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ABSTRACT

The simulation program GCAAS (Ceneral Circular Antenna Array Simu-
lator) has been developed to simulate the output data from a circularly
disposed antenna array (CDAA)-direction finding system under known input
signal conditions. The CDAA system which has been simulated is similar
to the Wullenweber Direction Finding System at the University of Illinois
and may consist of as many as 360 antenna elements in a circular array of
any reasonable dimensions and simulates the outputs obtaincd from the array
used in a scanning mode.

The input signal conditions may include up to five incoming signals
at different azimuthal and elevation angles of arrival with time-dependent
relative phase shifts between the incoming signals. The output consists
of the sum, difference and differential phase data sampled at regular inter-
vals of azimuth and stored on magnetic tape for further use in the deter-
mination of the direction of arrival. A maximum of 100 samples of the

output data set may be obtained from each scan.
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I. INTRODUCTION

This generalized simulator of a circularly disposed antenna array
(CDAA) direction finding system has been developed to satisfy the need for
a means of producing simulated system output data, under known input con-
ditiong, to be used in future studies relating to the different methods for
direction of arrival calculation. As a consequence of the general nature of
the simulator, it may also be used in studies related to the construction
and operation of the CDAA system.

The system outputs simulated are the scanning mode sum, difference, and
differential phase information; it is possible in this simulator to produce
these outputs corresponding to a series of related time-dependent scans.

The primary needs for this simulated data are for use in: 1) development of

a difference method for direction of arrival calculation, 2) a study of the
presently used sum and differential pﬁase methods for direction of arrival
calculation, and 3) a comparison of the three methods for direction of arrival
calculation.

The known input conditions this simulator has been designed to handle are:

1) Single input signal,

2) Multiple input signals from the same source (wave interference).

3) Amplitude modulation of the signal.

4) Addition of random noise to the signal.

The individual signal conditions which comprise the total input signal
conditions are to be specified (for each input signal) by azimuthal and
elevation angle, relative amplitude, initial reference phase and a time-

dependent reference phase shift.
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II. THE PHYSICAL SYSTEM

The CDAA direction finding system to be simulatei is similar to
the Wullenweber Direction Finding System at the University of Illinois.

The array consists of a number of identical folded vertical monopole
antenna elements, mounted on a ground mat, evenly spaced around the cir-
cumference of a circle. Within this circular array and concentric to it
is located a vertical reflecting cylinder of a height somewhat greater
than that of the antenna elements. The output of each antenna element
is connected by a matched cable to a multicoupling device; each cable
has the same electrical length. Each multicoupler is a wide band ampli-
fier with a gain of unity and several outputs with the same output signal are
available at each of the multicoupler outputs. (Refer to Figure l.)

One output from each multicoupler is fed into an electro-mechanical
scanner, This scanner gelects a group of consecutive antenna elements to
produce a number of scanning element voltages. These scanning elements
have the same angular spacing as the antenna elements and are subdivided
into a right and left bank, each of which has the same number of elements.
Midway between the two banks is a plane of symmetry referred to as the
boresight. The scanner is also set to rotate at a constant speed in the
clockwise direction. Thus, the scanner is continually selecting new
antera elements to produce the scanning element voltages as the boresight
moves to the right. (Note: The cleckwise direction is referred to as
the right and the counter-clockwise direction as the left.)

The right and left scanning elements are connected to the inputs of

two identical sets of delay lines, one set for each bank. The effect of
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the addition of the delav lines is to make the delaved scanning element
voltages, for an incoming signal arriving at a particular elevation

angle of arrival known as the cophasal angle, appear to be the same as
the element voltages that would be received from a linear array of verti-
cal antenna elements rotating about a vertical axis at the center of the
array.

The outputs of the delay lines are tied to identical summing net-
works, one for each bank. These summing networks perform the phasor
addition of the delaved scanning element voltages that are the inputs to
the network. The outputs of the summing networks are the right and left
bank voltages.

It is from these two bank voltages that the system outputs are ob-
tained. TFeeding the bank voltages into the hybrid network, the sum and
difference voltapes are obtained; feeding the bank voltages into the
phase meter vields the differential phase data.

The system produces continuous analog data,but for acquisition and
storage of the data in a digital format the data must be in a discretely
sampled format. The data acquisition system1 performs the necessary sam-
pling and analog-to-digital conversion to put the output in a format suit-
able for tape storage.

The data acquisition system is activated by the position of the
scanner boresight. Once the acquisition system is activated, the sum,
difference, and differential phase data are sampled and converted from
voltage level to digital representations and stored on magnetic tape.

The activation settings in the scanner are such that a given number of
sample points per scan is taken with equal anpular intervals between
the boresight positions for consecutive sample points. The entire ansu-

lar interval over which the sample points are taken is referred to as the

SR et i skt
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sampling window. The window is alwavs less than 90° and the center of

the window has been designated the sector center.

It 19 from a later analysis of the information stored on the magnetic

tape that the direction of arrival is calculated.




III. MATHEMATICAL MODEL OF THE SYSTEM

The model of the CDAA consistsof NOA antenna elements located out-
side a reflecting cylinder of radius A with the distance from the antenna
element to the reflecting cvlinder surface equal to D,

In the model, an antenna element, cable and multicoupler are con-
sidered one unit. Since all or the cables are of the same electrical
length and the gain of each multicoupler is unity, the outputs of the
multicouplers are taken to be the same as the outputs of the antenna
elements to which they are connected. The phasor voltage output cal-
culations used for the vertical folded monopole antenna elements,
excited by a single signal are basically the same as those used by Jones.2
These calculations have been evpanded for multiple signals (wave inter-
ference) by the addition of a relative amplitude factor and a reference
phase for each signal.

Jones ' modified expressions for antenna element voltage, as modified

for element i and signal w, are:

amplitude

Aiw (¢iw, ew) = [COS(ew) * SIN ggﬁg_g_* COS(¢iW) * COS(SW) }* WAMPw (1)
Phase

L (¢iw’ ew) = ggﬁ%lg « COS (¢iw) * COS (ew) + WPHIw (2)

where

WL = Wavelength of the signal, calculated from the carrier frequency
FREQC (in MHz) as WL = 299,8/FREQC
A = Radius of the reflecting cylinder in meters

D = Antenna element to reflecting cylinder distance in meters
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@iw = Difference between the azimuthal angle of the antenna element
{ and the angle of arrival of signal w
ew = Elevation angle of signal w
WA}WW = Signal w relative amplitude factor
NPHIW = Signal w reference phase factor:

Figure 2 shows the geometry that relates these terms and Equations (1) and (2).
For the multiple input signal conditions the antenna element voltage,

by superposition, is taken as the sum of the voltages excited by the

individual signals. Since summations are more readily carried out in

Cartesian coordinates rather than polar coordinates, the phasor voltages,

which are excited by the individual signals, are converted from polar

to Cartesian form and summed over the individual incoming signals to

give the antenna element voltage. Thus for n incoming signals the com-

plex antenna element voltage, for element i, i1s computed as:

n

RE, =2, [A, (6,0 0) * COS (B, (4, , 6 ))] (3)
n

My = Fay TAgy By 8 % SIN (B (0,0 6,001, (4)

The superposition principle is also used to add the effect of the
time"dependent phase shift, for the individual signals, to the antenna
element voltage. The antenna element voltage is recalculated for the
Time T by adding a phase shift voltage, for each incoming signal, to
the element voltage at time To. Thus for element i at time T, and n

incoming signals, the element voltage is recalculated as:

REy 1y = REj(poy + [Aw (0., €) * (COS (PA2)-COS(PAL)] (5)

™ " ™ 0oy * [Adw (¢, , 8) * (SIN (PA2)-SIN (PA1))]: (6)
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PAl = P1 (¢. , w) + Time Dep phase shitt at To, for signal w (7)
W

iw

PA2 = Pl (le, w) + Time Dep phase shift at T, for signal w. (8)
W

For the calculation of the time dependent phase shift and *he
amplitude modulation ot the incoming signals,1t 1s necessary to compute
simulated time. This simulated time has as 1ts basis the rotation of
the scanner. The scanner rotates once every SCANT seconds and 1f DEG
1s the angle of rotation of the boresight since T=0, then the simulated
time T may be given by:

T = SCANT * (DEG/360) (9)

Where PSTw is the amount of phase shift per scan for signal w,
Equations (7) and (8) become

PAl = Piw (¢iw’ ew) + PSTw * (To/SCANT) (10)

PA2 = Piw (¢iw’ Bw) + PSTw * (T/SC+NT) - (11)

The scanner consists of NAS s. ‘'ing elements with NAS2 = NAS/2
elements in each bank. The scanner will be set to take ISAM sample
points per scan; the interval between the boresight for consecutive
sample points in the scan is SAMI, The sector center is set at SECT
and the width of the sampling window will be WIDTH = (ISAM-1) * SAMI,

The scanner reactively couples the scanning elements to the antenna
elements to produce the scanning element voltage. The scanner is of
such a nature that its coupling can be simulated by a direct (maximum
to zero) relationship with the displacement of the boresight. When the
scanning elements on the rotor are aligned with the antenna elements on
the stator (or in other words, the boresight is exactly midway between
two antenna elements), the scanning elements will have the same voltages

as the antenna elements with which they are aligned and the adjacent
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antenna elements will have no effect upon the scanning element voltages.
As the rotor elements move out of direct alignment with the stator
elements, the scanning element voltages will be taken as the sum of the
effects of the two adjacent stator element voltages. (See Figure 3.)
Consider a stator element 1 which 1s to the left or aligned with the
rotor element i and the stator element r which 1s the first stator element
to the right of element 1. The displacement between adjacent stator
elements is ANOA = (360/NOA) and if the displacement between stator
element 1 and rotor element i is CDEL, the scanning element voltage will
be taken as:

SRE, = [ARE

d * (ANOA-CDEL)/ANOA]

1 +[ARE_ * CDEL/ANOA] (12)

SIM, = [ AIM

1 * (ANOA-CDEL) /ANOA]

L +[AIM_ * CDEL/ANOA] . (13)

Since the scanner coupling is linearly related to displacement,
it is possible to have sampling intervals which may have values other
than multiples of an antenna spacing interval,

In modeling the system, the addition of signal amplitude modulation
and random noise signals is most effectively done at the time the
scanning element voltages are calculated. The amplitude modulation
is added by multipling the antenna element voltages by an amplitude
factor calculated for the sample point of interest at that time, where
it is considered that the sampling time is relatively short in com-
parison to the modulation period. The percent modulation is defined as

PCAM and the modulating frequency is FREQM (in KHz). Using the simulated

time T, for the sample point of interest, the amplitude modulation fac-

tor is:
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AMS = (1-PCAM) + PCAM * COS(2+ * FREOM * 1000 * T). (14)
The noise signals are produced by the use of a random number generator.
The random noise voltage (ANRE, ANIM) added to the antenna element
voltages when the scanning element voltage 1s calculated, is determined
by multipling the relative noise level amplitude ANOISJ by successive
real numbers supplied by a pseudo- random number generator. With the
addition of amplitude modulation and random noise signals, Equations
(12) and (13) become

SRE, = [(AMS * ARE. + ANREl) * (ANOA-CDEL) /ANOA]

i 1
+[ (AMS * AREr + ANREr) * CDEL/ANOA] (15)
SIMi = [ (AMS * AIMl + ANIMl) * (ANOA--CDEL) /ANOA]
+[ (AMS * AIMr + ANIMr) * CDEL/ANOA]. (16)

The delays which should be introduced by the phase delay lines are
calculated from the antenna array geometry; for these calculations it 1s
assumed that the scanning elements are aligned with the antenna elements
around the circumference of the array. The phase delay that will be
introduced for element i, which is i elements from the boresight, is
directly proportional to the distance of signal propagation, along the
boresight, from element i to the furthest element from the boresight,
where the signal azimuthal angle of arrival is taken as the boresight
setting. This distance can be realized as:

A * COS (CPHI) * (COS((i-1) * ANOA + ANOL2)
-COS ((NAS2-1) * ANOA + ANOA2))

where ANOA2 = ANOA/2 and CPHI is the cophasal or assumed elevation angle
of arrival. (See Figure 4.) The phase delay is then determined in radians

as: PDELAYi = (27 * A/WL) * COS (CPHI) * (COS((i-1) * ANOA + ANOA2)
-COS((NAS2-1) * ANOA + ANOA2)) . 7)
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In modeling the system it 18 possible to combine the addition of
the phase delays to the scanning element voltages and the operation of
the summing network so that the bank voltages may be calculated directly
from the scanning element voltages. The phase delays are added to the
scanning element complex voltages, to obtain the delayed scanning ele-
ment complex voltages, as 1f the phase delays were a rotation of the
axes in & Cartesian coordinate system. The summing network, as the name
implies, produces the complex voltage for the bank by computing the
complex sum of the delayed scanning element voltages. Thus the comblined
effect of the delay lines and the operation of the summing network will

determine the bank voltage as:

NAS2

SUMI = L [SIMi * COS (PDELAY ) - SRE_ * SIN (PDELAY_)] (18)
NASZ

SUMR =izl [SIMi * SIN (PDELAYi) +SREi * COS (PDELAYi)] . (19)

The system outputs are obtained as the outputs of the hybrid net-
work and the phase meter with the right and left bank voltages used as
the inputs.

The outputs of the hybrid network are the complex sum and difference

of the bank voltages; the magnitudesof these two complex quantities are
the sum and difference data outputs for the system. These two operations
are carried out as:

DATAST = SQRT ((SUMRr + SUMRl) ek 2+(SUer + SUMll) *% 2) (20)
for the sum data, and

DATADT = SQRT ((SUMRr - SUMRl) *k 2+(SUMIr - SUMIl) k% 2) (21)

for the difference data.

The differential phase measured by the phase meter provides the
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differential phase data output and is computed as

DATP = ATANZ2 (SUMIr, SUMRI) - ATAN2(SUMI SUMRl) (22)

1°
where ATAN2 is t:an-l (SUMI/SUMR) defined from -180 to +180 degrees.

In modeling the system on a digital computer the function of the
data acquisition system has been simulated, as the output is already
in a digital form and can be stored on magnetic tape in a digital for-
mat. It should be noted that in modeling the system the relationship
between the position of the scanner boresight and the simulated time,
for a given sequence of scans or sample points, is the same as the re-

lationship between thelposition of boresight of the physical system and

real time, for the same sequence.




IV. THE SIMULATION PROGRAM - OPERATION OF SIMULATLON

The simulation program has been named GCAAS, standing for General
Circular Antenna Array Simulator. & listing of this program is contained
in Appendix A of this report

In an attempt to facilitate a rapid understanding of the basic
operation of the Simulation Program, the program has been reduced, in
Reduced Program listing number one, to the basic control starements and
input operations and, in Reduced Program listings two thru eight, to
the FORTRAN statements used in realizing the mathematical model of the
system. These reduced program listings are contained in Appendix B of
this report. All cf the other program operations, which are not in-
volved in simulation calculations, have been represented in the reduced
listings as blocks.

Before explaining the operations of the program, it will be helpful
to define certain variables and constants used in the program.

Reference Numbers

SETNUM is the number used to identify a given data set on the output
data tape, where a data set is the output data stored on the tape for
one‘execution of the program.

IRUN is the number used to identify a given data run, which is one of

the NRUN data runs in the data set and where a data run is one simulation
of a given antenna array under specified input and system operation
conditions,

IWAVE is the number used to identify a given incoming signal coadition,
where there are NWAVE incoming signals in the data run.

IS 1s the number used to identify a given scan, where there are ISCAN
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scans in the data run

IP 1s the number used to identity a given sample point, where there are
I1SAM sample points in each sian c¢f the data run

IANT s the antenna element reterence number, where element number one
1s detined as being at an azimuth of zero degrees and the rererence
numbers ircrease in the clockwise direction up to element number NOA,

H which is the first element to the left of element number one

IAW is the number of elements an antenna element 1s located away from

a given incoming signal azimuthal angle of arrival. (See Figure 4).

ISE 1is the scanning element reference number, where element number cne

1s the element closest to the boresipht and element number NAS2 is the
furthest element from the boresight.

IDIR is used to specify if IAW or ISE 1s to the left (=1) or the right
(=2) of the azimuthal angle of arrival cr the boresight respectively.
It is alsc used to distinguish between the left (=1) and right (=2)

scanning banks.

K is the reference number of the antenna element to the left of a given
incoming signal azimuthal angle of arrival.

KC is the reference number of the antenna element to the left of the
first scanning element in the left scanning bank for a given sample
point.

IL is the reference number of the antenna element to the left of scanning
element ISE for a given sample point.

IR 1s the reference number of the antenna element to the right of scanning

element ISE for a given sample point-
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Natural Constants

VEC is the velocity of propagation (=299.8 meters/microsecond) .
PI is set equal to the value n (=3.14159265),

TWOPI is set equal to the value 2m,

CONRAD is the radian to degrees conversion factor (=360/2m),

Input Variables

ITAPE is the tape drive number (=1, 2, 3) on which the output data tape
is mounted.

MODE specifies if a new (=1) or cld (=2) output data tape is being used.
NRUN is the number of data runs in the data set.

NOA is the number of antenna elements in the array for a given data run.
A is the reflecting cylinder radius (in meters) for a given data run.

D is the reflecting cylinder to antenna element spacing (in meters) for
a given data rum.

NAS is the number of scanning elements for a given data run.

CPHI is the cophasal angle (in degrees) for a given data run.

NWAVE is the number of incoming signals for a given data run.

FREQC is the carrier frequency of the incoming signals (in MHz) for a
given data run.

FREQM is the amplitude modulation frequency of the incoming signals (in
KHz) for a given data run.

PCAM is the amplitude modulation factor for the incoming signals

(0 < PCAM < 1.0) for a given data run.

WAMP is the relative RMS amplitude for a given incoming signal condition.
WPHI is the reference phase (in degrees) for a given incoming signal
condition.

AZM 1is the azimuthal angle of arrival of a given incoming eignal

(0 < AZM < 360 degrees).
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ELEV is the elevation angle of arrival tor a given incoming signal

(0 < ELEV ~ 90 degrees).

PST 18 the time-dependent reference phase shitt per scan (in degrees)
for a given 1ncoming signal condition.

ANOIS 1s the relative RMS value of the noise signal.

RN is the starting number for the pseudo-random number generator.

(Set RN=0 for normal operation,)

SECT 1is the sector center (0 < SECT ¢ 360 degrees) for a given data run.
SCANT is the time taken to make one complete scan (in seconds) for a
given data run.

ISCAN is the number of scans in a given data run.

ISAM is the number of sample points in each scan for a given data run.
SAMI is the azimuthal angle between the boresight settinpg for two conse-
cutive sample points in a scan (in degrees, 0-SAMI * (ISCAN -1)<360
degrees) for a given data run.

For the input formats of these input variables see the program forward

of the fimulation program GCAAS.
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The Basic Operation ot the Program-
Reduced Program Listing Number One

The first necessary operation, after defining the natural constants
(VEC, P1l, TWOPl and CONRAD) and setting the data run reference number
IRUN to zero, is to input the program operation variables (NRUN, ITAPE
and MODE). Once ITAPE and MODE are known, then the output data tape
can be properly positioned and SETNUM can be determined for the present
execution of the program.

After the output tape has been positioned and SETNUM has been de-
termined, the calculations for the tirst data run are begun by first
incrementing the data run reterence number by one, IRUN=IRUN + 1. It
should be noted at the outset that the antenna array information (NOA,
A, D, NAS, CPHI), the general signal information (NWAVE, FREQC, FREQM,
PCAM), the noise signal information (ANOIS, RN) and the scanning opera-

tion information (SECT, SCANT, ISCAN, ISAM, SAMI) are all input once for

the data run,and the incoming signal conditions (WAMP, WPHI, AZM, ELEV,
PST) are input NWAVE times for the data run. It is necessary to re-
supply all the input information for each data run in the data set, even
if certain input variables are to be the same for different data runs
in the data sert.

The sequence of operations for the data set, after incrementing
IRUN by one is:
1) Input the antenna and general signal information
2) Calculate the phase delays for the delay lines .

3) Input one incoming signal condition.

4) Calculate the antenna element voltages for the given signal conditions:

5) Return to 3 until the calculations for all of the incoming signal

T




6)

7)

8)

%)

10)

11)

12)

13)

14)

conditions have been completed

Input the noise signal and scanning operation informationm.

Define the scan number IS and initialize the simulated time for the
scan.

Define the sample point number !P and determine the boresight setting
for the sample point.

Increment the simulated time by the time difference between sample
points and determine the amplitude modulation factor from the sim-
ulated time.

Perform the time-dependent phase shift calculations for the sample
point.

Calculate the scanning bank voltages for the sample points.
Calculate the output data for the sample point.

Return to 8 until all of the calculations for all of the sample
points in the scan have been completed.

Return to 7 until all of the calculations for all of the scans in
the data run have been completed.

If IRUN # NRUN, after the calculations for the data run have been

completed increment IRUN by one and begin the calculation for the next

data run. If IRUN = NRUN, the execution of the program is terminated.

During the operation of the program, for a data run, several

expressims appear several times or in operations that are repeated many

times; in an attempt to reduce the execution time for the program these

expressions have been reduced to constants for the data run and incoming

signal conditions. The data run constants are defined as:
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NOA4 = NOA/4

NAS2 = NAS/2

ANOA = 360/NOA The spacing between array elements

ANOAP = ANOA/2 One half the spacing between array elements
WL = VEC/FREQC The wavelength of the incoming signals
CONST1 = TWOPI * D/WL

CONST2 = TWOPL * A/WL

CONW = TWOPI * FREQW #*# 1000 The angular frequency of amplitude
modulation

ANOISJ = ANOIS * ,707 The relative RMS amplitude of the
real and imaginary noise signals

WIDTH = (ISAM-1) #* SAMI The width of the sampling window

S: » = SECT - WIDTH/2 The first boresight setting in the
scan

DELT = SCANT * SAMI/360 The time interval between two con-
secutive sample points.

The incoming signal constants, used in the antenna element voltage

calculations, are defined as:

WPH = WPHI/CONRAD The reference phase in radians
COSELV = COS (ELEV/CONRAD)
COSAMP = COSELV * WAMP

CONEl = CONST1 * COSELV

CONEZ2 CONST2 * COSELV .

Both the boresight settings and the simulated time are calculated
for the sample point from the scan and sample point reference number.
The boresight setting can be found from IP alone, since the boresight
settings will always be the same for each scan in a data run. The bore-
sight setting for sample point IP is determined as:

CENT = (IP-1) * SAMI + SIDE.
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!t should be noted that it may be necessary to correct CENT to lie
between the limits O - CENT < 360 degrees.

The simulated time 1s computed by initializing the simulated time
at the beginning of the scan.

T = (IS - 1) * SCANT - DELT, and then increment the simulated
time by the time interval between sample points, T = T + DELT, for each
sample point. It 1s interesting to note that this method of computation
of simulated time is equivalent to:

T = (IS - 1) * SCANT + (IP - 1) * DELT.

Once the simulated time 1s known for the sample point, the amplitude

modulation factor 18 determined as:
AMS = (1 - PCAM) * PCAM * COS (CONWw * T)
which is Equation (14).+

Phase Delay Calculations-
Reduced Program Listing Number Two

The first step in the phase delay calculation is to reduce redundant
calculation by reducing the two terms in Equation (17), which are the
same for all the scanning elements, to two constants. These two con-
stants are defined as:

CONCHI = COS (CPHI/CONRAD) * CONST2

COSM = COS (((NAS2 - 1) * ANOA + ANOA2)/CONRAD).

Equation (17) is then implemented, for scanning element ISE, as:
PDELAY = CONCHI * (COS(((ISE - 1) * ANOA + ANOA2)/CONRAD) - COSM).
The phase delay information is then stored as:

COSP (ISE) = COS(PDELAY)

SINP (ISE) = SIN(PDELAY),

+ Equation numbers refer to equations in Chapter 3.
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since the sine and the cosinc of the phase delays will be the only

quantities used in further calculations.

Antenna llement Voltage Calculations-

Reduced Propgram Listing Number Three

After the conditions have been read and the repetitive terms used

in the antenna element voltage calculation have been reduced to con-

stants for the incoming signal IWAVE, the antenna element voltages ex-

cited by the given signal conditdons are determined in the following

manner.:

iy

2)

3)

4)

5)

6)

7)

8)

9)

10)

Determine the element K to the left of the azimuthal angle of
arrival as K = (AZM/ANOA) + 1,

Determine the spacing between the azimuthal angle of arrival
and the first element to the left g8 DELK = AZM-ANOA * (K-1)
and the first element to the right as DELKP = ANOA-DELK.

For the elements to the left of the azimuth IDIR = 1,

Set TAW = 1 for the first element to the left of the signal
azimuth.

Find the proper antenna reference number as IANT = K + 1-IAW.
Determine the spacing between the azimuth and the element as
THE = ANOA * (1-IAW)-DELK.

Implement Equations (1) and (2) to find the voltage excited
by the signal.

Implement Equations (3) and (4) to find the total element
complex voltage.

For the next element to the left IAW = IAW + 1.

Return to 5 if IAW < NOA4,
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Note that voltages will only be excited in antenna elements up
to one fourth ot the distance around the array from the
azimuthal angle of arrival
11) For the elements to the right of the azimuth IDIR = 2,
12) Set 1AW = 1 ror the first element to the right of the signal
azimuth
13) Find the proper antenna reference number as IANT = K + IAW.
14) Determine the spacing between the azimuth and the element as
THE = ANOA * (IAW - 1) + DELKP,
15) Implement Equations (l) and (2) to find the voltage excited by
the signal.
16) Implement Equations (3) and (4) to find the total =lement
complex voltage.
17) For the next element to the right IAW = IAW + 1.
18) Return to 13 1t IAW = NOA4.
It should be noted that it may be necessary to correct IANT and THE
to fit the limits 1 & IANT < NOA and iTHEI <90 degrees, before being
used in any calculations.
Equation (1) and (2) are implemented in the program as:
AMP = COSAMP * SIN (CONEL * COSTHE)
and
PHI = CONE2 * COSTHE + WPH
Where COSTHE 1s defined for the given element IANT as:
COSTHE = COS (THE/CONRAD)
and where COSAMP, CONEl, CONE2 and WPH are defined, in reduced listing

number one, for the given incoming signal, IWAVE.
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After Equations (1) and (2) have been implemented, Lquations (3)
and (4) can then be implemented, for antenna element IANT and incoming
signal IWAVE, as:
ARE (IANT) = ARE (IANT) + AMP * COS(PHI)
and
AIM(IANT) = AIM (IANT) + AMP * SIN(PHI).
ARE(IANT) and AIM(IANT), the antenna element voltage variables, were
zeroed for all NOA elements before the calculations for the first in-
coming signal conditions were begun.

For the implementation of the time-dependent phase shift, it will
be necessary to store certain intermediate values from the antenna
element voltage calculation. These values are stored as:

WPHH(IWAVE) = 0.0, the old reference phase shift for signal IWAVE;

PSTEP(IWAVE) = PST/CONRAD, the reference phase step per scan, for signal

IWAVE;

PHIH(IANT,IWAVE) = PHI, the base phase, for element IANT and signal IWAVE;

AMPH (IANT, IWAVE) = AMP, the base amplitude, for element IANT and

signal IWAVE, which is also zeroed before calculations for the first in-

coming signal conditions were begun.

Time Dependent Phase Shift Calculations-
Reduced Program Listing Number Four

The time-dependent phase shift calculations are carried out for

each sample point for those incoming signals which have a time dependent

reference phase shift, i.e. PSTEP(IWAVE) ¥ 0. It will also only be
necessary to carry out the calculations for those elements which have

a non-zero base amplitude for the given signal, i.e. AMPH(IANT, IWAVE)

4 0.
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The first step in the calculations, for a given signal IWAVE, 1is
to determine the reterence phase shift, for the present sample point at
simulated time T, as: WPPH = PSTEP(IWVAVE) * T/SCANT. The reference phases
for the past and present sample points, Equation- (7) and (8), are then

obtained by adding the element base reference phase:

PAl = PHIH (l1aNT, 1IWAVE) + WPHH(LWAVE)
and
PA2 = PHIH (IANT, IWAVE) + WPHH .

Equations (5) and (6) can then be implemented as:

ARE (IANT) = ARE(IANT) + AMPH(IANT, IWAVE) * (COS(PA2)-COS(PAl))
and
AIM gIANT) = AIM(IANT) + AMPH(IANT, IWAVE) * (SIN(PA2)-SIN(PAl)).

The last step in the calculation, for the given signal, is to store

the present reference phase shift in the variable used as the old
reference phase shift, i.e. WPHH(IWAVE) = WPPH,

It should be noted that these calculations are bypassed for T = O,
because the phase shift is zero.

Scanning Element and Scanning Bank Voltage Calculations-
Reduced Program Listing Number Five

Once CENT, T, and AMS have been determined for the sample point
and the time dependent phase shift calculations have been completed,
the scanning bank voltages are calculated in the following manner:
1) Determine the antenna element KC to the left of the first ele-
ment in the left scanning bank as KC = (CENT-ANGCA2)/ANOA + 1.
2) Determine the spacing between a scanning element and the first
antenna element to the left as CDEL = (CENT-ANOA2)-(ANOA * (KC-1))

and the first antenna element to the right as CDELP=ANCA-CDEL.




3)

4)
5)
6)

7)

8)

9)

10)

11)

12)

13)

14)
15)
16)

17)

Determine the linear displacement factor for antenna elements
to the lef. as CDELAP = CDELP/ANOA and to the right as CDELA =
CDEL/ANOA.

For the scanning elements in the left bank, IDIR = 1.

Zero the bank voltage accumulator SUMI = SUMR = 0.

Set ISE = 1 for the first element in the left bank.

Find the proper antenna element reference number for the ele-
ment to the left of ISE as IL = (KC-ISE + 1) and the element
to the right as IR = (IL + 1).

Determine the noise voltage for tne element to the left as
ANREL, ANIML, and the element to the right as ANRER, ANIMR,
Implement Equations (15) and (16) to find the scanning element
voltage.

Implement Equations (18) and (19) to find the scanning bank
voltage.

For the next scanning element in the left bank ISE « (ISE + 1),
Return to 7 if ISE < NAS2,

Store the left scanning bank voltage as:

SUMRE (IDIR) = SUMR

SUMIM(IDIR) = SUMI

For the scanning elements in the right bank IDIR = 2,

Zero the bank voltage accumulator SUMI = SUMR = 0,

Set ISE = 1 for the first element in the right bank.

Find the proper antenna element reference number for the ele-
ment to the left of ISE as IL = (KC + ISE) and the element to

the right as IR = (IL + 1),
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18) Determine the noise voltage for the element to the left as
ANREL, ANIML and the element to the right as ANRER, ANIMR.
19) Implement kquations (15) and (16) to find the scanning element
voltage
20) lmplement Equations (18) and (19) .o iind the scanning bank
voltage.
21) For the next scanning element in the ripght bank ISE = (ISE + 1).
22) Return to 17 1f ISE = NAS2,
23) Store the right scanning bank voltage as:
SUMRE (IDIR) = SUMR
SUMIM (IDIR) = SUMIL
Again 1t should be noted that it may be necessary to correct IR
and IL to fall in the limits 1 co NOA before they are used in any cal-
culations.
Equations (15) and (16) are implemented as:
¢PE = (AMS * ARE(IL) + ANREL) * CDELAP + (AMS * ARE(IR) + ANRER) * CDELA
SIM = (AMS * AIM(IL) + ANRML) * CDELAP + .(AMS * AIM(IR) + ANIMR) * CDELA
Equations (18) and (19) are implemented as:
SUMI = SUMI + SIM * COSP(ISE) - SRE * SINP(ISE)
SUMR = SUMR + SIM * SINP(ISE) + SRE * COSP(ISE)
where SINP(ISE) and COSP(ISE) are the stored sine and cosine of the
phase delay for element ISE.

Determination of the Noise Signal Voltage-
Reduced Program Listing Number Six and Seven

The noise voltages are determined by making two successive calls to
the computer library pseudo-random number generator (CALL RND(RN, RNDP))

and multiplying the supplied real number RNDP by the relative noise
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voltage factor ANOISJ, where RNDP is from a Gaussion distribution and
[RNDP| < 5.0. It 1s necessary to determine the noise voltages for the
antenna elements to the right and left of the scanning elements in
different mannere for the left and right bank.

For the left bank, since the order in which calculations are made
for the scanning elements procecds from right to left, the noise voltages
ANREL, ANIML for element (ISE-1) become the noise voltages ANRER, ANTMR;
for element ISE and ANREL, ANIML is determined by consecutive calls to
the random number generator. For (ISE= 1), i. is necessary to make
four calls to the random number generator to determine ANRER, ANIMR
and ANREL, ANIML; it will also be necessary to store ANRER, ANIMR as
ANRERF, ANIMRF since the antenna element to the right of the first ele-
ment in the left bank is also the antenna element to the left of the
first element in the right bank.

For the right scanning bank, since the order in which calculations
are made for the scanning elements proceeds from the left to the right,
the noise voltages ANRER, ANIMR for element (ISE-1) become the noise
voltages ANREL, ANIML for element ISE and ANRER, ANIMR is determined by
consecutive calls to the random number generator. For ISE = 1, the noise
voltage ANREL, ANIML is set equal to ANRERF, ANIMRF and the noise voltage
ANRER, ANIMR is determined by the random number generator.

Calculation of System Outputs-
Reduced Program Listing Number Eight

After the bank voltages have been determined, the output data are
determined for the sample point.
The sum data are found as the magnitude of the complex sum of the

right and left bank voltages, by implementing Equation (20) as:
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SUMR = SUMRE(2) + SUMRE(1)

SUMI = SUMIM(2) + SUMIM(1)

DATAST = SQRT(SUMR ** 2 + SUMI ** 2),

The difference daam is found as the magnitude of the complex
difference between the right and left bank voltage, by iunplementing
Equation (21) as:

SUMR = SUMRE(2) - SUMRE(1)

SUMI = SUMIM(2) - SUMIM(1)

DATADT = SQRT(SUMR ** 2 + SUMI ** 2)

The differential phase datim is found as the difference between the
phase of the right bank volrage and the phase »f the left bank voltage,
by implementing Equation (22) as

ANGR = ATAN2 (SUMIM(2), SUMRE(1l))

ANGL = ATAN2 (SUMIM(1l), SUMRE(2))

DATP = ANGR - ANGL .
where ATAN2 (IM, RE) is defined over the range -180 - ATAN2 (IM, RE)

< +180. It may be necessary to correct DATP to fall between the limits

-180 < DATP < +180.
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V. OUTPUT DATA

The simulation program produces both a hard copy and magnetic tape
ouvrput,

On the first page of the hard copy, for each data run, the input
conditions for the simulation are defined along with the data set and
data run numbers which are used in locating the data run on the magnetic
tape. Succeeding pages contain the output data for each scan in the data
run.

After the calculations for each sample point have been completed,

as discussed in the last chapter, the output data for sample point IP are

stored as:
DATAC (IP) = CENT
DATAS (IP) = DATAST
DATAD (IP) = DATADT
DATAP (IP) = DATP .

As the sample point data are being stored, the sum and difference data
are tested to determine their maximum values for the scan; these maximum
values are then stored as DATASM and DATADM, respectively. After all of
the calculations for the scan have been completed, the output data for
the scan are then printed on hard copy.

Along with the numerical values of the output data, a fifty-one-
point incremental line printer plot is also displayed on the hard copy.
The sum and difference data are normalized by DATASM and DATADM respec-
tively, and then plotted with the maximum values as the right-hand side
of the plot. The differential phase data are plotted between the limits

-180 degrees on the left and +180 degrees on the right hand side of the
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plot. The symbols used in the plot to represent the output data are:
*  Sum
+ Difterence
X Differential Phase.
Appendix C contains the hard copy output for a sample execution of the
program; the necessary input cards for the execution are also shown.

The organization of the output data tape is such that each data
set will comprise one tape file. After the file for the last data set
on the tape,there 18 & terminator file which is used in the tape han-
dling procedure. The data set file consists of a series of logical
records, one H (or input) record for each data run followed by one S
(or output) record for each scan in the data run and a terminator
file which consists of one E (or end) record. The structure of the H,
S and E records is given in Tables 1, 2, and 3, respectively.

The simulation program, as was noted in the last chapter, has two
modes for tape handling operations; the first mode is used for new tapes
and the second mode is used for old tapes to which an additional file
is to be added. In the first mode it is only necessary to open the
tape and position it to its beginning and them the first data set file
is written on the tape. The second mode is used to position the tape
to the end of the last data set file on the tape; this is done by
searching the tape for the terminator file and then writing the new
data set file over it. In both modes one and two, after the new data
set file has been added to the tape the terminator file is then added

to the tape. The only information in the terminator file is the set

number of the last data set file which is used in mode two to determine

the set number for the next data set file to be added to the tape.
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Table 1

The input information for the dat

in the following manner:

AREA( 1)
AREA( 2)
AREA( 3)
AREA ( 4)
AREA( 5)
AREA ( 6)
AREA(C 7)
AREA( 8)
AREAC 9)
AREA (10)
AREA (11)
AREA (12)
AREA (13)
AREA (14)
AREA (15)
AREA (16)
AREA(17)
AREA (18)
AREA (19)
AREA (20)
AREA(21)
AREA(22)
AREA(23)
AREA (24)
AREA(25)
AREA(26)
AREA (27)
AREA(28)
AREA(29)
AREA(30)
AREA(31)
AREA( )
AREA( )
AREA( )

44 H

SETNUM -
IRUN -
NRUN -
NOA -
A -
D —
NAS -
CPHI -
FREQC -
FREQM -
PCAM -
NWAVE -
ANOIS -

SECT -
ISCAN -
SCANT -
ISAM -
SaMr -
WAMP -
WPHI -
AZM =
ELEV -
PST -
WAMP -
WPHI -
AZM -
ELEV -
PST -

Set number
Run number

Number of runs in the set

a run is organized in the H record

Number of antenna elements in the array
Radius of the reflecting cylinder

Cylinder to element distance

Number of scanning elements

Cophasel angle

Carrier frequency

Modulation frequency

Modulation factor

Number of incoming signal conditions
Relative noise level

Starting Number for pseudo randum number gen.
Sector center

Number of scans in the run

Time to complete on scan

Number of sample points in each scan
Spacing between sample points
Relative signal amplitude
Reference phase
Azimuthal angle of arrival IWAVE = ]
Elevation angle of arrival

Time Dept. phase shift

For

For
IWAVE = 2

To access the information for signal conditions IWAVE:

WAMP = AREA (21 + (IWAVE-1)
WPHI = AREA(22 + (IWAVE-1)

ELEV = AREA(24 + (IWAVE-1)
PSR = AREA(25 + (IWAVE-1)

%

*
AZM = AREA(23 + (IWAVE-1) * 5)

%

*

5)
5)

5)
5)
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Table 11

The output information for a scan is organized in the S record in

the following manner:

AREA( 1) = 4H S

AREA( 2) = SETNUM - Set number

AREA( 3) = IRUN - Run number

AREA( 4) = NRUN - Number of runs in the scan

AREA( 5) = 1S - Scan number

AREA( 6) = DATASM - Maximum value of the sum data
AREA( 7) = DATADM - Maximum value of the difference data
AREA( 8) = -

AREA( 9) = - Blank

AREA(10) = -

AREA(11l) = CENT - Boresight setting

AREA(12) = DATAST - Sum data For
ARFA(13) = DATADT - Difference data IP=1
AREA(l4) = DATP - Differential phase data

AREA(15) = CENT - Boresight getting

AREA(16) = DATAST - Sum data For
AREA(17) = DATADT - Difference data IP=2
AREA(18) = DATP? - Differential phase data

AREA(19) = CENT -

AREA(20) = DATAST - For
AREA(21) = DATADT - IP=3
AREA(22) = DATP -

AREA(23) = -

AREA(24) =

AREA( ) =

AREA( )

AREA

To access the output data for sample point IP:

CENT = AREA(11l + (IP-1) * 4)
DATAST = AREA(12 + (IP-1) * 4)
DATADT = ARFA(13 + (IP-1) * 4)
DATAP = AREA(1lu4 + (IP-1) * 4)
Table III

The E record is organized in the following manner:

AREA( 1) = 4H E
AREA( 2) = SETNUM - Set number of last data set file




The method that should be used to locate a given data run, defined
by SETNUM, IRUN, 1is to test the first record in each file until
AREA(2) = SETNUM and then check each record in the file until AREA(1l) =
4H _ _ _H and AREA(3) = IRUN. Appendix D contains a segment of a pro-
gram which can be used to properly locate a given data run.

Appendix E contains the listing of program STRO, standing for
Simulation Tape Read Out, which is used to obtain a hard copy print

out of all the information on the output tape.
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N7 Qng 1 9=9,11
3 Q71 AMARA( 1)) =27
[
C NI F . Tiea, CASTANTS
C
V=il=207 &
Pl=7,1415Q924k
Tano = (22
COMRAD=AN /Ty VF
0
C RoA D R v BV RATTION INFOR AT N




a0

mlTO0O0

OO

o000 Qo

e Nele]

914
915
9164

917

91R

924
925

93n

950
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[{UuN=0
R=anN 90p8,.,MRUN, TTARE,MNDF

0°Fn T.Pr ON DR VE [TAPE

D aAS=600

CALL SETHN(]ITAFE ,1)
CAl1 FYRLK(1TAPH,1)
CaLt RLKLN(ITAPF,0,0)

G) 17 (924,914} ,M00E

TaPF M' NDE NO, 2
AJVANCH TAPE TO ENI OF OLL nata

CINTINYF

ASSIAN RBND TO 1| ASI

CALL OFEN(PFAN,'FAS,ITAPE,D,4HSIMU)
CALL RNMLR(DFAN,AREA,LAST)

CALY ClLOSE(NDFAN)

[ (BR-A(1Y=FH) 617,918,917

Call SFTFD(NFAN)

G) TN 916

Call SFTRK(DFAN)

Call O-FN(DFAN,FFAS,ITAPE,0,4HSIMU)
SZTNIM=AKFA(D)

G) T Q13N

TAaPF MODE NO, 1

CINTINIF

CALI N=EN(IFAN, . FAS,ITAPE,D,4HSTIMU)
SZTNI'M=n

SITM:M=SFTNUYM«1N0N

B=GINN Nf« OF DATA RUN

[IUN=THUN+]

R=AD 4 T~NMA JNFCRMATION ANN GENERAL SIGNAI [NFORvATION

R=an 9NN9,MNA,AL.T,MaS, PHI
R=AN On+4N , NWAVE.FRFQC,FREGM,FCAM

DITERMINE NATA LN OFERATION CONSTanmTS

NJA4=N A/4
ANGA=RAN/NCA

AN(A2= MJA/D
NASD2=NAQ /D
N_SVNEC/IORENE
CiteT4=TaNTa/ L
CINRTP2=TwNFlwa /vl
CINW=THN~T#FREQY 41000

Coarfrg. T OWASE CFIAYS FOR & aANiNu ANTENKA ELEME TS

CINCHTI=r ' Q(rPR]/CNMNRADYSCINMNGI 2
COCM= SI(I(NASP?-1)8ANDASANQAD )/ “ONRAI
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D) 909 [SF=1,NA2
PIFI rY=RONCHT @l CSCCC(]ISE-1)enNNA+ANOA2) /CNNRANN)=CHISM)
CISP(ISF)I=COS(PIELAY)
SINPCISF)ESIN(PIELAY)
999 CINTINIIF

o M o]

PIINT r =ECORD INFORMATIOA

PIINT Q9n19,SFTNUM, IRUN,NRLA
PRINT on2p.NOA,A8,D,NAS,CPFI ,FREQU,FRFQM,PCAM,NwaV-
PIINT 9021

(@]

STORF H RECORD TINFORMATION

ao

AIFA( 1) =HK
AREAC ?2)Y=sSHETNUM
AFAC XY= [KUMN
AFAC 4)=NKUM
AREA( H)=NOA
AJEA( &)=A
AJEA( 7)=D
AEA( R)=NAS
AEA( 9)=CPH]
ARFA(1MY=FPREQRC
ARFA(11)=FREQM
ARFA(12)=P(CAM
AICA(13)=NWAVE
K<K=71

(o Ne}

7-R0 ANTENNA EL~MENT ARRAYS

NY 9nnn FANT=1,MCA

ARE(TANT)=D.,D

AlMeratT)Y=0, N

DY 1000 iwWAVE=1,NwWAVE

AMPHIT N7, TWAVE 2R, 0
1090 CINTINIIF

C
TAAVEZT
(&5
& R=an A N PRINT SIGAL CONTITION
&

1001 R=AN ON11,WAMP,JPHI ,AZM,ELEY.PST
PIINT 0NV2, 1WAVE-,WAMP ,WPHI,A/M,FI EV,PST

WIH=w =T /0 0NRAD

CISEr V=nIS(FLRV/CONRADY
CISAVP =N S VaWANMP
CINF4=2 NUKTye (CELY
CINED=s N QTR0
WAHMI ] A JEY=N, 0

PITES( Wavk)ysRS /0 NRAD

STARE - WECCRN NFGRMATION

[N e N

AIFA I KK yzWAM.-
AJFA(K K+9)zhPr;
AdFA(K K+2)=A7W

AIFAIK K+ =R b
AIFA(K <+4)=2FS]

(K 2K &5




D00 D OG D

a0

1002

a0

1003

1014
1115

1006
1107

aon

1008

11N9
1110

1011

@ Re]

1n1?

o Ne!
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D-TEPMIN- ANTEN A tLEMENT Tn THE LtFT CF ThE SIGNAL AZIMU!R
AND TH- YNl FS ~FTeEEN THFE A7ZMIMITH AMI AN ACENT aANTENNA E1 EMENTS

KZ(ATM/ANQA ) &

N2 k=A/M-ANNA@ (1)

DL KRzANDA=DFI R

i T FYT FNAR ICIws1 AND RItHT HOR [D{R=?

[N
NJ) 9n14 INIR=1.,">
PIFF R™ IPFRATI N +tOR ANTENA F| EMENTS UP T 60 DNE5, FRUM &ZIMLTH

NY 4013 [A~N=1,V1A4
GJ TO +4N0%,10nN0R),IDIR

FIND A TrNA NUCBER FOR OFERATION TO L EFT

JANT=K+1 -, AW

I (1a T) 1004,1004,1005
TANT=NA+]ANT
TH4F=aANNAR{1=-1ah)=FLK

[7 (#RSF(THF)=91) 1007,10n7,10Nn4
THF==00

Gl Trn 1012

FIND A T-NNA NUNEFR FOR OFER.TINN TN RIGHT

[ANT =K+ AW

7 (v -ianT) 1n09,1010,1010
[ANT=] N!=NCA

Tab el b kP e ANPAR([ARW=-1)

[ (ARCF(THE)=SY) 1012,1012,1011
T-F=an

Cal 1 T~ ThE CONBIEX ANTENNG uA TARE 0F THE GIVEV ANTEANINGK

CIST-E= 'S{THE/CAFAD)

AP ="NSAP#SINIICrh-14CNSTHE)

PAT =N E2 4 NS TH-eWHH

AR A" TI=ARF (L. NT)+AMPRCTS(-H 1)
ATME A ' TY2ATM([ANT ) s AMPESINILEL)

STOR: A~k PHASK STEP INFORM. TNy

PoAaTusl NT, JwavE ) zPe]
AMEHI] 1, wayv=-)zAMP

CINTINHG

CONTTMILIE

[dAYH2 WilYFed

[9 ("W V--iWAVF)Y 1i16,1001,1: 0]
CINTIN R

R=AN N: T3k AND ~CA'NING OFFQ. TIN" [NFURMATION

Rapn Qe 8, ANNTS RN
RZA™ 0792, CT,<CA T,IRCAN, [CAM, SAM]

CALFIL T QLANMING NPERATION FONSTLNTS




1
b4
WINTH=([NAMy ) e AM|
SINEzSri*T-Ww[NTH/2
[7 (<] &) 1150,1151,11%1
115n SINE=3Ap+SIDF
1151 CONTINHF
N2 T=SCANT#SAM]| /736D
ANOISU=,707eAN0GTS
C
C PIINT W RFECORD JANFURMATION
€
PIINT 923 ,ANCIS,RN,SECT,ISCAN,SCANT, 1SaM,SaM]
c
G STORF K RECPRN TAFNRMATION
c
AYTA(14)=ANN]S
A~EA(15)=RN
4FEA(1A)=SFCT
AIFA(L17)=1SCAN
AJEA(1R)=SCANT
AIFAC19)=18aM
AFA(D2N)=SaM]
C
c WITF H RECORD INFORMATION NN TD TAPE
C
CALL WRLR(DFAN,AREA,50)
C
C BZGINNING OF SCaN
C
D) 1280 [S=1,ISCAN
C
C STORF N~ RECORN INFORMATIOAN
C
AJEA( 1)Y=SH j
AEA( D)=sSFTMUM 3
AEAC 3)=TFUN
AIEA( 4)=NRyH
AJEA( 58)=]S
c
( C ZZRN MrY OUTFUT CATA VARIABRLES
c
, DATASM=0.0
' DATaATM=0.N
C
i C INITIA 12E TIME
C
‘ T=(1S=1)#SCANT=-DNELT
G
C BEGINNING OF CAt CULATIONS Fnk SAMPLE PUINT
c
D) 122R (P=1,]15aAM
C
C CALMLLATE SaMPL- CENTER
C
CEN7=(1P-1)aSAMI«SIDE
17 (rFyT-36n) 1153,1152,1152

1152 C:=NT=CENT-340
1153 CINTINUF

AJVANCE TIME

OOt

T=T+TEI T
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g S<I1P WAyr PKASE STEP CALCLLAIJUNS FOR +FIRST SCAN, FIRS!I SArPLE
¢ I (7) 1190,1190,1160

g BEGINNING OF WAVE PHASE STEP CALIULATICNS

C1160 D) 1172 (WAVF=1,NWAVE

g I WAV~ PHASF STEP =0.0 SKIP CALLULATIOMS

g 17 (PSTFP(IWAVE)) 1161,1172,1161

E CALUCLATE PRESENT WAVE PHASFE

1161 WAPH=PSTEP(IWAVF)@1/SCANT

CALCLI.ATE NEW AVTENNA VOLTAGH FNR ALL kI EMENTS IN ARRAY

oo

D) 9170 [ANT=1, CA
17 (AMPH(TANT,]-AVF)) 1166,1170,1169
1160 Pa1=PH ' H(TANT, I +AVE)SWPHH(IWAVE)
PAa2=CK . H(TANT, IAAVE)eWPPH
AIF(TANT)ISARF(TANT)AMPH(TAN , IWAVEYR(LINS(PA2)NOS(PAL))
AIMETANT)SATM(IANT)SAMPH(IANT, IWAVF)@®(S N(FA2)=-SIN(PAL))
1170 CINTINIIE

STORF FRESENT wiVE PRASE

(eleNe]

1171 WIRH(T AYF)2WPPH
1172 CONTINCE
1190 CIONT!IN:'F

CaLrt aTe MOPULETINS FACTCR t0k (IME T

aaon

AvS=(1-PiiAM)ePC Ve OS(CONheET)

DETEEM NF ANTENLA FLEMENT T0 THE LEFT - TRE SaMP E CENTEK AND THE
ANG| FS RETWFEN "KF SAMPLE CF' THR AND ADLJACFNT ANTHNNA ELEMENTS

(¢ Ko NeNel

KZ=((F T=ANQA2)/ANCA®y
CIF| =("ENT=AMNAD)=aNDAR(K =1)
CIFIL 2. N)A=CDeL

CALL'LAT= ThE LiINESR IMTERPO: ATI(N FACTNRS

a0

CIF| 2=2i.N=| ZANDA
COF| aP=CFIL P/AN A

I° KC 1S NNT RETWEEN THE LIMiIS 1 = NNA, CGRRECT THE VALUE OF KC

(e Ne Nel

I («C) 1194,1194,1195
1194 KZ=NNask:’
1195 7 (C-NDA) 1197,1197,119¢€
1196 XZ=«("="NA

LZFT ®'NX FNR j"IR=1 AND RIGHT RaNK FNR Ji1TR=2

aa N

1197 D2 422n iNIR=1,2

oo

Z=RN R N< ACEOM ILATOR
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o NoNe!

"

0000

s EeNeN 9] oNoNeNe!

s EeNeoNeNe]

2 EeNeNe}

Qo

6

1199

1200

1201

1202

1203

1204

1205

1204

1207

SIMI=0
SJMR=DN

PIEFNR™ JP~RATINN +OR FACH FIEMENT 'N THE FANK

NY 1217 SF=1,NAS2
G} TN ¢120n,1204),1DIR

FIND EI FAFNTS T TrE LFFT ANI RIGHT 0OF SCAMNING EV EMENT [or
FIR TH- ' FFT SCANNING RANK

l.=KC=([5F-1)
13211 &1

Carqcrpars ThF NoJSE VOLTAGE +OR THE ANTENNA =LEMENT COMMON TQ
RITH TWF | FFT A"[ KIGHT SCANNINAR ANTFNNa RLNKS

I+ (I1S-=-1) 1201.1201,1202
Cai.l. R-N(RN,RNDP)
AVRFERF=AN[SJaRNLCP

CAly{ R~N(RN,RNDP)
ANIMRF=ANNISJ#RMCP
ANRFR=ANRERF

ANIMP=ANIMRF

GJ) TN 1203

CoLCl'L ' Te TWF NnlSr- VOI.TAGE FNR TH= ANTFNNA ELEMEMNTS TU Tht
L3FT AN RIGHT nF THF SCANNING K} EMFNT

ANRFERzANREL
ANIMPzANIM
CALIL R N(RN,FNDPR)
ANREI =ANDTSJeRNDP
CaL! R<N(RN,RNDP)
AVIM =ANITS JeRNNP
G) TN 120K

FIND Bi FMEMTS 10 THE |LEFT AND RIGHT 0OF SCANNING ELEMENT |SE
FOR TH- RIGKHT SCANNING BANK

[.=Ki «!Sr
[=711 +1

CALGILAT- THF NAISF VOLTAGE +0NR THE ANTENNA ELEMENTS TU THE
L=ET ANN RIGHT NF THEF SCAANTNG Fi EMENT

[¥ ¢1S+-1) 1205.12N05,1206
ANRF| sANKFRF

ANIMI =ANIMRF

G) TC 1207

ANRFE| sANNKER

ANIM!I sAN[MR

CALt RYMD(RN,RNDP)
ANRFR=ANOTSJ#RNNP

CALIL RVND(RN,RNDF)
ANVIMF=ANDTISJaRNNP

CIKRECT [R AND 'L 70 FIT PETWEFEN THF L IM]TS 1 = NOA




aoOn aoon o000 e e Kol

a0

aoao

o000

aon

1208
1209
1210
1211
1212
1213
1214
1215
1216

1217

1220

1221

1222
1223
1224
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I7 (I1L) 1209,12n6,1210
1_=NNA«]!

17 (lL=-NDAY 1212,17212,1211
[_=s1! «eNOA

I7 ('R) 1213,1213,1214
[=NNA«IR

[¥ (1R=-NOA) 1215,17216,1215
[=21R=NDA

CINTINIUF

FIND THE VOILTAGF OF THWF SCANNMING ELFMENT

SIE=(AVS®ARF(IL)*ANREL )@CLEI AP+ (AMSeAR-(]1R)*ANRFR)®CDELA
SIM=(AMGaATIM(]L)eA'IML)BCTElI AP+ (AMSeAIM(IR)+aANIMR)CDELA

AJD ON THF PHASF NDFLAY ANT A THE VOLTAGF TC THE BANK ACLUMULATOUK

SIMI=SI'M[«SIMaCNSP(ISE)=SRE«SINP(]ISF)
SIMR=SIIMReS[MaSINP(ISFE)¢SRFe( OSP(]SF)
CINTINUF

STORF THr RANK VCLTAGE

SIMRF(I[NiR)sSUMR
SIMIM(INIR)=SUMI
CONTINUF

CAL™IIL-T+ THF VOLTAGE SUMM NF TH- RIGHT ANU LEFT KANK

SIMR=SI'MRF (1) +S1IMRE(2)
SIMI=S!IMIM(1)eSIMIM(2)
DATAST=SIRT(SUMRee?eSUMI0a2)

CALCHLATH ThE VOLTARE NIFFER-NCE DETWFEN THE RIGHT AND LEFT BANK

SIMR=SIIMRF(2)=S/IMRE(D)
SIMI=SIMIM(2)=S1M[M(])
DATANT=SNRT(SUM-eePeSUM]ee2)

CALCIL ATF THF F4AS+ DIFFEREN(CE RFTWFEN THF RIGHRT AND LEFT BANK
AND ADUST TO FIT PEFTWFEN Tu- [ IMITS =179.099 TO 180 DEGREES

ANGR=ATAN2(SUMI~(2),SUMRE(2))eNINRAD
AVGI =ATAN2(SIIM[ (1) ,SUMRE(1) ). NHRAT
NaATP=A !5R=4NGL

17 (1ATP+1RN) 1221.1221,1222
DATP=N"TRP«34D

Gl TN 1224

I (1 ATP=-1RN) 1724,1724,1223
DaTE=DNATP=34N

CONTINNLE

STORF THF SCAM ALTRUT DATA
DATAS('9)=DATAST

DATAT (IP)=PATADT
NDATAE(IP)=ZDATP
DATAC('P)SCENT

STORE S RFCOPN. TANFLRMATION
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lll=(1"=1)04e11
AREFACILT )SCENT
AREA(]iIT+9)sDATAST
AREA(T ! 1+2)sNAT2DT
AJEA(TITIT1+3)=DATP

FIND THE MAXIMUv SuUM AND LCIFFERFNCE VALUE

(s NeNe]

I (ARSF(DATAST)=DATASM) 1224,1226,1225
1225 DATASM=NATASY
1226 17 (ARSF(DATANT)=DATATM) 122R.1228,1227
1227 DATA'"'M=NATANT
1228 CIONTIN'IE

STORF S RFCNRD INFOIRMATION

o000

AEA( &)=NATASM
AEAC 7)=NATANDN

WRLTF S KECORD IANFCRMATION Do TN TAPE

acgo

CAlL|l WrRLN(T'/FAN,aREs,410)

PAINT S RFCORD iNFORMATIOAN

e NeNe]

PRAINT 9019,SFTNLM, IRUN,NRLN
PINT an2§, [S,NATASM,DATALM
PIINT an?2¢

PINT S RFCORD SAMELE POINT SUTPUT NATA
PIINT S FI1LLF SAMPL: POINT OUPUT DATA

(zNeEeNel

D) 1724n :P=3,[Sar
PIINT 0n27,NATA“(CIF),DATAS(IP),NATAN(TF),NATAR(CTIP),
1(aMARKIT i), IT1=21.11)

PIFFNPR~ IPFRATINNS FCR THF 1 iNE PRINTHFR PLOT

oo

I1=2((NATASM/900+CATASCIP))/NETASM) 050
[22¢/N2TANDM IN0CATANCIP))/NATANM) 8501
[3=2¢/NATAP(TP)I+*'23.A)/36N)eS( e
A_INEC[])246
PIINT QN3N (Al INECITI),1121,81)
A_INE('9)2n
A_INi(iD)1244
P<inT a9n3nN, (AL EB('T),1]=1,81)
A [N (20120
A_ING( 3)=228
ReINnT An8n,cal ! FCiI1),1121,872)
A_INEC )20

124N COINTINUE

1250 CONTINNIE

E\N NF N&TA RUN, STAKT CALCHI ATTIONS OVEP FR NFXT DATA RUN,
0 £ NSE TAPF AMD EXIT PRCGRAM TF |AST NPATA RUN HAS BEEN CUMFLETED

[- (MRIN=TRUMN)Y 760905,8008,55n

T<F (L' JATA QUWS (IFF THE EN. (F THE TAPE, PhINT ~RROR STATEMENI
AVD TEWMINATE eYECUTINN OF PRNCRAM

o000 aooan
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B8ROD PRINT InhN

G2 T RQUQ
C
C WL T Tl TERMIGAL FILF OMTN THF END NF THE TAFPF
c

R998 CaL'  NSF(DFa'n

8996 CaLl NPFN(DFAN,DFAS, [ TAPE,0,4HSIMY)
ARFA( 1)Y=FH
Cat |l WWIR(DFAN,AREL,2)

&
C C.0QF NU REWIN' TrE TAPE AN" £XIT THF PROGRAM
C

R999 CALI CtNSE(DNFaN)

CaLl SHFTRN(ITAPF,1)
CaLL Fxli

[ R R Xy Yy Y Y Y R R R Y XSRS A XA LA

THF 1/ FORMATS ARE AS FOLLOWS

o ReoNeNeNe]

Q008 F 7 «aT (315)

9009 FIRMAT (I15,2F10.2, [5, F10,2)

9010 FIRMAT ( [5,3F1n,4)

9011 FIRMAT (5FR,?2)

9012 FIRMAT (?2F10,2,215.F10.2)

9013 FIRMAT (F1n, 4,15%)

9019 FIRMAT (1H1/5X,13IHSFT NUMFER = ,110,14K & RUN NUMRFR ,13,4+ OF ,
13,8+ RPINS)

9020 FIRMAT ¢ /8X,25HANTENNA ARRA
1Y INFOWMATIONZ/ S, 20WNUNRES OF ANTFNNAS =,37X,F6.2/5X,32RDISTANL
2E FAPM r-NTER T» S/REFN =,5%.F6.2,7H MFTERS/ 6&X,33HDISTANCE FRUM
ISTREEN T ANTENMA =z,4X,F6.2.7H MFT=RS// 5¥Y,12FSCANNER MOULE//
45X ,2QHI(IMRFR NF SC.NMING ANT-NAAS =,BX,F6.2/ 5X,16HCOPHASAL ANGLE
52,21, &.2,RK DLRGHFS// SX,1AHWAVE INFURMATICON// BX,19HCAKKIER +RE
ANJFNCY =, 18X,F6,.2,4H MHZ/ BY,.22HMONULATION FREGUENCY =,15X,F6,2,4H
7?7 <H7/5X,?3HPFRCIENT rF MODLLATICON ®,14X,°6.2/ 5X,31HNUMBER OF [NC
BIIEMT wAVFFRONT- =,6X,F6.2/7)

ON21 FIRMAT (5X,4HWAVE .5X,4HWAVF, ¢ (6X . 4HWAVE) , X, 5HFHASE/SX, 4HNUMK,5X,
134AMC, 7Y , BHPRASF, 5%, 3HAZM, 7Y.4HFI.EV,6X,8HSTEP/)

9022 FIRM2AT (&X,13,1Y,5(4X,F6,2))

9023 FIRM'T (/S5X,97HNCISE INFORMATICON// S5X,19HSTANDARD DEVATION ®,16X,¢
14,2 / SX,13HRAND STLRTER =,24X,F6,2// SX,27HANTENNA ARRAY
2 SCAr “EJTINGS//SX,15KHSFLT0R NENTER =2,22X,F6.2,8H NFGREES/

I SX,1R-MIUMEER Nt SCANS = ,90x,+A,2/ 5X ,15KS
4Can 11 £ = , 02X FE,0,8F Q- / S5X,25HNUMHER 'F SAMPLE PCOINTS
Z,19V,b&.2/ SX,PE6HINCREMENT ~&TW-EN PNINTS =,11X,* 6.2,8~ DEGHEES)

9025 FIRM T ¢ EX,+Im~CAN NUMRED =, 13// SX,14RrMAX SUM DATA =,2X,F8.2/
15X,14KH»aY DNIF | *TA =,2Y,FE8,2/)

9N26 FIAMAT (/7X,8KH"RF,7X, THSI M, KXY, X=DIF,BX,5HPHASE/ 7X,5HSIGFI1,6X,4KRD
1ATA, 207X, 4HDATAY /)

Q027 FIR4:T (2X,4(3X,FR.2),5X,83.4,1Nn(4X,A1,4))

QN30 FIAMAT (1H+,5BAX.51:1.4)

ON8N FIAmM+T (q1H1/ 55X, I7HTHF DATA RLNS NFF THE FND CF THF TAPLE/

1 5Y, P2RHPRCGRAM =il NOT R FXFCUTED)

[ R ]

BERBIRTRBADABRDIHE BRRUBEBE B RABRBBRRERBABRNB RN BERRNBERRNBEDRRaes

ENn

s o
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APPENDIX g

REDUCED PROGRAM LISTINGS
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=EDUCED PROGRAM LISTING NUMBER NNE

THE RASIC NPFRATION NF TKE PRNOGRAM

P00 0400400000000 0008000004400 0000400404004004400044004000800
¢ ® STARTY .
. N
POIIENIP0 0000444000000 4000600000400 44400400000 4040440040 0040

VEC 8299,.8
Pl 83,14159265
TWOP! wPle?

CONRADE3&N/TWOP]
(22 XTI XTI T P PRI I R P R P R P R Y Y R R R A R R A S T PR R R A
¢ +
* +

22T TI I T 2L R R R AL L P R R Y R P A R R S R AL A AR R P R X R X

IRUN =0
READ 9008,NRUN, 1TAPR,MODE

(22T X T PR L L R YL I R Y P I P P R R R R A R R S R L S R PR L R R X
A *
* +
A XX T XTI Y Y I T Y L R P Y R R L R A L R TR P Y Y R N

(———————(Gf) 70 (924,914),M0ONE
914 CONTINUE

(XTI XX TR S 2 R R R A A T P R L R R P L L R AL R S R L R R L 2 2

+ ® TAPE MNDF 2 = NI D TAPE +
. & ADVANCE TAPE Tn END OF OLD DATA .
. e SETNUMzSFTMUM OF LAST NDATA SET .

(A XXX LYY L R R Rl L R L R Y PR Y P X PR R RIS T R 2 L X A R X R X )

GO TO 930
=924 CONTINUE

(2 YT Y YT Y PR L L Y P R I R P Y Y R A L R R TR PR X 2
* e TAPE MODE 1 = NEW TAPE +
¢ & INITIALI7ZE TAPF .
(2222 T2 I T P 2 R A R R R Y P R L P R R R A R R R R P R R L R

SETNUMS)
330 - SETNUMSSETNUM+1000
¥50 JIRUN ®IRIIN® | =t

(LI T IR YL P PR R L R Y LY P X R R R A T R RS YL PR P R
+ +
¢ *
CEPP04 04+ 3800004000000 00048 4000048044403 40440003004004%44004040

Mot i aaant ool b e e i i




e

READ 9009,NOA,A,D,NAS,CPNHI

READ 0010, NWAVE,FRFENC,FRENM,PN M
NOA4 SNQOA/Z4

ANOA B836/NDA

ANOA? SANOA/2

NAS2 sNAS/?2

WL SVEn/FrEQC
CONSTiIoTWNP D/ WL
CONST?2aTWNPIaA /WL

CONW  STWNPleFREQMe100N

CPP040000040 4040040400040 204 4448000000004+ 54344040004000004+0
. o PHASE DELAY CALCULATIONS .
. .
G000 000 0800044400000 440443 0430403804803 40400004000000400000

POPPPPGP 4449020404809 00 4400384034000 020084003%004 004044 4%000040
* +
¢ .
[ X Y PRI I R R R R R Y PR R R A Y P Y R PR PR R Y

DO 1000 [ANTS1,NOQ A=
AIM{IANT)=0.0
ARE(IANT)=0.0
DO 1000 IWAVES1,NWAVE=S—
AMPH(IANT, IWAVE)Eqn,

1000 CONTYINUE
IWAVE =1

1001 CONTINUE—s
READ 9011, WAMP,WPHT,AZM,ELEV,BST }
WPH  sWPW]/CANRAD
COSELVSCOR(FLEV/CONRAD)
COSAMPECOSELVeWAMP
CONEY ®COMST1eCOSELV
CONE2 aCONST2eCOSEL YV

(X Y Y Y P P R R I L R R T R P R R 22X R R LA RS S S R PR P X X X 2 4
* *

* *
I R R Y L T Y Y Y Y Y R Y Y I Y Y T PR P PRy

T T Y T Y Y P ey T L L Y P Y P PR T Y TR
. o ANTENNA FLEMENT VvOLTAGE CAICNILATIONS .
. .
PRI P PP P04 40400000400 44200080080 000484004480 004040404000

IWAVE SIWAVFs1
IF ¢NWAVE-T1WAVE) 1n16,1001,100n1 =
1016 CONTINUE
READ 90313,ANNTS,RN
ANOISJUs,7n78ANOIS
READ 0012,SECT,SCANT, ISCAN,ISAM,SAM?
WIDTH S(1SAM~-1)8SAM]
SIDE @®gENT-WwIDTH/2
IF (SIDE) 115n,11%1,11%1
1151 SIDE 836n+31INE
1151 CNHNYINUE
DELY S®SCANTeSAM]/3Ap




CPPPRIPPCP PP 0040020900 000000 0008 1000000000000 0000004%0%000000
* .
* .
[ Z XY YRR I PERYS I AL E R R R R R P L R Y A A A R R P R R P R R R

DO 12%0 191, ]SCAN —g—

C0PPP 0090000000408 030 000000004030 003 0000000440040 00000¢40%400000
¢ +
* +
PP PG00 0049000000000 0000040008000 084004 0042000000000 04%40000%0

T ®(]S-1)eSCANT-DEI T

Dn 1228 Ips1,]$AM~%
CENT ®(]P-1)eSAMI«SIDF
IF (CFNY=-380) 1153 ,1152,1152
1152 CENY sCENT-340
153 CONTINUE
T STengLT
AMS 8(1=PCAM)OPCAMSCHS(CONYWET)

(I Y Y PR X N X I I I Y XN R P Y PR Y PR Y R A Y R P P P P RN X
. & PHASE STEP CALCHLATIONS .
L4 Y
(L2 YT P R P RS L L L P Y Y R P Y P N R R R A A R P R R PR X R

(X XYY I R P PR R T L R R R P PR Y P R I I R AL RS R PSR PR LR
. & SCANNING BANK vnLTAGE CALCHLATIONMS +

* *
CEOPP0 92 7++ 2403430000400 2008043004204 4484403404043004%04404040

A X I R R R P R AL L Y I R Y P R P R T I R R R A A R S RIS L R SR R 2 2 2 4
* & NUTPUT Datva CAILnILATINONS ¢
* +
A Z TR 2 P R L L R R R P P AL R R R A AT I R R R R P XX 2

T YL Y Y R I Y Y T T P Y P Y P R R R PR P P R 2
* +
* ¢
SR04 4408480404440 00440300 004330400400 0432030008404 %44000040

3228 CONTINUE 2=
POttt ttttt ettt tadttdit sttt tststattttt sttt Pittttteststttrass
. .
. .

(X XTI IR T R R PR R A A R R R Y A A L R R L PR Y R )

1250 CONTINUE

e

Sl

IF (NRUN=TRIN) B995,8C05,050—
K995 CANTINUE

A2 X2 T XTI T R R PR A A L R Y R L P L R R A R R R PR R Y R

+ .
* *
* ¢ ENN +

(X222 R AL R R R A A2 IR R R A X R P R I R R R A A T R R PR S X R
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WEDUCED PROGRAM | ISTING NIUMBFR TWn

999

PHASE NELAY CALCULATIONS

CONCHIBCOS(CPH]/CnNRAD)OCANST?
CASM  SCOR(((NAS2<-q)®ANNASANNAZ)/CONRAD)

DO 999 [SFmq1,NAS? —&—
PDELAYSCONCHI®(COS(((]SF=1)8ANNACANNAR)/UNNRADY-CNSH)
COSP(ISE)=CNng(PDE) AY)
SINPCISE)sSIN(LELAY)
CONTINUE

~EDUCED PROGRAM [ ISTING NUMBER THREF

1013
1014

ANTENNA ELFMENT VOI TAGE CALCULATIONS

K .(‘7H/ANOA)¢’.
DELK S®AzM-ANNAS (K1)
DELKP wANNA-DELK

WPHH (T WAVE)=0,0
PSTEP(IWAVE)aPST/CNANRAD

DO 1014 [DIR=1,2-

DO 1013 [AW=1,NOA4 —€
Gn To (1003,1008),1plR
TANY ®K4q.1AW

IF (IANT) 1004,1004,100%
JANT  SNOA+ANT

. THE SANNA®(1=1Ay)=-DELK

IF CARSF(THF)-90) 1007,1007,1004A
THE 8=0n

Go Yo 1017

TANY ®KelAy

IF (NNA=TANT) 1009,101n,1010
IANTRIANT-NNA

THE BDEL KP+ANOAS (TAN=1,

IF CARSF(THF)=90) {n12,1012,1n11
THE 290

COSTHESCOS( THE/CONRAD)

AMP SCOSAMPSSIN(CNANEL1eCNASTHE)
PHI SCONE?eCOSTHE+WPH
ARECIANT)sARECIANT) 4 AMPoCAS(PH])
ATMCIANT)SATMU]ANT)+AMPESIN(PU])
PHIM(TANT, IWAVE)SPY]

AMPH(TANT, IWAVE) mAMP

CONTINUE
CONYINUE




KEDUCED PROGRAM LISTING NUMBER FOUR 53
TIME DFPENNENT PHASE SHIFT CALCULATINNS
IF (T) 1190,1190,1160
1160 D0 1172 IWwAVEsi,NWAVE - 1
——1F (PSTEP(IWAVE)) ¢4161,1172,1161
1161 WPPH ePSTEP(TWAVE)eT/SCANT
Do 1170 1aNTE1,NQA -
IF CAMPWCTANT, IWwAVF)) 1169,1170,1169 /
1169 PaAl SPHIH(TANT, TWAVE) + WPHH{ TWAVE)
PA2 SPHIN(IANT, TWAVE )+ WPPH
ARECIANT)ISARECTANT)oAMPH(TANT  IWAVE) ®(CNG(PA2)=Cne(pAL))
ATMUTANT) gATMCTANT ) QAMPH (TANT TWAVE) & (SIN(PAD).SIN(PALY)
17n CONTINUE
1171 WPHM(IWAVE)=WPPHW
172 CONTINUE S
—»=1190 CONTINUE
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REDUCED PROGRAM | ISTING NIJMBEK FIVE
SCANNING Et EMENT AND SCAMNING RAMK VALTAGE raAl CHALTYINNS

KC B(CENT~-ANQAD)/ANDA ]
CDEL g (CFNT-ANOA2)=ANNAQ(KC-1)
CNELP wANNA-CUEL
CNELA sCDF( /ANDA
CDELAPECDELP/ANOA

——— IF (KC) 1194,1194 1195

1194 KC aNQOA4KC
1195  [F (KO NOA) 1197,1197,1194

1196 «xC SKC=NNA
1197 D0 1220 [NIRsy,? e
SUM! =0,0
SUMR ®g,q
1199 Do 1217 [gEx1, NASP —=€ |

———G0 T0 (12n0,1204),1DIR
1200 IL sKC-1SEe1

IR SlL+1
(L 22T R P A R R LI R R R R P P P Y Y TR R A SRR LY T Y LY P
¢ ¢ NOTSE s1GuAL CaiCULATIAN FAR LFFTY .
* +

CEEPPP4 4040000004090 0304404404404 08800 4002043040340 %04%000000

L0 Y0 1208
1204 L sKC+[SE
IR S1L+1
PPPP 4040400000044 4040200804004 0094 0020804083 4%04000404%4%0004040
¢ ¢ NOISF «1nRNAL CaA| CULATIANS FNR RIANWT .
¢ *

(A2 22 222X TR 2T 2 R A L I R Y R Y R Y Y P R R T Y Y R YY PR TR

208 IF (11)1209,1209,1210

1209 IL aNOA+IL

210 IF(IL-NDAy 1212,1212,1211

1211 L S[L=~-NOA

212 IF (1R) 1213,1213,1214

1213 IR eNOA+ IR

214 IF (IR=NOA) 1216,1216,171%

1215 IR »IR-NOA

1216 CONTINUE
SRE B(AMSOARE(]) Yo ANREL )oCDFL AP (AMSSARE(IR)GANRER)SCNE| A
SImM S(AMSOATM(IL ) +ANTML)SCDFEL AP« (AMSS®AIMIIR)SANIMR)SCPE! A
SUMI 8gUMI+SIMeCNGPI]ISE)=SRECSINP(ISE)
SUMR sSUMR+SIMeSINP{ISE)+SRESCOSP(ISE)

1217 CONTINUE e
SUMRE(INIP)=SIMR
SUMIM(IDIR)=SIIM]

1220 CONTINUE -




ROy

5
hREDIICED PROGRAM LISTING NUMBFR Sl 7
NPETERMINATINN NF THE NOTSFE SIGMAL VNI TAGE - FAR LEFT AANK

IF C(1SE-1) 1201,12n1,1202
1201 CALL AND(RN,RNDP)

ANRERFsANN]S.JeRNDP

CALL RND(AN,RNLP)

ANTMRFBANNTIGJ®RNDP

ANRER sANRERF

ANIMR sAN]MRF

———+——G0 To 1203
lb-l?o? ANRER SANREL

ANIMR sANIML

1203 CALL RND(RN,RNDP)
ANREL ®ANNISyeRNDP
CALL RND(RN,RNDP)
ANIML sANDISJgRNDP

HEDUCFD PROGRAM LISTING NUMHEK SEVEM
DETERMINATION NF TWg NOISE SIGMAL VALTAGE = FNR RIATH RaK

————IF (1SE-1y 1209,12n5,1208
1205 ANREL SANRERF
ANIML SANIMRF
———G0 T0 1207
»=1206 ANREL sANRER
ANIML PANTMR
1207 CALL aND(pN,RNDP)
ANRER sANNISJaHNDP
CALL RAND(RN,RNDP)
ANIMR SANNISjeRNDP
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FEDUCED PROGRAM LISTING NIJMBER FIGHY

1221

222
1223
224

CALCULATION OF SYSTEM 0UTPUTS

SUMR ®SUMRF (1) ¢SUMRE(2)
Suml SSUMIM(1)eSUMIM(2)
DAT‘STISORT(SUMR009¢SUMIQQ2’

SUMR sSUMRE (?2)=SUMRE (1)

Suml! sgUMIM(2)=SyMIM(1)
DATADTISORT(SUHQQ.?oSUMIoO?)

ANGR saTAN2 (SUMIM(2) s SUMRE (21) ®#CANRAD
ANGL 'ATAN7(SUMIM(1),sUMnE(i))OCnNnAD
DATP sANGR-ANGL

—IF (DATPe180) 1221,1221,1222

DATP ®DATP+340

GO Y0 1224

1F (DATP=-180) 1224,1224,1223
DATP ®pATP-340

CONTINUE
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APPENDIX C

SAMPLE INPUTS, FNR GCAAS, AND
HARD COPY OUTPUT

e s o e me o
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SAMPLF INPUT CONDITIONS FCR wCAAS

coL.
1 5 1n 20 30 a0 50 60 72
¢ ¢ s ¢ + + ¢ & ¢ ¢ + ¢ ¢ ¢ ¢
1 1 1
120 145 .50 UL 48 20,00
2 7.0010N 5.0000 0.0000
1.00 nLoon 90.00 In,on 0.no
.51 10,00 85.0n 35,00 3n.n0
0.030n n
90.Nn ?.00 l 30 2.00

T4E RARD COPY OUTPOT FNR THESF SAMPLE IMPUT CONDITIONS
1S CONTAINER IN ThE FOLLOWINC THRER PAGFS OF THIS APPENDIX




Lasd " "W T - T e

61

SET NUMHFER = 1000 » RUN NUMKER 1 0OF 1 RUNS

ANTFENANA AKRAY INFCRMATINN

NUMRFR NF ANTENNAS = 120.00
DISTaMCH FROM CEMTER T0 SCREFN = 145,50 MFTERS
DISTArCH HROM SCREF!" T0 ANTENNA = 6.00 MHTFRS

SCANNFR MODF

NUYRER (F SCANNING ANTENNAS = 48,00
CO2HASAI ANGLF = 20.00 DFRCGFES {

WAVF TNHORMATION

CAIRTER FREQUENCY = 7.00 MWZ

MOJUI ATION FREQUFNCY = 5.00 K+2Z

PERCENMT NF MORULATION = 0.00

NUYREF NF INCIDPENT WAVEFROANTS = 2.00

WAVF WAVE WAVE WAVE WAVF PHASE

NUMYR AMP PHASF AZM £l EV STEP ]

i

1 1.00 0.00 90.00 30,00 0.00 i
2 n.50 10.00 85.0n 35.00 30,00

NOISE ['"'FORMATIUN

STANDARN DEVATION = 0.00
RN) STARTER = 0.00

ANTENNA ARRAY SCaN SETTINGS

SEZTOR (FNTER = 90.00 DFGRFES
NUMRFER NF SCANS = 2.00

SCAN TIMF = 2.00 SEC
NUMRER NGF SAMPLLE POINTS = 30.00

INZREMENT RFTWREN POIMTS = 2.00 DEGRFES
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APPFNDIX D

LISTING OF PROGRAM SECGMENT OF TAPE HANDLING




10"
101

10~

10¢

104

65
NAME STHPS)

FQUIPECAKDRE,PRINTF}

SINGLE (ARFA,DFAN)}

PROLRAMY STHPCQ
STANDING FORg SAMPLE TAPE KaANDLIYG PRANNRRAM SFGME T

WRITTEN HY1 ROY £ HUNNINGHAUS

WRITTEN FOR3 RADINLNCATIOUN RESEARCH LABORATNRY
NEPARTMENT 0OF FLECTRICAI, FNGIMFRR[ G
UNMIVFRSITY OF 1LLINOTS

BBV VOBIVVRBBOVB VBP0 0000030000 08003000000 00080300000000%a0adaped
INPUT CARDS NECESSARY FOR NPFRATINNG

ONE PROGRAM NPERATION CARD:

(1s) MSET & NIIMRER OF nATA SETS Tn WE LNCATRL

(1% ITAPE o TAPF DRIVF NUMRER

THE FOLLOWING CARDS ARE NEFDED FNR EACH DATA SET 10 RE LNCATED
NATL SET AND RIIN NUMRER CARDND!

(110 SETNUM @ DaTaA SET RFFEREMECF NIIMBFR TN RE LNNATED

{1%) 1RUN ® DATA RUN REFERENCFE NUMBER Tn BE (NCATED

2RBNDEBEIN0RVRG BB 320000

PLACE ANL ADDITIONAL INPUT CARDS FNR TWF GIVFN DNATA SET - RUNM
AT THIS POINT

(ZXAXIIZXZR XTSRS R Y Y

0B URVVVCRVBRVBB20003000000002002300300R0002280080080000000000100

DIMENSIONM AREA(500),DFAN(650)

EHEeH
“HgoH M
SHedH ]
DFAS®E00

REAL 9N00,NSET, ITAPE

CALL SETHNUITAPE, D)
CALL FXBLK(ITAPE, 1)
CALL BLKLN(ITAPE,O0,N)

1SET=0

50 10 101

CALL SETHN(ITAPE,1)
ISET=[SET+1

IF (NSET=ISET) 8500,1n7,10?
REAL 9001,SETNUM, TRUN
ASSIGN 8000 TO LASY

GO 10 106

CALL CLOSE(DFAN)

CALL SETFD(DFAM)

CALL NPEN(DFAN,DFAG, ITAPE,Nn,4HSTM)

e e e




88 CALL ROLR(DFAN,AREA,[ AST)
105 (F (AREA(2)-SETNUM) 103,107,103

100 PRINY 9pS5p,SFTMUM

107 NRUI BAREA(4)
IF (NRUN=TRUN) 108,111,111

105 PRIMT 90%51,SETMUM, [RIIN,NRUN
109 CALL CLOSE(DFAN)
<0 70 100

117 CAL. RDLR(DFAN,AREA,LAST)
111 IF (IRUNAREA(3)) 110,112,110
117 CONTINUE
PRINT 9049,SETNUM, [RUN
1SCANBAREA(17)
1SA+ gAREA(19)

0808308000000 00%00008000

- 5 -

[

PLALE ALL OPERATIONS FOK THe INPUT INFARMATIAON AT THIS POINMT

PRS- B )

v 0000020000000 0000000000

DO 2999 1S=1,[SCAN
CALL RDLR(DFAN,AREA,| AST)

3, [ ZXXXIXYYZIXY YRR XY XA Y L4

PLALE ALL DPERATIONS FOW THE SCAN AT THIS POINT

i 0800000008 0000020000p00

A299° CONTINUE

CALL CLOSE(DFAM)
<0 70 100

8U0. CALL CLOSE(DFAN)
CALL SETENCITAPE,1)
PRIMT 9052
CALL EXIT

850 PRINT 9099
CALL EXITY

BRSO NVBVIGNRNIRNVBBRBPRROBRIRBEPRUERRBRBBRVVBRGNBRPUBBR08840000000

9n0 ' FORMAT (215)
900* FORMAT (110,15)
9)4% FORMAT (41H1/5X,12HeET NUMBFR ,T11g/ S¥,12HRUN NIMBEW L 13,&H FNysD




W—T

|

1 )
9USn FORMAT
9081 FORMAT

1 4zN(
918> FORMAT
9019y FORMAT
910" FORVAT

1 13

END

67
(1M1/8X,12HSET NUMBEQ ,110/ SX,17HNOT FOIUND ON TAPF
(IH1/8X,12HSET NUMBFR , 110, 8X,12HPUN NUMRER (.,
GREATER THAN NUMBER aF RIINS IN TRF SFT (,13,14) )
(/7/%%,2RNTAPE NPERATINN Nk TAPE ERRNR )
(1M1 /8%, 3aHALl PPERATIONS nNMPLETED - PRNskav END )
(1H1/9%X,12HQET NUMBFR  ,130,14W @ RUN NIIMAER ,13,4KH 0OF

5H RUNS)

)




APPENDIX E

LISTING OF PROGRAM STRO




D000 NSO 312

IV s Wit W ke BF

'l

P el IR |

Lp T

[ IR e B o N

-~

)

i

e
G

PAGE

90n

901

100 CALL CLOSE(DFAN)

69
001
NAME STROS
EQUIPsCANDRE,PRINTF}
SINGLE (ARFA,DFAN)]
PROLRAMS STRO
STYAMDING FORY SIMULATOR TAPE READ nurv
WRITTEN Ry R0y £ MUNNINGHAUS
WRITTEN FORy RADIOLNCATION RESEARCH LABORATORY
DEPARTMENT OF ELECTRICAL ENGINFERING
ONIVERSITY OF ILLIMNOIS
COMPLETEDS MAY, 1970
REVISEDS NCTORER, 19701 = FnR NEW TAPE WANDL ING PROCFDURES

SO0 RB0RNRBRPARQBADEINEVVBPRPRNRILIPPRNPB000000003000000800000000
INPUT CARDS NECESSARY FNR nPERATIOM

NNE PROGRAM OPERATIAN CAKD!
(1% 1TAPE ¢ TAPE DRIVE NUMRER i

CRRCRRAVGRIRRRNNRODRARNNVBRRBRIRIVBVRRRBVBDVRVD2002000000000000

-

DIMENSION ARRAYS

NIMENSTON ALINE(S1)samARR (1)
DIMENSION AREA(410),nrAntA50)

SET OPERATION CONSTANTS

EHBAN F
DFASS600

REAL PROGRAM OPERATION INFORMATION
REAL 9000, ITAPF
INITIALIZE LINF PRINTER

No ¥00 [1%1,51
ALIMNE(TIT) =0
PO %01 Ils=1,11
AMARK(11)m27

OPEN TAPE ON UNIT NO, ITAPE

CALL SETRN(ITAPE,1)
CALL FYBLK(ITAPE,1)
CALL BLKLN(ITAPE,O0,0)
ASSIGN 4000 TO LAST
0 10 1001

ADVENCE TAPE AND PRINY OQUTPYHT DATA UNTIL TERMINAL FILE IS REACHED




70
PAGE 00¢

CALlL SETFD(DFAN)

1001 CALL OPEM(NFAN,DFAS,1TAPE,N,4xSIMU)
CALL RDLR(DFAN,AREA,| AST)

| IF (AREA(1)=EN) 1100,3000,1100

N PRINTY H RECORD INFORMATI]ON

1100 NRUNSAREA(4)
GO To 1102

1101 CALL ROLR(DFAN,AREA,LAST)

1102 NWAVESAREA(1Y)

l IRUMNSAREA (3)

PRINT 9019, (AREAC]IT),1182,4)
PRIMT 9020, (ARFACI1),1185,13)
PRIMNT 9021
KKKE21
Do 1105 JWAVEsSt,NWAVF
KKKGsKKKs 4
PRINT 9n22, IWAVE, (AREACTIT), [ISKKK,KKKE)

1105 KKKBKKK+5
PRINY 9023, (AREACI1),11814,2))
ISCANSAREA(LY)
ISAFEAREA(19)

PRINY S RECORD INFORMATION FNOR EACH SCAN IN THE DATA RUN

DO 1260 1S=1,1SCAN
CALL RDLR(DFAN,AREA,i AST)
1200 PRIMY G019, (ARFA(IT)Y,1182,4)
DATASMeAREA( 6)
DATADMSAREA( 7)
PRI*YT 9025, (ARFACI1),1185,7)
i PRINT 9026
i DO 1250 1Pmi1,ISAM
1118(Ipe1)edell
CEN' =aREACIID )
DATASTQAREA(1]1e1)
DATADTeAREA(I11e2)
DATAP mAREA(I11¢3)
PRINT 9n27,CENT,DATAST,DATADT,DATAP, (AMARK(I1),11m1,44)

o]

PREFORM OPERATIONS FNR LINE PRINTER PLNT

112 (DATASM/100¢*DATAST)/DATAGM)850+1

128¢(DATADM/10Nn0«DATADNT)/DATADM) 68N

138 ((DATAP+183:6)/360)¢5041

ALIMNECT1) 846

PRINT 9030, (ALINECLI]I),1121,51)

ALINE(I1)80

ALINE(]2)m4d

PRIMT o030, (ALINE(1]),T]ls1,51)

ALINE(I2)mg

ALIME(13)m24

PRINT 9030, (ALINE(TI]),1]%1,51)

ALINECTI3) =0
125¢ CONTINUE
1267 CONTINUE

I(
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.2

GO HACK AND PRINT H RECORD IMFORMATINN FOR THE HWEXT NDATA RUN
' IF LASTY DATA RiUIN IN THE DATA SFT MAS RFEN PRINTFU, &NyANGCE TAPF
0 To NEXT LATA SFT

IF (NRUN=IRUN) 100N, 1000,11n01
TERM INAL FILE HAS BEFN WEACHFD, FRINT ALL DATA PRINTED STATHMENT

300" PRIAT 9070
GO T0 5000

r ENL 0F TApE HAS BFEN REACHED, pkINT FRROR STATEuENT

4000 PRINY 9060
Go Yo 5000

CLOSE AND REWIND TAPF AND ExIT PRNGRAM

s500r CALL CLOSE(DFAN)
CAtL SETEN(ITAPE,1)
CALL EXIT

Y L N O S L O I T I TR I Iy
Y THE 1,0 FORMATS ARE AS FOLLNWS

QU0 FORVAT (15)

9016 FORMAT (1K1/8X,13HSET NUMBFR = ,110,14k & RUN NUMBER ,IX,4H OF ,
113,54 RUMS)Y

9n2n FORMAT /9%, PSHAMTENNA ARRA
1Y 1LFORMATIONZZ S5X,20unUMRER NF ANTENNAS 2,17X,F6,2/5X%,32uD1STANC
26 FHOM CENTFR TN SCRFEM m,%Y,FA_2,7H METERS, G5Y,3IWNISTANCE FROM
3SCREEN TO ANTEMNA =,4X%,F6,2,7H METEFRS/, 5X,12HSCANMNER MNDF//
45x, cOHNYMRER OF SCANNTING ANTENNAS =,8Y ,F6,2/7 SX,16HCNPHASAlL ANGLE
58,21X,F6.,2,8K4 NERGFES// SX,1AHWAVE INFARMATINAN// SX,19HCARPIER FPRE
SGNUENCY m,18X,FA2,4H MHZ/ SY,27HMNNDULATINN FREQUENCY @,15X,F6,7,4H
7 KH2/5X,23HPERCENT OF MNDULATION =,14X,FA .5/ 5X, X1 HNUMRER 0OF [MC
8IDE'*T WAVEFRONTS =,6%,Fb,2/)

9021 FORFAT (5X,4HWAVE,Sx,4HWAVE, 3tby, 4HWAVE), by, SHPHASE /Sy, 4WN1IMB, SX,
13MAV P, 7X s SHPHASE,,5X,3AZMa7X, 4HFLEV,AX,4:STEP/)

902? FOPWAT (5X.I3.1X.5(4X.F6.2))

9u2l FORMAT (/5Y,17HNOISE INFORMATION// 5X,19HSTANMDARL NEVATION =, 1RYX,F
16,2 /7 SX,134RMD STARTER =,24Y,F6,27/ 5%,274ANTENNA ARRAY
? SCAN SETTINGS//8X,15HQECTNR CENTER =,22%,F6,2,8% NEGRFESY
3 SY,18HNUMRER NF SCANS & ,19X,Fh,2/ X ,184S
4CAN TIME = 2 22X,Fp,2,8H SFC /7 5Y,25HNUMBER rF QAMPLE POINTS
58,1¢X,F6.,2/ SX,26HINCRFMENT RETWEEN PNINTS =,11%,F6,2,8H DFGREFS)

9N2S FARYAT SX,13HSCAN VUMAER ®,13//7 Sy,14umMaX SUM NATA 3,2X,FR,2/
15X,14HMAYX DIF DATA 3,2Y,F8,2/)

9024 FORIAT (/7%,4HRORE, 7%, IKSUM RY,3HDIF,By, SHPHASE/ 7% ,5HSIGHT, 6%, 4D
1ATA,2(7X,4HDATA) /)

QU27 FORrAY (2x,4(3yx,FB8.2),5x,A1.4,1nl4y, A1, ,4))

QUI" FORMAT (1He,%0%,51A1.4)

906 FNPRFAT (1H1/5X, 36HTHF END nF THE TAPF HAQ REEN REACHEN)

9071 FORMAT (31KW1/5X, 38WALL THE NATA ON THFE TAPE WAS WEFY KEAD)

SRBUBBABBRORBBEVBDRONVBPRB00EPRVBRBRBRVPRRBIBREVPBP2B0000 00000080

END
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