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ABSTRACT

Measurement of ocular rolling is valuable for understanding space
sickness because the torsion of the eyes response to the gravity vector
change or visual scenery rotation is one of the few indications of otolith
function. ,

There are a number of methods for measuring ocular torsion. But each
of them has some drawbacks. Several digital signal processing methods have
been investigated and it is known that the subpicture method is the most
accurate calculation method of ocular torsion. This thesis was undertaken
to develop practical softwares using this subpicture method for analyzing
image rotation.

In the subpicture method, two 64*64 byte dimension subpictures are
taken from a 256%256 byte dimension reference picture. A region of interest
which has 20%20 byte dimension is defined at the center of the subpictures.

This region of interest is crosscorrelated with another subpicture
taken from a data image picture. The correlation peak gives calculation
data for the image rotation.

Two practical softwares were developed for RT-11 System at the
Man-Vehicle Laboratory and VAX System at Tufts University Image Analysis
Laboratory.
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1. Introduction

Space sickness has been a problem for Space Shuttle pilots and
payload specialists when they conduct experiments for many days on the
earth orbit in weightlessness or micro-gravity. Space sickness or motion
sickness is a peculiar function of the vestibular system.

Figure 1.1 and 1.2 show the human vestibular system. The
labyrinthine-vestibular sensory system is the main apparatus for the
maintenance of equilibrium and awareness of the body's position in relation
to its environment. It serves to transduce forces associated with linear
and angular movements of the head into nerve impulses that reflexly control
movement and posture. Five sensory organs are included: the two saccular
and utricular macules sense gravito-inertial forces; the three semicircular
canals sense angular accelerations of the head. Each macule supports
otoliths, the position of which is altered by linear motion and by the
effects of gravity. The cristae ( the sensory receptors of the semicircular
canals ) are attached to their walls and are activated by motions of the
fluid within the canals. Currents can also be induced in this fluid by
warming and cooling the tympanic membrane. The otoliths and cristae deform
hair cells of the sensory membranes, which induce nerve impulses. The
latter are transmitted by ganglion cells ( located in the internal auditory
canal ) and reach the brainstem via the vestibular nerve.[5]

The main reason for gpace sickness is the mismatch between visual
information from eyes and gravitational information from the vestibular
system. For instance, if you tilt your head around the line of sight on the
earth in 1G gravitational field, the eye balls also tilt and send rotated
visual information to the cerebrum. But, at the same time, the vestibular

6



system also feels the gravity vector change by the tilting of the head, and
sends the gravitational information to the cerebrum. This visual and
gravitational information match with each other on the earth in 1G field,
but do not match each other on the earth orbit in 0G field, due to the
vestibular system not feeling the gravity change by the head tilt in 0OG
field. This interaction between visual system and vestibular system causes
the space sickness.

An interesting relation of the vestibular system to the eye
movement is ocular counterrolling or ocular torsion. If you tilt your head
around the line of sight, the eye does not rotate as much as the head.
Rotating visual information, such as a rotating dome in front of the eye,
can cause the ocular torsion even if there is no gravity vector change.

The analysis of this ocular counterrolling is important for
knowing the function of the vestibular system and for the analysis of space
sickness.

There are a number of methods of measuring ocular torsion,
however, each of the methods has some drawbacks. The most accurate methods
are those that require attachment of a device such as a contact lens
directly to the eye. But these methods are not applicable for some
experiments.[1] The non invasive video photographic methods generally
require human analysis of images of the eye. This human photographic
interpretation is costly and requires meticulous attention to quality
control. ‘

One of the latest developments in this area of counterrolling
measurement has been that of a video-based monitoring system for torsional
eye movement. Many digital image processing applications require that two
images be registered with each other. The most commonly investigated
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sub-task in image registration is detection of translation, however,
techniques for measuring rotation have also been examined. One application
where there has been extensive use of image registration is the evaluation
of LANDSAT imagery.[1]

Mehdi Hatamian et al (1983) presented a video-based technique for
measuring the torsional movement of the eye ( counterroll ) by processing
video images of the eyeball. Entire system was based on the fact that most
variance in iris image density occurs in the angular direction in a polar
coordinate system centered on the pupil. Crosscorrelation between sequences
was obtained by sampling the digitized image of the eye ball at a fixed
radius from the pupil center. The iris portion of the image was converted
to an N*N format and then transformed using a two dimensional FFT ( Radial
Sampling ). The results by software implementation of the algorithm showed
the resulting error was less than 0.1 degree for the eye ball picture.[3]

Anthony Parker (1983) compared the advantages of three methods of
radial sampling, sector tracking and landmark tracking and he has concluded
that the landmark tracking method is easy to implement and has the
sufficient accuracy.[1][2]

The thesis of this work is that digital signal processing
techniques can be applied to images of the eye in order to measure ocular
torsion and is to develop a practical software. Two practical softwares
were developed for the RT-11 System at the MIT Man-Vehicle Laboratory and

the VAX System at Tufts University Image Analysis Laboratory.
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2. Rotation Measurement Algorithms

There have been several algorithms for the detection of data

image rotation; (1) sector tracking, (2) radial sampling of FFT, and (3)

subpicture method which was investigated in this thesis.
2.1 Sector Tracking Method - Theory of Action

In the sector tracking method, the reference image and the data
image of the eye are radially sampled around the center of the pupil. The
horizontal dimension of the sampled new images corresponds to the angﬁlar
direction of the original images. The vertical dimension of the sampled new
images corresponds to the radial direction of the original images.

The sampled new reference image and data image are Fourier
transformed and filtered with the Mexican hat filter for boosting the
moderately high frequencies. After inverse Fourier transformed, these
radially sampled images are crosscorrelated. The translation between these
two image matrices in the horizontal direction corresponds to the angular
direction and provides a measure of the rotation angle.

Since this method requires radial sampling and independent
measurement of the center position of the eye, it is slightly more

difficult to implement than the subpicture method ( Anthony Parker, 1983 ).
2.2 Radial Sampling - Theory of Action
The method of radial sampling of FFT takes advantage of the fact

that the magnitudes of the Fourier transform are independent of
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translations in x and y directions of the image matrices. The magnitudes of
the Fourier transform depend upon rotation of the image matrices.

A sector of the magnitudes of the Fourier transform is circularly
sampled in the reference and the data images. The crosscorrelation of these
sampled sector images is used to calculate the rotation angle of the two
images. It was not possible to use this method for eye images because the
strong peak of the crosscorrelation appeared in the non-iral part of the

images ( Anthony Parker, 1983 ).

2.3 Subpicture Method -~ Theory

Some of the basic subpicture method algorithms are shown in
Figure 2.3.1 and Figure 2.3.2. The reference picture OCR1.PIC and the data
picture OCR2.PIC have the dimension of 256%256.

The operator identifies two subpictures, A1.PIC and B1.PIC, which
are subtracted from the reference picture OCR1.PIC. The dimension of these
subpictures is 64*64 which enables short calculation time and FFT.

A region of interest which has 20%20 dimension is automatically
defined by masking at the center of these subpictures, namely ROIA and
ROIB. So, the operator must choose the x-y co-ordinates of these
subpictures so that a clear landmark should be at the center of the
subpicture and included in the 20%20 dimension of the region of interest.

Two other subpictures, A2,.PIC and B2.PIC, are subtracted from the
data picture OCR2.PIC at the same x-y co-ordinates as A1.PIC and B1.PIC,.
Two regions of interest, ROIA and ROIB, and two subpictures, A2.PIC and
B2.PIC, are Fourier transformed and filtered with Mexican hat filter.

The filtering operation boosts the moderately high frequencies and
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attenuates £he low and very high frequencies. There are edge effects at the
boundary of the image due to the filter. Therefore the outer three elements
are masked to zero.

After being inverse Fourier transformed, ROIA is crosscorrelated
with A2.PIC and ROIB is crosscorrelated with B2,PIC. The peak of each
crosscorrelation is used as a measure of the translation of the region of
interest between two subpictures.

The rotation angle calculation is simple.

( xa1, yal ) ; x-y coordinates of subpicture A1.PIC

( xp1, yb1 ) x-y coordinates of subpicture B1.PIC

we

( xa2, ya2 ) ; x-y coordinates of crosscorrelation peak in
the subpicture A2.PIC

x-y coordinates of crosscorrelation peak in

-e

( xb2, yb2 )
the subpicture B2.PIC
The inclination of the line which connects ( xa1, yal ) and ( xb1, ybl )
with respect to the horizontal x axis is given by
thetal=arctan((ya1~yb1)/(xa1-xb1))
The inclination of the line which connects ( xa2, ya2 ) and ( xb2, yb2 )
with respect to the horizontal x axis is given by
theta2=arctan((ya2-yb2)/(xa2-xb2))
Therefore, the rotation angle is given by

theta=thetal-theta2
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3. Preconditionig of Image - Mexican Hat Filter

The human observer can measure the translation of an object on
the x~y plane which is perpendicular to the line of sight, or on the video
screen. So, if the visual signal process of humans is simulated by computer
algorithm, it should be possible for software to measure the translation of
an object on the video screen. A successful process was to use the Mexican
hat filter ( Anthony Parker, 1983 ). Therefore, the same filter was used in
this thesis.

This filter is the second derivative of a Gaussian function and
given by

1/(sigma**2%*3qrt(2%pi) ) *exp(-r**2/(2*sigma**2))
The name, Mexican hat, comes from the shape of this filter in the spacial
domain,

The effect of the Mexican hat filter is to boost the moderately
high frequencies and reduces the magnitude of low frequency component and
very high frequency component. Figure 7.2 MH.TH and MHF.TH shows the
Mexican hat filter in position domain and frequency domain respectively.
The filtering effect is shown in Figure 7.2 A1.TH2, B1.TH2, A2.TH2 and

B2.TH2.
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4. Extracting Torsion Measurement - Crosscorrelation

Crosscorrelation is a well known operation defined by
RE1£2( i',5" )=sam(4,3) ( £1( 1,5 ) f2(*)( i-1i',3-3' ) )
where
f1( i,j ) is the first picture
f2( i',3j' ) is the second picture
(*) is the conjugation operation
This crosscorrelation is normalized by the energy of the pictures
R'£1£2( 1',3" )=Rf1f2( 1i',j' )/sqrt( ef1,ef2 )
Wwhere
ef1 is the energy of the first image defined by
ef1=sum(i,j) ( £( 1,5 ) £0¢)( 1,5 ) )
ef2 is the energy of the second image defined by
ef2=sum(i',j') ( £( i',3" ) £(*)( 1',35' ) )

In this thesis, the normalization factor is calculated by
squaring the second image, multiplying the Fourier transform of the squared
image by the transform of the mask, taking inverse Fourier transform and
then taking the square root. The crosscorrelation and the normalization
factor are shown in Figure 7.2 ONA.TH2 and ONB.TH2.

In this case, the image was filtered so as to increase the energy
in the detail in the iris. For this reason, the peak in the
crosscorrelation funtion falls in a region where the energy is near the
maximum, The peak is apparent even in the unnormalized crosscorrelation (
Anthony Parker 1983 ). When the peak is in a low energy region, it is often
smaller than the side lobes. In that case, the normalization operation will
make it possible to identify the peak when it could not otherwisé be
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identified.

But, if there is a strong reflection of any image on the iris,
such as reflection of a rotating dome, it might be possible that there are
two crosscorrelation peaks, one is for the eye image and the other is for

the reflection movement. So, the image data should be as clear as possible.
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5. Hardware Used to Inplement the Ocular Torsion Algorithm

5.1 Hardware of Man-Vehicle Laboratory

Figure 5.1 shows the computer system at the Man-Vehicle
Laboratory, which is built around a Digital Equipment Corporation,
PDP-11/34 central processing unit with 256 kilobytes ( kB ) of main buffer
memory, two 2.4 megabytes ( MB ) RKO5 disk drives, a Microterm terminal
ERGO 301, a WV-200P video camera, a NV-9300 video tape player, a WV-5300
video monitor and a Printronix MVP printer. The operating system used on
this system is the RT-11 version 4.

The calculating power and speed are low because the buffer memory
size is rather small and the system doesn't have an array processor. For
instance, 256%256 byte dimension of matrix data array or 64*64 complex
dimension of matrix data array cannot be defined in the buffer memory. A
large program cannot be run and it was necessary that a large program must
be divided into several parts. Two dimensional image data was manipulated
every few rows of the image matrix and written in the disk memory with the

record size of 128 ( 512 bytes ).

5.2 Hardware of Tufts University Image Analysis Laboratory

Figure 5.2 shows the hardware system of Tufts Image Analysys
Laboratory computer system. The hardware system is VAX-11/780 with 4
mega-byte buffer memory, and the operating system is VMS Version 4.1. This
system has the floating point accelerator.

The calculation power and speed are much higher than RT-11

18



System, because the calculation can be done in the buffer memory and
doesn't need I/0 operation between the buffer and the disc memory. While
the program for RT-11 System needs 75 minutes to analyze an image, the
program for VAX System needs only 2 minutes with I/0 operation and only 30

seconds without I/0 operation between the buffer and the disc memory.
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6. Data Format and Image Manipulation

6.1 Data

Format

A frame grabber generates 256*256 dimension image data arrays.

Each element is a byte which has 8 bit intensity capacity ( -127 to 127 ).

An image can be taken from the video camera or the video tape player and

displayed on the video monitor.

Image data is transformed from bytes into complex numbers by

adding O element of the complex part for FFT and digital filtering.

6.2 Image Acquisition and Manipulation

SET

SET

SET

SET

SET

SET

SET

SET

The following commands are useful for image manipulation.

VD:CNTRL=0
VD:CLEAR=n*10
VD:SCROLL=n*10
VD:LEFT=n*10

VD:RIGHT=n*10

VD:TOP=n*10

VD:BOTTOM=n*10

VD :CNTRL=10000

R RUNAVE

Reset the video screen

Set whole display equal to n*10
Load the scroll register

Set left bound of the screen at n*10
Set right bound of the screen at
n*10

Set top bound of the screen at n*0
Set bottom bound of the screen at
n*0

Connect the video monitor directly
with the video camera or the video
tape player

Because of the high noise level in



the video frame grabber, multiple
image had to be averaged to obtain
a reasonable quality image. This
command generates an averaged image
on the video screen.

COPY VD:0CR1.PIC DAT: Copy the image on the video screen
named OCR1.PIC into DAT: disk

These commands can be refered in VDHELP.TXT in system disk of RT-11.
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7. Software Description for RT-11 System

The programs for finding the image rotation are shown in Appendix
1. The used language for RT-11 System is RATFOR which can be preprocessed
to standard Digital Equipment Corporation FORTRAN. A large program was
divided into four parts; Y0S11.RAT, Y0S22.RAT, YOS3.RAT and YOS4.RAT. They
were compiled with "/NOLINENUMBER" because of the small size of the central
processor buffer memory.

YOS11.RAT is the main program for finding the image rotation
angle. Input data files for this program are OCR1.PIC and OCR2.PIC. Output
file is OCRBOX.DAT which includes the rotation angle of the pictures.
YOS22.RAT, YOS3.RAT and YOS4.RAT are the programs of subroutines which must

be linked to the mainprogram.

7.1 YOS11.RAT

YOS11.RAT is the main program for finding the image rotation
angle. The data flow chart is shown in Figure 7.1. Picture data are shown
in Figure 7.2. Input data files for this program are OCR1.PIC ( a reference
picture ) and OCR2.PIC ( a data picture ) stored in logical unit DAT:.
These files are 256*256 bite dimension raw pictures. The data files
manipulated in this program are filed in the disc memory of the computer
evey time when they are created or manipulated by subroutines because of
the rather small size of the buffer memory with the recordsize 128 ( 512
bytes ). This makes the calculation time so long as 75 minutes.

A picture descriptor block is added to the top of the files by
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the subroutine "pdb". The picture descriptor block is 512 bytes and has the
information of the picture file such as the dimension of the picture, the
maximum value of the picture elements and the x-y coordinates of the
subpicture. The new files to which the picture descriptor block is added
are OCR1.PDB and OCR2.PDB.

Subroutine "box" is called to define the x-y coordinates of the
subpictures A1.PIC and B1.PIC. The operater can see the subpictures on the
video screen. The x-y coordinate data is stored in the data file A.DAT for
the subpicture A1.PIC and in the data file B.DAT for the subpicture B1.PIC
by the subroutines "bopenf" to open the files and "rput" to store the data.

Mask file defines the region of interest and stored in file
ONE.Z. This file is created by the subroutine "maksr". The dimension of the
mask ( 64%64 ) must be the same as the subpictures. The intensity of the
elements inside the mask is 1 and the intesity outside the mask is O.
Masking routine is that if the element of the mask is O, the corresponding
element of the output subpicture element is also 0. The location of the
mask is the center of the subpicture ( 32,32 ). The size of the mask is (
20%*20 ). Therefore, the operater must choose the subpictures so that the
subpictures may include a clear landmark of the iris.

OCR1.PDB and OCR2.PDB are transformed into complex value format
by adding zero element of the imaginary part of the data by the subroutine
"oczevt" so that Fourier transform and filtering can be done. From this part
of the program, the picture data is manipulated in complex format.

Four subpictures are taken using x~y coordinates data, A.DAT and
B.DAT. The names of the subpictures are A1.Z and B1.Z for the reference
picture, and A2.Z and B2.Z for the data picture. Each element of these
subpictures is a complex number and the dimension is ( 64%*64 ).
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Subroutine "masr8" is called to create the Mexican hat filter.
This subroutine oniy creates 1/4 of the whole filter on the subpictures.
The filter must be shifted at the center of the subpicture and rotated,
because the filter is created only in the area where x-y coordinates are
positive. Subroutine "rot11" rotates the filter and create the whole filter
in the space domain.

Mexican hat filter is Fourier transformed by the subroutine
"xform option 'FFT'". The file name is MHF.Z. The subpictures A1.Z, B1.Z,
A2.Z and B2.Z are also Fourier transformed by the same subroutine and
filtered with MHF.Z. Filtering operation is done by multiplying each
element of the Fourier transform of subpictures by the element of the
filter.

Subroutine "xform optiton 'Inverse FFT'" is called to inverse
Fourier transform the subpictures A1.Z, B1.Z, A2.Z and B2.Z and edge masked
by the edge mask MSK.Z. This mask file is created by the subroutine
"maksr", and all three elements of the subpictures are masked. The masking
operation is the same as the filtering operation, that is the muliplication
of the each element of the mask and the subpictures. This is the end of the
Mexican hat filtering operation.

Following is the crosscorrelation routine. The algorithm of this
routine is explained in the section 4.

A2.7Z and B2.Z are normalized and masked by the subroutine "normf"
and squared by the subroutines "copy" and "twofil (option multiplication)".
The masking file name is ONE.Z. The squared data subpictures are AA2.Z and
BB2.Z. All these files, A2.Z, B2.Z, AA2.Z and BB2.Z, are Fourier
transformed by the subroutine "xform (option FFT)".

The data subpictures, A2.2 and B2.Z, are multiplied by the
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complex conﬁugates of A1.Z1 and B1.Z21. AA2.Z and BB2.Z are also multiplied
by the complex conjugates of ONE.Z1 and ONE.Z2. Rsulting data files are
ONE.Z1 and ONE.Z2. A1.Z1, B1.Z1, ONE.Z1 and ONE.Z2 are inverse Fourier
transformed. The square root files of ONE.Z1 and ONE.Z2 are taken by the
subroutine "onefl19". A1.Z1 and B1.Z1 are divided by ONE.Z1 and ONE.Z2
respectively. Rsulting files, A1.Z1 and B1.Z1, are the crosscorrelation
functions. The square root of these files, ONE.Z1 and ONE.Z2, are the
normalization factors. Detail explanation of the normalization factor is
given in section 7.2.

Two final crosscorrelation functions, A1.Z1 and B1.Z1, are used
to find the peak of the correlation and the translation of the region of
interest by the subroutine "peak4". The actual rotation angle is calculated

by the subroutine "calc20" and the data are stored in the file OCRBOX.DAT.

7.2 Y0S22.RAT

Y0S22,.RAT is composed of main subroutines which are called by the
main program YO0S11.RAT. Basically, these main subroutines open files and
the calculation data are stored in the files because of the small size of
the buffer. 128 of recordsize ( 512 bytes ) is used for I/0. This causes

the calculation time to be slow.
subroutine pdb(cstr1,cstr2)

The subroutine pdb puts the picture descriptor block ( 512 bytes
) at the top of the picture data file. " cstr1 " is an input data file name
and " cstr2 " is an output data file name. Horizontal dimension is stored
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in the fifteenth block and vertical dimension is stored in the sixteenth

block.
subroutine maksr(cstr,iszx,iszy,rmag,xO,yO,xc,yc)

This subroutine makes a mask file. The mask file is like a
window. Each element inside the window has the value of " rmag " ( usually
rmag=1.0 ), while the elements outside the window are zero's such as

zline(ix)=2mag

else

zline(ix)=(0.,0.)

The center of the window is ( xc,yc ). The size of the window is
(2%x0)*(2*y0). ( iszx,iszy ) must be the same as the dimension of the
subpicture which is to be masked ( 64*54 ). The window defines the region'
of interest in the subpictures. "cstr" is the mask file name such as MSK.Z
or ONE.Z. Subroutine "ouplnz" is called to file the mask data into the disc

memory line by line of the mask file elements.
subroutine subpic(cstrl,cstr2,cstr3,iszx2,iszy2)

This subroutine makes a subpicture file whose dimension is (
iszx2*iszy2 ). In this thesis, the dimension is ( 64%64 ). The x-y
coordinates data of the subpicture are stored in the file " cstr3 ". "
cstr2 " is the subpicture file name taken from the original picture " cstri
", This program also puts the maximum value of the picture elements and the
x-y coordinates of the subpicture as x-offset and y-offset in the picture
descriptor block. The value of x-y offset is used by the subroutine "
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calc20 " for calculating the rotation angle.

subroutine maksr8(cstr,iszx,iszy,rmag,x0,y0,sigma)

This subroutine makes the Mexican hat filter centered at the
upper left corner ( 0.0 ). Therefore, this filter must be shifted at the

center of the subpicture and rotated. The value of the filter in the space

domain is given by
zline(ix)=sigma 4 2 pi inverse*(2.-var_inverse*rsq)*
exp(-twovar_inverse*rsq) + i*0. (i=root(-~1))
[ zline(ix)=cmplx(sigma 4 2 _pi inverse*(2.-var_inverse*rsq)*
exp(-twovar_inverse*rsq),0.) ]
where
sigma 4 2 pi_inverse=1./(sigma**4*sqrt(2.%pi))
twovar_inverse=1./(2.*sigma**2)
var_inverse=1./sigma**2
Subroutine "ouplnz" is called to file the Mexican hat filter into the disc

memory line by line of the filter elements.

subroutine rot11(cstr1,cstr2,ix,iy)

This subroutine shifts the Mexican hat filter, " cstr1l ", created
by the subroutine maksr8 to ( ix,iy ) and rotates it around the center of
the subpicture, since the filter file which is created by the subroutine
"maksr" is only 1/4 of the whole filter at the upper left corner of the
subpicture. The statement for the rotation is

zline2(mod(i-1+ix, iszx1)+1)=2zline(i)
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The data of "zline2" is written by the subroutine "ouplnz" line by line.

The new file " cstr2 " is the Mexican hat centered at ( ix,iy ).

subroutine xform(iop,cstr)

This subroutine does the two dimensional discrete Fourier
transform. " iop=10 " is Fourier transform. " iop=11 " is inverse Fourier
transform. Transformation is done row by row of the image data matrix by
the subroutine "fft", and the matrix is transposed by the subroutine
"transp". Fourier transform is done row by row again for two dimension.
Another matrix transpose may be taken. But, in this subroutine, it is

eliminated for saving time.

subroutine twofil(cstr1,cstr2,iop,rmin)

This subroutine operates multiplication of the two files, " cstr
" and " cstr2 " such as
zrec2(i)=zrec1(i)*zrec2(i)
and multiplication of " cstr1 " by the conjugate of the file " cstr2 " such
as
zrec2(i)=zrec1(i)*conjg(zrec2(i))
and division of the file " cstrl " by " cstr2 ". The operation is done
picture element by element. In order to avoid zero-divide, the minimum
value of the second file elements is defined by " rmin ", that is
if(abs(real(zrec1(i))).ge.rmin)
zrec2(i)=real(zrec2(i))/real(zrect(i)) + i*0. (i=root(-1))
[ zrec2(i)=cmplx(real(zrec2(i))/real(zrec1(i)),0.) ]
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else
zrec2(i)=(0.,0.)
where
zrec1(i) is an element of the file "estr1"

zrec2(i) is an element of the file "cstr2".

subroutine normf(cstri,cstr2)

This subroutine is used for creating a picture file of the region
of interest from the mask file " cstrl " and the subpicture file " cstr2 ".
At the first part of this program, mean value of the subpicture elements "

zmean " and the normalization factor " rootsq_inverse " are calculated.

1.

rootsq_inverse=

sumsg-abs (zsum) /npel

[ rootsq_inverse=1./sqrt(sumsq-cabs(zsum)/npel) ]
where

" sumsq " is the sum of the absolute value of all picture elements.

" zsum " is the sum of the all picture elements.

" npel " is the number of the picture elements ( 64%*64=4096 ).
If the picture element of the mask‘file is zero, the element of the output
file is also zero, which means the masking. If the picture element of the
mask file is not zero, the element of the subpicture is normalized by "

rootsq_inverse ",

subroutine onefil9(cstr)
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This subroutine takes the square root of the real part of the

picture element by the statement

zrecl(i)=‘Vﬁax(0. , real(zrecl(i)) + 1i*0. (i=root(-1))

[ zrect(i)=cmplx(sqrt(amax1(0.,real(zrec1(i)})),0.) ]
where zrec1(i) is an element of the subpicture data file.

If the real part is negative, the result is set to zero in the output file.

subroutine peak4(cstr1,cstr2,n)

This subroutine calculates the x-y coordinates of the correlation
peak, ( rx,ry ) from the crosscorrelation function " cstrl ". The peak
position is interpolated between the peak element and the next element by
the high resolution cubic spline. This function was used successfully by
Anthony Parker (1983), so the same function is used in this subroutine.
Interpolation is " tOx,tOy ".

t0x=t0(temp(1),temp(2), temp(3))
where
temp(i)=£f_of_t(tOy,f(i,1),£(1,2),£(i,3))
t0(£1,£2,£3)=(£1-£3)/(2.%(£1-2.*£2+£3))
£ of t(t0,£1,£2,£3)=(£1-2.%£2+£3)/2.%t0%*2+(£3-£1)/2.*t0+£2
£f(i1,3) is the element of the crosscorrelation function.
and
tOy=t0( temp(1) , temp(2) , temp(3))
where
temp(i)=f_of_t(t0x,£(1,1),£(2,1),£(3,1))
t0(£1,£2,£3)=(£1-£3) /(2. *(£1-2.%£2+£3))
32



£ of t(t0,£1,£2,£3)=(£1-2.%f2+£3)/2.%t0%*2+(£3-£1) /2. %£0+£2
f(i,3j) is the element of the crosscorrelation function.
The subpicture location in the reference picture is stored in the picture

descriptor block and is read in this program ( xoffset,yoffset ). The
correlation peak location is the sum of these values.

peak location=( xoffset+rx+tOx , yoffset+ry+tOy )

subroutine calc20(cstr,n1,n2,n3)

This subroutine calculates the rotation angle from the two

correlation peak positions ( x2a,y2a ) and ( x2b,y2b ), and two subpicture

locations ( x1a,yla ) and ( x1b,y1b ).

rotation angle=arctan( yla-y1b, xla-x1b ) - arctan( y2a-y2b, x2a-x2b )
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OCR1.PIC
Reference Picture and
Two Subpictures

OCR2.PIC
Data Picture

Fig. 7.2 Picture Data
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ONE.TH

Mask File

Dimension is 64%*64.

Mask dimension is 20%20.

The elements inside the mask
are 1s (white), and

outside the mask are Os
(black).

A1.TH1

Subpicture of reference
picture, OCR1.PIC
Dimension is 64%54.

B1.TH1

Subpicture of reference
picutre, OCR1.PIC
Dimension is 64%54.

A2,.TH1

Subpicture of data picture,
OCR2.PIC

Dimension is 64%54.

Fig. 7.2 Picture Data
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B2.TH1

Subpicture of data picture,
OCR2.PIC
Dimension is 64*54.

MH.TH

Mexican hat filter in

space domain. This is already
shifted to the center of the
subpicture, and rotated around
the center to get the whole
filter.

MHF . TH
Two dimensional Fourier

transform of Mexican hat
. filter. )

MSK.TH

Mask file for Edge Masking.
Dimension is 64%64.

Mask dimension is 58%58.

The elements inside the mask
are 1s(white), and outside
the mask are Os(black).

Fig. 7.2 Picture Data

Y
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A1,TH2
Mexican hat filtered subpicture
of the reference picture.

B1.TH2
Mexican hat filtered subpicture
of the reference picture.

A2.TH2
Mexican hat filtered subpicture
of the data picture.

B2.TH2
Mexican hat filtered subpicture
of the data picture.

Fig. 7.2 Picture Data
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A1.TH3

Region of interest.

This is the multiplication of
the two files, the reference
subpicture A (already filtered)
and the mask file.

The dimension of the region of
interest is 20%*20.

B1.TH3

Region of interest.

This is the multiplication of
the two files, the refarence
subpicture B (already filtered)
and the mask file.

The dimension of the region of
interest is 20%20.

AA2,TH1

Square of A2.TH

This is used to get the
ecrosscorrelation function.

BB2,.TH1

Square of B2.TH

This is used to get the
crosscorrelation function.

Fig. 7.2 Picture Data

41



"

ONA.TH1

This is the multiplication
of the conjugate of mask
file and AA2.TH1, and used

to get the normalization
factor.

ONB.TH1

This is the multiplication
of the conjugate of mask
file and BB2.TH1, and used
to get the normalization
factor.

ONA.TH2

Square root of ONA.TH1
This is the normalization
factor.

ONB.TH2

Square root of ONB.TH1
This is the normalization
factor.

Fig. 7.2 Picture Data
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8. Software Description for VAX System

The programs for finding the image rotation are shown in Appendix
2. The used language is RATFOR and the programs are compiled by RT-11
RATFOR compiler to FORTRAN, since Tufts VAX System doesn't have a RATFOR
compiler.

The program is composed of four parts: YTFS1.FOR, YTFS2.FOR,
YTFS3.FOR and YTFS4.FOR. The algorithm of the calculation is the same as
the software for RT-11 System. But the image data manipulation is done in
the buffer memory defining image data matrices, which enabled the program
to be simple and calculation time to be short. This is the advantage of
using the VAX System.

YTFS1.FOR defines subpicture location. YTFS2.FOR creates several
picture files from the reference picture OCR1.PIC, which are necessary to
use the main program. YTFS3.FOR is the main program for analyzing the image
rotation. YTFS4.FOR is the program of subroutines which must be linked to

the other programs.

8.1 YTFS1.FOR

This program defines.subpicture location. At first, the operator
must get a reference picture on the video screen and run this program.
Subroutine "box" is called to define the x-y coodinates of the two
subpictres, A.PIC and B.PIC. Subpicture dimension ( 64%*64 ) is also defined
in this program. The x-y coordinates data are stored in the files A.DAT for
the subpicture A1.PIC and B.DAT for the subpicture B1.PIC. This program
must be run in RT-11 System at the Man-Vehicle Laboratory and the data
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files must be transfered to the VAX System at Tufts University Image

Analysis Laboratori.

8.2 YTFS2.FOR

This program creates several picture files from the reference
picture OCR1.PIC, which are necessary to analyze the data picture OCR2.PIC
using the program YTFS3.FOR. Inputs are the files of reference picture and
x-y coordinates of subpictures, A.DAT and B.DAT. Output files are complex

value transformed subpictures, A1.Z and B1.Z, a mask file, ONE.Z, which

defines the region of interest in the subpictures, Fourier transform of
Mexican hat filter, MHF.Z, and MSK.Z which is an edge masking file. These
two dimensional data array matrices, ONEZ,A1Z,B1Z,MHZ,MHFZ,MSKZ, can be
defined in the large buffer memory of the VAX System. This enables the very
short analyzing time which was impossible for the RT-11 system of the
Man-Vehicle Laboratory.

Subroutine "ymaksr" is called to create the mask file, ONE.Z.
Dimension of this mask ( 64%*54 ) must be the same as the subpictrues and
defined by this calling routine. Magnitude of the mask, which is the
magnitude of each picture element of this data file, is 1 so that there is
not any change of the intensity of the data pictures. Dimension of the mask
is also defined here and it is 20%20. The location of the mask is ( 32,32 )
which is the center of the subpicture. Therefore, the dimension of the
region of interest is 20*20 and the location is the center of the
subpictures. The operater should choose the subpicture location so that the
region of interest includes a clear landmark of the iris.

Subroutine "ysbpic" is called to create the subpictures, A.PIC
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and B.PIC. This subroutine opens the data files of the x-y coordinates of
the subpictures, A.DAT and B.DAT, and the reference picture, OCR1.PIC.
A.PIC is created from OCR1.PIC using the coordinates A.DAT, and B.PIC is
created from OCR1.PIC using the coordinates B.DAT. Subpicture data array
matrices, A1Z and B1Z, are defined in the buffer memory of the computer.

Subroutine "ymksr8" is called to create the Mexican hat filter,
MHZ. The dimension of the filter ( 64*54 ) must be the same as the
subpictures. As the filter is created at the upper left corner, it must be
shifted to the center of the subpicture. The shifting amount is ( 32,32 ).

Subroutine "yroti1" is called to rotate the filter around the
center of the file ( 32,32 ), since the filter created by the subroutine
"ymksr8" is 1/4 of the whole filter on the subpictures. The new data array
matrix name is MHFZ.

Subroutine "yxform" is called to Fourier tramsfrom the Mexican
hat filter MHFZ.

Subroutine "ykeep" is called to store the data array MHFZ in the
data file MHF.Z. This is necessary because MHF.Z is used by YTFS3.FOR.

Subroutine "ymaksr" is called to create the edge mask array
matrix MSKZ. The dimension of the edge mask is the same as the Mexican hat
fiter. Intensity of the elements is 1 as well as the mask file MHK.Z. The
location of the mask is the center of the filter ( 32,32 ) and all three
elements of the edge are masked.

Subroutine "ykeep" is called to store the data array matrix MSKZ
in the data file MSK.Z. This is necessary because MSK.Z is used by
YTFS3.FOR.

Subroutine "yxform" is called to Fourier transform the subpicture
data array matrices, A1Z and B1Z, which are already defined in the buffer
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memory of the computer.

Subroutine "y2fil" is called to filter the subpicture data array
matrices, A1Z and B1Z, with the Mexican hat filter data array matrix, MHFZ.
The filtering routine is done by multiplying each picture element by the
data element of the filter.

The data array matrices, A1Z and B1Z, are inverse Fourier
tranformed for the edge masking by the subroutine "yxform ( option FFT[-1]
)" and multiplied by the edge masking array matrix, MSKZ, by the subroutine
ny2fil ( option multiplication )".

Subroutine "ynormf" is called to create the region of interest
data array matrices, A1Z and B1Z, using the mask file array matrix, ONEZ.

This routine is done by multiplying each subpicture element by the mask
leement. Inside the region of interest, the intensity of each element of
the mask is 1, and the intensity outside the region of interest is 0. The
masking routine is that if the mask element is O, the output matrix element
is also 0., Each output element is normalized by the normalization factor.
Detail explanation is given in section 8.4.

Region of interest data array matrices, A12Z and B1Z, and mask
array matrix, ONEZ, are stored in the data files, A1.Z, B1.Z and ONE.Z, so

that they can be used by other main programs such as YTFS3.FOR.

8.3 YTFS3.FOR

This is the main program for analyzing the image rotation using
several data files created by YTFS2.FOR.
Input data files are OCR2.PIC which is 256%256 byte dimension raw

image data file, A1.Z and B1.Z, which are the subpictures of the reference
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picture, A.ﬁAI, B.DAT, MHF.Z and MSK.Z. The rotation angle data are stored
in the output file OCRBOX.DAT.

The two dimensional data array matrices, A2Z,B2Z,MHFZ,MSKZ,AA2Z,
BB2Z,0NEZ1,0NEZ2,A121,B121, can be defined in the large buffer memory of
the VAX system. This enables the simple composition of the programs and the
very short analyzing time for analysis because I/0 operation between the
buffer and the disc memory is not necessary, which was not possible for the
RT-11 system of the Man-Vehicle Laboratory. The calculation takes 75
minutes for RT-11 System and only 30 seconds for VAX System to analyze an
image.

Subroutine "ysbpic" is called to create the subpicture array
matrices, A2Z and B2Z, form the data picture file, OCR2.PIC, which is
opened by this subroutine. X-Y coordinate data files, A.DAT and B.DAT, are
also opened by this subroutine and used for creating the subpicture data
matrices.

Subpicture array matrices, A2Z and B2Z, are Fourier transfromed
by the subroutine "yxform ( option FFT )" for filtering.

Subroutine "filbuf" gets the Mexican hat filter data file and
defines it as a two dimensional data array matrix, named MHFZ, in the
buffer memory.

The subpicture data array matrices, AZ2 and B2Z, are multiplied,
element by element, by the filter array matrirx, MHFZ, which is defined in
the buffer memory by the subroutine "filbuf" from the filter data file,
MHF.Z. This is the Mexican hat filtering operation.

After the filtering, subpicture matrices, A2Z and B2Z, are
inverse Fourier transfromed by the subroutine "yxform ( option FFT[-1] )"

and edge masked. The edge masking operation is also the multiplication of
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the subpicture data array matrix and the edge masking data array matrix,
MSKZ, element by element. This is the end of the Mexican hat operation.

The following is the crosscorrelation operation. The algorithm of
the crosscorrelation is explained in the section 4.

Subroutine "copy" is called to create the same subpicture data
array matrices in the buffer memory in order to get the energy of the
pictures. A2Z and B2Z are copyed in the array matrices, AA2Z and BB2Z,
respectively. A27Z and AA2Z, and ,B2Z and BB2Z, are multiplied respectively
to get the square value of the subpictures and Fourier transformed before
the crosscorrelation.

Subroutine "filbuf" is called to get the subpicture data files of
the reference picture, A1.Z and B1.Z, and defines the array matrices, A1Z1
and B1Z1, in the buffer. Complex conjugate matrices of the A1Z1 and B1Z1
are multiplied by the data subpicture matrices, A2Z and B2Z.

On the other hand, spuare value matrices of the data subpictures,
AA27 and BB2Z, are multiplied by the conjugate matrices of the mask file,
ONEZ1 and ONEZ2, which are the same at this time. Resulting array matrices
are ONEZ1 and ONEZ2. These array matrices, A1Z1,B1Z1,0NEZ1,0NEZ2, are
inverse Fourier transformed. Square root matrices of ONEZ1 and ONEZ2 are
taken, and A1Z1/ONEZ1‘énd B1Z1/ONEZ2 are the crosscorrelation functions.
These operations such as the multiplication and the division are the
calculation of element by element of the array matrices. This is the end of
the crosscorrelation operation. Resulting crosscorrelation functions are
A1Z1 for the subpicture A2.PIC and B121 for the subpicture B2.PIC.

Subroutine "ypeak4" is called to identify the crosscorrelation
peak of the function. The peak coordinates of A1Z1 and B1Z1 are ( x2a,y2a )
and ( x2b,y2b ) respectively on the matrix of the subpicture ( 64%*64 ).
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Therefore the coordinates of the subpictures are also necessary to get the
peak location on the original 256*256 dimension coordinates.

Subroutine "datatr" transfers the data from the data files, A.DAT
and B.DAT into the buffer, and gets the x-y coordinates data of the
subpictures on the original picture matrix ( 256%256 ) into the buffer.

Subroutine "yclc20" calculates the actual rotation angle using
the x-y coordinates of the subpictures on the original 256%256 matrix (
(x1a,y1a) and (x2b,y2b) ) and the crosscorrelation peak locations on the
subpicture 64*64 matrices ( (x2a,y2a) and (x2b,y2b) ). Calculation
algorithm is

angle=arctan( yla-y1b,x1a-x1b ) - arctan( y2a-y2b, x2a-x2b )

The rotation angle data is stored in the file OCRBOX.DAT.

8.4 YTFS4.FOR

This is the program of subroutines which are used by the main
programs YTFS1.FOR, YTFS2.FOR and YTFS3.FOR. All of the data arrays
manipulated in the subroutines are defined as two dimensional matrices of
complex value. The data manipulation is done in the buffer memory of the
computer and I/0 operations are avoided as many as possible. Large buffer
memory of the VAX system enabled these and very fast analyzing time and

simple programs.

subroutine ymaksr(zsub,iszx,iszy,rmag,ix0,iy0,ixc,iyc)

The subroutine "ymaksr" creates a rectangle mask in the buffer

memory for making the region of interest or the edge masking file. "zsub"
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is the name of the created mask such as ONEZ or MSKZ. "iszx" and "iszy" are
the dimension of the mask data array matrix ( 64*64 ) which is the same as
the subpictures. "rmag" is the magnitude of the mask inside the region of
interest or the edge mask, and usually this is 1 so that there is not
change of the intensity of the data files. "ixO" and "iyO" are the half
size of the region of interest or the edge mask. "ixc" and "iyc" are the
x-y coordinates of the center of the mask on the subpicture matrix.
Mask creating operation is
zsub(i,j)=1. inside the mask
zsub(i, j)=0. outside the mask

where zsub(i,j) is an element of the mask array matrix.

subroutine ysbpic(zsub,cstr1,cstr2)

This subroutine creates a subpicture array matrix in the buffer
memory. "zsub" is the name of the subpicture array matrix such as A1Z or
B1Z. "cstr1" is the name of the picture data file whose dimension is
256%256 byte dimension ( not the complex value ) such as OCR1.PIC or
OCR2,PIC. "cstr2" is the file name of the x-y coordinates of the subpicture
such as A.DAT or B.DAT.

Subroutine "bopenf" is called to open the file of the x-y
coordinates of the subpicture center. The x-y coordinates data ( x0,y0 ) is
stored in the buffer memory by the subroutine "rget". Since these value are
the center position of the subpicture on the matrix, the x-y coordinates of
the upper left corner are necessary to create the subpicture, such as

ix0=x0-32.
iyO=y0-32.
The picture data file "cstr1" is opened in the buffer and data is
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read. But the recordsize of the picture file is 128, therefore only 512
bytes data is read. In this program, the matrix data array cpic(ii,jj)
whose dimension is 256%256 byte is defined, so that the program is very
much understandable. Each element of the matrix cpic(ii,jj) is a byte.

The matrix csub(k,l) is defined as the subpicture data array
matrix whose dimension is 64%64 and each element of the matrix is still a
byte.

The last routine of this subroutine is the byte-complex convert.

Byte is converted into the integer value by the following statements.

equivalence (c,ic) ! ¢ and ic are equivalent
data ic/0/ ! clear high byte
c=csub(i,j)

isub(i,j)=ic
The integer value matrix is converted into a complex value matrix by adding
a complex zero element to each real part of the data such as
zsub(i,j)=cmplx(float(isub(i,j)),0.)
where zsub(i,j) is the 64%64 complex dimension subpicture data array

matrix.

subroutine ymksr8(zsub,iszx,iszy,rmag,x0,y0,sigma)

This subroutine is to create the Mexican hat filter matrix in the
buffer. "zsub" is the name of the filter, iszx and iszy are the dimension
of the filter which must be the same as the subpictures such as 64%*64,rmag
is a dummy variable,x0 and yO are the center location of the filter and
sigma is the standard deviation. The created filter is centered at the

upper left corner (0,0). Therefore, this filter must be shifted at the
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center of tﬁe subpicture and rotated. The value of the filter in the space
domain is given by'
zsub(i,j)=signa 4 2 pi inverse*(2.-var_inverse*rsq)*
exp(-twovar_inverse¥*rsq) + i*0. (i=root(-1))
[ zsub(i,j)=cmplx(sigma 4 2 pi_ inverse* \
(2.-var_inverse*rsq)*exp(-twovar_inverse*rsq),0.) ]

where
var_inverse=1./sigma**2
twovap_inverse=1./(2.*sigma**2)

sigma 4 2 pi inverse=1./(sigma**4*sqrt(2.%pi))

subroutine yrot11(zsub1,zsub2,ix1,iy1)

This subroutine is to rotate the Mexican hat filter around the
center of the matrix by the following statement.
zsub2(i,(mod(j-1+ix,64)+1))=2sub1(i,j)
where
zsub1(i,j) is the original Mexican hat filter
zsub2(i,j) is the rotated Mexican hat filter

Fourier transform is still necessary for the filtering.
subroutine yxform(iop,zsub)

This program is to two dimensional Fourier transfrom if the
option number iop is 10, and is to two dimensional inverse Fourier
transfrom if the option number is not 10. "zsub" is the data array matrix

name which is to transformed.
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zline(j) is defined by each row of the matrix zsub(i,j) and the
subroutine "fft" operates the Fourier transform row by row. Subroutine
"ytrnsp" is called to get the matrix transpose by the routine such as
zsub(i,j)=zsub(j,1i)
and subroutine "fft" is called again and operated row by row for the two
dimensional FFT. The matrix transpose may be taken again, but in this

program, it is ignored for saving the calculation time.

subroutine y2fil(zsub1,zsub2,iop,rmin)

This subroutine is to operate multiplication, conjugate
multiplication and division element by element of the picture array matrix

whose dimension is 64%64.

The option number, iop, 20 is for the multiplication by the
following statement.
zsub2(1i,j)=zsub1(i,j)*zsub2(i,j)
The option number 21 is for the conjugate multiplication by the
following statement.
zsub2(i,j)=2sub1(i,j)*conjg(zsub2(i,j))
The option number 23 is for the division by the following
statement.
zsub2(1,j)=cmplx(real(zsub2(i,j))/real(zsubl(i,j)),0.)
If the real part of zsub1(i,j) is smaller than rmin1, zsub2(i,j)=(0.,0) to
avoid the overflow.

where rminl=rmin*"maximum absolute value of the real part of zsub2(i,j)"

subroutine ynormf(zsub1,zsub2)
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This subroutine is to create the array matrix of the region of
interest from the mask data matrix zsubl and the subpicture data matrix
zsub2. At the first part of this subroutine, mean value of the subpicture
elements "zmean" and the normalization factor "rootsq_inverse" are

calculated such as

1.

rootsqg_inverse=

V%umsq-abs(zsum)/npel

[ rootsq_inverse=1./sqrt(sumsq-cabs(zsum)/npel) ]
where

"sumsq" is the sum of the absolute value of all picture elements of
zsub2(i,j).

"zsum" is the sum of the all picture elements of zsub2(i,j).

"npel" is the number of the picture elements ( 64%64=4096 ).
If the picture element of the mask matrix is zero, the element of the
output matrix is also zero, which means the masking. If the picture element
of the mask array is not zero, the each element of the subpicture matrix is
normalized by "rootsq_inverse" such as

zsub2(i,j)=(zsub2(i,j)-zmean)*rootsq_inverse
subroutine y1£fil(zsub)
This subroutine is to get the square root of each element of the
data matrix zsub(i,j) by the following statement.
zsub(i,j)=cmplx(sqrt(amax1(0.,real(zsub(i,j)))),0.)

subroutine ypeak4(zsub,x,y,rn)
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This subroutine calculates the x-y coordinates of the correlation
peak (x,y), from the crosscorrelation function zsub(i,j). The peak position
is interpolated between the peak element and the next element by the
following interpolation operations.

t0x=t0(temp(1), temp(2), temp(3))
where

temp( j)=£_of_t(t0y,£(j,1),£(3,2),£(3,3))

f_of t(t0,f1,£2,£3)=(£1-£3)/(2.%(£1-2.%£2+£3))

dimension f£(3,3),temp(3)
and

t0y=t0(temp(1), temp(2), temp(3))
where

temp( j)=£_of_t(t0x,£(1,3),£(2,3),£(3,3))

f_of_ t(t0,£1,£2,£3)=(£1-£3)/(2.*#(£1-2.%£2+£3))

dimension f£(3,3),temp(3)
and where

f(jyi)=real(zsub2(i,jj))

jj=mod( x+( j=2)+63,64)+1

zsub2(i,j)=zsub(mod(y+i-2+63,64)+1,3)

zsub(i,j) is the element of the crosscorrelation function.
(t0x,t0y) is the interpolation. (x,y) is the peak location of the
crosscorrelation function. Therefore, calculated peak location is (x+tOx,
y+t0y) on the subpicture coordinates. This is the high resolution cubic
spline used by Anthony Parker (1983) successfully and the same function is

used in this subroutine.

subroutine yclec20(x2a,y2a,x1a,yla,x2b,y2b,x1b,y1b,cstr,m)
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This subroutine is to calculate the image rotation angle from the
two correlation peak positions (x2a,y2a) for the crosscorrelation function
A1Z1 and (x2b,y2b) for the crosscorrelation function B1Z1, and two
subpicture locations (xla,yla) for the subpicture A.PIC and (x1b,y1b) for
the subpicture B.PIC. Calculation of the angle is a simple algorithm.

y2al=y2a+yla

x2al=x2a+y2a
where (x2a1,y2al1) is the x-y coordinates of the peak for the subpicture
A.PIC.

¥2bi=y2b+y1b

b1=x2b+x1b
where (x2b1,y2b1) is the x-y coordinates of the peak for the subpicture
B.PIC.
The inclination of the line between the centers of the subpictures A1.PIC
and B1.PIC is given by

thetal=atan2(yta-y1b,x1a-x1b)
The inclination of the line between the two peak locations of the
crosscorrelations is given by

theta2=atan2(y2a1-y2b1,x2a1-x2b1)
The rotation angle is given by

theta=thetal-theta2

This data is stored in the data file "cstr".
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9. Data Transmission

Picture data files must be transmitted from MIT to Image Analysis
Laboratory at Tufts University for using the VAX System. Therefore, data
format must be changed so that the data file can be transmitted. The
program which transforms the picture data files created at MIT Man-Vehicle
Laboratory into the transmittable format is shown in Appendix 3, and the

program which transforms the new data format into the original data format

is shown in Appendix 4.
9.1 MITFS.RAT

This program changes the data format which is transmittable from
MIT Man-Vehicle Laboratory to the VAX System at Tufts University Image
Analysis Laboratory.

Raw image data which is created at RT-11 System is an array of
picture elements which can define a 256*256 dimension matrix. Each picture
element is a byte which has eight bits. Therefore, the magnitude of each
eighf bit number indicates the intensity of the picture element and the
range of magnitude is -127 to 127 ( decimal ). The data format as a binéry
number is eight bits such as

R N®
where
* is 1 or O.

On the other hand, the transmittable format is such that the
first bit is O, the second bit is 1, the third and the fourth bits are O's,
and the other four bits indicate the data, such as
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0100%*%*
Therefore, each picture element is divided into two parts. Higher four bits
are shifted to the right by four bits and added to 01000000. Lower four
bits are also added to 01000000. For instance, if the data of a picture
element is 01101011, the resulting transformation is

01000110 for higher four bits

and
01001011 for lower four bits.
Magnitude range of the new data is 01000000 to 01001111 ( binary

number ), or 100 to 117 ( octal number ), or 64 to 79 ( decimal number ).
All picture elements are transformed like this and a "line feed"

( 10 as a decimal number ) and a "carriage return" ( 13 as a decimal number

) are added every 64 bytes for the transmission.

9.2 TFSPIC.FOR

This program transforms the new data format into the original
format. The transformation is the reverse operation of MITFS.RAT. 64 (
01000000 as a binary number ) is subtracted from every data element,
shifted to the left by four bits for higher four digits 'and added to the

next data which indicates the lower four bits of the picture element.

ASCII character chart is shown in Appendix 5.
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10. Additional Experiments

10.1 Accuracy of the Algorithm

In order to examine the errors produced by the subpicture method
without interference from other causes of error, digitally rotated images
were artificially produced. These artifically produced images are quite
useful for determining accuracy of the method since the true rotation are
exactly known. When measuring rotsion on an experimental series of images,
the precision of the measurement can be determined easily.

A well framed 256%256 image of a single eye of a blue-eyed
subject was rotated digitally using the high resolution cubic spline
interpolation algorithm. Images were produced at 1,2,3,4,5 and 6 degree
rotations.

For each data picture, 9 pairs of subpictures, A2.PIC and B2.PIC
were extracted around the subpictures shown in Figure 7.2 OCR1.PIC. Figure
10.1.1 shows the accuracy as the standard deviation with respect to the
image rotation angle. This result shows that the subpicture method has a
good accuracy compared to the required error limitation 0.1 degree between
0 and 4 degrees. The sfandard deviation is much larger in case of the 5
degree rotated image. This is because the subpicture method basically uses
the subpicture image translation in x-y direction to calculate the rotation
angle. It seems the calculation is limited to five degrees for this method,
but this is enough for the eye rotation because the eye does not rotate

more than about 5 degrees. Calculation was not possible for the six degree

rotated image because of the same reason.
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10.2 Comparison to the Result of Anthony Parker[1]

The algorithm of the subpicture method is a modification of the
landmark tracking method which was developed by Anthony Parker [1]. The
basic difference is that, in the landmark tracking method, the dimension
of the region of interest is 64*54 and that this subpicture is
crosscorrelated with the whole data picture (256%256 dimension), while in
the subpicture method, the dimension of the region of interest is 20%*20,
and the region of interest is crosscorrelated with the subpicture (64%64).
This made the calculation time much faster (75 minutes for the subpicture
method, about 3 hours for the landmark tracking method).

The accuracy as the standard deviation shown in his thesis( [1]
pP.98 ) can not be considered to be the real standard deviation for
analyzing the actual data pictures, because the subpictures ( of different
size ) were taken from the same part of the reference picture using the
same x-y coordinates and crosscorrelated with the same area of the data
picture, and so this data doesn't include the error for extracting the
subpictures from the different part of the reference picture. And, in order
to calculate the rotation angle, two crosscorrelation peak points are
necessary. His data is the standard deviation of the translation of the
crosscorrelation peak point of one subpicture in x-y direction using
different size of subpictures ( The unit is Picture Element ). When two
correlation peaks are used to calculate the rotation angle, the variance
will be doubled. It is because of these reasons that the error shown in

Figure 10.1.1 is larger than his result.

10.3 Analysis of Unclear Pictures
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Figure 10.2.1 is the unclear eye image which has strong
reflection on the contact lens. In this case, the eye rotated to the
rotation of a dome in front of the eye. The reflection is the pattern
inside the dome.

In this experiment, subpictures of the pattern on the contact
lens were used. If there were no pattern on the lense, it might happen that
the crosscorrelation would extract the movement of the reflection. So, it
may be better to select the same bright colors of the pattern inside the
dome, such as red and green, so that there is no difference in the
brightness of the pattern when video-recorded in black and white.

Since the video camera was not on the line of sight, the
subpicture method cannot measure the accurate rotation angle because the
rotation angle is calculated by

rotation angle = tan(-1)[ (y-coordinate of the subpicture)/
(x~-coordinate of the subpicture) ]
and x-coordinate of the subpicture is less than the real length since the
eye is not watched perpendicularly.

But the crosscorrelation extracted the eye rotation using a

pattern of the contact lense,in spite of the reflection. Figure 10.2.2

shows the eye movement time history.
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11. Conclusion

In this thesis, the measurement of image rotation was examined
using digital image processing techniques. Ocular counterrolling image data
was used since it is one of the few relatively direct indications of
otolith functions. The digital image processing method can measure the
rotation angle without using any device attached to the eye ball such as a
contact lens, and is very reliable.

The purpose of this thesis was to develop a practical software
for measureing ocular rolling. Two softwares were developed, the program
for RT-11 System at the Man-Vehicle Laboratory and the program for VAX>
System at Tufts University Image Analysis Laboratory. RT-11 System takes 75
minutes and Tufts VAX System takes 30 seconds to analyze an image.

Five degrees is the maximum image rotation angle which can be
calculated, because the subpicture method basically uses the translation of
the subpictures and the crosscorrelation between the reference subpicture
and the rotated data subpicture can not correlate if the angle is too
large. The accuracy of the algorithm is less than 0.1 degree as the
standard deviation for the image rotated by less than four degrees.

This algoritﬁm could analyze the unclear image using the pattern

drawn on the contact lens.
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Tutorial for using the programs for RT-11 System

If the edit of the program is necessary, put the program disc into

RK2: , and edit the program. After this, compile the program according to
the following procedure.

R RATFOR

* YOS11.RAT ( This is the name of the program which is edited. )

* “¢

FORT/NOLINENUMBER Y0S11.FOR ( This is also the name of the edited

program. )

LINK YO0S11,Y0S22,Y0S3,Y0S4,B0X,SY:TPLIB/LINKLIB

BO RT11SJ
Then, put the reference picture OCR1.PIC and the data picture OCR2.PIC in
RK1: , and get the reference picture on the video screen by the following
command.

SET VD:CNTRL=0

COPY RK1:0CR1.PIC VD:

After this, assign RK1: to DAT: by the following command.
ASSIGN RK1: DAT:

Then, the data files are stored in DAT: .
Run the main program by the following command. ( be sure that the program
disc is in RK2: )

RUN RK2:Y0S11
You will be asked to define the location of the subpictures. Move the box
on the video screen by analog input and hit the space key to define the
subpicture location.
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**4*#1*&*‘*##*‘*##*&t*##‘***'&*v#t*‘***tl*#*#t*#t**

PROGRAM YOS11. RAT ’

Ocular Counter Rolling Main Program

2-Nov-84 Rev. A

Yoshihiro Nagashima
Direct program file to find the rotation between two pictures
( 1 and 2 ) from two correlations. Picture 1 i3 masked by
ROI-A and ROI-B, and then correlated with picture 2. From
the posions of the two regions of interest and the translation
from picture 1 to picture 2, the rotation is calculated.
The basic idea is that we are tracing two points on the eye.
With large rotation, the correlation will be affected by the
rotation of the data in the region of interest. Subpictures
are extracted from the two pictures centered around the region
of interest and the subpictures are used during corra2lation.

Inputs: ocril.pic raw picture 236#296 dimension 128pdb
ocr2. pic Taw picture 256#256 dimension 128pdb
Outputs:ocrtl.pic
ocra. pic
ocrl. 2
ocra. 2
al. z subpicture Al extracted from ocri. z
al. 21 :
a2. 2 subpicture A2 extracted from ocr2. :
as. 1 ad. 1 # 22.12 v
b1.z subpicture Bl extracted from ocrl.:
bi. 21 i
b2. 2 subpicture B2 extracted from ocr2. 2
bb2. 2 bQ.z * b2. 2
a dat 1=y center data of subpicture A
b.dat r=y center data of subpicture B
mh. 2 Mexican Hat Filter
mhe. 2 FFT of Mexican Hat Filter
msk. 2 mask of MHF '
one. z mask data
one. 1 mask data
one. 212 mask datas
ocrbox. dat the last three data are theta ( radian ),

theta ( degree ) and :zevro

Caution: When you define the location of subpictures, please don‘t use
: return key. Return key will make an error. Use space key, etc

T ratfor
# yosli. rat
* ~C

fort/nolinenumber yostl

link yosil, yos22,yo0s3, yosd, box, sy: tplidb/linklid

bo rtllsj
run yosit

%*i*i5*'***’*"*"{0"'*‘**QG*Q#GQ#Q*Q‘**Q*Q&*‘*0***#1“**?*ﬁ’f#***(ﬂl&*&#i*i#i/
label NO_FILE,NO_FILE_2

define
define
define
define
define
t2fine
dafine
Jefine
d2fine

EQS1 )
EDS2 128
VSV_LINES as
VSV_ADDR 172600
BIT_MAP1 172520
BIT_MAF2 172540
CR 13

LF 10
SPACE 32

# end of string 1




CURSER_DISABLE

VRN

define 2000
define JSW 44 # address of job status word
detine TT_SPECIAL_MODE 10100 # special mode bits in jsuw
define DEL 127
define NULL 0
define MAX_ENTRIES 30
define FMT_STAT Pormat(gls 7)
define MAX_LINE 236 # Max picture dimension (pels/line)
define MAX_2Q LINE Si2 # Twice maximum picture dimension
define MAX_LINE_PLUS_1 257 # Maximun line plus 1
define RECORD_SIZE 512 # Largely determined by PDB size
define RECORD_SIZE_4 1289 # Real#d size
define RECORD_SIZE_B &4 # Complex#8 size
define PDB_RECORD 1 # Record number of picture descriptor block
define I_PDB_HORS 19 # Index of integer horizontal dimension
define I_PDB_VERS 16 # Index of integer vertical dimension
define I_PDB_XOFF 231 # Index of x offset in parent picture
detine I_PDB_YOFF 232 # Index of y offset in parent picture
define I_PDB_OLD_DIM 230 # Index of demension of parent picture
define C_PDB_FORM ‘ 7 # Byte index in PDBP of format flags
define PDB_FORM_WR ) 16 # Wrong reading bit in Fformat byte i. & (y,x}
define DATA_RECORD_1 2 # Record number of start of descriptor
define R_PDB_MAX_PEL 128 # Real index in PDB of max pel
define UNIT_1 1 # Logical unit for file 1
define UNIT_2 ] # Logical unit for file 2
define UNIT_3 3 # Logical unit far file 3
define PI 3. 141592633%8979 .
detfine VIRTUAL_BUFFERS 4 # Buffers equals blocks per line
define TP_IMPLICIT implicit bytetd-c), integer#2(i-n), real#4(a, e=h,o0~y),\
, _ " real#B(d),complex#B(2)
define CHARACTER byte
define COM_V8V common /vsvc/lzno num.bhold.b _no_vsv
define COM_TMP_STR CHARACTER c¢_tmp_str(B1); \
common /tmpstc/c_tmp_str
define COM_ASK common /askc/idbase.b_indirect cummand
define COM_SAVE_FILE CHARACTER cstr2(B81).\
' common /sfc/lun,cstr2
define COM_OUTPUT common /oupc/iunito,i_record_o.,iptro,bdb_zero_pad
define COM_INPUT common /inpc/iuniti,i_recovrd_i,iptri,n_ records i
define COM_SIZE common /sic/inpsi, ioupsz.ciform.coform, \
' inp_oup_ratio., inp oup ratio_sq
define COM_ZREC_O complex#8 zreco(RECORD_SIZE_8); \
common /irecoc/ireco
define COM_PDB CHARACTER cpdb(312); \
integer®2 ipdb(256); \
real#4 rpdb(128);: \
equivalence (cpdd, ipdb, rpdb); \
: common /pdbc/ipdd
define COM_ARRAYS CHARACTER clinei (MAX_LINE); \
: integer»2 linel (MAX_LINE), line2(MAX_LINE); \
complex#8 zlinel(MAX_LINE); \
equivalence (clinel,linel, zlinel); \
equivalence (line2(MAX_LINE), z1inel (MAX_LINE)); \
t common /arrayc/zlinel
# 1< zlinel
# i< linel >4 e line2
# {Z-clinei->|
define COM_2_ARRAYS complex#8 zline(MAX_2_LINE);

complex#8 zlinel(MAX_LINE), z1ine2(MAX_LINE);

complex#*8 zbuff(RECORD_SIZE_8. VIRTUAL._BUFFERS); \
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define

define

define
‘define
define

COM_1_ARRAY

COM_PIC_PARAM

coM_cAM
ouplnz_sr
ouplnz_eq O

complex#8 irecl(RECORD_SIZE_8), zrec2(RECORD_SIZE_8); \
real#4 rlinel(MAX_2_LINE).rline2(MAX_2_LINE); \
CHARACTER clinel (MAX_LINE), cline2(MAX_LINE); \
CHARACTER crecl(RECURD_SIZE), crec2(RECORD_SIZE): \
equivalence (tline. zlinei,rlinel, zbuff); \

equivalence (zline(MAX_LINE _PLUS_1),1line2, rline2); \
equivalence (zrucl.crocl).(zrocZ.crocZ).~\

common /ic/zreci,zline, zrec2

complexs zline(MAX_LINE), trec (RECORD_SIZE_8); \

complex#8 zbuff(RECORD_SIZE_8, VIRTUAL_BUFFERS): \

real#4 rline(MAX_2 LINE): \

CHARACTER cline(MAX LINE), crac (RECORD SIZE): \

equivalence (zline,rline. cline, zbuff); \

equivalence (zrec,crec): \

common /2c/irec,zline

equivalence (iszx,iszx1), (iszy,iszyl): \

common /ppramc/iszxl, iszyl,iszx, isz2y2, scalex; scaley, \
unscalex, unscaley

common /gamc/iy. iframe, igamsz, i_oup_gam_ratio.d_byte _mtx

olnzsr

ouplnO
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# main

program

R A ey RPN ARSI PRI
L T T T T Y B F T AT T LT T LY T
TP_IMPLICIT :

COM_SIZE

call vsve#ig(UNIT_ 1)
call vsvelr(‘all’)

call vprint(‘Please wait a moment’)

call pdb('DAT.QCRL1.PIC’,
call vprint(‘okashiina’)
call pdb(‘DAT:OCR2 PIC’,

*DAT: OCR1. PDB’)
‘DAT: OCR2. PDB )

call vprint(‘Please define subpicture A by the space key’)

call box(ix, lgp &4, 64)

x=float(ix-31)
y=float(iy-31)
call rprint(’X of subpicture A is ', 1)
call rprint(’Y of subpicture A is ‘', y)
call bopen#(‘DAT: A. DAT’,UNIT_1, ‘new’)
call rput(’’, x)

call rput(’’,y)

close(unit=UNIT_1)

# define subpicture A location

call vprint(’Please define suhpicture B’)

call box(ix, iy, 64, 64)

x=float(ix-31)
y=float(iy-31)
call rprint(‘’X of subpicture B is ., x)
call rprint(’Y of subpicture B is ‘., y)
call bopenf(‘DAT: B. DAT ', UNIT_1, ‘new’)
call rput(’’, x)

# define subpicture B location




~call rput(’’,y)
close(unit=UNIT_1)

call vprint(‘'l am making a mask file’)

call maksr('DAT:ONE. Z',64,64,1.,32..,32..,10..,10.) ; # make mask

mask name is ONE. Z

mask dimension is S4%64
magnitude is 1.

ROI location is (31.,31.)
ROI dimenteion is 1C#10

*BTES

ioupsz-25§

call vprint(’converting OCR1.PDB into OCR1.Z%)

call inpset('DAT: OCRt PDB") # convert OCR1. PDB into OCR1. Z
call oupset(’'DAT.0OCR1.2’) ' .

call czevt

call ouppdd

ctall vsvclr(’characters’)

c4ll vprint(’converting OCR2.PDB into QCR2. 2%

zall inpset( 'DAT: OCR2. PDB"’) # convert OCRZ2.PDB into OCR2. 2
call oupset(’'DAT:QCR2.Z")

call czevt

tall ouppdb

call vsvelr(‘characters’)

call vprint( makxng subpicture A1.Z)
call subpic('DAT OCR1 Z', 'DAT:AL.Z’, 'DAT A DAT’ é4.b4)_
. - # make subpicture Al.Z from OCR! 2
# location data is A DAT
, , # subpicture dimension 1s 64«54
call vprint(’'making subpicture B1.2’) )
call subpic('DAT:0QOCR1.Z’, 'DAT:B1.Z"‘, '‘DaT.B. DAT', 64, 63)
# make subpicture B1.Z from OCR1.2Z
# location data is B DAT
# subpicture dimension is b4%54
call vprint(‘making subpicture A2 Z') .
call subpic(’DAT:0OCR2.Z’, '‘DAT: A2. Z’, 'DAT: A. DAT’, 64, 64)
. ’ # make subpicture A2. 7 from OCR2. 2
# location data is A. DAT
, ' # subpicture dimansion is 6454
czll vprint(’‘’making subpicture B2 Z")
call subpic('DAT:DCR2.Z’, ‘DAT:B2. Z‘, '‘DAT: B. DAT ', &4, 64)
) # make subpicture B2.Z from OCR2 Z
# location data is B. DAT
# subpicture dimension is 44#44

aﬂ##QQQQ#O#QO'&!00ﬁ$000#“#ﬁ“00#OQQQQﬁ##ﬂ#h”kﬁ#hﬁﬂﬂ##n#n“aﬁﬁ*ﬁ#ﬁﬂtﬁnn#aﬁnnﬁﬁ#ﬁ#
# mexican hat
ﬁ##t00OQQOOOQ’#QQQQQ*OQQ##&QOQ*QQQt#ﬁﬁﬂ**#tﬁ#i*ﬁn&ﬁﬁ#*ﬂ#*ﬂ#ﬁ*u*ﬁﬂ&ﬂﬁ##ﬁ##ﬁﬁ#ﬁﬂ

call vprint(’making Mesican hat filter’) :
call maksrB(‘'DAT:MH. 2,64,64,1.,32..32..0. 7071068) # make mexican hat filter
# 64#64 dimension :
# magnitude is 1.
# center is (32 ,32.)
# sigma is O. 7071048

call rotl1l1(’DAT:MH. Z'., ‘DAT. MHF. 2, =31, =31) # rotation mask
: : # new cata file is MHF. 2
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call vprint(’FFT of the Mexican hat filter’)
call xform(10, ‘DAT: MHF. Z %) # option 10 is FFT
# output is MHF. Z ( FFT of mexican hat filter
call vprint(‘making edge mask of filter’)
call maksr('DAT:MSK.Z'.64,64,1.,32. 9.32. 5,28. 5.28. 5) # make edge mask of
' . # mexican hat Filter
# mask dimension is &63#64

call vprint(’'FFT o#isubpictures')

call xform(10, ‘DAT: A1.2°) # FFT of AL. 2Z
call xform(10, ‘DAT:B1.Z2") # FFT of¢ B1.2
call xform(10, ‘DAT.AR. 2") # FFT of A2. 2
call xform(10, ‘DAT:B2.2’) ' # FFT of B2.2

call vprint(’filtering subpictures Al.Z Bi.Z A2.Z B2.2 with’)
call vprint(‘Mexican hat filter’)

call twofil(’DAT:MHF. Z’, ‘DAT: Al1. 2,20, 0.0001) # option 0 is za=zl1#22
: : ' #® 21 is MHF. 2
, # 22 is Al. T
call twofil('DAT MHF. Z', ‘CAT:B1.Z’, 20,0 9091) # option 20 1§ :2=z1%:2
# 11 is MHF. Z
# 12 is B1.2Z
call twofil('DAT:MHF. 2’, ‘DAT. AR. 2. 29, Q. Q001) # option 20 1% 12mzi=:12
) # 11 is MHF. Z i :
# 12 is A2. L
call twofil('DAT:MHF. Z°, ‘DAT: B&. Z’, 20/ 0. 0001) # option 20 is 1&=11+12
~ # 21 is MHF. Z
: : . # 12 is B2.Z
call vprint(‘FFTC-11 of filtered subpictures’) '
2311 zform(1lLi, ‘DAT: AL Z) # FFTL-1] of A1. Z
call xform(il, ‘DAT: Bt I # FFTC-11 of B1. 2
call xform(il. ‘DAT A2. Z") #® FFTL-1] aof AR Z
z

caill x#orm(ll.fDATABZ’Z') # FFTCL-11 of BZ.

call vprint(‘edge masking of subpictures’)
call twofil( 'DAT MSK.Z’, ‘DAT:Al.Z’,20,0. 0001) # option 20 is 2=7lw:d
’ . o : # z1 is MSK. 2
# 12 is AL.Z
call twofil(’'/DAT MSK. Z', 'DAT:B1.Z',20.0.0001) # cption 20 is z@=11+:2
# 21 is MSK. Z
# 22 is B1. 2
call twofil(’'DAT:MSK Z’, ‘DAT: A2 Z'.20,0. 0001) # option 20 is z22=z1%22
: # 21 is MSK 2Z
* 2 is A2. 2
call twofil( 'DAT:MSK. Z’, ‘DAT:B2.1’,20,0. 0001) # option 20 i3 12=m114#:2
: . 4 11 is MSK. Z
# 22 is B2. 2

#ﬂﬁ##0**“#“0#“*#0!#“#0#“&ﬂ#”'#ﬂ#ﬁﬁ####!&##Q#ﬂé###*’dv#####ﬁi#ﬂﬁ&#“#ﬂ*ﬁ#i”#ﬂ##’
# end of mexican hat filter
FRESHBBBHABERBRARRBBRBBRBRGRRERRERERERBERBBSEBBBRRASFERBORREEISRRERBBE A RN BRSNS

call vprint(‘making ROl from subpictures Al Z % Bi{. 2"} =
call normf(‘DAT ONE. Z'’, ‘DAT: A1.2") ' # normalize Al. 7 wigh ONE. Z
call normf(’DAT:ONE. 2’, 'DAT:B1.Z°) # normalize Bl.Z with QONE 2

SHBEBUBHBREBHARAEARERSARUNSR LT RBNGBENNIRSSEREneHdRbrr iR R BB EnRiRGLRED
® asrpc
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call vprint(‘correlating’) ‘
call copy(’DAT: A2.Z’, ‘DAT: AA2. Z', 63) # copy recordsize is 6%
call copy(‘DAT:B2.2’, ‘DAT: BB2.Z', 63) # copy recordeize is &3

call twofil(‘DAT: A2.Z’, ‘DAT. AA2.Z°, 20, 0. 0001) # op20 i3 12=z1#:2
call twofil('DAT:B2.2’, ‘DAT: BB2.2Z°, 20,0 0001) # 0p20 is 12=z1#:2

call‘vprint('FFT'for correlating’)

call xform(10, ‘DAT: AR. Z2") ® FFT

call xform(10, ‘DAT:B2.Z’) # FFT

call xform(10. ‘DAT: AAR. Z’) # FFT

call xform(10. ‘DAT: BBR.2) % FFT

call vprint(‘’l am tired’)

call xform(10, '‘DAT: AL1.Z"’) : ~ # FFT

call xform(10, '‘DAT:B1.Z') ‘% FFT

call copy(’DAT:ONE. Z’, ‘DAT:ONE. Z1', 63) # copy recordsize is &9
call xform(10, ‘DAT:ONE. Z1 ) * FFT

call copy(’DAT:AL. Z’, ‘DAT: Al1. 21°,43)

call copy(’DAT:B1.Z’, ‘DAT:B1l. 21, 49)

call vprint('Help me . Yoshi !’)

call twofil(’DAT:A2.2Z', 'DAT:A1.Z1’,21,0.0001) # op21 is 12=2l%conjg(:2)
call twofil(’'DAT:B2.2’, ‘DAT:B1.21,21,0.0001) # o0p21 is z2=:1%conjg(za)
call copy¢’DAT:ONE. Z1’, ‘DAT: ONE. Z2°’, 595) # copy

call twofil('DAT:AA2.2’, ‘DAT:ONE. Z1’,21,0.0001) % 22=z1%#conjg(za)

call twofil(‘DAT:BB2.Z’, '‘DAT:ONE. Z2°,21,0. 0001) # 12=zi%conjg(12)

call vprint(‘FFTC-11")

call xform(11, ‘DAT: AL. 21 ") # op il is FFTL[-11]
call xform(iti, ‘DAT:BL. Z1 ") *® op 1t is FFTC-113
call xform(1l, ‘DAT:ONE. Z1 ) # op 11 is FFTL-1]
call xform(ii, ‘DAT:ONE. Z2") # o0p 1l is FFTC(-11
‘call vprint(’square root’)

call onefl9(’DAT: ONE. 21) # square root

call onefl9('DAT.ONE. Z2°) % square root

call vprint(‘almost done’) ;
call twofil(‘DAT:ONE. Z1'’, ‘DAT: A1.21',.23,0.0001) % z22=:2/21
call twofil(‘DAT:ONE. Z2’, 'DAT.B1. 21, 23,0. 0001) % 12=:12/11

call vprint(’finding peak’)

call peak4(’'DAT:A1.Z1’, ‘DAT: OCRBOX. DAT‘, 1) # find peak

call ctrom('DAT:ONE.Z','DAT:OCRBOX.DAT'.’DATfA.DAT'.Q) # find center of mass
call pe.u4<'oar:ax.ix'.'DAT:ocaaox.nAr'.a) 4 find peak

call ctrom(’DAT:ONE. Z‘, 'DAT: OCRBOX. DAT‘, 'DAT: B. DAT’, &) W find center of mass
call calc20( ‘DAT: OCRBOX. DAT’, 1,3, %) # calculation of angle |
end . |

EHHSRURBRBBRRBEERRRBBRERBBRURHBBL SR AR EERBRDDEBRRUBE RS RBBBEH R BB BBEBORRRBURNS
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# 2nd of main program
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PROGRAM Y(0S22. RAT
Ocular Counter Rolling Main Subroutine Program
15-Aug-84
‘Yoshihiro Nagashima

Direct program file to find the rotation between two pictures

( 1 and 2 ) from two correlations. Picture 1 is masked by

ROl-A and ROI-B. and then correlated with picture 2. From

the posions of the two regions of intarest and the translation

from picture 1 to picture 2, the rotation is calculated

The basic idea is that we are tracing two points on the eye

With large rotation, the csorrelation will be affected ny tha

rotation of the data in the region of interest. Suupictures

are extracted from the two pictures centered sround the region

of interest and the subpictures are used during correlation
Inputs: ocrl. pic Taw picture 236%#2%6 dimension 1238pdd

_ocr@. pic raw picture 2%545#2%6 dimensicn  12Bpdb
Sutputs ocrl pas

acrd. pic

acrtl. 2

ocrd. 2 . :

alt 2z subpicture Al extracted from ool 2

ac 1 subpicture A2 extracted from oced. ¢

as82. 2 a2. 2 » a2.2 ‘

bi.z subpicture Bl extracted from ocrl. 2

ba 1 subpicture B2 extracted from ocrd 2

bb2. 2 : bz * b2 72

a gat =y center data of sudpictura A

b. dat ~ x=y tenter Jata of sucpicture B

mh. 2 Mexzi1can Hat Filter

mhe. 12 FFT of Mexican Hat Filter

msk. z mask of MHF '

one. 1 mask data

ore. 71 mask data

one. 22 mask data

ocrhox. dat the last three data are thets { radian ),

~ theta ( degree ) and zero.

Caution When you define the location of sudpictures, please don’'t use

return key. Raturn key will make an 2rror Use tpace key. atc

P TP LT TITTE LN IZ TP PRS2SR 2222 22T DL ERL TSR Y 2 00 2 28 2 2 Wy

label NO_FILE. NO_FILE 2

define
defaine
define
define
define
define
define
define
dafine
Jefine
dJdefine
define
define
define
dJe# . ne
d1:r¥ine
dAefine
tafine

EOS1 (v) # end of string 1 =
ECS2 128

VSV_LINES 29

VSV_ADDR 172£00

BIT_MAP1 172620

BIT_MAPZ2 172640

CR 13

LF - 10

SPACE 32

CURSER_DISABLE 2009

JSW 44 # address of ;ob status word
TT_SPECIAL_MODE 10100 # specral mode bits 1n ysw

DEL 127

NULL o)

MAX _EMTRIES 30

FMT_STAT format(gl3. 7}

MAX_LINE 228 # Max picture Jimengion ‘pelsline)
Max_2 LINE st ® Twicne madvimuticpicturs dlnension
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dafine
define
define
define
define
define
define
define
define
define
define
define
djefine
define
define
define
define
Jefine
define
tafine

define
define
jefine

deﬁino
define
Jefine
define
dofine

dafine

ief.ne

MAX_LINE_PLUS_1

RECORD_SIZE
RECORD_SIZE_4
RECORD_SIZE_8
PDB_RECORD
I_PDB_HORS
I_PDB_VERS
I_PDB_XOFF
I_PDB_YOFF
1_PDB_OLD_DIM
C_PDB_FORM
PDB_FORM_WR
DATA_RECORD_1
R_PDB_MAX_PEL
UNIT_1

UNIT_2

UNIT_3

PI

VIRTUAL _BUFFERS
TP_IMPLICIT implicit byte(b-¢c). integer#2(i-nj:

CHARACTER
com_vsv

COM_TMP_STR

COM_ASK .
COM_SAVE_FILE

COM_QUTPUT
COM_INPUT .
COM_SIZE

COM_ZREC_O

COM_PDB

COM_ARRAYS

as7 # Maximun line plus 1

512 # Largely determined by PDB size

128 # Real#*4 size

64 # Complex#8 size

1 # Record number of picture descriptor block
195 # Index of integer horizontal dimension

16 # Index of integer vertical dimension

251 % Index of x offset in parent picture

252 # Index of y offset in parent picture

2%0 # Index of demension of parsznt picture

7 # Byte index in PDB of format Fflags

16 # Wrong reading bit in format byte i @ (y.x)
2 # Record number of start of descriptsr

128 # Real index in PDB of max pe¢l

1 # Logical unit for file 1

e # Logical unit for file 2

3 # Logical unit for file 3

3 14139265358979

4 # Buffers oquals blocks per line

Tealwdia, e=h,a=iyji. "
reals8(d), complex+d(z)

byte

common /vsve/line_numibhold.b_no__vsv

CHARACTER ¢ :mp sEr(81): A

common /Stmpstcie_tmp_str

common /askc/idbase.bd 1nd1rect _Ccommand

CHARACTER cstr2(81):\

common /sfc/lun,cstr2 _

common /oupc/iunito,i_record_o.iptro.b_zero_psd

common /inpc/iuniti.i_record_i,iptri.n_records_i

common /szc/xnpsz-1oupsz.cx$arm.co¢orm. \

inp_oup_ratic.inp_oup_ratio_s3q

complonﬁe treco(RECORD _SIZE_9V:

comman /irecoc/ireca

CHARACTER cpdbd(9312);

integersg ipdd(2356); \

real®*®d rpdb(1aB);

equivalence (cpdb, ipdb.rpdbd): \

common /pdbec/ipdb

CHARACTER clinel (MAX_LINE): \©

integer»2 linel (MAX_LINE), line=(MAX_LINE); \

complex+8 zlinmel (MAX_LINE);

squivalence (clirel, linet.zline!).

cquivalence (jine2(MAX_LINE), zlinel (MAX_LINE));:

cammon /arrzycSzlinal

t-glinet-Id

42¢.ne COM_1

_ARRAY

zlinel

complared zliﬂeiﬁAxuz_LIHE)s \ v

camplare*d ziimaliMiaa _LINE W slanef v qad _LTNEY . N
compliexs@ Tt € {RECTAD SIIE_2. VIRTUAL DUFFERH). A
complex+2 zrecl(RECORD_SIZE 8»,xr9c¢\R&CDRD 1ZE_3;
realed rlinel(MAax_g ;an) rlineg2 (M5 _ 1INE). \
CHARACTER clinel (MAX_ INE),cltne“'"ax_LINE), \
CHARACTER va;;\PECﬁR“_fl’E),:reCa FECORD_SIZES:
equivalence (iline.zlinel.rlinel, zbuefi;

N

equivalence (zline(MAX_LINE_PLUS_1), zline, rlined); -

tzveci,crecti, (aves,arecad)i N\
comman /i1c/rrecl. zling, 1recs

campier*@ riineiMar L INED, rres S1ZE_8:)
camglexed zhufé: Q‘CUh: aI’E“-:VlﬂT“GL“bUFFERSi.
13al%3 rliratMA_2_LINS), N

CHARAITER c!'ﬂé'”hf~L!NE.,cr9. tRIZIIRD SIZEY: A

(£

equivalence

PREOORD.




equivalence (:line;rline,cline, 2buff); \
equivalence (zrec.crec); \
common /zc/irec,zline
de€.ne COM_PIC_PARAM equivalencs (1s3zv.isexl), (1szy,1s27yld, \
commaon Sppramz/rszal.iszyl. 16222, 152y, scalex. scxiey,
unscalex,unscaley

define COM_GAM common /gamc/i1y,1frame, igamsz, i_oup_gam_ratia.b_byte_ mtx
define ouplnz_sr olnzsr '
define ouplnz_ey 0O ouplnO

LARPRRSBRBREBURBLI T HERRUBRALBHEREGeRiRBUnInREUNANRRILBMY R dRUdGRORBARSNERER LY
¥ win subreovbines .
SRR BN RN BRSNS RBNBUSULBRANRIBLIRBURR UL A UBURHNBBIUNNOR LAY ENB Sty

:ihrouwtaine pdbicatrli.cstrdy
TA_IMPLICIT
ZHARACTER cstrl1(gl)
CHARACTER cstr2(31)
ZCM_PDB
aata ipdbdb/256#0/
%C
repeatl
open(unit=UNIT_1, namemcstrl, type=‘OLD’, access='DIRECT',\
recordsizesRECORD_SIZE_4, associatevariable=iasvi, err=l)
if(. false.) C P o
1 call vsvelr(’characters’)
call vprint(cstrl)
call vprint(’Input file not found’)
next -
1
break
.3
iasvi=l :
apan(unit=UNIT_2, name=c3tr2, type= "MNEW', accesrs="DIRETT" ",
records 1 1 e=RECORD_SIZE_3. associatevariadble=iasvdy
ipdb(I_PDB_HORS) =094
1pdb (1_PDB_VERS)=2%¢&
roanve®l ‘
LT PR (UNTT _2X ‘13¢v2) 1p4dd
dao 1=1, 128 €
read {UNIT_1% "1asvl® :pdb
Write(UNIT_2% ‘iasvd) 1pdd
b ,
clnsel{unit=UNIT _ 1)
closelunit=UNIT 2,
goa41l wavalrie characters )
return
end

udtoutine moksTeostr. 3428, 282y, TmAG Ay 4D wT. g0} # make rectanzie masy

LS RIS AR ST IVEIN S SNl L S S REE L EY-REEE LS STARRLE SR AL R

bl

#O07 teami S L nma Rt AP T i et e JnarZel Seap i Al (g g
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# Glx,y)=(1/(sigmaneesqrt(24P1)) ) *exp (-T#22/(28sigmans2))
* grad(o(x.g))a(xl(stgma¢¢4*"*PI>)*(rfﬁ‘/sxgma**”-Z)&exp(—r*eﬂltﬂosxgma&* 23)
TP_IMPLICIT
CON_I_ARRAY
COM_PDB .-
do i=1,2%6
ipdb(i)=0
call opnfnwl(cstr, UNIT_ x.: _assoc var.xszx,xszq)
tmag=cmplx(rmag.0.)
xmax=aminl(xO-1., floatliszx)~x0)
ymax=aminl(yO-—-1., float(iszy) -y}
rmax=aminl (xmax., ymax)
toar(fiy=1;rmax=0.1 ; iy.le iszy ; 1y=iyg+1) [
do ix=1,isz2x [
resqe(float(ix)-x0)*%2+(float(iy)-yO)»s2
r=gqrtirsq)
if(abs(flocat(ix)~x0). le. xc. and. abs(float(iy)-y0). la. ye)
tline{ix)=zmag
else
2line(ix)=(0.,0.)
rmax=amaxl{rmax, absirealizline(ix))))
1
call cuplnz(UNIT_1.i_assoc_var,zline,iy,iszx, zrec)
1
ipdb(I_PDB_HORS)=iszx
ipdb(I_PDB_VERS)=iszy
rpdb(R_PDB_MAX_PEL)=rmax
write(UNIT_1% ‘'PDB_RECORD) ipdb
close(unitsUNIT_1)
return
erd

svubroutine subpxc(cstrl.cser?,;stra.xszxz.xszqa) . # make subpicture
TP_IMPLICIT '
uOM_PDB
COM_1 _ARRAY
i_nld_dim=ipdb(I_PDB_OLD_DIM)
call bopenf(cstr3, UNIT_ 3, ‘old’)
call rget(x0) - ' # ( vQ.y0 ) is the center of cubpic
call rgetiyo)
call iprint(’output x=dimension is °*.iszzcd)
call opnfod{(cstrl, UNIT_1,i_assoc_varl.iszxl,iszyl)
call opnfnuwl(cstr2, UNIT Q, i_assoc_vard, iszxa, iszyd)
1v0=ifix(x0)
1y0=ifix(yO) :
for(LiylmiyQ:; iy2=1,rmax=0.] i iy2 le iszy2 ;i Ciyl=iyl+1,iy2=iyde1d) (
“call inplnz(UNIT_1,i_assoc_varl,zline, iyl,is2xl,21rec)
call ouplnz(UNIT_2,i_assoc vara.zlxne(xxO).1q=.xszxa.zte:)
do i=ix0, ixO+iszx2-1
rmax=amaxli(rmax,abs(real(zline(i))))
3 .
ipdb(I1_PDB_HORS)=iszx2
ipdb(I_PDB_VERS)=igz2y2
1ff1_old_dim. eq. 0) C
xpdb(l PDB OLD DIN)sisz:;
T ipdb(I_PDB XGFF)sxxO-
ipdb(I_PDB YDFF)rxqo i
P
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ipdb(I_PDB_XOFF)=IX0-1
ipdb(I_PDB_YOFF)=1Y0O-1
] .
rpdb(R_PDB_MAX_PEL)=rmax
write(UNIT_2%’PDB_RECORD) ipdb
close(unit=UNIT_1)
close(unitsUNIT_2)
close(unit=UNIT_3)

return

end

subroutine maksrB8(cstr,iszr, iszy, rmag, x0, yO, sigma) # make mexican

TP_IMPLICIT '

COM_1_ARRAY

COM_PDB

do 1=1,256
ipdb(i)=0

call opnfnuw(cstr, UNIT_1,i_assoc_var,182x. is2y)

tmagmcmplx{(rmag,0.)

xmax=aminl (xO-1. ., float(1s2x)-x0)

ymax=aminl(yoO-1., float(iszy)-yO)

rmax=aminl(xmax, ymax)

var_inverse=1. /sigma##2

twovar_inversesl, /{2 #sigmaws2)

sigma_4_2 pi_inverse=l. /(sigmar*dssqrt(a »pi))

for(Liy=l;rmax=0. 1 i 1y.le. iszy , 1y=iy+1) C

: do ix=1,1szx C ‘ ;

. req(float(ix)-x0)#%2+(float(1y)-yO)#»2

rusqrtirsq’ ‘
tlineCix)=cmpix(sigma_4 2 _pi__inverse* \

- e

hat f:lter

(2. =var 1n«erse#rsq)*cxp( twovar 1nv¢rso*rsq) 0.

rmax=amaxl(rmax, abs(real(zline(ix))))
‘ b]

call ouplnz(UNIT_1.i_assoc_var,zline, 1y, 182x.,2:7ec)
ipddb(I_PDB_MHORS)=iszx
ipdb(I_PDB VERS)ﬂxsxq
rpdd (R_PDB_MAX _PEL)=rmax
Write(UNIT_1% ‘PDB_RECORD) ipdb
close(unit=UNIT_1)
return
end

subroutine rotll(cstrl,cstrd. ix.,iy)
rotate or translate & picture
12=circular_integer_translation(zl)}
11 is cstrl

12 is cstr2

» translation is ix

4y translation is 1y

_IMPLICIT

AR TR
o
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COM_Z_ARRAYS
coM_PDB .
COM_PIC_PARAM .
call opnfod(cstrx UNIT_1.,i_assoc_varl, xsle.xsqu)
call opnfnw(cstr2, UNIT 2.1_assoc_var24xsle.xsqu)
if(ix. 1t.0)
ix=igzxi+ix
ifliy. 1. 0)
iq-xszgl+xy .
for(j=1 ; .le.iszyl i y=j+1)
call inplnz (UNIT_1,i_assoc varl,111n01.4.1sxxl,zroc1)
do i=1,iszxtl
2line2(mod(i- 1+xx.1szxi)#1)=zlinel(x)
call ouplnz(UNIT 2,i_assoc_var2, zline2, mod( j=1+iy, iszyl)+1,
1srxl.zro:2)
: J
ipdb(1_PDB_XOFF)=0
ipdb(1_PDB_YOFF)=0Q
write(UNIT_Q% ‘'PDB_RECORD) ipdbd
close(unit=UNIT_1)
close(unit=UNIT_2)
return
end

subtroutine xform(iop,cstr)
# FFT and FFTC-11
# i1o0p 10 is FFT
# iop 11 is FFTC-11]
TP_IMPLICIT
COM_Z_ARRAYS
comM_PDB :
call opnfod(cstr.UNIT 1,i_assoc_var,iszx,isz2y)
for(C j=1; rmax=0.1 ; j.le. iszy ; j=;+1) (
call inpln2(UNIT_1,i_assoc_var,zlinel, j.iszx. zrecl)
if(iop. @q. 10}
call Fft(zlxneloxszx.’Foruard')
else
call fft(zlinel,iszx, ‘inverse’)
call ouplnz(UNIT_1,i_assoc_var,zlinel, j,is2x, z2recl)
do i=1,iszx
rmax=amaxi{rmax, abs(real(zlinai(i))))
1
call transp(UNIT_1.,i_assoc_var,iszx)
for(Cj=1; rmax=0.1 ; j.le iszy ; j=j+1) C
call inplnz(UNIT_ 1.1 ~assoc var,zlinel, j,isz2x, zrecl)
if(iop. eq. 10)
call fft(zlinel,iszx, "Forward’)
else , '
call fft(zlinel,1s2x, "inverse’)
call ouplnz(UNIT_!,i_assoc_var,z2l1inel, j.182x, zracl)
do i=1,iszx
' rmax=amaxi(rmax, abs(real{(zlinel(i))))
] : '
rpdb (R_PDB_MAX_PEL)srmax -
write(UNIT_1% 'PDB_RECORD) ipdb
close(unit=UNIT_1)
return
end

subvoutine twofil(cstrl,c3trZ. Lap. rminm
# feens two files as spoiifised by Tne wzer It amvfanm: and eliment

7

\
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# operation on the files.
# To avoid divide by O, when real(z1) is less than rmin, the result is tet to
# 0. rmin is defined as & fraction of the maximum value, rmay, in z1.
# iop 20 is 12=z2#21
# iop 21 is z2=zimconjglia)
* iop 23 is 12=22/1:21
TP_IMPLICIT
COM_Z_ARRAYS
cOM_PDB ,
call opnfod(cstrl,UNIT_I,i_assoc_varl,iszxl,iszyl)
rmaxi=rpdd (R_PDB_MAX_PEL)
call opnfod(cstrz.UNIT 2, i_assoc vorz.iszx‘.isng)
if(iop. eq. 23)
rmin=abs(rmaxi*rmin)
i_assoc_vari=DATA_RECORD_1
i_assoc var2=DATA_RECDRD
Tmax=0,
nrecords=float{iszx2)*floati(iszy)/RECORD_SIZE_B+0. 999
do j=i,nrecords
Tesd (UNIT_1%’i_assoc_varl) zrecl
read(UNIT_2Q%‘'i_d4sssoc_var2) zreca
if(iop. eq. 20)
. do i=1,RECORD_SIZE_8
:roc’(i)szrccl(i)*zroc?(i)
if(iop. eq. 217 ‘
do i=1, RECORD_SIZE_8
1?0:2(1)'zr0c1(x)bcon;g(zrocz(i))
if(iop. 2q. 23)
do i=1,RECORD_SIZE_8
. iflabs{real(zreci(i))). ge rmin)
irec2(ir=cmplx(real(zrec2{i)}i /reallzraciiyr:). 93
else :
o irec2(i)=(0..0.)
write (UNIT_2%'i_assoc var¢'1) ITeca
d6 i=1, RECORD_ e‘IZE 8
rmox-amaxltrmax.abs(real(zroczti))))
1
rpdb (R_PDB_MAX_FEL)=rmax
write(UNIT_2% ‘PDB_RECORD) ipdd
close(unit=UNIT_1)
close(unitsUNIT_2)
return
end

subroutine normf(cstrl,cstr2)
TP_IMPLICIT
CCM_Z_ARRAYS
comM PDB
call opnfod(cstrl,UNIT_1,i_assoc var1.1szx1.1szq1)
call opnfod(cstra, UNIT_, 2.4 assoc_yar2.1;zx2.xszuz)
for([jm=1l;npel=0; zsum=(0. ,0. )isumsq=0.1 ; j.le. iszy2 ;i j=j+1) (
call inplnz(UNIT_i,i_assoc_varl,zlinel, j:iszxl, tv2cl)
call inplnz(UNIT_2.i_assoc_var2, zlined; j, isz2x2, zrec2)
do i=}1, iszx2
if(real(zlinel(i)) ne. 0.) C
npel=npel+t
tsum=zsum+ilina2(i)
sumsqssumsq+cabs(zline2(i))
]

78




if(npel.eq.0) C
call vprint(‘keisan dekimasen’)
return : :
]
tmean=zsum/npel
rootsq_inverse=l. /sqrt(sumsq-cabs{(zsum)/npel)
for(Lj=1.rmax=0.1 ; j.le iszy2 ;i j=j+1) [
call inplnz(UNIT_L.i_assoc_varl,zlinel, jiiszxl, zrect)
call inplnz(UNIT_Q.,i_assoc_var, zline2, j.iszx2, 1recl)
do i=1,iszx2 :
if(real(zlinel(i)). ne. 0.)
1line2Cil=(z21ine2(i)~2mean)#rootsq_inverse
else
1line2(i)=(0..0.)
do i=%,iszx2
rmax=amaxil(rmax, abs(realfzline2(i))))
call ouplnz(UNIT_2,i_assoc_var2,zlinel, j,iszx2, 2recd?
b]
rpdb(R_PDB_MAX_PEL)=rmax .
write(UNTT_2% ‘PDR_RECORD) ipdb ’
close(unit=UNIT_1)
close(unit=UNIT_2)
return
end

subroutine oneflP(cstr)
TP_IMPLICIT
COM_Z_ARRAYS
COM_PDB ,
call opnfod(cstr,UNIT_1.,i_assoc_var,iszx,iszy)
nrecords=float(iszx)#floatiiszy)/RECORD_SIZE_8+. 999
rmaxsrpdb(R_PDB_MAX_PEL)
i_assoc_var=DATA_RECORD_1
“rmax=0. ‘ :
do j=l,nrecords L[
read(UNIT_ 1% i_assoc_var) zrecl
do i=1, RECORD_SIZE_S ,
trecl(i)=zmplxlisqrt(amax1(0. ,reallizracli(i)))). O )
urita(UNIT_L%Z’i_3sssc_var-1i) zrect
do i=1, RECORD_SIZE_8
‘rmas=amaxi(rmax,abs(reali{zrec!{i))))
1
‘Tpdb(R_PDB_MAX_PEL)=rmax
write(UNIT_1% 'PDB_RECORD) ipdb
close(unit=UNIT_1)
return
end

subroutine peakd(cstri,cstr2, n)

TP_IMPLICIT

real#4 £(3,3), temp (3}

cCam_PDB

COM_t _ARRAY

tO(FL, £2, £3)=(F1-£3)/ (2. #(£1-2. #£2+£3))

f_of_t(t0, £1, £2, £3)s(P1-2. #Ff2+£3)/2. #tO#R2+(£3-£1)/2 2t0+¢2
call opnfod(cstrl, UNIT_ 1,1 _assoc_var.iezx,is2y)
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for([ j=1; rx=0. ; ry=0. ; rn=0. ; rmax=-1. E38] ; j. le. iszy ; j=zj+1) [
call inplnz(UNIT_1,i_assoc var.zl;ne,J.xszx.zr.c)
do i=1,iszx €
r=real(zline(i))
if(r.1¢. rmax)
next
if(r. eq. rmax) C
: rnsern+l.
rx=srx+float(i)
rysry+float(j)
next
]
Tmax=r
rn=y,
rxmi
Ty=j
]

if(rn. eq.0.)
stop ‘No maximum found’
ri=rx/rn
Tysry/rn
ixarx+. 3
iy=ry+. 9
ifirn.gt. 1.) C
call vprint(’More than one peak found’)
call rprint(’rn = ’, rn)
. 1
elsel ; ‘ -
for(j=1 ; j.le.3 ; j=j+1) C
call 1nplnz(UNIT_1,i_assoc_var.izline, \
mod(iy+( j-2)-1+iszy, iszyl+l,is2x, 2zTec)
do i=1,3 C ‘
ili=mod(ix+(i-@)-1+igzx, isz2)+1
f(i, j)mreal(zline(ii))
] .
] v .
for(fiters=1; tOx=0, ; tOy=0.] ; iters.le. 3 ; itersz=iters+l) (
do i=},3 v
temp(i)=sf_of_t(tOy, £(i, 1), £¢i,2), £(i,3))
tOx=tO(temp (1), tamp (2}, temp (3))
do i=1,3
temp(idmf_of_t(+0x, £(1,1), £(2.1), £¢3, 1))
th-tO(tcmp(l)..nmp(ﬂ) temp(3))

rmax=temp (2)

call rprint(’x interpolation is ', tOx)

call rprint(’y interpolation is ', tOy)

rx=rx+tOx

rysry+toy

1

iftifix(rx). gt. iszx/2)

rxsrx-float(iszx)
if(ifix(ry). gt. iszy/2)

" ry=ry-float(iszy)
riarx+float(ipddb(I_PDB_XOFF)),
ry=ry+float(ipdb(I_PDB_YOFF))
call rprint(‘Rmax is ‘, rTmax)
call rprint(’The x position is ‘,rx)
call rprint(’The y position is ‘,ry)
call bopenp(cstr2, UNIT_2,3#(n-1))
call rput(’’,rx)
call rput(’’,ty)




call rput(’‘.rn)
close(unitsUNIT_2)
close(unit=sUNIT_1)
return

end

subroutine ctrom(cstrl,cstr2, cstr3, n) # cstr3
# find center of mass
TP_IMPLICIT
COM_1 _ARRAY
cCOM_PDB . _
call opnfod(cstrl,UNIT_1.,i_assoc_var,iszx,iszy)
for(Lj=1;rx=0. ;ry=0. ; f=0.1 ; j.le. iszy ; j=j+1) (
call inplnz(UNIT_1.,i_assoc_var.zline, j,is2x, 2Trec)
do i=i,iszx C ‘ .
r=real(zline(i))
f=frr
rx=rx+refloat(i)
ry=ry-refloat(j)
b ]

b
rx=rx/#
Ty=ry/f . .
rx=rx+float{ipdb (I_PDB_XOFF))
ry=ry+float(ipdb(I_PDB_YOFF))
call rprint( ‘The x center is ‘,rx)
call rprint(‘’The y center is ‘. vy)
close(unit=sUNIT_ 1)

call bopenf(cstr3, UNIT_1, ‘0l1d”’) L2 2
call rgetix}) (22
call rget(yl) L
close(unitsUNIT_1) “44
call bopenplcstra, UNIT_2, 3#(n-1))

call rput(’’,x1) Hh%
call rput(’’, yl) . #8#
call rput(’’, f)

close(unit=UNIT_2)

return

end

subroutine calc20{(cstr.ni, n2, n3)

TP_IMPLICIT

CHARACTER cstr(81)

call bopent(cstr,UNIT_1, ‘0ld’)

for(i=1 ; 1. le. 3%(nl=-1) ; i=i+l)
call rget(r)

call rget(x2a)

call rget(y2a)

call rget(r)

call rgeti(xia)

call rget(yla)

call rget(r)

close(unit=UNIT_1)

call bopenf(cstr, UNIT_1, ‘0ld ‘)

for(i=1 ; i.le 3#(n2-1) ;, im+1)
call rget(r)

a1




" call rget(x2b)

call rget(y2b)

call rget(r) -

call rget(x1bd)

call rget(yld)

call rget(r)
close(unit=UNIT_1)
thetati=atan2(yla—-ylb, xla=x1d)
theta2=atan2(y2a-yab, x2a-x2b)
theta=thetal-theta2

call rprint(‘The angle (radians) is ‘', theta)

call rprint(‘The angle (degrees) is ', thetaw180 /PI)
call bopenp(cstr,UNIT_1, 3#(n3-1))

call rput(’’, theta)

call rput(’’, theta#180. /PI)

call rput(’’,0.)

close(unit=UNIT_1)




/**'lﬂ****’I’iﬁ***’*’*’**i***Q**’ﬁ*******}***i’i‘*#'***’***i***#’**i*i‘* R BN TR

I E R EREEERE R R EEREEE R R EE EEEEEEEEE N N ENFEEENEEEEERE ]

PROGRAM

Y0S3. RAT.

Ocular Counter Rollihg Small Subraoutine Program
15-Aug—-84
Yoshihiro Nagashima

Inputs:

Qutputs:

Cavtion:

Direct program file to find the rotation between two pictures
(1 and 2 ) from two correlations. Picture | is masked by
ROI-A and ROI-B, and then correlated with picture 2. From

the posions of the two regions of interest and the translation
from picture 1 to picture 2, the rotation is calculated.

The basic idea is that we are tracing two points on the eys
With large rotation, the correlation will be affected by the
rotation of the data in the region of interest. Subpictures
are extracted from the two pictures centered around the region
of interest and the subpictures are used during correlation

ocrl pic Taw picture 256#2%6 dimension

ocr2. pic raw picture 256#2%6 dimension

ocrl pic

ocr. pic

ocrl. 2

ocr2. 2

atl. 2 subpicture Al extracted from ocrl. z
ad. z subpicture A2 extracted from ocra.
aad. 2 ag. 1 » a. 1

b1. z - subpicture Bl extracted from ocril.z
ba. 2 subpicture B2 ertracted from ocrad. :
bb2. 2 T bRz # b2 2 '

a. dat 1=y center data of subpxcture A

b. dat x=y center data of subpicture B

mh. z ~Mexican Hat Filter

mhé. z FFT of Mexican Hat Filter

msk.z mask of MHF

one. 2 mask data

one. 11 mask data

one. 22 mask data

ocrbox. dat the last three data are theta ( radian .

theta ( degree ) and zero.
uhon you define the location of subpictures., please don’t use
return key. Return key will make an error. Use space key, cotc.

LA 2 g2l I ISty 2 eyt Yy R AR Y RN PRI E g e g ar e eeery s
label NO_FILE,NO_FILE_2

define
define

define
define

define
define
detine
define
define
define
define
define
define
define
define
define
define
define

EQS1 (] # end of string 1

EOS2 128

VSV_LINES a3

VSV_ADDR 172600

BIT_MAP1 172620

BIT MAP? 172640

CR 13

LF 10

SPACE - 32

CURSER_DISABLE 2000

JSW 44 # address of job status word
TT_SPECIAL_MODE 10100 # special mode bits in jsw

DEL 127

NULL o]

‘MAX_ENTRIES 30 v

FMT_STAT format(gls. 7)

MAX_LINE £56 # Max picture dimension (pels/line)
MaX_2_LINE 512 # Twice maximum picture dimenzion
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define MAX_LINE_PLUS_1 23%7 # Maximun line plus 1

define RECORD_SIZE S12 # Largely determined by PDB size

define RECORD_SIZE_4 128 # Real*4 size

define RECORD_SIZE_8 64 # Complex#8 size

define PDB_RECORD 1 # Record number of picture descriptor bdlock
define I_PDB_HORS 13 # Index of integer horizontal dimension
define 1I_PDB_VERS 16 # Index of integer vertical dimension
detine I_PDB_XOFF 291 # Index of x offset in parent picture
define I_PDB_YOFF 252 # Index of y offset in parent picture
define 1_PDB_OLD _DIM 2%0 # Index of demension of parent picture
define C_PDB_FORM 7 # Byte index in PDB of format flags

define PDB_FORM_WR 16 # Wrong reading bit in format byte i.e. (y. x)
define DATA_RECORD_1 2 # Record number of start of descriptor
define R_PDB_MAX_PEL 128 # Real .index in PDB of max pel

define UNIT_1 1 # Logical unit for file 1

define UNIT_2 2 # Logical unit for file 2

define UNIT_3 3 # Logical unit for Filo 3

define PI 3. 1413926333%8979

define VIRTULAL BUFFERS 4 # Buffers equals bdlocks per line

define TP_IMPLICIT implicit byte(d=c), integer*d(i-n). realsdia, a=h,o-y’.\
Teal#8(d), complexe»8(2)

define CHARACTER byte
define COM_V3V common /vsvc/line_num, bhold, b_no_vsv
define COM_TMP_STR CHARACTER c_tmp_str(81); \
‘common /tmpstc/c_tmp_str
define COM_ASK ‘common /askc/idbase.bd_indirect_command

define COM_SAVE_FILE CHARACTER cstr2(81);\
: common /sfc/lun,cstrd : :
Jefine COM_QUTPUT common /oupc/iunito.i_record_on,.iptro.b zoro_;ad

define COM_INPUT commén /inpc/iuniti,i_record_i,1ptri,n_records_i
define COM_SIZE common llzc/inpsz.Xoupsz,ciform. aform, \
, inp_oup_ratio, inp_oup_ratio_sq
define COM_ZREC_O complex+8 zroco<RECORb _SIZ2E_8); \
: : common /irecoc/ireco '
define COM_PDB CHARACTER cpdb(312): \

integersd 1ipdbd(296);
real»d rpdb(128); \
equivalence (cpdb.ipdb.rpdb). \
common /pdbc/ipdd

define COM_ARRAYS CHARACTER clinel (MAX_LINE); \

‘ integer#*2 linel(MAX LINE),lincz(MAX LINEY: A

complex+*8 zlinel{MAX_LINE); \
equivalence (clinel.linetl,zlinel): \
equivalence (line2(MAX_LINE). z1linetl (MAX LINEYY: N
common /arrayc/ilinet

LIRS - tlinel —— -3
# i{-———=--linel-—-—-- st : {mmmmmmmling@=s=mrl
# ({-clinel->! ;

define COM_Z_ARRAYS complex#*8 z21line(MAX_2 LINE); \

complex#8 zlinel (MAX_LINE), z1ine2(MAX_LINE); \
complex#8 buff(RECORD_SIZE_8, VIRTUAL _BUFFERS); \
complex#8 zreci(RECORD_SIZE_8), irec2(RECORD_SIZE_8); \
real#d rlinet(MAX_@ LINE), rline2(MAX_2 LINE); \
CHARACTER clinel(MAX_LINE), cline2(MAX_LINE); \
CHARACTER crecl(RECORD_SIZE)., crec2(RECORD_SIZE): \
equivalence (zline,zlinel,rlinel, tbuff); \ ‘
equivalence (zline(MAX_LINE_PLUS_ 1), zline2, rline2d); \
equivalence (zrocl.crocl);(zrocz.cro: )i N\
_common /2c/treci,2line, trec
define COM_1_ARRAY complex»8 zline(MAX_LINE), :zrec(RECORD_SIZE_8); \
’ complex#8 2buf+f(RECORD_SIZE_8. VIRTUAL BUFFERS). \

Teal#d rline(MAX_2_LINE): \
CHARACTER cline(MAX _LINE), crec(RECORD_SIZE); \
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equivalence (izline,rline,cline, zbufe); \
equivalence (zrec,crec); \
common /2c/irec,z1line
define COM_PIC_PARAM equivalence (iszx,iszx1), (iszy,iszyl); \ ,
' common /ppramc/iszxl, is2yl,iszxd, iszy2. scalex, scaley, \
unscalex, unscaley

‘define com_cAM common /gamc/iq.x#ramc.xgamsx.x _oup_gam_ ratxo.b byte_mtx
define ouplnz_sr _ olnzsr
define ouplnz_eq_O ouplnO

HERNNBBRRBBRBBRABRRRBRERBREBRREERRBRBRRRNBRBRERBU BB BBBBRRDERBR RN BB BRI SRR SH RN Y
# other small subroutines
B Yy Ty Ty rprgrpnrgnrrgrgrgrewrgrapraravprprprpngeesy

subroutine copy(cstri,cstrad, n)

dimension x(128)

opan(unit=1, access='DIRECT ', recordsize=128, type="0LD"', \
name=cstrl)

open(unit=2, access='DIRECT ', recordsize=128, type='NEW’, \
name=cstr2)

do xal.n €
read(1%’i) x
write(@2x’i) x
]

close(unit=y)

close(unit=2)

return

end

subroutine opn'nu(cstr.tun:t.x assO0C_var,iszx, iszy) # open new file

TP_IMPLICIT .

com_pDB

CHARACTER c_prompt(al)

CHARACTER cstr(81)

i=INDEX(cstr, ‘. *)

init_size=DATA_RECORD_1-1+ \

‘ float(iszx)#float(isty)/RECORD_SIZE_8B+0 999

NO_FILE_ 2 open(unit=iunit, namescstr, type=’NEW’, access="DIRECT"’, \
recordsizesRECORD_SIZE_4, initialsie=init_size, \
associatevariable=i_assoc_var, buffercount=2)

return

and

subroutine opnfod(cstr, iunit, i_assoc_var,iszx, iszy)

TP_IMPLICIT

COM _PDB

CHARACTER ¢ _prompt(81)

CHARACTER cstr(81)

1=INDEX(cstr, *. ‘)

ipenf{unit=iunit, namescstr. *qpe*’OLD‘.ac;oss=‘DIR=uT" \
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recordsize=RECORD_SIZE_4, associatevariable=i_assoc_var, \
buffercount=l)

read(iunitX '‘PDB_RECORD) ipdb

iszx=ipdb(I_PDB_HORS)

1szy=ipdb(1_PDB_VERS)

return

end

subroutine vsv?ij(iunit)
TP _IMPLICIT

cam_vsv
COM_TMP_STR

string c_prompt ‘Is there a vsvOl o ‘200’

pAS

open(unitsiunit, names 'SY: VEVFIG. DAT . type=‘0LD ', carriagecontrel=‘LIST .

err=aNO_FILE)
read(iunit, 1) b_na_vsv
{1 format(ll)
if(. false. ) C
NO_FILE call GTLIN(c_tmp_str.c_prompt)
if(cupic_tmp_str(l)). eq. 'Y"’)
b_no_vsvs. false.
else
b_no_vsvs, true.
optn(un:tt:unit.namer'VSVFIG DAT’, tupc-'NEw‘.carrzagocontral*'LlST )
writeC(iunit, 1) b_no_vsv

b |
close(unit=iunit)
return
end

logical function cup#ilchar)
TP_IMPLICIT
~c

1f(‘’a’. le. char. and. char. le. ‘2’)
cups=char-32

else
cup=char

return

end

logical function bcq?lg*l(cstrl.cstv?)

TP_IMPLICIT

CHARACTER cstr1(2), cstr2(2)

%€

if(cup(cstri(l)). eq. cup(cstrz(l)) ‘and. cup(cstr1(2)) eq. cupfcstra2(2)),
bcq'lg- true.

else
beqflg=. false.

return

end

subroutine vsvclrliwhat)
TP_IMPLICIT
COM _vsv




%C
1€(boqflg(tuhat.'vsv’))
b_no_vsvs, false.
iF(berlg(iuhlt.’no vsv’))
b_no_vsv=, true.
if(beqflg(iwhat, ‘hold’))
bhold= true.
if(beqflg(iwhat, conttnuo'))
bhold=. false.
# Clear characters and curser ; ‘
if(beqflg(iwhat, ‘all ‘). or. beqflg(iwhat, ‘characters’)) (
line_nums=i ‘
if(b_no_vsv) €

call PRINT(EOS1)

call PRINT(EOS1)

return .

1 , :
call IPDKE(Z“VSV _ADDR+4, Q) #® upper left
do i=1,2%3 (

do j=1,64

call IPOKEB(%Z"VSV_ADDR. SPACE)

call IPOKEB(%"VSV _ADDR. CR)

call IPOKEB(Z"VSV ADDR.LF)

b ]
call IPOKE(%Z"VSV_ADDR, Z"CURSER_DISABLE)
call IPOKE(XZ"“VSV_ADDR+4,0) # upper left
3 .

1f(b_no_vsv)
return

# Turn cursor on or off

if(beqflgtiwhat, ‘on’))
call IPOKE(Z"VSV_ADDR. O)

if(beqflg(iwhat, ‘off’))
call !POKE(Z"VSV _ADDR, %"CURSER_DISABLE)

# Turn ofé bit maps

1f(beqflgliwhat, ‘all’). or beqflgliwhat: ‘bit maps’))
call IPOKE(X"BIT_MAP1, IPEEK(L"BIT_MAP1). and. . not. %Z"400)
call IPOKE(Z“"BIT_MAPZ2, IPEEK(%"BIT_MAP2). and. . not. %"400)
J . .

return

end

subroutine vsvset(line, icol)
TO_IMPLICIT

atni, IRVI-1VS

%C

line_num=line

if{(b_no_vsv)

return
call IPOKE(Z"VSV_ADDR+4, 236%#(line-1)+icol-1)
return
a2nd

subroutine cprint(cetr,cval,n)
TP_IMPLICIT

ZHARACTER cstr(81),cval(81)
ZOM_TMP_STR

R
B

forik=1 ; k. le.80. and cstr(k) ne EQSL and. cstrib) ne. 0582 . u=k+1)
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c_tmp_str(k)=cstr(k)
c_tmp_str(k)=EQS2
call vprint(c_tmp_str) .
for(i=1 ; i.le.n ; i=i+l)
if(cvalti). ne. * ")
break
for(j=1 ; i.le.n ; Ci=iel; j=j+11])
c_tmp_str(j)=mcval(i)
c_tmp_str(j)=cstr(k)
call vprint(c_tmp_str)
return
end

subroutine rprint(cstr,rval)

TP_IMPLICIT

ZHARACTER cstr(81)

CHARACTER crval(is)

%C

anrcrode(13, 1, crval) rval

1 format(gl3. 7, %)

for(i=13 ; {.gt. 1 and. (crval(i) eq. SPACE or.crval(i). eq. '0’) i )

i=mi-| ]
call cprint(cstr,.crval: i)
Teturn
end

sebroutine vprint(cstr)
TP_IMPLICIT
CHARACTER cstr(81)
<OM_VSV
data b_no_vsv/. false. /,bhold/. false /
*C .
for(fi=t,n=0] ; i le. 81 ; i=i+1) [
if{cstr(i). eq. EOS2)
break
if(cstr(i). eq. EOS1) [
n=n+1
break
b}
iftcstr(1). eq. LF)
n=n+1i
]
sfiline_num. gt. VSY_LINES. or. line_num+n. ge. VSV_LINES+Z) (
if(bhold) €
i_old jswsIPEEK(%"JSW)
call TPOKE(X%"JSW, X"TT_SPECIAL_MODE. or 1_o1d jsw)
call vsvset(2S, 62)
call vsvelr(‘on’)
repeat [
) Juntil(ITTINR(). eq. CR}
call vsvelr(‘ofé’)

i=ITTINRC) # Dump trailing <LF>

call IPOKE(%"JSW, i_old jsw)

] .
else

call vsvelr(’characters’)
call vsvset(i, 1) # line_num=l as side effect
]

1

line_num=line_num+n




“

if(b_no_vsv)
call PRINT(cstr)
return :
3 .
for(i=1 ; 4.le.B80.and.cstr(i). ne. EOS1. and. cstr(i). ne. EOS2 ; i=i+1)
call IPOKEB(XZ"VSV_ADDR,cstr(i))
if(cstr(i). eq. EOS1) C # for O end of string, add <CROLLF>
call IPOKEB(Y%"VSV_ADDR.: CR) : , \
call IPOKEB(%"VSV_ADDR.LF)
b ] .
Teturn
end

subroutine ask(cstr.c_prompt)

TP_IMPLICIT '

CHARACTER cstr(B81).c_prompt(81)

COM_ASK

cOM_TMP_STR

straing crlé "\n\200°

# Simulate @ delete with a backspace. space., backspace

string cdel ‘\b \b\200° -

dota idbase/10/,b_indirect_command/. true. /

xC :

call RCTRLO # resets -0

call 2200¢c_prompt.,c_tmp_str) »

# Presumably if ISPY(Z"366) is negative, an indirect file 1s active; however,
& this is very poorly documented in program request section of advanced
# programers manuel. '
1f(b_indirect_command. and. ISPY(%"366). 1t.0) ¢

call GTLIN(cstr,c_tmp_str) # get input from indirect file
return ' '
1

call vprintic_tmp_str) _

call vsvelr(‘on’) # turn on curser

1_0ld jsu=IPEEK(%"JSW) # save old j3uw

# TT special mode with immediate return
call IPOKE(Z"JSW, %"TT_SPECIAL_MODE. or. i_old jsw)
far(j=1"; j. 1e.80 ; j=mj+1) (

repeat ([ % get past deletes and not ready
i=ITTINR() .
1f(i. eq. DEL. and. j.gt. 1) ( , # delete?
J=j-1 .
call vprint(cdel)
b]
Juntil(i.gt. O and. i ne DEL)
if(i. eq. CR) # CR ends input
break
else €
cetr( j)=i

cstr( j+1)=EQSQ
call vprinticstr(j))

: 1
]
cstr(j)=EQS]
call vprinticrlf) # newline
call vevclr(‘oft’) # turn off curser
1=ITTINR() # dump trailing -ILF>
call IPOKE(XL"JSW, i_old jsw) # restore old TT mode
raturn
ond
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subroutine z200(cstrl,cstr)
TP_IMPLICIT
CHARACTER cstr1(81),cstr2(81)
. %AC
for(i=1 ; i.le. 80. and.cstr1(i). ne. EOS1. and. cstri(i). ne. EOS2 ;
cstr2(i)=cgtri(i)
iftcstri(i). eq. EQS2)
cstr2({i)=EQS1
else
cstr2(1)=EQS2
return
end

'Jg;cal #unction prlﬂF*l(C!tf.lunlt:-tqu)
TP_IMPLICIT

2 HARACTER cstr(B1), ctype(Bl)

CQM_SAVE_FILE

lun=iunit
1Ff(cstr(l). eq. NULL) '

call assk(cstr2, ‘File name 7 ‘)
else ,

call SCOPY(cstr,cstra, 80)
1 f{INDEX(cstr2, ‘. *). egq Q)

call CONCAT(ceatr2. ’. DAT’, cstr2, 30)
1ftheqflg(ctype, 'new’))

opon(unitalun;namc-cstrz.tqpea'NCN'.:arrxage'ontrola LI%T )

sfibeqflglctype. ‘0ld’))

i=i+1)

opin(unxttlun.namcacstr2.tupca'OLD’,carriagefantrola Ll:T’,our-I)

if(. false ) C ,
1 boganfr.fal;o
return
b
]
if(beqflg(ctype, ‘unknown’))

open(unit=lun. namescstrad, type=s 'UNKNOWN', carriagqecontral=/LIST )

bYapanfs true.
return
arnd

logical function bopenp#i(cstr,iunit, n)
YP_IMPLICIT

CHARACTER cstr(81)

real#4 r(MAX_ENTRIES)

COM_SAVE_FILE

lun=iunit
1ftestr(1). eq. NULL)

call ask(cstr2, 'File name ? ')
else )

call SCOPY(cstr,cstr2,80)
i fF{INDEX(cstr@, . ‘). eq. O)

call CONCAT(cstr2, . DAT . cstr2. 20)
1#8in. gt. 1) C

ocpenf{unit=iun. nama=cstrd, typa="0LD’, carriagecontral="LIST/,

S0

err

1)

)




if(. false. ) C
‘ "1 'bopenp=. false.
return
. ]
for(i=1 ; 1. le.minO(n, MAX_ENTRIES) ; i=i+1)
" call rget(r(i))

close(unit=1lyn)

h | .
open(unit=lun, name=cstra, type=‘NEW’, carriagecontrol='LIST’)
for(i=1 ; i.le. minO(n, MAX_ENTRIES) ; i=i+l)

call rput(’’/,r(i))
bopenp=. true.
return
end

subroutine iprint(cstr, ival)
TP_IMPLICIT

CHARACTER cstr(81)

CHARACTER cival (&)

%C

enccde(b, 1. cival) ival

| format(ib, $)

call cprint(cstr,cival, &)
return

and

subroutine oprinti(cstr, ival)
TP_IMPLICIT

CHARACTER cstr(81)

CHARACTER coval(&)

.-

encode(b, 1, coval) 'ival

1 format(ob6., $)

tall cprint(cstr.coval, &)
return
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PROGRAM

YOS4. RAT - ;

Ocular Counter Rolling Small Subroutine Program
15-Aug—-84
Yoshihiro Nagashima

Direct program file to find the rotation between two pictures
(3 and 2 ) f#rom tuo correlations. Picture 1 is masked by
ROI-A and ROI-B, and then correlated with picture 2. From

the posions of the tuwo regions of interest and the translation
from picture 1 to picture 2, the rotation is calculated

The basic idea is that we are tracing two points on the eye
With large rotation. the correlation will be affected by the
rotation of the data in the region of interest. Subpictures
are extracted from the two pictures centered around the region
of interest and the subpictures are used during correlation.

Inputs:. ocrtl pic Taw picture 2346#23%36 dimension
ocra pic Taw picture 2564296 JdJimension
Qutputs n-rl. pic

oer2. o1e
ocrl : A
ocra. 2
al.: subplcture Al extracted from ocrl. z
ad. :z subpicture A2 extracted from ocr. 2
a82.12 a2.t * a2. 1
bi.z subpicture Bl extracted from ocrl.z

. b2. 2 subpicture B2 extracted from ocrad. :z
bbR. 2z 2.1 * b2. 2 ]
a dat x~y center data of subpicture A
b. dat x=y center data of suipicture B
mh. z Mexican Hat Filter

- mhf2- -FFT-of -Mexican Hat Filter - R
msk. 2 mask of MHF '
one. 2 . mask data
one. z1 mask data
one. 12 "mask data

ocrbox. dat

Caution: When you define the location of subpictures,

the last three data are theta (
theta ( degree ) and zero.

radian ).,

slease don‘'t use

return key. Return key will make an error I!Jse space k#y, =2%c.

BATABERBRUEREBIRRB IRV LEFGER RS FRERPHIRERNB PP P ERE B PR ACIRIIRBIRASIRSRRRRSBIRIRSIER S

label NO_FILE, NO_FILE_2

define
dafine
42fine
define
define
define
define
define
define
define
dafine
define
define
define
e fine
darine
dafine
tefine

EOS1 0 # end of string 1

EQS2 128 o

VEV_LINES as

VSV_ADDR 172600

BIT_MAP1L 172620

BIT_MAPR 1724640

CR 13

LF 10

SPACE 32

CURSER_DISABLE 2000

JSW 44 # address of job status word

TT_SPECIAL_MODE 10100 # special mode bits 1n jsw

DEL 127

NULL (o)

MAX_ENTRIES 30

FMT_STAT format(gl13.7)

MAX_L INE 2956 # Max picture dimension ‘pels. line)
Sia2 # Twive Maximem picture Jivension

MAX_2_LINE

9




define MAX_LINE_PLUS_1 257 # Maximun line plus 1

define RECORD_SIZE 512 % Largely determined by PDB size

define RECORD_SIZE_4 128 # Real*d size

define RECORD_SIZE_S8 54 # Complex%8 size

define PDB_RECORD 1 # Record number of picture descriptor block
define I_PDB_HORS 15 # Index of integer horizontal dimension
define 1_PDB_VERS 16 # Index of integer vertical dimension
define I_PDB_XOFF 2351 # Index of x offset in parent picture
define I_PDB_YOFF 252 # Index of y offset in parent picture
safine I_PDB_OLD DIM 250 % Index of demension of parent picturs
define C_PDB_FORM 7 # Byte index in PDB of format flags

define PDB_FORM_WR 16 # Wrong reading bit 1n format byte i e (g, )
-teaf:ne DATA_RECORD_1 -2 # Recard number of start of dascriptsor
define R_PDB_MAX_FEL 128 # Resil index in PEB of mar pel

Jefine UNIT_1 1 # Legical unit for file 1

define UNIT 2 ’ 2 % Logical untit for file 2

def:ine UNIT_3 3 # Logical unit for file 3I

define P 3. 13139265358979 '

define VIRTUAL RUFFERS 4 # Buffers equals blosks gor lina

tebt . ne TP_IMPLICIT 1mplicit Byteib-c). integeredi1-n).ro31+8{3. o0~h, 9=y '.
- Y P ¥
: resls€id). caompleveSly) :

sefine CHARACTER byte
;ef:ne COM_VSV common /vsvC/iine_num.ohold, 5 _no_wvsv
Jefine COM_TMP_SITR CHARACTER c_tmp str(81). \
cammon /tmpstz/c_tmp str
define COM_ASHK common /askc/idhase. b_ndivest. command

def.ne COM_SAVE _FILE CHARACTER cstr2(81);\
. common /sfc/lun.c3tr :
deFine COM_QUTRUT common /oupc/iunito, 1 _record_o.31ptro.b_zero_pad

d~t.ne COM_INPUT cemmon Jinpecfiuniti, i _recoard_i 1ptryn_records 1
detine COM_SI(2E common /€28/1mpse, toups, cifarm.caforms N\

. . inp_oup_ratic. inp_oup_ratio_sq
sefine COM_ZREC_O complexs8 :rezo(RECURD_SIIE_#7.

comman /ireccc/ireco
verine COM_PDB " CHARACTER cpdb(512);

integer*2 ipdb(256); '\
real#d4 rpdb(128): \
equivalence tzpab. ipdb.rped), N\
common /pdbc/ipdb

detine COM_ARRAYS CHARACTER clinel (MAX_LIMNE),
integer*2 linel(MAX_LINE), line2(MAX_LINE), \
complex®8 zlinel {MAX_LINE);: \
equivalence :ciir2i.linetl, 21iretl, )
equivalence (lina2{(MAX_LINE), z1tnet (MAX_LINE));
common ‘arrsycsilinel

\
N

8 10 - zlinel-r—~r—ormccnman . - -t
. mm—— linel=wmee=ll . {ilmmmsemml i NeRm—————l |
d =clinel=l! . :

define COM_Z_ARRAYS complex#8 z21ine(MAX_2 LINE):

complex#8 2linel ! MAX_LINE}, 2line2(MAX_LINE):
complax#8 zpuff ' REIORD_SIZE_3. VIRTUAL _BUFFERS);
complex#8 2recl{(RECORD_SIZE_8), 1rec2{RECORD_SIZE_8): \
real#4 rlinel(MAX_2 LINE), rline2(MAX_2 LINE); \
CHARACTER clinel(MAX_LINE), cline(MAX_ LINE); \
CHARACTER crez 1 (RECORD_SIZE): 2rocd'RECORD_SIZE): \
equivalence (zline, ziinel,rlinel, t5uif): N\
equivalence (zline(MAX_LINE_PLUS_ 1), tlined,rlinsa);i ©
equivalance (z2recl,crecl), {z2reca, crecd); \

common /z2c/:vecl, zline, zrec?

“r#ine COM_1_ARRAY complax#B 2lineiMAX_LINE), ireciRECORD_SIZE_ 8
complex#3 2buff RECGRD_SIZE_2: VIRTUAL_BUFFERS)Y: \
rTeal#®d rline{MAX & _LINE): N\

CHARACTER ciitme Max _LINEY. crac/SEIORD_SILZE):
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equivalence (zline,rline,cline, zbuff); \
equivalence (irec,crec’; \
: ‘common /zc/irec.iline
define COM_PIC_PARAM equivalence (iszx,iszxl), (isry,iszyl);i
, commaon /ppramc/iszxl,iszyl,192x2,is2942 scalex, scaley, \°
‘ o unscalex,unscaley
define COM_GAM common /gamc/zq.xﬁramu,1gamsx,1 ~oup_gam_ratio, b_hyte_mtx

define ouplnz_sr olnzsr
define ouplnz_eq_O ouplnO

s#nun#nn#»«s*#unn#*nuswsantﬁuaaasu«aﬁaunonan##uou»annna#¢saﬁanﬂau»un-uu«navauw
# other small subroutines .
HFHERUGERBRRHEBRESRRUEFHRARIEHIUHSARRBABBERURBRHE SRR R U BB URNBBE B BIBR AU B USGER RSN BY

subroutine rputi(cstr.r?
TR_IMPLICIT

ZHARACTER cstri(8it)
CUM_SAVE_FILE

1Flecstr(l). ne. NULL)
call rprint(cstr,
write(lun, 1) r
1 FHMT_STAT
ratyrn )
end

rsal function ryget#4{r)
TP_IMPLICIT
Z0M _SAVE_FILE

read{lun, 1) ¢
i EMT_STAT
rgeLEr

rdturn

R ek

subroutine czcvt
T _IMFLICIT
20OM_SIZE

~SH_PDB
CCM_ARRAYS

DA ="0
o j=1, ioups: [
call getlinc
da i=%,icupsz (
tlinet(i1Y=zmplrifloatCline(i)), D
mar=maxs0umnax, Line2i1H)}
]
¢calil oplnzidzlinel)
1




radbdb (R_J PDB _MAX_PEL)=float(max)
return
end

subroutine getinc

# Setsy 1np_oup_ratio, character (8 bit) lines from input file and compresses
L) them into one line. ' '
# Returns compressed line as an integer*2 line in vector. line2 1n COM_ARRAYS.

TH_IMPLICIT
MBI
L0 _ARRAYS

de a=1.inpsz2
line2t(1) =0
45 t=1.inp _oup_ratio
call 1~plnctlireld)
Ve np_oup vatio gt 12 L
for(L1=1::12=13 5 1 le icup3: : KLi=i1+l:138=13
iltne2(i sy=lznazi 1
10 k=2, 1np_cup _vatic {
17=.a+1
R T SR R BRI AR R R =X Ea]

]

o
+
-
—
.
-~

d

retlurn

cubroutine inpseticcoctr)
{F_«MPLICIT :

)l

2

= \

n';nm
inACTER cstr(3i)
ﬁéta iuniti ANTT 1y

c1formscformicstr )

opgnfur'*'"n*+1."ar-=r‘“~.ﬁ“ = TOID aecezz=DIREST S Lueffarsaun =t
szicilatevariables: _cecord_ 1. vecordsize=RECORU_SIZE_4:

readfruni bW 'PUB_RETIFD: sput
1npsztxpdb(I_PDB_hﬂPS)

if(ciform aq. '2")
n_records_1=DATA REC1ﬁD 1=-1+ \ .
'Floatf.npsz *float’lpdbtl OB & ZEREZ ) RECORD _S122_8+2 799
else
‘ n_records_1=DATA RFCORD =14\
float(xnpsz:#ﬁloat(xpdb(I PDB_VERS) ) /RECORD_SIIE+Q. I%%

i_record_i=DATA_RECORD_1t

iptri=RECORD_SIZE+1 # Indicstes record buffer 1s empty
return
end



subruutino’inplnc(linozt
# crec bqffers one record. RECORD_SIZE and MAX_LINE can be <, >, =

TP_IMPLICIT . ,
COM_INPUT v '
COM_SIZE

integer#2 line2(MAX_LINE)

THARACTER crec (RECORD_SIZE)

squivalence (c,ic)

data ic/0/ ’ # Clear high byte

do i=1,inpgsz L[
if(iptri. gt REVORD SIZE) €

Cifti_record L1l gt.n_records_i # Hide short y dimenszizn
return
readiiunitil’i ra;ora 1} crec
iptri=l
b]
CECTer aptyi’ # Trear ytes 33 S Liv positive numpstz

line2/i»=linz2{ir+1¢
iptre=ipgtri+]
1

P ETuTn

end

subrovtine gupset(cstr)
P_[MPLICIT

S QUTRPUT

LOmM_S1ZE

Cam_PDB

COM_GAM

CHARNCTER cstrifil)

data junito/UNIT 2/

Lofarm=cformicstr)

# Special case VD., VE:. VF., VG., and VH.
i=INDEX(cgty, 'V ")

2y =DATA _RECORD _L~1+flzatiioups:)»el FECOFD_STIT_2+5 799
speri{unit=iurita, nane=sste, typex MEW . zcceis= ‘LIRICT . N\
TecoTd51:e=RECORL_SIIE 3, asscciatavariablemi_recovd_o,

buffrrcount=: initialsize=is)
record _o=DATA_RECORD_1
ty =1
ipdt (1_PDB_XOFF)=0
130 {I_PDB_YOFF)=0
igdb(I_PDB_HORS)=ioupsz # Pot actual size in PDR
:5db([_PDB_VERS)=igupsz

g

iflisupsz. eq Z+inpsz) (
b_zero_pad= frue. ‘
ioupsz=inpsz # Hide the 2010 padding
b|
elzse
b_tero_pad= false.
“np _oup_TrTatiovcinpsz/ioupsy
np_ oup_ratio_sq=inp_oup_ratiore2
rakburn -

Tl



subroutine oplnzi(zlinel)
TP_IMPLICIT
COM_QUTPUT
complex#8 zlinel (MAX_LINE)

call ouplnz_sr(zlinel)
if(b_zero_pad)

call ouplnz_eq 0O
rteturn
end

subroutine ouplmz_szr(zlinel)
TP_IMPLICIT ’

Z0M_S12E

2OM_QUTPUT

COM_IREC_O

complex#8 z2linel (MAX_LINE)

do i=1,1ioupsz [
’ treco(iptro)=zlinet (1)
iptro=iptro+l )
if(iptro. gt. RECORD_SIZE_8) ¢
write(iunito%’i_record_o) 2rece
iptro=1i
]

Teturn
end

sybroutine ocuplnz_eq O
TP_IMPLICIT

COM_SIZE

COM_QUTPUT

COM_ZREC_O

do 1=1, ioupsz
zreco(iptro)=(0. .0.) "
iptro=iptro+t
if(iptro. gt. RECORD_SIZE_8&) (
Cwrite(iunitoX - :_recurd_o) reco
iptros=i
]l

return
end

logical function cform#l(cstr)
TP_TMPLICIT
CHARACTER cstr(91)

1=INDEX(cstr, *. ‘) # lock for estension
1F¥{1 eq. 0) !
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cform=’ "’ # No extension
else '
cform=cstr(i+l)
return :
end

subroutine ouppdb
# Clean up stuf¢

TP_IMPLICIT
COM_SIZE
COM_INPUT
COM_OUTPUT
comM_PDB

if(b_zero_pad) # Only :1f complex
do i=1.Zeioups3z?

- call suplnz_eq O
claselunit=iupity) a
writediunitoX 'FUB_RECORD: ipch
closs{unit=i1unito)
return
and

subroutine inpinz(zunit-x_assoc_vir,xlxnc.ig}iiz.zroc)
TP_iMPLICLT _
complex#8 rline(MAX_LINE), zrec(RECGRD_SIZE_&)

1_assoc_var=DATA _RECORD _1+(isz/RECIAD_SITE_Br#(1y—1)
iptr=RECORD_SIZE_8+1 # R2ad first record
do i=1l,1s2 [ ; :
if(iptr gt RECOPD_SIZE_S»
read{wunit%h’1_assoc_var) zreg

iptr=l
« 1
zline(il=zrecliptr)
iptr=iptr+1
]
return
and

subrautine suplazdivnmit, 1 _azsas_wvar 2iine, Ly, 152, crag?
TP _iMPLICIT
camples»8 z1ine(MAX_LINE), :rec (RECORD_SIZE_S8)
r_assoc_varsDATA_RECORD_1+Cis: /RECIORD_SIZE S)#(iy-1)
1ptr=1 ‘ )
do i=l,18z [
zrecliptrimzliineti)
iptr=ipgir+l
if(iptr. gt . RECORD_S1ZE_8) [
‘ urite(iunitZ ‘i_assoc_var) zrec
iptrul
3 {

return
and



subroutine fft(z.n,direction)
integer#2 n, i, j. k, twok
real#4 g,direction

complex#8 z(n), u, w, temp

%C
if(direction. eq. ‘inverse’. or. direction. eq. 'INVERSE’) (
: s=—pPI
temp=cmplx(1. /float(n), 0. )
do i=1,n :
z({i)=temp#z(i)
1
else
s=PI ,
for(Ci=1; j=1] ; i 1lt. n ; i=i+l) C # bit reversal
ifdi. 1t j) € # switch only once
temp=2(j) '
1(jI=z2(i)
2(i)=temp
b ,
# Test bsts form high to low order. If set, clear it and go on %o neat
» bit. T# clear, set it and stop. I e. bit Trevereed counting ’
for(k=n/2 ;i k lt j i k=k/2) '
J=j=k
J=y*k
s 3

# Number of stages équals logl23 of n
for(lkmi; twok=2] ; twok. le.n i Ckmtwok: twok=S*#twokl) ([ -

us=(1..0.) _
wu=cexplcmplx(O. ., ~s/float(k)))
# Numper of dufferfiles equals k#n/tuock = n/20
do j=1,k T ,

do 1",]0 n, twok €

temp=z (i+k)#y # butterfly
2(i*h)=2(i)~temp L !
1{i)=zCi)+rtemp # :
]
U=y
]
: 1
raturn
end
cobreutinre Svanspiiurit, i_assoc_var,isz)
TP_IMPLICIT
LaM_Z_ARRAYS
com_rDB
foriksz=isez/2 » ksz.ge. 1 , ksirmksz/a) # Matrix size=ks2
for(jk=1 ; jk. le isz2 i jk=jk+2#ksz) - 4 Rows of matricaes
for(j=yk ., j.le. jkvkgz—=1 ; j=mj+1) ( # Row in matrix

call inplnz(iunit, i_assoc_var.:l1nel, j,isz, zrecl)

coll inplnztiunit, i_assoc_var, tlined j+ksz, i3z, 2recd)
do ik=1l,isz, 2#ksy # Columne of matrices

d0 i=ik, tk+kz2-1 ( # Column in matrix
1=zlinel(i+ke2)
zlinel(i+ksz)=21lined (i)
zlined(i)=3
1 .
call ocuplnz(iunit, i_assoc_var, zlinel, j. 132, 2racl)

call ouplinzCiunit, i_assoc_var,:lined.  j+kst,isz, trecd)

!
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cpdb (C_PDB_FORM)=cpdb (C_PDB_FORM). xor. PDB_FORM_WR # wrong reading (y, x)
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BOX:

START:

ADX:

ADY:

1. Q0P A:

.TITLE
. GLOBL
. MCALL
ADSTAT
ADBUF
XADDR
YADDR
PICBUF

TST
MOV
MOV
MOV
MoV
BIS
BIS
MOV
BIT
BNE
MOV
MOV
BIT
BNE
MOV
ASR
ASR

ASR

ASR
ASR’
ASR
ASR
ASR
SUB
NEG

MOV
MOV

MoV

Mmov
MOVB
MOVB
BIC

BOX. MAC

. TTINR

~ 170400
170402
174002
174003
174000

(R3)+
(R3)+, HORS
(R3)+, VERT
@(R3)+, XL
@(R3), YL

 #10000, @444

#100, @n4a4
#001, @WADSTAT
%1, @WADSTAT
ADX
@WADBUF. R1
#401, @WADSTAT
#1, GHADSTAT
ADY
@#ADBUF, R3

RL .

R1

#2995, . R3
R3

R1, ®HORS
R3, @VERT

Ri, RQ
R3, R4
XL, RO
RO
RO, R1
RO, R2
YL: RO
RO
RO. R3
RO, R4
R1.,L
R2,R
R3, T
R4, 8B

#ARRAY, RO

#1,R4

T, @¥YADDR
L. R1
%#177400,R1

P A T

e M e m M W me we e e me ®e we W e

- we we W me we W .

A/D STATUS
A/D BUFFER
X PIC ADDRESS
Y PIC ADDRESS
DISPLAY BUFFER

GET X POSITION ADDRESS
GET Y POSITION ADDRESS
GET X LENGTH

GET Y LENGTH

TT SPECIAL MODE (PSW BIT 12)
INHIBIT TT WAIT (FB MNTR)
A/D CH O

DONE?

NO -

YES., GET X POS.

A/D CH 1

DONE?

NO

YES. GET Y POS.

DIVIDE X BY 16

DIVIDE Y BY 1&
REVERSE Y DIRECTION

RETURN X FPOS.
RETURN Y POS.

XL

1/2 XL

LEFT EDGE
RIGHT EDGE
YL

172 YL

TOP EDGE
BOTTOM EDGE

ARRAY START

LOOP COUNT

SET Y FOR TGP
START POINT
CLEAR HIGH DYTE
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INC R1 H
MOVB R: R2 ;
BIC #177400, R2 i
TB: MOVB R1, @#XADDR i
MOVB S#PICBUF, (RO)+
MOVB #239. , @WPICBUF
INC R1 i
cMP R2, R1 i
BGT T8 i
MOVB B, @#YADDR ;
DEC R4 i
BEG LOOPA i
MOV ‘#1, R4 i
MOVB L, @¥XADDR ;
LOOPB: ™MOVB T,R1 i
BIC #177400,R1 i
MOvVB B.RQ , i
BIC #177400. R2 H
RL.: mMOvVB R1, @#»YADDR i
MOVB @HMPICBUF, (RO)+
MOvVB #25S. , ¢#PICBUF
INC R1 ;
cMpP R2.R1 ;
‘BET RL i
MOVB R, @%XADDR i
DEC R4 i
BEG LOOPB i

i, CHECK FOR KEYBOARD HIT
5 (NOTE: .TTINR USES RO)

.TTINR . 3

BCC RETURN i

; RESTORE THE VALUES (ERASE BOX)

mov #ARRAY, RO i

Mav _#1.R4 i

Move T, @¥YADDR H

LOOPAZ: ™MOVB L, R1 i
BIC #177400: R1 i

INC R1 H

Move R. R2 H

BIC #177400, R2 i

TB2: MOVB R1i, @#XADDR i
’ MOVB (RO)+, @WPICBUF ;
INC R1 ;

cMP R2: R1 i

BeT TB2 i

MOVB B, @#YADDR i

DEC R4 i

BEQ LOOPAR H

MOV #1, R4 H

MOovB L, @#XADDR i

LoorPB2: ™MOVB T,R1 i
BIC #177400, R i

MOVB B. R2 :

BIC #177400, R2 i

rRLa: MOVB R1, @#YADDR i
MOvEB (RO)». B8P ICBUF

SKIP CORNER POINT
END POINT

CLEAR HIGH BYTE
SET X ADDRESS

PUT VALUE IN ARRAY
CHANGE TO WHITE
NEXT X ADDRESS

AT END OF LINE?
NQ. GO BACK

SET Y FOR BOTTOM
CHANGE LOOP COUNT
DO AGAIN FOR BOTTOM

LOOP COUNT
SET X FOR LEFT
START POINT

CLEAR HIGH BYTE
END POINT

CLEAR HGIH BYTE
SET Y ADDRESS
PUT VALUE IN ARRAY
CHANGE TO WHITE
NEXT Y ADDRESS

AT END OF LINE?
NO, GO BACK

SET X FOR RIGHT
CHANGE LOOP COUNT
DO AGAIN FOR RIGHT

TEST FOR KBD HIT
HIT - RETURN

ARRAY START

LOOP COUNT
SET Y FOR TOP

START POINT

CLEAR HIGH BYTE
SKIP CORNER POINT
END POINT

CLEAR HIGH BYTE

SET X ADDRESS

PUT OLD PIXEL BACK
NEXT X ADDRESS

AT END OF LINE?

NO, GO BACK

SET Y FOR BOTTOM
CHANGE LOOP COUNT
DO AGAIN FOR BOTTOM

LOOP COUNT

SET X. FOR LEFT
START POINT
CLEAR HIGH BYTE
END POINT :
CLEAR HIGH BYTE
SET Y ADDRESS

PUT QLD PIXEL BAIK
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INC -
CMP
BGT
MOVB
DEC
BEQG

JMP

BIC

0000

.BYTE
. BYTE
. BYTE
. BYTE
. BLKB

R1

R2,R1 .
RLR :
R, @#XADDR
R4 ,
LooPB2

START

#10000, @#44
PC

1000

- e me we we

NEXT Y ADDRESS

AT END OF LINE?
NO. GO BACK

SET X FOR RIGHT
CHANGE LOOP COUNT
DO AGAIN FOR RIGHT

DO IT ALL AGAIN

TT NORMAL MODE
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IMPLICITBYTE(B-C), INTEGER*2(I-N), REAL#4 (A, E-H, 0-Y), REAL*B(D), COMP 136
*LEX#8(Z) '134

COMMON/SZC/INPSZ, 10UPSZ, CIFORM, COFORM, 100001, 100002 '157
CALLVSVFIQ(1) 1160

CALLVSVCLR(‘all") 1161

 CALLVPRINT(‘Please wait a moment’) 1163

CALLPDB( ‘DAT: OCR1.PIC’: '‘DAT: QCR1. PDB ) ‘1464

CALLVPRINT( ‘okashiina’) !143

CALLPDB( ‘DAT: QCR2. PIC’, 'DAT: OCR2. PDB ‘) 1166

CALLVPRINT( ‘Please define subpicture A by the space key’) 1167
CALLBOX(IX, 1Y, &4, 64) 1168

X=FLOAT(IX-31) ‘170

Y=FLOAT (1Y-31) 1171

CALLRPRINT(’X of subpicture A is ‘', X) 1172

CALLRPRINT(‘Y of subpicture A is ’,Y) ‘173

CALLBOPENF ( ‘DAT: A. DAT’, 1, ‘new’) !174
CALLRPUT(’“, X} 1179

CALLRPUT(‘’,Y) '176

CLOSE(UNIT=1) 177

CALLVPRINT(‘Please define subpicture B’) !'179
CALLBOX(IX, 1Y, &4, 64) 1180

X=FLOAT(IX-31) 1182

Y=FLLOAT(IY~-31) 1183

CALLRPRINT(’X of subpicture B is ’, X) 1184
CALLRPRINT('Y of subpicture B is ', Y) 1189
CALLBOPENF( ‘DAT: B. DAT', 1, ‘new’) !'186
CALLRPUT(’ ", X) 1187

CALLRPUT( ', Y) 1188

CLOSE(UNIT=1) 1189 :

CALLVPRINT(’1 am making 2 mask file’) 1191

CALLNAKSR('DAT ONE. 2, 64i5401.:32.:32.11°.010.) 1192
10UPS2=2%6 1199

CALLVPRINT( ‘converting OCR1. PDB into OCR1.Z°) 1201
CALLINPSET( ‘DAT: OCRL. PDB ) 1202
CALLOUPSET( ‘DAT: OCR:. Z2°) '203

CALLCZCVT 1204

CALLOUPPDB . 1209

CALLVSVCLR( ‘characters’) !206

CALLVPRINT( ‘converting OCR2. PDB into OCRR2.2Z") 1208
CALLINPSET( ‘DAT: OCR2. PDB ") 1209
CALLOUPSET( ‘DAT: QCR2.Z’) '210

CALLCZCVT 1211

CALLOUPPDB 1212

CALLVSVCLR( ‘characters’) !213

CALLVPRINT( ‘making subpicture A1.Z") ‘219

CALLSUBPIC( ‘DAT: OCR1. Z’, ‘DAT: AL. Z', ‘DAT. A. DAT’. 54. 64) 216
CALLVPRINT( ‘making subpicture B1.Z') 1220
CALLSUBPIC('DAT:OCRL. Z’, 'DAT B1. Z’, ‘DAT: B. DAT ", 44, 54) 1221
CALLVPRINT( ‘making subpicture AR.Z') 1229
CALLSUBPIC('DAT: OCR2. Z’, '‘DAT: AQ. 7', ‘DAT: A. DAT ', 64, 64) 1226
CALLVPRINT( ‘making subpicture B2.Z') 1230

CALLSUBPIC( ‘DAT: OCR2. Z’, ‘DAT: B2. Z', ‘DAT: B. DAT’, 54, 64) 1231
CALLVPRINT( ‘making Mexican hat filter’) 1242

"CALLMAKSRE( ‘DAT: MH. 2/, 64, 64, 1., 32.,32. . 0. 7071048) 1243
CALLROT11('DAT:MH. 2", ’DAT MHF. zf.-ax,-a1) 1249
CALLVPRINT( ‘FFT of the Mexican hat filter’) ‘a%e
CALLXFORM(10, ‘DAT:MHF. 2 1253

CALLVPRINT( ‘making edge mask of filter’) '239

CALLMAKSR( 'DAT: MSK. Z', 564,64, 1..,32. 5,32 5, 28. 5,28 35) 1256
CALL'/PRINT('FFT of subpictures’) '260

Call -SORM(10, ‘DAT AL . Z7) '261
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CALLXFORM(10, ‘DAT:B1.Z’) '!'262

CALLXFORM(10, ‘DAT: A2 . Z’) '!'263

CALLXFORM(10, ‘DAT:B2. Z°’) '264

CALLVPRINT( ‘filtering subpictures A1.Z B1.Z A2. Z B2.Z with’}
CALLVPRINT('Mexican hat filter’) '267 '

CALLTWOFIL(‘DAT.MHF. Z’, ‘DAT: A1. Z', 20, 0. 0001) 1268
CALLTWOFIL( 'DAT: MHF. Z‘, ‘DAT: B1. Z’, 20, 0. 0001) 1271
CALLTWOFIL(‘DAT:MHF. Z’, ‘DAT: A2. 2, 20, 0. 0001) - 1274
CALLTWOFIL( ‘DAT.MHF. Z’, 'DAT: B2. Z, 20, 0. 0001) ‘277
CALLVPRINT('FFTL~1] of filtered subpictures’)  '280

CALLXFORM(11. ‘DAT: A1. Z‘) 'aB} :
CALLXFORM(11, ‘DAT:B1.Z°‘) '282
CALLXFORM(11, ‘DAT: AQ.2°) !283
CALLXFORM(11, ‘DAT:B2.Z°) !284

CALLVPRINT(edge masking of subpictures’) ‘286
CALLTWOFIL('DAT-MSK. 2‘, ‘DAT: AL. 2,20, 0. 0001) 1287
CALLTWOFIL( 'DAT: MSK. Z°, ‘DAT: BL. Z’, 20, 0. 0001) ‘290
CALLTWOFIL('DAT: MSK. Z’, ‘DAT: A2. 2. 20, 0. 0001 1293
CALLTWOFIL( ‘DAT. MSK. 2, ‘DAT: B2. Z“, 20, 0. 0001) 1296
CALLVPRINT( ‘making ROI from subpictures A1 Z % B1. Z‘ ' 3095
CALLNCRMF( ‘DAT.ONE. Z’, ‘DAT. A1.2°) 1304
CALLNORMF ( ‘DAT: ONE. Z’, ‘DAT:B1.Z2") 1307
CALLVPRINT( ‘correlating ) 1319
CALLCOPY( "DAT. A2. Z’, 'DAT. AAR. 2, 695) t316
CALLCOPY('DAT:B2.Z', ‘DAT:BB2.2', 6%) 1317
CALLTWOFIL( ‘DAT: A2. Z°, ‘DAT: AA2. Z', 20, 0. 0001) 1319
CALLTWOFIL( 'DAT: B2. Z°, ‘DAT: BB2. Z2°, 20, 0. 0001) 1320
- CALLVPRINT('FFT for correlating’) 1322

CALLXFORM(10, ‘DAT: A2.2’) '323
CALLXFORM(10, ‘DAT B2 Z‘) ‘324 ;
CALLXFORM(10, 'DAT AAR. Z°) 13as
CALLXFORM(10. "DAY.BHZ. Z°) ‘ '326
CALLVPRINT('I am tired’) '328
CALLXFORM(10, ‘DAT: A1 Z“) !330
CALLXFORM(10, ‘DAT:B1.2Z') 331

CALLCDPY('DAT:ONE.Z':'DAT:DNE.ZI‘,QS) 1332
CALLXFORM(10, ‘DAT.ONE. 21 ) 1333

CALLCOPY('DAT Al1.Z', 'DAT.A1. 21, 6%) 1339
CALLCOPY(‘DAT.B1.Z’. '‘DAT B1l. I1’.69) 1336
CALLVPRINT( ‘Help me , Yoshi '‘) 337
CALLTWOFIL('DAT: A2. 7', ‘DAT: A1. 21", 21,0Q. 0001) 1338
CALLTWOFIL¢'DAT:B2. 2, 'DAT:B1.Z1,21,0. 0001) 1339
CALLCOPY( 'DAT:ONE. Z1', '‘DAT: ONE. 22°, 6%} 1340
CALLTWAOFIL( ‘DAT: AAQ. Z’, 'DAT.ONE. Z1°. 21, 0. 0001) 1341
CALLTWOFIL( ‘DAT: BB2. Z’, 'DAT: ONE. 22’, 21, 0 0001) ' 342
CALLVPRINT( 'FFTL-11") 1344 .

CALLXFORM(11, ‘DAT: Al. Z1"') 1345

CALLXFORM(11, 'DAT: B1. 21°) '344

CALLXFORM(11, ‘DAT:ONE. Z1 ) 1347

CALLXFORM(11, "DAT: ONE. Z22°) 1348
CALLVPRINT(‘’square root’) 13%0

CALLONEFL9( ‘DAT: ONE. 21 ‘) !3951
CALLONEFL9( 'DAT: ONE. Z2°) !332

CALLVPRINT(’almost done’) . 1354

CALLTWOFIL¢ ‘DAT:ONE. Z1 ‘. 'DAT: AL. 21,23, 0. 0001) t399
CALLTWOFIL( “DAT: ONE. 22, ‘DAT:B1. Z1’, 23, 0. 0001 '35&
CALLVPRINT(‘finding peak’) !13%8 '

CALLPEAKS( ‘DAT: Al. Z1 ‘., ‘DAT: OCRBOX. DAT’, 1) 1380
CALLCTROM( ‘DAT: UNE. Z', ‘DAYT: QCRBOX. DAT‘, "‘DAT: A DAT ", 2) 1362
CALLPEAK4( 'DAT B1 Z1'’, ‘DAT: QCRBOX.  DAT ', 2) 1344
CALLCTROM( ‘DAT: ONE. Z’. 'DAT: OCRBOX. DAT‘, DAT.B. DAT . 4} t346
CALLCALC20( 'DAT. OCRBOX. DAT*, 1.3, §) ' 368
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SUBROUTINEPDB (CSTR1, CSTR2) 1149
IMPLICITBYTE(B~C), INTEGER#2( I-N), REAL#4 (A, E-H, O-Y), REAL.#8(D), COMP

*LEX#8¢(Z) '130

BYTECSTR1(81) '1351

BYTECSTR2(81) 1192

BYTECPDB(312) 1193
INTECER#2IPDB(236) - 1133
REAL#4RPDB(128) '133
EQUIVALENCE(CPDB, IPDB. RPDB) 1193

COMMON/PDBC/IPDB !133
DATAIPDB/256#0/ '154

[of .
CONTINUE !'156
23002 CONTINUE '1956
OPEN{UNIT=1, NAME=CSTR}, TYPE='0LD ', ACCESS='DIRECT ‘', RECORDSIZE=128,
#ASSOCIATEVARIABLE=IASV1, ERR=1) 1198 :
IF(. NOT. (. FALSE. ))00TO2300% 1199
1 CALLVSVCLR( ‘characters’) '1460
CALLVPRINT(CSTR1) 1161
CALLVPRINT( 'Input file not found') 1162
G0T023003 1163
23009  CONTINUE !'163
GOTO23004 1169
23003 GQOTOR23002 . 1167
23004 CONTINUE '167 ’
IASVi=1 1167
DPEN(UNITSZ.NAME-csraz.TYPE-'NEH' ACCESSn'DIRECT RECORDSIZE=128.
#ASSD@!ATSVARXABLE-!ASVZ) 1169
IPDI(;S)-RSA 1170
IPDB(16)=236 '171
IA8SV2=1 1172
WRITE(2/IASVR) IPDB 1173
DO 230071I=1,128 '174
READ(!‘IASVI)IPDB 179
, WRITE(2'IASV2) IPDB 1176
23007 CONTINUE '177
23008 CONTINUE 1177
CLOSE(UNIT=1) 1178
CLOSE(UNIT=2) 1179
RETURN 1181
END 1182
SUBROUTINEMAKSR (CSTR, I1SZX, ISZY, RMAG. X0, YO, XC., YC) !189
IMPLICITBYTE(B~C), INTEGER#2(I~-N), REAL®#4 (A, E~H. O0-Y), REAL*B(D) cCOoOmMP
#LEX#G(Z) '191
COMPLEX#BZLINE(296), ZIREC(64) 1192
COMPLEX#8ZBUFF (&4, 4) 1192
REAL®ARLINE(S12) '192 '
BYTECLINE(256). CREC(512) !'192
EGQUIVALENCE(ZLINE, RLINE, CLINE, ZBUFF) 192
EQUIVALENCE (ZREC, CREC) 1192
COMMON/ZC/ZREC, ZLINE 1192
BYTECPDB(512) 1193
INTEGER#2QIPDB(2354) 1193
REAL#4RPDB(128) 1193 ’
EQUIVALENCE (CPDB, IPDB, RPDB) 1193
COMMON/PDBC/IPDB !193
DO 23009I=1,2%6 '194
IPDB(1)=0 1199
23009  CONTINUE '199
23010 CONTINUE '199

CALLOPNFNW(CSTR, 1, 100001, [SZX, [82Y) 1194
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23011

#0

23016
<3017

23014
=3019

23012

23013

*L|

23018

IMAG=CMPLX (RMAG, 0. ) 1197
XMAX=AMIN1 (XO-1., FLOAT(ISZX)-X0) '198
YMAX=AMIN1 (YO-1., FLOAT(ISZY)-YO)} !199

RMAX=AMIN] ( XMAX, YMAX) 1200

CONTINUE '201 ’

1Y=1 1201

RMAX=Q. '201%

IF(.NOT. (IY . LE . 1SzZY ))G0TO23013 1201

DO 23014Ix=t, ISZX 1202 -
RSA=(FLOAT(IX)=X0)##2+(FLOAT(1Y)- YO)**. 1203
R=SGRT(RSQ) 1204

IF (. NOT. (ABS(FLOAT(IX)-XO) LE. xc AND. ABS(FLOAT(IY‘-YO) LE. YC) 60T
23016 1209

ZLINE(IX)=ZMAG 1206

60T023017 1207

CONTINUE '207

ZLINECIX)=(0.,0.) . 1208

CONTINUE '208

RMAX=aMAX1 (RMAY, ABS(REAL(ZLINE(IX)))) 1209

CONTINUE !'210

CONTINUVE '210 ,
CALLOUPLNZ (1, IO000L1, ZLINE, IV, ISZX, ZREC) !211
Ivy=IY+1 '2212

GOTO23011 -3 -
CONTINUVE '212

IPDB(15)=ISZX '213
IPDB(16)=1SZY ‘214

RPDB(128)=RMAX 1219
WRITE(1/1)IPDB ‘216

CLOSE(UNIT=1) 1217
RETURN ~ '218
END 1219

SUBROUTINESUBP IC (CSTR1, CSTR2, CSTR3, ISZX2, IS2Y2) '22%
IMPLICITBYTE(B-C), INTEGER#2(1-N), REAL#4(A, E-H. O-Y), REAL#8(D), COMP

EX#8(Z) '226

BYTECPDB(312) 1227

INTEGER#2IPDB (256) 1227
REAL#4RPDB(128) '227
EQUIVALENCE(CPDB. IPDB. RPDB) 1227
COMMON/PDBC/1PDB '227
COMPLEX#BZLINE(2%96), ZREC (64) 228
COMPLEX#BZBUFF (44, 4) 1228

REAL#4RLINE(S12) !228
BYTECLINE(284), CREC(312) '2a8

EQUIVALENCE(ZLINE, RLINE, CLINE, ZBUFF) 1228
EQUIVALENCE (ZREC, CREC) '2:8

COMMON/ZC/ZREC, ZLINE ‘228

100002=IPDB(230) '229

CALLBOPENF(CSTR3,3, ‘0l1d’) 1230

CALLRGET(X0) 1231

CALLROET(YO) ‘232 , _
CALLIPRINT(‘output x—~dimension is ‘, ISZX) 1233
CALLOPNFOD(CSTR1. 1, 100003, ISZX1,1ISZY1) 1234
CALLOPNFNW(CSTR2, 2, 100004, ISZXx2, ISZYQ) a3
IXO=IFIX(XOQ) - 1236

IYO=IFIX(YO) 1237

CONTINVE '!238
Ivi=Iv0 !'238

1Y2=1 t238

RMAX=0. '238

IF(.NOT. (IY2 . LE . ISZY2 ))GO0TO23020 1238
CALLINPLNZ (1, 100003, ZLINE, 1Y1, ISZX1, ZREC) '23%

CALLOUPLNZ (2, 100004, ZLINE(IXQ), 1Y¥2, 18ZX2, ZREC) 1240
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23021
23022
23019

23020

DO 230211I=IX0, IXO+ISZX2-1 1241
RMAX=AMAX 1 (RMAX, ABS(REAL (ZLINE(I)))) 1242
CONTINUVE !242 ’

CONTINVE !242

Ivi=IYi+i 1243
1Y2=1Y2+1 ‘243
GATO23018 '243

CONTINUE !243
IPDB(15)=1SZX2 '244

IPDB(16)=1S2Y2  '24%

IF(. NOT. (100002. EG. 0) )GOTO23023 !246
IPDB(250)=182X2 '247
IPDB(291)=IX0-1 '248
IPDB(292)=1Y0-1 !249

60T023024 1251

CONTINUE (251

IPDB(251)=IX0-1 '232
IPDB(292)=1IY0-1 !253

CONTINUE !234

RPDB(128)=RMAX  '299

WRITE(2/1)IPDB  '2%%

CLOSE(UNIT=1) 1297
CLOSE(UNIT=2) 1298

CLOSE(UNIT=3) 1299

RETURN  '260

END 1261 , ' » . :
SUBROUT INEMAKSRB(CSTR, ISZX, 16ZY, RMAG, X0, YO, SIGMA) 1268

IMPLICITBYTE(B-C), INTEGER#2( I-N), REAL#4(A, E~H, O-Y), REAL#8(D), COMP

*LEX#8(Z) 1269

230'3
22024

SO0

COMPLEX#8ZL INE(236), ZREC (64) 1270
COMPLEX#BZRUFF (44, 4) 1270
REAL#SRLINE(S12) '270

BYTECLINE(236), CREC(912) '270

EQUIVALENCE ( ZL INE, RLINE, CLINE, ZBUFF) 1270
EQUIVALENCE (ZREC, CREC)  '270 ,
COMMON/ ZC/ ZREC, ZLINE 1270

BYTECPDB(912) 1271

INTECER#2IPDB (2%6) 1271

REAL#4RPDB(128) '271

EQUIVALENCE (CFDB. IPDB, RFDB) 1271

COMMON/PDBC/IPDB '271

DO 230231I=1,2%6 272

IPDB(1)=0 1273

CONTINUE !'273

CONTINUE '273

CALLLOPNFNW(CSTR., 1, 100001, ISZX, ISZY) 1274
ZMAG=CMPLX (RMAG. 0. ) '279
YMAX=AMINL (XO-1. ., FLOAT(ISZIX)=-X0) '327&
YMAX=AMINL (YO-1., FLOAT(ISZY)-YO) '277
RMAX=AMINL ( XMAX, YMAX) 1278

VOO00OI=1. /SIGMA#22 1279
TOO006=1. /(2. #»SICMA»%2) 1280

S00007=1. /(SIGMA##a#SGRT(2. #3. 14159245358979))  'a81
CONTINUE '282 ’

Iy=t 1382

RMAX=0. 1282 '

IF(.NOT (IY . LE . ISZY ))GC0TO23029 1282

DO 2TJ03I0IX=1, ISZX . 1283
RSQ=(FLOAT(IX ! =X0)##2+(FLOAT([Y)=-YO)»&2 !2B4

R=SQRT{RSQ) 12993 . '
ZUINE(IX)=CMPLX (S00007#(2. -VvOUCO3+#R3QY#EXP ( ~TQOQO&*REGY. 0. )
PMAX=&MAX L (RMAX, ABS(REAL(ZLINE(IX) ) . 2e8

CONTINUE '28%
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23031 CONTINUE '289
CALLOUPLNZ(I.IOOOOI ZLINE. 1Y, ISZX, ZREC) '290

23028 1lvy=lv+1 291

GOTO2I027 1291
23029 CONTINUVE !291

IPDB(19)=1SZX 1292

IPDB(16)=1S5ZY 1293

RPDB (128)=RMAX 1294
WRITE(1‘1)IPDB 1299

CLOSE(UNIT=1) 1296
RETURN 1297
END 1298 ,
SUBROUTINEROT11(CSTR1, CSTR2, IX, IY) 1307
IMPLICITBYTE(B~C), INTEGER#2(I-N), REAL*4(A.E‘H,O-Y).REAL*B(D) coMP 1314
#LEX#@8(Z) 314
COMPLEX#8ZLINE(512) 1319
COMPLEX#BZLINEL (296), ZLINER(2%56) '319
COMPLEX#82BUFF (64, 4) 1319
COMPLEX#BZREC1(64), ZREC2(64) 1319
REAL#4RLINEL1 (912), RLINE2(S12) 1319
BYTECLINE1(2%6), CLINE2(2%6) 1319
BYTECREC1(512), CREC2(512) 1315
EQUIVALENCE (ZLINE, ZLINE1, RLINEL, ZBUFF) 1319
EQUIVALENCE(ZLINE(257), ZLINER, RLINED) 1319
EQUIVALENCE(ZREC1, CREC1), (ZREC2, CREC) 1319
COMMON/ZC/ZREC1, ZLINE, ZREC2 - 1318
BYTECPDB(512) 1316
INTEGER#QIPDB (296) 13146
REAL#4RPDBE(128) !316 :
EQUIVALENCE (CPDB, IPDB, RPDB) 1316
COMMON/PDBC/IPDB '316
EouxVALENCE(tszx.xszx1>.cxszv,tszvt) 1317

COMMON/PPRAMC/ IS2X1, 1SZY1, ISZX2, ISZY2, SCALEX, SCALEY, U00008, U0000? '317
CALLOPNFOD(CSTRIL, 1, 100003, I1SZX1, ISZY1) 1318 .
CALLOPNFNW(CSTR2, 2, 100004, 1SZX1, ISZY1) 1319

IF(. NOT. (IX.LT. 0))60T023032 '320
: : IXsISZX1+IX 1321
. 23032 CONTINUE '322 :
IF (. NOT. (1Y.LT. 0))GOTOR3034 1322
Iy=1SZY1+1Y 1323

23034 CONTINUE '324
CONTINVE '!324

J=1 ‘324
<3036 IFC(.NOT. (J . LE . ISZY1l ))60TD23038 ‘324
CALL INPLNZ (1, 100003, ZLINEL, J, ISZX1, ZREC1) '329
DO 230391=}1, ISIX1 1326
ZLINE2(MOD(I-1+1IX, ISZX1)+1)=ZLINEL(I) 1327

27039 CONTINVE !327
23040 CONTINUE !327 :
CALLOUPLNZ (2, 100004, ZLINE2, MOD(J-1+1Y. ISZY1)+1, ISZX1, ZREC) 1329

23037 JmJ+l -~ 1330
GOTORQ3036 1330
23038 CONTINUE '330
IPDB(251)=0 1331
IPDB(252)=0 1332
WRITE(2‘1)IPDB 1333
CLOSE(UNIT=1) t334
CLOSE(UNIT=2) 1339
RETURN 1336
END 1337
SUBROUT INEXFDRM( IOP. CSTR) t340
IMPLICITBYTE(R-C), INTEGER#2(I~-N), REAL*A(A E-H. O-Y), REAL#S(D), COMP 1344

*LEX#8(Z) '344
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COMPLEX#B8ZLINE(312) 1343
COMPLEX®#8ZLINE1 (296), ZLINE2(236) !'343

COMPLEX#8ZBUFF (64,4) 1349
COMPLEX#BZREC1(64), ZREC2(64) 1343
REAL#4RLINE1(312), RLINE2(512) 1349
BYTECLINEL1(256), CLINE2(236) 1349
BYTECREC1(312), CREC2(J12) 13495
EGUIVALENCE(ZLINE.ZLINE! RLINEL, ZBUFF) 1345
EQUIVALENCE(ZLINE(ZS?).ZL!NE?.RLINE:) 1349
EQUIVALENCE(ZREC1, CREC1), (ZRECR, CRECQ) 13435
COMMON/2C/ZREC1., ZLINE, ZREC2 1349
BYTECPDB(S1Q) !346

INTEGER#2IPDB (2%96) 13446

REAL#4RPDB(128) 1346

EQUIVALENCE (CPDB, IPDB. RPDB) 1346
COMMON/PDBC/IPDB '346

CALLOPNFOD(CSTR, 1, 100001, ISZX. ISZY) 1347
CONTINUE {348

J=1 1348

RMAX=0, 1348 :

23041 IFC.NOT.(J . LE . ISZY »))GQT023043 1348
CALLINPLNZ(I»IOOOO!;ZLINEl:J»ISIXaZREC!) ' 349
IF (. NOT. (I0P. EG. 10))60T0O23044 1390
CALLFFT(ZLINEL, ISIX, ‘forward’) 1391
GOTO23049 1392

23044 CONTINUE '332
CALLFFT(ZLINEL, ISZX, ‘inverse’) 1353
23048 CONTINUE !'333 :
CALLOUPLNZ(!:IOOOOI:ZLINE!:J.ISZX)ZRECI) 13%4
DO 230461I=1, [SZX '35%
RMAX=AMAX 1 (RMAX, ABS(REAL(ZLINEL(I)))) 13%6
23046 CONTINUE (3356
23047 CONTINUE '3%6

223042 J=J+i 1397 ,

: GOTOR23041 1357

23043 CONTINUE !'3%7
CALLTRANSP (1, 100001, ISZX) 1358
CONTINUE '39%9
Jm=y 1399
RMAX=(. 1359 ‘

23048 IF(.NOT. (J . LE . ISZY ))G0T0O23030 1399
CALL INPLNZ (1, 100001, ZLINEL, J, ISZX, ZREC1) '340
IF(. NOT. (I0P. EG. 10))GOTO23051 1361
CALLFFT(ZLINEL, ISZIX, 'forward ‘) 1362
GOTO230%2 1363

23051 CONTINUE !363 ‘
CALLFFT(ZLINEL, ISZX, ‘inverse’) 13564

23052 CONTINUE !364
CALLOUPLNZ (1, 100001, ZLINEL, J, ISZX, ZREC1) !3635
DO 23083I=1, ISZX !366
RHAX'AHAX!(RHAX.ABS(REAL(ZLINEI(I)))) 1367
23053 CONTINUE !367
23054 CONTINUE !367
23049 Jmy+t 1368
cCOTOR3048 1348
23030 CONTINUE !368
RPDB ( 128)=RMAX 1369
WRITE(11)I1PDB 1370

CLOSE(UNIT=1) 1371

RETURN . !'372

END 1373
SUBROUTINETWOFIL(CSTR1, CSTRR, 10P, RMIN) 376

IMPLICITBYTE(B~C), INTECER*2(I-N). RCAL*4(A:C—H;O—Y) REAL#*8(D), COMP
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*LEX#8(Z) '384

COMPLEX#8ZLINE(912) 1389
COMPLEX#8ZLINEL (256), ZLINE2(236) !383
COMPLEX#8ZBUFF (64, 4) 1383
COMPLEX#BZREC1(&4), ZREC2(64) 1385
REAL#4RLINEL (512), RLINE2(512) 1389
BYTECLINEL(236),CLINERQ(236) 1389
BYTECREC1(912), CREC2(512) 1389
EQUIVALENCE(ZLINE, ZLINEL, RLINE1, ZBUFF) +383
EQUIVALENCE(ZLINE(257), ZLINE2, RLINE2) = '389
EQUIVALENCE(ZREC1, CREC1), (ZREC2. CREC2) 1383
COMMON/ZC/ZREC1, ZLLINE, ZREC2 1389
BYTECPDB(512) 1386

INTEGER#21IPDB(236) 1386

REAL#4RPDB(128) '!386

- EQUIVALENCE(CPDB, IPDB; RPDB) 1386

COMMON/PDBC/IPDB !386
CALLOPNFOD(CSTR1. 1. 100003, ISZX1, ISZYI) 1387
RMAX1=RPDB(128) '388

CALLOPNFOD(CSTR2, 2, 100004, ISZX2, ISZY2) 1389
IFC. NOT (IOP. EG. 23))60TO2303% 1390
RMIN=ABS (RMAX1#RMIN; 1391

23055  CONTINUE '392
100003=2 '392
100004=2 !'393
RMAX=Q. '394

NOOO10=FLOAT ( ISZX2) #FLOAT(1SZYR) /64+0. 999 1393
DO 23057J=1,NOCO10  !396

READ¢1’100003) ZREC1 1397

READ(2 100004 ) ZREC2 1398

IF(. NOT. (10P. EQ. 20))G0T0D23059 1399

DO 230&11=1,64 '400 ,

ZREC2(1)=ZREC1 (1) #ZREC2(I) 1401

23061 CONTINUE '401
230462 CONTINUE '401
23059 CONTINUE !'402
IF(. NOT. (IOP. EQ. 21))6G0OT023043 1402
DO 230631=1, 54 1403
ZREC2(I)=ZREC] (1) #CONJG(ZREC2(I)) 1404
23063 CONTINUE. ‘404
23066 CONTINUE '4304
23063 CONTINUE '409
IF (. NOT. (IOP. EQ. 23))60T023047 1409
DO 230691=1, 64 1406
IF(. NOT. (ABS(REAL(ZREC1(1))). GE. RMIN)»GOTO23071 '307 -
ZREC2(I)=CMPLX(REAL (ZREC2(1))/REAL(ZREC1(I)),0.) '408
GOT023072 1309 :
23071 CONTINUE !'409
ZREC2(I1)=(0.,0.) '410
23072 CONTINUVE '410
230469 CONTINUE '410
23070 CONTINUE '410
23067 CONTINUE '411
WRITE(2/100004~1)ZREC2 1411
DO 230731=1,64 !412 :
RMAX=AMAX1 (RMAX, ABS(REAL (ZREC2(1)))) 1313
23073 CONTINUE '413
23074 CONTINUE '413
23057 CONTINUE '414
230358 CONTINUE '414
RPDB(128)=RMAX 1419
WRITE(2/1)1IPDB ra1s
CLOSE(UNIT=1) 1417
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23075

23080

23078
23079
23076

23077

23084

22089

3070

2noez

CLOSE (UNIT=2) 1418

RETURN  '419

END 1420 .

SUBROUT INENORMF (CSTR1, CSTR2) 1429
IMPLICITBYTE(B=C), INTEGER#2(I-N), REAL#4 (A, E~H, O-Y), REAL*8(D), COMP

*LEX®#B(Z) '426

COMPLEX#8ZLINE(512) 1427
COMPLEX#BZLINEL (256), ZLINER(256) '427

COMPLEX#8ZBUFF (&4, 4) 1427

COMPLEX#8ZREC1(64), ZREC2(64) 1427
REAL#4RLINE1(512), RLINE2(S12) 1427
BYTECLINE1(2596), CLINE2(2%6) 1427
BYTECREC1(512), CREC2(512) 1427
EQUIVALENCE (ZLINE, ZLINE1, RLINEL, ZBUFF)  '427
EQUIVALENCE (ZLINE(257), ZLINE2, RLINER) 1327
EQUIVALENCE(ZREC1, CREC1), ( ZREC2, CREC2)  '427
COMMON/ZC/ZREC1, ZLINE, ZREC2 1427

BYTECPDB(%12) 1428

INTEGER#2IPDB(2956) 1428

REAL#4RPDB(128) '428

EQUIVALENCE (CFDB, IPDB, RPDB) 1428
COMMON/PDBC/ IPDB '428
CALLOPNFOD(CSTR1, 1, 160003, I52X1, ISZY1) 1429
CALLOPNFOD(CSTR2, 2, 130004, I5Zx2, 1S2Y2)  '430
CONTINUE ‘431 '

J=1 1431

NPEL=0 '431

ISUM=(0.,0.)  '431

SUMSG=0. '431 \

IFC. NOT. (U . LE . 1SZY2 ))GOTO23077  :431
CALLINPLNZ (1, [000G3, ZLINEL, J, ISZX1, ZREC1) 1432
CALL INPLNZ (2, 100004, ZLINEZ, J. ISZX2, ZREC2) 1433
DO 230781=1, ISIX2 1334

IF(. NOT. (REAL(ZLINE1(I)). NE. 0. })GOTO23080 1439
NPEL=NPEL+1 1436

ZSUM=ZSUM+ZLINE2(]) 1437

SUMSQ@=SUMSQ+CABS ( ZLINE2(1)) 1438

CONTINUE '440
CONTINUE '440
CONTINUE '430

JuJ+1 1440

GOTO23073 1440

CONTINUE '440

IF (. NOT. (NPEL. EQ. 0))60T023082 '441
CALLVPRINT(‘keisan dekimasen’) 1442

RETURN 1443
CONTINUE '445
IMEAN=ZSUM/NPEL '449

ROOO11=1. /SGRT(SUMSQ-CABS(ZSUM)/NPEL) 1446
.CONTINUE '447

J=1 ‘447

RMAX=Q. 1447

IF(.NOT. (J . LE . ISZYv2 ))GOT02308s6 1447
CALLINPLNZ (1, 100003, ZLINE1, J, ISZX1, ZREC1) 1448
CALLINPLNZ(2, 100004, ZLINE2, J, 1SZX2. ZREC2) 1449
DO 230871I=1, ISIX2 1430

IF (. NOT. (REAL(ZLINEL1 (I)). NE. 0. ) )GOTO23089 1451
ZLINEZ2(1)=(ZLINE2(I)-ZMEAN)*R00011 1432
GQT023090 ' 14383

CONTINUE '433

ZLINEZ(T)=(0..,0.) 1434

CONTINUE '454
CONTINUE '454
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<3088

23091
23092

23083

23086

+

CONTINUE !454

DO 230911=1, ISZX2 1499

RMAX=AMAX1 (RMAX, ABS(REAL (ZLINEZ(I)))) 1456
CONTINUE !'456

CONTINUE '!456

CALLOUPLNZ (2, 100004, ZLINE2, J: 1SZX2, ZREC2) 1437
Jug+t 14358
GOTO23084 1438

CONTINUE !4358
RPDB (128)sRMAX 1459
WRITE(2’1)IPDB  !360

CLOSE(UNIT=1) 1461
CLOSE(UNIT=2) 1462

RETURN  '463

END 1464 ,

SUBROUTINEONEFL9(CSTR)  '470

IMPLICITBYTE(B-C), INTEGER*2(I-N), REAL#4(A, E~H, 0-Y), REAL*8(D), COMP ravy

#LEX*G¢Z) 47}

230993
23096

23097
23098
23093
23094

COMPLEX#BZLINE(912) 1472
COMPLEX#*BZLINEL (29568), ZLINER(2%6) '472

COMPLEX+82BUFF (64, 3) ta7a

COMPLEX#BZREC1 (44), ZREC2(64) 1372

REAL#4RLINE1(512), RLINE2(S12) 13472

BYTECLINEL (296), CLINER(2%6) 1472

BYTECREC1(212), CREC2(912) 1472
EQUIVALENCE ¢ ZLINE, ZLINEL, RLINEL. ZBUFF) 1472
EQUIVALENCE ¢ ZLINE(297), ZLINE2, RLINER) 1472
EQUIVALENCE(ZREC1, CREC1), (ZREC2, CREC2)  '472
COMMON/IC/ZREC1, ZLINE, ZREC2 1472

BYTECPDB(512) 1473 : '

INTEGER®2IPDB(2%6)  '473 , .
REAL#ARPDB(128) '473 4 ;
EQUIVALENCE(CPDB, IPDB, RPDB) 1473

COMMON/PDDC/IPDB '473

CALLOPNFOD(CSTR. 1, 100001, ISZX, ISZY) 1474

NOOO10=FLOAT (ISZX) #FLOAT(ISZY)/64+. 999 '47%
RMAX=RPDB (128) 14764 '
I100001=2 1477

RMAX=0. 1478

DO 23093u=1, NOOO10 1479

'READ(1 ‘100001 ) ZREC! '1480

DO 2309%1I=1,44 '481
ZREC1 (I)=CMPLX (SGRT(AMAX1 (0. , REAL(ZREC1(1)))), 0 ) 1482
CONTINUE :482

CONTINUE '482

WRITE(1/100001-1)ZREC1  '483

DO 23097I=1,64 '484

RMAX=AMAX 1 (RMAX, ABS (REAL (ZREC1(I) 1)) 485

CONTINUE '48%

CONTINUE '489

CONTINUE '486

CONTINUE !486

RPDB(128)=RMAX  '487

WRITE(1°1)IPDB  '488

CLOSE(UNIT=1) 1489

RETURN 1490

END 1491

SUBROUTINEPEAK4(CSTR1, CSTR2, N)  !149%

IMPLICITBYTE(B--C), INTEGER#2(I-N), REAL#*4(A, E=H, O-Y), REAL*8(D), COMP 1497
*LEX*Q(Z) 1497

REAL#4F (3, 3), TEMP(3) 1498

BYTECPDB(512) 1499

INTEGER#*2IPDB (2%6) 1499
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=3099

- 23104

23106

23t
#3103
23100

23101

23108 .

23110

<3112

REAL#ARPDB(128) !'499

EQUIVALENCE(CPDB, [PDB, RPDB) 1499

COMMON/PDBC/IPDB !499

COMPLEX#BZLINE(296), ZREC(64) 1500
- COMPLEX#B8ZBUFF(&4,4) - !3500

REAL#4RLINE(S12) !3500
BYTECLINE(256), CREC(512) !500

EQUIVALENCE (ZL.INE, RLINE, CLINE, ZBUFF) '500
EQUIVALENCE(ZREC, CREC) 1300

COMMON/ZC/ZREC, ZLINE ' 300 -

TQ(F1,FR, F3)=(F1-F3) /(2. #(F1-2. #F2+F3)) !'501
FOO012(TO, F1,FR,F3)=(F1-2. #F2+F3)/2. #TO#*#2+(F3-F1)/2. #TO+FQ 130&
CALLOPNFOD(CSTR1, 1, ICO001, ISZX, I8ZY) '303
CONTINVE '!3504

J=1 1504

RX=0. '504

RY=Q. +504

RN=0. 1504

RMAX=-1. E38 1304 .
IFC. NOT. (J . LE . [ISZY 1)6G0TQ23101 1503
CALLINPLNZ(1, 100001, ZLINE, J. ISZX, ZREC) 13038

DO 231021=1, ISZX !506
RaREAL (ZLINE(I)) '3507

IF(. NOT. (R. LT RMAX))GOTOR3104 1508
GOTOR23102 +309

CONTINUE '310 ,

IF(.NOT. (R. EQ. RMAX))GOTO23106 1910
RNsRN+1. 311

RX=RX+FLOAT(I) 1912

RY=RY+FLOAT(J) 1913

607023102 t314

CONTINUE '316
RMAX=R  'S16

RN=1. 1917
RX=] 's18
RY=J 1519

CONTINUE %20
CONTINUE '3520

J=Je) 1521
- GaATO23099 'Sa1
CONTINUE 'S21
IF( NOT. (RN EG. 0. ))G0T0O23108 822
STOR ‘Ny masimum found’ 1523

CONTINUE 324

RX=RX /RN 'S4

RYsRY/RN '529%

IX=RX+. %5 528

y=RY+ % '327

IF(.NOT (RN.GT. 1.))6G0TO23110 L2
CALLYVPRINY ('‘More than one peak Found’
CALLRPRINT('rn = ', RN) '530
GOTOR3111 1332

CONTINUE !532

CONTINUE '533

J=1 1533 :

IFC.NOT. (W . LE . 3 ))G0TO23114 !333
CALLINPLNZ (1, 100001, ZLINE, MOD(IY+(JU~2)~1+18ZY. ISLY)+1, ISIX, ZREC) '53S
DO 2311391=1,3 1936

II=MOD(IX+(I=-2)-1+ISZX, ISZX)+1 1937

«@
~
Q

F(1, J)=REAL(ZLINE(II)) 1538

CONTINUVE '!S39
CONTINUVE '339
JmJ+1 '330
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23114

23117

23120
23121

2312

o -6

GOTO23112 1540
CONTINUE !340Q .
CONTINUE !341%

ITERS=1 341

TOX=0. !541

TOY=Q. 1541 '

IF(.NOT. (ITERS . LE . 3 ))GOTO23119 1541
DO 2313201I=1,3 '542

TEMP(I1)=FQ0012(TOY.F(I, 1), F(L.Q),F(1,3)) !3543
CONTINUE (343

CONTINUE !3543

TOX=TOCTEMP (1), TEMP(2), TEMP(3)) !544

DO 231221=1,3 159495
TEMP(I)=FO0012(TOX,. F(1, [), F(2,1),F(3, 1)) 34
CONTINUE !3546 .

CONTINUE !946

TOY=TO(TEMP (1), TEMP(2). TEMP(3)) !347
ITERS=ITERS+1 1948

GOTO23117 1348

CONTINUE '9348

RMAX=TEMP () '949

CALLRPRINT(’x interpolation is ', TOX) 1550
CALLRPRINT(‘y interpolation 13 ‘., TOY) ' 591
RX=RX+TOX -2 :
RY=RY+TQY '953

CONTINUE !554
IFC. NOT. (IFIX(RX). GT. I1SZX/2))G0TO23124 '399

RX=RX~FLOAT(ISZX) RE-1-7-
CONTINUE !937

IFC NOT. (IFIX(RY) GT IS2Y/2))60OTC23126 ' 357
RY=RY~FLOAT(ISZY) '598
CONTINUE '939
RX=RX+FLOAT(IPDB(251)) 195399
RY-QV*FLOAT(IPDB(ESZ)) 15860
CALLRPRINT( ‘Rmax 1s ‘. RMAX) 1561
CALLRPRINT( 'The x position is ‘., RX) ‘962
CALLRPRINT( ‘The 4y position is ', RY) 1543
CALLBOPENP(CETRI, 2, 3®(N~-1)) ‘564

CALLRPUT( ', RX) '94&%
CALLRPUT(’‘,RY} '5664
CALLRPUT(’’,RN) '%&7

CLOSE(UNIT=2) 1963

CLOSE (T T2 -1

PETURN ‘570

END 'eTL o
SUBROUTINECTROM(CSTR!, CSTR2: CSTR?2 ' 577

IMPLICITBYTE(B~C), INTEGER#Z(1-I), REAL*4(A.E-H.L-Y}.REAL*B(D),CQNP
LEX*B(Z) 579

COMPLEX#SZLINE(236); IREC (&4 1220

COMPLEX®*81BUFF (64, 4) - 1980

REAL#4RLINE(S12) 3530

BYTECLINE(2386), CREC(312) '3820 v

EQUIVALENCE(ZLINE, FLINE, CL.INE, ZBUFF) !

530
EQUIVALENCE(ZREC. IREC) 1520
COMMON’ZC,ZRE..,LXN: -1-0)
BYTECPDB(S1& 1581
XNTEGER'2IPD31236) v 131
REAL#4RPDB(128) 1581 ‘
EQUIVALENCE(CPDB, IPCE, RPDE) 1581

LOMMON/PLBC S IPDE ' 581
CALLOFNFOD(CSTRL, 1, [30201, ISZX, I32ZY} !
COHTIMUE '582D2

Je1 ' 583

(X
1]
»n
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RX=0. 1583
RY=Q. 1583
F=0. 1583
23128 IF(.NOT.(J . LE . IS2Y »)GOT0O23130 ' 3583
: CALLINPLNZ (1, 100001, ZLINE, J, ISZX, ZREC) 1584
DO 231311=1, ISZX '383
R=REAL(ZLINE(I)) !'986
F=F+R 1987
RX=RX+R#FLOAT(I) '588
RY=RY+R#FLOAT(J) '38%7
23131 CONTINUE !390 )
23132 CONTINUE '3590
23129 J=J+l 1391
GOTO23128 ‘1991
23120 CONTINUE !39%
RX=RX/F '992
RY=RY/F 593
RX=RX+FLOAT(IPDB(251)) 19594
RYaRY+FLOAT(IPDB(2%2)) 189y
CALLRPRINT{ ‘The x center 18 '.RX) ' S59%
CALLRFRINT( 'The y canter 18 . RY) ' 397
CLOSE(UN1IT=1) 358
- CALLBOPENF(CSTR3. 1, ‘old ) 1G9
CALLRGET(X1) 600
CALLRGET (Y1) 1601
CLOSE(UNIT=}) 1602 »
CALLBOPENP (CSTR2, 2, 3% (N=-1)) 1603
CALLRPUT(,X1) '604
CALLRPUTC(’ ', Y1) 1609
CALLRPUT("’,F)  '406
CLOSE(UN1T=2) ‘607
RETUBN 1608
END -1 &09
SUBROUTINECALCGO(C:TR N1, N2, M3) ‘614 .
IMPLICITBYTE(B—C), INTEGER#2(I-N), REAL#3 (A, E~H.D—Y) REAL®*82(D), COMP
*LEX#BLZ) 1615
BYTECSTR(81) '41é
CALLBOPENF (CSTR. L, ‘ald’) '4&17
CUONTINUE ‘618
I=1 1618
23133 IF(.NOT. (I . LE . 3 # (N1 -1 ) 1)iGOTORQ3139% 1618
CALLRGET(R) 14619 o
T30 1=1+1 'h19
GO0TORQ3133 ‘619
e212% CONTINVE '619
CALLRGET(X2A) 1620
CALLRGET(Y2A) ‘421
CALLRGET(R) 14
CALLRGET(X1A) 1623
CALLRGET(Y1A) ‘624
CALLRGET(R) -3 ]
CLOSE(UNIT=1) 1626
CALLBOPENF(CSTR, 1, ‘0ld’) '627
CONTIMNUE '628 :
I=1 1628
23136 IFCNOT. (I . LE . 3 # (N2 -1 ) ))G0T023138 1428 :
‘CALLRGET(R) 1629
2137 1aled ‘629
GATA23136 ' &9
JiEE CONTINUE 'éec29
CALLRGET(X2B) 1630
CALLRGET(¥ZB) 1631

CHLLARGET(R)

a3z
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CALLRGET(X1B) 1633

CALLRGET(Y1B) 1634

CALLRGET(R) 1435

CLOSE(UNIT=1) 1636 .

THETAL1=ATANQ(Y1A-Y1B, X1A-X1B) 1637

THETA2=ATANR(Y2A-Y2B, X2A-X28) 1638

THETASTHETA1-THETARQ 1639

CALLRPRINT(‘The angle (radians) is ‘', THETA) - 1641
CALLRPRINT( ‘'The angle (degrees) is ‘, THETA®#180. /3. 14159265358979)
CALLBOPENP (CSTR, 1, 3#(N3-1)) 1643 '

CALLRPUT(’’, THETA) t644

CALLRPUT( ‘', THETA®180. /3. 1415924693338979) '4649%
CALLRPUT(’7,0. ) 1644 '
CLOSE(UNIT=1)" 1647
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SUBROUTINECOPY(CSTR1, CSTR2, N)
DIMENSIONX(128) '145%

'144

OPEN(UNIT=1, ACCESS='DIRECT ‘', RECORDSIZE=128, TYPE='0OLD ‘. NAME=CSTR1)

OPEN(UNIT=2, ACCESS='DIRECT ",

. DO 230021=1t, N 1130
READ(1°I)X 1191
; WRITE(2'I)X 11952
23002 CONTINUE !153
23003 CONTINUE '153
CLOSE(UNIT=1) 1154
CLOSE(UNIT=2) 1139
RETURN 1156 :
END 1197
SUBROUTINEQPINFMW(CSTR, IUNIT.100011 182X, ISZY) '1&0
IMPLICITRYTE(B-C), INTEGER®*2(I--N). REAL#4 (A, E~H, 0-Y), REAL#2(D; . TOMP
«LEX®#8(Z) 161
By TECPDR{SI S 142
INTEGREFR#Z IFDI IS4 Lo
FEAL®IGRFLLE 128 1£2
EQUIVALUNCE(CHDN, (YLE. RPDB 1%e
COMMON-PDBC/IFUR :1é&2
BYTEQUUU1Z(8i} ‘143
BfTECSTR (S Y
I=IMDEX(CSTR. © ) Y1693 :
1000123=2-1+FLOAT(ISIX) #FLOAT(ISZY ) r6£4+0 999 167
IT3G01 OPEN(UNII=IUNIT, NAME=CSTR, TYPE='NEW'. ACCESS=" DIRECT '. RECORDSI 2 ==1
*"8,INI’IAI&IZEﬂ‘ﬂﬂo‘d.AaSDCIATSVAHIABLE*IOOOi1'BUFFFRFSUNTJ?)
RETURN . *171 ‘
END T2 : .
:UBROUnINGOFNFGD :éTr 13T, I C 182X%..18%Y; 130 :
IMPLICITUYTEB=~C). [NTEGER®Z{ TN}, r!r..r‘\L.*‘i\/’s E=i. i2=Y 3, REAL*S(D), LOMP
+LEX#3¢(Z) 182 '
BYTECPDB(512) '183
INTEGER#2IPDB (256} 1122
REAL®#4RPDB( 123) 183 .
EQUIVALENCE (IPLER, [FTB. RPDB) 123
COMMON/PDBEC/37DB '183
BYTECQC12¢21 ‘154
BYTECSIR(B1) 183
I=INDEY(OSTR, © Y]
OPEMIINIT T raME=TST ..T€?§* S ATTDUESs: IR VESORDIICIS=e
*28, ASSUCIATEVARIABLE=I0C011 . BUFFERCCUNMT =) R oK
READITUNIT 1 ISPl '1#’
SIX=IFDR¢1%: el
I8 1FbEBvLS . 1%
RETURN 193
EMD 1194
SUBRGUT INEwSVF LG Tl T LY
MPLICITBYTE(B=C). INTESER«ZI-N). BEEALSR{A, E~N. D=Y), REALL+S! . I0OMP
#LEX#B(Z) 1200

COMMON/VEVC /LO0G1 4, LHOLDo500015
BYTECOO0146¢31) 1202

- COMMON/ TMRSTC /C00Q01 6 '202

BYTE CO0O012(21) 1203
c
#LIST’, ERR=23000) '206
READ(IUNIT. 1,B0001% 1207
i FORMAT(L1) 1208

IF(.NOT.(;FALSE.))G07023004
23G750  CALLGTLIN(COCO1s, CO001R) 210

RECORDSIZE=128, TYPE="'NEW .

t201

+209
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NAME=CSTR2)

OPEN(UNIT=IUNIT, NAME=‘SY: YSVF1G. DAT“, TYPE="0LD . CARRIAGECONTROL="

1170

1147
1149

e
i

oo
PN

t e
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IF (. NOT. (CUP(CO0014(1)). EQ. ‘'Y'))GOTO23006 1211
BO0O135=, FALSE. ‘212 :

¢0TO23007 1213
23006 CONTINUE '213
BO00O13=. TRUE. 1214

23007 . CONTINUE '214
OPEN(UNIT=IUNIT, NAME=‘VSVFIG. DAT' TYPE='NEW ', CARRIAGECOUNTROL='LIS

*T%) 1213
WRITE(IUNIT, 1)B0001S 1216

23004 CONTINUVE :'218
CLOSE(UNIT=IUNIT) ‘218

RETURN  '219
DATA €O0C1R2/73,115. 23 114, 104,101, 114, 101. 32, 97, 32, 115, 119. 112, 43

*, 49, 325 33 3‘.0 -1 "8. Q/ ) '220
END ‘220
LOGICALFUNCTION’UP*I(CHnR) ‘224

IMPLICITBYTE (B~C). INTESER#2(I~N). REAL#4(A, E~-H, O-Y). REAL%2(D, COMP
#»LEX#B(Z) ‘228

c .
TR OONGY 0 a 0 L0 JHAR AND Jwak LE ¢ 2 0RTLO 2208 T
CYR=CHaR -7 T "ING :
GOTOR3uO+ 1R

23008 CONTINUE 029
, CUP=CHAR ‘&
2FOLE CONTIMUE -2
RETURN 1231
END  '232
'LO&ICﬁLrUNLTTONBCGFLG*l(CSTRI:uSTﬁ 1239
IMPLICITHEYTE (B-0), TNTESER*2(1 -N), ﬂ&AL~4tA.s-H.0—V).aeaL*azo).:am:
*LEX+8(2) 238 ‘

BYTECETRI & . CEVRR: 237
IF NOT SCUPIZETRICL ! EGQ CUPICSTRZI1:) AND CUF(CITR1I2)) &3 LU0
#CSTR2(2: 1) 3aTCRLI1) 13 :
BEQFL.Le TRUE ' A0 '
GOTO23011 347 31
23010 COMTIMUE ‘24)
BEQFLGr. Eal SE ‘Az

CONTIMUE 42
RETURN  '.43
END 'z44 :
 SUBROUTINELVSVILA ! LWHAT: ‘548 v
IMPL T ITEVIE (B =00, THTEGER T T-MY, REAL 38N, E=H, Umy' SES-ZI0Y, COMP
WLEX®B(Z) 245 '

[
LJ
(o)
o
-

COMMoey o @t e DT 14 BRILD POCTLS ‘IR0
c ,
IF (. NOT. (GEGFLG IWHAT, “vav "1 1o0TUE3012 1282
BOOC1 %= FALSE. 1053
23012 CONTINUE 254
IF(. NOT. (BEQFLG{ IWHAT, 'no wv3v’ ;}:GUT’"4014 BT
BO00O1%= TRUE. 1258

23014 CONTINUE. !1256 :
- IF(. NOT. (BEUFLG( IWHAT, "ho)d’)))6ATOR3016 '236

BHOLD=. TRUE. 1aS7

23016 CONTIMUE '2958 .
1F (. NOT. (BEGFLG(IWHAT, ‘continue’}))G0TAR3018 ‘a2va
BHOLD=. FALSE. 18199

=22C18 CONTINUE '“61

IF(. NOT (REGQFLI(TWHAT, all’} OR. BEGFLS(TIWHAT, ‘charscters)),;G0TOR

#3020 'E51
L00014=1 'g&2 '
IF(. NOT (EO001%))60T023022 1263
CALLPRINT(D) -1
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CALLPRINT(0O) 1263
RETURN 1266
23022 CONTINUE '268
CALLIPOKE("172600+4, 0} 1268
DO 230241=1.2% ' 269
DO 23026J=1, &4 '2790
CALLIFOKEB("172600, 32) 1271
23026 CONTINUVE '271
23027 CONTINUE :'271% ‘
CALLIPOKEB (" 172500, 13 ‘272
CALLIPOKEB (" 1724600, 10} t273
23024 CONTINUE '274
23023 CONTINUE '274 s
CALLIPOKE (1724600, "2C00) '279
CALLIPOKE (" 172600+4,0) ‘276
23020 CONTINUE '278
IF (. NOT. (B0O013))G0TO23028
RETURN 1279
23028 CONTINUE 33}

1278

IF(. NOT. (BEQFLG(IWHAT. ‘on‘)1)iG0TG23030 ‘381

CALLIPCRE (" 172&00, 37 1282
23030 CONTINUE '283

IF(. NOQT. (BEGFLG(IWHAT, '0f¢)1)60T023032 '283

CALLIPOKE("1725600, “2000) !284
23032 CONTINUE !28&

IF (. NOT. {BEGFL3(IWHAT, “all ‘). OR. DEQFLG(IWHAT, ‘bit maps ')))30TI230"

34 1286
CALLIPOKE("172520, IPEEK("1728620).
CALLIPOKE(“172540, IPEEK("172640).
CONTINUE '290
RETURN 1 290
END 291 '
SUBROUTINEVSVSET (LINE, ICOL)
IMPLICITBYTE(C-L) . INTEGERSZ(I~N):
*LEX#8(Z) 1297
COMMON/VSVC /L0001 4, BHOLD: BOOO LS

)
U
<
3
F

LO0014=LINE - 1300
IFC¢. NOT. (BOOO1S)GQTOR23036
RETURN 1302

23036 CONTINUE '303

AND. . NOT. “400) '287
AND. . NOT. "400) '288

‘276 . . ;
REAL#41( 4, E~H. O~Y), REAL+Z:D), COMP

1298

1301

CALLIPOKE (" {72500+4, 2B45#{(LINE-1)+ICOL--t) '303

RETURN 104

END ' 309

SUBROUTINECPRINT(CETR, CVAL., M)

IMPLICITBYTE(D3~C), INTEGER#2(I-N).
#LEX*#8(Z) 1309

BYTECSTR(E1), CvaL(E1) t212
BYTECQ00146(81) 1311
COMMON/TMPSTC/C0O0016 '311

o]

CONTINUVE !313
K=y 1313

1308

REAL®#4 (A, E~-H, G-Y), REAL#*8(D), COMP

23038 IF(.NOT (K . LE . 80 . AND'. CSTR (K } . NE . O  AND . CSTR K 1

* . NE . 128 ;)30T023040  '313
C000146(K)=CSTR(K) 1314

23039 K=K+l 1314

eDT023038 1314

CONTINUE !314

£O001&(K) =123 13y

CALLVPR INT(CODI16) 1314

CONTINUE '217

T=1 BRETY

)
[A]
0
£
o
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23041
23044
23042

23043

. 23044

23047

23048

~
[
e

1

23047

*).

3030

273051

*LEX#B(Z)

23052

23055

a30s7

23059
230353

23054

IF(.NQT. (I . LE

IF(. NOT. (CVAL(I).NE.

GOT023043
CONTINUE
I=1+1
c0TO23041
CONTINUE
CONTINUE !320
Jm1 320
IF(.NOT. (I LE .

1320
1320

' 320

C00016(J)=CVAL(I)

I=nl+}
J=J+l
GOTOQ3046
CONTINUE

321
1321

‘321

CO0016(J)=CSTR(K)
CALLVPRINT(CO0C16)

RETURN
END

' 324
1329

SUBROUT INERPRINT (CHTR. RVAL)
IMPLICIVRYTE(B-C)
*LEX#B(2)

'330
BYTECSTH(21)
BYTECRVAL (1))

ENCODE 15,

CONTINUE !336-
I1=15 1336
IFC.NOT (I . GT
EQ 0 )
I=1-1 1337
CONTINUE '337
GOT023049
CONTINUE '337

1, CRVAL)IRVAL:
FORMAT(G13. 7, AO0017)

1GOTUESCS

N ))60T023043 '317

£))G0T023044 1318

1319

1320

N ))GOT023048 1320
1321

a3zt

-
132

'323

1329
CINTEGERSZ (I -N) ., REAL#E LA, E~H, U=V}, REAL*E (D), COMP
1331 ’
1332

1334
13395

1 . AND . (CRVAL (I ). EG . 32 . OR .
1336

CRvAL (]

1337

1338

CALLCPRINT(CSTR. CRVAL, I)
RETURN  '339

END 1340
SUBROUTINEVPRINT(CSTR) 1344

IMPLICITBYTE(B-C), INTEGER#Z(I-N), REAL#*4 (A, E~H, O-Y).
1345

BYTECSTR(81) 1334
COMMON/WSYC /L0001 4, BHOLD, BOO01S 347
DATABCOC13/. FALIE /., BHOLD/. FALSE. / 1348
CONTINUE '3%0

1=} '330

N=0 - 1350

})60T023054 350

REAL*8(D), COMP

IFC.NOT. (I . LE . 81
JIF(. NOT. (CSTR(I).

¢aT0230354
CONTINUE '3%3
IF(. NQT. (CSTR(1).
N=N+1 '3%4
GOTD0230%54
CONTINUVE '337

IF (. NOT. (CSTR(I).
N=N+1 1358
CONTINUE '33%9
I={+} 1359
GOTO23032

CONTINUE '359

IF(. NOT. (LD0014. 6T 2%. OR. LOOO14+N. GE. 23+2) ) G0T03061

EQ. 128))6UTO2303%
1352

1391

£Q 0))G0TO23057 '353
1355 '

EQ. 10))6GO0TO230959

1359

.

1340
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" IF(. NOT. (BHOLD) )GDT023063 1361

100018=IPEEK("44). 1362
CALLIPOKE("44, "10100. OR. 100018) !363
CALLVSVSET (23, 62) 1364

. CALLVSVCLR( ‘on‘) !3695
CONTINUE !366
CONTINUE '!366

IFC. NOT. (ITTINR(). EQ. 13))6GOTOR3063 1367
CONTINUE !'367

CALLVSVCLR(‘aff*) 1368

IsITTINRC() 1369

CALLIPOKE( " 44, 100018) t370

GOTOR3044 1372

CONTINUE '!372 i

CALLVSVCLR( ‘characters’) '373

CONTINUE '373 '

CALLVSVSET(1. 1) 1374

CONTINUE 376

LO0014=L00014+N '374

IF (. NOT. (BOO01%))G0TO23068 - ‘377

CALLPRINT(CSTR) 1378

RETURN 1379

CONTINUE '381t

CONTINUE '381

I=1 1381 }

IF(.NOT. (I . LE . 80 . AND . CSTR (1 )Y . NE Q. AND . CSTR (I )
NE . 128 ))60T0O23072 1381 . i

CALLIPOKED ( *172600. CSTR(1)) 1392
I=I+1  '382
¢0T023070 1362

CONTINUE '382

IFC. NOT iCSTR(I). E3 €)r60TO&3073 (383

CALLIPOKEB( 172500, 13) 1384

CALLIPOKEB(*1725600.10) . '38%

CONTINUE '387 '

RETURN 1387

END - 1388 - _

SUBROUTIMNEASK{CSTR, CO001) 1393
IMPLICITBYTE(B=C), INTEGER*2(I-N), REAL*4(A, E=H, O-Y), REAL#8(D), COMP

*LEX#8(Z) '394

Iy]

)

BYTECSTR(81), CO0012(81) :39%

COMMON/ASKC/ 1DBASE, BOOO19 1294
BYTECCO0D16(21} 1297

COMMON/TMPSTC /C00016 -, 1397

BYTE CRLF(4) 1398

BYTE CDEL(S) 1400
DATAIDBASE/10/,B00019/. TRUE. / 1401
CALLRCTRLO 1403

CALLZ200(C00012, CO0016) - !404 ,

IF (. NOT. (BOOO19. AND. ISPY("3464).LT. 0))GOTOR23075 '4C8
CALLGTLIN(CSTR, CO0016) 1409 .

RETURN '410 . ‘

CONTINUE '412 o

CALLVPRINT(CQQO16) 1412

CALLVSVCLR(‘on’) !'413
100018=IPEEK("44) '414

CALLIPOKE("44, "10100. OR. I00Q013) '4i6
CONTINUE 1417

=1 1417

IFCNOT. (U . LE . %0 ))GOTOZ2079 '417
CONTINUE '4:8 '
CONTIMUE :418
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23083

23081

23082

23083

23086
23078

23079

I=ITTINR() 1419

IF(.NOT. (I. EQ. 127. AND. J. GT. 1))607023083 ' 420
=1 1421

CALLVPRINT(CDEL) '422

CONTINUVE '!'424

IF(. NOT. (I. GT. 0. AND. I. NE 127))6GATO23080 '424
CONTINUE '!'424

IF(. NOT. (1. EG. 13))GOT023085 1429
- 6OT023079 1426
cOT023086 1427
CONTINUE '427 ,
CSTR(J) =1 ra28
CSTR(U+1)=128 1429
CALLVPRINT(CSTR(J)) 1430
CONTINUE '431

JmJ+1 1432

¢0T023077 1432
CONTINUE '432

CSTR(J) =0 1433
CALLVPRINT(CRLF) '434
CALLVSVCLR( ‘0 ff ‘) 1439
I=ITTINR() 1436
CALLIPOKE( " 44, [00018) 1437

RETURN  '438
DATA CDEL/S. 32.8,-128.0/ '439

DATA CRLF/13,10,-128,0/ 1439

END 1439
SUBROUT INEZ200(CSTR1, CSTRZ) 1443
IMPLICITBYTE(B-C). INTEGER#2(I~-N), REAL#4(A, E=M. 0-Y), REAL*B(D) CG%P

*LEX#8(Z) '444

23087

23088

23089

23090

23091

BYTECSTR1(81), CSTR2(B1) '44S

CONTINUE !'447
1=1 1447 N , ,
IFC.NOT. (I . LE . 80 . AND . CSTR1 (I ) . NE. O . AND . CSTR1 (1
) . NE . 128 ))GUT023089 '447 :

CSTRZ(1)=CSTR1(I) 1448

I=I+1 ‘448

GOT023087 1448

CONTINUE '448

IF (. NOT. (CSTR1(I). EG. 128))6OTO23090 1449
CSTR2(1)=0 1450

c0T023091 1431

CONTINUE !451

CSTR2([)=128 1452

CONTINUE '!'432

RETURN !4383

END '454

LOGICALFUNCTIONBOPENF#1 (CSTR, IUNIT;CTYPE) 1439
IMPLICITBYTE(B-C), INT&GERiz(I-N).REAL*4(A.E-H.U—Y).RFAL*B(D).COHP

*LEX#8(Z) 460

23092

<3093

BYTECSTR(81),CTYPE(81) '461

BYTECSTR2(81) 1462

COMMON/SFC/LUN, CSTR2 tasa
LUN=TUNIT 1464

IF (. NOT. {CSTR(1). EQ. 0))GOTO23092 '465
CALLASK(CSTR2., '‘File name = ) 1466
GOTOR23093 - 1387

CONTINUE '467
CALLSCOPY(CSTR, CSTR2, 50) '468

CONTINUE '468

IF(. NOT (INDEX(CSTR2, *. “) EQ. 0))G0TO23094 ' 469
CALLCONCAT(CSTRR, * DAT, CSTR, 50) 1370
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23094 CONTINUE !'471%
IF (. NOT, (BEQFLG(CTYPE,'neu’)))GUTO?SO?b '471
OPEN(UNIT=LUN, NAME=CSTR2, TYPE='NEW’, CARRIAGECONTROL='LIST ") 1472

23096 CONTINUE !'473 )
IF (. NOT. (BEQFLG(CTYPE, ‘0l1d ’)))GQTOR3098 '473

OPEN(UNIT=LUN, NAME=CSTR2, TYPE='0OLD CARRIAGECONTROL.'LIJT ERR=1) ‘474
IF (. NOT. (. FALSE. ))G0TO23100 ‘475
1 BOPENF=. FALSE. 1476

RETURN 1477
23100 CONTINUVE '479
23098 CONTINUE '480

IF (. NOT. (BEGFLG(CTYPE, ‘unknown’)))G0TO23102 1480

OPEN(UNIT=LUN, NAME=CSTR2, TYPE=UNKNOWN ‘', CARRIAGECONTROL='LIST '} '431
23102 CONTINVE 'a82

BOPENF=. TRUE. 1482

RETURN  '483

END 1484

LOGICALFUNCTIONBOPENP »1 (CSTR, IUNIT, N) 1488

IMPLICITBYTE(B-C), INTEGER*2(1-N). REAL®8(A, E~H, G=Y), REAL#B(D1, 20MF rags

*LEX#B(Z) 1489

BYTECSTR(81) 1490

REAL#4R (30) 1491

BYTECSTR2(81)  '492

COMMON/SFC/LUN, CSTR2 1492

LUN=TUNLT 1394

IF (. NOT. (CSTR(1). EQ. 0))GOTO23104 '499

CALLASK(CSTR2, ‘File name 7 *) 1496

G0T023105 1497

23104 CONTINUE '497
’ CALLSCOPY(CSTR, CSTR2, 80) '498
231095 CONTINUE '498 ‘ s ’
IF(. NOT. (INDEX{CSTR2. ‘. ‘). EQ. 0))GATO23106 1499

‘ CALLCONCAT(CSTR2, . DAT ', CSTR2,80) . ' 300
23106 CONTINUE !3501 ‘
IF(. NOT. (N. GT. 1))60TD23108 !1301 Co
OPEN(UNIT=LUN. NAME=CSTR2, TYPE='OLD’, CARRIAOECONTRQL=’LIST’ ERR-I) ‘ '502
IF (. NOT. (. FALSE. ))30T023110 13503 .
1 BOPENP=. FALSE. 13504

RETURN  '%0%
23110 CONTINUE !907
CONTINUE !307

I=1 1307

23112 IFCNAOT. (I . LE . MINO (N ., 30 ) )»)G0TN23114 1507
CALLRGET(R(1)) ' 508 : ’

23113 I=]+} 1308
GOTOR23112 ' 308

23114 CONTINUE '3508
' CLOSE(UNIT=LUN) '309
23108 CONTINUE !'911

OPEN(UNIT=LUN, NAME=CSTR2, TYPE= 'NEW’, CARRIAGECONTROL= LIST ") 'S11
CONTINUE !3512 '
I=y 1512
23119 IFC(. NOT. (I . LE . MINO (N, 30 ) ))G0TO23117 '912
CALLRPUT(’ ", R(I)) '513
23116 I=I+y 1313
GOTOR23113 '913
23117 CONTINUVE !5313 .
BOPENP=. TRUE. t314
RETURN '919
END !316 :
SUBROUTINEIPRINY(CSTR, IVAL) '320 :
IMPLICITBYTE(D-C), INTEGER®2(I-N). REAL#A(A, E~-H. 07}, REAL#3(D), COMP r 221

*LEX#8(Z) '521
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BYTECSTR(81) t522

BYTECIVAL (6) 1523
ENCODE (6, 1, CIVAL) IVAL 1529
FORMAT (16, AQOQ1L7) 1526

CALLCPRINT(CSTR, CIVAL, &) !327
RETURN 1528 :
END ' 929 :

SUBROUT INEOPRINT (CSTR, IVAL) 18632

IMPLICITBYTE(B—C), INTEGER#2([-N), REAL®#4 (A, E-H, 0-Y), REAL#8(D), CCMP '533
*LEX#8(Z) !333

BYTECSTR(81) 13934

BYTECOVAL (6) - 1838

ENCODE (6, 1, COVAL) IVAL 1537

FORMAT (06, A00017) - 1538

CALLCPRINT(CSTR, COVAL, 6) !3539
RETURN 1340
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SUBROUTINERPUT(CSTR:R) 1149 .
IMPLICITBYTE(B-C), INTEGER#2(I~N), REAL*4(A, E-H, O-Y), REAL*8(D), CCMP ‘144

»LEX#8(Z) '146
BYTECSTR(81) 1147
BYTECSTR2(81) 1148
COMMON/SFC/LUN, CSTR2 = !148
" IF(. NOT. (CSTR(1). NE. 0))GOTO23002 '150
CALLRPRINT(CSTR, R) 1151
23002 CONTINUVE !1%2
- WRITEC(LUN, 1)R 1192
1 FORMAT(G19. 7) 1183
- RETURN '1%4
END 1193
REALFUNCTIONRGET*4 (R) 1199
IMPLICITBYTE(B-C). INTEGER+2(I-N), REAL*4 (A, E E-H, 0-Y), REAL#*8(D), COMP 1160
»LEX#8(2) '160 .
BYTECSTR2(81) 1161
COMMON/SFC/LUN, CSTR2 1161
READ(LUN, 1)R ‘163
1 FORMAT(G1S. 7) 1164

RGET=R '169
RETURN 1166

END . 1167

SUBROUTINECZCVT '173 : : o ,

IMPLICITBYTE(B~C), INTEGER#2(I-N), REAL#4 (A, E~H, 0-Y), REAL#8(D), COMP 1174
#LEX#8(Z) '174

COMMON/SZC/ INPSZ, I0UPSZ, cxroRM,COFORM.roooxx xoooxz 1179

BYTECPDB(512) 1176

INTEGER#21PDB(256) 1176

REAL#4RPDB(128) '176 ‘

EQUIVALENCE (CPDB, IPDB, RPDB) 1176

COMMON/PDBC/IPDB '176
BYTECLINE1(2%96) !177
INTEQER#2LINE1(296), LINE2(256) v177

COMPLEX*B8ZL INEL(296) 177

EQUIVALENCE (CLINE1L. LINEL, ZLINEL) (177
EQUIVALENCE(LINER(254), ZLINEL (2%96)) 1177
COMMON/ARRAYC / ZL INE1 1177

MAX=0 179 ‘

DO 23004J=1, IOUPSZ 1180

CALLGETLNC 1181

DO 2300&I=1, 10UPSZ 1182

ZLINEL (1) =CMPLX(FLOAT (LINER(13), 0. ) 1183
MAX=MAXO(MAX, LINE2(I))  '184

23006 CONTINUE !'189

23007 CONTINUVE '183

. CALLOPLNZ1(ZLINEY) 1136

23004 CONTINUE !187

23005 CONTINUE !187 '
RPDB(128)=FLOAT(MAX) 1188

RETURN  '189

END ‘190

SUBROUTINEGETLNC !'194 :

IMPLICXTBYTE(B-C).INTEGER*R(Z"N).REAL*4(A.E-H,O—Y):REAL’B(D)-COMP 220
* L EX#8(Z) '200

COMMON/SZC/INPSZ, 10UPSZ, CIFORM, COFORM, 100011, 100012 1201
BYTECLINEL(2%6) '202
INTEGER#2LINEL(2%6), LINER(2%6)  '202

COMPLEX*3ZLINEL (236) ‘202
EQUIVALENCE(CLINEL, LINEL, ZLINEL) 202
EQUIVALENCE(LINER(256), ILINEL(2%8)) "_202
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23008
23009

23010
23011

23014

23017
23018
230195

23016
23012

COMMON/ARRAYC/ZLINEL 1202
DO Q3008I=1, INPSZ 1204
LINE2(I)=0 1205
CONTINUVE 1203

CONTINUE '!208

DO 23010K=1, 100011 1206
CALLINPUNC(LINER) . ‘207
CONTINUVE !207 :
CONTINUE '207

IF(. NOT. (100011. GT. 1))6GQTO23012 208
CONTINUE '209

Is1 1209

12=1 1209 ;

IF(. NOT. (I . LE . IOUPSZ ))GATOR3016 1209
LINE2(I)=LINE2(I2) 1210

DO 23017K=2, 100011 -  !211

I2=12+1 !212

LINE2(I)=LINE2( D) +LINER(I2) 1213

CONTINVE '214
CONTINUVE '214

I=l+1 219
I2=12+1 '219
GOTORQ3014 219

CONTINUE '219
CONTINUE '217

RETURN  '217

END 1218
SUBROUTINEINPSET(CSTR) 1222

IMPLICITBYTE(B-C), INTEGER#2(I-N), REAL#4 (A, E-H, O0-Y), REAL#8(D), COMP

#*LEX#8(2) !233

23019

23020

»e=

COMMON/ INPC/IUNITI, 100013, IPTRI. NOOO13 1224

BYTECPDB(512) A2WDS

INTEGER#21IPDB(254) 1229

REAL®4RPDE(128) 1223

EQUIVALENCE(CPDB. IPDR, RPDB) 1229

COMMON/PDBC/IPDB ' 229

COMMON/SZC/INPSZ, IOUPSZ, CIFORM, COFORM, 100011, 100012 1226
COMMON/GAMC /1Y, IFRAME, IGAMSZ, I100015. BO0O16 227
BYTECSTR(81) 1228

DATAIUNITIZ1/ . 1229

CIFORM=CFORM(CSTR) 1231
OPENC(UNIT=1UNITI, NAME=CSTR, TYPE= ‘OLD’, ACCESS="DIRECT *. BUFFERCOUNT
2, ASSOCTATEVARIABLE=IQ0013. RECORDSIZE=128) ‘24
READCIUNLITI 1) [PDB 1239 :

INPSZ=IPDB(19) 1236

IF(. NOT. (CIFORM. EQ. ‘Z’))GOTO23019 1238

NOOQ14=2~1 +FLOAT(INPSZ ) #FLOAT(IPDB(16))/63+0. 999 240
GOT023020 '241

CONTINUVE '241%

NOOQ14=2-1+FLOAT(INPSZ)#FLOAT(IPDB(16))/512+0. 999 1233

CONTINUE !243
I100013=2 !244

IPTRI=512+1 1249
RETURN ' 246 :
END 1247

SUBROUTINEINPLNC (LINE2) '252
IMPLICITBYTE(B-C), INTEGER#2(I-N), REAL#4(A, E~H, 0~Y), REAL*8(D), COMP

*LEX#8(Z) !'2356

COMMON/INPC/IUNITI, 100013, IPTRI, NOOO14 'as?7

COMMON/SZC/INPSZ, 10UPSZ, CIFORM, COFORM, 100011, 100012 ‘258
INTECER#2LINE2(296) 1259
BYTECREC(512) 1260

EGQUIVALENCE(C.: IC) 1261
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- 230239

23023

23021
23032

DATAIC/0Q/ 1262

DO 230211I=1, INPSZ 1264

IF(. NOT. (IPTRI. GT. 512))G0OTOR3023 '!265

IF(. NOT. (100013. GT. NOOO14))G0OTO23023 tadébd
RETURN 1267

CONTINUVE '268

READ(CIUNITI‘I00013)CREC !268

IPTRI=1  '269

CONTINUVE 1271

C=CREC(IPTRI)  '271
LINE2(I)=LINEQ(I)+IC 1272
IPTRI=IPTRI+1 1273

CONTINUE '274
CONTINVE '274
RETURN  '27%

END 1276
SUBROUTINEQUPSET (CSTR) 1280 ' '
IMPLICITBYTE(B~C), INTEGER*?CI-N) REAL*Q(A. E-H, O-Y), REAL+8(D), COMP 3=}

#LEX»8(Z) '281

COMMON/QUPC/IUNITO, 100017, IPTRO, B0O0OO18 ‘282

COMMON/SZC/INPSZ, I0UPSZ, CIFORM, COFORM, 100011, 1GOG12 1283

BYTECPDB(512) 1284

INTEGER#2IPDB (236) 1284

REAL#4RPDB(128) '284

EQUIVALENCE (CPDB, 1PDB, RPDB) 1284

COMMON/PDBC/1PDB '284 ~ )
 COMMON/QAMC/1Y, IFRAME, IGAMSZ, 100015, BOOO16 1289

BYTECSTR(81) 1286

DATAIUNITO/2/ 1287 \

COFORM=CFORM(CSTR) 1289

I=INDEX(CSTR. 'V’') 1292

IS=2-1+FLOAT ( IOUPSZ) ##2/64+0. 999 '293 .

OPEN(UNIT=IUNITO, NAME=CSTR, TYPE='NEW’, ACCESS='5IRECT’, RECORDSIZE= ‘298
#128, ASSOCIATEVARIABLE=100017, BUFFERCOUNT=2, INITIALSIZE=15) 1296

23027

100017=2 '297
IPTRO=1 !298
IPDB(251)=0 1299
IPDB(292)=0 300
IPDB(15)=I0UPSZ '301
IPDB(16)=I0UPSZ !302

IF (. NOT. (IOUPSZ. EQ. 2#INPSZ) ) GOTO23027 1304
BO0O018=. TRUE. 1309

IQUPSZ=INPSZ 1306

¢0TO23028 1308

CONTINUVE '308

BO0019=. FALSE. 1309

CONTINUE '!'309

I100011=INPSZ/I0UPSZ 1310

100012=100011#42 !311
RETURN 1312

END - 1313
SUBROUTINEOPLNZ1 (ZLINEL) !318
IMPLICITBYTE(B=C), INTEGER#2(I-N), REAL*4 (A, E-H, O~Y), REAL*8(D), COMP 1319

#LEX#8(Z) '319

COHHON/OUPC/IUNITD.100017,IPTRO.BOOOIB '320

COMPLEX*#BZLINEL (256) '321
CALLOLNZSR(ZLINEL) 1323

IF (. NOT. (BO0O018))G0TD23029 1324
CALLOUPLNO 13238 '

CONTINUE !'326
RETURN '326
END '327
SUBROUTINEOLNISR(ZLINEL) '33t
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IMPLICITBYTE(B~C), INTEGER#2(I-N), REAL*4(A, E~H, O-Y), REAL#8(D), COMP

#LEX#8(Z) !332 .

23033
23031
23032

COMMON/SZC/INPSZ. I0UPSZ, CIFORM, COFORM, 100011, 100012 1333
COMMON/OUPC/IUNITO, 100017, IPTRO, BOOO18 1334
COMPLEX#8ZRECO(464) 1339

COMMON/ZRECOC/ZRECO 1333

COMPLEX#8ZILINEL(2%6) 1336

DO 230311=1, IOUPSZ 1338

ZRECO(IPTRO)=ZLINEL (I) ' 339

"IPTRO=JPTRO+1 1340

IF(. NOT. (IPTRO. GT. 64))G0T023033 '341

WRITE(IUNITO’I00017)ZRECO 1342

IPTRO=1 !343

CONTINUE '34%

CONTINUE '349

CONTINUE !34%

RETURN !346

END 1347

SUBROUT INEQUPLNO 351 ' '
IMPLICITBYTE(H=C). [NTEGER#R( 1 -N), REAL*4{A. E-H. U-Y). RE&L48(D) . JOMP

#LEX*B(2) ' 352

2037
3035
S2036

COMMON/SZC/INPSZ, TOUPSZ, CIFTRM, COFORM, I00Q01Y, 100012 '3%3
COMMON/QURC/ IUNITO, 100Q17, IPTRO, 500018 1354
COMPLEX+*BZRECO(464) $35%

COMMON/ ZRECQOC/7RECO 1385

DO 230351=1, IQUPSZ 1357

ZRECO(IPTRQ)=(0. .0 ) 1398

_IPTRO=IPTRO+1 1359 ‘

JF¢ NOT (1FTRO. GT. 64))60T0O23037 '360

WRITECTUNITO I00017)ZRECO 1341

IPTRO=1. '36&2

CONTIMUE 354

CONTINUE '364

CONTINUE '24&4

RETURN 1363

END 1364

LOGICALFUNCTIONCFORM*1 (CSTR) 1371
IMPLICITBYTE(B—~C), INTEGER*2(I-N), REAL#4 (A, E-H, O~Y), REAL.#8(D), COMP

#LEX#8(Z) '372

BYTECSTR(81) 1373

I=INDEX(CSTR, ‘. 7) 373

IFC¢. NOT. (1. EQ. 0))0C0TO23039 1376
CFORM= ’ ¢ - 1377

GOTO23040 1378

CONTINUVE '!'378
CFORM=CSTR([+1) '379
CONTINUVE !379
RETURN ~ '380
END 1381
SUBROUTINEOQUPPDB 389

"IMPLICITBYTE(B~C), INTEGER#2(I~N), REAL#4 (A, E-H, O-Y), REAL*8(D), COMP
*#LEX#8(Z) '389

COMMON/SZC/INPSZ, I0UPSZ, CIFORM, COFORM, 100011, 100012 t390
COMMON/ INPC/IUNITI, 100013, IPTRI, NOCO14 '391
COMMON/QUPC/ IUNITQO, 100017, [PTRO, BO0O018 1392
BYTECPDB(3512) 1393

INTEGER#2IPDB(236) 1393

REAL#4RPDB(128) '393

EQUIVALENCE(CPDB, IPDH. RPDB) 1393
COMMON/PDBC/IFPDB !'393 :

IF (. NOT. (BOOO18))60T023041 1393

DO 230431=1, 2#I0UPSZ 13956

CALLQUPLNO ‘397
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23043
23044
23041

CONTINUE !397
CONTINUVE !'397
CONTINUE '!398

CLOSE(UNIT=IUNITI) 1398
WRITE(IUNITO’1) IPDB 1399
CLOSE (UNIT=IUNITO) ' 400
RETURN 1401
END 1402

SUBROUTINEINPLNZ (IUNIT, 100019, ZLINE, IY, ISZ, ZREC) '403
IMPLICITBYTE(B-C), INTEGER#2(I~N), REAL*#4 (A, E~H, 0-Y), REAL*8(D), COMP

#LEX#8(Z) !406

23047

23045
23046

COMPLEX®#SZLINE(256), ZREC(&4) 1407
I100019=2+(1SZ/64)#(IY-1) '409
IPTR=44+1 '4310

DO 230431=1, ISZ !411

IF(. NOT. (IPTR. GT. 64))6G0T023047 1412
READ(IUNIT'100019)ZREC ‘413

IPTR=1 '414 ,

CONTINUE !'416é

ZLINE(I)>=ZREC(IPTR) 14146

IPTR=IPTR+1 1417

CONTINVE '418

CONTINUE !'418

RETURN 1419

END 1420 : :
SUBROUTINEOUPLNZ (IUNIT, 100019, ZLINE. 1Y, ISZ, ZREC) '424
IMPLICITBYTE(B~C), INTEGER#2(I~-N), REAL#4 (A, E~H, O-Y), REAL#8(D), COMP

#LEX»8(Z) '42%

230851
23049
23050

=3053
23056

23053

COMPLEX#8ZLINE(256), ZREC(64) '426
10001 9=+ (I82/64)#(1Y-1) 1427

IPTR=1  '428 ,

DO 230491=1, ISZ '429
ZREC(IPTR)=ZLINE(]) 1430
IPTR=IPTR+1 1431 :
IF (. NOT. (IPTR. OT. £4))60T023091 1432
WRITE(IUNIT 'IO0019)ZREC '433

IPTR=1 ‘434

CONTINUVE !436

CONTINUE '436

CONTINUE '436

RETURN ‘437

END 1438

SUBROUTINEFFT(Z, N, DO0010) 1442
INTEGER#2N. I, J. K, TWOK ‘443

REAL #4S, DO0010 1444

COMPLEX#8Z (N), U, W, TEMP ‘443

IF (. NOT. (DO0010. EQ. ‘inverse . OR. DOOO10. EG. * INVERSE ‘) ) 60T023053
S=-3. 14199263338979 1448 ,
TEMP=CMPLX (1. /FLOATIN), 0. ; 1349
DO 2303%I=1,N 1450

Z(1)=TEMP#2(1)  !431

CONTINUE '451

CONTINVE 451

GOT0230%4 1493

CONTINUE '453

S=3. 14199265398979 1454
CONTINUE '4%4

CONTINUE '499

I=1 1459

J=1 1459 :
IFC.NOT. (1 . LT . N ))GOTO23059 1353
IF(C NOT. (1 LT. J))G0T023060 1438
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TEMP=Z (J) 1457
Z(J)=2(1) 1458
Z(I)=TEMP 1459
23060 CONTINUE '463
CONTINUE !463

: K=N/2 1443 :
23062 IF(.NOT. (K . LT . J ))GOTOR30464 !443
Ju =K 1464
23063 K=Kk/2 ‘464
- GOTOR23062 1464
230564 CONTINUE !464
JmJ+K 1463
23058 I=I+} 14466
COTOQ3037 '4&6

23059 CONTINUE !466
CONTINUE !448

Kmy 1468
TWOK=2 1468
2306% IF(. NOT.(TWOK . LE . N ))GOTOZ3067 ‘448
Um(1.,0.) 1469
W=CEXP (CMPLX(Q. , =S/FLOAT(K)}) 1470
DO 23068J=1, K 1472
DO 230701=J, N, TWOK ‘473
TEMP=Z(I+K)»U 1474

2(I+K)=Z(I)-TEMP !473
Z(1)=Z(I)+TEMP 1476
23070 CONTINUVE !'477
23071 CONTINUE !'477
Usyeld 1478
23068 CONTINUE !479
23069 CONTINUE !479
23066 K=TWOK  '480
TWOK=Z#*TWOK . '480
GOTORJ06S . '480
23067 CONTINUE !480
RETURN  '48t

END 1482 v

SUBROUTINETRANSP ( JUNIT, 100019, I132) 1484 ] ’

IHPLICITBYTE(B—C).INTEOER*2(I—N).REAL*4(A.E-H:D—Y),REALGB(D).COMP 489
#LEX#8(Z) '489 '

COMPLEX*SZLINE(S12) 1486

COMPLEX#82LINEL1(236), ZLINE2(Q36) '486

COMPLEX#8IBUFF (64, 4) 1486

COMPLEX#*8ZREC1(64), ZREC(64) 1486

REAL#4RLINEL1(S512), RLINER(312) 1486

BYTECLINE1(256), CLINER(236) ‘486

BYTECREC1(5312), CREC2(S12) - 1486

EQUIVALEMCE (ZLINE, ZLINEL, RLINEL, ZBUFF) 1486

EQUIVALENCE(ZLINE(257), ZLINER, RLINER) ‘486

EQUIVALENCE(ZREC1, CREC1), (ZREC2, CRECR) 1486

COMMON/ZC/ZREC1., ZLINE, ZRECR 1486

BYTECPDB(512) 1487

INTEGER*2IPDB(236) 1487

REAL#4RPDB(128) 1487

EQUIVALENCE(CPDB, IPDB, RPDB) 1487

COMMON/PDBC/IFDB '487
CONTINUE '!'489

KSZ=1SZ/2 1489

23072 IF(.NOT. (KSZ . GE . 1 ))G0OTOQ3074 1489
\CONTINUE '!4%0 ~
Y= 1490

27207% IF(. NOT. (UK . LE . ISZ ))GOTO23077 1490
CONTINUE !491 1 '
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23078

23083
23084
23081
23082

23079

23080
23076

23077
23973

23074

J=JK 1491
IF(.NOT. (J . LE . JK + KSZ -1 ))GOT023080
CALLINPLNZ ( IUNIT, T00019, ZLINE1, J, 1SZ, ZREC1)
CALLINPLNZ ( IUNIT, 100019, ZLINE2, J+KSZ, ISZ, ZREC2)
DO 230811IK=1, ISZ, 2%KSZ  '494

DO 23083I=1K, IK+KSZ-1 1499

Z=ILINEL (I+KSZ) '496 »

ZLINE1 (I+KSZ)=ZILINER(1) '497

ZLINE2(I)=2 1498

CONTINUE '499

CONTINUE !499

CONTINUE !499

CONTINUE '499

CALLOUPLNZ (IUNIT, 100019, ZLINE1, J, ISZ, ZREC1)
CALLOUPLNZ (IUNIT, 100019, ZLINE2, J+KSZ, I1SZ, ZREC2)

Jug+l 1902
c0T023078 1302
CONTINUE !'3502
JKEIK+2#KSZ 1502
607023073 1802
CONTINUE '$02
KSZ=KSZ/2 18502
60T023072 1302

CONTINUVE '!'302
CPPB(7)=CPDB(7). XOR. 156 t303
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Tutorial for using the programs for VAX System

Put the reference picture OCR1.PIC in the RK1: of RT-11 at Man-Vehicle
Laboratory. PUt the program disc which includes YTFS1 RAT which is for
defining the subpicture location. If edit is necessary for this program,
compile this program according the following procedure.

R RATFOR v '

* YTFS1.RAT

* *C

FORT/NOLINENUHBER YTFS1.FOR

LINK YTFS1,TTT4,BOX

BO RT11BL
Get the reference picture on the video screen by the next command.

COPY RK1:0CR1.PIC VD:
If VD: is not installed, install VD: by this command

INSTALL VD:
and copy OCR1.PIC on the video screen. DAT: is assaigned to RK1: by BOOT
command. Run the progran by the next command.

RUN YTFS1
You are asked to define the subpicture location. Move the box on the video '
screen by analog input and hit the space key to define the subpicture '
locatioin. The data is stored DAT:A.DAT and DAT:B.DAT. You must transfer
this data into the VAX System at Tufts Medical School Image Analyaia
Laboratory.
You must transform the picture files OCR1 PIC and OCR2,PIC into
transmittable format to Tufts VAX System. Put these picture data file in
RK1: of RT-11 and run the program MITFS which is in the program disc in
RK2:. Out put files are OCR1.TFS and OCR2,TFS. These files can be -
~ transfered to Tufts VAX Systenm.
To use the VAX System from MIT, connect the terminal to the telephone line
by the modem. The telephone number of Tufts VAX are

956-T474,7T475,7T476,T4ATT, 7478, 7479
User name is SPACEYE. Password is *#eed#, Aggign DAT: by the following
command.

ASS DR1:[SPACEYE] DAT:
All prograns of YTFS2.FOR, YTFS3.FOR, YTFS4.FOR and TFSPIC.FOR must be in
[SPACEYE]. If edit is necessary, compile the program according to the
following procedure.

FORT YTFS2.FOR

LINK YTFS2
You must reconstruct the picture data file from the transmittable format
into the original picture data format. This is done by the program
TFSPIC.FOR. This program transform only one data file. So, you must edit
the name of the file and again run the program to get the two picture
files. ( Calling subroutine twice in the main part of this program caused
an error. I don't know the reason. )

RUN TFSPIC '
And you will get the original picture data files,
Run YTFS2 first to get necessary data files for using YTFSB by the command

RUN. YTFS2
and run the main program for the calculation of rotation angle by the
- command

RUN YTFS3
The rotation data is stored in the file OCRBOX.DAT.
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PROGRAM YTFS1. RAT

13-Febd-85 : Reav A

Yoshihiro Nagashima )

This program defines the x--y coodinate ¢f subpicture location 3md
data are stored in data file DAT: A DAT and DAT.D. DAT
Cavution:When you define the location of subdbpictures., pleaze #4aim-t .

return key. Return key will make an error. 32 zpace ie. &

o

ot e

R RATF3R

# YTFS1. RAT

« C

FORT/NOLINENUMBER YTF31
LINK YTFS1. TTT4, BOX

BO RT1iiCL

RUN YTFS1

LS A R 2L 2.2 2 2 22X 2 X2 X 200 X 2 L0 LIt R RA R X TY TR R e e e O Y R g A LR NI I I AR R

4 % & & * F 4 ¢ X ¥ K DK S

define MAX_EMIRIES 32

dJef.ine FMT_STAT farmatigis 7

define WUNIT_1 1 # lch;al wnlt for file i
def.rne PI 3 1415205338579

define TP_IMPLICIT implicit bytetb-fi,lnfager-;(x—n> 2ales{3. 2a<h, 5--y+.
reale8idi, complex+3/z) '

sefina CHARACTER tyte
define COM_SAVE_FILE CHARACTER csir2i31),
: commen CeflClum,cstrd

CEET 2 e DI L DL L DAL P T DS PR L LES LD DA VR P L AR T T e R e L e L P e
rnuwuswsuw»aﬁw»aucutsnuan#«u#vnnnuaunnunsuuwunw»na&auvsnawtu4us4»ﬁauunnauaaaaa
4 main program
ewkn##t#kﬂ#&#a#*#ﬁt#n&w#vw&rn#ﬁu»u:a####ﬁ#ab##tﬁnsaﬁﬂvnh#ﬁt94u#uwb”uﬁulunuunan
v&ﬂhk#»##ﬁ##nn»rahu%uﬂwn&unnaﬁuwh#&vhunna%ﬁ&%k"nn###ﬂsnuﬁa4~#n#d%=v3nﬂnttanunk

call PRINT(‘Plesase desing cubpicturz A by the space key !’

call box(ix, iy, 64,64 # dafine euhricture & lctatize

x=float(ix)

y=Ffloatliy)

c211 bopenf( /DAT: A DAT ', UNIT_1, ‘naw’)
ca 1; yrpuwtix)

t2il, yrputiy)

cla se(un1t=UNIT 1)

al
RS
v X

I PRINT('Please define subpicte
i box(ix, iy, 64, 647 s
r=floatiiy)
u=flogtliy:
call bopenf ( "DAT B AT UNTT_ i, neow’ ;
cali yrputix)

Y1oyrput(y?

~ 3
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/wbvfd***’#*‘bﬁi&o&*o*.{;wae’wo&##i&#k***i&*e'wotﬁiﬁﬁeeeﬁéﬁqvaﬁﬁ&ﬁ;fr«eobb@eo

* PROGRAM YTFSZ. RAT

* 13~Feb-89 Rev. A&

* -Yoshihiro Nagashima

* This program makes necessary data files which are usad by YTFS3 RAT
* Inputs: ocrl pic Reference raw picture 25&%25& byte dimenzian
* a dat x--y coodinate data of subpicture A ' -
» b.dat x-y coodinate datas of zubpicturs E

# Qutputs:cerl. pic ’

* al.z " subpicture Al extractad from ocrl. ¢

* filtared with Mazican lat

& region of interest 13 also 2=2fimei

* Teady to use 1n YTF3 RaT .

* bi.z subpircture DBl 2«tracted €fram covl

* fFiltered with Maricarn ‘iat

* region of intevest i3 sles Jefirned

- v Teady to use inm YTFI AAT

» ane 2 0% mzsze

* mrf FFT of Megaicen “tat Fi.tas-

B mek 2 TEER D MHF

™~

@ R RATIOR

* * YTFE2. RAT

e -

- FORT AHNOLINEN_MGER YTF3Z

* LINK YTFS2. yTFS4

- OO RT11GL

» RUN YTFG2
ww&w%ff”ﬁ‘f@*ﬁb%%&bbrvbPPbﬁvvv”ﬁhbv##*ﬂkﬁéfﬁ’vﬁﬁﬁﬁwrﬁﬂﬁﬁﬂﬁo&Pﬂﬁébﬁbrvﬁoﬁﬂov3
dufine MAX_ENTFILS a6

dnfine FMT_STAT formstizl® T )

define UNIT_1 1 # togical unmit for fijls+ i

Jefine PI : 3 131592:52%897°

detvine TP_IMPLICIT wmplisc:t Byte.b=ch. 1nvagers#dii-n). resivd g - e=h, a-y:. .

: realvd(dl, compiexs2R(z) .

dvfine CHARACTER byte

gefine COM_SAvE FILE CHARACTER cstrdi21,
common /sfc/lun, catra

##ﬁaQ#&##’ﬂgﬂ&ﬂ#shnﬂgzsauuuncs&t:#?#ﬂ#ﬂhabqeaanhaauasuuﬁﬁzunmnhﬁﬁaaunnSﬂaaaaaﬁ
###h"##“#nﬁﬂﬁ#Q#d#wl&h#nawan###a#w#ﬂ#*#B»%#'ﬂﬂacﬁnuaﬁnﬂaaun:ﬂ?#ﬂ##ﬂ#ka###dnﬁu3
# main program . K i

HEARUNERNUBBERNAB BB LU ARRUOBY RS RBURBGR R AR AN SRR LR U BN S I aRBH IR RRpRirtR Az il
«n»«ﬂau%»nwao#wn»wawaauwawaat#n«naaﬂ#ﬂangnnnéswacnanuaaasanauaa#a#nnauﬁaaavnua

complexw8 (ONE2(&64, 64)
cumplex®8 A1L(643, 64)
complex8 B1Z(4&4, 64)
complex*®8 MHZ(&3, 64)
complex#8 MHFZ (464, &48)
complex#8 MSKI (&4, &4

z3ll PRINTC'I am making a masi file’)

call ymaksr (ONEZ. 53.&4.1 ,32. 32,12, 1 # maks mazk
® mazy nzmE 13 THED Carray e
B buffar:
# mgzv dimemiian 13 H3ead
"4 omzgmitoee s o
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# ROI location is (3
# ROl dimension 1s 1

call PRINT(’I am making subpicture A1Z’)
call ysbpic(AlZ, '‘DAT: OCR1.PIC’, '‘DAT:A. DAT ")

call PRINT(‘I am making subpicture B1Z)
call ysbpic(B1Z, ‘DAT OCR1.PIC‘, ‘DAT:R. DAT ")

#####&######8“#*####%##«08#####8##»#&#%##%&:3»#»##‘*##swswawad#a“ﬂuﬂﬂasua»qt#h
# mexican hat
HEUHFERIRERRINRBUBRAB AR RB IR RRBUNRR IR AL RN I GBI RR AR U IS S S AR IS GG YR N TS STan TSy

call PRINT(’making Mexican hat filter’)

c3all ymksr8(MHZ. 44, 44,1 , 32, 32,0 7071068}
: make merican hat €£iiter

‘MHI 13 artay name ¢ Fillnev

£34a54 gimaneion

nyenthede v S

TERLEY 1 L 3el L AT

-
2
stgmda 15 % VSOT10ag

AINTESE

=

rotatien m3sh

call yrotll (MHI, MHFZ. -22, -32) ‘
# mew Zatz arvay i MREZ

11 PRINT('FFT of the Mexican har filte .

1 yxform(1Q, MHFT) # optian 1Q ie FFT
# outout 1y MRHFEI (O E&T o
# Me:ican Hat Firiter ¢

zall ykeep(MHFT, "DAT MUF. 27

2511 PRINT( making edge rash ofF filter’:
3z. 28,28 make edge ~masa of

call ymaksr(MSKZ, &3, 24,4, .32,

. mevican hat filier
magk dimensicn ig
LA LE

® 8 # ¥

call ykeep(MSKZ, 'DAT MSK. Z')

n«ﬁ###huk#eanrkvﬁarﬁrhnkuvw#wnﬂnnuﬁdnv##nwwnnn%dann”nrada!uuunaeﬂﬁnuuasﬁcuﬁw
¥ mexican hat
,#ﬁﬁ“ﬂ#*%*ﬁ#i“####ﬁ&&“#Ftﬁlﬁd#ﬁ#r#ﬂuﬁwﬂ““*“ﬁclkwdua¢ﬁ7.aar=a~§ stztbal B BRIt

~3ll PRINT!'FTET of zispilotursze
call yxform(i0, AL1Z) # FFT né AL17
czll yxform(l0,B812. ‘ # FFT of 5112
call PRINT(’f1ltering subpictures Al1Z @12 with Msxicat “at Filter’y
call y2fi1l(MHFZ, A1Z, 20,0 000t " oﬂt::! ST de tawmilez2
# 3 TneR T
. » Ny 7
rall y@fil{MHFZ,B12Z, 20.0 GCO1L: # optien A0 3 tamplerd
# 21 1: MHFY
o # 2 s HZ
call PRINT('FFTL-11 c# filtered subpictures’?
cati yxform(1ll. ALZ) B FEYI-1I of AT
cail yefarm(it. BlLZ) # FFTL-13 as RiZ

,.

1)

=g
.

FRIMT: "2d3e masking 2§ subpiosurzs '}
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option 20 js z2=z1#:2
z1 is MSKZ

28 is A1Z

oaption 20 is 12=z1%:2
21 is MSKZ

1@ is BiZ

call y2fil(MSKZ,A1Z, 20, 0. 0001)

call y2fil1(MSKZ,B1Z, 20, 0. 0001)

LK 2 3 3 J

“0“00‘“““’0#&*““0'0‘0#*00#0““00**““#00’0“*0“'“ﬂ#“#0'0#0*“0#####0%#####“#w*##&&

# end of mexican hat filter
Q't##0&‘0*#0#&00“%0%8#'##*#*####Q«*QQ#*O#Q%*Q####0#“###*&##0##@####“#aﬁ#&ﬁ##%#

call PRINT(‘’making ROI #from subpictures A1Z % Bi2’)
call ynormf(ONEZ, A12Z) # normalize AIZ with ONEZ
call ynormf(ONEZ,B12) # normalize B1Z with ONEZ

HRBHRBBEBNBDHBEBRDBRE SR BRBBRBERERERNBRA RSB RRB B RN RN RR B RO R IR R RS SR SRR R

# ocrpe ,
HHARBBRBRENRSBRRBBBEPBERENRDBERBRTERBRBUBURABERIREN SRR RRNNRI BRI NUR BT R SRR

call PRINT('] am tared’)

call yxform(10,A1Z) # FFT
call yxform(i0.B12Z) . % FFT
call yxform(10, ONEZ) . # FFT

vall ykeep(AlZ, 'DAT:A1.Z")
call ykeep(B1iZ. ‘DAT.B1.2Z")
vall ykeep(ONEZ, ‘DAT. ONE 2}

ond
wv”O###Q”“OQQQ%“&“#“”QhﬁttuunﬁttOﬁ#ﬂ#“#l#ﬁ*&#QCQBUH*nnnﬁ##ﬂknwuﬂﬁﬁuu##h&&duqu
FRAURNNSRERRANURERRUUBIRESHEN GRS ARANBSRELRANH RIS N Bu T S RUBBERRA B B SR 8T
# end of main program
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I E R EEREEEEEEEEEREEEREEEEEREIEENNIENEENREIRE,

PROGRAM YTFS3. RAT

13-Feb-893 Rev. A

Yoshihiro Nagashima

Thxs program calculates the rotation angle o$ a data picture using
some data file

Inputs: ocr2. pic Taw data picture 256#2%56 byte dimension
at.: subpicture Al extracted from OCR1 PIC ¢
i reference picture )
bl. 2z subpicture Bl extracted from OCR1 PIC ¢
- reference pictuve )
a.dat x~y coodinate of location of subpictura Al
b. dat x~y coodinate of location of subpicture B1
mhf. 2 Mexican Hat Filter ( already fft'ed )
msk. 2 edge mask
Outputs:ocr2. pic .
al 2z " subpicture Al extracted from DCRI.PIC
btl. z subpicture Bl 2xtracted from DCR1. PIC
a . dat x=y center data of sudpicturs A
b dat . x~y ceénter data of subpicture B
mhé. 2 FFT of Mexican Hat Filter
msk. 2 mask of MHF
one. 2 ROI mask

ocrbox. dat _ the two data are theta ( radian ) ana
' theta ( degree )

R RATFOR

* YTFS3 RAT

» ~C

FORT /NOL INENUMBER YTFSG
LINK vtpsa,ers4

BO RT11BL

RUN YTFS3.

**'l’*Q”*’*i*‘l**”‘**#‘*i***‘I004****6*&0**9****0*1’ VRIS LCLRRFCEPRTHRSLS TSNS

define
define
define
define
d2fine

define
define

CHARACTER byte

MAX_ENTRIES 30

FMT_STAT format(gls. 7

UNIT_1 , 1 # Logical unit for Ffile 1
Pl 3. 14159265398979

TP_IMPLICIT implicit byte(b-~c).integere2(i--rn). ~2salied’a. o-h, 9=y,
real#B(d), complexs*B8(z) )

COM_SAVE_FILE CHARACTER cstr2(81).\
common /sfc/lun,cstra

CHRRBRBRBRERRERNBRRUR SR RBUR BB BRBRRRRBHRSHERRBA RS PRRETIRS UG A THEINRUR N RGBSR
HREHRDRRUDBEABRRUBRRBRRERA SRR URRRERT BERBBUNBRRBARBERBR BB R GHHFRBR R I RS RERAD

# main

program

###w#Q#“#Qﬁ'ﬁ#ﬁﬁ*#*“##ﬁ#’ﬁﬁ#“ﬁ#”“'#ﬁﬁﬂ&“dﬁ“O“ﬁ#ﬁﬁﬁiﬁﬂwuﬂ####ﬁ“*#*“ﬁ“#ﬂ##%“#t##
ﬁﬁ“#““#*'ﬁ*“ﬂﬁ#*&&#&ﬂwﬁ**000“'000'*“”#"#”“0###'“QQQ&QQ#QR“**““”"#““*w##nnﬂ%hn#

complex#8 ARZ{é64: 64) :

complex»8 BRZ{64, 64) '
complex»8 MHFZ(&64, 64)

comp lex#8 MSKZ (64, 64)

complax#8 AAZZ (464, HG)

complexe8 DB2Z(44,¢L43)

camplexe8d ONEZ1(%4, 64)

camplex#8 ONEZZ2(54. 643)

complexs8 ALZ1i64, &4D)
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complex#8 B1Z1(64, 64)

call
call
call
call

PRINT(’I am making subpicture A2Z°)
ysbpic(A2Z, 'DAT. OCRR2. PIC’, '‘DAT. A. DAT ")
PRINT(’I am making subpicture B2Z')
ysbpic(B2Z, 'DAT: OCR2. PIC’, ‘DAT: B. DAT ‘)

00#«.&%0«owna*w»w&nuu%tun»uaa«nnn«uuwwuuua*w»n«%nounqw&uu#sn#uﬁ#ﬁ»»»a#&wnw»ouu
# mexican hat
awﬁnw#»w«anou»nau»»&un#&w#&w&w»nuw#uw»a»n»»ucs»unu#s«wnn*«#wnunnwﬁu»as»euaauau

call
call
call

call
call
call

call

call
call
call

call

call
zall

call

PR!NT('FFT of sybpictures’)
yxform(10, A22Z) # FFT of A2Z
yxform(10,B2Z) ‘ # FFT of B22Z

PR!NT(’FiItorinq subpictures A2? B2Z with Mexican Hat Filter ‘)

Filbuf( 'DAT MHF. 2. MHF2)
y2#i 1 (MHFZ, ARZ, 20, 0. 0001

get data from file into bu#é
sption 20 16 12=ri1e:2

1l is MEFY

& 18 Al

aptian 20 is :@d=zls:0

11 is MHFZ

12 is B2z

y2fi1(MHFZ, B2Z, 20.0 0001}

TR

PRINT('FFT[-11 af filtered subpictures’’
yxform(11, A22)
yxform(11,B22)

FFTI-11 o¢ A2Z
FFTC-11 of B2z

E 3

PRINT(’edge masking of subpictures )
filbuf{ 'DAT:MSK Z'’,MSKZ)
yafil (M3SKZ, A2Z, 20, 0. 0001)

get data from file in*o buF
oprion 29 is 21&d=21+:

71 1% MIKZ

1@ ) A2

ocption 20 is ZE‘II*Z&

11 1€ MSK2

za is D27

y2fil (MSKZ, B2Z, 20, 0. 0001)

XBREESES

ARUAHERHEARERNIENBRNBIDTRURBRRUBBIRA BB RS S U AN UGB USSR RGN NG B RO E s
# oend of mexican hat filter ; ~
HHBHRLUNUBBNERRERURRENRRERBNEN R ERVLERIRRUNL TR RSN R H BHR R R BN R ER RS iidn

AR REEHAABRL U RN BN G RREGREGRH U antdRbhcdRdBESntbntya s aanS R tiRddddnteanang
# ocrpec
####&#s»n%#»#n#ﬁ##ﬂ##aa»wﬁﬁ##a»#ﬁ*##na##w#a»auauu4##ﬂasawaan*#sae#»#aa#auwuaa:

c3ll
call
f.']ll

cszll
call

vall
zatl
cail
call
call

call

B
e

FRINT(‘correlating’) .
2apy {A2Z. AALZ, 64) $ copy Tecavdiize

15 =
copy(BZ, BBRZ, 63) # caopy recardsize 1s =4
y2£11(A2Z, AADZ, 20, 0. 0001} # 0p20 is 1@=z!s:a
yafil(B2Z, BB2Z, 20. 0. 0001) # o0p2D is 1@=:2]%:2
PRINT('FFT for correlating’) '
yxform(10, A2D) # FF7
yxform(10, B22) % FFT
yxform(10, AARZ) % FFT
yxform(10, RB2Z) # FFT
PRINTC’TI sm tirszd”)
FLIbuf('TAT A1 2. A121) #ogel date From Sile 10%g Suffor
fribufe DAT BY T, 31215 # get Coabe Trom File 1nto buffer
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call PRINT('Help me ., Ydgshi !'’)
call y2¢il(A2Z,A121,21,0. '0001)
call y2#il(B2Z,B12Z1,21,0.0001)

call filbuf(’'DAT ONE. Z',ONEZ!}
call copy(ONEZ1, ONEZQ, 64)

call y2fil(AARZ.ONEZ1,21.,0.0001)
call y2¢11(BB2Z., ONEZ2. 21.0. 0001)

call PRINT('FFTL{-11")

call yxform(11.A1Z1)

call yxform(11.B12Z1)

call yxform(11i, ONEZ1)

call gxform(11. ONEZ2)

call PRINT( 'square root’)

call yl#il(ONEZ1)

call yifil(ONEZ2)

call PRINT(’almost done’)

call y2Ffil(ONEZ1, A1Z71,23.G. 0001)
call yafil(ONEZR2, B1Z1,23,0. 0001
call PRINT('finding peak’)

éall ypeakd(A1Z1, x2a: y2a,rnl)

call datatr( DAT. A DAT’,xla:,yla)
call ypeakd4(B12Z1, x2b, yab, rn)

call datatr( 'DAT B. DAT’, x1b.yl1b)

#
]

opal is z2=:l#conjg(:a
op21 is 12=z11%#conjg(:2)

get data from file into buffer
copy

2=211%conjgi1a)
12=21%con jg22)

op 11 ise FFY{~-11
op i1 is FFT(-11
op 11 is FFT(-11
op 11 is FFT(-11

HTEETS

square rvoot
square root

=187
emze/il .

find peak

get x--y cocdinate of First leceiian
of subpic A

find peak

get 1=y coondinate oF first lozation
of subpic B '

céll qctczétng.gza.;1a,gxa.xao,gzb.;1b,q1b.-oar‘ocaaox‘uar'.:>

end

#

calculation of angle

nutunotuawcanwnnwaon»nanaa»uwnwaosaunuvw»nunnw«nun«uuuu«euaa#n»waue&aavaﬁﬂ»unn
%&ﬁﬁtwﬁﬁﬂﬂﬁﬂs%ﬁnﬁﬁﬁ#kﬁotsu»u#ﬁu##v%ﬁ&““ﬂﬁ#uﬁdﬁﬂe#hn&nﬂ=ﬁk&ﬂwnnn#n##ﬁw"ﬁﬁﬁﬁxkuﬁ

% end of main program
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PROGRAM YTFS4. RAT
13-Feb-89 Rev. A
Yoshihiro Nagashima
This program ccntains the subroutines which are to be l.nked with
YTFS1, YTFS2 and YTFS3.
Included subroutines

ymaksr

ysbpic

ymksr8

yrotlil

yxform

ya@fil

ynormé

yifil

ypeakéd

datatr

yclc20

. copy

bopenf

bopenp

ykeeap

filbuf

cup

beqflg

yrput

rget

£FL

ytrnsp

R RATFOR

* YTFS4. RAT

»* ~C

FORT/NOLINENUMBER YTFS4

ﬁéiéiéiliiifibwﬁ9ki&fttoo&b*f'ﬁﬁqotc¢§*ioI(&o*fitﬁ&f&rkvo&bévtQbfobﬁo«t69&¢et

de#xno
Jefine
define
define

define

jefine
define

MAX_ENTRIES 30

FMT_STAT formati(gls. 7)

UNIT_1 1 # Logical unit for file 1
PI 3. 141592563235397°

TP_IMPLICIT implicit bgto(b"c),intogor*?(x-n),rea1§4(afe-h,o—g‘

real#B(d). complex#8(z)
CHARACTER byte
COM_SAVE_FILE CHARACTER cstr2(81):\
common /sfc/lun,catra

HRRRRARRBRRRRORARRERRRRRRE R AU HBIRBRB RS RERHRRAA IR R RS SRR IS BRHBUR RN RO SRR

# main

subroutines

##8“***“““*“”*&0#0&##h#”0&'ﬁ&#ﬂﬁ#*&#ﬂ#"“##ﬂ”#*“ﬁQ#ﬂ#ﬁ%ﬁ“#ﬁ#“ﬁwv”"#ﬁﬁ#aﬁuvkdu##

subroutine ymaksr(zsub,iszy,isz2y,rmag. 1«0, 140:ixc,iyz) # inate rectarngle mash

* zsub
#

is dummy array in buffer actval dimenzion mest ce Jzfined inm uain
program.

complex®8 zsublbd, 64), 1mag
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zmag=cmplx(rmag,0.)
do i=1,iszx [
do j=1,iszy C
tsub (i, j)=¢(0..,0.) . ,
if(((y. ge iyO-iyc). and. (j. le. iyO+iyc)). and.
((i.ge. ixO=ixc). and. (i. le. ixO+ixc)})
teub (i, j)=zmag

b ]

b
return
end
subroutine yabpirctzsub. cstri. cstra)
» this subroutina ~akes subpictures of 4Hdead bLytz Jimersion an?
» 64#45% complex»B dimerziaon from 2952TL wyte dimeniiar
] rTaw pictuvre.
4 cstrl is £96+2%5 dimension original =aw pictures. z2nd (%% data
- type 13 bytes ’
% cstr2 is x—-y candinate data of szubpiciture
4 cstr3 is 43463 subpircture, and its data type is bHytes
» cstrd 1s 64xb4 subpicture, but its dats type is comblzved
" zsub is a dummy array stored in duffer dimension ¢ actual srray
# must D4 d2fined in main program

-

chargcter #(#} cutrl.cstrd
byte crec(3ia’. ¢

byte cpici(296.2256) -

byte csub(64, 64)

integer#2 isub(44,64), ic
complex®8 215ubi&4, £4)
complex®#8 zrec(bd)
equivalence (c, i)

data ic/0/
call bopenf(csztr2, 2, 'cld”’) # 2 is unit number
call rget(x # ( 30,40 VY 13 the center of =zubsic

call rget(y0)
cloce(unit=2:’ : . .
1 O=xQ-32. ' # ( x0,40 ) is the upper left 28 cubpic
yO=y0-32. '
ia0=ifix(xQ)
iyOo=ifix(y0)
if(ix0.1e. O

ixOmix0+286
if(iy0. le. O)

iyOo=iyo+236
opentunit=1, saccass='DIRECT ', rzcardsize={28, typ2="3LD’"., \
name=:strl) '
ii=} :
Ji=1
a0 1=1,128 €

read(1%’'1) crec

do j=1.512 ¢ o

: cpic(ii, jjl=crec( !

ji=jj*1
if(j) gt. 234! €
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ii=ii+l
Ji=1
i

k=1
1=y
if((iy0+63). le. 256) C
do i=iy0, 1y0+63
do j=ix0, ix0+&3 (

j2=}
if(ja.gt. 256)
j2=j2-2%6
csub(k, 1)=cpic(i, j&2)
12141
1
1=1
k=gl
]
]
k=1
i=1

ifi(1y0+63) gt. 256)
do i=1,2% [
ifC((i ge.1). and. (i. le. iy0+63-2%967).0r. '\
((i.ge. iy0). and. (i. 1. 296))) C

1=1
do J=1x0.1x0¢63 C
j2=j
if(ja. gt 256
ja=j2-2%6
csub(k, 1i=¢prcli, ja)
I=1+1
1
1=y
k=k+1
b |
1
b
ciuse(unit=1)
# byte-comples conbert
d0 1=1,64 C
do ngn &4 [
c=csub(i, j)
isubt(i, ji=ic
tsub (1, j)vcmplx(fluatiisub (i, g2, 300 # -z convare
] .
b ]
return
and

whdroutine ymksrB(2sub,1s2x. is2y, rmag. xQ, yO, 313.ma’
# waske mexican hat filter
P_OIMPLICTT

,lex*? 250b (53, 645
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# zsub is dummy array in buffer. actual dimension must ba defined in main
» ' program. o -
imag=cmplx(rmag.0.)
imas=aminl (xO-1., float{iszx)-x0)
gmaxtamxnl(qo-l..Float(xszg)-qO)
var_inverse=1. /sigman+2
twovar _inverses1. /(2. ssigmas*2)
sigma_ y _2_pi_inverse=t. /(ligma¢64*sqrt(2 *«pi))
fori(i=1 ; i le.1szy . i=mirl) (
do j=1l,iszx [
req=(float(j)-x0)##2+(float(id—y0Q)»42
nregqrtirsq)
czsub (i, jI=cmplxisigma_3_2 _pi_inverses O
(2. —var_inverss#rsq)rexp(-twovar inverse#rsq). C
1 ,

raturn
end

~

subroutine yrottl(zsubl,zsub2,ivrl,a1yl)
rotate or translate a picture
c:@=circular_integer_translation(:l)
11 is zsubl
2 is zsubl
x translation is ix
y translation 18 iy
complex®B zsubl (464, 64), 13ub2(54. &3)
1x=1xl
iy=iyl
ifiix. 1¢. 0)

ix=64+ix
ifftiy. 1. Q)

iy=64+1y v
farfi=l ; i . le. 64 ; i=i+l) (

do j=1,64

tsub2(i, (mod (¢ j=1+r2. 64)+i)i=vaubiii, 5}

E 3% 2% 3 S % J

b ]
return
gnd

subroutine yxform(iop, zsub?
# FFT and FFTC-11]
# 10p 10 is FFT
# wop 11 is FFTC-11
complex*8 zsub(64,464), 21ine(63)
For(i=1 ; i.le. &4 ; imi+i) [
do J“’u &4
zline( j)=zsub(i, j)
if(iop. eq. 1O)
call ¢ft(zline, 44, ‘forw’)
else -
call ffeizline, 64, '1nve’) '
do j=1.64
tsubli, jimzline( j)
1
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call ytrnsplzsub) '
forii=l ; i.le. 64 ; i=i+1) (
do j=1, 64 :
tline( j)=zsub(i, j)
ifliop. eq. 10)
call f?t(zlzno,b4.'¢oru )
else
call £#ft(z2line, 68, 'inve’)
do j=1, 64
tsub(i, j)=z2line( )
b
return

snd

sutraoutine yafill(zsubl, 23ub2, iop,rmin)
It performs and element by element operation on the files.
To avoid sivide by O, when realizl) is less than rmin. the Tesult 13 z&7v (3
. rmin is defined as a fraction of ths maximum wvalue, Tmax, in i
icp 20 i3 :=1derd
sap 21 is rZ=zi¥conjglia)
10p 23 is z2=m:12/121
:3Ubl, Z3ub2 are dummy arrays in buffer. actual dimsnsion must be dafined -in
main program.
samples#8 z3ubl (54, 648), z3ub2i6d, &4)
f(10p.eq. 23)
rmax=0.
do i=1,64 C
do j'!a 64 L
rmax=amaxi(rmax, absi(realizsubd '1.;):‘:
] .

I 2k 2k 3% 2% 2% 2% 4

i |

b} .
rmini=abs(rmaxearmin)
3 .
d0 1=1, &4 C .
if(iop. eq. 200
do j‘*iub‘
_ v tsubRCi, jI)=mzsublii. jd*zsuba(1, j)
if(iop. eq. 21) ‘

do j=1.64 (
ssub2(i, ji'=zsublii. J,*LonJg(zsub’(i.J))
1
Gi'vﬂp a9 ."l
do J".vb4
iflabs(realizsubiii, yor: ge. raing’ ‘
zsuba(x."=¥mplrtrealfzsub°(x J\\/real(zsu 1¢1, 42), 3
else
2subii, ji=02. .G 2
1
TelyThH
aed

sutroutine ynormfczsubl, z3ub)

Te_IMPLICIT

soinplax#8 1subl (54, 64), tsub (64, 53), 1sum, tmean

fravifi=linpel=0, zsum=(0.,0. );sumnsq=0 J : 1 le &3 . 111} ¢

do j=tl.,e4 :
if(realizsubtia, j)) ne & I

ngel=npel+l
IsumMT2ISuUMeISLDI 1. !




sumsq=sumsgq+cabs(zsub2(i, j))
b]
] T
ifinpel. eq.0) C
call PRINT(‘Unable to exscute’)
return
b
tmeanszsum/npel
rootsq_inverse=l. /sqrt(sumsq-cabs(zsum)/npel)
for(i=y ; i.le. 64 ;i i=mi+1) ( '
' do j‘lc 64
if(real(zsubl(i, j)). ne. 0. ) ] .
tsub(i, j)=(:zsub2(i, j)-zmean)»rootsq_inverse
else
zsub2(i, j)=(0. ,0. )

retuyrn
and

subroutine ylfilizsud)
templex®8 2s5ub (64, 64)
do 1=1,64 (

‘ do j=1, 64 }
' zsub (i, y)=cmplxlsqrtiamax1(0. .real(zsub(1, §3))7,0.)
3 .
raturn
end

solitoutine ypeakd(zsubd, x.y, mn)
complex#8 Isub(&4,68), 13ub2(64. 63)
rezi#d £(3,3), temp(3)
€030 21, £, V2 (f1=$3) /(2 #(F1=-2 #£2+£3))
“ oF_t(t0, f1, f2, FI=(F1-2 #£2+£3)/2 #EORRIF(FI=F1) /2 #EO+F2
~ov L=l x=0,. ; y=0, irn=0 , rmax=-1 E38] : i le. 54 ;i 1=1-1) {
do  =1,64 ([
r=resl(1subfi, j)?
i1f(r. 1t rinax)
next ]
1f(r eq rmaxd [
ra=rn+l.
xssrfloat(j)
y=y+float(i)
next
)|
rmazsr
rn=1,
x=float(j)
y=float(i)
]
]
1¥/7n. eq. 0.)
stop ‘No maximum found’
r=x/rn
y¥ yrn
L )
\RTEETE -
1etrn gt 1) f

) 147



elsel

1

call PRINT(‘More than one peak found‘)

b |
for(i=t ; i.le. 3 i=i+}1) C
do j=1,64
, tsub2(i, j)mzsub (mod(iy+(i-2)-1+64.64)+1, j)
do j=1,3 C

jj=mod (ix+(j-2)-1+64, 64)+1
fCj,i)mreal(zsub(i, jj)»)
b}
b ]
for(Liters=1; tOx=0 ;tOy=0.1 ; iters. le.3 ;i itere=iters+1) (
do j=1.3 )
temp( j)=mf_of _t(tOy, £Cj, 1), #(j, 23, £ j, 3}
tOx=tO(temp (1), teamp (2}, temp(3))
do j=1,3 : :
temp( ji=f_of _t(tOx, (1, j), £(2, j}, (3, j))
tOy=tO(temp (1), temp (2}, temp(3))
1
rmax=temp(2)
x=x+tOx
y=y+toy

tECLfix(x). gt. 64/2)

x=mx—-&64,

IF(ifix(y). gt. &4/72)

return

and

y=y—64.

subroutine datatr(cstr,x,y)

i data tramséfer

# 1et x~y coodinate data of a 3ubpicture from » data file into buffer
character #(#) cstr

Lall bopenf(cstr.UNIT_ 1, 'nld")

tall rgetix)

tall

rgetiy)

clozelunit=UNIT_1)

roturn

aena

sobroutine ycle20(x2a. y2a, x1a, yla, »2b, y2b: x1b, yib cstT. m?
# calculate the angle ; '
$ {(.2a,y2a) is peak location of subpic A

txla,yla) is original subpic A location

(x1b.ylb) is original subpic B locatian

.
# (L2b,y2b) is peak location of subpic B
%

naracter #(%) cstr

y2al=yla+yla HRHRN RN

uZbl=yab+yld HHRRNBBRY
rlal=xda+xla AndkBHn.
tZhi=x2b+xlbd HRARERH®

tnstal=atan2(yla-yib, ata-21bd)
rthzta2eatand(ydsi-yIol,. s2al-2301
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TYPE #, THETAL, THETAR |
thetarsthetal~theta2
thetad=thetar#180. /PI

call bopenp(cstr, UNIT_ 1, 2%(m-1))
call yrput(thetar)

call yrput(thetad)
close(unit=UNIT_1)

return

end

###“#“00“ﬁﬁﬁ“nb#*######“#QO&&####&#a##ﬁ##ﬁ#ﬂ#n#*ﬁﬁ#ﬁnkﬂ####ﬁnﬂuu####wﬁ#é##swﬁu
# other small subroutines
RURBHRBREBRBERBRRIRRBERBERERHBERREBHBRNRERRRREBRBREUNERLERHBRIBBIRR RS RER R

subroutine copyfzsubl, zsubd. n)
zomplex®8 zs3ubl (64, 63
toinp lex®8 2zubd (54, 64D
sz 1=1.n O
do .Igln n
2sub2C1, jI=zsubl(, i
p]
~eturn
end

iag.cal functian bupens#i(csstr, iunit, stype)
TF_IMPLICIT ‘

craracter #(#) c3tr

syte ctype(81)

COM_SAVE_FILE

iun=iunit
if(teqflg(ctype: ‘new’))
openi{unit=luyn, namascstr, type=s NEW’, carriagecontrsin'LIST ")
ifiveqflglctype, ‘0ld’)) ( '
open(unit=lyr, name=cstr. Sypas D’ tarviggeconmércl="LIZT  arvr=l;
1f{ ¢f3lze ) €
1 bcpenf=. False.
return
3
b ]
tFiiagqflglictypes ‘utiknawn vl
- opean(unit=lun, namascstr, type= UNKNOWN . carrjagszsntr s L IST )
svopenfs true.
ratyrn
end

idyical function bapenp=el{cztr. iunit. n)
TP_IMPLICIT

character #{(®) cstr

raal#*d v (MAX_ENTRIES)

UM _SAVE_FILE

iuvr=iunit
tnogt. 1) €
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open{unit=lun, name=cstr, type="0LD’, carriagecontrol="LLI5T’, arr=l)
if(. false. ) C .. :
1 bopenp= false
‘return
bj
for(i=1 ; i.le. minO(n, MAX_ENTRIES) ; i=i+1)
call rgeti(r(i))
close(unit=lun)
1
gpen({unit=lun, name=cstr, type="NEW’, carriagecontrol="LLIST")
for(i=1 ; i.le. minO(n, MAX_ENTRIE3) ; i=i+1)
call yrput(r(i))
bupenp=. true.
return
end

subroutine ykeep(zsub, cstr)
iharacter #(») cstr
comelex*8 zsubied, &3)
complex#®#8 rline(s4) _ :
spantunit=], access="DIRECT’, name=csetr, type= "NEW’, recardsjze=i3)
do 1=1,64 ( ’

do j=1., 44

2line(;)=zs5ubli, i3
write(1%‘i) zline

] .
close(unit=l)
return
any

subroutine filbuficsir. tsuh)
chavactgr #(#) cctr
complex#8 235ub (&4, 64)
cemplex#B zlinetsd) )
arenl{unit=1, access="HI{RECT ' name=cetr, type="0illz . recordi1ie=1237
do =21, 64 (

read(i%’1}) 2Vine

do J=1.&4

reulbty. gi=zlined i)

}
tiozaluynit=1: '
renern
end

icgical function cupetl(char)
TP _IMPLICIT

" -
ol

1fia’ la. char and. char. ls. "2
cup=char-32

clse
cup=char

ratyrn

<ot

tiezical function beqfigelizetri. csted)
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TP_IMPLICIT
byte cstr1(2),cstr2(2)
*C

beqflg=. true.
else

beqflg=. false
return
end

subrautine yrput(r)
TP_IMPLICIT
COM_SAVE_FILE

wryte(lun. 1) ¢
PORNY _STAT
RIS ol o }

I

‘-QE»#unctxon r32t8G4iT
CEe TMPLICET
CimM SAVE_FILE

rogd(lun, 1) »
i FHUT_STAT
tyntsEe

roetern

ERE]

subroutine fft(z, n.direction)
iitogar#*2 n, i, j. k., twok

r23128 g, directicon

complex#8 z2(ni,u,w, tamp

Yo'\
ifidirecticn. 2q. ‘inve’ or. diraction. 2q. ‘INVE") (
s=-PJI
temp=caplx(l. /floasin), Q. )
do i=1.n
z(i)=tempea2(i)
b ] ;
2lee
s=P1
roarifimy; j={1 i i .1t . n; i=i+l: C
ifci lt. j) C # suitch only once
temp=z(j) .
2¢jr=z (i)
1(i)=temp
. b
# Test bste form high %3 leow order IFf za%, ol
] bit, I¢ clasr, s#t it and stap HAE - S
for(s=n’2 ; k 1t k=5 20
=gk

.

W

# 1% reversal

"“

iflcup(cstri(1)). eq. cuplcstr(l)). and. cup(cstri(2)). aq cuplcstr2()))




J=i+k
]
# MNumber of stages equals lcgl2) of n
fortlk=1; twok=2] ; twok.le.n ; C(k=twok; twok=2%twokl) [
o u=(1.,0.)
w=cexp(cmplx(0.,~s/float(k)))
# Numper of bufferfiles equals k#n/twok = n/2
do j=1,k C )
do i=j,n, twok C )
butterfly

tempsz(i+k)rnu #
T(i+k)=2(1i)-temp ] {
2{i)mz(i)+temp * H
3
(L dTR (N
J
) ]
ret.orn
&nd

susroutine gtrnspizzub)

e lexad raud (&4, 630
camclex+d r1temp (68, 44

do 1=1,64 [
do- j=1, &4 ,

rtemp i, ji=gudei, ji
il

o =1, 64 T
do j=1. 43 .

T3ubil, jr=zvemplj, i

]

L D oy |
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CALLPRINT(‘Please cefine subpicturs A by the space key') 'ao
CALLBOX(IX, 1Y. &4, 64) 41

X=FLOAT(IX) 143

Y=FLOAT(1Y) '44 ,
CALLBOPENF( ‘DAT: A . DAT', 1, ‘new’) 45
CALLYRPUT(X) 146

CALLYRPUT(Y) 147

CLOSE(UNIT=1) 148 .
CALLPRINT(‘'Please define subpicture B’) 50
CALLBOX(IX, 1Y, 64, 64) H-3
X=FLOAT(IX) 193

Y=FLOAT(1Y) 154
CALLBOPENF( 'DAT  B. DAT’. 1, ‘new’) '59
CALLYRPUT (X) 1)

CALLYRPUT(Y) 157
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COMPLEX#BONEZ (64, 63) 1a8

COMPLEX#SA1Z (564, £4) 1 49

COMPLEX®*8B12(&43. 64) * 20

COMPLEX#BMHZ (&4, 64) '51

COMPLEX#BMHF Z (54, 64) 192

COMPLEX#BMSKZ ! 54, &4) ' 83

CALLPRINT( Ll am making a masxk file’) 157

CALL rMAKSR (LNET. &4. ¢ +3E.32.12.10) 158
CALLPRINT( '] am makxn) xubp:f e ALZ’)Y k&
CALLYSBPIC(AL1Z, DAT:DCR1.PIC’, ‘DAT - A. DAT ") - Y4
CALLPRINT( T am maving subpictuve EiZ’) AT
CALLYSBPIC(BL1Z., DAT.GCRL. PICTY. "DaT- B DAT ) 170
CALLPRINT( ‘making Mexican hat filter '’ 77
CALLYMKSRBIMHZ, &4, a4, 1. . 32 132 s 70710680 g
CALLYROTIL(MHI, MHFZ. ¢5,—3 =

CALLPRINI( ‘FFT of tha Nexican nat fi1ltar’) VR
CALLYVFOQN!IG.MHFZ‘ 5 U ‘

CALLYEDER (MRFZ. "DAY MuF 2 VI

CALLFRINT mai"g adge mdsk LF Fliier =
CALLYMARER (MSKRI. Ad. =4, 1 .22, 32. &5, 33 ']§7
CALLYREEP (MGA T, "OaAT "Sa. 17} *31G1

CALLPRINT( 'FFT cf sutipictures ' '110

ChRLLIXFORILO. AL L) R

CALLYXFOPMIIS. P17 312

CALLPRINT! "fiitaring subplcoures A17 317 with Mexican Hat Firiter’
#) 1113 '

CALLT:FILIMHéZ.AIF»hJ 0 2701 ‘11

CALLYVIFIL rpuE2 B2 0 2 2050 LS

CALLPRIFTE ®MET{-1) ¢f Fiiverod sua;\f:utes i1
CaHLLYXFORMOL1t. A1Z; ‘e ‘
CALLYXFOPMILL. B12! 133

CALLERINT! "ad3e mazkirg 2f subpiotures 'y 1129

CALLYRF IL(MSKZ, A12, 220. 9 2001 126

CALLY2FIL(MSKZ,. B1Z, 2C. 2 3251 P

CALLFRINT nahtng ®J! from auvbpictures A1 L% B1ZV: 138
CALLYNORMF (ONEZ. ALY 112%

CALLYNORMF (ONEZ. 812! 1140

CALLPRINY{ ‘L am tirag’ ! 1147

CALLYXFORM(10. A412) 1149

CALLYXFORM(IQ. B12) 180

CALLYYFIIPM et D INET S '1%1

CALLYKREEP(AYZ. "DAT A1 2 123
CALLYVYEER/RLY. "DAT. B 2 f1uG '
CALLVYKEEP (OUMEZ, ‘DAT ONE. 77 ' 158
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*)

COMPLEX*BARZ (64, 64) '54

COMPLEX#BBR2Z (464, &4 t3S
COMPLEX#»8MHFZ (64, 64) 136
COMPLEX#a@MSKZ (64, 64) 197
COMPLEX*8AARZ (54, 54) 158
COMPLEX+8BB2Z (54, 64) ' 99
COMPLEX*BONEZ1 (53, 64) 160
COMPLEX®*BONEZZ (64, 63) ‘61
COMPLEX*#BA111 (64, 68) T
COMPLEX#8B121 (44, 4&4) ‘453

CALLPRINT (‘] am making subpicture A2Z’)

'e3

CALLYSBPIC(ARZ, 'DAT. OCR2. PIZ’. "DAT A. DAT

CALLPRINT( ‘I am making subpicture B2Z’)

x-Y4

CALLYSBPIC(B2Z, ‘DAT - OCR2.PIC’, ‘DAT:B. DAT )

CALLPRINT('FFT of subpictures’™) ‘7%

CALLYXI'ORM{ 1D, AZZ) 176
CALLYXFORM((1D. Bal) ‘77
CALLPRINT(“#3itaring zuvbpicturas AR2 B2Z with Mex:
179 . o
CALLFILBUF( ‘DAT: MHF Z° . MHFZ; ‘30
CALLYRFILIMHFZ, AZZ, 22, Q. C201) 21
CALLYRFILA\MHFZ, D&l. £0. 0. 0S01) ‘84
CALLPRINT( FFTI--:3 of rilterzd subpicture
CALLYXFORM( {1, AR2) 3 11-]
CALLYXFORM(11,BaZ; a9
CALLPRINT! ‘edge masking of subpictures’!
CALLFILBUF ( ‘DAT:MSK Z’.M3KI) ‘72
CALLYRFIL(MSKZ, n22, &G, 0. CODL) 193
CALLY2F IL(MSKZ. D227, 20. Q. 2001) 19&
CALLPRINT(’correlating’) '109 .
CALLCOPYARZ. AARZ. &4  '110
CALLCOPY(B22, BB2I- £4) 11
CALLYSFIL(AZZ. AAGZ. 20, 0. 0001 '113
CALLYZFIL(B2Z. BBRI, 20, 0. 0001) 114
CALLPRINT(‘FFT for corrslating’’ 'l1is
CALLYXFORM(10, ARZ) 117
CALLYXFORM(10, B2 s
CALLYXFORM(10. AARI) 119
CALLYXFORM( 10, BB22) {20

CALLPRINT('T am tired’) ‘122
CALLFILBUFC'DAT: AL. 2. A121)
CALLFILBUF('DAT:B1 2. BIZI1)
CALLPRINT( ‘Help me . 'Yoshi ')
CALLYZFIL(AQZ, A1Z1, 21, 0. 0001)
CALLYZFIL(B2Z. 5111, 21,0 G0OOL)
CALLFILBUF( 'DAT:ONE 2’ . QNEI )
CALLCOPY(ONEZ1, ONEZ2, 64) !'132
CALLY2FIL(AAQZ, ONEZL, Z1.0 Q001 !
CALLY2FIL.(BB22, ONEZ2. 21, Q. 2001) '133

[ 2 O Y
W W Pem
R I BN R L)

H

e

CALLPRINT(‘FFTL~11") 1137
CALLYXFORMiLl, ALZY) '139
CALLYYXFORM(11.B121) 1139
CALLYXFORMCIL. OMNEZ ) 1140
CALLYXFORM(11,ONEZS) 1141

CALLPRINT( 'square roct’) !133
CALLYLIFIL(NNEZL) ‘144
CALLYLIFILIONEZZ) '145

CALLPRINT ‘almost 2orma’: 147
CALLYSFIIIONETZL ALZL. 23 2. 50018 1148
CALLYZFILLIGNEZR. 12, 23,0 3001 11439

LALLPTINTY - fanding poav -

=
ERN

1?0

z3n a3t Failesr’




CALLYPEAK4(ALZ1, X&A. Y24, RNL) *193
CALLDATATR( ‘DAT: A. DAT ‘., X1A, Y1A) '155
CALLYPEAK4(B12Z1, X2B, Y2B: RN2) ‘158
CALLDATATR( ‘DAT: B. DAT ', X18, Y1B) ‘141
CALLYCLC20(X2A, Y2A, X1A, Y1A, X2B. v2B, X1B, Y18, 'DAT: UCRBOX. DAT', 1)
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SUBROUT INEYMAKSR (Z3Ul. 1SZX, [SZY, RMAG, IX0, IYG, IXC. IVE) 1957
COMPLEX#828UB (64, 64), ZMAG tel

ZMAG=CMPLX (RMAG, O. ) 163

DO 230001=1, ISIX '64

DO 23002u=1, ISZY !69

ZSUB(1.J)=(0..0.) ) o v
IFC. NOT. ¢ ((J. GE, IYO-TYC). AND. (J.LE. IYO+IVE) ) AND. ({I.GE. 1XG~IxXC:
#AND (I.LE. IX0+IXC))))60TO23004 58

ZSUB( I, J)=2MAG 169
22004 CONTINUE '70
23002 CONTINUE 70
22003 CONTINUE '70
23000 CONTINUE '71
23001 CONTINUE '71t

RETURN 172
END ] ' v
'SUBROUTINE\QBrIu(Z:UB.CETRIvCSTPQ? = -

CHARACTER#{(#)CSTR1.C5TRR ¢4
BYTECREC (G2 O 199
BYyTECF I/ &8V e, 23

e
L -

BYTEZSUR (&4, 630 197

INTEGEF winUB &% &4, [C 3

COMPLE IS YSUR (&8 240 t 09
COMPLEX*BIREC 13 S Rals)
EQUIVALENCE(C, IT) 1101
DATAIC/0O/ 1162
CALLBOFENF(LESTRI, &, ‘ala : 1104
CALLRGET (X0 1108

CALLRGET (YD) 110&

CLOSE(UNTT=2) 107

XO=X0~42 108

YO=YO-G32. t10%

IXO=1FIX(Xx0) ‘110
CIYO=IFIX(YOD) 111 -

IF{. NOT. (IX0. LE GY:GOTOZ300s 112
IX0O=1X0+21%6 ‘113
23004 CONTINUE 114 .

IFC NOT {(1YOQ L& O)G0TO23008 ‘114
1YO=]1YO+2%6 119

23008 CONTINUE ‘116
OPEN(UNIT=1. ACZESS=" RIREDY " RECORDSIZE=I1aR, T¥P¥= D7 NAMF=IZYRL

TI=1 ‘118
JJ=l 119

DO 230101=1,128 '120

READ(‘1}CREC 2

DO 230124=1, 912 1122 '

CPIC(IL, JNI=CREC(J) 1123
TUJsJU+l 1124

IF (. NOT. (JJ GT. 2%46))C0TO23014 129
IT=II+1 '126

Ju=1 9127

23014 CONTINUE 129
23012 CONTINUE 127
23013 CONTINUE '129
23010 CONTINUVE '1320
23011 CONTINUE 1130

L C 1132
L=1 13133
IFC NGT (L 17D=23: LE 2%6))607T023C1s 1134
DO 23018I=IVv0, 1¥0+a3 139
3 1134

C DO RAGZOA (X0, X+

157

A




23022

23020
23021

23018
23019
23016

 +E. 254613260

L
L
PR
wl
(3]

=3030
23021

2208
23025
=3ce7
230z4

2Py 63 P

R s

JasJ

IF (. NOT. (J2. GT. 296))60T023022
J2=JR-236

CONTINUVE

1137

'139

1140

CSUB(K, L)=CPIC(I: J2)

L=+l
CONTINUVE
CONTINUE
L=l
K=K+l
CONTINUE
CONTINUE
CONTINVE
K=y

L=}

IFC. NOT. ((1Y0+43) GT. 2
DO 230246I=1.2%&
(({1.3E 1.

IF (. NOT.

L=1

0o 1.33’3
Ja

IF'. NC’

JRII- 2 3“

CONT INUE

~A"3: %

‘141
1142
1142
1143
‘144
1143
1143
138
1148
‘149

1%l

TO?BQEE
i -7

fg‘
‘136

- s ma;
Je 3T 228

.,
1189

CSUB(W. L;=CPIZ{I. .

L=l +1
CONTINVE
CONT INUE
L=1
“Kah+1
CONT INUE
CONTINVE
ZONTINUE
CONTINUE

CLOSE(UNIT=1)
DO 230341=1. 64
DO 2@3035J=1, 64
C=CSUB(I. J)
ISUB(I, J)=IC
ISUB(I, J)SCMPLY(rLOAT(ISUB(I:J)),0.)

CONTINUVE
CONT INUE
CONTINUE
CONTINUE
RETURN
END

-'UBRO' 1T 'hE (Mh:RS
INPLICITBYT“B'C):KNTEbEP'E('—N).ﬁ‘&IGA«. Gt iTe

~LEX#8(Z

Y140

‘161

1561

tio2

11563

109

-]

Y169

‘167

‘167
Y169
1170
1171
‘17

1174
‘174
173
1173
1176
Y177

gttt

1187

COHPLEX*BZSUB(&4.&4)
IMAG=CMFPLX (RMAG, 0. )
XMAX=AMINL xQ=-1. , FLCA

YMAY.=AMINL

VEOCOi=1
roQuCa=1i.
- $000C =1
CONTINVE
“1=1

(F O NoT

A=34RT

vl wE
DR 23043 0=1, 131
FSQA=(FLDATL Y -
(RS

ey

ST GMarel

/-*,*’IuNA'GE\
’t”!qMAto4&°uRT'“ «3J.

1 i L
11-?'.‘

.4

4 s

Ed e

[ (R U L)

P

ARD

‘-LC-" ‘|-

O+ (01,

1138

1140

941607023024 '1%0

i1 LC [YO+463-2%%)) OR (VI GE IVQ)

T . o e
R YO Sa 2Nl

-b;b'::-:.n-f" i 159
WiOAEA «3(D) . 0T
1138
1151
T(ISIX)-XD)
(12ZY =Yg

'i73
t199 4
T ‘

-
-3
LF

141398583339

-4

P SOTOSR047

[ELFEAR Y
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-
<

]
-
0
¥y
-4
=
~
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~
O
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"
)
-
[
u
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23041
23042
23039

23040

23043
23049
&730487

23020
23031
223048

23049

23057

23058

13059
30460

23643

23061

E30ed

=y
PRETSY A

ZSUB(I.J)=CHPLX(SOOOOS§(2.-VOGdOl*RSG)*EXP(-TOOOOQ*RSQ),O.)

CONTINUE '203
CONTINUE '203
I=I+1 1208
G0T023038 1264
CONTINUE !204
RETURN  '20%
END 1206
SUBROUTINEYROT11(ZSUB1, ZSUBZ, IX1. IY1) 1219
COMPLEX#87ISUB1 (64, 54), ZSUB2( 64, 64) © rzae
IX=IX1 '
IY=Ivy '
IF(. NOT (1X.LT 0):60T023043 1223
IX=64+1X ‘224
CONTINUE '22%
IF(.NOT. (1Y LT. 0)3G0T023045 !
IV=64+1Y 1226
CONTINUE '227
CONTINUVE '227
1= 1227 .
IFC.NOT (1 . LE . «34 :130TOX204%9 527
DO 23050J=1,64  '228
ZSUB2(I, (MOD(J=1+1%, &4)+31))=Z5UB1< 1, 0) !
CONTINUE !'229
CONTINUE '229
I=I+1 1230
$0TO23047 - 1230
CONTINUE !230
RETURN  '231

h)
| 3]
1]

[ 3]
[
£

END 1232 '

SUBROUT INEYXFORM(JOP, Z5U8) ‘239
COMPLEX*8Z8UB(&3. 64). ZLINE54) 239
CONTINUE '240 .
I=] 1240

IFC.NOT. (I . LE . &3 ))GOTO230%3 ‘240
DO 23095J=1, 64 '241

ZLINE(J)=ZSUB (L, J) 1242
CONTINUE '232

CONTINVE '232

IF (. NOT. {10P. EQ. 101607022087 ‘243
CALLFFT(ZLINE. &4, 'farw’) '244
GOT027058 1249

CONTINUE '24% ,
CALLFFT(ZLINE, &3, ‘i1nve ') 1246
CONTIMUE '246

DO 2305%u=1, 64 '247

ISUB (L. W)=2LINE(Y) ‘e.d8
CONTINUE '248

CONTINUE '248

I=I+1 1249

00T0230%2 1249
CONTINUE '249

CALLYTRNSP (ZSUB) '250
CONTINUE !2%1

I=1 1231 )
IFCNOT. (T . LE &8 ))GUTO3063 1251
DO 23063Ju=1, 64 '2%2

ILINEC J)=2SUB( T, J) 1253

CONTIMUE '233
CONTINUE '3572
'2’:
CALLFFT(ILINE. &3, "forw )

. - s
GOTI220w? -1
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23066

23067

23068
23069
23062

23063

23074
<3079
23072
<3073

23070

23080
23081
23078

230895
23082

23090

23091
23088

b T Lt
= 20589

23086

23T7S
23277

U
FJ

CONTINUE '256
CALLFFT(ZLINE, 64,. inve’) '257
CONTINUE !297

DO 23068U=1,64 '298

ZSUB(I, )=ZLINE(J) = '239
CONTINUE '23%9

CONTINUE !2%9

I=I+1 1260

GOTOR23061 1260
CONTINUE !240

RETURN  !'261

END 1262 : '
SUBRQUTINEYRFIL(ISUB1. ZSUBa. IOP, RMIN) ‘265
COMPLEX#BISUBL (44, 63, ISUBZ {64, $4) ‘274
IFC. NOT. (I0P. EQ. 23))30QT02 3070 7S

RMAX=0. '27&

DO 230721=1,64  !277

DO 23074u=1,64 278
RHAXSANAXI(RMAX.AE”(PFAL'ZS“B"(I N 1279
CONTINUE '280

CONTINUE 'Z220

CONTINUE '231

CONTINUE '281
RMIN1=AGS(RMAX*RMIN) !
CONTINUE '283

DO 230761I=1,64 '284 )
IF(. NOT. (I0P. EQ 20))G0T023078 1289

DO 23080J=1,64 '286

ZSUB2(I, J)=2SUB1 (I, J)#ZSUB2(I,J) '287
CONTINUE '287

CONTINUE '287

CONTINUVE '288

IF (. NOT. (10P. EG. ”1;)”0T0”3 82 '2E8

DO. 23084J=1, 64 z89

zsuaz«x,J)-zsuntfr J)*CONJG(ZSUB2(I. )) 290

(3]
@
L1]

23084 CONTINUE '292

CONTINVE '292
CONTINUE 293

IF(.NOT.(IOP.EG.ZB))GDTOZBOS& 1253

DO 23088J=1, &4 294 :

IF(. NOT. (ABS(REAL(Z SUBL{[,J3)) GE. RMIN1))GLTOZ3070 .
ISUB2(I. J)=CMPLY (REAL‘ZSUB2( I, 1} /REALIZTUBLIT. J:Y, O '
GO0TO23091 1297

CONTINUE '297 ]

ISUB(I. W)=(0 , Q. 1293

CONTINUE '298
CONTINUE '298

CONTINUVE '29@

CONTINUE '299

CONTINUE '299

CONTINUVE '299

RETURN  '300

END 1301

SUBROUT INEYNORMF ( ZSUB L, 273U8D) 1308

1293

2g

IMPLICITOYTE(R L), INTEGER*2(I-N) REAL#3{A. E~H. 0=Y), REAL*B{15:.

»LEX#B8(Z) 307

COMPLEX#BZ35UB1L (53, &3, Z2UBR( 24, 64, Z5UM, ZMEAN 1308
CONTINUE '!'3Q09

I=1 ' 30%

MPEL=0 1309

ISUM=(0. . 0. 1 3Q%

5UMSQE=0. '30%

IFC NOT. 21 LE . =4 120TaZ30%8 309

ToEe

[

~4




23097
230993

23096

23093

23094

22099

23101

23106

23107
23104
23108
23102

23103

23110

a3111
23108
23109

23112

23147

DO 23095J=1, 64  '310

IF (. NOT. (REAL (ZSUBI1 (I, J)) NE. 0. ))>G0TOR3C97 ‘a1t
NPEL=NPEL+1 1312

ZSUM=Z8UM+ZSUB2( 1, J) 1313

SUMSQ=SUMSQ+CABS (ZSUB2(1, J)) 1314

CONTINUE !'316
CONTINUE !316
CONTINUE !316

Inl+l 1316

GOTO23092 1316

CONTINUE '316

IF(. NOT. (NPEL. EQ. 0))G0TO230Q99 1317
CALLPRINT(‘Unable to executa’) 218

RETURN 1319
CONTINUE 321

ZMEAN=ZSUM/NPEL  '2321

RO0004=1. /SGRT ( SUMSG-CABS ( ZSUM) /NPEL ) 1322
CONTINUE '323

=1 1323 ‘
CIFC.NOT. (1 . LE 48 ):00TO23103 ' 203

DO 23104u=1, 64 ‘324

IF( NOT. (REAL(ZSUEL (], JJ) . 1HE. & 35 30T02310& T3z E
ZSUB2( I, J)=(ZSUB2( 1, J)~IMEAN) #ROCI0S 1 326
607023107 1327

CONTINVE '327

ZSUBZ(I, J)=(0..0.; '328

CONTINUE '328
CONTINUE '328
CONTINUE '328

IsI+1 1329 4
607023101 1329
CONTINUE '329

RETURN  '330

END. 1331
SUBROUT INEY1FIL (Z8UB) 1337
COMPLEX#8ZSUB(64. &4) 1338

DO 231081=1, 64 1339

DO 23110J=1, 64 1340

ISUB(I, J)=CMPLX(SGRT(AMAXL/0 . REAL(ZSUB(L. J))):, O 1241
CONTINUE '341

CONTINUE '341

CONTINUE '342

CONTINUE !'342

RETURN 1333

END t344

SUBRQUT INEYPEAKA( ZSUB, X, Y. RN) '348
COMPLEX®*BZSUB (&4, &4), ISUBE (24, a3) ' 34y
REAL#4F (3. 3), TEMP (3" 'x%0

TO(F1,F, F)=m(F1-F2)/(2 «(F1=-2 #FZ+-F3)) '3%1
FOQOOS(TQ. F1, FR. F3 = (F1-Q. 4FZ+F3;/8 *TC#2+(F3-F1., 2 #TG+F2 S
CONTINUE !393

=1 1393

X=Q. 13393

Y=0. ' 393

RN=O. '393

RMAX=~1. E38 1353

IF(.NOT. (I . LE . &4 ))GOTG23114 '3%3
DO 23115U=1, 44 1354

R=REAL.(ZBUR(L., J31) 1399

IFC. NUT (R.LT RMAXIGOTO23117 3%
GOTOR311S 1397

CONTINMNUE '2393

IFC NDY. (R B9 RMAK: }&II0R311S T I%e
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23119

23119
23116
<3113

23114

23121

=3i23

3]
8]
[
[ 3]
(3 ]

)
[ ]
[

(A
0 0

LiiZ4

RN=RN+1. 1359
X=X+FLOAT(J)
Y=Y+FLOAT(I)
GOTOR23113%
CONTINUE !'364
RMAX=R 1364
RN=1, 1369
X=FLOAT(J)
Y=FLOAT(I)
CONTINUVE '3&8
CONTINUE '!348
I=I+t ' 369
GOTOR23112

CONTINUE !369

1360

r361

1362

1366
1367

1369

IF(.NOT. (RN. £G. 0. ))G0TOR3121 t1370

STOP ‘No maximum found’ 1371

CONTINUVE '372

X=X/RN ‘372

Y=Y/RN +373

IX=X+ S ‘374

Iy=y+ 5 '37%

IF(.NOT. (RN. GT. 1. 1> G0TG23123 ‘1376
CALLPRINT( 'More than one peak found’) 1377

GOTOR3124
CONTINUE !379
CONTINUVE 380

JUSMODC IX+t J=2) =1 +54, 43 +]

1379

Is1 380 - :

IF(.NOT. (I . LE . 3 ))GOTO23127 '380

DO 23128U=1, 64 1381 :
2SUB2(I, J)=2SUB/MODIIV+(I-2)~1+54, 64)«1, J) 1382
“CONTINUE '382

CONTINUE '3e2

DO 23130J=1,3 13383

1384

F(J, I)=REAL (ZSUB2(I, yJ)) '38%

CONTINUE !386
CONTINUE '38%
I=1+1  '387
GOTO2312%

CONTINUE '387
CONTINUVE ‘788

ITERS=1 '328
. TOX=0. 1338
.TOY=O. 138

IF(. NOT. C(ITERS

DO 23133%u=1.3

TEMP(JI1=FCCOCS(TOY. F (U, L, FiJ, 2), F{u, 3

CONTINVE !'390
CONTINUE !390

" TOX=TO(TEMP(1). TEMFP:Z),

DO 23137y=1.3

LE 2 130TOR3NL34

12387

'3gQ
1389
+ 390

TEMP:3:) 1291

1292

TEMP (J)=FQ000S(TOX, F (1, .J), F(Q,J), F(3, J3) {363

CONTINUE !393
CONTINUE '!'393

TOY=TO(TEMP (1), TEMPL(Z), TEMP(3)

1TERS=]TERG+1
GOTO23132
CONTINUE '39%
RMAX=TEMP (2)

X=X+TOX 397
Y=Y+70Y 1393
CONTINUE 2399
IFC MOT LTI X:

1374
1395
1395
1396
3T, 54, 2. 350TCE3137 L300




23139

23141

231435
23136
23143

232143

23147

23151
©3149

X=X-64. 1401

CONTINUE '402 .

IF(.NOT. (IFIX(Y).GT. 64/2))6G0OT023141 1402
YuY=b4. 1403

CONTINUE '404

RETURN 1404

END t4095
SUBROUTINEDATATR(CSTR, X, Y) ‘411
CHARACTER#* (#)CSTR '414
CALLBOPENF(CSTR. 1, ‘0ld ‘) '4195
CALLRGET(X) - ‘416
CALLRGET(Y) 1417
CLOSE(UNIT=1) 1418

RETURN 1419

END ' 420

SUBROUTINEYCLC20(X2A: Y2A, X1A, Y1A, X208, Y28, X1B. Y1R, CSTR. M) 1425
CHARACTER®(#)CSTR 1431 \ :

YZAL=Y2A+Y1A 1433

Y2B1sY2B+Y1B 1334

X2A1=X2A+X1A 1433

X2B1=X2B+X1B 1336

THETAL=ATAN2(Y1A-Y 1B, X1A-X1B) 1428

THETA2=ATANQ(Y2A1~-Y2B1. X2A1~-X2B1) 1439

TYPE®, THETAL1, THETAQ 1440

THETAR=THETAL1~-THETAZ 441

THETADSTHETAR®#1380. /3 141592465358979 © 1442
© CALLBOPENP (CSTR. 1, 2%(M=-1)) 1443

CALLYRPUT(THETAR) 1444 '

CALLYRPUT(THETAD) 1345

CLOSE(UNIT=1) 1446

RETURN 1347

END 1448 :

SUBROUTINECOPY(ZSUH1, ISURS. N) 1488

COMPLEX#»8ZISUB1 (&4, 24) 1399

COMPLEXx#B2SUB2(64. 64) 1360

DO 231431i=1. N ‘461

DO 2314%J=1, N ‘462 i

28UB2(1, JH=Z8UBLI(I. 1) 1463

CONTINUE ‘363
CONTINUE 363
CONTIMUE '464

CONTINUE ‘464
RETURN 1ee5
END : Y-

LOSICALFUNCTIONBORENF#1(CSTR, IUNIT, CTYFPE)

IMPLICITEBYTE(B-C). INTEGER#2(I-N), REAL*2(A, E-H, (=Y}, REAL#8(D), COMP
*LEX#8(Z) '472 '

1473

CHARACTER® (#)CSTR ‘873
BYTECTYPE(81) 1474
BYTECSTR2(81) 1475
COMMON/SFC/LUN, CSTR2 147%
LUN=IUNIT 1477 o
IF(. NOT. (BEGFL.G(CTYPE, ‘new’)))60T023147 'a78 :
OPEN(UNTT=LUN, NAME=CSTR, TYPE= ‘NEW ', CARRIAGECONTRCL.= 'L.IST ") 1479
CONTINUE '480 =
IF(. NOT. (REGFLG(CTYPE, ‘01d‘)))GOTO23149 1480
OPEN(UNITnLUN, NAME=CSTR, TYPE=OLD*, CARRIAGECONTROL = ‘LIST’, ERR=1) !481
IF(. NOT. ¢ FALSE. ))G0T0O23151 raga
BOPENF = FALSE 1433
RETURN  '384 ,
CONTINUE '486
CONTINUE '387
s

IFC NOT. (BEQFLBCYYRE, "unknown ) )1 ROT2231353 o
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23153

23157

23159
23160

23161

<3153

23162
23163

23164

—-—— =
—at T

23168

2T

Ve w &%

22166

OPEN (UNIT=LUN, NAME=CSTR, TYPE='UNKNOWN ', CARRIAGECONTROL="LIST") 1488
CONTINUE !489

BOPENF=. TRUE. rag9

RETURN  '490

END 1491

LOGICALFUNCTIONBOPENP*1 (CSTR, IUNIT, N) 1499

IMPLICITBYTE(B-C)., INTEGER#2(I-N), REAL#4 (A, E~H, O~Y), REAL#*8(D), COMP

*LEX#8(Z)  '496

CHARACTER# (#)CSTR 1497

REAL#4R(30) 1498

BYTECSTR2(81) 1499

COMMON/SFC/LUN, CSTR2 1499

LUN=TUNIT 1801 /

IF (. NOT. (N. GT. 1))COTO23159 1302

OPEN(UNIT=LUN, NAME=C3TR, TYPE=‘OLD‘, CARRIAGECONTROL=‘LIST’, ERR=1) ‘533
IF(. NOT. (. FALSE. ))60T023157 1504

BOPENP=. FALSE. 1808

RETURN  !306

CONTINUE '308

CONTINUE '208

I=1 ~ 1s08

IFC.NOT. (I . LE . MINO (N , 30 ) ))GOTO23161 1508
CALLRGET(R(I))  '509 ‘

I=I+1 : 809

c0T023159 509

CONTINUE '3209

CLOSE(UNIT=LUN) !'S10

CONTINUE 'S12 . | ' .
OPEN{UNIT=LUN, NAME=CSTR; TYPE='NEW’, CARRIAGECONTROL='LIST*) el

CONTINUE '3513

I=1 1913 ; ,
IFC.NOT. (I . LE . MINO iN . 30 7 ))GOTO23164 1913
CALLYRPUT(R(I)) '%14

I=sI+1  !914

60TO23162 C1s14

CONTINUE 'S14

BOPENP=. TRUE. 1919

RETURN  'S16

END 1917

SUBROUT INEYKEEP ( ZSUB, C5TR) =21
CHARACTER#*(#)CSTR 1522

COMPLLEX+R2SUB (64, 64) 1223

COMPLEX*ZZL INE {a4) 1=23

OPEN(UNIT=1, ACCESS= ‘DIRECT *, NAME=CSTR, TYPE= MNZW ' . RECORDSIZE=123) 2273
DO 223:147T=1. 58 1326 .

DO 231467J=4, 63 1327

ZLINEWJ»=Z3UB I, J) -

CONTINUE '328

CONTINUE '328 .

WRITE{L ‘1) ZLINE !3z2%

CONTIMUE ¢332

CONTINUE 330

CLOSE(UNIT=1) 19531

RETUBN ‘338

END 19533

SUBROUTINEFILBUFI{CETR, ISJB) t238
- CHARACTER#(«)CSTR 1937

COMPLEY#EBZISUR (54, 43 1238

COMPLE X« ZLINE (54) '33%

OREN(UNIT=1, ATIESS="RDIRECT “, NAME=CSTR,: T/7Z= OLT " FECORDIIIE=122) 340

DO 23is%¥l=1, &4 -2

READC(I ") IZLINE 1342

DO @3171.0=i, &9 -2 3
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23171
23172
23169
23170

23173

ZSUB(I, J)=ZLINE(J) 1544
CONTINUE '!544
CONTINUE '544
CONTINUE !549
CONTINUE '!'343

CLOSE(UNIT=1) 1546

RETURN 1947

END 1548

LOGICALFUNCTIONCUP*1 (CHAR) 1554

IMPLICITBYTE(B-C), INTECER#Q(I-N), REAL#*4 (A, E-H, 0-Y), REAL#*8(D’, C“MP

*LEX*S(Z) 1559

IF(. NOT. ( ‘a’. LE. CHAR. AND CHAR.LE. ‘z°))GOTO23173 !557
CUP=CHAR-32 1958

caTo23174 1559

CONTINUE '!59%9

CUP=CHAR !5&0

CONTINUE '560

RETURN  !'961

END 1562

LOGICALFUNCT IONBEQFLG#1 (CETR1, CSTRZ ‘569
IMPLICITBYTE(B-C), INTEGER#2( I-N), REAL#4 A, E—H, (=Y ), REAL¥B(D) » COME

#»LEX#B(Z) 3566

BYTECSTR1(2), CSTR2(2) 1567
IF(“NOT.(CUP(CSTRI(I)) EG.CUP(CSTRZ(I)) AND. CURP(CS8TR1{(2)). EQ. CUP(
#CSTR2(2))))GOTO23179% 1869
BEGFLG=. TRUE. 1970
00TO23176 1571

23175

23176

0

CONTINUE 'S71

BEGFLG=. FALSE. 1572
CONTINUE '5372

RETURN 1573

END = '3574
SUBROUTINEYRPUT(R)  !379

IMPLICITBYTE(B—-C), INTEGER#2(I-N), REAL*4 (A, E-H, O-Y), REAL*8(D), COMP
*»LEX#8(Z) '380

BYTECSTR2(81) 1581

COMMON/SFC/LUN, CSTRQ 1581
WRITE(LUN. 1)R 1983
FORMAT(G1S. 7) 1584

RETURN 1589

END 1586
REALFUNCTIONRGET®4(R) ' 990

IHPLIC!TBYTE(B-C)'INTFGER*Q(I-N).R&AL*4(A,E H, 2=Y), REAL*3(D), COMP

#LEX#8(Z) !'991

BYTECSTR2¢81) 1992
COMMON/SFC/LUN, CSTR2 1092
READ(LUN, 1)R 1994
FORMAT(G13. 7) 1995

RGET=R 1996
RETURN 1997

END 1998
SUBROUT!NEFFT(Z.N.DOOOOé) 1606
INTEGER#2N, I, J, K, TWOK 1607

REAL#4S, DO0O00S 1608

" COMPLEX#8Z(N). VU, W, TEMP 1609

IF (. NOT. (DOOOO0&. EQ. ‘inve ‘. OR. DO000&. EQ. ‘INVE *)60TOR3177 '611
S=-3. 14139263338979 tée1a

TEMP=CMPLX (1. /FLOAT(N), Q0. ) ‘613

DO 231791=1, N '614

Z(I)=TEMP*Z (1) 1619
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23179 CONTINUE '615
23180 CONTINUE !6135

GOTOR23178 617
23177 CONTINUE !'617
S=3. 14159265358979 1618

23178 CONTINUE !'4618
CONTINUE !'619

I=l 1619
: J=1 ‘619 .
23181 IF(.NOT. (I . LT . N »)GOTO23183 !619
IFC.NOT. (I.LT. J))GOTO23184 1620
TEMP=Z(J) 1621
“Z()=Z(L) 1422
Z(1)=TEMP 1623

23184 CONTINUE !627
CONTINUE '6&27

K=N/2 1627
23186 IF(. NOT. (KW . LT . J ))GOTO23188 '627
JuJ—=K 1628 :
23187 HK=K/2 14628
- GOTO23186 , 1628
231283 CONTINUE '628
JaJ+i 1629
adlg2 I=l+«l  '630
a G0TO23181 . 1630

23183 CONTINUE '630
CONTINUE '632

K=1 1632
TWOK=2 1632 v
27159 IF(. NOT. (TWOK = LE N ) 00T023191 632
U=(1..0.) 1633
W=CEXP{CMPLX (O ., -S/FLOAT (K} )) 1639
DO 23192J=1, K 1636
DO 2312471=J, N, TUOK 1£37
TEMP=Z { I+K)#U 1638

Z(I+K)I=2Z(1)=-TEMP 1539
2(1)=2(1)+TEMP 1440
154 CONTIMNUE '641
1%  CONTINUE '441
UsUsl @ 15642
ZT1%2 CONTINUE 643
23193 CONTINUE '4643
23130 K=TWOK 1644
TWOK=2# TWOK 1044
G0T0O23189 1644
22191 CONTINUE '644
v RETURN 1649

Y
as

o

i

r

END ‘648

SUBROUTINEYTRNSP (ZSUB) 1631
COMPLEX#BISUB (64, 63) 1633
COMPLEX®BZTEMP (&4, 64) - 1654

DO 23196I=1,64 '4636
DO 23198JU=1, 464 '657 .
ZTEMP (1, J)=2SUB( T, J) 1658
23158 CONTINUE '458
23199 CONTINUE '658
23196 CONTINUE '699
23197 CONTINUE !659
DO 232001=1, 44 !640
DO 23202J=1,64 '&61
ZSUB(I, JI=ZTEMP(J, 1) te62
23202 CONTINUE '662
TEQ3° CONTIMNUE 662

o

166




23200 CONTINUE !663
23201 CONTINUE '!463
RETURN 1664
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##"##*Q'ﬁﬁ*'**'”'8#'“00'*0#0*#”#%#“ﬂ*'“”#“#“#'“##“#ﬁ##*##%##“##”“ﬂ“ﬂ##ﬁﬁ#”#%##,

*

# PROGRAM MITFS. RAT

* .
# This program transform picture data files into transferable format
L ] to Tafts University Image Analisys Ladboratory VAX System

® . .

L] Input OCR1.PIC and OCR2 PIC

# Qutput OCR1. TFS and OCR2. PIC

»

* R RATFOR

# MITFS. RAT

L ~C

“ FORT/NOL INENUMBER MITFS

# LINK MITFS

# RUN MITFS

SHURDBBGRERNRRRRBORRRRERERTHGRUIRUB RN BB ARG RRURRRRSHRANS TR R BRI BRI BRI RST RS

call tsfr(’DAT OCRL1. PIC’, 'DAT: OCRL TFE ")
call tsfr('DAT OCRZ. FIC’, 'DAT. OCRE. TFS')
&nid

subroutine tsfricstrt,cstra) )

byte cstrlidli,cstrd(3t). crec1td1l2r,creco(S12i.cv. 16

npen(unit=1l, name=cstrl. 3ccess='DIRECT . recordsize=128. typex=-"Ni.D")
open(unit=d, namescstr2. access='DIRECT’, recordsi1en128,. type='NFEW’)
cr=13 # carrige return

1#=10 # line feed

1ptro=1
jy=1
do 121,128 €
read(1%’ji) crect
do j=1,512 €
creco(jjd=crec:i(j) and 240 ’ # 24C is 11110000
iflcreci(y) ge. O : '
' crecal jjl=crecol(jjr/1s # 146 13 00017000
' # shi1ft 4 digits
else [ - ’
creco(jjr=crecoljjl/1s _
crecoljji=creco(yy). or. 3 # 8 is 00001390
crecol(jji=crecaljj). and 19 # 15 18 GOCCLI11Y
] .
creco(jjl=cTecol jj)+b4 # &4 1: 01000000

Ji=ii+l

1f((jj. eq. &3). 0or (jj oq 127). 0r. (jj. 2q. 191). or. \
(JJ eq. &5%). or. (Jj. eq. 319). 0or. (5§ €q.383).or. \
t3;.2q.447)) ;
creco( jji=cr

Ji=yarl
crecol(jji=l¢
1l
else (
crecol jji=creci(j). and. 13 # 1% is 00001111
crecal jj)=crecolj)rb4 # 64 13 21000000
] ,
CJi=jirt

.

ift(jj.eq. 63).or. (jj. eq. 127). 0r. (jj. eq 191) oar.
{(jj.2q 299) or. (jj. eq.319). or (jj eq. 383). or.
(). 2q 447) or. (jj. eq.511)) C
creco( jjl=cr
Jamiiel
crecol(jji=lf
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ii=jj*t
-1

if(jj. gt. s12) ¢
writa(2%’iptro) creco
type #*, iptro
iptro=iptro¢l
ji=1
p|

] .
do JJ=133.512 C
if((jj. @q. 63). or. (jj. eq. 127). 07 (jj. eq. 191). or. (jj. eq 255). ar.
(jj. eg3.319). or. (jj. eq.383).0or. (jj =q. 447) or. (jj. eq. 311 )
crecol jji=cr
else LF((jj.nq &4). or. (jj. eq. 128). 0r. (jj. eq. 1?2).0r (jj. eq. 256;. 0oT.
(jj. eq. 320). (jj.2q.284) or. (jj. eq. 448). or. (jj. eq. S12))
creco(J,)alf
else
, cracoljji=ed # 54 i3 01000000
b}
writet2X’ipgtra) s-aca
typ= *, iptro
cloze(unit=L;
closel{unit=2)
retuTn
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CALLTSFR( *DAT: OCRL. P1C’, 'DAT:OCRL. TFS’) !'19
CALLTSFR(‘DAT: OCR2. PIC ', ‘DAT.OCR2. TFS’) !'20

END 121
SUBROUT INETSFR(CSTR1, CSTR2) ta3
BYTECSTR1(81), CSTR2(81), CRECI(512), CRECQ(312), CR, LF '24

OPEN(UNIT=1, NAME=CSTR1, ACCESS='DIRECT ', RECORDSIZE=128, TYPE='0LD ")
OPEN(UNIT=2, NAME=CSTR, ACCESSa'DIRECT ‘', RECORDSI2E=128, TYPE="NEW ')

CR=13 127
LF=10 28
IPTRO=1 '29
JJ=1 ' 30
DO 230001=1.i28 !31
READ(1 " 1)CRECT -3"
DO 23Q0&u=1,31&  '33
CRECO(JJ) = CPF»I(J) AND. 540 34
1F (. NOT. «{RECI(J) SE. Q))60TOZ23004 1 3%
CRECO(LN=CRECARLIN S 14 128
COTO2ICUE 38
¢ 3004 CONTINUE '22
© CRECOD{JN=CRECO( IS 16 139
CRECN(J.J)=CRECO(L)) GR 8 '40
: CRECO(JJ) +CRECD{JJ). AND. 15 141
73009 CONTINUE 'a2 '
CRECO(JI) =CRECO(IJ ) +53 143
JUsJJ+1l  1asg -
IFC. NOT. ((UJy EQ. &3} CR. (JVJ. EGQ 127 OR {JJ. EQ. 191). 0R ¢.1) EQ 259
«0R. (JJ EQ. 319V OR (JJ EQ 383) NR (JJ EJ 447)))30T02300% ¥ ¥4
CRECO(JJ) =R 148
BNCNNES B 1
CRECO(JU) = iF 150
GOTO23007 T
23008 COMTINUE 92
CRECO(JUJ)=CRECT())Y AND 1% 133

CRECO(J.N=TRECO(JII+54 1S3
23007 CONTINUE '3Z53

JUsJJI+l 1Ss

IFC NOT (705 EG 83) TR (JJ EI 1270 CR.(JJ BEQ 191 2R (JJ EG 379
*#0R (JJ. EG 215 OR (JU EQ 2383 2R {JJ EQ. 847, OR (Ll B3 TL1)) 5002

*+3008 V9
CRECD(.)J=CR '50
NNENNE S S
CRECOQ(IIi=F e

JI=iiel &3
22008 CONTINUE '4%

IF(.NOT. (JJ. o7, 3121607023010 Y]
WRITE(Q2'IFTROICRECD '56

TYPE#, IPTRO ¥4

IPTRO=IPTRO*1 - B

Ju=1 149

23010 CONTINUE !'71
23002 CONTINVE '7%
23003 CONTINUVE '71
23000 CONTINUE !'72
23001 CONTINUE !'72
DO 23012J4J=133, 312 173
IF(. NOT. ((JJ. EQ. 63). OR. (JJ. EG. 127). OR. (JJ. EQ. 191 OR. (JJ. EQ 233,
#*0R. (JJ. EQ. 319). OR. (JJ. EQ. 383). CR. (JJ. EQ. 447). QR. (JJ. EQ. 911)))60TC2

#3014 179
CRECO(JJ)=CR t786
GO0TOR3013 177

<3014 CONTINUE '27

17

1ag

vlﬁ4

17




22016

23017
30198
SAN12

23313

IF (. NOT. ( (UJ. EQ. 68). OR. (JJ. EG. 128). OR. (JJ. EQ. 192) OR. (JJ. EG 238}
*OR. (JJ. EQ. 320). OR. (JJ. EQ. 384). OR. (JJ EQG. 448). OR. {JJ. EQ. 51260702

#3016 178
CRECO(JJ)=LF 175
GOTOR3017 '80
CONTINUE '80
CRECO(JJ)=b64 ‘81
CONTINUE '81

CONTINUE ‘31
CONTINVE 82

CONTINUE !52 .
WRITE: 2’ IPTRO)CRECT 183
TYPE®, IPTRO ‘34 '
CLOSE ‘UNIT=1) 5

CLOSE {UNIT=2) =1

"RETURN ‘57
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Appendix 5. ASCII Character Chart

DECIMAL  OCTAL BINARY DECIMAL OCTAL BINARY

0] 000 0000 0000 16 020 0001 ©o00
1 001 0000 0001 17 021 0001 0001
2 002 0000 0010 18 022 0001 0010
3 003 0000 0011 19 023 0001 0011
4 004 0000 0100 20 024 0001 0100
5 005 0000 0101 21 025 0001 0101
6 006 0000 0110 22 026 0001 0110
7 007 0000 0111 23 027 0001 0111
8 010 0000 1000 24 030 0001 1000
9 011 0000 1001 25 031 0001 1001
10 012 0000 1010 26 032 0001 1010
11 013 0000 1011 27 033 0001 1011
12 014 0000 1100 28 034 0001 1100
13 015 0000 1101 29 035 0001 1101
14 016 0000 1110 30 036 0001 1110
15 017 0000 1111

182



BINARY

DECIMAL  OCTAL DECIMAL  OCTAL BINARY

31 037 0001 1111 51 063 0011 0011
32 040 0010 0000 52 064 0011 0100
33 041 0010 0001 53 065 0011 0101
34 042 0010 0010 54 066 0011 0110
35 043 0010 0011 55 067 0011 0111
36 044 0010 0100 56 070 0011 1000
37 045 0010 0101 57 071 0011 1001
38 046 0010 0110 58 072 0011 1010
39 047 0010 0111 59 073 0011 1011
40 050 0010 1000 60 074 0011 1100
4 051 0010 1001 61 075 0011 1101
42 052 0010 1010 62 Q76 0011 1110
43 053 0010 1011 63 o77 0011 1111
44 054 0010 1100 64 100 0100 0000
45 055 0010 1161 65 101 0100 0001
46 056 0010 1110 66 102 0100 0010
47 057 0010 1111 67 103 0100 0011
48 060 0011 0000 68 104 0100 0100
49 061 0011 0001 69 105 0100 0101
50 062 0011 0010 70 106 0100 0110

183



DECIMAL  OCTAL BINARY DECIMAL  OCTAL BINARY

7 107 0100 0111 91 133 0101 1011
72 110 0100 1000 92 134 0101 1100
73 1M 0100 1001 93 135 0101 1101
74 112 0100 1010 94 136 0101 1110
75 113 0100 1011 95 137 0101 1111
76 114 0100 1100 96 140 0110 0000
77 115 0100 1101 97 141 0110 0001
78 116 0100 1110 98 142 0110 0010
79 117 0100 1111 99 143 0110 0011
80 120 0101 0000 100 144 0110 0100
81 121 0101 0001 101 145 0110 0101
82 122 0101 0010 102 146 0110 0110
83 123 0101 0011 103 147 0110 0111
84 124 0101 0100 104 150 0110 1000
85 125 0101 0101 105 151 6110 1001
86 126 0101 0110 106 152 0110 1010
87 127 0101 011 107 153 0110 1011
88 130 0101 1000 108 154 0110 1100
89 131 0101 1001 109 155 0110 1101
90 132 0101 1010 110 156 0110 1110
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BINARY

DECIMAL  OCTAL DECIMAL  OCTAL  BINARY
111 157 0110 1111
112 160 0111 0000
113 161 0111 0001
114 162 0111 0010
115 163 0111 0011
116 164 0111 0100
117 165 0111 0101
118 166 0111 0110
119 167 0111 0111
120 170 0111 1000
121 171 0111 1001
122 172 0111 1010
123 173 0111 1011
124 174 0111 1100
125 175 0111 1101
126 176 0111 1110
127 177 o111 1111
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BINARY

DECIMAL OCTAL DECIMAL  OCTAL BINARY

-1 377 1111 111 =21 353 1110 1011
-2 376 1111 1110 =22 352 1110 1010
-3 375 1111 110 =23 351 1110 1001
-4 374 1111 1100 =24 350 1110 1000
-5 373 1111 101 =25 347 1110 0111
-6 372 1111 1010 -26 346 1110 0110
-7 371 1111 1001 =27 345 1110 0101
-8 370 1111 1000 -28 344 1110 0100
-9 367 1111 011 -29 343 1110 0011
-10 366 1111 0110 -30 342 1110 0010
-11 365 1111 0101 =31 341 1110 0001
-12 364 1111 0100 =32 340 1110 0000
-13 363 1111 0011 =33 337 1101 1111
-14 362 1111 0010 =34 336 1101 1110
-15 361 1111 0001 -35 335 1101 1101
-16 360 1111 0000 =36 334 1101 1100
-17 357 1110 1111 =37 333 1101 1011
-18 356 1110 1110 -38 332 1101 1010
-19 355 1110 1101 =39 331 1101 1001
=20 354 1110 1100 -40 330 1101 1000
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BINARY

DECIMAL OCTAL DECIMAL OCTAL BINARY

-41 327 1101 0111 -61 303 1100 0011
-42 326 1101 0110 -62 302 1100 0010
-43 325 1101 0101 -63 301 1100 0001
-44 324 1101 0100 -64 300 1100 0000
-45 323 1101 0011 -65 277 1011 1111
-46 322 1101 0010 -66 276 1011 1110
-47 321 1101 0001 -67 275 1011 1101
48 320 1101 0000 -68 274 1011 1100
-49 317 1100 1111 -69 273 1011 1011
-50 316 1100 1110 -70 272 1011 1010
-51 315 1100 1101 -7 271 1011 1001
-52 314 1100 1100 -72 270 1011 1000
-53 313 1100 1011 =73 267 1011 0111
-54 312 1100 1010 -74 266 1011 0110
-55 311 1100 1001 ~75 265 1011 0101
-56 310 1100 1000 -76 264 1011 0100
-57 307 1100 0111 =77 263 1011 0011
-58 306 1100 0110 -78 262 1011 0010
~59 305 1100 0101 =79 261 1011 0001
-60 304 1100 0100 -80 260 1011 0000
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BINARY

DECIMAL  OCTAL DECIMAL  OCTAL  BINARY

-81 257 1010 1111 -101 233 1001 1011
-82 256 1010 1110 -102 232 1001 1010
-83 255 1010 1101 -103 231 1001 1001
-84 254 1010 1100 -104 230 1001 1000
-85 253 1010 1011 -105 227 1001 0111
-86 252 1010 1010 -106 226 1001 0110
-87 251 1010 1001 -107 225 1001 0101
-88 250 1010 1000 -108 224 1001 0100
-89 247 1010 0111 -109 223 1001 0011
-90 246 1010 0110 -110 222 1001 0010
-91 245 1010 0101 -111 221 1001 0001
-92 244 1010 0100 -112 220 1001 0000
-93 243 1010 0011 -113 217 1000 1111
-94 242 1010 0010 -114 216 1000 1110
-95 241 1010 0001 -115 215 1000 1101
-96 240 1010 0000 -116 214 1000 1100
-97 237 1001 1111 -117 213 1000 1011
-98 236 1001 1110 -118 212 1000 1010
-99 235 1001 1101 -119 211 1000 1001
~100 234 1001 1100 -120 210 1000 1000
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BINARY

DECIMAL OCTAL DECIMAL OCTAL BINARY
-121 207 1000 0111
-122 206 1000 0110
-123 205 1000 0101
-124 204 1000 0100
-125 203 1000 0011
-126 202 1000 0010
=127 201 1000 0001
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