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1.0 INTRODUCTION

In order to prediit accurately the performance of an air-borne or

satellite-borne radar system it is necessary to have a known return power

level as a reference. To obtain a reference such as this has been the

goal of radar system engineers for a great number of years. An extensive

effort has heen made to define a process-by which this reference level
might be achieved. There are four groups sponsored by NASA working to
achieve an accurate repeatable radar calibration technique. These

four groups are: (1) NASA/JSC, (2) Texas A&M University, (3) The:

. University of Kansas, and (4) NASA/JPL.

The purpose of this report is to describe the FM-CW Radar being
used by NASA/JSC as a Microwave Scatterometer. This description is
limited to a system description, system parameter corrections, and a
presentation of two data sets.

This report will be divided into five major parts: (1) scatter--
ometer system design, (2) scatterometer system calibration, (3) param-
eter calculation and correction for data acquisition, (4) ground
scatterometer data acquisition at Jornada Experimental Range, and

(5) Kansas radar cross-calibration test,



st

£ 1S
RIGINAL PAG
OF POOR QUALITY

2.0 FOUR FREQUENCY GROUND SCATTEROMETER

2.1 SYSTEM DESCRIPTION

The ground scatterometer consists of four separate radars with operating
frequencies of 1.6 GHz, 4.75 GHz, 9.5 GHz and 13.3 GHz. Each system is a
swept FM radar using triangular modulation (see Figure 2.1). The modulation
is provided by the sweeper which sweeps linearly from 0 to 10 volts and back
at a frequency of 150 Hz. Each YIG oscillator is swept through a range of
fc -500 MHz to fe +500 MHz, where fe is the center frequency except for the
1.6 GHz which is swept = 1 160 MHz. The YIG oscillators serve as the trans-
mitter oscillators as well as the LO's for the mixers. The signal out of
the mixer is fed to the spectrum analyzer where it is sampled and diqitized,
and then to the calculator for processing and data storage.

2.2 FREQUENCY CONSIDERATIONS

The four ground scatterometer systems are swept FM systems with
triangular modulation, the legs of the triangle being linear. The system
is nominally swept from fc -500 MHz to fc +500 MHz, except for the 1.6 GHz
as described above, fc being the center frequency of the system or from f1
to f2 and back as shown in Figure 2-2 at a rate m.

The received frequency tracks the transmitted frequency but is delayed
by the time (t) which is a function of the range to the target. For a point
target at range R,

r =& , ¢ = velocity of Tight
=(f p tmt , f increasing
(f -mt , T decreasing

fp = fr (t-1) = f (t - &%)
(fpm (¢ - 2R
(f,-nt- %5 )

,» T increasing

» f decreasing

iodd = AT A
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Figure 2-1 Scatterometer System Block Diagram
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Figure 2-2 FM-CW Signal Description

Figure 2-3 Scatterometer Geometry for Extended Target
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Mixing an attenuated part of the transmitted frequency with the
received frequency and using the difference, the IF, which is also_the
signal frequency, for point target range R is

fo = Fip = [f= fol = % 4mt = £, -m (¢ - &%)
fs = 3%5 ,
The actual signal used in the application of the ground scatter-"
ometer is obtained from an extended target and the ranges from different
parts of the target are different. Hence, the actual signal will be a
band of frequencies whose value will be bounded by the ranges at the .
edge of the receiver anptenna beanwidth. Hence,

« 2MR, _ 2mRy

AfS = fRz - le ,

afs = 20 (R, - Ry) = 2 R,

Since the system is swept throughithe bandwidth B (nominally, 1 GHz)
in time T, where T is given by T = 7 frep the FM rate is

m-3=28 frep .

Nominally, frep = 150 Hz.

Since Afs = %m- AR, the slope of the frequency vs.

range is g%- = %—(28 frep) = ggﬁjzgg

Using nominal values the slope should be

_ 48 rep _ 4 (10%) (150)
3.x 108

2m
C

= 2KHz/meter ..

As we shall see later, the actual measured value of %ﬂ‘ is somewhat
less than this, indicating that B is less than 1 GHz.




2,3 GEOMETRICAL CONSIDERATIONS

The non zero antenna beamwidth and the antenna position relative
to the target results in different slant ranges to the target as shown
in Figure 2-3. The slant ranges at the antenna ha1f‘power points and
points of maximum gain are given by the following equations:

R = h/cos 0,
Ry = h/cos (O-BA/Z) ,
Ry = h/cos (e+e,’lz) ,

where
h = vertical height above ground ,
By = 3 d8 along track antenna bzamwidth,
® = look angle,

" R = slant range to center of footprint,
' R1 = slant range to near edge of beamwidth , and

slant range to far edge of beamwidth ,

=
nN
1

Using the Tri-Ex tower, the nominai value of h is 51.5 feet.



URIGINAL PAGE IS
OF PO QUALITY

3.0 SCATTEROMETER SYSTEM CALIBRATION

3.1 DETERMINATION OF Pr

The signal return for the ground scatterometer system can be
estimated in the usual manner by using the radar equation as follows:

2
Pr ',EI9TGRA o
€4m)3R*

where
PR = return power at receiver antenna
Pr = power transmitted
1 GR = transmitter and receiver antenna gains
A = radar wavelength
o = radar cross-section of target

R = range of target

The ground scatterometer is designed to measure sigma zero (oo).

the radar cross section per unit area or scattering coefficient. If
the target is homogeneous and small enough such that o does not vary
over the angle BA‘ the average scattering coefficient for a target may
be written as

o = %- , where A = Footprint area for an extended target.

Substituting the o® in the radar equation yields:

Pp = Pr6yBprzg0n
(ar)3 &%

e i S RPN ORI ObAAR R T S ¢

g gt 2
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The calibration of the ground scatterometer could be performed
by measuring PT' GT' and GR and then determining the system response
to measure PR at the output of the system. Another method is to measure

the cross-section of a known target and take the ratio of the power returned
" from a target to the power returned froin the known calibration target.
This method eliminates the need to measure the system gains and responses,

and, in modified form, is the method used to calibrate the ground
scatterometer.

From the radar equation above,

- For a given stable system, the quantity in brackets, K, should remain

a constant. The determination of R and A is done by direct measurement
or calculation.

The determination of PR is done using the spectrum analyzer, The
output of the spectrum analyzer is a power spectral density, and the
voltage output &t a given frequency is related to tne power input within
a small bandwidth Af centered at that frequency by the relation

VR = \iF

where k is a constant of proportionality which includes tha system
response. The return power is estimated by '

Pg = k/ vE(F)df
Afs

where Afs is the signal bandwidth. A method for approximating the
integral will be given in the next section.

| The calibration of the ground scatterometer system reduces to .the
determination of K in the equation for o, This can be accomplished
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by making measurements on a calibration target with a known cress-
section, generally a sphere. A sphere has the advantages of having
the same cross-section at all radar frequencies, easy alignment of
target and radar, and no depolarization of the reflected signal.

Table 3-1 gives various calibration targets and the method of determining
their cross-section.

3.2 CALIBRATION CONSTANT DETERMINATION

3.2.1. RADAR EQUATION

PR = EIEI?%&;S Cal Target
(4n)°R

PR P GTGRAZGoA Extended Target
(4n) R|

where : :
PR = Return power,
PT = Power transmitted, '
GT’GR = Transmit and receive antenna gains,

A = Radar wavelength,

o = Radar cross-section of target,

R = Range to target, and

A = Footprint area for extended target,

Assuming, for a given system, that PT. GT’ and GR are constant

3
4n = K = .P——-‘-o
For a given Cal Target, such as a sphere, the calculated

value of o is used and PR and R are measured to determine K.

o SRR TR YT e e

L
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TABLE 3-1

Radar Cross~-Section of Various Calibration Reflectors

Sphere

0’7[?‘2 ’

>l
v
(3,

Luneberg Lens

G = a3
Az » 2nr>) and f < 10GH:

Flat Plate

4n3r4

0= A2 , normal incidence

Trihedral Corner Reflector

, - 4n(0.289%)?
2

10
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3.2,2, DETERMINATION OF PR

The output of the ground scat mixer is a voltage which is pro-
portional to the square root of received power, i.e.,

v *° \V/PR‘ . .%

The voltage output of the mixer is spread over the signal bandwidth
! of the system. ' This mixer output is fed to the spectrum analyzer
which produces a power spectral density of the. signal. For our measure-
ments the output of the spectrum anal&zer is set for DBV with a 1 KHz
bandwidth. Hence, the power spectral density for each spectrum analyzer
sample is»

v s

vy s

e

P(dBV) = 20 LOG V = 10 LOG V2,

o i v

where V is voltage output of mixer

The total power received in the signal bandwidth is given by

Pp = K v2(f)df,
Afs

where k is a constant of proportionality. In actuél practice, the
above integral is approximated by the summation as follows:

R _ 2
Afs

where (see Figuré 3-1):
Af = sample separation Hz,
V;2 = normalized power in bandwidth Af, and

Afs = signal bandwidth at IF.

11
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Figure 3-1 Power Spectrum of Radar Return from an Extended Target
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4.0 PARAMETER CALCULATION AND CORRECTION FOR DATA ACQUISITION
4.1 GROUND SCAT BEAMWIDTH AND FOOTPRINT AREA CORRECTIONS

Since the beanwidths of the new configuration of the ground
scatterometer have decreased while the transmit and receive antenna
separations have increased and since the antennas are boresighted
at a point 75' from the antennas, the overlap of the transmit/receive
footprints is reduced as the range departs from 75', as shown in
Figure 4-1. Previously, for calculating the footprint area, it was
assumed that the transmit and receive footprints overlapped completely
at all ranges and that the footprint area could be approximated by an
ellipse whose major and minor axes were determined by projecting the
along-track and cross-track beamwidths on the ground at the desired
range.

The reduced beamwidths and increased antenna separations of the
reconfigured gkound scatterometer system require that correction
factors for the footprint areas and gains be applied. The separation,
L, of the centers of the transmit and receive footprints is shown in
Figure 4-2. The separation of the antennas is S.

For a given range, R, the footprint center separation is:

L= %5 abs (R-75),
where L = footprint center separation,
S = antenna separation = 1.78" for 18" dishes ?Pd
4.53' for 4' dishes
R = range from antennas to footprint center.

This separation of the transmit and receive footprints complicates
the two-way along-track and cross-track beamwidth calculations. The
shaded area in Figure 4-3 and Figure 4-4 represents the overlap of the
one-way transmit and receive patterns, €learly, to calculate the
two-way along-track beamwidth, the axis must 1ie along line AB,

13
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Figure 4-1 Antenna Pattern Gverlap

Figure 4-2 Receive and Transmit Antenna Boresight Separation as a
Function of Range to the Target

14
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Figure 4-3 Along Track Two-way Antenna Beamwidth, AB

0/2

1

Figure 4-4 Angular Offset From Antenna Boresight
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This axis 1s offset from the center of the pattern, C, by the amount

_ L/2, where L is the footprint center separation, calculated above,

The angular offset, ¢/2, represented by the offset distance L/2 {s
given by: b

$/2 = tan"}(LZR),

This angular offset will be used along with pattern information to
calculate two-way beamwidths. |

To facilitate the use of a computer to perform the beamwidth
and footprint area calculations, a simple function is required to
describe the pattern information, One such function that seems to
work very well was proposed by Morris Drexler of the Physical Sciences
Laboratory (PSL), New Mexico .State University. It represents the
gain versus angle dependency of the pattern in the functional form

G = cos"e, see Figure 4-5, and
G(db) 20 n log (cose),

G{(dB
where n = A+Bo= 2-011-0%-(—&')-5—9—"

6 = angle measured from peak gxin, and

g = gain,

Several points from the measured pattern are used to determine
the regression equation for n versus 6 and determine the constants
A and B. Table 4-1 1ists the values for A and B for each frequency,
antenna, and polarization for both along-track and cross-track beam-
widths, With these values stored in the computer, any of the antenna
patterns can be reconstructed with a maximum error of 0.2 dB, To i
determine the two-way along-track beamwidths for any combination of :
polarizations, recall that the transmit and receive patterns are
each offset from the along track axis by an angular distance ¢/2,
Figure 4-6 shows that the peak gain of the along-track pattern offset
from the peak of the cross-track pattern by ¢/2 is reduced by AG,
Assume that the along-track pattern has the same shape for any angle
in the cross-track pattern but reduced in gain depending upon ¢/2.

16

A



et

U,

P
[ ot

o e

EITITEy
S %

rge—

PP

i 5585
£ . 4

ORIGINAL P2 19
OF Pl G LITY

J

GAIN vs ANGLE

Figure 4-5 COS"e Pattern Approximation

CROSS - TRACK

PATTERN \

ALONG - TRACK
PATTERN

Figure 4-6 Along-Track and Cross-Track Antenna Pattern
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TABLE 4-1

REGRESSION EQUATION PARAMETERS

RECEIVE (Dish #1)

TRANSMIT (Dish #2)

Along-Track

Cross=Track

Along;Track

Cross-Track

Al 114.52949 95.87447 || 110.70820 "68.22823
1.6 GHz H iB -0.46396 -2.35479 -0.18304 1.62652
A1 103.89736 | 117.01953 68.43885 | 108.03487
V Is)l -3.61144 | -0.89083 1.26610 2.31202
) Al 847.695/5 | 786.49935 || 648.14155 597, 99888
B 90.81535 | -31.69313 || 229.91505 58. 25649
4.75 GHz : ' ,
) All 662.28381 | 777.53580 || 572.57125 892.40060
B 43.53338 | 109.78388 || 76.92901 66.37332
. Al 367.23479 | 323.09613 || 276.06934 389.69973
9.5 GHz B 28.35611 | 13.42379 || 81.13510 | -10.03755
All 245,19170 | 447.25262 || 268.10552 378.09661
y |
B 56.67478 | -24,95307 38.45177 8.82711
A [ 1175.92320 | 553.20650 || 707.41458 535.43653
H
13.3 Gha B || -248.05369 §3.09570 || -70.24071 -0.44003
. Al 827.61286 | 433.82269 || 369.83395 305.16556
v
Bl -131.83885 | 228.48441 50.60591 143.63006

18
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One can then obtain the two-way, 3dB, along-track pattern by summing
the two patterns, reduced by the appropriate AG, point by point and
finding where the suin is 3-dB down from Gmax, the cross-track peak
gain, as shown in Figure 4-7,

The cross-track two-way beamwidths are somewhat easier to obtain,
The cross-track patterns are first constructed from the data in Table 4-1,
and are each offset from the peak by the angle ¢/2, see Figure 4-8,
The two patterns are then summed point-by-point and the resultant two-
way pattern is obtained. The points where the resultant gain is
-3dB determine the two-way cross-track beamwidth,

Since the angle ¢/2 varies with range, and the two-way beamwidths
vary with ¢/2, a large lookup table would be required in the data
collection program to take into account the complete variation of
beamwidth with range, A more compact method of storing the required
data is to perform a regression of beamwidth on rapye and store the
resulting curve-fit constants., This was performed for the ground
scatterometer in its present configuration and the data is given in
Table 4-2. 1In general, it was found that different regression
equations were required for ranges less than 75 feet and ranges
greater than 75 feet. Also, a polynomial of the second degree was
required to best fit the data and is given as ;

= A 2

where ,
BW

R

two-way beamwidth. in degrees, and

]

range in feet,

The constants given in Table 4-2 are stored in the Data Collection
Program and used to calculate the footprint area. The range, R, is
first determined from the ground scatterometer geometry using the
corrected height of the antennas and the antenna look angle. This
calculated range is used to determine the along-track and cross-track
two-way beamwidths from Table 4-2 depending on the frequency, polari-
zation, and whether R £ 75' of R > 75', The footprint is an oblique

19
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REGRESSION CURVE FIT CONSTANTS

HH W VH
N 4 OW 'y ZE 23’ Iz ao 25‘29 i
RS75! 0.05697 | 0,09456 | 0.06750 | 0.07700

1.6 GHz | _ -0.00040 | -0,00067 | -0.00047 _| -0.00054
Along-Trk 0,44416 1355 it .

R>75" 0.00034 9 | 0,00146 | -0.00296
-0,00001 | -0,00004 | -0.00002 0
=1.97000 | -2.BI5/T | =2.46857 | -2.5071

Rs75' 0.21079 | 0.20159 | 0,21109 | 0.20273

1.6 GHz -0.00113 | -0,00107 | -0.00114 | -0.00107

Cross-Trk 12.0107% 98727 | 11.64727 | 11,40468
R>75! -0,08064 | -0,08472 | -0.08472 | -0.08522
: Az 0.00027 0.00029 | 0.00029

. 0 % . = =V,

4.75 GHz RS75! 0.17973 | 0.31229 | 0.20926 | 0.25703
Alona-Trk -0.00127 | -0,00223 | 0.00149 | -0.00183 |
Along-ir 1.90000 | 2,35013 | 2.14 [ 2.24719 |

R>75' 0.01062 | 0.01123 | 0,00924 | 0,00897
-0.00009 | -0.00011 | -0.00008 | -0,00009 |
~6.54286 | -6.76000 | -6,17429 | =7,10857

RS75¢ 0,20026 | 0,20086 | 0.18923 | 0.21109

4.75 GHz -0.00106 { -0.00109 { -0.00100 | -0.00114 |
Cross-Trk » 6,774 . 0 6.69004 6.82996

R>75' -0.07536 | -0.07891 | -0.07691 { -0.08136

0.00024 | 0.00027 | 0.00026 | 0.00027
| ,62000 | 3.19286 | 2.79000 | 3.03286 [

0.5 ai RS75' g.gggog 3'81133 8.01859 - 0.01133.

. z -0.00014 | -0,00007 | - .g%913 -Q.ggggz
Along-Trk 3. 38260 .71333 53333 3.55333
R>75' -o.oogeg -0,00093 -0.08093 «0,00093

| 0 0
U.19857 | U,13/1% | ~U.38857 | U,34857

Rs75! 0.07370 | a,06891 | . 0,08567 | 0,06777

9,5 GHz -0,0003% | ~0.00034 | -0.00047 | -6,00034
Cross-Trk [~ 5.40675 | &, 5,22087 | 5,20753"

R>75" -0,03355 | -0,02732 | -0.03243 | «0,03190

Lﬁ - 0.00012 0.00009,*_‘9.00011 0,00011
A 1.79000 | 2.23000 { 1.69714 | 1.99000
Re75' 1 A, 0.01859 | 0.01859 | 0.02809 | 0,01859
13.3 GHz A, -0.00013 | -0.00013 | -0.00020 | -0.00013
Along-Trk LR 2.38675 | 2.96260 | 2.70078 | 2.68078
R>75' 1 A, 0.00218 { -0.0006S { 0.00032 | 0.00032

A -0.00002 =0.00001 | -0.00051 |
=T =3 =3 512585
Re75t | A, 0.06564 | 0.06164 | 0,07217 | 0.G65491
13,3 GHz A, -0.00033 | -0.00033 { -0.00040 | -0.00034
Cross-Trk Rq 4.32433 4.34866 4,46684
R>75' | A, -1).02716 |{ -0.02524 | -0.03051 | -0.02950
- A, 0.00009 | 0.00008 | 0.00011 | 0.00010

.
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projection on the ground of the two-way antenna pattern and is assumed
to be eiliptical. The semi-major and semi-minor axes are calculated
as follows (see Figure 4-9).

b = R tan (CTBW/2)
Rn H/coy (6 - ATBW/2)
R. = H/cos (6 + ATBW/2)

P

a =[R2+ R - 2RyRecos (ATEW)| %,
where
‘R = range to center of  ootprint
6 = look angle
H = corrected height
ATBW = along-track two-way beamwidth
CTBW = cross-track two-way beamwidth
RN = range to near edge of footprint
RF = range to far edge of footprint
a = semi-major axis
b = semi-minor axis

The footprint area js therefore:
A = mab.

To calculate the gain reduction caused by the incompiete over-
lapping of the one-way footprints at ranges other than 75', we use the
procedure in Figure 4-3 and described in the text for that figure,
This gain reduction can be described in a regression equation on the
range R. It was found to be significant only for the 4,75 GHz system.
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4.75 GHz System
CF = -17,97 + 0,5065R-3.566x107R%, RS 75!
CF = 0.1546 + 0,01131R-1,673x10""R%, R>75"

where CF = correction factor in dB to be added to the calculated
sigma zero (g") in dB

These footprint area and gain corrections, while not exact,
provide a better approximation of qo than was obtained in the past.

4.2 CORRECTION OF ANTENNA HEIGHT AND RANGE

During operation of the ground scatterometer, the measuring
tape used to determine the. height of the antennas ahove the ground
is attached to the pivot shaft of the antenna positioner. The range
is determined geometrically from the height and look angle. The range
required for the sigma zero calculations is the electrical path from

the antenna feed point to the target. Since the feed point of the

antenna does not 1ie on the pivot shaft, the feed point height above

| - the ground will vary with the look angle. The range to the target

will also change with look angle. This change in range must be
compensated for in the sigma zero calculation. The geometry and
equations given on Figure 4-10 are sufficient to make this compen-
sation when reducing the scatterometer data.

4.3 RANGE OFFSET AND FREQUENCY/RANGE SLOPE

As was discussed in the section on FREQUENCY CONSIDERATIONS,
the IF frequency output of the ground scatterometer should vary
linearly with range when measuring a point target. The range is
measured from the feed point of the antennas, but the IF frequency
depends on the entire electrical path including cables and other
components. Therefore, when the range is zero, the frequency will
not be zero, but some frequency higher than zero. Therefore,

= 2
fip = 2 (ReRO),

24
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where
R = vrange to target measured from antenna feed point,
RO = range offset due to cables, etc.,

g% = slope of frequency/range plot, amd
m = FM rate,

The slope and range offset could be calculatéd sirce all quantities
involved can be measured. For instance, the FM rate in Hz/sec is
given by.

m = ZBfrep.

where B is the FM bandwidth, nomirally 1 GHZ, and Frep is the sweep
repetition frequency, nominally 150 Hz. In actuality, it is very
difficult to measure B accurately using the spectrum analyzer. Simi-
larly, it is difficult to measure R, since the propagation time for
each type of cable and component must be known as a function of radar
frequency.

A simple method is to measure the IF frequency for a point target at

several ranges and use the data to fit a least squares curve. This
curve has the form given by the following equation.

f=a +aR,

where
_ (2£) (Ri%) - SRI(ZFiR) | ang

0 NZR§2 - (zRi)?

_ NzfiRi - (ZRi) (Zfi)
NZRi¢ - (zRi)?

4

where fl is the frequency corresponding to Rl’ f2 corresponds to Rz’
etc., and N is the number of (Ri’ fi) sets measured.
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In terms of system parameters:

_ om
lo-"—é'RO'
. om
3 7 ¢, and

RO = 30/pp 4
i

These measurements must be repeated for each system since they have
different characteristics. The knowledge of these relationships
permits us to roughly check the accuracy of the range during terrain
measurements, lets us know how to set up the spectrum analyzer, and
are used in the calculation of the number of independent samples for
a single measurement.

4.4 FADING STATISTICS AND INDEPENDENT SAMPLES

Fading of a radar signal comes about because of phase inter-
ference phenomena in a coherent signal. The ground scatterometer
generates a coherent signal and is therefore subject to fading.

The effect manifests itself in that if two measurements are made on

two different locations in a homogenous, randomly rough field, signifi-
cant differences can be obtained. In fact, if each measurement contains
only one independent sample, the variation in sigma zero between the
two measurements can be 18dB! Fading statistics are similar to the
statistics for narrov-band Gaussian noise and follow a Rayleigh dis-
tribution. To obtain a valid estimate of sigma zero, many independent
samples nust be taken and averaged. For two samples to be independent,
it is necessary that the targets being measured differ sufficiently in
aspect angle, radar frequency or location. It is possible to obtain
more than one independent sample per measurement. The number of

27




independent samples obtained in a given measurement is equal to the
time/bandwidth product of the system for that measurement. The band-
width required 1is the signal bandwidth, Afs. The time is the time
required for the system to complete one sweep through the FM bandwidth
given by:

1

T=e—.
re

Therefore, the number of independent samples, Ni' for a single
measurement is given by:

. Afs
Ni = (Afs) T = 5= .
2”?}ep

Table 4-3 gives a rough estimate of the number of independent samples
per measurement as a function of look angle for a given along-track
antenna beamwidth, BA with an antenna height of 50 feet. The 4,75 GHz
system has the smallest BA and hence the smallest RO 4t a given angle.
Therefore, it has the smallest Ni at each angle. For'all four systemsf
Ni increases with increasing look .angle, increasing height, and
increasing B. ‘

28
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5.0 GROUND SCATTEROMETER DATA ACQUISITON AT JORNADA EXPERIMENTAL
RANGE

) The simulated roughness and agricultural sites used are

located at the Jornada Experimental Range northeast of Las Cruces,
New Mexico. These prepared fields are 2500 feet Tong and 500 feet
wide. One field is divided into four random roughness sections sepa-
rated by access roads. The two south fields have large-scale random
roughness and the two north fields have small-scale random roughness.
The other field is also divided into four sections, two each of dif-
ferent row spacings. The two north sections have closely spaced

rows which will be used for the ground data acquisiton,

Data was acquired using the access voad between the two north
sections for small-scale roughness data and the access road between
the two south sections for large-scale roughness data, Two physical
locations, 50 feet each side of field centerline were used for each
roughness scale. Sample data summaries are included for the dif-
ferent frequencies, look angles and antenna polarizations and are
presented in Figures 5-1 and 5-2.
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Figure 5-1 Sigma Zero Data taken at Jornada Test Range
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6.0 KANSAS RADAR CROSS-CALIBRATION TEST

During August 1982 a test was conducted by four Scatterometer teams

in order to calibrate all four systems against several common targets.
The fixed targets observed by the systems were as follows:

1) Four foot diameter aluminum sphere of known cross-section,
2) Corner reflector,
3) Two foot flat plate,
- 4) Eight inch Luneberg Lens,
5) Twelve inch Luneberg Lens, and
6) Seven foot Lazy Susan Gravel Target.

In addition to the above mentioned fixed targets several extended
targets were observed. These targets are described below.

Target riumber one - This target was field corn with 18" row spacing
and tassel height from seven to ten feet. This target presented some
problems since there were radar returns from the ground as well as the
crop canopy. The antenna height was adjusted in the computer data
processor. The radar cross-sections, co, for this target are given
in Figures 6-1 to 6-3.

Target number two ~ This target was 50% mature Soy Beans with a
crop canopy of about three feet. This target did not display the
double return as observed in the corn observations. The radar cross-
section measured for this target is summarized in Figures 6-4 to 6-6.

Target number three - This target was a randomly plowed field.
For the purposes of comparison to the data taken in New Mexico, it
should be noted that this field was covered with about 30% green
vegetation. This vegetation cover will alter the radar return
expected from a bare randomly plowed field. Figures 6-7 to 6-9
presents the summary of the results for this target.

Target number four - This target was a flat grass field. The
grass height was between four and six inches. Just prior to taking
radar observation at this field there was a one half inch rain. The
narrow leaf grass was given about four hours to dry before starting
data acquisition. Figures 6-10 to 6-12 gives the summary results of
this field.
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After the extended target data:acquisition was completed the
fixed calibration targets were observed to determine if there was
any system drift., It is suggested that dielectric measurements be
made to get a better indication of to near normal incidence radar

return.
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7.0 CONCLUSIONS

The implementation of the RADAR system described in this report

' has made considerable progress toward obtaining a repeatable end to

end calibration. System'operation is fairly straight forward, however;
data acquisition time needs some improvement.
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This appendix provides a 1isting of the computer programs
developed on the HP 9825 to facilitate data collection ani
reduction.
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“i"ile 0: rile Directory 7=-9-82%;

" ",

wrt "File virectory","==== ~ew-- ——=="sgpC

prt "0:","File Directory”";spc

prt "l:","Data Collection”;spc

ort "2:","Calibration®;spc

prt "3:","pPlot Ground Scat","sweep on Printer";spc
prt "4:%,"Range Otfset-","Freq/Rng Slope”;spc

pet "5:*,"Dumo Data Files"," to Printer";spe

prt %6:","Dump Cal riles"," to Printer";spc

ort "7:","Data Table";spc

prt "8:","Statistics";spc -

pct "9:%,"Plot Sigma 0 vs,","Angle on Printer";spc
spc 4;end
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"File 1: Data Collection B=-5-82":

" ",

"Init": .

prt "Data Collection" ,"===e ~cecece——-w=":5pc 2lcl 73ctg 10
dim ’\[12] ,AS[l'Z 'U] '[J$[2] 'P$‘4'21
dov "SYWN",704,"SPE ANAY,T717
"Pirst"+AS5{1]);"Sccond"+AS$ [2) ;"' Third"+A5(3)
"tourth"+AS(4);"Fitth"+AS(5);"Sixth"+AS$(0]
"Seventh"+A$(7) ;"Eighth¥+AS$(8];"Ninth"+AS[Y]
“"Tenth"+AS${1l0);"Eleventh+AS[11) ;" I'wollth"+AS(12)

ent "donth?™,r0,"Day?",cl,"Year?",r2

" ",

"Printer Sectup": '
cent "Print data on Line Printer?l=yes” X
it Akl;gto "Look Angle Setup"
ent "Inscrt paper;press CONTINOE",X
sfg ll;wth 6,27,69;1+8

fmt 10x,z;wrt O;wtb 6,27,77
wtb 6,27,87,int (8*120/64) ,int(8*120)
[} ",
"Look Angle Setup":
2l: ent "o, of look angles to be used?",N
22: for I=1 to N
23: dsp AS{I],"Look Angle?"
24: ent "",A(I)

PO JRNU & WES s %0 00 00 00 o0 o0 oo o8 o0 o0

CR P Pt b e s e e e e S XN NSNS

25: next I
26: ent "Height in feet?",E;E*r3
27: " "e

28: "'rape”:
29: ent "Insert Data Tape;press CONTINUE" ,X
J0: cont "Data Tape Number?",r30
31: ent "No. Of Files on Trk 0?",r31
32: ent "Wo. of Files on Trk 12",r32
33: ent "Record bata on which trk? 0 or 1" ,r33;trk r33
34: ir [1310;ctg lV;qto "Time"
" ",

Jo: "Freg":

37: ent "Scaiterometer freguency in GHz?",F
db: Lot 1,£4.1," Gilz System®

d9s if PF=3.75;fmv 1,L4.2," GHz System"

4Us wrt lo.l,Pb»rd;prt "=emmmmemcem———— "

41: " ":

42: "Polarization":

43: ent "No., ot polarizations to be used?",?
44: ftor I=1 to P

45: dsp AS[I1],"POl? HH, VV, HV, or VH"

46: ent "",PS(I)

47: next 1

43: * “s:

49: “"3itae":

50: ent “Site numbar wmultielied by 1002%,S;S+rl0
51;: * "e '

A-4




e ]
v B

ha ]
- oA

0
L

SOOI S Wi

[ R RS R RS RS RO s A
-0
9 8 S0 o0 99 0% 9 e O

oo Cc o
ov W
" 99 *® S .8 oo

c
~3
ae

68'

~J =~ O
-0\
.o se

- w] =) W W) g
~I YU W
£ 1]

IBE
79
RV
8l:
a2:
Bl
b4
BSs
801
87:
83
8Y:
9() s
Yl:
92:
93:
94
95
96:
97
98
99:
100:
101:
102:
103
104:

e e I R . & o RET ST P e e

o e -
v{‘ ." (3

ORIGINAL PAGE 18
OF POOR QUALITY

“Print initial conditions":

Lmbt "vates " ,L2,0,"=",t2,0,"=",£2.0;wrt 10,rvu,rl,c2 :
tmt "Height(Lt): ",f4,.1;wrt 16,08

tint "Site Nos ",L7.2;wrt 16,5/100;spcC

" " :

"Ranye OtEset & Preg/kng Slope”:

" The values for these parameters are determined":
" tor each Lrequency from File 4: Range Offsct=-":
" Freq/Rng Slope Program":

ent “3veep Repetition Rate?",r25;1+D
if P=1,6;19,6+r8;L.08%c25+r9

if F=4, 75 15, 10:8 3.627%p25»ry *

if F=9.5;13.4+r8; 3 764%r25+1Y

x[ F=13.,3;16.2+c83;3.451%r25+19

" pgl":
if v>P3gto "Frea®
dsp "3 set polarization to",P$ (D) ,"; CORTINUEY
ent "",X;lsJd
Lmt "Polarxzatxon, ",cl;wrt 16,p$[D);spc
", .
"rime":
it J3>d;0+1+D;9t0 “"pol"
enc "wime (he.uin) 2", 0; Tsrll
lnL(T)*d LoO* (1=X)»Y
" :
" ;\ng lo"s
NJ)+=a;A»rdl2
fat "Look Amgyle: “,rd4,0:wrt 10,A
Lt "Pime(nem)s ",E3.,0,":", £22.0;wrt 16,X,Y
" ",

"Jvight Correction and Range Pctermination”:

it #=1,0 or F=4,75;FE+2,23*sin(N) +1.25%cos (A)+rl3+H

it #=9,5 or ©'=sl3. 3-r+4 88*sin(A)~.1l1*cos (A)+»rl3+H

txd l;prt "peight (corr)=",0

u/uos(A)oP*rl4 Emt "lange(tt) ",ES5.1;wrt leé,R

Lmt "5et clnv:txon to ", £2.0," dey; COQTIQUL“'wrt 0,A;stp
"p 33308 Frequency Synthesizer and 3571A Spactrum Analyzex
" frecucency Synthesizer":

Tenter Kreguency: Variable":

" Freguency Step: 10 Hz":
" Time/Step: 10ms":
" ~ Spectrum Analyzer":
" Display kef: dav":
" Display Sawoothing: On":
" Bandwidths:s 1000 tz":
" Input Range: +10 JdBv":
" Inout Impedance: 1 megonan":
v Measuremaent Controul Mode: External”:

"Setup":
rem 7stmt “"RIBSLOSVIZZ24L":wr bt “SPE AWA"
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ORIGINAL PAGE 1S
OF POOR QUALITY

*lenter Freguency Scarch":

L9 (R+r3) »CoY

C=-5050+C; =70+M;50+X;99b "search"
Y-1010+C; 10+X;9sb "scarch"
Y+C+rl5sgto “prtfreq"

"search":

for I=1 to 200

CH+X+C i
fat "L",£.1,"=";wrt "SYN",C;wait S

wrt "SPE AUA","T";tmt f£.2;red “SPE ANA" ,2
1E 2o9;32+14;CeY

next I .

ret ©
"pretregq”:fxd O;prt "Center Freg:",C
[

“summation of Data between =6 dBV Points":

gsb "data"

ZoMp" "a[S;0+r27+128
C-10-+C

gsb "data"

if 2<M=-6;9to "Low Freg"

if C<Y-5000;gto +2

gto -4

prt "Low 6-dBV limit"," not reached";l+r27
"Low Freqg":

fmt "Low Freg: ",£6.0;wrt 10,C;Cerlé

gsb "data"

tn®(z/10)+»V;tn"(2/20)+U

"sum"s

C+10-+C

3sb "data"

V+tn® (2/10)+»V;U+tn” (2/20)+U

if C<¥i;gto +2

if Z<M-63;gto "High irreg" ;
if C>Y+5000;gtc +2 :

g to "sum" .

prt "digh 6-dBvV limit"," not reached";l+r28
"High Freg":

fmt "High Freq: ",£5.0;wrt 16,C;Csrl?

rl7-rl6+rli;tmt "Signal BwW: ",£5.0;wrt 16,rl8;gto "prtdata"
"data": :

fiot "L",E.1,"=";wrt "SYJd",C;wait 10

wrt "SPE ANA","I";Emt t.2;red "SPE ANA",2Z

ret

" n
"prtdata":

fmt b,"V",b,"=",el2,3;wrt 16,126,29,v
U+rl9;v+r20;beep;wait 500;beep

fmt “L",£.1,"=M100=Y";wrt "SYN",Y;lcl 7
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ORIGINAL PAGE I3
OF POOR QUALITY

"footprint Area":

gsh "Beamwidth"

Exd lyprt "Alonyg~-trk BW:", rv,"Cross-trk Bw:",r7
R*tan(r7/2)*x

H/cos(A-r6/2) +3

H/CcOS(A+L6/2) +1; T=-5+W

Y(SHS+P D= 285K *cOS(L6) )/2+Y

TYXAY+As AL 2]

e B e e

Emt “@ootorint(ft" ") =", /,£16.2;wrt 16,29,A

"Calibration Data”' - )
" 1.6 GHz ~ 4,75 GHz 9.5 GHz  13.3 GHz":
" e o - e e e Gten  mmemamem i amee e e e - - ",
" 3um of V72 HH  29.925 6.91 .2386 588 ":
" VvV 26.85 3.737 .623 .4481":
" Range(ft) 79.3 79.3 77.9 77.9 "
" Delta Freg 10,0 10.0 10.0 10.0 "1
" 3igma(sphere) 12.57 12,57 12.57 12,57 "
" ",

" K={3igma(swhere) )/ ((Sum of V°2) (Delta Freo) (Range)”4} “:

it v#l.u;gto +4

LL pSto)=" " 1le=-9»R

itk PS(D)="vV";Ll.1340-9+K

i eslo)="hnv" or P5(D]="VviH";1.092e-9+k
it FHA.7554t0 +4

i 28(0)="HH";4.06e-9»K

ir PS(o1="VV";8.5006e~9+K

i PS[D)="nv" or PS[B)="VH";6.553e~-9+K
it F#9.5;9t0 +4

if PS{D)="HH";1l.431le~7+K

if PS[ND)="VvV";:5.479e~-8+K

it PS[D)="HV" or PS[D)="VH";9.895%e-8-+K
if '#13.3;qto +4

LE PS[N)="HU";5.805e-8+K

if PS[D]="VV";7.61l7e-8+K

if PS[D)="HV" or PS{D]="Vi1";6.71le-8+K
R+r22
" ",

"3igma Zero Calculation":

" 3igma Zero=K* [(Sum of V"2) (Delta Freq)(Range)”4)/(Area)
K*vk L0*R"4 /A +S .

if F#4.75;qto +3

1E R<=75; S*tn ((-17.97+.5065*R-3,566e~3*R"2) /10) +S

if R>75;5%tn” ((.1546+.0L131*K-1.673e~-4*R"2)/10)+S

5+r23; lUlog( )y+r24

prt WhkRAkhkhRk KK kKX **ti*“;sgpc

txd 2;prt "Sigma Zero(dB)=",r24,"*xrakkkesrkknnk it .gpe

txd l;prt "Sweep Rep Rate=",r25

4*:9/(2*:25)+t2o

prt "No of Ind Smopls=",r26;spc

" "
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"Record Data on tape":

ent "Record Data on Tape? l=yes 0=no" ,4;it X=0;=1l*A;gto "lp"

idE A, X,Y, %X, %

it Y#O;tat A+1;9t0 -1

rct A,r2d;txd U;prt "Tape No=",r30,"I'rack Wo=",X
it X=0;gto "trk O"

if x=1l;gto "trk 1"

"trk 0":if A¥r3l-l;gto "lp*

it tlgll;gsb "Line Printer"

it tlgll;beep;wait 500;beep;wait 500; boep

"File No=" A

it £1lgll; ent “"Cnange pape:(Lrack switch) sCONTY ,7231+8

cew;trk l31»r33:9to "inc" “
“er l"'lL Agr32=l;gto "lp"

if tlgll;qgsh "Line Printer”

heer;wait 500;beepswait 500;beep .
ont "Change Data 'Pape & Parvr“ X

spe $3d+ledistq LUigto "Tape"
"lp"-it t19ll;4sb “Line Printer"

"ine"epo ,,d+J~J gto “Time"
" ",
"Beamwidin®
" ro6=Niong-track Beamwidth":
" r7=Cross~track deamwidth":
"l.,6 GHz":

if r#l.o;yto "4.75 Gz
"l.6 dH":if PS(D]#"HH";gt0 +5

if R<=75;4.35429+.05697*Kk~.0004*R" 2+r6

if R¢=75;-1.97+.21079%R-,00113*R"2+r7;1+r5;ret
6.44416+.00034*R=, 0000L*R" 216
12,01074-,U3064*R+,00027*R"2+r7;1+r5;ret
"1.6 VV":if PSID)#"VV"igto +5

it RC=75;4.11657+.09456*R-.00067*P" 2416

if R<=75;-2,81571+,20L59%R-.00107*R"2+r7;2+r5;ret
7.403554.00359%R~,00004*R"2+16

10, 98727-,08472%0+.00029* k" 2+r7;2+r5;ret
"1.6 dv" it PS[LIR"NV";gto +5

if R<=75;4,28714+,0675%R=-,00047*R"2+10

it R<=7853-2.460857+,2L109%R-,001L14*R"2+r7; 3*r5;ret
6.71827+.UUL46*H—.00002*R“2*:6
11.64727~,08472*% 1+, 00029*R"2+r7;3+r5;ret
1,6 Vil": il Kk<=7534.2%4294.077%R=-.00054*%1" 216
if R<=75;—2.Jd7l4+ 20273*R-,00107%R"2+r7; 4+r5;ret
7.229206~.00296%*R+1H
11.40468~, 03522%R+,00020*1"2+r7;4+r5;ret
"4 75 GHz" .

if F#4.75;9t0 "9.5 GHz"
"4.75 lH"'lt PS{DI#"HH";gto +5

if RC=75;-4.12714+.17973%R-,00127*R"Z+16
if R<=75;-0.54230+.20026%R=.U0L06*R " :+r7;l+15;ret
1.909+.01062*R-,00009* R "2+1 6
6.7742-.07530*R+,00024*%*R"2+r7;1+r5;rct
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OF POOR QUALITY

"4,75 VV"s it PS[D)#"VV"igLo +5

if RE=75:;-8.36+.31229%R-.00223*%R"2+16

it R<=75;-6,76+.20086*%R-,00109*R"2+r7; 2+r5;ret
2.35913+4.01123*%R~,000L1*R"2+r6
6.5974-,07891L*R+,00027*R"2+r7; 2+r5;ret

"4.75 v it PS[DI#"HBV";gto +5

if R<=75;=5+,20926*R-,00149*R" 2+ (

if R<=75;~06.17429+.18923*R-,000L*R"2+r7; 3+r5;ret
2.14738+.00924*R-.00008*R"2+r 6
6.69004-.070691*R+.00026*R"2+r7;3+r5;ret

"4,75 VR": if R<=75;-6.65143+.25703*R~,00153*R"2+16
it R<=75;-7.10857+.21109*R~,00L14*%R"2+r7; 4>c5;ret
2.287194 . U0397*R=,00009%*R" 2410 ..
0.32996=,03L306*%R+,00027*%R 217 4*r5;rct

"9,5 Gl

if FE9.5 gto "13.3 GHz"

"9,5 HH": il PS(D)#"HH";gLo +5

it R<=75;2.624.02003%R-,000L4*R" 2+ 6

it R¢=75;.,19857+.0737*R-.00039*R"2+r7;1l+r5;ret
3.3820-,U00069*R>r6
5.40675=-,03355%R+,0001L2*R"2+r7;1+r5;ret

"9.,5 vv":if PS[D])#"VV";gto +5

if R<=75;3.19286+.01133*R~-, 00007*R" 2»r6

it R¢= 75..13714+ 06891* R-,00034*R"2+r7; 2+r5;ret
3.71333-.00093*R+106
4,91359-,02732*R+,00009*R"2+r7;2+4r5;ret

"9,5 (v ¢ if PS[DJ#"HV";gto +5

if R<=7%5;2,79+.01859*R-,00013*R" 2+r6

if R¢<=75;~.35657+.08567*R-.00047*R"2+r7; 3+r5;ret:
3.53333-,00093*R+1b
5.22087-.03243*R+.000L1*R"2+r7;3+r5;ret

"9,5 VH" s if 1¢=75;3.03236+.01133*R=,00007*R"2+16
if R<=75;.34857+.06777*R-.00034*R"2+r7;4+r5;ret
3.55333-.00093*K+r6
5.,26753-,0319*R+,000L1*R"2+r7;4+r5;ret

“13.3 GHz":

if F413.3;9to "Incorrect"

"13.3 " if PS[DI#"HH";gto +5

if R<=75;1.79+.01859*R-,00013*R"2+r6

if R<=75:;~-.27857+.06564*R-,00033*R"2+r7;1+r5;ret
2.38675+.00218*R-,00002*R"2+r6
4,32433-,02716*R+.00009*R"2+r7;1+r5;rct

"13,3 vV": it PS[DI#"VV";gto +5

if R<=7532.23+.01859*R-,00013*R"2+r6

if R¢=75;-.07657+.06164*R-,00033*R"2+r7; 2+r5;ret
2.9626-.00069*R+1rb
4.,11212-,02524*R+.00008*R"2+r7;2+r5;ret

"13.3 4V": it PS[D]4"HV";gto +5

if R¢=75:1.69714+.02809*R-.0002*R" 216

if R<=75;-,50571+.07217*R-,0004*R"2+17;3+r5;ret

B e e
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OF PCOR QUALITY

.

2.70078+.00032%R~-.0000L*R"2+r6
4,34806-,03051*R+.00011*R"2+r7;3+r5;ret

"L3.3 VH" AL K<=7531,994,0L859%R-,00013*R"2+16

If R<=75;-.12285+.06491%R~-,00034%R"2+r7;4+r5;ret
2,08078+.00032*R=,0000L*R"2+r6
1.46084-,0295*R+,000L*R"2+r7;4+c5;ret

"Incorrect®:dsp “"Incorrect Frequency;press CONI;stp ;gto "Freq® :
" 1",

"Liné Printer":

if B=l;fmt 24x, "Tape Nos ",t£3.0;wrt 6,r27

if ¥=l;tmt 23x,"Track No: ",£3e«0,2/;wrt 6,r30

if A<O; Emt "File MWo: N/AY,7x,2z2;wrt 6;gto +2

Lt "rFile wo:",£4,0,7%,2;wrt 6,A

fimt "Look Angle:",f5.1,5x,z;wrt 6,rl2

fmt "IF Freqg:",E6.0;wrt 6,rl5

tmt "Date: ",f.2.0,"-",tZ.U,"—",fz.O.SX;Z;wrt 6,!0,[1,[2
int(rll)+X;100*(rll-X)+Y

gt "lime:s",£3.0,":", £22.0,10x,2;wrt 6,X,Y

tmt "Delta PFreg: l0";wrt 6

fmt "Scat Freg:",z;wrt 6

if r4=4.75;fmt £5.2,4x,2z;wrt 6,rd;gto +2

Emt f501'4x'z;wrt 6,1?4

tmt "ileight(corr):",£5.1,3%,"Ftprnt Area:" ,£6,1;wrt 6,rl13,r2l
frut "Polarization: ",z;wrt 6

if r5=1l;fmt "HH",3x,z;wrt 6

if r5=2;fmt "VV",3x,z;wrt 6

if r5=3;£fmt "HV",3x,2z;Wwrt 6

if r5=4;fmet "VH",3xX,z2;wWwEt 6

if r27=1;"L"+LS{1)

it r2B8=l;"U"+LS[1]

if r27=1 and r28=1;"LU"+L$

fmt "Range:",t0.1,9%, "Sgma Zero(dB):" ,£0.1,z;wrt 6,rl4,r24
fmt lx,c2;wrt 6,LS

fmt "Site Jdo:",£5.2,0x%x,2z;wrt 6,r10/100

twt "3iy Bndwtn: ", £3.1,2x,"Ind smpls:",£6.1,/;wrt 6,rl8,r26
B3+ 1+3

if B8>9;beep;wait 500;beep;wait 500; beep

it 3>9;1+3;ent "Change paper;press CONTINUE" ,X

ret
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ORIGINAL PAGE 9
OF POCR QUALITY

"File 2: Calibration and RCS Comparison  7-9-82":

dim PS[2)

dev "5¥YN" 704, "SPE AA" '7 17
prt " Calibration"," -=recccec-- "
ent "donth?“,ro ”uay?" rl,"Year?",r2
" ] :
"'l‘ape“'
ent "Insert Data Tape; press CONTINUE" ,X
ent "Data l'ape Number?",r20
ent "Record Data on which trk? 0 or 1" ,r2l;trk r2l
",
“Freq“ ent "Scat Freq(GHz)?",F;F+r3
if F=1.6;prt " 1.6 GHz Systen"
if F=4.75; prt "4,75 GHz System"
if F=9.5;prt "9.5 GHz System"
if F=13.3;prt "13.3 GHz System"
ent "Polarization? HH or VV" ,P$;lerd;ift pPS="VV";2+r4
fmt ¢2," Polarization";wrt 16,P$
" " .

"Range Offset & Freg/Rng Slope”:

" The values for these parameters are determined":
" tor each frequency from File 3: Rangc Offset-":
R Freq/lng Slope Program":

: ent "Sweep Repetition Rate?",r22;fxd l;prt "Sweep Rep Rate:",r22

if F—l 6:20.5+r5;1.025%r22+ro

if =4, 75 19. 1*:5 3.513%r22»r6

if F=9.5;12.l*r5;3.607*r22*r6

it F=13.3;7.9+r5;3.595%r22+»r6

" ",

"lrarget":

ent “Cal rarget?",P;T+r7;spc ;£xd 2;prt "Target:"

. if PT=1l;prt " 1 tt diam Plate";.5+r8

if T=2;prt " 2 tt diam Plate";l-r8
if 1r=3;prt " 3 £t diam Plate";l.5+r8
if T=4;prt "4 ft diam Sphere";l.5+r8
if T=5;pre 2 £t Corner",”
" ",
"Date and Time":
spc ;fmt "Date: ",f2.,0,"-",£2,0,"-",£2.0;wrt 16,r0,rl1,r2
ent “rime(hr.min)?",r9;£xd 2;prt "Txme(hr.mxn)-”,r9
" .
YRange and Freguency": .
spc ;Exd 1l;ent "Range(ft)?",R;prt "Range(ft):",R
if 1I'=4;R=-2+R
R+rl0
r6(R+rS5)+C
ent "Ready tor data? press CONTINUE" ,X

Reflector";1,.547+r8
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ORIGIHAL PAGE 18
OF POOR QUALITY

"P 33308 Frequency Synthesizer and 3571A $pectrum Analyzer Sctup”:

" Freoquency Synthesizer":

" Ccenter Frequency: Variable":
" Frequency Step: 10 Hz":

" ‘Lime/Step: 10 ws";

" Spectrum Apalyzer™:

» Display Ret: dBv":

" Display Smoothing: On":

" Banuwidth: 1000 Hz":

" Input Kange: +10 dBvV":

" . Input Impedance: 1 megohm":

" measurement Control Mode: Bxtornal®:

"DELUP" .

rem Tibmt "PL5LA5V722M1Y;wrt "SPE ANA"
] :

"Lenne; Fragucency Scarch":

C=5050+C;~-70+11;50+X398b "search"

Y-1010+C;10+X;9sb "search"

Y+Carll;yto “prtLreq"

"search":

for 1=1 to 200

: C+X=+(C

fmt “L",f.1,"=";wrt "SYN",C;wait 5

wrt "3PE ANA","1";fmt f.2;red "SPE ANA",Z
if aoMpl+i;CaY

next I

ret

"prtfreq"-txd 0,prt "Center freqg:",C

"S5ummation of Data between -6 4GBV Points":

: 4ysb "aata"

4+M; 0+rl8+119
C=10+C
gsb "data"

¢ 1f Z<H~6;3to "Low Freg"

it CKY=~-500u;gto +2

prt "Low 0-aBv limit not reached";l-rly
"Low Freq":
prt "Low brey:",C;Cerl2

: 9Sb “data”

tn"(4/10)»v;tn"(2/20)+U
"sum":

't C+10+C
: geb "data"

v+tn'(z/10)+V;U+tn“(2/20)*b
if C<Y;gto +2

it 2<M-6;g9to "High Freg"

if C>Y+5000 gto +2

: gto “"sum”

prt "tlign 6-d8v limit not reached";lsrly
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ORIGINAL PAGE 18
OF POOR QUALITY

LOO: "Hiyh brea":

101: prt “"uigh treq:",C;Cerl3d

102: rll-rl2»rld;prt "Sagnal Bw:",rl4;spe jgto "ortdata®
103: "nata":

L04: tmt "[J“'tol'”gnz‘Vl:t “S!N“,C:W&it 10

FOb: wrt "SPE ANA", ™ imt £,2;000 "SPL ANAY, L

106: ret

107: " "

L8 "nrtuata”:

LO%: u=rlh;vsrly

IR pre PAARNAAN RN ARNARARY

111: 1wt h,“V“,b'""’",le03;Wrt lG,]2b,29,\/

1l Lt "L", L. 1,"=ML00=Y";wr t "BYNY,¥:lc) 7

113: " '

114: "Target Sigma":

115: it 1=1;8.0135%1"2+5

11o: if 1'=2;124,2%F"2+5

117: if w=3;649.03*F 2+

11d: it 1=4;12,57+85

119: if I'=5;17.359%F 235

120: S»rl?7
121: :
122: prt "Delta Preg=10 Hz"

123: txd l;prt "Cal Range(ft)=",R

124: prt "sigma(Target)="

125: fmt £12.2," £t",b;wrt 16,5,29

126: prt "t*ktkttkttﬁtktﬁt“;spc

127: " "

128: "Record Data on Tane":

129: cnt "Recoru Data on 'lape? l=yes 0U=no",X;il X=0;9tc "comparco"
13u: iat A,X,Y

131: it Ya0;£dt A+l;yto -1

132: rct A,rl9;txa Upprt "Tape ho=",r20,"File i0=",A

133: * v

134: "compare”:

135: ent "Compare actual to calc FCS?l=yes",X;if X#lj;gto "mordata"
136: prt "Target RCS(calc)”

137: fmt 6x,"=",106.2," dB";wrt 16,ldlog(S)

138: 1f F#l.0;g9L0 +3

139: it PS="HU";leo-9+K

140: if PS="VV";1.184e-9+K

141: if F%4.75;gt0 +3

142: if PS="HH";4.6e~-9=K

143: if PS="VV":2,5000-9+K

144: if 1§9.5;9t0 +3

145: if P$="HH";1l.43le~7+K

146: if PS="VV";5.479e-3+K

147: if F§l3.3;59t0 +3

146: ik PS="\yHU";5.8605e~-y+K

149: if PS="VVv";7.617c-8+K

150: KAV*10*R"4-X;10log(X)+Y

151: prt "Target RCS(meas)"

152: fmt 6x,"=",t0v.2," aB";wrt 16,Y

153: 1xu Z;prt "Delta ECS=",Y-10log(8):spc 3

154: " *s

155: "mordata":

156: ent "l'ake more cal data? l=yes U=no" ,X;it X=l;spc 3;g9tc "Freq"
157: spc 3;end 13
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ORIGINAL PAGE
OF POOR QUALITY,

:File 3 Plet Ground Scat Sweep on HP 9871A Printer - 7-31-81":
dev “SYN”(704 "SPE ANA"'—,l?}lCl 7

dim D({100}, LIlOO].LS[JO],FS[lQ] ss$(25), Pvllll T$[25)

gto "start"

*loc":

wtb 6,27,65, int(lzox/64).int(lZOX),int(96Y/64).1nt(96¥)

ret

8: “"cl Arn":
¢ for I=1 to 25

10: if IDlen(L$);if I<=20;" "+LS{I,I)

11: if I>dlen(FS);if I<=14;" ~»Fs(1:1]

12: if Idlen(S$)sif Y<=m25;" “aS$(I,I)

13: if Idlen(P$)sif I<K=1ll;" “¢P$[I.I]

14: if Idlen(TS$);if I<=25;" “+7$(I,I1)

15: next I :

16: ret .

17: "info": v

18: ent "Scat Freqguency?",P$,"Polarization?",P$

19: ent "site?",S$,"Date?*,T$

20: gsb “cl Ar"
©2): ;et

22: “"prtinfo":

23: if f£flgl=1l;gsb “"loc"

24: fmt "Scat Freq: ",cl4,"Site: ',czsswrt 6,FS, SS;wtb 6,27,10

25: if flgls=l;gsb “loc" .

26: fmt 9" ",16x,4" “;wrt 6. . o ,

27: if flgIél;Y-.ZoY;gsb *loc* o

28: fmt “Polarization: “,cll,"Date: ",c25;wrt 6, P$,T$swtb 6,27,10

29: if flgl=l;gsb "ioc"

30: fmt 12" _",13x,4"_";wrt 6

31: ret

32: "start":ent *Minimum frequency in Hz?",L;cfg lsctg 3

33: ent "Maximum frequency in Hz?",H .

34: rem 7

35: (H-L)/100+5

36: fmt "R1S1B5V72Z20M1%";wrt “SPE ANA"

37: fmt “"L%, £.2,"=M",£.1,"=R";wrt “S¥YN",L,S .

38: fmt £.2;red "SPE ANA",X;X+D(1);10"(X/20)+L[1})

39: for I=2 to 100

40: fmt "*";wrt “SyYN*

4l: fnt £.2;red "SPE ANA",X;X+D([I);10°(X/20)+L(1)

42: next I !

43: (L+H) /2+F

44: fmt "L",f.2,"=Y";wrt "SYN",F '

45: lcl 7; ent "Print Data? lsyes 0=no",X;if x=osgto fP}ot'

46: ent “l)anear or 2)dBv?",X;if X=1l3sfg 3 B

47: dsp "Ready to Print?“;stp Rt

48: wtb 6,27,69;fmt 5x,zjwrt 6 ‘

45: wtb 6,27,77;38b "info® B T

50: gsb "prtinfo* ;,,,,i .,gua..
' ’L !;!.v

A-14

. .
i . oY

§




P e

s

AT e AR e RO o A

| |
ORIGIMAL PACE 1S
OF POOR QUALITY

51: sfg 1

52: tmt /," Freg”,0x,"Ampl.”,14x," Freq”,6x,"Ampl."swrt 6
53: fint 2" (Hz) (aBv) : *./

54: it flgl=)l;Lwt 2" (Hz) (Volts) “,/

55: wrt 6

56: L+F;L+505+C '
57¢: tor I=1 to 50

58: I+50+J

59: DI{I)=X;D[J)+»Y;if £1g3=1;L(I}+X;L[J)~Y

60: tmt 1,t5.0,6x,£5.1,14x,£5.0,6%,£5.1

61: if flgl=1l;fmt 1,£5.0,6%x,£5.3,14x%x,t5.0,6x%,£5.3

62: wrt G.I,F,X,G,?!

63: KF+5+F:G+5+G

64: next I .

65: cZg9 3 '

66: "Plot":enc "Plot Data? lsyes O=po",X;if X=0;gto “end"
67: ent "l)Linear or 2)d8v?",X;if X=l;sfg 3

68: dsp "Ready to Plot?";stp

69: wtb 6,27,09;wtb 6,27,84;wtb 6,27,77

70: wtb 6,27,87,int (7*120/64) ,int (7%120)

71: wtb 6,27,76,int (7*96/64) ,int (7*96) _
72: wtb 6,27,70,int (8%*96/64) ,int (8%96)

73: wtb 6,27,79,int (1*120/64) ,int (1*120) ,int (1%*96/64) ,int (1*96)
74: 0+X;0+Y

75: gsb "loc"

76: wtb 6,"-"

77: if (X+.1+%X)<5.1;9t0 =2

78: 0+X;0+Y

79: gsb “loc"

30: wth 6,"|"

8l1: it (Y+.1l+¥)<5.1;9t0 -2

B2: Lf Fly3=1;"AMPLITUDE | Volts"»LS;17+N;gto +2
83: "AMPLITUDE | 4BV"+L$;15+N

84: 3.83-¥;-.9+X

85: for I=1 to N

86: gsb "loc"

87: tmt cl;wrt 6,LS$(I,1)

8‘8: Y"1«16"Y

89: next I

90: if flgl=0;g9sb "info"

91: s£g 1;0+X;-,06+Y

92: gsb "prtinfo"

93: if flg3=1l;gto "linear"

94: "RV :i-.3+X

95: for I=-70 to 10 by 10

96: 5/80%(1+470)+Y

97: gsb "loc"*

98: fmt £3.0,"~-":wrt 6,1

99: next 1

100: gto “freg"
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T onaiNAL FIELTS
"linecar": OF POOR QU
max(bl*l)*M
£ M<=3 2:3.2+4W; .40
lt d4 2 4”W' IJ"B

: 1t M<=1.0;1.6»W;.2»B

ELOUART
SUaat
S oaGARE S ¢

oI Int
= wol MBS
-

$ Seman e

3 420 56

[
[

it M<=,0; B+ . 19B

if M<=,32;.32+W;.04+B

if M<=,24;.24+V;.03+B

if M<=,)6;.16+W;.02+8

if M<=,08;.,08+W;.01+B

if M<=,032;.,032+W;.004+B
if M<=,0165.016*W;.002+B
-.S*X ’
for I=0 to 8

S5/Wh1*8 Y

gsb "loc"

fmt £5.1,"-"

it M<=.32;€mt £5.2,"-"

s if M<=,032;Emt £5.3,"-"

| 4
A rar.

-~

-

wrt 6,I*D.
next I
"freq":if H<=1000; ”uz"¢L$ gsb "cl Ar"
if B>1000; “kﬁz"'LS,ﬁsb "¢l Ar"
l.B’X;-.doy;gsb "loc"
tmt "FREQUENCY - ",c20;wct 6,LS
Lf 1-L<=1000;100+K;gto "pltdat"
it H-L<=5v00;500+K;gto "pltdat"
it H=-L<=10000;1000+K;gto "pltdat"
if H-L<=50000;5000+K;gto "pltdat"
if -L<=100000;10000+K;gto “"pltaat"
dsp “Desired plot outside prog design";stp.
: "pltdat":
for I=0 to 10 by 2
«5I+X; 0+¥Y;9sb "loc"
fmt "|";wrt 6
-.29Y
L+K*I*P;i£ H>1000;P/1000+P
if int (P)#P;Emt 2,£5.1;X~.3+X;gto +2
fmt 2,£4.0;%X-,2+X

: gsb "loc"
: wrt 6.2,P
: next I

0+X;5/80*(D (1) +70)»Y;if flg3=1;5/W*L[1]+Y

g gsb "loc"

for I=1 to 100
«S*(I-1)*S/K+X
5/80*(D{I}+70)»Y;if £1g3=1;5/W*L[I)~Y

B e Ty e S R 1

SR b o e TS T S AN RS RE TR, R T

wtb 6,27,97,int(120X/64) ,int(120X) ,int (96Y/64) ,int (96Y)
: next 1
: "end":ent "Morc Flots? l=yes 0=no",X;if X=1l;gto "start"”
: wtb 6,27,69;end
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ORIGINAL PPAGE 19
OF POOR QUALITY

"ile 4:  nange ulfset - freauency/bangc 5love 8=-5-32":
" LY

"Init": .

dim 0(4,6),¢14)

pre "hange Vtfset-"," Freq/Fng Sloge"

PIE N m e e —-— "sspc slcl 7

dey "s5yN" ) 704' s PL A»\l\"'-’l-’

(1)

nFrequ,

ent "sSgat fkreg(GHz)? It no more, COWNTI*,¢;il tlgl3:;gto "Calc"
ixa 1l;it F=4.75;Lxd 2

prt “"cat lroq(oﬂv)-",v txad |

ent. "Range(tt)?",k;tmt "Range(tt):" ,16. L;wrt 16,R

ent "Prequency Repetition kate?" ,Lpprt "kreag Rep Rate:", L
ent "Keady to take data? COLINUE",X

it F=1,6;19.6+>r0;164.9+rl;10+1;y (R 2+4.22)+1,25+R;1.6+F (1)

: it F=4,75;15,1+00;550.7+cl;2+1;y(R72+4,22) +1.25+R;4,75+t (2)
it £=Y.5;13.4+00;573.6+2r1;3+1;y(R72-23.02)-,11*R;9,5+F (3]

it 1'=13.3;16,20003;527+cl;4+1;y(R72-23.02)~,11+R;13,3+F(4)
" ",

"Data":

: gso "prtrng"

: gsb "search®

s D(I,L1)+1+D(I,1);D(1,2)+ReD}I,2);D(1, J]+P‘°»D|1 3)

: DEI,4)4C+D(L,4);0D[1,5)+4R*C»D[1, J] DlI 6)+L+D(Y,6]

gto "FIGQ“
" ",

“Calc":

tor I=1 to 4

DII, 1) *D(1,3)-0D(1,2)"2+X;if X=0;gto +5
(MIL,31*0({1,4)=-D[T,2]*D|I,5))/X+Y
(D[I,Ll}*D(L,5)-D1I, ilﬂﬂ[l,dl)’X*n,Y/S*o

: DII,G)/DIT,L)-1,

gsb "prtdata"

: hext |

DLt "AkAxx kKR IR R RRK KRN 20
" TR

"oprtrog": fxd l;prt "Range(corr):" ,R;jret

" C2 B

"prtdata":

prt "AAkaxwkaunknkhnrt.fxd 1.if F=4.75;Exd 2.
prt "Scat rFreq(GHz):",F[1]

txd L;prt "Range Ctiset=",G,"Freq/Rng Slope=",S

: prt "hAvg Freg"," Rep Rate=" ,Lispc 2

ret

"search":

rem 7;fmt "R1SIBSVTIZ2M1";wrt "SPE ANA"
rl(R+r0)+C

C-5050+C; -70+M:50+4;98b “"scan"
Y-1010+C;10+X;y4sb "scan®

Y+C;gsb "prtireq"

ret
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ORIGINAL PACE I8
OF POOR QUALITY

”:ic.:ln": .

tor J=1 t¢ 200

C4+XC

tmt "L",£.1,"=";wrt "SYN",C;wait 10

wet "SPL ANAY "1V tfmt £.23red YSPE ANAY,Z
1f 2OM;Z+M;C+Y

next J

ret

] " .
"prtiteg”:

txd O;prt "IF Freq:",Cyspec 2
kit "L,k 1,"=4100=Y" swet "SYN",C;lcl 7
ret
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i ’ ORIGINAL PAGE IS
. b , O, « « OF POOR-QUALITY ...
r |
A e "wale Y oDurp Bata eilee o HRIOU7LIA PrinLer 16-0=-81":
l,; " u=
2eoudn o albhulreng L3
Jrowth v,27,%8 .
de ot lUx ?'wl‘t. ‘;b wti t.,a.7 77,\\Ln) 6 2,
be wth u,27,70, L\t(b*l’O/bQ) int (o *120)
] G: Wtb ‘.)'-7,&) ,1“L(L*120/64) lnt(‘*lzo)
7¢ ant "lape qo?" 1, "Track No?",ﬁ;trk P
b n: ent "tirst ifile No?",A
] s ent "Last [File No?",n ‘
AR 10: enl "txclude any Liles? Ll=yoa®,X;ii' Xpl;gto "Init”
FEk| 1l: ror I=1 to 50 '
" 12: ent "frile "o. to be excluded?",X;it tlgl2=1l;qto "lnit"
ol 13: A=X[I] .
e 14: next 1
. 18: " . oM
}%EE‘ 16: "'Init"!
ReYT 17: £mt 24x,"1vapc po: ",£3.0;wrt 6,T; 1+C
T 18: [wt 23x,"Track lios",£3.0,2/3wet 6,R
i 19: “Cont":
K 20: 1f AdB;yto "ena"

21l: tor 1=1 to 50 - ’

22: 1t Apusir A=x[I);ht+tl+A;gto “"Cont” :

23: neat 1

24: 1IL A,r0 .

25: fmt "File No:",f4.0,7%,"Look Angle:“,fb.l,bx,z;wrt 6,A, 12

20: twt "IF Preyg:",£6.0;wrt 6,rl5

: 27: tmt "Date: " ,f2.0,"-",f£2. 0,“ ",£2.0,5x,2;wrt 6, rO.rl,rZ

* 28t if ;11)100;:11/100»t11

- 29: int(rll)+x;100% (z11=X)»y

: ’ 30: fmt "Times",t3.4,":",2;Wrt 6,4

: , ‘31: iEf 10>Y;fwt "O",£1.0,10x, z-wrt G,Y;0te 42
B 32: tmt fg,@,lwx,g vrt 6, )

i 33: Lmt "Pelta breq:~lu”:wrt 3

3 fat "scab rog:M,ziwet 6

35 A0 rd=d, /5300t L£5,2,4%,2;wkt 6,rd39t0 +2

36: twl £H.),4x,2;urt O,r4d :

37¢ £mt "““1unt(LOlL) "LE5.01, 3%, " Lprat Areas”EG6.Lywet 6,213,021

- 3¢ tmt "pPolacrization: ",z3wrt 6 ! '
e 3¢ it rS=1;bmt "EHY,3x,2;wrt O

N 40t iF £5=23tmt WYV 3% ziwet ©
: 41: if r5=3;fwt "RV" ,3x,7;wrt 6
. 42: if rY=4;fmt "Vd",3x,z;wrt 6
Loy 43: tmt “fange-",to 1, Ox,‘nga Zero(dB):",£6.1;wrt 6,rl4,r24
: 44: rl0/100+rl0;Emt Wiite NO:",£3.2,6%,z;wet 6,£10
i 45: tmt "Sig bndwth:",L&.1, 2x,"lnd Smolf-“,tﬁ l,/ wrt 6,rl8,r26
i 46: A+l+A;Ct+1lsC
d 47: if c>9 ent “Chanjye Paper - [ress COhTIhUL”,x gto "Init*
- 48: gto "Lont"
: ‘49: “end“:end '
BIEE | - | A-19
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ORIGINAL PAGE I3
. OF POOR QUALITY

i
U S word warormmenn: . marse o ma ety s

*File 6: Dump Cal Files to LP9871A Printer {i-24-81":
" "

- dim X[50);0tyg 13

wtbh 6,227,064

fmt 10x,2;wrt 6;wtbh 6,27,77;wtb 6,27,84
wtb 6,27,70,int (8*120/64) ,int (8*120)
wtb 6,27,87,int(8%*120/64) ,int (0*120)
ent “ﬁape Ro?",T

ent "First File No?",A

cnt "Last File NO?", B

ent "pkxclude any Lxles? l=yecce®,X;it X#ljato "Init*

tor I=]1 to 50

ent "File No. tO be cxcludcd?“,x;xl £lgl3=l;gto *Init*
X+X(1])

next I

" ", . . . , -
v”Init"} ! - P

: fmt 24x,"Tape No: ",£3.0,2/;wrt 6,T;1+C

“Cont":
if A>3;gto “end"

for I= l to 50

it A#O if A= X(I] Atl+A: gto "Cont"
‘next I
t 1df A, 0

tnt "File No: " ,£4.0,7x,2;wrt 6,7

tmt "Date: " ,£2.0,"-",£2.0,"-",£2.0,6%,2;wrt 6,!0,t1,t§

if r9>100;r9/100+r9
Int(r9)+x:;100%(r9-x)+»Y

fmt "lime:" ,£3.0,":",2;wrt 6,X

if l0>Y;tmt "0",tl.0;wrt 6,Y;9to +2

fmt t2.0;wrt 6,Y

tmt 5x,"Scat Ireo ,z;wrt 6

it r3=4.7%tmt £5.2,20x,2;wrt 6,r3;9to +2

. fmt £5.1 20x,z wrt 6,r3

fmt "Sum ot V™2: “",e9.3;:wrt 6,rl6

tmt 5x,"Polarization: ",z:;wrt 6

if r4=1;fmt "HH",19X,zZ;wrt 6

if r4=2;fmt "VV",19x,2z;wrt 6

fmt "Delta Freg: 10 Hz";wrt 6

fmt 5x,"Cal Target: ",z;wrt 6

if r7=1;fmt “"1-ft Plate",13x,z;wrt 6 C
if r7=2;tmt "2-ft Plate",13x,z;wrt 6

it r7=3;fmt "3-ft Plate",13x,z;wrt 6

if r7=4;fmt "4-tt Sphere%,12x,z;wrt 6

it r7=5;fmt “"Corner Reflector",7x,z: wrt 6
fmt "Range: ",f5.1l;wrt 6,rl0

fmt Sx,"Center Freq' .£6 0,l16x,"Target Sigma: " F8 2;wrt 6 rlh;rl

fmt 5x,"Sig Bandwidth: ",£5.0,/:wrt 5,cl4

. At1l+A;Ce1+C

if C>8;ent "Change Paper - press CONPINUE" ,X; gto *Init"
gto "Cont"
*end":cond
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ORIGINAL PAGE 13
OF POOR QUALITY

]
3

0: "vile 7: Data ‘fable 10-14-81"%:

1: " u,

Z: "heading": :

J: prt "Insert raper","dHorizontally";spc

4: cnt "Sce printer. Reaay to print?*,X

S¢ dim AL7),X(100],A$(7,7),D08(20),p$(2],55(20)

6: tor I=) to 100

7: 5000+X(1)

s next 1

gghtb 6,27’69

11: wtb 6,27,70,10,672

12: wtb 6,27,87,1¢,1200 '

13: ent "Thxs month?",M,“Day?“,D."Year?",Y

14: ent “"Scatterometer Freguency(GHz)?",F, "Polarxzation?“.Ps
15: if PS="HH"; l+P

16: it PS="VV";2+P

17: if PS="HV";3+P

18: if P$="Vi";4+P

19: ent “Date data taken?",D$,"Site Name?",S$

20: ent "Data tape number?",T,"Track Number?*,Q:;trk Q
21 for I=1 %o 20

22: ir 1>len(S$);" "+85(1,1)

23: it DDlen(D$);" “+0$(1,1)

24: next 1

25; " "

26 "Angle":

27: "First"+A$[1l]);"Second"+A$(2])3"Third"+a$(3]) _
28: "Fourth"+AS[4];"Fifth"+AS[E); “Slxth'¢A$[6)'”Seventh“0A$l7l
29: ent "No of look angles(<=7)?“ i
30: for I=1 to i

31: dsp A$[I],"Look Angle?"

32: ent "",A[l]}

33:_next 1

34: ulm D[0Os3N,1:10])

35: "

36: "pata":

37 ont "start pPile ho’",L,L+A

36: ent "Stop File No?",H

39: ent "kxclude files? l=yes U=no",X;if X=0;gtc "Load Data"
40: prt "Excludeu files:"

41: for I=~1 to 100 .

42: ent "File number to be excluded?" ,X;if tlgl3;ctqg 13;9to "Ioau 0
43: X+X[I]);Exd O;prt X

44: next I

45: " "3

46: "Load Data‘:

47: for 1=0 to 3N

48: for J=1 to 10

49: 0+D[I1,J)

50: next J

51: next 1
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oRiGIsAL PAGE 3
OF POOR QUALITY,

H2s 1+C

pds "lur":

D4 L E Mripglo "hriLdata”
56 Lor J=l to Lou

BGs 1L A=k [J]AdLlen

h7: next J :

]

e Ldt A, rd,rdl

B A+l

OUs 1L rd4af;grc “lat”

6l: L rhapbyyto "Ldi"

be: 100-1 :

G3: for J=1 to 7

vd: it AlJ)=rle;d~I

65: next J

66: it 1=100;gto "ldt"

¢7: it UL{0,;1)=0;rl0/100+D[0,1)

66: it rlo/1004D[0,C);C+l-C

69: if C<=10;rl0/100+D[0,C])

70: if C>10;A-1l+A;gto “"Prtdata’

71: 3(I-1)+1l+P

73: r24+p{K+1,C)

74: r26+Df{R+2,C)

75: gto “"laf" o

76: " Il:

77: “prtdata":

76: tmt 75x,£2.0,"-",L2.0,"=",£2.0,/;wEt 6,0,0,Y
79: tmt 35%,"JSC GEROUND SCATTERCMETER" ;wEt 6
80: wtb 6,27,10;Cmt 35x,24" ";wrt 6

8l: tmt 42x%,"FIEBLD DATM";vrt 6

¥2: wtb 6,27,l0;Emt 42x,10"_",/;wrt 6

83: Lt 17x,"Systems ",ziWrt O

LAas Lot E4.Ll,z;it F=4,75;tmt t4.2,2

t5: wrt ¢,F

66 Lmt " Giiz",29%,"Date: ",c20;wrt 6,0%

87: wtb .6,27,10;tmt l7x,6“_",39x,4"_";wrt b -
§6: tmt 17%,"Polarization: ",c2,29x,"Tape No: ",£2.0;wrt 6,P5,T
8Y: wtb 6,27 ,l0;Emt L17x,12"_",33x,7"_"jwrt 6
Yo: tmt 17x,"Site: ",c20,19x,"drack Nos “,1l.0;vwEt 6,58,Q
41: wth 6,27,10;tmt 17x,4"_",4Ln,8"_“,/;wrt 6
02: Lt 45x,"Sites";wrt 6 ‘

93: wtb 6,27,10;fmt 45x,5" ",/iwrt 6

94: tat Ox,2z;wrt 6

95: for C=1 to 10

96: if LC[0,C1=0;fmt 8x,z;wrt 6;gto +2

97: tnt 4x,f4.2,z;wct 6,D[(0,C)

98: if C=10;wtb 6,20,13

99: next C '

100: tmt "Angle";wrt €
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ORIGINAL PATE I8
OF POOR QUALITY
for I=1 to N
fmt 5x,2;wrt 6
3(I=-1)+1+R
tor C=1 to 10
if D(R,C)=0;it D[R+1,C)=0;if D(R+2,C)=0;fmt ©ex,z3wrt G;qto +2
fmt 5x,£3.0,z;wrt 6 D[R,C)'
it C=10;wtb 6,10 13
next.C
Emt 2x,£2.0,2x,2;wet 6,A(1)
for C=1 to 10
if DIR,C)=0;if D(R+1,C)=0;if D[R+2,C)=0;tmt €x,z;wrt G;gto +2
tmt 3x,£5.1,z;wrt © D[R+1 Cl
ir C= 10 wtb 6,10,13
next C
£mt Ox,z2;wrt 6
for C=l to 10
it D[R,C})=0;if D[R+1,C)=0;if D(R+2,C)-Oz£mt 8x ,z;wrt 6;gto +2
fmt 4x,t4. l,z wrt 6,D[R+2,C)
if C=10;wtb 6,10, 13 10
next C
next I
if A>H;gto "end®
ent "Chanye Paper CONTINUE" ,X;gto "Load pata"
“end":dsp "Finished";end
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OR!G!NAL PATE 13

LITY

:File 8: bLatif?ic' 10-16-61": OF POCR QUA
"Init":

dim S{Ll00},A(100) ,AS$(7,7),08(20),1§ lUloNbIBul SElzu) sl
"First"+A$(1l); "”econa“»hqlzl-“lh1r1"¢n |3}
”Fourth”»ﬁ;[qj;“r1ttn”¢Aa(J],"Gxxtn"+b (G);"seveatusps|7)
ent "Today’s uate? (AX-AX-XX)",L§
ent "Wo. ot scat freguencies?", updim b (1), 05 4,2)

for I=1 to
dsp A§|I},"5cac breguency(onz)°“

ent """, PlI)stxd 1; xt P{I)=4.75;Lxd 2

prt F[I]

ent ”Polarzuatlcn°",P<lll fmt ldx,clwet Llu,25|fls0e
next 1

ent "Site pawme?" NS

ent "Date aata taken?" ,n8

for I=1 to 1uU

5000+X[1)

next 1

for I=1 tc 3u

if IDlen(DS) it 1<=20;" "+DSIT,1)

if I>len(N$)-" "eNS[I,I)

next 1
ent "How many look angles?” Apdim AL} ,0D 0,0, 4),004,0L,0]
prt "Look fngles: Y

for I=1 to U

Jdsp AS([I},"Look Anqle’“

ent "",A(I];Exa O;prt A[1]

aext 1

ent "Key on sites? l=syes U no",x if X=U3s16 Yigto +0
spc ;prt "Sites:

' for 1=1 to 100

:-ent "Site number wultiplied by 100?2",8fI};il Llglizcfa 13340

fxd 2;prec S{I}/100

next I

"Prev':ent "Previous data? l=yes u=no",4;il A=ljysh "previota®
" "o,

1 qllape i : : .

ent "Tape numocr°",x,txd sspc 2;nrt “Tﬁpu o ",

ent “frack number?",Q;trk O net " Track-" W

ent "Start rile wo?",L;L+A

fxd O;prt " sStart rile:",L

ent “Stop File wo?",H

pre " Stop File:",l;epc

ent "Exclude any files? l=yes 0=no",i;it X=U;gto "Lof"
prt "Excluded Files: "

for I=1 to 100

ent "File number to be excluned’“,k[l] if thl3 criy 133yto ”L\
£xd O;prt X({I)

next 1

" . ",

"Ldf "y b

if A>Hygso “"wmorcata"

for I=1 to 100

if A=X[I);hr+l+n ~
next 1 ‘
14t A,r0,r20

] no,

. =1
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65
80
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ORIGINAL PAGE IS
OF POOR QUALITY

"Check criteria”:

cly 10

Lor I=l to M

il pH=1"H1"+YS,

it r5=2:"vv"syYS

it £5=3;" v ayg

it £5=4;"V["»Y$

i§ r4$lel;it YS=PS|1)sfg 10;I+Jd
next 1L

if £lyl0=0;A+1l+p;9t0 "Lut"”

s Ccty lu

tor 1=1 to

¢ ib rlz=A(I};s£g 10;1I+K

next 1

if £lglC=0;A+l+A;g9to "LAE"
ctg 10 ‘

it £199;9to +5

for I=1 to 10U

it rlo=5(1);uly 10

next I '
it f1g10=U;A4l+A;9to "LAL"
" ",

"NData Matrix":
DIJ, K, L] +1+D[d,K, 1)
DIJ,K,2) 402620 ,K,2])
DJsK,314cd6*r23+D(JT,K,3)
DI, K, 4)4020*%c2372+013,K,4)
A+lsA;gto "LJE®
1] " e
"Calc":
tor I=1 to M
for Jd=1 to K
bi{1,J,1)+C
D(1,d,2)+L
Dl1,J,3])+X
P{1,J3,41+Y
X/l
V(B/{C-1))(Y/B=i"2))+2
ysb "student v
W="1%2/y (L-1) »U
wHI*Z/y (3=1)+V
10log (W)+1k([1,u,1}
l10log(2)+R[1,J,2]
B»k[1,J,3])
CoR{I,J,4] ,
. 5000+K([I,J,5)it UD0;10)og(U)-(I,Jd,5]

10log (V) +R{1,J,6)
next J
next 1
" "o,
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156:
157:
158:
159

: prt "pPol:",P$[I]);spc
: for J=1 to N

¢ dsp "Sigma 0(dB) tor",A(J),"deg?“b ; 7 .

fxd O;prt A{J)

ent "",X;fxd l-r“t %

fxd 0; dsp "std 4ov for" ,A[J}l,"deg?"

ent "",Y;fxd l;ort Yy

txd 0;asp "No of Ind ampls for" ,A[J},"d2g2"
ent "",B;fxd 1; prt B

£xd 0; dsp "No ot Sites Eor",A[Jl,"dcg?“’

ent " CiEixd 0; iprt Cispc :

tn” (X/lO)ox tn"(Y/10) »Y

A-26
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D . ORIGINAL PAGE 2 |
, ‘ OF POOR QUALITY |
'108: "Prtdaca”: ) ;
1093 web 0,27,6Y5Lnt S5x,z;wrt G3web 0,2/7,77 ;
110: tor I=1 to I :
111: £xd Lyif F([1])=4,75;L%d 2
1123 docp "Praint®,F(1) Muatu?”
- 113¢: ent "",X;it A=uygto “"inc"
114: ent "Ready to print?" ,x
115: fmt 52x,cB,/;wrt 6,68
116: fmt le,“dSL GROUND SCANPTERIMELER" s wrrt 6
I17: wtb 6,27,10:fmt'18x,24”_";wrt 6
118: tmt 22x,"STATISTICAL DANTAY swr k 6
119: wtb o, 21 10 Emt 22%,16" ",/:wrt O
120: it P[ll 4 75 Emt “SY&TDw-",LS 2,2;3WKt wrfljsate +2
121: fmt “"YST&H-“,LS l,2;vrt 6,F[I) . -
122: fmt " GHz",15x, “SITL " "30 wet 6,45 . : '
123: wtb 6,27,10;fmt 6";“ 25x 4”_”-wrt 2
124: fmt “"POLARIZATION: ",c2, 15x,"DATD ",c20;wrt 6,811} ,08
125; wthb 6,27,10;Emt 12" ¥ 19x 4" _",2/;wrt ¢
1263 £fmt "Anqle",Bx. Mean",3x," tandard",ﬁx,“dunh@r ot",2;wrt O
127: fmt Sx,"Number",4x,%90¢ Contidence" ;wrt ¢
128: fmt " (Deg)",3x,"(dB)",3x,"Dev (GB)",3x,"Ind. samnlee”,siwee O
129: fmt 3x,"of Sites",4x,"Interval (dBR)"s;wrt ¢
130 wtb 6, 27 10;tmt 5" ",3x,4" ",3x,4" ",3x,z;urt &
131: £fmt 12" ¢ 3x g"_" 3%, 13"m",2/,wtt G
132: tor J=1" to N
133: if R{1,J,5)=5000:fmt 57%, MErkartowrt G;9L0 +2
134: tmt 57x,t5.1;wrt 6,R(I,J,5]) '
"135: £mt £3.0,4x, ts 1,4%,45.1,60x,z;wrt ¢ AIJ],P(I.J 1) ,R(1,7, ]
136: fmt £7.1, 9x,t4 Oswrt 6,R(1,7,3),K(1,J,4)
137: £mt 57x,13 1,3/;wrt 6 k[l,J,G]
138: next J
139: "inc":next I -
140: end
141;: " Y
142: "prevdata";
1&3- Spc ;ort "Previous Data:"," Angle",” sigma oAy
144: prt * Std bev(dB)","Jo of Ind pmpls",” Jo ol Sites":udc
145: tor I=1 to M B
146: £xd 1l;if F[I)=4.75;:fxd 2
1472 prt "Frea°",F[I]
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160:
161:
l62:
163:
164
10b:
LOG:
167:
1otk
16Y:
170
17)1:
172:
173
174
175
176
177:
17¢8:
179:
160:
18l:
182
183:
184:
185:
186:
187:
188:
169:
190:
191:
192
193:
194:
195:
196
197:
194
199:
200:
201 :
202
203
204 :

(C=l)AY Z4DBMX 2 oY ; BHE+X
C*DI1,J,1)

x»011,9,3)

Y+1:{1,Jd,4])

next J

spe 2

next 1

ret

" ":
"moraata®:

ent. "More data? l=yes Q0=pno",X
if X=0;gto "Calc"

tor I=1 tc 100
5000+X(1)

next 1

g to (1] rllape 1]

tet

] (1) .

“student T":
1,645+1;int (B)+X

if X<=120;1.66~+T

if X<=61;1.67+1

if X<=41;1.68+7

if X<=31;1.7-T

1f X<=27;1.71+7

if X<=23;1.72+7

if X<=20;1.73+T

if X<=18;1.74»T

1f X<=17;1.75+7

if X<=15;1.706+7 )
if X<=14;1.77+T E
if X<=13;1.78+7 ?
if X<=12;1.8+7

if X<=11;1.81+7 .
i1f %<=1031.83+7 '
if X<=9;1.86+T

1€ X<=831.9»1

if X<=7;1.94-7

1f X<=632.,02+10

if X<=53;2.13-T

if X<=4:;2.35+)

if X<=3;2.92+7

if A<=2;0.3190

ret
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ORIGINAL PAGR IS
OF POOR QUALITY

"File D plot “igra Yero vo. Anygle on iFrinter 1=5=-42";

sl ' {4),n] 120, 2807,7),08(1200,08(4,.

W WEAe e cpeweyt 83 ¥R

35139),X5(116)

|, 21,
"LiESLsAL )" .ecbrl“oAblfls‘Pnir!“’huIJl;"buurth"o\S[di
“PiLuh“*h$[5l; .1xtn">Aﬁ(6|;“.evcuth“ VR LT7) o
1]

"plet dabeln:
Lot "lyMirsralt or J)cround bota?",A;il x=¢,slg ligto +3;
"HR/C"sont "Mission numn;r’”,l,“lino numhor”" D" Run nusher?® , ¢
bxa deet "xs?, e, "Linos® 2V un Y 1 ' ,
"uruunu”:;n ”ano oals tﬂn¢ne GO Ny, Ye",d8pre S
anb "uame oF Lata cite?" ﬂs-vrt r”-*nu 2

" “ o,

"nala cntry":

ent "o ol neat Lreouwencies?", |

ent "N Ol took anales?® toedim D10, )

e =) t¢ o

GEOASTT) " Seut Fesanency (Glig) 2%

ont "', )L

ont "“clnrlzgtxnn°“ PSII)

next J '

tor I l to 1

asp AS[I),"Look dngle(deg)?”

ont ”",LIO Iy

next I

for I=1 tc 1 RN

Lxd 1:if Fl1L)=4,75:6xd 2

Spc sprt "kreo:",0' {1}

"pPol: "eXS(1);PSII)+XS[15);net XS;spc
foer J=1 toc

Lxd Osprte Lfu,d)

dsp "3igma 0 for",5|0,J),"doy?"

ent "Y', D{1,4) ‘

Lxud l,prt LIL,d)ssoc
next J

ncust 1

] ",

“"Blot":

ent, "Peady Lo nloty"

" Clear” swth 6, )/ 69

" Lottt nur;Ln“-rmt 5x,2;wrEt Givwth (, 27,717

" T oL Forie™owth 0,’7,nd

" Forn Llengenswen ¢, /,Ib,lnt(b*l’0/64),1nl(d*120)

" et yi.dtn”suto u,bl £T7,int (B*120/64) ,int (8*120)

" frlot or141n".wtb 0,27, IQ,xnt(O/u4),1nt(0),1nt(0/64),int(
"ot g grar-h"e

" ,haracter Exll"-wtb 627,40 4’.1nt(:/u4),int(5).0

STOsA (1) RGN 108k "loc®
it flgl=0grat "sIRUOESe CCAMTTNRDNETD RYawrt 6 ,
it f.’l{!lSl:f.:nt "JGC GPOUND %’C/"I"I‘[‘."ONE‘[‘['I“”‘:\-‘rt 7

'A-28
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50:

51s

523
53s
54
55
56:
57¢
58:
59
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"Make box": OF POOR QUA‘-‘TY
“Top*:120+X{1);664+¥(1);98b “loc*
720+X[2);064+%(2});9sb “"plot®
“Bottom":120+a{1]);192+Y(1);9sb "loc"
720+X(2]; l9z»¥[2];qsb *plot®
wtb 6,27,46,124,1int(5/64) ,int(5),0
‘Right side :720-X(1]);192+Y[2):g98b “loc*
720+X{2);664+Y(2)198b "plot”
“Left side“ $120+X{));864+Y([1)s9Eb *loc* _
120+X{2};192+¥{2)s98b "plot*® \ ,
220+X%{1)
for I=1l to 5 -
192+¥(1l);98b "loe"

wtb 6,124 o ..

k(11+100ox(11

next 1

for I=0 tc 60 Ly 10

10(1-. 9)+1‘owx(1| 1/6~Ylllzgsh “loc“

tmt £2.0,z2;wrt 6,1

next 1

360+X{1);l¢0+Y(1);9sb "loc*

fmt "LOCK AKCLE";wrt 6

60+6*len (SS)+X(1);128+¥{1]);9¢b "loc"

fmt ¢l0;wrt 6,53

if £lgl=l;gto +4

186+X{1);112-¥{1)398b "loc"

fmt "Mission:. ", £3.0,5x%x,"Line: ",£2.0,5x,"tun: " ,1¢.0

wrt 6,P,C,R .

180+6*1len(DS)+»X[1):96+Y(1]):1f Elal=l;llisy(1l]} '

gsb "loc"

fmt c20;wrt 6,DS : '

0+X[1); 648*!(1] gsb “loc" ' A _

fmt “S" / uIll / nGu'/'umu'/'uhnoz/'uzn /'utf.ﬂ'/'IO(ZH'/'Ol(‘N'/;wr

wtb 6,124;:fmt 2/,"D*,/,"E%;wrt 6 T

ent "O)bxxed or l)variable Scale?*,

it A=0:=35+L+Y; B+D; 64N

4 X=l;gsb ”var"

Eor I=0 to D

BA+X[1);I*A+192+¥[1);9cb "loc"

fmt £3.0,"-";wrt 6,Y;Y+5+Y

next 1

wtb 6,27,79, 1nt(120/64),int(120).1nt(]92/04) int (1%2)
IR L

T"Plot data": .

for 1=1 to K

1t F[I] 1 6; wtb 6, 21 46,40,1nt(2/64),1nr( ),A

if Fll|=l3 3 wtk 6,27, 46,42.int(€/ﬁ4),iht(t),c

348+X11);:65¢~ 161¢¥|1|-q sh "loc*

fmt £4.),1%x,c2,2

100s Lif F[I]-4.15 fmt £4.2 1&,62 z
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f}078“it J=1;10*D|0, ll*XIlls(AIS)( (1

i109¢
_110: next J
“111: next 1

.114:'"plot”.wtb
11530 8vac”:
TY6{=50%H; S0+L
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*101s wrt €,F(I),PS[1)

102: if FlI]=1 GpEmt Lx,6"=";wik €
103: if F.f1)=4.7%
104: if FlI1)=4.75;Lmt 6".";wrt 6
1058 it F.[1]1=13.3;fmt lx.e“*“-wrt G
106¢-for J=1 to M y
J=L
if JI>1;10"[0,d)+X{2); (h/5)(DII Jl

1083
? wtb 6, 43 ]

112: epc 5;:;dsp “bxniéhcd"~end
113: ”loc"-wtb 6 27,65 int(x{1]/64),int
027,97, int(XlZl/GO).int

117-”ﬁor I=]l to N

n1185 for - J=1 to M

1195 D{I,J)e%

1203, Lf TO=H; T+H

1215 '4f T<=L; T’L

AL ed

;A44+X(1) Y (1i4AsY 1)y tlag®

1227

123

j'gex t.1

Xt

4 ﬂgiqc(ﬂ/5)+l)'50ﬂ 5(int(L/5)-1)*L
H-L)/S*Dsint(672/D)¢A:L0Y :
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