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Preface

This work attempts to provide the solution to a problem

first identified by Major J. W. Carl of the Air Force In-

stitute of Technology, School of Engineering . The basic

problem wa s to design and imp lement the sof tware necessary

to allow two-dimensional linear filter and two-dimensional

Discrete Fourier Transform (DFT) to be performed on an

existing minicomputer-based image processing system . With

the addition of the routines described in this thesis,

true linear filtering of images is now available on the

DICOMED Image Processing System . It is hoped that with its

filtering capability , and with its 64x64 DFT capability

that this new image analysis software will indeed provide

a useful analytical tool.

I would like to take this brief opportunity to thank

the people without whom this project would have been vir-

tually impossible. Thanks to Captain Fred Barney for his

making the DICOMED equipment available and for his patient

explanations on the intracacier of same .

A special thanks to my thesis advisor, Major Carl for

his saint-like patience and profound guidance during some

very trying times. And lastly, but by no means least,

thanks to my wife Maria for her typing the thesis rough

draft arid for her inspirational moral support.

Dennis A. McCaugh

ii

~

-
“ 

~~~~~~~~~~~~~~~ 
— — - — .

~~
- — — — — — - .

~
--- - - -—-

-~~~~~~~~ ~~~~~~~ - -. ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - --~—~~-~ .~~~ — . ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.. -  —



I
Contents)

Page

Preface . . . . . . . . . . . . . . . . . . . . . ii

List of Figures . . . . . ... . . . . . . . . . . iv
Abstract . . . . . . . . . . . . . . . . . . . . v

I. Introduction . . . . . . . . . . . . . . . . 1

II. Discussion . . . . . . . . . . . . . . . . . 3

A Question of Image Resolution . . . . . . 3
A Question of Aliasing in Digitized Images 4
The Question of Linear Filtering Implmen-

tation . . . . . . . . . . . . . . . . . 6
The Question of Operating in Two Dimensions 8
A Question of Power Spectrum Thresholding . 10
The Question of Images and Image File Gen-

eration . . . . . . . . . . . . . . . . 12

III. Laboratory Hardware and Software . . . . . . 13

IV. Results . . . . , . . . . . . . . . . . . . 15

V. Summary and Recommendations . . . • . . . . 16

Bibliography . . . . . . . . . . . . . . . . . . 17

Appendix A: Program User ’s Guide • . . . . . . . 18

Vita • . . . . . . . . . . . . . . . . . . . • • 66

iii



I

List of !~~ ures

p
Figure Page

1 Sample Images . . . . . . . . . . . . . . 15

2 User Specified Filter Impulse Response . 25

3 Flowchart . . . . . . . . . . . . . . 26

4 Program Bubble Chart . . . . . . . . . . 39

i

p
iv

~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- Abstract

A FORTRA N program is presented that will interactively

prepare digitized images (pictures) for experimental analysis.

The digital preparation includes the ability to Discrete

Fourier Transform (DFT), Inverse Fourier Transform (IDFT),

threshold image power spectral density , and to perform two-

dimensional image filtering . Further, a brief discussion

of image distortion measurements, optimal image size for

experimental presentation, and image aliasing is provided .

A sample of typical processed image results is also supplied .
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1

AN INTERACTIVE ANALYSIS PROGRAM FOR

A DIGITAL IMAGE PROCESSING LABORATORY

I. Introduction

There currently exists, located in the Air Force Avionics

Laboratory, image processing hardware and software capable

of digitizing and performing limited statistical calculations

of pictorial imagery . There also exists a requirement to

perform cer tain image processing wi th this equipment in

preparation for a visual experiment. However , the software

needed to conduct the processing did not formerly exist.

The types of computations needed to perform this processing

. and analysis are well—known . But these computations needed

to be developed in software and implemented on the particular

• small computer system that is available .

The image processing functions that are needed include:

two-dimensional linear filtering , calculation of a two-dimen-

siorial image power spectrum, ability to specify a threshold

for this power spectrum , and the Mean-Square-Error (MSE )

and Bandwidth (Bw) of an image constrained to occupy only

those frequencies at which the power spectrum is above a

specified threshold . Additionally, it is desired that

these functions be interactively controlled and specified

to the program during run time.

The problem is to develop and provide a software pro-

gram capable of accomplishing the above functions, and still

1
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be compatible with -the existing equipment. Additionally,

part of this thesis work. is to determine what is the minimum

size of picture digitization (e.g. 64x64, 128xl28, 256x256)

that will produce pictures suitable for the experiment; that

is, a picture that creates an image of no less quality than

30 lines per 1° of visua l angle subtended during viewing .

The picture digitization will also impact on the computer

resources needed to perform the filtering . The experiment

currently calls for the use of up to 24 different pictures.

These pictures are available in positive or negative form ,

and have been digitized (2048x2048) and stored on magnetic

tape. The sampling resolution may also cause image aliasing

problems, and this effect must also be discussed.

The material presented in this thesis follows roughly

the same order as discussed above. Chapter II discusses the

constraining enviro nment, its effect on program development,

and the digital domain for imp lementation of the required

functions. Chapter III briefly describes the laboratory

hardware/software and the f ina l  project software. Chapter

IV presents a sample of processed image results, and Chapter

V closes with summery remarks and mention of area s for

future work. The appendix contains a program user ’s guide

and complete program documentation.

S
2

__________ ____  ______ b
t I - - — — ——- w - _ 

— —-- -,--— —.. - ~, • - p ~~~~~~

— _~~~~~ -_ ________________



II. Discussion

During the development of the image analysis program ,

several important questions had to be answered . The answers

to some are rather straight-forward; the answers to others

were influenced by answers to previous questions. The

answer to each question, and its impact on the design of

the image analysis program is presented in the section that

follow~ . After reading these sections, it is hoped that

there will be clear understanding of the program constraint

enviropment.

A Question of Image Resolution

The requirement exists to conduct visual experiments

with pictorial presentation to human subjects. The images

should fall within the subjects ’ regions of foveal vision;

that is, the images should not exceed a visual angle of 2

degrees during viewing . In discussions with (then) Captain

Larry Goble of the US Air Force Flight Dynamics Laboratory

at Wright-Patterson AFB, Ohio , the point was made that the

industry standard for images on graphics and television

displays is a twelve-inch square picture viewed at a distance

of thirty inches with a resolution of no less than sixty

lines per inch . It was also decided that this should be the

resolution standard for the analysis program. After some

basic geometrical calculations, this work s out to be 30

lines of resolution per 1 visual degree (vis). Additionally,

the experimental displays require that each visual presentation

3
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consist of two different pictures placed side-by-side . Con-

sidering the overall limit of 2° vis vertically and hori-

zontally, this means that for square pictures, each picture

can only subtend 1° vis.

The answer to the question of image resolution is that

each picture , in order to subtend 1° vis , must be 1/2 inch

x 1/2 inch at 30 inches distance from the viewer , and each

picture must have a minimum of 30 lines of resolution both

horizontally and vertically. Imagery of this quality is

obtainable through the use of the laboratory DICOMED image

processing equipment. It should be noted, however , that

the requirement for number of lines of resolution increases

when considering the question of aliasing .

A Question of Aliasing in Digi t ized  Imaqes

The DICOMED image processing equipment digitizes a

given picture with a sequential horizontal  scanning action .

It begins at the top of the picture to be digitized with

a horizontal scan the width of the picture. It then proceeds

incrementally down the p icture wi th  successive, picture

width, horizontal scans until it stops at the picture bottom .

• Both horizontal  and vertical directions are discretely

sampled with an adjus table  number of samp les per picture

widths (independently chosen in each direction) . The result

of this scanning process is the mapp ing of the entire p ict ure

into a MxN matr ix  of M~ N discrete p ixel values , where M and

N are both powers of two . In this application, M was equal

4
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to N. For the DICOMED machine, the value of each pixel can

be any one of 256 gray scale levels, from white to

black (0008). When referring to the resolution of this re-

sulting digitized picture, it is said to have N lines of

resolution , with a sampling rate of N (where N=21’).

The answer to the question of aliasing can be found

by referring to the Nyquist sampling theorm (12:68). Re-

stated , it simply says: to eliminate spectrum aliasing in

the discrete domain , sample at a rate greater than or equa l

to twice the spectral width . Therefore, for the previous

case of an NxN samp led image, in order to prevent aliasing

after discrete Fourier transformations , there must not be

any spatial—frequency content above ~~ . cycles per picture

$ width . The experimental requirement is for a minimum of

30 lines resolution per picture. This means that a digitized

picture with this resolution can display up to 30 full os-

cillations (cycles) betw-cn white and black per picture in

either the horizontal or vertical direction. Therefore ,

the display resolution criterion is satisfied if ~~ 30.

Since a DFT/FFT computer algorithim (discussed ‘dter) will

be used to transform into the Fourier domain, and powers

of two run fastest in tLa t algorithim , and since the DICOMED

image processi.nq system samples at powers of two, a sampling

rate of 64 was selected as the minimum convenient value that

N can have and still meet the display resolution criteria .

This requires a 64x64 digitization of each iiragc to be pro—

cessed , and insures that, at this dig itization level, the

5
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resolution liriits of human observers will be met under the

cited viewing conditions.

Now, to insure no image aliasirig , it must be guaranteed

that there is no spatial frequency, in the image being trans—

• formed , above 32 cycles per picture width . To provide this

guarantee, all 64x64 digital images used in this work were

derived from pictures sampled at a rate much higher than 64

samples per line . The original pictures were first digi-

tized into 2048x2048 images. Then by considering 64x64

blocks of 32x32 pixels , each 32x32 pixel block was averaged

into one pixel value . The resultant averaged pixel values

produce the required 64x64 digital image . In essence , this

procedure performs a two—dimensional , digital low-pass f ii-

tering operation on a picture that may contain spatial fre-

quencies of up to 1024 cycles. Althoug h this type of low-

pass filtering results in a ~~~~ form for the filter in the
x

frequency domain, and such filters are not particularly good

in the stop-band of the filter (considerable side-lobe struc-

ture), these effects were ignored since relative ly low

spatial frequencies are anticipated in the original pictures.

This procedure is essentially a digital simulation of the

low-pass f i l t e r ing  operation necessary to avoid al iasing .

The Question of Linear  F i l ter ing Implementation

The funct ional  requirement  for linear f i l t e r i n g  implies

spatial convolution of the form (l0~4~4cp : 
~~

y ( n 11n 2 ) = x ( n 1, n 2 ) * h ( n 11n 2 ) = 
____  

x ( m 1,m 2 )
m 1=-OC m2 =-OO

h(n1—m 1, n2 m2)

6
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where y (n1,n2) is the output image result of the x(n1,n2)

input image that has been filtered by a linear filter with

an impulse response of h (n1,n2). As noted by Rabiner and

Gold (Ref 10), this calculation in the spatial domain with

images is not usually soluable in closed form except for the

most trivial filters. However , a more tractable form of

this convolution equation occurs in the frequency domain.

It is well-known (Ref 8) that the convolution equation takes

the form:

• Y(k1,k2) = X(k1,k2) 
. H(k1, k2)

where Y(k1.,k2), X (k1,k2), and 1L(k1,k2) are the Fourier trans-

form coeff icients  of • the image output , image input, and

image f i l t e r  impulse response respectively. Now, the filter

computations become readily manageable and almost trivial .

They simply involve multiply ing each Fourier transform

coefficient of the input image with each respective Fourier

transform coefficient of the impulse response of the filter.

The result is then inverse Fourier transform ed back into the

spacial domain as the resultant linearly filtered output

image.

The transfer function furnished for the linear

filtering process is given as a one dimensional equation.

Before it can be used to filter an image, however , it must be

converted into two-dimensional form. It has been shown by

Huang (Ref 6) that a good circularly symmetric two-dimensional

linear filter can be obtained from a good one-dimensional

7
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linear f i l te r  via the relation:
-p.

H(k1,k2) = ~ (~/k1
2 + k2

2)

A -
where H is the one—dimensional fa l ter impulse response at

the appropriate frequency values of k1 and k 2 . For the

situation involving the previously cited 64x64 image matrices ,

this requires Fourier domain frequency values (k11 k2), along

both the real and imaginary axis, ranging from -32 cycles

to +32 cycles. Due to the circular symmetry of the filter,

only one 32x32 quadrant need be calculated from the equation.

Once calculated , it is appropriately copied into the other

three quadrants of the filter matrix. A more complete ex-

planation of this operation appears in Appendix A.

The Question of Operating in Two Dimensions

• The most obvious problem of processing in two—dimensions

is simple: it takes longer, and uses more computer memory.

For the one-dimensional case, the discrete Fourier transform

of a sequence of N samples takes N
2 
complex addition arid

multiplications; in two-dimensions, it takes N4 operations

by brute force. For the one-dimensional case, the f i l tering

process in the Fourier domain requires 2.N complex coeffic-

ients to be stored in computer memory; in two-dimens ons

2.N
2 complex coefficients must be stored. To help reduce

these increased requirements associated with two-dimensional

processing, certain processing modifications were made.

First was the implementation of the well-known (Ref 8)

8
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Fast Fourier Transform (FFT) technique . This reduces the

number of addition and multiplications from N4 (64~~=16 , 77 , 2l6)

to 2N Nlog 2N ( 12 8 .6 4 .6  = 49,152), a reduction of over 10

to 1. The program implementation of the FFT algori thim is

via the FORTRAN subroutine called FOURT. It is a program

written by Norman Brenner from the basic program by Charles

Rader of MIT Lincoln Laboratory. It is a very versatile

program , and o f f e r s  more options than are required for the

part icular  image processing application. But its very

versati l i ty was the reason it was selected, as it will allow

calculation of odd sizes of FFT ’ s for images other than the

present 64x64 size.  A more complete discussion of FOURT

appears with the program listing in the appendix .

J The second modification was to use disk f i les  to store

the image s and complex FFT coefficients.  In the existing

IPS/DICOMED image processing systems each complex number

occupies 4 words of storage. For one 64x64 FFT coeff icient

matrix to be entirely loaded into computer memory it would

require 16K words. If , as in a filtering- operation, two

matrices were to be used at once , then 32K words would be

needed ; the existing minicomp’iter core storage is only 28K

words . A technique suggested by Oppenhein (Ref 8) to reduce

the requirement for two-dimensional core storage is to per-

form the two-dimensional FFT as a series of one-dimensional

FFT’s. Further, by f i r st storing the images on random access

disk f i les then reading in only one row or column from each

appropria te d isk f i le, the FFT operates on only those two

9
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p ieces of da ta at one time , and the core required to operate

the program is dropped to a realizeable size.  Although the

processing scheme involves huge amounts of computer I/O,

the time to compute and store a 64x64 point complex FFT is

less than 4 minutes, and the time to accomplish filtering

(matrix multiplication) is less than 2 minutes. Addition-

ally,  there is an option to have the FFT coefficients nor-

malized by dividing all coefficients by the zero-frequency

or DC term , or to have the FFT coefficients remain with

their unnormalized values.

A Question of Power Spectrum Thresholding

Once the digitized image is in the Fourier domain , the

J 
calculation of the power spectrum is straight-forward . The

power spectral density of an image is related to the squares

of the absolute value of the Fourier coeff ic ients  and is g iven

by:

~~(u ,v) = E I x ( u ,v ) 12

where the expectation is over an ensemble of image t ransforms.

The program implementation for estimating the power spectrum

of a set of images is obvious from this equation, and a

discussion can be found in Appendix A , Operating Procedures ,

5c. The analysis ~rogram provides the capability to average

up to 24 d i f f e r e n t  image spectrums. These 24 images may be

the same ones that are mentioned in the introduction to this

paper . It is on this resul tant  averaged power spectrum tha t

10
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the thresholding funct ion is expected to be used .

The thresholding funct ion was originally requested to

be used with only the power spectrum. However , to provide

more f lexibil ity,  it is implemen ted in a manner to allow

its use with any specified 64x64 matrix of complex data

(i.e. FFT coefficients , or power coefficients). By using

the thresholding function, the analysis program user is

able to interactively specify a 64x64 complex valued matrix,

and to enter a real valued number against which the absolute

value of every complex point is compared . The result of

this thresholding operation is the creation of a 64x 64 ma tr ix

which contains (in complex format) the value one for every

point above the threshold and a complex zero for every point

below the threshold. Both the original matrix and the thresh-

old matrix are then available for further processing .

Since the thresholding is done in the Fourier domain ,

values that are linearly related (Ref 1:138-141) to spatial

bandwidth (BW) and mean-square-error (MSE) are easily cal-

culated. The EW value is simply the number of points above

threshold in the Fourier domain. In the spatial domain,

these above-threshold values correspond to the image pixels

that would be transmitted over a digital channel with relative

bandwidth BPI. The MSE value is simply the sum of the power

values below threshold. In the spatial domain, the MSE

corresponds to the error of the image transmitted over a

digital channel, with bandwidth BW described above,

11
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The Question of Images and Im~~~ Fi le Genera tion

Originally, the only requirement for image output was

to generate a completely processed image ready for experi-

mental testing. However , in an ef for t to make the analysis

program applicable for more general use, the ability to dis-

play intermediate results is also provided. A 64x64 image

file display ing the results for each of the following

functional operations is prepared and stored in DICOMED/IPS

format on disk: (1) the reduction of a 2048x2048 image to

a 64x64 image; (2) the two—dimensional FFT calculation; (3)

the power spectrum calculation; and (4) a fully processed

image (either thresholded, linearly f i ltered, or FFT’d).

Since the images are in DICOMED/IPS format, post-pro-

) cessing with the IPS system is trivially implemented (Ref

7). A saii~ple image file format appears in the appendix.

12
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III. ratory Hardware and Software
4

The imagery equipment used for this work is located in

the Avionics Laboratory on Wright-Patterson AFB , Ohio. A

detailed description of the equipment is included in Refer-

ence 7. Briefly, it consists of a PDP-ll/45 minicomputer

with 28K of core memory and many peripherals. Included are:

one PP~ 3 diskpack disk drive, two RKØ5 diskcartridge disk

drives, one MTU1Ø tape drive, one 132 column line printer ,

a Conrac video monitor, and one Tektronix 4000 series

graphics terminal. Additionally, the system is interfaced

to a DICOMED image scanner/recorder . With this equipment,

the capability exists to perform up to a 2048x2048 point

digitization of pictures. As the DICOMED digitizes the

picture, it is stored on magnetic tape for follow-on pro-

cescing by the PDP-ll/45 Image Processing System (IPS). A

description of the IPS software is ?‘ -u included in Refer-

ence 7.

A full description of the software written for this

thesis appears in the appendix. It is written for inter-

active use and provides the following capabilities:

1. Image reduction from 2048x2048 to 64x64.

2. FFT of a 64x64 image.

3. Calculation of ~1(u,v) for one image, or an average

~ (u,v) of a standard set of 24 images.

4. Ability to threshold a 64x64 image as previously

C discussed .

5. Ability to generate a 64x64 filter from a user

supplied impulse response equation.
- 
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6. Inverse FFT of Fourier coefficients.

By running this program , any one of the above processes can

produce an image file that is stored on the RP~ 3 disk for

display by the IPS system, or hardcopy picture generation by

the DICOMED system.

q
I
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IV. Results

Figure 1 presents some samples of output from the

digital image preparation program . It should be noted

that Figure 1 was generated with an arbitrary high-pass

filter whose transfer function has the form:

11(f) = 0.5(1 + ln(f/lO + 0.1), for 0~~ f � 32

Also note, that the slight graininess of the 64x64 pictures

is due to a blow-up factor of two (4 new points for each

original point). This was done solely to provide larger

pictures for Figure 1.

64x64
Reduced Truck

- 

Image
(5.a)

______  64x64
2048x2048 I1~~~J FFT

Truck Picture • Coeff ic ients

~~~~~~~~~~~~ r I~~ 1 (5 . b)

~~~~~~ 64x 64
Filtered
Image
(5.c)

_______ 64x64
- .~~~~. - 0 ______  

Thresholded
- ~~~• Image

• • — 

. 
~~ - (5.d)

I
Figure 1. Sample Images
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V. Summar~ and Recommendations

I

This thesis has presented a computer program to digit—

ally process images , and in this case the processing is

motivated by a desire to generate stimuli for a particular

psychometric experiment. Additionally, as can be verified

by reading the program description in the appendix , a gen-

eral purpose routine is now made available to tailor digital

processing of pictures for a large number of image filtering

based applications.

Areas for future work would include modifying the pro-

gram to process pictures other than the 64x64 size, and an

on-line interactive tie-in between the IPS system and the

processing program .
4r
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Appendix A

User ’s Guide for RAZMA .TAZ

Introduction

This program allows a user to perform the following

functions on IPS/DICOMED images:

1. A reduction of a 2048x2048 image file to a 64x64

image file.

2. A two-dimensional fast-fourier transform (FFT) of

a 64x64 image with either normalized or unnormalized

coefficients .

3. Calculation of a two-dimensional power spectrum of

one 64x64 image file, or the two-dimensional average

power of 24, 64x64 images.

4. Specification of a high-pass threshold ~n either

the FFT file or the power file .

5. Generation of a two-di~nensional filter (FFT domain)

from a user specified impulse response equation.

6. Multiplication of any threshold or filter files

with any image or FFT or power files.

7. Calculation of the two—dimensional inverse FFT

transform on any modified FFT file.

Reference Material

1. The DOS,’I3ATCI! h andbook: Monitor Operating System

Version 09. Dig ital Equipment Corporation , Maynard,
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Mass.  DEC—ll—ODLUIA—A -D , Ap:il 1974.

L 
2. Imacre Proces~’ing so f twar e  Convers ion , Vol .  I & I I .

Development Center , Air Force Systems Command ,

Grifiss AFD , New York 13441. February 1977 .

(ADAO3R136 & ADA038137)

Opcratinq Procedures

Thi s gives the ordinary routine for running RAZMA.TA Z.

Specialized uses and procedures are covered under sub-heading

Miscellaneous Operations.

1. Program materials you will need include:

User ’s Guide.

IPS diskcartridge (R K Ø 5 )  (AAT Lab—blue label).

“Scratch” diskcartiri.dgc (1U~ø5) (AA T Lah—#6)

ROLLIN magtape with RAZM7~.TA Z program and 24 picture
data seas. -

IPS/DICOMEL) PDP—l445 computer and associated hard-
ware (A1~T lab)

2. How t.o ‘power-up ’:

a. Place PDP-ll/45 console HALT switch down, turn  key
of console clock-wise--to the ‘on ’ position.

b. Load 1PS diskpack in RK~ 5 unit #0. Load ‘scratch’
diskpack in RK~ 5 unit #1. Do not use ‘write protect’
switch. Wait until ‘on-cylinder ’ light comes on.

c. Mount ROLLIN tape on tape drive . This can be
omitted if program and data files are already on
the scratch diskcartridge or the RP~ disk drive .

d. Turn on RAMTEK graphics display box.

e. Slowiy turn on lIne printer , then toggle ‘master
clear ’, and toggle ‘on-line ’ switches. This can
be omitted if no printer output is expected (nor-
mally none is)

- 20
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f. Open door to RPØ disk drive to see if diskpack #1
(DOS ) is installed . If not, retrieve it from the
lower cabinet and install it. Turn on power switch
and wait until yellow light comes on.

g. Turn on Tektronix 4014 terminal and place it in
‘local’ mode. Type ‘LSC ’ key, then ‘ : ‘ key. Type
in that order , and only once each. This reduces
the display front size. Place terminal ‘on—line ’.

h. Turn on CONRAC video display.

i. Return to the PDP—ll/45 console SWR . Set in 0007768(‘one ’ is up) and toggle ‘load ADR’ switch . Set
in 000777~ and toggle ‘DEP ’ switch. Move switch
from ‘HALT ’ to ‘ENABLE ’ and hit the ‘RUN ’ switch.

j. Place the thumbwheel of the AED8000 to the ‘MAINTEN-
ANCE’ display and to ADDR CODE = 776732. Push the
red IPL switch once . The LED’s above the display
should begin flashing . If not, go back and try
again.

k. Return to the Tektronix terminal and type RKJ~ Do
not type a carriage return. Enter the date and time
in the format shown.

-: 1. Login with $ LO 11,11.

m. Type $ RUN DK 1 : RAZMA .TAZ, or $ RUN DPØ : RAZMA .TAZ.

n. Follow the yellow brick road .

3. How to ‘power-down ’:

a. To end RA ZMA .TAZ, type the ‘CTRL ’ key and the ‘C’
key simultaneously, followed by ‘K’ and ‘I’. This
exits to the DOS monitor . This may also be used
to stop the program at any time. Next, type ‘Fl’
to log-out from the IPS/DOS system.

b. Place the terminal in ‘LOCAL ’ mode, give the screen
display several RESET ’s, and turn off the terminal.

c. Turn off the CONRAC video monitor .

d. Return to the PDP-ll/45 console and hit the ‘HALT ’
switch.

e. Toggle the switches on both RK~5 diskcartridge drives
to the UNLOAD position. The door s will remain
locked un til the ‘LOAD ’ light comes on. This will
take about a minute . Then the cartridges can be
removed .

21
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f. Meanwhile, the following steps may be performed .

g. Toggle the Line printer to ‘OFF LINE ’ and turn it
off.

h. Turn off the RANTEK graphics display box.

i. Push the red IPL switch on the AED8000 once. Push,
then release, the yellow power switch on the RP~disk drive. The yellow light will slowly go out.
After it goes out the diskpack can be removed if
desired .

j .  Unload/dismount the ROLLIN magtape, if it was loaded
on the magtape drive, and turn off the magtape drive.

k. Return to the RK~5 diskcartridge drives and remove
the diskcartridges. -

1. Turn the key on the PDP-ll-45 console fully counter-
clockwise to the of f position.

4. Running the RAZMA .TAZ. The actual operation of the

program is straight  forward.  A menu of functions is

presented first and the user selects the desired

function.  All prompts are self-explanatory. The

format for all ASSIGN commands is aiven prior to

each request for user assignment. Any error in

syntax will be caught by the monitor system . However,

be very careful to note the device unit number used

in the command format. Failure to use the same

number when typing in the command can destroy certain

necessary stored program files along with the user ’s

specified input file. Should the wrong number be

typed , simply retype the command before typing ‘CO’ .

If ‘CO’ has already been typed, do a ‘CNTRL/C ’, ‘KI’

immediately . This closes all files and returns

Z,. control to the DOS monitor. By running FILDMP or

22
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PIP (see DOS/BATCH handbook), the user ’s f i les  can

be verified and/or restored. For verification of

program files , see Special Procedures. After file

verification or restoration, RAZMA .TAZ can be

started normally.

Other than prompts and asking for file assing—

ments there should be no other messages , except when

using the FFT, POWER , and IFFT functions. In these

cases, an error message will be printed about an

overflow on a real to integer conversion. This is

normal. It occurs during the generation of each

function ’s image file, and refers to the DC term of

the FFT coefficients. It does not affect any in

ternal processing calculations. The error merely

means that the value of the DC term is greater than

16,384 and exceeds the allowable 256 level gray

scale of the DICOMED image processor . The DC pixel

value will be zero (black pixe l ) ,  in the upper left

hand corner of any picture created from the image

f i l e .

Errors of any other type should not occur . If

they do, it is most likely due to processing a bad

data from an input file. As before, use FILDMPT or

PIP to check input files for correct data.

5. RAZMA .TA Z funct ions . This briefly describes what

each funct ion  does and what f i les  are used or gener-

U ated .
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a. REDUCTION. Takes a user specified 2048x2048 image
file and averages it’s pixels into a 64x64 image
f i le. The routine takes a 32x32 pixel block from
the specified file and averages the entire 1024
points into one point of the 64x64 image . The out-
put file is called AVG .IMG.

b. FFT. Performs a two-dimensional fast fourier trans-
form (FFT) on either a user specified image file or
the AVG .IMG . file. The resultant coefficients can
be either normalized (FFTCOF .NRM file) or unnormal-
ized (FFTCOF .UNN file) as requested by the user. The
routine performs the FFT by using the subroutine
FOURT, first on each image row, and then on each
image column . An image file of the resultant FFT
coefficients is also made (FFT.IMG) . The DC term
is in the upper left-hand corner . This image file
may be accessed in the normal manner under the IPS/
DICOMED system.

C .  POWER. Uses the FFT coefficients to generate a
two-dimensional power spectrum . The input file
can be a single user specified FFT file, or FFTCOF .
NRM , or FFTCOF .UNN. Additionally, the function
will calculate the average power spectrum of the
24 storage picture coefficients. The power cal-
culation is simply the squaring of the FFT coeff i—
d ents. The resultant output file is PWRFFT.COF .
An image file is also created (PWRFTT .IMG) for use
on the IPS/DICOMED system.

d. THRESHOLD . This function looks a user specified
coefficient file, or PWRFFT.COF , or FFTCOF .NRM , or
FFTCOF.UMM and creates a file that when used with
the MULT function will pass only coefficients above
a certain threshold value . This value is entered,
interactively,  by the user . In addition , the
routine counts the number of points above the
threshold and calculates a “bandwidth” number; i .e . ,
PTS.ABOVE ~ 4096 = BW. Also, if the coefficients
were POWER coefficients and normalized , it finds
the mean—square-error of the thresholded power
spectrum; i.e., the amount of power below the
threshold setting . The output file contains only
a mask of l’s and ~ ‘s at the appropriate location
and is called TI-IRHLD.FIL.

ö. FILTER . This function takes a user specified f i l te r
t ransfer  funct ion equation and computes a two-dimen-
sional mask file which can be used in the MULT
program. The -value of the mask points are based on
the radial distance from the upper left-hand corner
of a 32x32 square (Fig 2)
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Impulse Response Organization of
Curve Filter Mask File

Fi gure 2. User Specified Filter Impulse Response

The equation is specified on line 515 of the RAZMA .TA Z
program listing. To change the equation , the pro-
grain must be edited and reassembled (see Miscellan—
eous Operations, b). The resultant output file is
FILTER.COF .

f. MULT. This functional routine takes one user spec-
if ied coeff icient f i le, or THRHOLD .COF, or FILTER.
COF and multiplies it point-by-point times another
user specified coefficient file, or FFTCOF .NRM, or
FFTCOF .UNN, or PWRFFT.COF . It’s output file is
MULT.DAT. -

g. IFFT. This function performs an inverse FFT on
the MULT.DAT file. The user cannot directly specify
input to this file. But he can however, input in-
directly. By giving the THREShOLD function a
threshold of zero , a mask of all one ’s will be
generated . Then, using this mask with MULT and
specifying the other MULT input file, the input to
IFFT is assured . The output is an image file
named PROCSD .IMG. As with all other image files,
this is operable on the IPS/DICOME~i system.

6. FLOWCHART. The flowchart in Figure 3 shows the
processing flow and options available in RAZMA.TAZ.

c
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RA ZMA .TAZ

2048x20 4 8  WHA T
S IMAGE
NPU ’

REDUCE SPECIFIED
INPUT F ILE 0 NONE

DO YES
WANT
F

FFT
NO MODULE

0
WANT
POWER

POWER
NO MODULE

DO YES
WANT
HRES D?

THRESHOL
MODULE

NO

DO YES
WANT
LTE 

- -

FILTER
NO MODULE

DO
WANT
STOP?

NO

MULTIPLY
NODULE

t INVER SE
FFT MODULE

Figure 3. Flowchart ST
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Special Procedures

1. NO FILE! After the $LO and $RUN the monitor answers
with NO FILE ! When this occurs, run the DOS/BATCH
PIP program (see the handbook) and see if RAZMA .TAZ
is on the disk you specified in the $RUN command .
If not, check the other disk. Remember , you must
be logged-in under UIC 11,l1. If not on either
disk , use the ROLLIN tape and ROLLIN program (in
handbook) to restore the RK~5 diskcartridge on
unit #1 (DK1:). Then start POWER-UP procedures

2. UNABLE TO OPEN FILE. This can occur any time
during the running of the RA ZMA .TAZ program . This
usually means that an expected input file (spec-
ified by ASSIGN) or one of the 24 standard picture
files does either not exist on DPØ : or two files
exist with the same name. In either case, run
PIP to get a listing of all files on DP~ : to seeif all required files are there, and perform file
manifulation as appropriate . If file cannot be
found on DPØ : or DK1:, it may be necessary to
ROLLIN the magtape as in the above step and start
again. A minimum of the following files are re-
quired :

nIRCCTOR~ D~1z r 1 1 1 1 3 MT~? .1MG LOC 13 SEP 7~ ~23))ART~3 .ZI1C ICC 13-SEP-?f ~~33)
~RT~ 4 .2MG ICC 13-5EP-?~ ‘E33APC1 .1MG ICC 13-SEP-~8 ‘2] j>

APT~1 .COF 64C I3-StP—7~ <233> APC2 .1MG IØC 13-SEP-~~ ‘233~
ART~~ .COF 64C 13—I ~ P-?~ <233~ APC3 .1MG iec 13-SUP- ?t <233
ARTY3 .CO~ 64C I3-~-E P-7! <?33~ APC4 .1MG lOG 13—SE P-?~ ‘233~
f~RT~~4 .C13e 64C 13-SiP-7~ (233) C ’JRTKl.XMG •1~ C 13— ~EP-7~ (233)$,PCI .COF 64C 13-5EP-7~ ‘233) CVR TK2 .IMC ICC 13-nEP-?! <233’
APC2 .COF 64C 13—~EP-7~ ~:233) C T P ~3.IMG ICC 33--SEP-7$ 233~APC3 .coc 64C l3— ~EP—7~l ‘233- CURTK4 .IPIG tec 13—SEP-7~ (93))APC4 .COF 64C 13-~EP—~~ <233) OPtIT KI.IMG ICC i)-SEP—7S ‘.233)
CVRTKI .COF 64C )-~EP-7~ ‘233) OPflTK2 .IMG ICC 13-SEF- -7~ (933>C*J01K2.COF 64C i3-$EP-78 - :233’ OPN1-K3.Ir.G b c  I3-SEP-7~ <~~~>
Ct*TK3.CO~ 64C b3-5EP- 7~ <~~33 OPN1 K4 . IP:G ICC I3-SEP-7~ (2)3>CVRTK4.COc 64C i3-StP - ’~ - 2 3 3 ,  SHEPI .1MG ICC 13-SEP—72 <233>
OPNTKI.COF 64C 13-SZP-?2 ‘C33i SI.ICP.2 .2MG ICC 13-SEP-78 <23)>
OPM1’Ka.coc 64C 13-SEP-78 ~233~ SHEJ~3 .1MG ICC 13-SEP-?8 <233>
OPMTK3.COf 64( 1)-~ EP— ? 8 ‘2 33  - 6HEI~4 • IPIG ICC. 13—SEP-78 <233)
OPPi TK4.CO~ 64(. 13-SEP-78 ~~3J~ N6~AI .2MG ICC 13—SEP-75 <233>
£I-IERI .COF 64 C 13-SEl~-~2 •:i~3 3 -  MEO(12 .1MG ICC 13-S~~P-78 (233)
£3-L?a .COc 64C i3-~~~P—? 8 - :L7. 860A3 .1MG DIG 13—SEP—i! <a~~

-,
5,.IED3 .Cof &~c 13-~EP-7! ~:2i~ .- M 60A4 .1MG icc n-ste-is <i3 ~,
5P4EP4 .COF 64C I3-~ EP-72 ~~~ 

RR2 I1~ .TAX 8* 15—SEP-75 <23~~
86041 .C~f 64~ 1)— SEP-78 2:~ ; 84280 .FTM I~~ 11—SEP-75 (a33~.
8C~0A2 .CCF 64’. 13-5EP-78 23)1
#~Ca3 .CCIF 64C 13_ CE P_ 7 8 :2:~ . 

TOTL BLKSI i! ~~
M6eA4 .COF 64C 13-~EP-7! ‘:~~ 3. TOYL ‘IL( S* si
AAT~1 .1MG ICC 13-SEP-iS <233>

(
27

—
~•::i_ - — —.

~~

-- — — —

~~~ 

-— —- — —
~

---i —

- 

:- ~~~~~~~~ -~~‘-w-- — —~~~ 
——

- - q~4. 
- . -,~i 

- 
~~~~~~~ -



3. EXPONENT OVERFLOW or OVERFLOW DURING REAL TO INTEGER
CONVERSION. This can occur during the operation
of all functions except FILTERING or TI-iRESFIOLDING .
It is the result of processing with invalid data in
the assigned input files, or bad data from one of
the 24 stored image files. In either case, the
contents of files can be inspected using the DOS/
BATCH program FILDMP (see handbook). The organi-
zation and contents of typical image and coefficient
files are shown in Appendix C. If bad data is
suspected in any of the 24 noted image files, the
best procedure is to use the DOS/BATCH program PIP
to restore the files; an example of how to do this
is shown in the next section.

4. USABLE TO READ SPECIFIED FILE FORMAT or END OF FILE-
END OF MEDIUM . This occurs when the RA ZMA .TAZ pro-
gram encounters files with improper file organization
or length . Again , as above, use FILDMP or PIP to
verify and transfer files.

Miscellaneous Operations

1. Generating Files. There are three catagories of
files associated with the R1½.ZMA .TAZ program .

a. Programming operating files. These are files
generated by the program for it’s own use. A dis-
cussion of these files is found in the comments of
the program listing . -

b. Twenty-four standard picture file sets. Each pic-
ture set consists of an image file and a normalized
FFT coefficient file. These picture sets have
already been generated and are stored for use by
the program in the POWER function. A copy of these
files is on the ROLLIN magtape .

c. User impact files. These are files specified by the
user with the ASSIGN command . The file will be
either the image or the FFT coefficient type.

The origin of the image files can be from the IPS/
DICOMED system (2048x2048 or 64x64) or the R.AZMA .TAZ
program (64x64). Directions for c’-eating image
files under the IPS/DICOMED system can be found in
Volume 1 of Reference 2. Creating a 64x64 image
file under RAZMA .TAZ can be accomplished by using
the reduction funct ion , and then exiting to use
PIP to renam e the newl y generated AVG .IMG f i l e  to
whatever name the user desires. To save these
files on magtape, PIP and ROLLIN are used . For

28
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each file , the PIP command is: #DK1: riame.extn/
CO-~.DPØ : name .extn. Then , ROLLIN is used (DOS/
BATCh handbook) to copy DK1: and create a new
ROLLIN tape.

The orig in of the FFT coefficient files must be
from running RA ZMA .TAZ. The file is sinp ly creaLed
by running the FFT function , and then exiting to
use PIP to rename the newl y created FFTCOF.NRM or
FFTCOF.UNN file to whatever name the user desires.
The file can then be saved in the same manner as
the image f i l e s .

2. Restorinq files. For RAZMA .TAZ to operate, all
files must be on DPØ:. If they are not (a minimum
listing appears in ~pecia1 Procedures), or for
some rea sons the files become invalid , the files
must be restored. A permanent copy of all files
is on the ROLLIN magtape. This tape can be loaded
onto DK1: (DOS/BATCH handbook), and then the
appropriate file transferred under PIP to DP~ :.
The proper PIP command is: #DPØ: name .extn/CO<
DK1: name.extn .

3. Changing RAZMA .TAZ . Best advice: DON’T . However ,
for the brave and/or foolhardy, a bubble chart and
program listing is given in Appendix B. Once the
changes have been made under EDIT (see handbook),
the proper Fortran assembly must be made. The
proper command after $RUN FORTRAN is: #DK1 : RAZMA ,
LP:<DIU : edit file name . extn / ON; or, #DPØ:
RAZMA , LP:<DXl : edit file name. extn/ON. (Assuming
EDIT was done on DK1:). This is important because
RA~MA .TAZ uses single word integer variables.  When
the assembly is done, the linker command after
$RUN LINK is: #DK1: RAZMA .TAZ<DK1. RA ZMA/CC , DKJ~:
FTNLIB/L/E; or: #DP~ : RAZMA.TAZ<DK1: RAZMA/CC ,
DK$: FTNLIB/L/E as appropriate .

U
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Use r ’ s Guide

Sample Sessions
- EDIT

FORTRAN

PIP

ROLL IN

RA ZMA .TA Z

I C
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NAME 1MG . IMAGE
_ _ _ _ _ _ _ _  AVRG

(100)

VG . 1MG .

NAME.  1MG

FFT FFT. 1MG
________ 

( 2 0 0 )
IT

SET
.1MG . FF .NRM

FF CO .UNN

STD -

SET POWER
.COF. (300)

PWR T.COF

HRES -
REAL NUMBER OLD IFFT ROC~D.

(400) (700) IM?~

— T FILD .CO
T.DA T

~~ MULT
(600)

EQUATION FILTER
(500)

(
Figure 4. Program Bubble Chart
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C 4

C PROGRAM RA ZMA ,TAZ
C

C
C THIS PRO GRA M HAS THE FOLL OW ING DISK (DPØs) RANDOM ACCESS FILE
C A SSI GNME N TS $

C AVG ,IMG • OUTPUT OP REDUCE, INPUT TO FF1
C SCRAT C I DAT • USED IN FF1
C FF TCO P ,NR M • OUTPUT OF FF 1 , INPUT TO POW ER
C (FFTCOF ,UNN ) INPUT TO THRE SHO LD
C INPUT TO MU LT
C FF 1 ,IMG • OUTPUT OF FF1
C •.~~.u ,CO! • INPUT TO POW ER
C PWR PFT, COF ’ • OUTPUT OF POW ER, INPUT TO THRESHOLD
C PWR FFT,I MG • OUT PUT OF POW ER
C THRHLD ,FIL • OUTPUT OF THRE8HOL ,D, INPUT TO MUL l
C FILTER ,COF • OUTP UT OF’ FILTER , IN PUT TO MUL l
C MU Ll ,DAT • OUTPUT OF MUL l , USED IN IFPT
C PROC8D ,IMC • OUTPUT OP IFFI
C
C THE FOLL OW ING DEVI CES ARE INT ERACT IV E LY ASSIGNED TO THESE
C FILES DUR ING THE RU N N ING OF THE INDICATED MODULES ,
C
C FILE 1 2 3 Li 5 6 7 6
C BIG .1 MG REDUCE
C AVG .1MG ‘ FF1
C FFTCOF ,... MUL l THRE 8 POW ER

( : DOWFF T .cOr THRE S
C F’ILTER ,COP MULl
C THRI’4LD ,COF MU L l
C -

C ANY 1/0 REFERENCE MAD E TO DEVICE NUM UE RS AFTER THE DEVIC E S HAV E
C BEEN IN TER ACTI VEL Y ASSIGN ED DURIN G THE MODULE S SPEC IFIED A B OVE,
C WI LL OPERATE ON THE FILE DATA EQUAT ED WITH THAT DEVIC E NUMBER ,
C
C
C
C
C

CUMPL EX DATA (6Li) ,DATBUF(64 ) ,DCVAL , NOFIL$ ,M SE
BYTE HEAD ER (b4,8),BUFFER(ZgaS),BBUF(2),BcOL(12S), NULL $ (64,8)
IN TEGER XN PTR,AV G PTR ,OAT 3P T ,DAT2 PT ,F FTP 1R ,DATY PT, OAT SPT

- INTE GER BUM ,BUF ,OFP$ET ,COLC 64 ),UNI T ,CO FPTR ,CO F IM G ,AVGFF T
INTE GER THR$PT ,ouTBw ,Bw ,IERR ,DA TIPT ,DATSPT ,DA TLiPT ,*sGol ,PWRON
EQUIVA L ENCE (BCOL ,(1),COL ,(1)),(BBUF(j) ,BUP)
DATA HEA0ER/g,ø,79,58,64,B,6~ ,5g5*8/
DATA NULLB /512*ø/

1 WR ITE (6.5)
WR ITE (6.6)
WR ITE (6,11)

2 W R ITE (6,7)( WRITE (6,8)

_~~ . . . — - — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ vu
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W RIT E (6,9)
W R ITE (6,10)
WR ITE (6,11)

S FORMA T(’ GREE TINGS AND SOLUTIO NS )
6 FORMA T (’ SPEA K TO ME ABOUT IMA ~~ INPUT ‘)
7 FOR MA T(’ TYPE s B FOR B I G G I E  /2048X2048/ ‘)
8 FORMA T (’ ~J FOR JUNIOR /64X64/ ‘)
9 PORMA I C ’ S FOR STA N DA R D SET OF 24 ‘)
10 FORMA T (’ N FOR N ON E )
11 FUR MA IC ’ ‘)

READ (6,12 ) INBJ 8N
12 FORMA ’T(A)

IF (INBJSN ,EQ ,IHJ ) GOTO 200
IFC INB J SN ,EQ ,1PIB) GOTO 100
IF (INBJ SN ,EQ ,1HN ) GOTO 30
IP (INB JSN ,NE ,1H8) G010 2

20 WRIT E C6,25)
WRITE (6,26)
WRITE (6,27)

22 WRITE (6,26)
- WR ITE (6.11)

25 F’O RM A ~ (’ THE STANDA R D SET OF 24 PICTURES IS ALREADY STORED ‘)
26 FORMAT (’ IN IMAG E FILES & IN NORMA LIZ E D FF1 COEF F FILE S ON DPo~ ‘)
27 FO RM AT ( IF WISH TO PROCEED TO DO POW ER , FILTER, OR THRESHO LD , ‘)
28 FO RMAT (’ TYPE C TO CONTINUE, TYPE S TO STOP , ‘)

READ (6,12) INC S
IP(INC S .EQ ,IHS ) GOlD 90~
IF (INCS ,NE,IHC) GOTO 22

30 WRITE C6 ,35)
WRI TE (6,36)
WRI TE (6,37)
WRITE (6,38)
WRITE (6,11)

35 POR MAT (’ TYPEs 1 TO DO FF1 )
36 F ORMATC 2 TO DO POWER ‘)
37 FORM AT C 3 TO DO THRE SM OLDIN G ‘)
38 FURMA T(’ 4 10 DO FILTERING )

READ (6,12) IWHERE
IF (IWH ERE ,EQ .IHI ) GOTO 200
IF (IWH ERE ,EQ ,1H2) GOlD 300
IF(IWHE RE ,EQ ,1H3 ) GOb 400
IP (IWHERE ,NE,IH4 ) 801 0 30
8010 500

C *ee*** REDUCTIO N MOD ULE ****a
100 WRITE (6,105)

WR ITE (6,107)
WRI TE (6,106) -

WR ITE (6,109)
105 FORMAT( ’ THE INPUT IMAGE FILE MUST SE 8PECIFUD , )
101 FO RMA TC ’ IF NOT YET ASS IGNED, PLEASE DO $0 NOW , THE FO RM 1$; )
108 PORMAT (’ $AS DP O$NAME ,EXT,7 )
109 FORMA 1’ (’ THEN TYPE CO TO CONT INUE , ‘)

A $GD 7N ’Y’
PAUSE
DEFINE FILE 7(4097,512,U ,!NPTR)

I
- - - Se - - -- - -‘.‘ - r -— — - — _____________ -- — —
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CALL SLTPIL (8 , ’AV G ,T MG ’,IERR , ’DP’,l)
DE FINE FILL 8(80,32,U ,Av GP TR )
WRITE (6,110)

110 FORM AT ( AVER AGE W ORKING •)
INPTR’2
AV GPI R II
00 115 Ja1,8

115 W RITE (S’AVGPT R) (HEAOER (I ,J),I .1 ,64)
00 116 J;1,8

11 6 WRITE (8 AVGPTR ) (N LJLL S( I ,J ),I~~1,b4)

00 110 111,64
00 120 (‘1,64

120 COL (K)e0
00 ISO J’1,32
READ (7’I NPT R) (BUFFER( ~i),Na 1 ,1B24 )R EAD (T’INPIR) (BUFFER(N ) ,Ns1025 ,2048)

DO 140 Ka1 ,614
OFFSET .(K.1)*i2
SUM ;0
00 130 .‘1,32
INDX eL+O FFSL T
BB ’JF (l)’BUPFE R( INDX )
SUM.$UM+BU F

130 CONTI N UE
COL (K)RSUM/ 32+COL. (K )

140 CONTI NUE
150 CON TINUE

f DO 160 KI1,6L l
C OL (K).COL (K)/32

160 CON TINU E
WRITE CS AV GPTR) (BCOL (N) ,Ne1 ,128 ,2)

170 CONTINUE
ENDF ILE 7 --- 

-

ENO F ILE 8
190 WRITE (6 ,195)

W RITE (6.11)
192 WR ITE (6 ,196)

WR ITE (6,11)
195 FO R MA T ( ’  DONE IMAGE AVERAGING ‘)• 196 FORMA T ( ’  TYPE C TO CONTINUE, TYPE $ TO STOP ‘)

READ (6,12)  INCS
IF( INC6 ,EQ ,IMS) 6010 900
IPCINC$ ,NE ,IHC) GOTO 192
8010 30

C ***** FF1 MODULE *****200 CALL $E T FI LC B, ’A VG , IMG’ , IERR, ’DP’ ,O)
* DEFINE FILE 8 ( 8 0 , 3 2 , U ,A V G P T R )

IPCA $ G 07 , EQ , IHY ) GOTO 215
WRITE (6 ,205)
WR ITE (6 ,207)

• WR IT E (6 ,206)( WRITE (6 ,209)
205 PO RMA 1( ’  THE INPUT IMAGE FILE MUST BE SPECIFIED , ‘)
207 FORMA T( ’ IF NOT YET ASSIGNED, PLEA S E DO SO NOW , THE FOR M ISS )



S
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208 FOR MA IC ’ $48 DP O sN AM E ,EXT ,7 ‘)
209 FORMAT (’ THEN TYPE CO TO CONTINU E , )

* PAUSE
DEFI NE FILE 7 (80,32,U ,AV GP TR )

* 210 W RITE C6.215)
I WR IT E (6,216)
- wR ITE (6,11)

215 FOR MA T (’ TYP~ I N FOR NORMA LIZE D FF1 COE FF ‘)
216 F O RM AT( U FOR UNNOR M A L I ZED COEF F ‘)

R E AD (6,12) N ORMU N
DEFIP4F FILE 3 (64,256,U,DAT3PT )

* CA LL SETFIL (3 , ’SCRATC , DAT ’,IERP , ’DP’,O)
• DEFI NE FILE 2(b4,256 ,U ,DAT2PT)

IFC N O RM U N ,EQ ,114N) CA LL SETFZL (2 , ‘FFTCO F ,NR M’ ,IERR ,’DP’,O)
IF (NORM UN ,EQ .1$U) CALL SETFIL (2, ’FFTCOF ,UNN ’,IERR, ’DP’,O)

* 1F( N OR M U N ,NE ,IH U ,A ND ,N ORMUN ,N E ,IMN ) 6010 210
• 217 DEF INE FILE 1 (80 ,32,U ,FFTP TR )

CALL SITF IL (1 , ’fF l ,IM G’, IE RR, ‘DP’ ,0)
I WR ITE (6,219)
I 219 FO RMA IC ’ FF1 WORK ING ‘)

AVGPT R ’17
DA T2PT I1

* DAT3 PTuI
• FFTPTR I1
* SCA LE a I ,0/6Li,0
* DO 220 111,8
- 220 WR ITE C1 ’FF TPTR ) (HEADER(I, J),Ia1 ,64)

f  00 225 J’1,~t~ 225 WRITE (I’PFTPTR ) (NULLS (I,J), Ial ,b4)
DO 230 Ku*,64

230 COL (K)10

DO 250 111,64
IF (ASGD 7, EQ .IHV ) REA D C $’A V G PT R) (BCOL (N ), N sI ,128,2)

I IP (AS GD T , ME ,1 14Y) REA D (T ’AVGPTR (BCOL( p d) , Nu 1 ,12 6 ,2
DO 240 Jul .64
DATA C J) uCOL C J )

240 CONTINUE
I CA LL POUR T(DA TA,6 4,I, .1,1,0)

WR ITE (3’DAT3P T) (DA TA(N ), N a1,61e)
250 CONTINUE

• DO 290 K*1,64
DAT IPTiI

DO 240 111,64
READ (3’DATSPT) (DATBUF(N) , Nu1 ,64)
DATA C X )IDAT BU FC K )

260 CONT INUE
CALL FOUR I (DATA ,64,1 , .1,1,0)

I IF ( NO RW U N .EQ ,IHU) 6010 270
$CALEuZ 5b ,0*64 ,0
Jul

- IF (K.1) 265,263,266
265 DCVA L IDATA (1 )

( J.J+ 1
I 266 DO 267 I’J,64

D AT A ( I ) I DA T A C I ) / D C V A L

- — — •.---~-— — — - — 
— 
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267 CONTIN UE
270 WRITE (2 ’DAT2PT ) C D A T A ( N ) , N~ 1,64)

DO 280 Iu1,64
COL (I)u( CABS(D A TA CI ))) *SCA LE

280 CONTINUE
WR ITE ( I’ FPT PT R) (BCO L( N), Nal ,128,2 )

290 CONTINUE
LNDF ILE I
ENO PILE 2
ENDFILE 3
ENDP!LE 1

* ENOFILE 8
I wR ITE (6,296)

WR ITE (6,11)
295 WRITE (6,291)

W R ITE (6.11)
296 FO RMA T ( ’  DONE FF1 ‘)
297 FOR PIA IC’ TYPE C TO CONTI NUE , TYPE S TO STOP )

I R EAD (6,12) INCS
IFCZ N C S ,EQ ,1IIS) GOlD 900
IPC INCS ,NL ,IHC) 6010 295

298 WRITE (6,299)
I WR ITE (6 ,11)

299 FORMA T ( ’  TYPE P FOR POWER, F FOR FILTER, I FOR T HRESHO LD ‘)
REA D (6,12) IPFT
IPCIPFT ,EQ ,IHF ) 6010 500
IFC IPFT ,EQ ,IMT ) 6010 400

-- IF(IPFT ,I4E ,IMP) 6010 298
GOT O 300

C ***** P O W E R  MODULE *****
* 300 CALL SETFILC8, ’PWR rF T ,IMG’ ,IERR ,’Dp’,o)
• DEFINE FILE 8 ( 80 , 32 ,U , DAT BPT )
• DAT 8PTI1

DO 301 J$ 1~~6
30* W R ITE (e ’DATS PT ) (HEADl ~R (I,J),I~~j,64)

DO 302 Ju g S
302 WRI TE( 8 ’DAI8PT ) (NULLS (I,J),I.j,64)
303 WRIIE(6 ,304)

* WR ITE (6,11)
304 FORM A T( ’ TY P~ I 0, FOR ONLY ON E FF1 IN PUTp 8, FOR 810 24 FF1 COE FF ‘)

• READ (6,12) INOS
* P W RO PIa ’Y’
• IPC IN O S ,EQ ,IHS) 6010 312

IPCIN O S ,NE ,1PIO) 6010 303
IP CN ORM u N ,EQ ,1M~ ) CAL L SETFILCS, ’PFTCOF ,NRM ’,IERR , ’DP’,e)
Ir(NORMUN .EQ ,1HU) CALL S(TFI L(5 , ’FFTCO F ,UNN’ ,IERP, ’DP’ ,O)
IP(NORMUN ,EQ ,IHN.OR .NORM UN,EO ,IHU) G OTO 308
WR ITE (6,305)
WRITE (6,306)
WRITE (6,307)

305 FORMA IC ’ FF1 INPUT MUST BE. SPECIFIED , PLEASE DO SO NOW , )
* 306 FORMA T (’ THE FORM ISs $A $ D POI NA ME ,EXT ,5 ‘)• ( 307 FO R MA T ( ’  THEN TYPE CO TO CONTI N U E , )
I PAUSE

308 DEFiNE FILE S(64~256,U, DA T5PT )
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CALL S ET FI L( 1, ’PWR FF T , CO F’ ,IERR ,’DP’ ,O)
DE F IN E FIL E 1 (64 ,25 6 ,U,DAT IPT )
wR ITE (6,309)

309 FOR P IA T( ’ SQ UARI N G FFT/S/ 1)
DAT 1PTu I
DAT SPTII
DO 311 311 ,614
READ (S’DA TSPT) (DATA (N) , NaI,6 4)

DO 3 10 Ja1, 64
DATA (J)RDATA (J)-*DATA(J)
CDL C J) a (CABS C DATA C J) ) )

310 CONTINUE
WR ITE ( 1 ’ DA T I P T )  ( DA T A ( N ) , N = 1 , 6 4 )
WR ITE( 8’DA TO PT ) (RCOL (N ) , N a l ,1 28,2)

311 CONTINU E
ENDPILE I
END EI LE 5
ENDFI LE 8
6010 390

312 WRITE (6,309)
CALL 8E1FIL(5, ’ PW R FFT ,COF’ ,IE~~R,’DP’ ,0)
DEFINE F ILE 5 (64 ,2S6 ,U . DAT 9 PT )
SCAL E ub4 , 2**3
NOF 1LSR(211,0, 24, 0)
DO 13 I’1,64
DA IBUF C I ) .C 0 ,0,0 ,0)

3 13 CONTINU E
DATSPISI
DO 3141 I’1,64
WR ITE ( S ’ DAT SP T )  ( DA1a UF(N) , Na l ,64)

3141 CONTINUE
UNITIS
DO 360 111,24 -

DA ISPTi I
COPPTR II
IP(UNIT.4I ) 

~l9 ,3 15 ,3 17
315 DO 316 Ja1 , 4
31 6 END E ILE J
317 DO 318 Juj, 14
318 DEFINE FILE J (64,256 ,U ,COF PTR )

UNIT 10
31 9 UN IT IUN ITfI
320 IF (I.1) 322,321,322
321 CALL SE IFIL (1, ’APC1 .COF ’,IERR , ’DP’,0)

CALL SETFIL (2 , ’APC2 ,COF ’,IERR, ’DP’,0)
CALL SIT FIL(3, ’AP C3 .CO F’ ,I ERR, ’DP’ ,0)
CA LL SETF IL(4, ’AP Ca ,COP ’,IERR ,’DP’ ,O)

322 IF (I’5) 335,323 ,324
323 CALL SETPIL (1, ’A R TY I, COP ’,IERR, ’DP’,O)

CALL SETP’!L(2, AR TY 2 ,COP’,IERR , ’DP’,0)
CA LL SETFIL (3,’AR TY3 ,COP’,IERR , ’DP’,0)
CALL S (TFIL (4, ’ARTY41,COF’ ,IERR ,’DP’,0)( 324 !F(I.9) 335,325,326

325 CA LL SETPIL (1, ’CVRTKI, CO F ’,IERR , ’DP’,O)
CALL $ETFI L (2,lCVRT K2 ,COP ,IERR ,~ DP~ ,0) 

- - — - -- — - __ -_•--%_I.__;___ — ~~~~~~~~~~~~~~~~ •- -.-— 
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CA LL SEIFIL(3, ’CVR T K3 ,COF ’,IERR ,’DP’ ,0)
* CA LL. SETFIU’4,’CV R T K14 ,CO F ’,I E R R ,’DP’ ,~~)I 326 IFC I •13) 335 ,327 ,328

327 CALL SETFIL( 1, ’OPN T Kl , COF’ ,IERR, ’DP’ .O)
* CALL SETFIL (2 , ’OPNTK 2,COF ’,IERR,’DP’ ,0)

CA LL SETFI L(3, ’O PNTK 3 ,COF’ ,IERR ,’DP’ ,0)
CA LL S ETFIL (41, ’OPNTK LI ,CO P’ ,IERR ,’DP’ ,e)

• 328 IFC I~~l7 ) 335,329 ,330
* 329 CALL SETFIL (1, ’M 6OA I, COF ’,IIER R , ’DP’,0)

CA LL $E IFIL (2, ’W 6OA2 ,C Or’,IERR ,’DP’,0)
CALl . 8LTFIL (3, ’M 60A3 ,COF’,!ERR ,’DP’,0)

* CA LL SETPIL (4,’M6 0A 41,CDF’,IERR ,’DP’,0)
- 330 IP( T—?l ) 335,331, 335

331 CA LL SET FIL( 1, ’SHER I,COF’ ,IERR, ’DP’ ,O)
CA LL SETF !L(2 ,  ‘SHER?.1CO F’ , IERR , ‘DP’ ,O)
CA LL S LTF IL(3 , ’SH ER3 ,CO F’ ,IERR, ’DP’ ,0)
CA LL SETP IL(4 , ’SHER4 ,COf ’ ,!ERR, ’DP’ ,0)

• 335 CONTINU E
• 00 350 Ja 1,b~1
- REA D(S DA T 5 PT )  ( DATBU F( N) , Ns 1,644 )
* READ ( U NIT ’ CO F PT R)  ( D AT A ( N ) , N u l , 6 4 )
* DO 337 (‘1,61-I
- 337 DA IA CK )zDATA( K ) *DATA( K)

00 3140 (‘1,64
* D A T B U F C~~) a D A T B U F ( K ) + D A T A ( K )

340 CONTINUE
DAI5P Ia DATS PT” l

* 
- W R IT E(S ’ DA T S PT )  ( D A T B U F ( N ) , N~ l,64)
350 CONT INU E
360 CONT INUE :

I 365 DAT SPTa I
• DO 380 I’1.64
- READ C5 ’DA T SPT ) (DA IA (N ), Nu l ,611 )

DO 370 Jil,64
I DA IA(J )uDA TA (4)/N OF IL S
I COL(J) sCCAB SCDATA( 4))) *SCA L .E

310 CONTINUE
DA T5PT aDATSPI .1
WR !TL (5’0A15p1) (DA IA (N) ,Nu1,64 )

- W R ! T E C S ’ D A T B PT )  (BC DL(N) , Nsj , 128,2)
I 380 CONTINUE
• DO 385 I’I,5
I 385 END F ILE I
* ENDVILE 6
I 390 WRITE (6,39~ )
I WRITE. (6 ,11)

395 FO R MA IC ’  DONE POW E R )
6010 1-400

C ***** THRE SHOLD MODU LE *****
• 400 WRITE (6 ,405 )

W RIIE(6,11 )
4Q1 5 FO R M AT C ’ TYPE P4 TO MAK E NI- W THR E SHOLD FILE, T Y PE 0 TO USE. OLD F ILE ‘)

* ( READ (6,12) INNO
• IF( INNO,EQ ,1P40) G0T0 600
• IF(INNO ,NF.1HN) 6010 1-100

- - - — e - p — —
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* 1410 WRITE (6.415)
I W R ITE (6 , 14 16)

WR ITE (6 ,11)
• 1415 FO RMA T ( ’  TYPE:  V F O R V A N I L L A  PLAIN FF1 CO EFF ‘)
• 416 FO PMA T C ’  A FOR AVE R A G E D/ SQUARED ~F-1 INPUT )

READ (6, 12) I NVA
• I F ( INVA ,EQ ,IHA) CA L L SETFIL (4 , ’ Pw R F FT ,C OF ’ ,1~ R R ,’DP’ ,0)
• IF C I N V A ,EQ ,1HV .4 N D ,NORMUN .EQ .1HN)

1CALL SL TF t L C 1 -4, ‘FFT COF ,N RM ’ ,IER R ,’DP’,e)
- IF (P~~A ,EQ , 1 H V ,A ND ,NOR M U N ,EQ .1HU )

1CAL L SElF IL( 4, ‘F F T C O F,UN N ’, ILR R , g0p~~ 0)
• I F ( INV A ,NE ,1HA ,A N D ,IN V A ,NC.1H V )  GOb ‘110
* IF (N O R M U N ,LQ ,I H N ,OR .NORM UN .EQ ,IHU ,OR ,PWR ON ,EQ ,1HY) GOTO ‘430
I WRITE (6 ,4 24)

W R ITE (6 , 142 5 )
• W R ITE (6 ,4126 )
• WR ITE (6 ,427 )

WR I TE (6,428)
- ‘424 F OR M A T (’ THE FI L E 10 F3E THR FS HO LDLD M UST BE SPECIFI ED, 9)

425 FO RMAI C ’  IF NOT YE T ASSIGN E D,  P LEAS E DO SO NOW , ‘)
‘42& FORMA T(’ THE f-OHM IS; )
1427 FORMA IC ’ SAS DP 0sNAME, EX T , Li ‘)

- ‘128 FO R MA T ( ’  THEN T YPE CO TO CO NTINUE ‘)
PAUSE

£ 43 0 DEFINE FILE. 4 (64 ,256 ,U,OA T 4P T )
• CALL SETFIL( j , ‘THRHLD ,FIL ’, I E R R , ‘DP ’ ,O)
- DEEINE FILE j ( 3 1- 1 ,2 56,U~ T HR SP T )

WR ITE (6, ’43 1)
• 432 WRITE (6,1-133)

W RITE (6,11)
- ‘431 FORM AT (’ SPECIFY A REAL VA LUE FOR T~ E THRES HOLD OF ‘)

433 FOR M A T C ’  THE FORM a Ø ,~~ ØØ /UP T O 15 1R AILIN ~ 016115/ ‘)
I READ (6,435,LRR .432) hIRES
I 435 FO R MA TCF * 8 ,15)

W R IT E(6 , 439)
• W R ITE (6 ,1 1)
• 439 FO RMA T(’ THRESHO LD WORKING ‘)

D A T SIP T I
T HRSPT I I

• BW sO
- MSF. a (ci,0,0 ,0)

DO £170 111,614
* READ (4 DA I4PT) (DATA(N), Na l ,641 )
I DO £460 Ja1,6’4

DATBU F(J ) ’ (  1,0,0.0)
BFL 0WuCA ~3S(DA1A (J))—THRES

• 450 IP (BELOW) 451,453, 453
‘$51 MS F u M SE + DAT A ~ J)

OU TS Ms OUT S W + I
• DAT BU F(J )a ( 0 ,0 ,0 ,0 )
• 4453 CONTINU E
• 1460 CONTINU E.

W R I T E ( t ’ T H R S P T )  (DA IBUF( N) , Na t ,b4 )
1-470 CON TINUE

END EILE I

-— - - - — - -  - —- _______ -  ___________________________ 
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!NDF I LE ~1• 8W l40 96eOUT~ W
A B S M S La C A B S ( M S E )
F R A C B W . F L O A T ( BW ) / 4 0 9 6 ,0

• w R IT l (6, 1-4 80) 1HRES
W R ITE (6, 482) A BSMSE

• W R ITE (6 ,484)  BW , F RACB W
I WRITE (6,11)

1-460 FORMAT (’ T HIS THRHLD ,FI L USED A REAL TH RE SHOLD OF’ ‘,F 18,lS)
‘482 F O R M A T C ’  THE ABSOLUT E. MSE WAS a ‘,F1 8.1S)
4844 F O R M A T ( ’  AND THE BANDW IDTH w A S s  ‘,I4,’/4096 OR ‘,F1 2,9)

I 49~i ~RI1E (6,4 95)
- WR ITE (6,11)
• ‘$91 wR ITE  (6 ,496 )
• WR ITE (6,11)
- £495 FORMAT (’ END THRbSHOLt ) )

£4 96 F- O R M A T ( ’  TYPE C TO CO NTINUE,IYP [ S TO STOP ‘)
READ (6 ,12) INCS
IF C I PJ CS .EQ ,1HS) GOTO 900
IF( INC5 INE ,IHC) GOTO 149 1
GOTO 600

C * ** * *  FILTER MODULE *****
• 500 W R I T E  (6 , 505)
- WR ITE (6 ,506)
• W R I 1r (6, 11)
• 505 f - O P W A T ( ’  T YP E. ;  C T O USE CURRENT FILTER EQ UATION FOR FILE ‘)

506 F O R MA T ( ’  0 10 u S E  AN OLD FILTER FILE ) -

• READ (6, 12) INCO
• IF( INCO ,EQ ,1HO) GOTO 600

IE ’ I NCO ,NE ,1HC) GOT O 500
510 wR IT E (6,512)

• 512 r Q R M A T C ’  MAKING FILT ER •)
• DEF INE. FILE 1(641,256 ,U, DA T 1 P T )

C A L L  SEIF’IL(l, ‘FIL T ER ,COF ’ , IERR, ‘DP’ .0)
- KAPA 1u O

KAPA 2aO
S IGMA Ia O,

• SIGMA2 .0 1
• DAT 1PT’1
I IPOLDs344

D O 530 Pla I,6’ I
MMIM

* DO 520 Nsj,614
NNUN
IF C M ,GE ,1FOLD ) MMs66.’ M

• IIMM.1
- IP(N ,GE .IFOLO) NNSbb.N

JR MN . I
* SQ I J I I * *2 + J * * ?
I RADIAL .SQRT (SQIJ)

515 DA TA (N )s0 ,5*(1, 0+A LO G C RAD IA L a O .I+l . 0))
‘ 520 CONTINU E

• WRIT E (I’DATIPI) (DAIA(N), P421,64)
530 CONTINUE.

I
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ENDEI LE I
• WR ITE (6 ,545 )

WR ITE (6,11)
540 WRI TE (6,546 )

WRITE.  (6 ,1 1)
I 545 F O R MA T ( ’  DON E F iL T E R  ‘)

546 FOR MA T ( ’  TYPE C T O CONT INUE, TYPE S TO STOP ‘)
READ (6,12) INCS

• IF( INCS ,EQ ,IHS) GOTO 900
IF( INCS S NE.,1HC) G OTO 540

• GOTO 600

C ***** MA~ R~ X MULT MODULE *****
• 600 IFC INNO ,EQ .1HP4) CALL SLTF IL( 1, ’T HRH LD ,FIL’ ,IERR ,’DP’ ,O)
- IF( INCO ,EQ ,IHC) CA LL SETFI L( 1,  ‘FILIER ,COF’ ,IERR ,’DP’ ,g)
• TF (INNO ,NE ,IHO ,AND ,INCO ,N E ,IHO) 6010 620

IF (IP4N 0 ,EQ ,IHO) WRIT E (6,605)
IF (INCO ,EQ ,IHO) WRITE (6,606)

605 F OR MA T (’ THE OLD THRES HOLD FIL F MUST BE SPECIFIED, ‘)
• 606 FORMA I(’ THE OLD FILT ER FILE MUST BE SPE CIF iED , ‘)
• W RITE (6,607) -

WR ITE (6,608)
• WR ITE (6,60 9)
• WRIT E (6,610)
- 607 FORM A TC ’ IF ALREADY AS S IGNED, TYPE CO TO CO NTINUE, •)

608 FOR MA IC ’  IF NOT YET ASSIGNED, PLEASE DO SO NOW , THE FORM IS: ‘)
• 609 FORM AI(’ SAS DP O I P4 A ME ,EX T ,1 ‘)
I 610 FO RMAI ( ’  TH EN TYPE CO 10 CON T INUE , •)

PAUSE
620 DEFINE FILE 1C64,256,U,DATIPI)

• IF (NOR MUN ,E.Q,IHU ) CA LL SETFIL (3 , ’PFTCOF ,UNN ’,IERR , ’DP’,o)
IF(NOR MU N ,EQ ,1HP4) CA LL SET FIL(3 , ’ FFTCOF , NRM’ ,IERR, ’DP’ ,O)

• WR IT E (6 ,625) -

I WR ITE. (6,626)
WR ITE (6,627)

• WR ITE (6, 628)
• WRITE (6,629)
I 625 FORMAT( ’ IF FF1 CO EFF WER E JUST NOW MADE, TH E FILE IS ‘)

626 FOR MA T ( ’  A LR EADY ASSIG NED , TYPE CO TO CONTINUE, )
627 !DPMATC9 IF NOT YET ASSIGNED, PLEASE DO SO NOW , THE FORM IS: ‘)

* 628 FORMAT ( ’  5*3 DPO;NA M E ,EX I,3 ‘)
• 

• 629 FORM AT (’ THEN TYPE CO TO CO NTI NUE , ‘)
* PAUS E
• DEFINE FILE. 3 (64 , 25 6 ,U ,DAT 5 PT )
- IF (NORMUPJ.EQ ,IHU ,OR .N O R M U N .EQ,IHN) 6010 640

630 WRITE (6,635)
W R I T E  (6,11)

I 635 FOR M A T ( TYPE N FOR NOR M PET CO EFF , TYPE U FOR UNNORMA LIZED COUP ‘)
READ (6,12) NORMUN
IF (NORMUN ,N E ,I H U .AN D ,NORMUN ,NE .IHN) 6010 630

* 640 CALL 8ETFIL (2 , ’NU-L T,DA T ’ ,IERR, ’DP’,O)
DEF INE FILE 2(614,256,U ,DAT2PT)

• wRITE (6,645)
I 614 5 FOR M A TC MULTIP LYING ‘)
- DA TI PT II
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3 DA T2P TsI
1 OAT 3PT 1I

DO 680 111 ,64
READ (3 ’OATSPT) (D ATA (P ), Ms 1 ,64)
READ (I’DATIPI) (DATBLIF(N), NI1,64)
IF(NOR MUN ,EQ ,IHU) 6010 665

) IF(1.1) 650,650,655
650 WR ITE (6,651)

F 65 1 FORMA IC ’  AH.HA ,,,,THIN K YOU CAN FOOL M OTHER NATURE EH I ‘)
3 O CV A L IDA TA (1 )

KIK+ 1
3 655 DO 660 JaK, 64

DATA (J ) ID AT A(J )*DCVA L
660 CO N TINUE
665 DO 670 3I1~ 64DATA C J ) ‘DATA C J) *D AT BUF C J )
670 CON TINUE

4114 111 C? DA T 2 PT )  ( DA T A ( N ) , Ns 1 ,6 4 )
680 CONTINUE

3 ENDFILE I
ENDFILE 2

3 ENDPILF 3
WR ITE (b,69’i )
WRITE C6 ,11)

- 695 FORMAT (’ DONE MULl ‘)
$ 6010 700

I C ***** INVERS E. FF1 MODULE *****i 700 CA LL $ETFILC2 , ’MUL T ,DA T’,IERR ,’DP’,O)
DEFI N E FILE 2(64,256 ,U ,DAT2PT)
CA LL $LTPIL (8,’PROCSD,IPIG• ,IERR ,’DP’,O)
DEFI NE FILL 8(80 ,32,U,DAT8PT)

) W R I T E  (6,130)
3 730 FORMAT C ’ IF’FT W OR KI N 6 ‘)

DAT 2PTs I
DAT SPTR I
SCALE *1 ,0/41096,0
DO 740 J’1,6
WR ITE (8’OATSPT) (HEAOER (I,j),Is1,64)

740 CON TINUE
00 745 J’1,8

• 3 WRITE (S DAT 8PT) (NULLS(I,J) ,I.1 ,614 )
7445 CONTINU E.

3 00 750 1*1,64
READ (2 DAT2PT) (DATA (N ),N s1,b 41)
CALL FOUR T (DATA ,64,1 ,1 ,1 ,0)
DAT2PT IDAT 2PT .1

$ WRITE (2 ’ DAT2PT )  (DA IA (N ) , Nuj ,64)
750 CONTINUE

00 710 ~.1,64DAT2P T *I
I DO 760 111,64

READ (2’DAI2PT) (DATBUF(N),P4 ,I ,6S$ )
S DA TA( I) .DAT BU P (K )
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760 CONTINUE
CALL FOURT (DA TA , 64,1 ,1 ,1 ,0)

DO 77 0 I~~1,64
COL (I)s(REAL (DATA (I)))*SCALE

710 CONTINUE
WRITE C 8’DAT8 PT) (BCOL ,(N), Ns j ,128,2)

780 CONTINUE
ENDPILE 2
ENDEILE 8
WRIT E (6,795)

795 FOR MA T ( ’  DONE !FFT ‘)
900 END

ROUTINES CALLED :
SETFIL, FOURT , CABS , FLOAT , SQRT , ALOG , REAL

OPTI ONS a/ON ,/OPt3

BLOCK LENGTH
MA IN, 9644 5 (045532)*

**C QMPILER •.—.. CO RL **
PHASE USED FREE

D E CLARATIV E S 00963 143449
EXE CU TA B LE S 03343 11969
ASSE MBLY 014731 15221
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SUBROUTINE FOURT (DA1A ,NN, NDIM ,ISIGN ,IFOR M .WORK)
C
C THE COOLEY .TUKEY FAST FOU RIER TRANSFOR M IN 0548! BASIC FORTRAN
C
C
C TRAN SF O RM ( K 1,K2,,,,) • SUM (DATA (Jt,J2,,,,)*EXP (IS!GN*2*PI*50R7 (.1)
C * ( (J 1.1)* ( K1r 1)/ NN( j )+(J2 . j )* ( K2 .1)/ NN(2) , ,,,))), SUMMED FOR A LL
C Ji , K I BET WEEN 1 AND NN (j), J2 , K2 BET WEEN I AND NN(2) , ETC ,
C THERE IS NO LIM IT TO TIlE NUMBER OF S U B S C R I P T S , DATA IS A
C MU LT IDIMENSIONA L COMP LEX ARRAY wHOS E REAL AND IMAG INARY
C PARTS ARE ADJACENT iN STORAG E, SUCH AS FOR TRAN IV PLACES THEM ,
C IF A LL I MAGINARY PARTS AR E. ZERO ( D A T A  ARE DISGUISED REA L ), SET
C WOR M TO ZERO TO CUT THE RUNNING TIME BY UP TO FORTY PERCEN T,
C OTHERW ISE, WOR M $ +1 , THE LENGTHS OP ALL DI MENSIONS ARE
C STORED IN ARRAY NN , OF LEN GTH NDIM , THEY MAY BE ANY P O S I T IVE
C INTEGERS, 1410 TIlE PROGRAM RUNS EAST ER ON COMPOS ITE INTEGERS, A N D
C ESPEC IALLY FAST ON NUMBERS RICH IN FACTORS OF TwO, ISI&N IS +1
C OR ‘1, IF A —1 TRANS FORM IS FOLLO WED BY A +1 ONE (OR A +1
C BY A •j) IRE ORIGINAL DATA REAPPEAR, MULTIPLIED BY NIOT (sNN (1)*
C NN (2)*,,.), TRANSFOR M VALUES ARE A L W A Y S  COMPLEX, AND ARE RE TURN ED
C I N ARRAY DATA, REP LACING THE INPUT , IN ADD ITION , IF ALL
C DIMENSIONS ARE NOT POWERS OF TWO, ARRAY W ORK MUST BE SUPPLIED,
C COMPLEX OP LE NGTH EQUAL TO THE LARGEST NON 2**K DIMENS ION .
C OTHER W ISE , REP LACE W ORK BY ZERO IN THE CALLING SEQUENCE,
C NOR M AL FORTRAN DATA ORDERING IS EXPECT ED , FIRS .T SUBSCRIPT VA R Y I N G
C F A STEST , AL L SUBSCRIPTS BEGI N AT ONE .
C
C RUNN ING TIM E IS MUCH SHORTER THAN THE NA IVE NTOTI*2, SLING
C GIVEN BY THE FOLLO W ING FORMULA , DECOMPOSE NTOT INTO
C 2**K2 * 35*4(3 * 55*4 (5 * .,., LET 50M2 • 2*4(2, SOME • 3*4(3 + 5*4 (5

- 
- 

C + ,,, AND NE • 4(3 + KS + ,,,, THE TIME TAKEN BY A MULTI.
• C DIMENSI ONAL TR AN SFORM ON THESE NIOT DATA IS T ‘ TO • NTOT e (T 1+

C T2*$0M2,13*SUME+14*Nr) , ON TIlE. CDC ~~00 (FLOATING PO iNT ADD TIM E
C OF SIX M ICROS E CONDS ), T s 3000 + NTOT * (500 +43 *8UM2 ,6 8*SUM F+
C 320*NF) M ICRO S ECO N DS ON COMP LEX DAT A , IN A D D I T I O N , IRE
C ACCURACY IS GREAT LY IMPR OVED, AS THE RMS R ELATIVE ERROR IS
C BOUNDED BY 3*2**(.B)*$$JM(FAC7OR (J)**1,5), WHERE B IS THE NU MBER
C OF BITS IN THE FLOATING POINT FRACTIO N A N D FA CTOR(J ) ARE THE
C PR IME FACTORS OP NTO T,
C
C PROGRA M BY NORMA N BRENNE R FROM THE BASIC PROGRAM BY CHAR LES
C WA DE R , RA L PH A LT ER SUGGESTED THE IDEA FOR THE DIGIT REVERSAL,
C MIT LINCOLN LABO RA TORY, AUGUS T 1967. THIS IS THE FAS TEST A ND MOST
C VERSATILE VERSION OF THE PET KNOW N TO THE. AUTHOR , SHORTER PRO.
C GRAMS FOUR1 AND FOUR2 RESTRICT DIMENSION LENGTHS TO POWERS OF TWO,
C SEE.. IEEE AUDIO TRANSACTIONS (JUNE 1967), SPECIAL ISSUE ON FF1 ,
C
C THE DI S CR E T E FOURIER TRANSFORM PLACES THREE RESTRICTIONS U P O N  T H E
C D A T A •
C 1, TIlE NUMBER OF INPUT DATA AND TIlE NUMBER OF TRANSFORM VA LUES
C MUST BE THE SAME,
C 2, BOTH THE INPUT DATA AND THE TRANSFORM VALUES MUST REPRESENT

‘ C EQU ISPAC ED POINTS IN THE IR RESPECTIVE DOMAINS OF TIME AND
C FRE QUENCY , CALLING THESE SPACINGS DELTAT AND DELTAF , IT MUST BE

t —— - - 
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C TRUE THAT DELTAFa2*PI/ (NN(I)*DFLTAT), OF COURSE, DELTAT NEED NOT
C BE TIlE SAME FOR EVE RY DIMENS ION ,
C 3, CO N CE PTUALLY AT LEAST, THE INPUT DATA AND THE TRANSFO RM OUTPUT
C REPRESENT SINGLE CYCLE8 OF PERIODIC FUNCTIONS ,
C
C EXA M P LE 1, THREE — DIMENS IONA L FOR w ARD FOURIER TRANSFORM OF A
C CO MPLEX ARRAY DIMENSIONED 32 BY 25 BY 13 IN FORTRAN IV.
C DIMENSION DATA (32,25,13),WORK(5O),NN(3)
C COMPLEX DATA

C DATA NN/32,25,1S/
C DO 1 I~~1,32C DO 1 J~ 1,25C DO I 4(~ 1,13
C 1 DAIA (I,J,K).COMPLEX VALUE
C CALL F OURT ( DA TA , NN,3,.1,j , W OR 4 ( )
C
C EXAMPLE 2, ONE .DIMENSIONAL FORWARD TRANSFOR M OF A REAL ARRAY OF
C LENGTH 64 IN FORTRAN II ,
C DI MENSION DA TA (~ ,64)C DO 2 I’j,614
C DATA (1,I)IREAL PART
C a DArA(2,I).0,
C CALL FOIJRT (DATA,64,1,—1,0,0)
C

DIMENSION DATAC 1),NNC 1), IFACT (32), WORK( 1)
C CDC 6600 IN ITIA LIZATION

WRsO ,

W 8TPRaO ,
) WS TPIIB ,

I , TW OPI R G ,~ 831 85307
IF (NDIM.1)920 ,1,1

1 NTOTs2
DO 2 IDI M *1 ,ND I M
IF(NN (IDIM)) 920,920,2

2 NTO I’ s N T OT* NN( ID I M)
C
C MA IN LOOP FOR EACH DIMEN SION
C

NP 1~ 2DO 910 IDIM.1,IJDIM
5 N INN(I D IM )

NP2SN PI*N
IF(N.1 )920,900,5

C
C FACTO R N
C
S

NIWOiNPI
IF.1
ID IV s2

10 IQUO TRM / ID IV
5 IREM eM .IDZV *lQUOT

IF (Z QUOT .ID IV) 50 ,11,11 

— - - - -, - -- - - --. —---— - - -w- -- — _
—_.- -.. --
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11 IF(IREM )20 ,32 ,20
12 NTWO .NIWO+NTWO

MsIQUOT
GO TO 10

20 IDIVs3
30 IOUO 1.M /ID IV

IRE MSM .IDIV*IQUOT
D(!000T.IDIV)60,31,31

31 IF(IREM)440,32,40
4 32 I F A C T ( I P ) a I D IV

If. IP+ 1
MsIQtJOT
GO TO 30

4 40 IDIVSIDIVs2
GO TO 3B

4 50 IP (IREM )6O ,51 ,60
• 51 NTWOSNTWOsNTWO

GO TO 70
60 DA C T ( I F ) s M
C
C SEPARATE POUR CASES.—
C 1, COM PLEX TR ANSFORM OR REAL TRANSFOR M FOR THE 4T H , STH,E TC ,
C DIMENSIONS,
C 2, REAL TRANSFOR M FOR TIlE 2ND OR 3RD DIMENSION , METHOD .—
C TRANSFORM HALF IRE. DATA, SUPPLYING THE OT HER HALF BY CON.
C JUGATE SYMMETRY .
C 3. REAL TRANSFOR M FOR THE 151 DIMENS ION , N OD D , METHOD..
C TRANSFORM HALF THE DATA AT EACH STAGE, 8IJPPLY1NG THE OTHER
C HALF BY CONJUGATE SYM METRY ,
C 4, REAL TRANSF ORM FOR THE. 181 DIMENSION, P~ê EVEN , METHOD..
C TRA NSFORM A COMPLEX ARRAY OF LENGTH N/2 WHOSE REAL PARTS

C ARE TIlE EVEN NUMBERED REAL . VALUES AND WHOSE IMAGINARY PARTS
C ARE THE ODD NUMBERED REAL VALUES , SEPARATE AND SUPPLY
C TIlE SECOND HALF BY CONJUGATE SYMMETR’~,C
70 NON2.NPI* (WP2/NTWQ)

ICA SE SI
XFC IDIM.4 )71,90,90

71 IF (IP’ORM )72,72,90
72 ICA$ Es2

) IF (IDIM. 1)73,73,90
73 ICA$ Eu3

If’(NTWO .NPI)90, 90,74
74 ICASEI4

NT WO $N TW O/2
d uN /2
NP2SNP2/2
PITOT .NT OT/2
1a3
DO SB Ja2,NTOT
DA IA (J )sDATA C I )

80 151+2( 90 IINNQINP I
IP(ICASE.2) $0B~95, 100IIRNQINPB* (1+NPREV/2 )

~~~~~~~~~~~~~ ‘.. - -— — - - - - 
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C
C SHUFFLE ON THE FACTORS OF TWO IN N, AS THE. SHUFF L I NG
C CA N RE DONE BY SIMPLE INTERCHANG E , NO WOR K ING ARRAY IS NEEDED
C
100 IF(NTWO.NP1)600,600,110
110 NP2HFINP2/2

1’l

DO 150 12.1,NP2,NO N 2
IF (J—12)120,110,130

120 1IMAX SX2+NON 2 .2
DO 125 I Is I 2 , I 1 MA X , 2
DO 1~ 5 !3.I1,NIOT,NP2J3 ’J+13i’ I2
TEM PR IDA TA (I3)
TEMP ISDATA (13+1)
DATA (13)sQATA(J3)
DATA (13+1)IDA IA (J3 ,1)
DA IA (J3 ).TEMPR

125 DA TACJ3 +j )sTEMP I
1 30 MsN P2HF
140 Ir ( J . M ) 150 ,j s o , 1 4 s
145 JaJ.M

MSM/2
IF(M.NOPJ2) 150, 140, 140

150 JiJ•M
C

- C MAIN LOOP FOR FACTORS OF TWO , PERFOR M FOURIER TRANSFORMS OF
C LE NGTH FOUR , W ITH ONE OF LENGTH TWO IF NEEDED , THE TWIDD LE FA CTOR
C W SE *P (ISIGN *2*PI*SQRT( .1)*M/( tI*MMAX )) , CHECK FOR WU ISIGN *SQRT (.j)
C AND REP EAT FOR M sI8IGN* SQRT (.j)*CON JUGAT E (W ) .
C

NON2IINON2+NON2
IPAR UN IW O /W P 1

310 IP (IPAR.2)350,330,320 - -

320 IPAR U IPA R/4
GO TO 310

330 DO 344 0 11s 1, I IRNG ,2
• 00 340 J3.I1,NON2,NP I

DO 340 K1uJ3,NTOT~~~)N2IK 25K 1+NON2
TEMP R .DATA CK2 )
TE M P I u DATAC K 2 +1 )
DA TA (K2 ) .DATA (K1) .TEMPR
DAT ACK2 ,1 )UDATA CK 1+ 1 ).TEM P I
DA IA (K1) .OATA(K1) .TEMPR

340 DATA (K1+ 1 ).DATA (K1+1)+TEMPI
350 M MA XSN O N2

• 360 ZF (MMAX .NP2IIF)37a,bU,600
370 LMA X IM A XS (P40N 27 ,MMAX# ’2)

S IF (MMAX .N0P42)il0S ,4405,380
$ 380 THETA ~.TWO PI*PLO A T(N ON 2) /FLOAT (4*MMA X )

IF (I$IGPl)400,390,390
390 THflA ..THETA
4400 WRs CO$ (THE1 ’A)

I
- - -  - — — - - -- -- - - - L . -

~ r-~~~~~~~~~ r *.
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S W I s S I N ( T H ET A )
1 WSTPR..2,*W J*w I

WSI PI$2 ,*W R* III
405 DO 570 L SNON2 ,LM AX ,N ON ?T

M.L
IF (MM A X.N O N2 )4 2 0 ,420 ,  410

$ ‘410 W2R$WR*WR.WI*W !
W 2I12, *W R * W I
W 3 RIW 2R *W R.W 2I * MI
W 3 1 .W 2 R* W I+ W 2 I * W R

420 DO 530 I1s 1 ,IIRN G ,2
DO 530 43i11 ,NON2 ,NP I

S KM 1NUJ3+IPAR *M
IF (MMAX .NON2)430,430,’440

430 K M INIJ3

5 ‘~4o KD I F . I PA R* M MA X
4 i450 K51EP14*KDIF

DO 520 KIaKM IN ,NIOI,KSTEP
) 4(2aKl ,KD IF -

K3 sK2+4 (DIF
S K 4sK 3+KDIF

- IF (MMAX.N ON2)4 (~0,460,480
460 U IR SDATA (4 (1 )+DA TA (K2 )

- U 1I $DA IA (K1+ 1 )+DA TA( K 2+ 1 )
U2R .DATA C 4 (3)4DATA (4 (4)
U2 IRDATA (K 3+ 1 )+DAT A(K4+ 1)
(J3RBDATA (K1).DAIA (4(2)
U3 IIDATA (4(1+1).DATA(K 2+1 )
IF (ISIGN)U70 ,475,475

‘470 U4R ’DATA (4(3+1) .DA TA (K4+1)
U 4ISDATA (K4 ) .DA IAC K3 )
GO 70 510

4475 U 4R~aDATA (K44J ).DATA (K3+. 1 )
• U 4I R DATA (K3) .DATA (4(4)

GO TO 510
480 12R*WaR*DATACK2) .w21*DATA (KasI)

I 12I .W2R *DATA (K2 ,1)+W2 !*DATA (4(2)
T3R IWR *DA TA (K3).W I*DA TA (K3+1 )
T3IS W R *DAT A (K 3+ 1 )+W 1*DAT A (K 3 )
I’$R .W3R*DATA (K44 )—W 31*DA TACK ’I. 1)

I T4 I IW 3RaDATAC K44 + l)+W3I *DATA (k4)
1 U IR SDA TA(K 1 )+T2R

U 1I ’DAT A (l(1s1)+T21
• U2RIT3R .I4R

U2IIT3I+T41
S U3R ’DATA(K1).I2R

U3 1$DATA (K 1+1)uT2 1
Ir (I$IQN)490,500, S00

4490 U4R’T3I.14I
U’IIIT4R.T3R
GO TO 510

1 ( 500 U4RIT4I .73I
U41.I3R.T4R

510 DATA(PU) IU IR+ $J2R

- ----
4 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 4J
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DATA (K1+1)SUII+U2I
5 DATA CK 2 )sU 3R +U 4R
4 DATA( 4 (2+1 )sU3 I+U 41

DAT A (4C 3)s UI R .U2 R
DATAC K3+1 )aU1Iu ’U2I
DATA CK4 )’U3R.U’4R

520 DA T A ( K 4 4 + 1 ) : U 3 1—U ’ 1I
KMINI44*CKMIN .J3)+J3
KD1F.K5TEP
II (KDIF NP2) 450, 530 , 530

530 CONT INU E
M.MMAX .M

$ IF(ISIGN)540,550,550
5440 T EMPR aW R

WI.IIT EMPR
S GO TO S6O

550 TEM FRsWR
WRiwI

- WI.TEMPR
560 IF (M. L MA X ) 36 5 , S65 ,4410
565 IFMPR.W R

$ 
- 

W R.W R*W ST PR , iW I* W S T P IsWR

; - 570 W I S W I * W S T P R + T L M P R * W 5 T p 1 . g W I
IPAR .3~ I P A R
M M AX ~ MMA X +MMA X

S G0 T0 360
C
C MAIN LOOP FOR FACTORS NOT E QUAL TO TWO , APPLY IRE TWIDD LE FACTOR
C W.EXP (I$IGN*2*PI*SQRT(.1)*(J2.1)*(Jj.J2)/(NP2*IfPj)), THEN
C PE RFORM A FOURIER TRANSFORM OF LE NG TH IFACT (IF) , MAK ING USE OF
C CONJUGATE SYMMETRIES ,
C
600 IF(NTWO.NP2)605,700,700
605 IPPIaNON2

IF.1
N P IHFSNP I/2

1 610 IPP2 ’IFPI/ !FACT (IP)
$ JIR NGINP2
i IFUCASE.3)612 ,611 ,612

611 JIRNG SCN P2+ JPP 1 )/2
J2BI PINP2 /IFA C ICIP )

S JIAG2ICJ2STP$IPP2)/2
1 612 J2M IN .1+IFP2

IP(IFPI.NP2 )615,6’40,6440
615 DO 63S J2sJ2MIN ,IFPI ,TPP2

Tl’IETA ..TWQPI*FLOAT (J2.’1 ) /FLOAT (NP2)
S IF (I$IQN)625,b20,620

620 THETAa .THETA
625 SIN TH I$ INCT HETA/ 2 , )

W$IPRI.2,*SINTM *SINT#4
W STP IN S IN (THLTA)

5 W R .W$ TPR $j,
1 WIsWBTPI

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
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JIMINIJ2+IFP1
DO 635 J1.JIMIN ,J1R NG ,IFP 1
II MAXW J1+I1RNG .2
DO 630 IISJI,I1MAX, 2
DC 630 13.I1,NTOT,NP2
JSMAXSI3+IFP2 .NP1
DO 630 J3 s13 ,J3MA X ,NPI
TE MPR SDA IA( J3 )
DATA (J 3 )SDATA (J3)*WR .DA TA(J3 .1)-*W I

1 630 DA TA (J 3s 1 ) .rtM PR *W I+DAT A( J3 +1 ) *W R
TE M PR IWR

• WR iWR* WSTPR .WI*wSTPI+wR
635 ~I.TEMPR .wSTPI.WI*W8TPR.WT640 THEIAI.TWQPI/PLOAT( IYACT( IF))

$ IF (ISIGN)650,6’I5,645
645 THETA ~ .THETA
650 SI N THI SIN (THE TA/2 ,)

WS T PR..2 ,* SIN T I4 * S ! NT H
I W STP Is 8 IN( THE TA)
1 K STE PS2 *N/ IFACT (IF)

KRANG .KSTEP* (IFACT (IF)/2)+1
DO 698 I1a 1, I1RNG,2
DO 698 13.I1, NT OT , NP2
DC 690 K M INa I , KR A NG ,KST EP

I J IMAX I I3+J1 RNG.IFP1
DO 680 J la I3 ,J 1MAX, IFP 1
J3MAX sJI+IFP2.N PI

• DO 680 J3 .Jt ,J3MAX ,NPI
S J2M AX a J 3+ IF P I—IFP 2

- 

KSKM IN+ (J3.J1+(J1—13)/IFACT(XF ))/NPIHP
IF (KMIN.j)655,6551 665

• 655 SUMR .0,
SUMI sO,
DO 660 J2sJ3,J2MAX,IPP2

$ SUMRaSUMR+DATA (J2 )
660 SUM I.SUM I+DATA (J2+1 )

WORK(K )sSlJMR
W O R K ( K +j ) S S U M I

I GO T O 660
665 KC O NJ UK +2* ( Nu ’ K M IN+l )

J . sJ2MAX
- SUMR aDA TA (J2 )

SUMIs DA IA (J2+1)
S DLDSR IO ,
I OLD SIaO ,

J2.J2.IP’P2
670 TEMPRISUMR

TEMP IaSUMI
I SUM RNTW OW R *SUMR. OLD 5R ,DAT A(J 2)

SUMI .T W OWR *SUM I .OLD SI .DATA (J2 ,j)
OLD SRs TEMPR

- OLD SI ’TEMP I
J2iJ2.IFP2
IF (J2 J3 )675, 675, 670

$ 615 TE MP R RWR * S U M R .O L D $ R + DA TA ( J2 )

- — - — — — - — — - - — _ — — —  - — -a -— - — —  - - — f i  - - *  — —.- • — --------—-— — -- -_--————-- - -- --——-— —!———
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TE MP IIWI*SUM1
WORK CK).TEMPR.TEMP!

• WORK (KCONJ)sTEMPR+TEMPI
IF MP RSWR *Su MI .OLD SI +DATA(J2+ 1 )
f l W PT S W I* S UJ N R
W O R K ( K + j ) TL MP R+T E.MPI
WORK (4 (CONJ,1)sT [MI’I~.TCMPI

680 CONTINUE
D(KMP’ .1)68~ ,685,686$ 685 WR WSTPR+1,
W 1s W 5 7 P 1  

-

60 10 690
• 686 T FM P R SWR
S W R 3 W R * W 5 T P R . W I *~ S T P I f W R

WIuTE.MPR.W8TPI+WI*WSTPR+~~I
690 IWOWR sWR+wR

IF C ICASI.3)692,691,692
691 IF (IFPj.NP2)69S ,692 ,6~2692 Kwj

$ I2MAX SI3+NP2—tJPI
DO 693 12 .I3, I2MAX .NPI
DATA( 12):wORK(K)
DATA( 12+1)iwORK(K+1)

693 KaK+2
GO TO 698

C
C COMPLET E. A REAL TRANSFORM IN THE 1ST DIMENSION , N ODD, BY CON
C JUGAT E SYMM FTR IFS AT EACH STAGE ,
C
695 J3MAX SI3+1pP2 .NP 1

DO 697 J3s13,J 3MAX ,NP 1
J 2MAXaJ3+NP2 .J2STP
D O 697 J2sJ3 ,J2MAX ,J2ST P
J 1M A X I J2+J 1R G 2 .1PP2
JICNJ .J 3+J2MAX+J2 STP .J2
DO 697 J 1sJ2 ,J IMAX, IFP2
KB 1+J1 .13
DATA C Ji )’ WORK CK)

DATA (J1 ,t )SWORK(K + 1)
IF CJ1.J a )697,697,696

696 DA IA (J ICN J ) .W OR K (K )
DATA C J ICNJ + 1) ‘—wORK C K, 1 )

697 JICN JPJICNJ .1FP2
698 CONTI N UE

IFaIFs 1
IFPI .1FP2
IF (IPP1.NPI)700 , 700,610

C
C COMPLETE A REAL TRA NSFORM IN THE 181 DIMENSION , N EVEN , BY CO N .
C JUGATE SYMME TR IES ,
C
700 GO TO (900,800,900 ,~ 01) ,ICA 8F
7Q~1 NI4 A L.FSN

NRN+ N

- - - - - -~~~ —- -~~~ - - -~~~ ~~,- _ —- ——— - ~~~~~~~~ • -~~ • ,~~ ~~~~~~~~~~~~~~~~~~~~~~~~ I -
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THfTA s.IW Q P I/FLOAT (N)
• IF (ISIGN)703,702,102

102 T H ET A R TI 4F TA
703 S!NTHISIN (TIIE TA/2 ,)

WS TPR S 2,A S IN TH *S IN TH
• W STPI S S IN (THETA)

IIR ,WS T PR fI,

IM IN ,3
JMINS?* P4HA LF-. 1
GO TO T2S

11 0 J .JMjN
DO 720 I* IM IN ,N1 ’OT ,NP 2

$ SU M R . (DATA( I)+DA 1A( 4))/? ,
SUMI CDATA (1+ 1 )+D A TA (J + t )) / 2 ,

DIFRs (DATA (I )— DATACJ))/2,
DIFIa (DAIA (I+I) .DATACJ+1))/2 .
TLMPR*WR*SUM I+WI*DIFR
TEM P I aW I* SUM I~.WR *DIF R
DATA (!)sSUMR.TEMPR
DAT ACI +j )sOIFI+TEMPX
D A T A ( J ) SUMP.TEMPR
DATA (J+I) :’ .DIFI+T EMPI

1~ 0 J.J+NP2
IMIN IMIN+2
JMINsJMIN .2
T EMP RsW R
WR swR*WSTPR’.WI*WSTPI+WR
WI sTEMPR*WST PI+wI*WS TPR+Wj

725 IF C IM IN .J MIN )710 , 130 ,740
730 IF (I5IGN)731 ,740 ,140
131 00 735 I.IMIN,NTOT,NP2
735 DATA (1+1)a.DATAC I+1)
740 NP2aN P2+NP 2

NTOT .NTOI+NTOT
JaN TO T4 I
IMAX aNTOT/2+ 1

ia~ IM INIIM AX .2 *NHAL F
I*IM I IJ
60 10 755

150 DATA (J )aDAT AC I )
OATACJ+ 1 )I. DATA C I -4 1 )

155 111+2

I IMA X ) 150, 760, 760
760 DATA (J )sDATA (IMIN)— DATA ( IMIN+1)

DA TACJ+1 )’0 ,
IP(I.J)770,160,180

165 DA TA (J ).DA TA (I)
D A T A ( J + 1 ) s D A T A (  I. 1)

17k~ 111.2
J ’J .2
IP (I.IM IN)775, 775, 765

175 DA TA (J )RDA TA (IMIN )+DATA( IMI N + 1 )

7 .— a - f l — i  “ - -- - —- -- — ~~~~~~~~~~~~~~~~~~~~~ - - -  _____________________________  
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DAIA( J+j ) 0,
IMAX IM IN
CD 10 7115

S 780 DAIA (1)IDAT AC t) +DATA (2)
D A T A ( 2 ) ~~0,
GO TO 900

C
C COMPLET f A R EAL TRANSFORM FOR IRE 2ND ( l W 3RD DIMENSION ~YC CONJUGATE SYMM ETR IL. S,
C
800 IF (J1RNG .NPI)805,900,900
805 00 860 13 1, r ’J T O T ,NP 2

I 2M AX II3+NP 2 .NP I
$ DO 86S~ 12.13, I 2 MA X ,NP1

I M I N I 2 + I I R N G
• IMAX I2+NP1.2

JMA X~ ?*I34Np4.IMJN
IF (Iè’.13)820,820,810

5j~ JMAX JPIAX+N P2
820 IFCIDTM. 2)850 ,850 ,830
83~i J IJ MAX +NPO

DO 844 0 I IMIN , I MA X , 2
D A T A C I ) ~~D A T A ( J )

D A T A C  1+ 1) ~.DATA CJ+ 1)8440 J Jw2
850 J a J HA X

p 00 860 IIIM !N,I MA X , NPO
D A T A C I ) .OATAC J )
D A 1A ( If 1) a u D A T A  (J+ 1)

860 JsJ.NPO
C
C END OF LOOP ON EACH DIMENSION
C
900 NPO$NPI

NPI’NP2
91(1 NpR EV.N

$ 920 RETURN
END

ROUTIN ES CA LL E D:
M AX O , FLOAT , COS , SIN

OPTIONS ./O N ,/OP:3

BLO CK LENGTH
FOURT 344 7 2 (01514~4O)*

**COMPILER •~~~—.. C O R I * *
PHA8 E USLD FREE

DECL A R AT IV EB 00622 144690
E XECUTABL ES 01563 13129
ASSE MB LY 0244 35 17511

- - - 
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