27 CONTINUE

CALL CLOSE(2. 1(R)
WRITE 12.441 )PKMO . BMEAN . DSTDD(V. ISIONO I

441 FORMATt1HO . 5HPEAK— .2X.E14 4~~tX,5Ht1EAN— .2X,E14 4.2X.7HSTDDEV— .2X
• (14 4.IX 4HS/N .2X.E14 4)

RETURN
END

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C QSPLTX FR 5/10/78 REV. A 11/1/78
C REV B 11/2/78
C REV C 11/29 / 78
C REV 0 12/6/79
C

SUBROUTINE QSPLT (I8. NC. NR. OFLG)
C
C OSPLT MAKES A GREY SCALE PLOT OF THE MAGNITUDE
C OF THE NP X NC COMPLEX ARRAY IS
C OFLO- 0 NEW LINEAR GRAY SCALE
C 1 PREVIOUS GRAY SCALE
C 2 LOG GRAY SCALE
C 3 NORMAL! ZE PEAK VALUE TO 99
C 4 NORMALIZE PEAK VALUE TO 1000

COMMON/QG/VAL ( 10). ORAT (30)
COMMON/JJ/LDUF( 132. 3)
DIMENSION KBUF(260).IABt1024).AVE(64)
INTEGER TAB.VAL,GRAT.GFLO
COMPLEX 18(64.64). 00(64). CPKMQ. CPNORM. CSUM

C
DATA LBUF (131, 1)/S. 12K/
DATA LDUF ’~t31.2)/5. 12K/DATA LIUFU3I.3)/5. 12K/
TYPE “ONE”

C
C
C INPUT NUMBER OF POINTS TO BE AVERAGE D
C ZERO AVE ARRAY
C

IF(GFLO 01 3)NAVE—QFLG-3
00 TO 333
ACCEPT “NUMBER OF POINTS AVERAOED” .NAVE

333 CONTINUE
DO 202 1202—1 .64
AVE ( 1202 ) -C.

202 CONTINUE
C
C

TYPE” IN GSPLT”
C

DAIA ORAl/tOO K , lOOK. 122K. 111K. 122K . iSSec. 4.177K.
• t OOK. 122K. lOOK. 144K . 155K. 3*122K. 155K. 177K,
• 100K. lOOK . 122K. 111K. 122K . IS5K. 4e177Y./

C
CALL OPEN(2.”SCRATCH” .O. IER. 512)

C
DC 1 11-1.260

1 KBUFtI1)—O
C

DO 23 I i-I.NR
DO 21 12—I NC

21 DDtI2 )— IS I2 .1I)
CALL WRBLK(2. 1 i—1.DD . 1. 1(R)
IF’. IER NE I) STOP --WRBLK ERR-—

23 CONTINUE
30 CONTINUE

TYPE “TWO”
PKMG-O
DO S J 1.NR
DO 5 1— I NC
SS— CABS ( 1St I. .1)
!F(QFLO EQ. 2) 89.10 *AL0010(SS,1
IF(8S 01 PKMO ) PKMO-SS

.4- ’
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1

5 CONTINUE
C

TYPE “THREE”
C NORMALIZE INPUT ARRAY
C

IF(QFLO LI. 3)00 TO 87
PNORM— 1000
IFLOFLO GE. 3)PNORMu.99
CPNORM—CMPLX(PNORM, 0.

• CPKMG—CMPLX (PNORM/PKMG,O. I
C

• DO 89 198-I NC
DO 89 J88 l.NR

• IS 199. J88 —!S(IB8, Ja9 .CpKp~~C
C FIND THE “NAVE” NUMBER OF PEAK POINTS
C

SS—CABS( IS( I88 .J98))
IF (89 LE. AVE (NAVE)> GO TO 204
AVE (NAVE > 88
NAVEL—NAVE-I
DO 206 1206—1 • NAVEL

IF (AVE I NAVE+ 1- 1206) . LE. AVE (NAVE— 1206)) 00 TO 204
TEMP.AVE(P4AVE-1206) rAVE(NAVE—1206).AvE (pMvE+1-1206)
AVE(NAVE.1-1206)-TEPIP

206 CONTINUE
204 CONTINUE

C
C

88 CONT INUE
TYPE “FOUR ”

C
C
C CALCULATE STATISTICS Of BACKGR OUND
C

87 CONTINUE
C

CSUM—CMPLX(O ‘0. 1
BSUH—O
95(1112-0

C
DO 89 I89-t.NC
A.CABS’. IS’. ISP. 1))
B.CABS( IS(189. NIl))
CSUM—CSUM+IS 189. 1)+IS(199.NR
18(199. 1)— CPNORM
IS( 189. NR ) CPNORM
05U112—BSUM2-.A*A.B*9

99 CONTINUE
TYPE “FIVE”
NROWS NR-I

C
4 DO 91 I91-2.NROWS

A .CABS( IS( 1.  191)>
8—CABS ’ .  IS NR. 191))
CSUM—CSUM-”IS(i. 19t’~+1Su4c. 191’)
16(1. I91 —CPNORM
IS’.NC. 19I)—CPNORPI
BSUM2-9SUM2~ A*A+B’B

9* CONTINUE
TYPE “S IX”

1’
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~PLPT.SR 04/23/78

TITLE PLPT
. ZREL
• TXTh 1
. ENT PLPT
• EXTD . CPYL. FRET. . STOP
• NREL

SUBROUTINE PLPT(LBUF(1.J))

a LBUF IS A 132. WORD BUFFER
LBUF — 167

1
PLPT: JSR •.CPYLLDA 3. LBUF. 3

STA 3 TEMP
LDA 0, PASS
PlOY 0.0. SZR
~RIP PASS2
ISZ PASS
SUBC 0.0
STA 0,N
VJMP . +2

LP: ISZ N
LDA 0.ABUF
LDA 2.N ;CHANNEL *
• SVSTM
• CHSTS 77
JMP +1
LDA 0.BUF
LDA 1.LN
SUB 0.1.SNR
JIP PASS2
DSZ NN
JNP LP
——ERROR , THE $LPT HAS NOT YET BEEN OPENED

(IT MUST BE WR ITTEN TO BEFORE CALLINO PLPT)

JSR S. STOP
- 

. TXT /(PLPT) —- •LPT NOT YET OPENED/

PASS2: LDA 1.K132D
MOVZR 1.1 ;64
STA 1.CNT
LDA 3.TEPIP ;OLD BUFFER POINTER
LDA 2.APBUF ; ADDRESS OF PLOT BUFFER

NXT: LDA 0.0.3
1IOVS 0,0
INC 3.3
LDA 1.0.3
ADD 1.0
STA 0.0,2
INC 2.2
INC 3.3
DSZ CNT
JMP NXT

I (
LDA 0.APBUF a PLOT BUFFER ADDRESS
PIOYZL 0.0 BYTE POINTER
LDA 1.K132D
LDA 2.N ,QET CHANNEL NUMBER

SYSTM
. WR8 77
JMP +1
JSR S. FRET r

k132D: 132.
TEPIP: 0
CNT: 0
PASS: 0
N: 0
NN: 62.
ABUF: BUF
LN:
APIUF: PIUF a ADDRESS OF PLOT BUFFER
11ff: ILK 22
PIIJF: ILK 67. ; 132/2 + 1 EXTRA

.END 

4—60
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0S/OI z ~s

EUPROUTI NE P I C P LT L D A T A D  DA T A. ~ AL. O 4AM LINIO T A R ’

~~~~~ 

OSTA INS a OF A P I C T L P
350 SANPLCE HAl C O N V *R T S  EAC H WOR D O~ D A T A  TO

• A 353 DOT P A TT I* N I IO  SHADES OF GRA Y ’ *140 PLOT ET HE SCAN
L I N E  AS T~~~(t ROWS OF DOTS ON T HE PRINTRONII I IV~~
PSINTER 144 ROUTINE IS C A ~~.LD FROIY A FORTRA N PROGRAM

• WITh POINTERS TO POUN TA S L~~S
• 0*1*0 -H ADDR E SS OF FIRST DATA , D
• VAL O - ADOSESS OF C ON” I S l O N  TASLE 4 A 4 V C H  C ONVER TS
• DA TA TO SSAYSC AV. ,&14E5S

DRAT - ADDRESS OF CONVERS ION TASLI WHICH C ONVERTS
aRAYSC ALE IA?ISESS TO DOT PATTERNS

L INEO - ADDReSS OF FIRST WOR D IN OUTPUT YA SLI
• TA R - DIRECT GRAY TA ILE LOOSUft

ALSO . THE CAL L I ND PROGRAM PASSE S DAT AL w.. IC P4 V S THE
• N’.RIUR OF DATA WORDS TO SE PLOTTED IN EA C H  LINE

INSEt PLOT LINES ARE RI TURNED FOR EACH INPUT LINE

TIT LE PICPL
DIlL
11T H I
E R T D  CFY L.  FRET
tNT P ICPL
NStt•

DAT AQ. - 157
DAt AL.DATAO. I
VALO.DATAL.I
QRAT—VALO I

• LIHEO.’QRAT.I
YAI.LINEO I

FS.TAS-DATAO* I

• 
. 

PS
PICPL J** S CPYL

LDA O S D A T AL.)
ETA 0. DATA?

• ETA 0. DATP
LDA 0. DATAO 3
EtA 0 DA TA?
IDA O VALO 3
ETA 0 VALP
LDA O . D A A T .3
ETA O, ORATP
LDA O . L I  0.3

• ITA 0.1.! P
LDA 0. ASLf
ETA 0. IVPP
LDA 0 DATA?
ETA O . D AT A I
LDA 0 T A P . )  D I R E C T  DRAY TA IL E POINTER
ETA O . A T A U
LDA 0. ATAS
LDA 3. AIUF

LOOP I LDA 3 .SDATAI
ADD 0 .3  . PORN OFFSET INTO lAS
LDA 1. 0. 3 . GET VALUE
ETA 1 0 3  STORE IN OUTPUT
Ill DAT A I
INC 3 . )
DES DA IP DONE W I T H  LINE ’
•.JP~~ L OOP I

144 DATA IS NOW CONV ERTED TO ORAYSCAL E NUMBERS RANQ IND
FRON I TO ‘.0 AND IS STORED IN IVP

LDA 0. 10W ROW LENGTH
ETA 0. NOWP . C OIMT(R
LDA 0 .L INEP LINE POINTER
ETA 0. LINP COUNTER

LOOP) LOA 0. RSVP INPUT DATA •VPFER
ETA O.I’ .)FP
LDA O . Q R A T P  GRAY TASL E POINTER
NED 0 . 0  . SUITSACT I
COP 0 . 0
ETA 0. GSA?
LDA 0. DATA? . TY ATA LENGTH
ETA O .DATP C OUNTER
SUI C 0 . 0  • .0
ETA O . P I C T I  CLEAR P I C T I

LOOP4 LDA 0. SILPF P . GET A GRAY SCA L(
LDA I GSA?
ADD 0 I ADD TO GRAY TA B LE
ETA I G R A T I
LDA O . •Q RA T I  VALUE IN GRAY TA SLE
LDA DATP GET DATA POINT NUMBER
PIOVRI I .  I S iC OATP EVEN
PV ODD

LD* I. MSP,EV EVENS NA SA
AND 0. I • HASP, PROPER NIUPLE
ETA I , P I C T I  RIGHT HALF OF OUTPUT WORD
J~~ EVEN

ODD LDA l.PISP.ODD ODD lASS
AND 0. I NASA ODD HAL F
1.0* O , P I C T T  OLD HALF OF D A T A  WORD
ADO 0 ’ .  RESUL T
ETA I- EL !NP STO R E I N  OUTPUT ARRAY
I R S  L I N P

EVEN 151 SUP P NEYT INPUT
DES DATP DONE W I T H  ROW S
.A’ L OOP 4 NO
LDA O . L I P 4 E P

• LDA I .LINE L L INE LENGT H
ADD 0 1
ETA I.LINE P BuMP LINE POINTE R IT I L INE L E N
ETA I L I M P
LDA 0. GRATP
LDA I.OFFST
ADO 0. 1
ETA I . Q R A T P
ETA I .QRA P .00 TO NEIT ROW OF DOTS IN T A B L E
DES ROWP . 3  LINES OUTP UT ’
~~~ LOOP)
JIR S FRET RETUR N TO CALLING PRO GRA M

• ATAS  TAP
RSVP 51ff
SUFP 0
CNT2 0
DA T A? 0
OAT P 0
DATA? 0
VALP 0
GRA IP 0
LINEP 0
DATA! 0

t. . ROMP 0
L I M P  0
GRAD 0
GRAIl 0
LI P 4 L  132
OFFST 10

~~~~
tv 1
00 IT O

S .  P V C ? !  0
ROW 3
VA? 0
SVP SLV. 250

(NO

4 — b i
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MASTER FILE DIRECTOR?
HOLD 03/27/79 12:07:14

$LPT. 0 RAP 03/27/79 12:01 03/27/79 (0000003 1
*111. 0 .~PW 03/27/79 12:01 03/27/79 (000000 3 1
$1711. 0 APW 03/27/79 12:01 03/27/79 (000000 3 1
$TTO. 0 RAP 03/27/79 12:01 03/27/79 (000000 3 1
STTOI. 0 RAP 03/27/79 12:01 03/27/79 (000000 ] 1
$TTP . 0 RAP 03/27/79 12. 01 03/27/79 (000000 3 1
STTP1. 0 RAP 03/27/79 12:01 03/27/79 (000000] 1
$TTR. 0 APW 03/27/79 12 01 03/27/79 (0000003 1
$TTR1. 0 APW 03/27/79 12:01 03/27/79 (000000 ] 1
AIDES. RB UTILITY : AIDES. RB
ASPI. SV UTILITY: ASPI. SV
BREA~ .SV 51172 SD 10/31/78 11.41 10/31/78 (015641] 0
CLO. S’~? FORT4: CLO. SV
COPI. CPI 10 03/27/79 12 06 03/27/79 (015227 ] 0
CONS.FR 256 D 12/05/79 15: 25 01/04/79 (0142013 0
CONS. RD 402 D 12/05/78 15:25 01/03/79 (015572] 0
CR16SCN. FR 2114 0 11/09/70 13: 17 01/04/79 (0142343 0
CR16SCN. RB 3288 D 11/09/78 13: 18 11/09/78 (015705] 0
CR16BCN.SV 10752 SD 11/09/70 13:22 11/09/78 (014516] 0
CR3. FR 2603 D 12/21/78 16:03 01/04/79 (015452] 0
CR3.RB 3882 D 12/21/78 16:04 12/21/78 (015216] 0
CR3.SY 11264 SD 12/21/79 16:05 12/21/78 (016077 ] 0
CR4. FR 2240 D 12/22/78 10:25 12/22/78 (015633] 0
CR4. RB 3256 D 12/22/78 10:26 12/22/78 (015321] 0
CR4. SV 10752 SD 12/22/78 10:26 12/22/78 (0141463 0
CR4SCN. FR 1669 D 11/09/79 10 11 01/04/79 (0156103 0
CR4SCN. RB 2400 0 11/09/78 10: 12 11/09/78 (015313] 0
CR4SCN.SV 10240 SD 11/09/78 10: 14 11/09/78 (014112] 0
CRS.FR 2603 D 12/22/78 10:00 12/22/78 (013060] 0
CR5. RB 3882 D 12/22/78 10.01 12/22/79 (0154253 0
CRS.SV 11264 SD 12/22/78 10:02 12/22/78 (0143763 0
CR6. FR 2697 0 12/22/79 10: 10 12/22/78 (0142073 0
CR6. RB 4046 0 12/22/78 10:11 12/22/78 (015577] 0
CR6.SY 11264 SD 12/22/78 10:11 12/22/78 (014457] 0
CRLNOX .FR 1847 0 11/10/78 08:39 01/04/79 (0154403 0
CRLNOI.RB 2516 0 11/10/78 08:39 11/10/78 (015154] 0
CRLNOI.SV 11264 SD 11/10/78 08:40 11/10/78 (0160233 0
CRN.FR 1883 D 12/13/79 15:29 12/13/78 (014245] 0
CRN. RB 2644 D 12/13/78 15:30 12/13/78 (015715] 0
CRN. SV 10240 SD 12/13/78 15:30 12/13/78 (0145503 0
CRNOI.FR 1530 D 11/10/78 08:17 01/04/79 (015137 3 0
CRNOI .RB 2108 D 11/08/78 12:09 11/08/78 (0147243 0
CRNOI.SV 10752 50 11/08/78 12: 13 11/08/78 (0153313 0
CRSCN.FR 1560 D 11/03/78 09:45 01/04/79 (014637] 0
CRSCN.RB 2186 0 11/03/78 09:45 12/01/78 (0143653 0
CRSCN. SV 9728 SD 12/01/78 09:53 12/01/78 (0147653 0
CRSG. FR 1835 0 12/21/78 08:02 01/04/79 (015047] 0
CRSQ.RB 2512 0 12/21/78 08:03 12/21/78 (014644] 0
CRSG. SV 10240 SD 12/21/78 08:03 12/21/78 (015171] 0
CRSUPI. FR 258 0 11/03/70 12:2 1 01/04/79 (014762] 0
CRSUN. RB 496 0 11/03/78 12:21 11/03/78 (014601 ] 0
CRSU?I SV 9216 SD 11/03/78 12:22 11/03/78 (0151143 0
CRW. FR 2603 0 12/22/78 08.38 12/22/78 (015527] 0
CRW. RB 3882 0 12/22/78 08:39 12/22/78 (0152713 0
CRW. SV 11264 SD 12/22/78 08:40 12/22/78 (0134153 0
DIFF.FR 589 0 12/06/78 14:07 01/04/79 (014544 ] 0
DIFF.RB 838 0 12/06/78 14.07 01/03/79 (014175] 0
EDIT. SV UTILITV ; EDIT.SY
ESAC3.RB UTILITY : ESAC3.R2
FSENY.LB FORT: F5ENV. LB
F510.LB FORT:F510. LB
F5ISA. LB FORT; FSISA. LB
FSMATH. LB FORT: F5PIATH. LB
F5TASK . LB FORT: F5TASK. LB F
FAD. RB 1472 D 10/09/78 08:42 10/19/78 (014273 3 0
FASTNCAL. RB FORT:FASTNCAL . R9
FASTPCAL . RB FORT:FASTPCAL. RD
FBDRVT. FR 5842 D 01/03/79 08: 53 01/04/79 (016127] 0
FBDRVT.MC 97 D 12/22/78 00:28 01/04/79 (0147223 0
F’BDRVT. RB 8372 D 01/03/79 08 55 01/03/79 (015376 3 0
FBDRVT . SV 25088 SD 01/03/79 08: 56 01/03/79 (014303 3 0
FCOM. CM 15 01/03/79 15:28 01/03/79 (015536] 0
FDUNP. SV UTILITY: FDUMP. SV
FF1. RB 2120 0 12/15/78 08 10 12/15/78 C015064] 0
FFT2D.RB 2130 D 10/05/78 17:09 01/03/79 (014604 ] 0
Fly. BV FORT4: Fly. SV
FLOAD. SV UTILITY : FLOAD. SV
FF11. LB FORT4: FMT. LB
FNORM.FR 311 D 12/07/78 13 11 01/04/79 (0146153 0
FNORPI. RB 560 0 12/07/78 11 20 01/03,’79 (014242 ] 0
FORT. LB FORT4: FORT. L5
FORT. BY FORT4: FORT. SY
FORTRAN. ER FORT : FORTRAN. ER
FORTRAN. SV FORT: FORTRAN. SV
FGPF. RB 2819 0 10/16/78 13. 50 10/19/78 (014434] 0
FOPO. RB 674 D 10/05/78 16 20 10/19/78 (014612] 0
FGPXY. RB 3728 D 10/16/78 12. 45 10/19/79 (014626 ] 0
FSYPI RB 1534 D 10/09/78 08:34 10/19/78 (013553] 0
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PT T POR T FTC T X
FT I V POR T ~~C1 V
F I B  V rQRt rycj V
~ T 3 V roo t rtC3 $v
F~ 4 V FOR T FTC4 ØV
FT 5 V roo t rtCS Iv
FT 6 V FOO T FTC6 IV
FT 7 V FOR T FT C ?  IV
FTCE . V FOR T Pt~~ IV
ØBPLT FR 4456 1~ 1*/ 90 .  ~~~ I I )  ,‘$  0% 04 ‘e (~~Y $ i ~~4~ I)
OBPIT NI 64*0 0 * I’90 ’’I U.) J. II JO 8 I0% ~~~I $ )
OIPITX FR P *9 106/70  * 5  * 4  0* 04 “ ( 0 14 J J 1  I 0
GIPLTX .RI 0 *5 01 03 ‘9 I0l~~6l5) 0
0*00 RI 404 P *0i09/7* 09 4’ *0 1~ ‘9 I 0 14 6t 0 ) 0

FR 499 P %V06 / 70 14 (~ 0* 04.  ‘9 I 0 % 4 A J 4 1 0
HA PP RI 010 1) *9’06’7e * 4  JO 0* 03/”  (0 I 4 J 6 6 ) 0

FR 54~ P ‘06,19 14 IA 0* 0 4 ’  (0$5O ~~4 I  0
4~RI RI 946 P IJ ’O , 14 

~~
‘ 0* 0.1/” I0%465J * 0

~~~~~ FR *403 0 *0/31/ 1 ~ 7 0$ ;*34’7~ IO%530~~
) o

MDIV MC 37 0 10/31/7 1J 30 * 1/03/70 10*4374 )  0
MDIV NI 1856 0 *0/ 3 1’ ?  IJ J ’ 1* 03/79 10I507~~) 0
HDIV 1%’ 13319 ID * 1/ 0 3 ’  *5 35 1 * 01/lI 1O*~~~~7) 0
HOCON FR 4*4 P 19,06/71 *4  93 0l 04 ’ T9 10*5069 ) 0
HOCON RI 030 1) 19106/? *4  94 0 l .03~~79 (0*4  5)  0
HBDIV FR 1343 ~3 1I. 03. ’ *0 39 0l’OS i ’9 (0*44 3 0
H$~IV RI 3109 0 * * ‘Q3 ’7 9  *0 4*  * l 03 ’0 1Q14494 3 0
*~svov iv * 3994 90 1* / O 3 i ?  $9 5* II 03. ‘0 10*50*9)  0
IMAQIR PR 235 P 11’0~3’7 *3 94 0$ !04 / ’ 9  1015060 ) 0
IMAQIR RI 4* 0 * * , ‘03 ’ I 94 t * 03/ 0 I *4463) 0

~~~~~~~~~~~~~
1RFA RI P 10F3$/7 * 1  4. O l ’ O . l / ’ V  10* 5* 05 ) 0
LEP O RI FOR T ~~FD RI
LEFt . RI POR T LEV F .RP
IrE IV UtILITy 1FF 5V
LIP* LI V1’LOt (.IM*, I..I
LONO rRACE RI FOR T LONUTRACE NP
MAC PD (JTIL .It’~ MAC PSMAC IV * 1 1 ) 1  13 ’~ MAC $V
MAC*R MV VIII * T ’ F MACXR IV
MAP DR 1999 APWC 09~ 93~ 19 14 .1 • 0.1. . 3’ ‘~~ ( 0000* • I 0
MAPO LI VOLOT MAPP (.1
MATH LI utii i~~ MA tH (- PMHOLQ FR 959 1lfO3~ ‘0 *5 33 0* 04’” 10l35’4J
MHOLO RI 1999 0 *1/03 ‘0 *5 33 1 %  JO 0 OI53U~~ 0
~~4OL0 IV *1400 *0 * 1 90 *0 30 1* J0’ 9 (0*3519) 0
P1*A. T FR 104* P $J 05 ‘0 00 95 0* 04 ‘ ( 0* 54 4 5 )  0
MULT RI p454 ~ 05 ‘0 00 95 *9 05 ‘0 (0*5149 ) 0
MI.A,T IV *0940 ID *9 Q5 . ‘9 00 26 IJ 05 ’’0 *0*6059) 0
NORIE FM *44 6  l(W94 ’ 70 00 44 0* 04 ” 1i1153’31 0
NOtRACE RI PORT NI3tRACE MI
PL.PT R~ 598 0 1l’*5 ’0 IA 1~ lJ~~I5 9 10*4369 ) 0

SM *009 P * % 5 7 IA 10 %. t~ ‘0 ( 0* 4 1* 4 1  0
I*D*t  IV (

~T I L I 3 *  000*1 IV
OYLDI IV % ‘ t l I * T ~ OVIi’$ B’.’
0*06444 FR *013 0 t* 01~~’0 IJ 56 0% 04/’~ (0*5 490) 0
0*06464 MI * 592 * $ 0 * f ’ O  * 56 1l 0 % / 9 (0 * 5*4 3 )  *3P*06444 IV * 4149 0 11 0 % .  ‘0 %J 5? I % Ot i ’9 (0* 5 ’ 94 )  *3PAI~~ A Dv 0 * i ,o~ ,:’p H 15 I1 O ’’O U.)*50 I1)  *3
P*0NORM FR 355 *I 0$~~’9 * 4  54 0*.04 ’’9 (0*5436 3 0
PARNO9M R~ 3*~ 1 * 01/70 * 4 54 *I *39”9 1015159 ) *30A0~~ 0M V $ 5360 o s1 ’09 ’7B *3 0 * 1 09170 (Q15744 3 *3PICRIT ~ 496 *35 00/7 9 00 06 0* ’ * 3 3 ’ ”  10*5364 ) 0
PLOT NI 516 *34 13/79 00 5* (31 *\1’ ’9 (0*4300 1 0
~~LP LI VPLQT rror LI
PPE~~%9Q0 Li VP .O~ rrIPI900 I S
RAND R *92 P 00’.. 1,79 II 04 lI~~*0’ ’ (0* 5 3 * )  0
RAND 8 1*1 0 0 4 . 1  .10 *3.1 ;1 0~~~~4 / ’  1014J04 1 0
0*81. IV VP(OT MAIL V
RAIM IV VOLOT 0*8,1 V
$A*$ IV VPiOT 0*90 IV
ROIC FR 3,9 P 19 *36 ‘0 0’ 9* 0* 04 Yq U)15491) 0
RII. C RI 440 P % 9 * 3~ 0 0, 9% 0) 03~~’ 1OI5% ø ~~) 0
RIL OC FM 443 0 *l’IQ’’O *6  90 0* 04’” I0I5’69 ) 0

0P 764 ~ I0’94 ‘0 II .34 II J0 ’P (015346 1 0
AQAU8 FR *99’ 0 00 J~~,’9 I~’ 4’ .~ I I 06 ‘0 10*5*00 ) 0
R~~AVR Ni A3~ U *39 i39.’’O t~ .1*3 I I  ~*t’ ‘0 (0l46~61 (3
0( 00 0* V f l % I Y ~ M(~~~ *3’OtON s’. V t I L It *  !*LI’A 0’.’
00*01. IV YPLOT 00*91 9’.’
ROASM I’.’ VPLOt 00*014 Iv
00*00 IV YPLOT NNAI* . IV
SCRAM FM *648 0 I)’0~~’’P * 4  .1* 0* 104  ‘~~ 1 0 * 4 6 % ’ )  0
ICRAPI NI 9396 0 II 0’ 0 4 .1* II 0’ 0 ( 0 14 4 5 4 )  *3ICRAM 9V *1174 ID 1* 0 ‘I % 4 19 II 0’ ‘9 1* 3* 4 34 ) *3•D~~ 05 9494 0 *0 43/71 * 4  * 4  tO J.3 ‘I ( 0 * 4 4 4 4 )  0
IPEFO RI 404 1) 10(0* 171 0’ 4,1 I O i l V  O 1 0t 4 5 ’ A l (3
IHOOTOTIM MI FONT. *P400TRTIR 41
SOO T LI V~ L0t lOO T LI
SORT IV VPLOT 9001 8’.’

V Ut ILtt ’* LI’ I’.’

J~
JfD Utlil t? ~FP ER

V J’13* ARW OV (3 ~‘ “ ‘9 I. 0* 0.119’ ‘ I00 ’..’~ .~1 *V .1  V T * L I T 3  V II
LA IV VOLOT TI 1 1’ MV

YRAIL IV vrL.Ot V$*9I 8’.’
YRAIPI IV V?L Ot VOAIPI 9’.’
VRAU. IV VPIOT V RAOM MV
N L~ F~ A l t  (~ l 9 - * ~ .0  09 .19 O * ’ O ~ ‘ ( 0 * 4 5 * 3 )  (3
w L~ NI P 1J OA ’ ’9 09 0% 03 ‘ ( 0 1 4 * 4 * )  *3N LMC ~N !~4 P tO  3* ‘P 13 90 0% ‘ (O$4a?~~) *3
N LR~ . 0I j%!4 P l.’ 3* ‘0 *~ 30 II U’ 0 (O144~~~* *3

EP IV tjl fl ~~* ‘ .  10F F 0’.’
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DX 33980 D ~LIST OF DATA FILES ON TAPE
F L OlO 33200 0
F 104o 33280 0
~ t54~ 33280 0

33280 0
F94J9 33280 0
F292%3 33280 0
F2832 33280 0 These files are four point images at theg specified coordinates. They can be read
F3232 33280 D using IMAC.ER—SV for grayscale plot or by
F3~’D/. 33280 D SUBROUTINE SDEF (in file IREAD ,FR) for

33700 0 input into memory .
F3b3~ 33280 0
F3o3o 33280 0
F4032 33280 0
r ’*o ic 33200 0

33200 0
95 0

Ft ~~~~ 33280 0
F F L U4O 33280 0
FF.c,3~.. 33280 0 

4~~ 33200 0
3~l280 P

-
. 33~~~~ 0

33290 0
33280 0 Th ese I l i t ’ s are F o ur l v *  t r ans fo rms  (~ I~ tilt’
33280 ~ above t t ie s  . They t a n  b1’ read t n t  o rnen~o * V

~~ g u st n g  RBLC , or TRi .~ C subrout ines .
33280 0
3~~ 9Q fl
33280 0

r~ * .,‘~u 33280 0
33280 0

~F L N 0 I~ 3~’*280 U
F~ r 1A*~~N. 33200 0
F T M A ’E W  332t30 D
~i 1I~ FORT - FLID.

~LN~ tJ .33280 0
33280 0

t-LNIJI2 33280 0
FLNOI3 33280 0
F]IcEF 1 .33290 0

33290 0
rIlPEF3. 33280 0
~MREF4 33200 0
~~u FF5 33280 ~ ‘l’hest’ I I i  t’s a t t ’  Fout  I. ’ t t r~ us form s e I
FtIREFb 33280 0
*-MREF7. 33280 o n oI s e  files.
FMREF8 33290 0
FN0IS~ 33200 D

33200 0
FNO IS F2 33280 0

).1 ’OO 0
33280 0

FNO ISES 33200 0
33200 0
33290 0
33280 0

F TI ( 3 % 33280 0
FT ID2 33280 0
P1103 33200 0
MkP2O2.) 33280 0 4 6 4
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IiRP4O25 . 33200 0
HRP0INr. 33290 0
r4RT4025 33290 D

. 33280 0
1MAOEN 33280 D
IMAGEW. 33280 ~ 

mage o

LLM Lb . 33280 0’

LIMJ2 33280 0
J LLft~4. 33280 0 ’

LIr ’,R 33280 0
LN L b 33290 0

r LNLd.  33280 0. LimIted Random Noise f i les , read using
LN2O . 33290 0 IMAGER or SUB SDEF.
1.N22 33280 0’
LN~ 4 33280 D
Lt.42.. 33280 0
LN~9 33280 0
LNJO. 13280 D’

33280 D
LP T 6 H L 33290 0
Lt~’)eH2 33290 0
hr4L)t 0 50 0
~~~~~~ 33280 0
MREF2 33290 0

33280 0
f1MtF~ 33200 0
MR~ r5. 33280 U
MPEr6. 33280 D

33200 U
33280 0

NOISE. 33290 0
MOISEI 33280 0
N0i~~El0. 33280 0

Random noise scenes , read using IMAGER or
i~0TS~~i3. 33290 0 SUB SDEF.
h~ij I C~~ j 4  3i2~0 0

33200 0
N01’~Et’.. 33280 0
‘JOTSC2 33200 0
N018L3. 33200 D
N01’iE4 33280 0
NOISES. 33290 0.

~~%~ 8O P
p I~0TSF 7 31”UO 0

33290 0
NOI~ E9 33280 0
P0527. 33280 0.
P1010. 33280 0
P 1535 33290 0
P153a 33200 0

33290 0
33280 0

P163a. 33280 0
P16141. 33290 D

1 - ~~~~~~~~~ 33700 0
P1~~rI4. 33290 L)
P 16148. 33280 0
PIHIa. 33280 0
PIH8 33200 0
P2020. 33280 0 Single point images, read using IMAGER or SDEF.
P2331 33280 ~P2540 33290 0
P3t~30 33280 0
P33 1 3 33280 0

13730 0
33280 0

P402~ 33280 0
P4o4~ . 33280 0
P4313. 33280 0
P4315 33280 0 4—65
P4117 33290 0

1... P4h1 J3 2~ O I)
P41416. 33290 0
P4142. 33290 D
04144 . 3323Q U



.. . .-

P4P$$ 33280 0
P50~ 0 33280 0
P6060 33280 *3
S2824 33280 0
82828 33280 0

33280 0
S28’%6 i 200 0
S284U 33280 1)
9322 4 33280 0
‘.J 1 ‘ ,z ~~~~~~~~~~

33280 0 lb point lmages *
33280 0
33290 0

S3, 44 33200 0
93624 33900 0

~~~ 13200 0
31:’00 I)
33200 0
33280 0
‘22’10 1)

t.. ’ . p~’ ~~~ I ‘4)I ’

J,J A.fl.d 4)

~CF.~ ’ .~ 33200 0
SCi~~li~~ 33280 0

33280 0
SCRAMIS J32b0 0
SCR AMI6 31290 0

~CFAM ’ 33200 D Random noise  Images
I .) J.~ 1() 0

~CRAM4 .33280 U

~CRAri 3 13200 0
Si. hM~~~~ . ~~~~~% 8 Q U
‘,-u ~~~~~ 33280 *3
sc*~AMe 33280 0

33200 P
30.~~ t 332*30 0
S~ 322 ’a 33280 0 ~ Square  Images *

~~~ ao o J
J3~~~Q I)
33280 0

TAN 135A 33280 0
TAN I~~ ” 33280 0

33~ 80 U
Tank images , number  j~~ f

.
~ lename Is

33200 0 O~~ I enL* t ion . Ex TAN 90 is  t 811k a t  90°
33200 0

tAN~ 45 33280 0
0

TA~a’ . 33280 0
TFLI!J FOIU T F L I U

112Cw1

* 1*3..’ jJ,.. ’aJo U
110* 33280 0
1104 33280 0 Tank [ .0 .  I l ies  

_____

1105 33280 U .
~~~

TX l’~ 
33280 C. P L O t  ~~~~

33280 0 _____

1’11L2 +2 J
W82 i’~~ ’i ii~ o 1)ummv * 1  leS *
w . t  *3 1’lD3 [ +~jWC 2 33280 0 _____

*Read us ing  IMA GER or SUB SDEF (In 1READ . FR). J
4—Mi
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APPENDI X A

I FEATUR E EXTRACTION BY HOLOGRAPHY

‘.~e are presented w i t h  the problem where we wish to use a hologram to d i s t il l-
4 gu i sh  between two si m i l a r  re fe rence  p a tt e r n s , P 5(x)  and Q b (x) . Because the

p a t t e r n s  are s i m i l a r , we may say they are p a r t i a l ly corre la ted . We may a l so

r express the s i m i l a r i t y  by saving the two pa tterns share a cot~ ion subse t .
the measure of s i m i l a r i t y  of the two p at t e r n s  is given b y the co r re l a t ion
coeff icien t :

I , P (x)~~ (x) dx
C b 

i ’ 2 
(A—i)

~~~~~ 
(x) dx~~~ (y)d y

1.
In terms of the Fourier  t rans formed p a t t e r n s  we may w r i t e

*

1 R (~) Rh l~~
) d~.

c ‘ (A — f l
ab ,. ~ .

R~~ d~ . 
. R~~j d’~

We recognize t h a t  ! R I  and Rb I~ are constan ts , by condition oi the

I expe r imen t .

The num era to r  of Equa tion A— .! can also be recogn ized as the integra l ever a
con s t a n t .  The argument for  this  is as fol lows : Recons t ruc t ion  of a hologram
made by r e fe rence  ~~1(x)  depends on the similarity of r e c o n s t r u c t i o n  re fe rence

~h( x~ . the S imi  I a r t  t v ma’.’ he denot ed by the  c o r r e lat i o n  be tw een  t h o s e  t~~e

f un c t  tons , I f  we t r e a t  the f u n c t i o n s  as vec to rs  ~n a space spanned 1w the
independent  v a r i a b l e , x . we may represen t  the pro. ’ess as in F L g u r e  A — i :

~~~~~~~~~~~~~~~~~~~~

M0N

\ ::R:oGoNAL

FIGURE A- I .  VECTO R REPRESENT ATION OF CORRELATION

~
t”— I

~
I 

~~~~~~~
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We see t h a t  ‘~h may he reso lved  i n to  two vectors , ~lne vector lies a1on~ t h e
o r i g i n a l  r e f e r e n c e  and is the cor r e l a t e d  p a r t  of We can , i r h l t r a r j l v  d e f i n e
th is correlated vector as the subset of 

~b 
which is c oirinon t o  both  p 5 and

The other vec tor which is a component of 
~b 

is orthogona l to p 5 . Thus, in
the reconstruc tion process we have a term like~

= 
~~conm*or~~~a ~ O orthogon ~~~~I a )*.~

(A— I )
- ( cons t an t )  x ~ + (noise~~~

We get the r ecop i s t  ruc t ion because øCOfl*flOfl~~~a must  meet the  r e c o n s t r u c t  ion
c on d i t i on  of being delta l ike . This means that the Fourier t r a n s to r m  of t h i s
term must he a constant. We can therefore write :

~~~c oiu~~~ ~~ 
+ 
~orth~~

’
~~5~ ~~~~

Rcom Ra + Rorth R (A-~4 )

thus  , ‘e may wr  I r e

*
R R — R R c o n s t a n t .a b  b a

Since we have integrals over constants , t h e  a r e a  i.n the  recording cance l s  out
from the n u m e r a tor  and denomina to r  of E qu a t  ion A— .’ . Thus , I quat ion A — . !  is
~~~~~~~~~~~~~~~~~~ tO

*
R R R Rh h 

, a — c o r r e l a t i o n  c o e f f i c i e nt  between a + b
ab , r~ Ra b a

t h e  c o r r e l a t i on  between the  two .~i ml l . i r  r . l t t e r n s  -‘ and may , b’ at~ a’~I’ro-pri ..*te t w i s t  of E q u a t i o n  A— t i , be p i l l  t o  u s e,

Suppose we wish to form .* m u l t i p lexed hologram such ~i ij t  a d v e n t  of the  r e f e r -
ence p a t t e rn  

~~~~ 
w i l l  cause a u n i q u e  r e c o n s t r u c t i o n  of  the as so c iat e d  oh~~ect

n a t t .orn :~~ . S i m i l a r ly , 
~b 

will reconstruct only 
~~~
,

An ordinary multip lexed hologram wil l lead to a false reconstruction. For
examp le , the hologram

H = R S  + (A—il

w i l l  produce  the  o u t p u t

R • R S R R 
‘
~S ( A — S I

a a a a b  b

A — . !

-..~~~~~~~~~~~~ -— — — -~~~~
-
~~~
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1
,

, I
when th. reference 

~a 
is incident. Equation A—8 may be int.rpr.ted, with the

- aid of Equation A—b as:

R H • IR hS + IR H R b I C Sb Sb (A— 9)

We see that the unwanted output Sb is reconstructed in proportion to the degree
of correlation betw.en P and p

a b

U, howeve r, we make a hologram which includes subtractive terms it becomes
possibl. to cancel the fa l se reconstruction.

Such a hologram would take the following form ::~ H - R5 S
5 
+ - k

1R.0
*S - k

lR
*Sb (A-l0)

In Equation A—lO k1 
and k

2 
are constants. We evaluate these constants by per-

forming a reconstruction. Thus, with P incident we get the output

2 * * 2
Ra

H — ((R i - k
1R R ~, )S

a 
+ (R

5% 
— k2IR C I )S

b (A— il)

i I I f k~ is adjusted so that there is no outpu t of the false reconstruction , Sb P
i t  wilt take the value:

R R ,
0* (Rb I

= 
a 

2 — — Cab, by Equation (A—b). (A—l2)
- (R ( R I

I 
, By a s3~~ etr1cal exp:riment we find that

*
I R R .
I k = a o  (A— I3)

I R~~I~ ~ç ab

I . gives no output of S when reference 
~b 

is incident.

i i

L

A-)

_ _ _ _ _ _ _ _ _ _  
_ _ _  _ _  
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___________ 

~ ~ _&l1.__ a~



- -~~~~~~~~ ~~~~~~.- 
~~~~~~~~~~~ .— — .

By proper adjustment of  k1 and k~ the hologram may be tuned to give unique
outputs when either of the two reference patterns are introduced . There is ,
however a penalty: Th. desired reconstruc tion is somewhat reduced . To see
the magnitude of this •ffect we introduce Equations A—1 2 and A— I into the
reconstruction Equation A -Il . The result is

R H - ~R - 

(RR
b
) 

s * 
- 

R R
b IR ~ 

(A-l.aa a (Rb
( b

— IR Vo~ — c ~‘ts] (A— lS ’h
a a ab a

Similarly,

Rb11 — !Rb (
.!(l - c b ’l S b ( A — l t ~

in the treatment of the correlatfon as a geometrical process , the correlation
coefficient is simply the cosina of the angle between the abstract vectors

and ~~~~~ We see from Equation A— 15 that the reconstruction is pro-
portional to the square ot the sine between these two vectors.

~h a t  is • ~ the  re teretice funct ions are ortho~o.:a 1, he r e c o n s t r u c t  Ion w i l l  l’e
m ax ima l ,  Another war of interpret lug this is to say that only the orthogona l
(u n c o rr e l at e d ~ por t ions  p a r t i c i pat e  as r e f e r ences  in the  r econs t ruc t ion .

the process out l ined above is analogous to the ~ ram— Schmtdt o r th o g on a l i z a t i o n
procedure f a m il i a r  from ma themat ics .  Uowever , there is the su b s tan t i a l  differ-
ence tha t the orthogonalization is v i r t u a l .  the reconst ructed  p a t ter n s  do not
need to he orthogona l and no phy s i c a l  r ota t ions  ot the ret er ence patterns take
place.

the *b i li t v  of the hologram to per form or th ogonau izat ions  on sets of p at t e r ns
shows that its power in pattern recognition is substantially greater than
previously suspected .

A-”.
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APPENDIX B

E X I S T E N C E  PROt1F

Our pur pose’ here is to show that a mul l ip lcxed h o logr am nuv he t ormed t ron two
separ at e  sub j ec t — r e  t erence  p.i i rs  in 5U¼ ’ h a ~~~~~ t hat to ~‘ons t rue t ion ot e it her
sub led w i l l  be f r e e  of ~‘rossta 1k and ot h e r  c l u l t  or .  I n  pa r t  I cular , it w i ll
he’ shown t ha I this is possible eVen when t he’ two ref e’r e’nce p at  t e  m s  a t  o h i g h 1 v
correlate’d

We st .tr the proot hr establishing two ret e’rence palt e’rns H1 (~ and K . j .

Each o t t hese’ patterns are’ broken up into t ~~~‘. subsets. One of the subset s  w i l l
he used to  re’cons true t t he ’ associa ted s u bj e c t  • and t he’ o t h e r  w i l l  dan ce ’  1 out
the crosstalk trom the other  ho l ogr am 01 the’ ensemble.  Thus , we write:

K
1 

— R~ + H
1 (H— fl

K , K ’, 4 H ,

Here ’ we’ have des igna ted  Rj  as t h e’ s u b j e c t  recons t r uc t or and R 1~. a~ t h e  subset
w h i c h  cancels  t he’ o t t  ee ls  of par Ii a t  cor n ’ t at  ions bet we’en RI and K ’ . S m i  l a m
det  i ni t i o ns  hold  f or  t h e’ division ot K ’ . .

In fo rm ing t he’ he leg am we’ p a i r  H 1 wit h a s u b j e c t  
~ l at~d K ’  wi t h S * We assume

adap t  at  ion accord ing  to feedback p r inc i p les  disc ussed in th~’ main t e x t  . Thus
the t e rms  in t h e ’  mu i t  i p le’xe’d ho logram v i i i  r each an equi  1 iht’ i urn s t a t e’ ro sen—
hi  lug t h a t  ot  Equation B— . We may w r i t e  t h e  mu lt lplexed hologram as the’
s u m mat i on :

H = +

In o rder  I or  , i l 1  d i es  st  a 1k t o  he cance ’ Ii e’d , t h e  ceu~I it ions

R 111 = S
~

and

R ,H — S .

mu st  he 5.11 1st i t ’d .

Then , us tug  t he’ di’ t I nit ton H— I in F~i u.~ I ton H— ~
., Vt’ ge’

R
1
H — (H; + H1 )  (S

~ S

.) — + R 1 11

_ _ _  _ _ _ _ _ _ _ _ _ _ _  . 



Br con st r a i n i n g  t h i s  r e su l t  a cco rd ing  to  Equal ion H— .4 we’ must have

H ’ S ,
H — O

K ) Ic

3y a similar argument we der ive’:

~~~~~ + R , H = 0
H

1

I t  we el iminat  o H between Equal ions B— 7 and B— 8, we t I nd

H S
1 

— 
i~ I

H’: 
R ,S ,

on

R~ , R
1 8 1

— ‘K 
•‘ 

5 ,
- \‘ “ -

Ne’xt we subst Itute’ Equa tion B—it )  m It’. H—~ to get:

H + ; I ‘i ’ ’

Fa..’t er in g  te rms , we h ,tvt ’:

H - ~ {\
s l R~(. + JR 1 ~.]

Br a svmmet r teal den t v a t  ion or hr e’mp l ov i n g  Equat  tens H — i  0 in  H— l -
, 
, we’ can show

that H also t . i k e ’s the ’ f or m

~ 
fs ,

H = 

~~ ‘
~~ 

[ s 1 R~ . + IR i
S
1] 

lB- I ‘~

N ~~~~~

—
~~~~

, —-.-- - ‘--- 
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We can t e s t  t h i s  ne’sult by a t t em p t  l n.g a rect’.nst nu ct  Ion . Playing the’ i’ e t e ’re ’nce
ot Equat  ion B—i th r ou gh  the hologram of B— 12, We’ get

R
1

H = (H ;  + H 1 )  ~ J2 . [~ 
~1R~’~ + K 1 S . ]

;s 1 5 ,R
H H — / ~~ ‘ IS K ’., 4• I 

— 1. + H ,uK , 
~~ 

1 .~~ K it
~ .c \ . ¼ ’

,S S ,R 
-

— ~ I ~ K 
+ H

I Ot  Us e’Xatfl t lie’ the t o mm K 11. Br equat ion B— we have:

K ’S ,
- - 

~~~~~~~ Ib— 1

insett tug H— tO tute B—i we hare

1K S S ,
K 1 , it — — ~~~ .‘

¼ 

~~ .‘c

thus Ve’ s Ot ’ , ac co i’d tug to B— I S t t the I as t two ~-‘rms in B—I ~ anc o I * Tb I s
l eave ’s t lit ’ des t r o d  re’su i t :

K 1H — S~ lH— i~~

lIr a simi tar argum~’nt we’ can a l s o  show that

R ,H - ~b- .
‘
t~~~

What we har ’ done’ here’ Is to demon st r a t ’ t h a t  t h er e  at’ ’ no p a t ho l o gi e s  mi ’qii t t’~ d
¼’ term a hologram whi c h w i l l  resti it  in  t be ni ’t’onst i- nc i ens .‘.t  Fqu at  t en s  B— I

and B — 0  . An imp or t an t p o in t  t o  nott’ is t h a t  t h i s  r e s u l t  is on l y  p~’.ss lb t o  i t
t h e ’ hologram is termed I ron rat los ot sub j ec t s  and re t  e t e n c e s  . I’h i s  Imp lies
a new t \ -pi ’ of e’.rt llog~’.i%~%i i:at Ion plt ’.dI’ss 15 0~’.i’t ’~l t  ly e’ ht’i’t’ , I t  is tiOt d
.11 this t tine • t h at  t h e  re’su I t s  can be’ ~~‘nei-a i i :t’d to mu It I Pt OX e’nse’mh los  ,‘o n —
s ist  t n g  of t h r e e ’ or mor e’ subhotogi’ .ims.[

1’ B — i  

. - ~~~~~~~~~~~~~~~~~~~~~~~ 
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there are interesting synenetries that come about when it Is assumed that the
cancellation subseta of the two references are in fact the mutually correlated
(or coimson) portions of these two patterns. Then we have

H — H — R (B—21)ic 2c c

Then the first simplification comes in Equation B—b , which produces, after
cancellation of terms :

- (S-22)

We get the second simplification by eliminating R~ between Equations B—? andB—8. The simultaneous solution of these two equations leads to

R~ (H1 
H,, H2 — S

1S2
) — 0 (B—23)

it is to be nonzero , we must have

S S,,
H — /~ —j --— (B— 24)

“-I lc 2c

in the case where R
1 

equals R
2~ . 

Equat ion  B—24 takes the form

,,,JS 1S . )
H — — -j

~
--’ (B—25)
C

in the very special case where = — S we have:

(B— 26)
C

Thus, the basic ratio form is preserved throughout all these processes,

J
B—4 -‘

I
- ___________
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