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DEVELOPMENT AND EVALUATION OF SCATTEROMETER
DATA PROCESSING ALGORITHMS

1.0 INTRODUCTION
In early 1976 the NASA Johnson Space Center (JSC) Earth
Observation Division contracted with the Remote Sensing Center

to develop and implement the hardware and software required to

process raw radar measurements acquired using the 0.4 GHz,

1.6 GHz, and 13.3 GHz scatterometers to normalized radar cross
section. These scatterometers had been taken out of retirement
during 1976 and mounted on the NASA C-130 aircraft to be flown
in support of the NASA funded Agriculture Soil Moisture Experi-

ment (previously termed the Joint Soil Moisture Experiment).

A data processing system was developed and implemented by
Texas A§M University in 1976. The processing system was
structured to consist of two phases. First, digital magnetic

tapes of raw scatterometer measurements and ADAS/NERDAS data

were generated using the Remote Sensing Center (RSC) TI-980

mini-computer, a four channel analog-to-digital converter con-

structed by the RSC, an ADAS/NZRDAS discriminator constructed

by the RSC, and a fourteen track analog recorder supplicd by

NASA Johnson Space Center as government furnished equipment.
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These tapes were then processed to normalized radar cross
section using a software package implemented on the TAMU

Amdahl 470. This processing system was documented in the
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initial "final report" on the contract [1]. The program was
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unique in that it utilized Hilbert transforms to sign sense
the scatterometer data and discrete digital Butterworth filters
to select the component of the return correspondence to spe-
cific incident angles. Detailed flow charts for this system
are ‘acluded in Appendix A.

Radar scatterometer data acquired during the 1976 Joint
Soil Moisture Experiment at the LACIE supersite in Finney
County, Kansas and a test site at Lawrence, Kansas was'pro-
cessed using this processing system in 1977. In evaluating
these data several questions were raised concerning its
validity. As a result, considerable effort wa:c devoted to the
evaluation of data acquisition, data pre-processing and final
data processing. During this evaluation it was discovered
that the analog tape recorder that had been provided as
government furnished equipment by NASA Johnson Space Center
(JSC) could provide only marginal performance and was inade-
quate for processing scatterometer data. These problems were
summarized in the quarterly progress review presented at
NASA/JSC on September 22 and 23, 1977. The pertinent portions
of this presentation are contained in Appendix B. As a result,
another more suitable analog tape recorder was provided to
TAMU by NASA/JSC for processing scatterometer data.

Also during this evaluation, several other sources of
error were discovered. The most significant of these were:

1) poor performance of the Hilbert transform at low incident




angles, 2) use of average flight parameters for ea:h flight

line to compute cell geometry and area, 3) poor and/or inade-
quate flight log documentation leading to misinterpretation
of sensor parameters, 4) poor communication between sensor
system engineers at NASA and TAMU leading to the use of incor-
rect and/or outdated sensor calibration constants, and

5) inconsistent identification of the sign and cosine channels
of each scatterometer, and misleading identification of
channel assignments of these signals to tape recorder tracks
on the analog magnetic tape labels.

After the above mentioned problem areas were discovered

and many of them resolved, NASA/JSC began to implement a
software processing system in hopes of being able to process
future radar data in-house at less cost. TAMU was given
additional funding by the NASA/JSC Earth Obseivation Division
to support the establishment of this software system by the
Engineering and Development Division and evaluate its perfor-
mance in conjunction with the continuing evaluation of the
TAMU software system. TAMU was also given permission to expand
its processing capability to include the newly acquired

4.75 GHz scatterometer. Within this same time frame TAMU was
contracted by NASA/JSC Engineering and Development Division
to develop and design a real time hardware on-board processor
for the 1.6 GHz and 4.75 GHz scatterometer systems. Therefore,

the hardware processor design and software processor evaluation

proceeded simultaneously.
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The simultaneous activities on the hardware and software
processing systems proved to be extremely beneficial. Pri-
marily as a result of the new techniques that were being
developed for the hardware processor [2], two new software
systems were developed for processing scatterometer data. The
Hilbert transform and discrete digital filter approach was
abandoned in favor of approaches that relied on discrete
Fourier transforms for sign sensing and filtering. The major
advantage of this approach is that the filters can be modified
during data processing as a function of aircraft parameters
in order to maintain constant resolution and incident angle.

One system developed by TAMU relies on real valued
discrete Fourier transforms of each scatterometer quadrature
channel. Sign sensing is accomplished by algebraic manipula-
tions of each of these transforms. This system is identical
in processing procedure to the system developed by NASA/JSC.
The other processing system developed by TAMU has the identical
processing procedure that will be used in the on-board
scatterometer hardware processors. This system relies on a
single complex valued discrete Fourier transform to sign sense
and filter the quadrature signals [2]. This system is the

best in terms of speed of operation since 1.6 GHz, 4.75 GHz,

and 15.3 GHz data only half of the number of Fourier transforms

must be computed. And it provides identical results.




The evaluation phase of the effort involved much personal
communication between TAMU and NASA/JSC employees. The many
performance tests and equation derivation verifications that
were painstakingly executed will not be included in this report.
Suffice it to say that agreement was finally achieved between
the software processing system at NASA/JSC and the two pro-
cessing systems developed at TAMU utilizing Fourier transform
techniques. However, the programs developed at TAMU and
NASA/JSC are not identical in their manner of construction
or execution. Parameters such as resolution, integration time,
percent of data utilization, etc. are diffgrent for the two
processing systems. Users of scatterometer data should be
aware of these differences since they could have important
implications in the analysis of certain data sets.

In the following text the software processing systems
developed by TAMU as a final product will be described.
Differences in these programs and the NASA/JSC program will
be pointed out where appropriate. It should be noted that the
TAMU software system utilizing the single complex discrete
Fourier transform for sign sensing and filtering operates in
exactly the same manner as the TAMU design for the real time

hardware processor [2].




2.0 GENERAL SYSTEM DESCRIPTION

The software system described in this document is the

. final product of the project and is currently being used

exclusively for all radar scatterometer data processed at TAMU.
The general processing procedures are described in Figures 1-4.
The first step in processing scatterometer data is to digitize
the raw radar measurements as well as the ADAS or NERDAS data
stream, Figure 1. Both quadrature channels of radar measure-
ments are digitized simultaneously for one radar frequency
at a time. ADAS or NERDAS data are discriminated and digitized
at the same time and a computer compatible digital magnetic
tape is generated that contains the radar measurements and
time correlated ADAS/NERDAS data. The digitization rate of the
A/D converter is software controlled and depends on the radar
frequency being digitized. |

The percentage data utilization is a function of the A/D
process and varies for each radar frequency. One hundred per
cent utilization would mean that all of the raw radar measure-
ments are digitized. This does not occur for either the TAMU
processor or the NASA/JSC processor. However, this does not
mean that the final output product does not provide continous
ground coverage.

The minimum integration time of the processor is set by
the record lengths and A/D rate used during the A/D conver-

sion process. Both the TAMU and NASA/JSC processor use the
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STEP 1: Data Digitization

Raw Radar Data

Raw Radar Data

Digftal
9 TRK
| T1 980 TAPE
| ADS/NERDAS _’_J
; A/D 1 Record/Cell
4112 Bytes/Record (includes
aircraft parameters and
radar data)
Radar data - 1024 words/record
RADAR A/D for each channel (sine and
> cosine)
CH 1

o 2 __’._J

ADAS/NERDAS: Time, altitude, velocity, pitch, roll, drift

RADAR Frequency A/D Rate Percentage Data Utilization
13.3 GHz 25 KHz 16.4
4.75 GHz 10 KMz 37.2
1.6 GHz 5 KHz 51.2
0.4 GHz 2.5 KHz 68.2

Figure 1. Simplified flow diagram of the first step of
the radar data processing procedure-Data
Digitization.




same record lengths and A/D rates. The minimum integration
time determines the smear distance of a resolution cell.
Although the basic integration times are the same between
NASA/JSC and TAMU, NASA/JSC defines resolution differently than
TAMU thereby causing the actual ground coverage obtained from
the two processing systems generally to be different. This

is discussed later.

Each radar frequency and polarization combination must be
digitized individually. When this is complete, the 9 track
computer compatible tape is used to input the digital data to
the TAMU Amdahl 470 computer where the main processing soft-
ware resides. The Amdahl 470 processes the measurements to

normalized radar cross section using the program SCATTER.CZTA78

and produces both punched card and line printer output (Figure 2).

The processed data are then put into report format for distri-
bution using the TI-%20 minicomputer, plotted for analysis
purposes, or ave.aged as desired (Figure 3).

The principal component of the prbcessing system is the
program SCATTER.CZTA78. This program sign senses, filters, and
computes the normalized radar cross section. A general f{low
chart of this program is shown in Figure 4.

In evaluating the processing system, each step of the
process was investigated individually. The accuracy of the

digitization process was tested and the ADAS and NERDAS




9 TRK
TAPE

Raw Digital
Radar Data

STEP 2: Sigma Zero Computation

1/0
CHANNEL

| PuncH ]

v

PRINTER

AMDAHL
(4 Mega-Bytes)

1

FCATTER. CZTA/8

Data
Cards

Non-Aligned
Data List

Figure 2. Simplified flow diagram of the second step

of the Erocessing procedure - Sigma Zero

Computati

on.
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START

3 CONTROL
PARM
CARDS

SCREEN LAST RCD?
A/C
DATA
SCALE & FILTER DATA, DOCUMENT
CONVERT  p——pf CALCULATE ‘ RESULTS
DIGITAL SIGMA-ZERO FOR EACH
SAMPLES VALUES CELL/ANGLE

PUNCH

Figure 4a). Simplified Flow Niagram of Program SCATTER.CZTA78
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Main Program Module:

SQATTER.CZTA78
Gain, Beamwidth, Gamma Modules
/ /
) 1.6 HH 1.6 HV
. — p
1.6 VvV ‘ 1.6 VH
—
(1400 HH 400 HV
- /
400 VvV 400 VH
| ~
13.3 vV

Figure 4.b) Antenna gain, beamwidth and
roll-off function modules are loaded
into mafn program Scatter at time of
program execution for the frequency
and polarization combination being
Lo processed.
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discr;mination tested. These were found to work satisfactorily
and compare to NASA/JSC results for the same input data. The
quality of the 9 track digital tape is tested each time a set
of radar data are processed by executing a fast Fourier trans-
form of the first few records and comparing the spectrum to
that observed (and photographed) on the analog spectrum
analyzer when the analog tapes are digitized. All of these
functions proved <o be satisfactory after the original analog
tape recorde: problems were rectified.

The major effort in the evaluation process proved to be
the validation of the main program component, SCATTER.CZTA78.
This program basically evaluates the radar equation as given by
equation (1) for the normalized radar cross section. The
assum tions upon which equation (1) is based were evaluated,
and the techniques and accuracy of computing each of the terms
in equation (1) were evaluated. The details of each of these
evaluations will not be given, only a summary of several major

points.

3.0 GENERAL RADAR EQUATION SOLUTION

At the outset of this report period two forms of the
general radar equation were used to estimate the radar cross
sections, 80, from the scatterometer measurements. At TAMU

the form used is

6..., - W)’cz. z68) B ¥ (1)
A" Kg GrGt ’2. /4

13
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where

A

S

Z(f)

GpGe

Pr

P
R
A

wavelength

cable loss

system constant, calibration
roll-off function

antenna two-way gain
receiver power

transmitter power

range to ground cell in view

area of ground cell in view

At NASA/JSC the form used was

G = f”r)(a)(q vy z-_(;)) )(,bme/, X%) (2)

where

Ey

rms volts corresponding to the received band-
width

rms volts corresponding to the calibration
bandwidth

aircraft altitude
aircraft velocity
cos ( ) cosycos¢
antenna beamwidth
bandwidth of the calibration signal

inﬁtantaneous bandwidth corresponding to the
incident angle

roll angle

drift angle
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‘The two expressions are related and equivalent if it is

assumed that the ground cell area, A, in equation (1) is

given by
,4‘. = Zﬁ/a'ﬁ‘v“- 7= (3)
lﬂaar122}a¢u7“%§%I
where
6. = instantaneous viewing angle to the ith ground

cell
Ad

the angular width corresponding to the BWi

The above assumption which connects equation (2) to equation
(1) is, unfortunately, valid only if the value of roll and
drift remain equal to zero. This is almost never true, there-
fore, the authors of the orginal NASA/JSC system were forced
to make another assumption to cover this situation; i.e., in

the presence of aircraft roll and drift the area becomes

Af = A feaspeosd | @)

The validity of the above assumptions was extensively analyzed
at TAMU [3]-[4). It was found that equation (3) (first
assumption) was accurate to within #1% for the case where
¢=y=0; however, for y#0, ¢#0, equation (4) (second assumption)
yielded erroneous values of ground cell area which were off by
as much as 7% for nominal aircraft perturbations. On the basis

of these analyses it was concluded that the more general form

15
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of the radar equation, expression (1) above, would be the best
form to use for data processing.

The results of this analysis also showed that the area
calculation should be done using the expressions and techniques

that have always been used at TAMU; i.e.,

/: W’IX\ ‘YI) (S)
cos g

as defined in reference [4]. The NASA/JSC program was modified
to compute area in the same manner for purposes of consistency
between the two software processors and the hardware processors

which are being implemented.
4.0 DOPPLER FREQUENCY SHIFT CORRECTIONS

4.1 Effect on Range and Area Computation

The value of R4/A (equation (1) above) obviously makes a
substantial contribution to the value of 30; therefore, a
careful evaluation of the technique for computing these values
was done. It was found that adjustments had to be made to
account for doppler filter center frequency and doppler filter
band-edge shifts associated with the discrete nature of the
Power Spectral Density (PSD) lines. For example, the center
frequency of the filter corresponding to a particular viewing

angle is given by

;{/)z %—’fsm'éé (6)

o
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where 0 is the viewing angle with respect to the aircraft
gravity vector. Now, as illustrated in Figure 5, this value
may or may not fall as the center of one of the PSD lines.
Similarly, the bandwidth, nwi. is actually some integer set
of PSD lines, and thus the filter band-edges do not actually
fall at fd+ E;S, but in fact fall at the edge of one of the

PSD lines. The true bandwidth may be calculated as

oW, = [ewp /aF ro.5] A -

where the notation [ ]I means taking the integer value, and

Af is the spectral line width given by Af = fs/N where N is the
number of lines in the PSD and fs is the sample frequency used
by the A/D converter. The true center frequency is then

given by

AL = A/‘[ﬁ/AP +o.5]r (8)

whenever the expression

W = [3&:/;/4/’140,5_7, 9)

is odd, and by
P AJ‘/Z-/J/Zf-fﬂ..S:Z 40.5] 10)

whenever NFi is even.

17




Power Spectral Density

Power Spectral Density

Center Frequency Offset Due to Digital
Representation of the Spectrum

0 I § Desired Center Frequency
Center Frequency Used
Bandwidth Difference Due to Digital
Representation of the Spectrum
= 1t
0 I - —)
Desired BW
- —
Actual BHA

Figure 5. Effect of discrete nature of the DFT on filter
center frequency and bandwidth.
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Note that at most, the center frequency or the band-edge
will be off by Af/2. The influence of this perturbation on

the value of range, R, can be evaluated. Range is given by

Re = /‘/fé‘v 94; (11)

Since eLi and f4 are related to equation (6), we can write

4 ’
R fo G (12)
r: )
where Ri is the range to the repositioned ground cell with the
center frequency off by Af/2. It can be shown that this func-

tion is maximum when the value of Afs is maximum. This maximum
occurs at the lowest frequency, 0.4 GHz. Also, the largest
percentage difference between Ri and Ri occurs at the smallest
0y i.e., normally S degrees. Thus, the ratio in equation (6)
can have values as large as 1.07. This implies that if the
center frequency shifts are not accounted for in the calcula-
tion of R4 the error can be as much as 33% when processing

0.4 GHz data. When this is applied to equation (1) to compute
;°, the result could be off by as much as 1.23db.

Similarly, the bandwidth shifts can produce effective
cell length changes that result in actual cell area changes,
consequently these shifts must also be accounted for in the
evaluation of the cell area, A. This is automatically

accounted for in the TAMU data reduction system because of the

19
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vay the area is calculated [2]). This is discussed further in

Section 5.0.

4.2 Effects on Usage of Antenna Gain and Roll-Off Filter
Functions

The shift in filter center frequency must be accounted
for in the system antenna gain, GrGt.'and in the evaluation
of the roll-off filter function, Z(f). The effect on roll-off
was found to be of less consequence than in the antenna gain.
Because of the reporiedly irregular shape of the antenna gain
pattern, small frequency shifts tend to produce substantual
changes in the resulting calculated value of 3°. The most
dramatic effects were noted in the 13.3 GHz and 4.75 GHz
antenna patterns. This effect is also explained in the last
few viewgraphs in Appendix R. This c¢ffect has been subsequently
diminished to some extent by using émoothed antenna gain

tables [4].

4.3 Low Viewing Angle Effects

The analysis of geometry effects on the solution of
equation (1) reveal that there are limits on the doppler band-
width at low viewing angles. As illustrated in Figure 6,
whenever half of the actual bandwidth, BWA/Z, is greater than
the doppler center frequency, fdc’ for a specified filter;
e.g., -5 degrees viewing angle, the lower bound of the band-

width will extend off the end of the positive spectral filter




look angle, eL

roll angle, ¢

-
/,\\\\\‘ln-' -

I1sodopplers Corresponding
to the Desired Bandwidth
(BWD). If y#0 then foc < BWA/2 _

can occur. -

dc

Action To Be Taken:

o If fdc < BW/2, set fdc

= BW/2

or

o If fdc < BW/2, set a flag

Figure 6. Bandwidth and frequency limits at low
viewing angles.
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region. This has the effect of limiting the actual viewing

angle to certain minimum values. 1t can be shown that these
minimum viewing angle values are given by (2]
P
| “fK et
& = 7AW and (13)

)

where k = IH%3§¢ -tanytané
and

= ground cell length

L

H = altitude of aircraft

¢ = drift angle of aircraft
]

= roll angle of aircraft

Some values of the above expression are illustrated in Figure 7.
Note that for increasing cell sizes the limit rapidly approaches
-5° when only a small amount of aircraft roll is applied.

Two approaches are used to handle the above limiting
cases. At TAMU the value of the true viewing angle is limited
so that the effective bandwidth never extends off the cnd of
the PSD. At NASA/JSC the output data set is flagged with a

caution note. Either technique is considered acceptable.

5.0 GROUND RESOLUTION CELL SIZE
Two different definitions of ground cell size or ground
cell length were found to be in use by TAMU and NASA/JSC.

First, TAMU software maintains a constant cell length, Figure 8,

22
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Typical Cell Lengths - TAMU Processor* ]
Ti-Tolsec) | (meters) L(feet) L'(meters)  L'(feet) é
13.3 GHz 0.08 . 25 82.02  18.68 61.3
1.6 GHz 0.41 50 164.04 18.42 60.4 :
g 0.4 GHz 0.82 75 246.06 11.84 38.84 !
*Computed for 2048 samples/record and 150 Kts ground speed
3
: ]
: .
: ;
[
|
l
L l
E | .
S [} \\ .
i N ;
L —» ;
T
B
F ;
E Bandwidth is adjusted to keep L constant for i
o all 6, and velocities. :
-
0 Figure 8. Illustration of the ground cell length as :
o defined by TAMU. :
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as aircraft parameters vary. This cell length includes both

the instantaneous viewing length and the "smear'" distance

noved by the aircraft during the integration time, t, to t,.

On the other hand, NASA/JSC defines the cell length as the
instantaneous viewing length, Figure 9. In the NASA/JSC
program the cell length, L', is a program input, and bandwidth,
Bwi, is adjusted to keep the input value of L' constant for

all viewing angles. However, as the aircraft flight parameters
change the total ground coverage per cell, L, computed using
the NASA/JSC processor will change slightly. This difference
in the TAMU and NASA/JSC processors is not significant. But,

the fact that NASA/JSC defines the cell resolution length as

the instantaneous resolution can be significant if the user

does not understand what it means. It is important since the

actual ground coverage is greater than the instantaneous
resolution by the "smear" distance that results from the time

integration process involved in filtering.

6.0 COMPARISON OF GENERAL PROGRAM STRUCTURES

The over all systems used to compute o at NASA/JSC and
at TAMU are similar in the sense that both use the discrete
Fourier transform to calculate the estimated PSD; however, they
differ quite significantly in the way the data are .Landled
before and after the PSD estimate is made. Also, there is a

basic difference in the way the sign-sensing is accomplished.
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Typical Cell Lengths - NASA/ESD Processor*

Tl-To(sec) L(meters) L(feet). L'(meters) L'(feet)

13.3 GH2 0.08 42.7 140.2 36.58 120
166z 0.0 68.2 223.7 36.58 120
0.4 Gz 0.82 99.8 327.4 36.58 120

*Computed for 2048 samples/record and 150 Kts ground speed

Bandwidth is adjusted to keep L' constant
for eL

Ground speed variations cause variations in L

Figure 9. Illustration of the ground cell length as
defined by NASA/ESD.
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The general approach used by both TAMU and NASA/JSC is
illustrated in Figure 10. Phase I consists of digitizing
selected segments of analog data from the l4-track tapes made
on board the aircraft. Phase II uses the 9-track CCT containing
the digitized data to calculate and record ;o along with

appropriate aircraft parameters and time.

6.1 NASA/ESD General Program Structure

The NASA/ESD general program structure is illustrated in
Figure 11. Note that the system builds two complete and |
separate files, one ccntaining ADAS/NERDAS data and one con-
taining filtered data for each record from the CCT digital data
tape. After the last record is prqcessed the two files are
merged into an output data set by averaging both aircraft and
filter data over approximately 0.5 second intervals for 13.3
GHz data and longer intervals for the'lower frequencies.
Next, these data are correlated to aircraft nadir time. The
only time limitation noted in examination of this approach
was that the two files built prior to merging dictate a limit
on the length of the time segment that can be processed during
any one execution phase. This limit is most severe for
13.3 GHz data where only lines of 250 seconds or less can be
processed.

The sign sensing and PSD estimates are done by first

calculating two discrete Fourier transforms, one for the sine

27

P 20

F N VL) S




FORMAT AND
OUTPUT | LISTING

Digital
Radar
Data

PHASE 1
Analog Radar
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Output
Products
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Figure 10, Scatterometer data processing procedure.
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Figure 11. General program structure of the
NASA/JSC processing system.
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channel and one for the cosine channel of the input data set.
The output of these two data sets are then used to get the PSD
coefficients. for either the fore or aft data using the

expressions

A = [(/z.r—.rc )+ (”c +f-f):7k‘ (14)

2 _ 2 - B A L
42 s scr"s 5]

th

fore PSD coefficient of i
th

where A+ frequency component

A- = aft coefficient of i frequency component

real Fourier coefficient of ith frequency
component, sine channel

=
wn
"

IS = imaginary Fourier coefficient of ithfrequency
component, sine channel

IC = imaginary Fourier coefficient of ith frequency
component, cosine channel

RC = real Fourier coefficient of ith

component, cosine channel

frequency

k = scaling constant

6.2 TAMU General Prog;gmvStrgggg;g

In contrast to the above, the TAMU system illustrated in
Figure 12 processes each digital record completely, from 9-
track input CCT to the output data set, in one pass. Using
this technique there is no specific limits on how long each

input data set must be. The processing begins with the first
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Figure 12. General program structure of the TAMU
Processing System,
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record and continues serially until the last record is done.
The other important difference is in the way the discrete
Fourier transform is used to do both PSD estimating and sign
sensing in one pass. As illustrated in Figure 13, the NASA/ESD
system requires two fast Fourier transforms to produce the aft
data PSD, while with one complex fast Fourier transform the
TAMU system produces both the fore and aft PSD.

Actual data runs of the TAMU system have established that
the average machine computation time per record is 0.102
seconds. The average I/0 time is 0.016 seconds per record for
a total procecsing time of 0.118 seconds per record using the
TAMU AMDAHL 470. Using the latest pricing equation at the TAMU
Data Processing Center the cost per record comes to $0.01334.

Note that it matters some if the data is 0.4 GHz. In
this scatterometer.system the sign sensing is not done, and
thus the TAMU system, as with NASA/ESD, performs two fast
Fourier transforms to get the PSD estimate. Run records for
0.4 GHz data through the TAMU system indicate an average of
0.1763 seconds per record with the I/0 time the same; i. e.,
0.016 seconds per record, giving a total of 0.1923 seconds

per record for 0.4 GCHz processing.

6.3 Comparison of Processing Results

Comparisons were made of the output of the two scattero-

meter systems.  The sample data set chosen to use for the test
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Figure 13 Sign sensing techniques used by TAMU and
NASA/ESD.
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was Line 5, Run 2, from Mission 347 made on 23 September 1976,
Data acquired over Fields 17 and 18 were used as test data,

In one test both TAMU and NASA/ESD processed the data using the
same digital input data (Figure 14a) and b)). The digital data
tape used for this test was produced by NASA/ESD. Some
reformatting was done by both NASA/ESD and TAMU to make the
input compatible with TAMU software. The results shown in
Figure 14 indicates that both systems gave the same estimated
6® within +1.5 db. This test demonstrated that Phase II of

the processing systems were comparable.

A second test was run at TAMU using the same data time
segment, but processing was done using as input a digital tape
made at TAMU. The results of this test, shown in Figure 15 a)
and b), indicate that both systems produce the same result from
end-to-end. This test demonstrates that Phase I, the digitaza-
tion process, is also comparable.

Some problems in getting equivalent results were encoun-
tered early in testing, but subsequently were resolved as
differences in the system constants, antenna patterns and

roll-off tables between the two systems.
7.0 TAMU COMPLEX DIGITAL FOURIER TRANSFORM SYSTEM

7.1 Advantages of New System Over the Hilbert Transform System

The Complex Discrete Fourier Transform (CDFT) software

system is designed to interface with the same digital computer
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Mission 347 Line 5 Run 2 (Lawrence, Kansas)
September 23, 1976 16:57:58.0 to 16:58:01.5

| | v | { ] | | L) 1 LI  §
20 1.6 GHz Field 17
B Resolution:L = 73 meters
NAS2/ESD - squares and diamonds
{ TAMU - Triangles
f ]0 o -
") 0j -
s W
e A
'?‘ -10 |- 0 A A o A a -t
= <20 b= $ 9 9 Vv o g ¢ v
HV
<30 = . -
'40 o -
[ [ [ g s [l [ [l 1
0 -10 .20 -30 -40

Look Angle (degrees)

Figure 14.a) Comparison of TAMU and NASA/ESD processing
software using as input a common digital
tape generated by NASA/ESD.

35




Sigma Zero (dB)

20

10

Mission 347 Line 5 Run 2 (Lawrence, Kansas)

September 23, 1976 16:58:04.5 to 16:58:07.1

1.6 GHz Field 18

Resolution:L - 73 meters

TAMU - Triangles
NASA/ESD - Squares

Look Angle (degrees)

Figure 14.b) Comparison of TAMU and NASA/ESD
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Figure 15.a) Mission 347 Field 17 processed by TAMU
using as input a digital tape generated
by TAMU.

37

% T T 1 | | B | T ]
- 1.6 GHz Field 17 -
Resolution :L - 50 meters
" -
HH
L A A & A A -
AAA
. B g @8 o @8 B 0 O -
HV
s £ £ 2 £ 2 . 2
-10 -20 -30 -40




0 bl g

B et A S

Sigma Zero (dB)

20

10

-30

-40

Mission 347 Line 5 Run 2 (Lawrence, Kansas)
September 23, 1976
T T v | T T T T
1.6 GHz Field 18
= Resolution:L = 50 meters =
» -
5 A A A
- o} & n] i a a _
- -
1 1 1 1 1 1 1 1
-10 -20 -30 -40

Look Angle (degrees)

Figure 15.b) Mission 347 Field 18 processed by TAMU
using as input a digital tape generated

by TAMU.

38

RVPTESE W P P T L

S e e v et i




respéctive filter, as opposed to an average center frequency
used by the earlier HT system. Similarly, the value of the
ground cell area, A, is calculated using the actual upper
and lower doppler contours that bound the respective cell being
viewed at that instant in time, rather than average frequencies
for each cell over the flight line.

The ratio of the power received to the power transmitted
is taken from the sum of the power spectral density (PSD)
lines of the CDFT within the doppler frequency band defining
the’ground cell can be continuously updated as a function of
aircraft parameters, the DFT filtering approach provides a
technique to adaptively filter the radar output to maintain
cell size and incident angle. |

In the HT system the digital filter is used to acquiré
power within each band, including the calibration power, Pt‘
Each of the digital filters is pre-designed for an average
center frequency over the entire flight line. This does not
provide constant resolution or incident angle as aircraft
flight parameters vary since aircraft dynamics cause the
center frequency corresponding to each viewing angle to vary
over the length of the flight line. To calculate a new center
frequency and re-design each filter for each ground cell
would be absolutely prbhibitive in machine costs. However,

the nature of the CDFT makes it quite easy to optimize band
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compatible tape (CCT) format used by the Hilbert transform (HT)

'sysyem [1] previously developed at TAMU to process scattero-

meter data. The system performs repeated scattering coeffi-

cient estimates for eight aft viewing angles. The output data
set has the scattering coefficients, ;o’ aligned with respect
to the aircraft nadir times. As before, the scattering coef-

ficient is calculated using the expression

_ @) & ) 7~

S = > A Koer 7 (16)
where A = wavelength
= range
A = area

CL = cable loss

Ks = system constant
Z(fd) = roll-off
GrGt = antenna gain

Pr = power received

Pt = power transmitted

The important difference in the solution techniques used by
the CDFT is in the evaluation of the four variables R, A, Pr’
and Pt‘

First, the range, R, is calculated to the center of the

actual ground cell based upon actual center frequency of the
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and center frequency for each cell evaluated by the stem.

7.2 CDFT Algorithm Summary

For each set of digital data taken from the CCT, the CDFT
system must evaluate 2ight sets of range, area, roll-off, gain,
and power-ratios. This is accomplished in the order illustra-
ted in Figure 16. The symbols used are defined in Table 1.

To evaluate 84> the doppler angles, the viewing point coordi-
nates of each viewing angle are first calculated using the

geometric relations in Figure 17.

y' = H taww ¥ (17)

;[(/%ém g)*- ()")f]l/i1 (18)
Xz XCos@ + y'sing (19)
Y= X’:/»¢ - Yicosd (20)

The doppler angle, ed, is then given by

Yo
&) = 7N /; ] (21)

The doppler cent-r frequency is then given by

e (’_}C—/):/bﬂl (22)
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Figure 16. Computational algorithm for computing
sigma zero.
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TABLE 1

Symbol Cross Reference/Definition

Lt

Doppler Angle - Viewing angle referenced to the plane of
the ground track and aircraft gravity vector.

Doppler frequency associated with a particular viewing
angle.

Bandwidth desired or calculated.

Number of filter elements (or discrete spectral lines)
needed to make Afd.

True bandwidth - NFi times the spectral line width.
Center frequency index value.

True doppler (center) frequency associated with the
true bandwidth, Bwt.

Left-most doppler filter index pointer
Right-most doppler filter index pointer

True doppler angle associated with true doppler center
frequency, fdc .

True Range - range from antenna to the true center of
the ground cell defined by fdc and 644

Viewing angle referenced to the aircraft coordinate
system, but without pitch correction, used for gain
look-up. '

True viewing angle, corrected for shift in doppler
center freiuency due to discrete PSD lines.
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where v = aircraft ground speed
A = scatterometer wavelength

Next, the desired bandwidth, Afd, is calculated using

AR = X cos 64 (23)

vhere
X = :«’_Z.)_’:.
k—"(,\ H
(24)
and L = instantaneous ground cell length
H = aircraft altitude
The number of filter elements required in the PSD set to repre-

sent the desired bandwidth is calculated by

NF; =[A»&(%)+J{7z (25)

where N = number of lines in the PSD.

f_ = sample frequency of digitizer when making
5 the CCT.

The notation | ]I means integer value of the floating point
expression enclosed.
Note that the true bandwidth is the sum of the filter

elements neeaded, NFi, thus

Wy = NE (/’%/) (26)

gives the actual bandwidth over which the power will be sumed.
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The center frequency index for the PSD buffer is given by

Me = [50%)*0-{2’ (27)

and the true center frequency is then

L = w (O) (28)

whenever the value of NFi is odd. When the value of NFi is

even N. is given by

= [R()]: @

and the true center frequency is

A = (e +o.s)(bsisr) (30)

Similarly, the value of the PSD left and right power sum-
mation painters depend on whether NFi is odd or even. For the

case where NFi is odd the left pointer is given by

Iz, = Me-(wE () (31)

when NF, is even, the left pointer is given by

Zht, = Me # - NF/2 (32)
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In either case the right pointer is given by

Zh = Rl # M =/ (33)

Next, since the actual doppler center may have been
shifted by as much as one-half a spectral line in the PSD, the
true doppler angle, and thus the true viewing angle, may be

shifted accordingly. The true doppler angle is given by

A A)

-/

9/‘ z SIN ( 2V \ (34)
' The true (or corrected) viewing angle is now evaluated by

| O™ 0 e # YD
Gy = 7AW P (35)

The true range, R_, to the cell may be evaluated by

t’

y AW LD (36)

and the antenna angle, 6pr is given by

& = 7744/"'/4&}"()&«}'5., -—)ﬁa"ﬂ')yf/ (37)

The value of antenna gain is evaluated using the actual

viewing angle, 8, The value of system roll-off is evaluated

; using the true doppler center frequency, fdc'
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The value of cell area, A, is calculated using the doppler

contour technique described in [4) (5]); i.e.,

w'(Ya-Y.)
A= 553 (38)
where
w'= ,z,#ﬂi‘h—ﬂ$ﬁ-
cos &, dosy (39)
and B = antenna beamwidth

The value of Y1 and y, are given by

“
Y(, = - é&m‘w[}‘w’&yf(}‘w&vr&-/)*‘ wV‘l)} (40)
where ki = ()‘-ZTV-.)Z

The value of fi is interpreted to be f1 = lower doppler fre-
quency limit of the actual bandwidth and f2 = upper doppler
limi: of the bandwidth.

After completing the above calculations for each of eight
viewing angles, the PSD buffer is calculated using the CDFT.
The input to the transform is programmed so that the real part
is always the true sine signal and the imaginary part is always
the true cosine signal from the radar analog data set. The
output of the CDFT, which convolves on the basis of e'jwt, is
the set of Fourier coefficients arranged such that the aft

data is associated with positive frequencies and the fore data
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is associated with the negative frequencies, Figure 18. The
PSD buffer is then filled with the square of complex absolute
values of the aft data coefficients.

Using the index pointers already computed, the P. and Pt
values are found by summing over the appropriate sets of PSD
lines. Now one only needs to evaluate equation (1), above,
for each of the eight viewing angles. This will complete the
calculation cycle for one instant in time, and one CCT record.

The TAMU CDFT System is designed to process data from any
one of four scatterometer frequencies; i. e., 0.4, 1.6, 4.75,
or 13.3 GHz. The system has been tested extensively using
1.6 and 13.3 GHz data inputs. It has had some testing with
both 0.4 and 4.75 GHz data, however, measurements at these
frequencies vere limited during the course of this evaluation.

Appendix C is a FORTRAN listing of the processing system
and is complete with the excepti.n of the antcnna gain tables,

Appendix D contains refcrences (3] and [4) which might

otherwise be difficult to obtain.
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MICROWAVE PROGRAM JAMU/RSC

B ek aiin

ScATTEROMETER DATA PROCESSING
SuMMaRY

DiscrepaNcy: MISINTERPRETATION OF AIRCRAFT FLIGHT LOGS/TAPE [.D.

1. 15 DB GAIN ASSUMED IN ONE CHANNEL OF THE
1.6 GHz sysSTEM,

2. MISINTERPRETATION AS TO WHAT ROLL-OFF FILTER
WAS USED ON SOME DATA RUNS.

3. TERMINOLOGY DENOTING IN-PHASE AND QUADRATURE
CHANNELS OF 1.6 GHz Anp 13.3 GHz sYSTEM
CONFUSING AND MISUNDERTSTOOD.

ActioN: 1. VERBAL CLARIFICATION OF MEANING OF FLIGHT LOG
INFORMATION (CORRECTED 1. AND 2.)

2. SPECTRUM ANALYSIS TO DETERMINE CHANNEL CONTAINING
CALIBRATION SIGNAL AND TIME HISTORY PLOTS OF SEVERAL
ANGLES OF NON-SHIFTED PROCESSED DATA TO DETERMINE
WHICH OF THE QUADRATURE CHANNELS LEAD AND WHICH
LAGS IN-PHASE,

ResuLT: THE CALIBRATION SIGNAL WAS FOUND TO BE ON OPPOSITE
QUADRATURE CHANNELS FOR THE 1.6 GHz AnD 13.3 GHz RADARS.
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MICRONAVE PROGRAM TAMU/RSC

ScATTEROMETER DATA PROCESSING (CONTINUED)

SUMMARY (CONTINUED)

D:sCREPANCY: INCONSISTANCY OF TIME REFERENCE

) 1. ADAS INFORMATION COULD NOT BE DISCRIMINATED

o ADAS DISCRIMATOR ADJUSTMENT

2. [IRIG TIME USED TO PROCESS DATA

o DID NOT PROVIDE ONE TO ONE TIME CORRELATION
BETWEEN FZDAR DATA AND PHOTOGRAPH

EVEN WITHIN SAME RUN

Action: 1. ApJyusTMENTS MADE To ADAS DISCRIMATOR
2. BETTER QUALITY TAPE RECORDER OBTAINED
3. ADAS TIME REFERENCE USED FOR ALL PROCESSING
« THIS PROVIDES TIME CONSISTENCY BETWEEN ALL
RADARS, DATA RUNS, AND PHOTOGRAPHY

70

o POOR TAPE REPRODUCE CAPABILITY (GFE RECORDER)

« DID NOT PROVIDE TIME CONSISTANCE BETWEEN RADARS
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MICROWAVE PROGRAM TAMU/RSC

ScATTEROMETER DATA PROCESSING (CINTINUED)

SuMMARY (CONTINUED)

DiscrRePANCY: MISALIGNMENT OF SIGMA FOR EACH GROUND CELL.

1. AVERAGE FLIGHT PARAMETERS USED TO COMPUTE
AN AVERAGE TIME SHIFT FOR EACH ANGLE DURING
EACH RUN

2. THE AVERAGE VELOCITIES THAT WERE USED TO COMPUTE
SHIFTS INCORRECT.

e AVERAGES WERE COMPUTED FOR TIMES ON
FLIGHT LOGS

e TIMES ON FLIGHT LOG INCLUDED SET-UP FOR
- DATA RUN AND USUALLY CONTAINED LARGE
VELOCITY VARIATIONS

o VELOCITY ON FLIGHT LOG NOT ALWAYS
REPRESENTATIVE OF VELOCITY DURING DATA
RUN

AcTioN: PROGRAM MODIFIED SO THAT FLIGHT PARAMETERS ARE UPDATED
CONTINUOUSLY FROM ADAS DURING SIGMA COMPUTATIONS. TIME
SHIFTS, AREA CALCULATIONS, ETC. ARE NOW AS ACCURATE AS
POSSIBLE.
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MICROWAVE PROGRAM TAMU/RSC

ScATTEROMETER DATA PROCESSING (CONTINUED)

SuMMARY (CONTINUED)

DiscreraNcY: CALIBRATION CoNSTANT Usep IN PrRocessinG Data

1. COMPENSATION. OF CALIBRATION CONSTANT FOR
THE MEASUREMENT TECHNIQUE IMPROPER

2. COMPENSATION OF THE CALIBRATION SIGNAL FOR
SIGN SENSING IMPROPER (IN ANALOG PROCESSING)

AcTioN: PROGRAM CORRECTED AFTER AGREEMENT WAS REACHED ON
PROPER COMPENSATION

(NOTE THAT THIS DISCREPANCY ONLY INTRODUCED A CONSTANT OFFSET
IN THE PROCESSED DATA.)
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_MICROWAVE PROGRAN TAMU/RSC
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D R

SCATTEROMETER DATA PROCESSING (CONTINUED)

SummARY (CONTINUED)

DISCREPANCY: SCATTEROMETER HARDWARE INCONSISTANCIES

1, 1.6 VW anp 1.6 VH DATA NO GOOD BEFORE
f MISSION 362
e SWITCH IMPEDANCE MISMATCH

2. U400 MHz HORIZONTALLY POLARIZED ANTENNA HAD
A LOOSE CONNECTOR DURING JSME FLIGHTS

ActioN: CorRecTED BY E&D PeRSONNEL




DISCREPANCY:

SCATTEROMETER DATA PROCESSING (CONTINUED)

SUMMARY (CONTINUED)

INABILITY TO REPRODUCE RAW DATA FROM ANALOG
TAPES WITHOUT DROPOUTS, CLIPPING, OR ADDITIVE NOISE

1!

b,

AnNALOG GFE TAPE RECORDER AVAILABLE To TAMU
WAS AN OLD FLIGHT RECORDER THAT HAD VERY POOR
REPRODUCE CAPABILITY

ANALOG DATA TAPES ARE DUPLICATES OF POOR
QUALITY WITH CARRIER LEVELS EXTREMELY LOW

DUPLICATE FLIGHT TAPES GIVEN TO TAMU FOR PRO-
CESSING ARE OF POOR MECHANICAL QUALITY (REUSED
TAPES)

NOTE: LITTLE QUALITY CONTROL 'S APPARENT IN
DUPLICATION PROCESS

FM MODULATION IN RECORDING RADAR DATA ON
AIRCRAFT EXCEEDS THE 407 DEVIATION LIMIT
OF THE RECORDERS MUCH OF THE TIME

CONSISTANCY OF AIRCRAFT RECORDER SET-UP IS
POOR, AUDING TO DIFFICULTIES IN 3,

14
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MICROMAVE PROGRAM TAMU/RSC

SCATTEROMETER DATA PROCESSING (CONTINUED)

Action: 1.

2,

SUMMARY (courluuen)

6. RECORDER CALIBRATION LEVELS PUT ON DATA TAPE
ARE OF VERY POOR QUALITY

A BETTER QUALITY GFE LABORATORY TAPE RECORDER HAS
BEEN PROVIDED TO TAMU AND INTEGRATED INTO THE
DATA PROCESSING SYSTEM.,

TAMU DIGITIZER MODIFIED TO BE COMPATIBLE WITH
INPUTS OF + 5 VOLTS IN ORDER TO HANDLE THE OVER-
MODULATED RADAR DATA

o TESTS WERE PERFORMED TO INSURE THAT THE
REDUCTION IN DIGITIZATION RESOLUTION DID
NOT AFFECT THE FINAL SIGMA

QUALITY CONTROL OF DATA RECORDING, TAPE REPRODUCE
AND TAPES MUST BE DONE BY NASA,




MICROWAVE. PROGRAM TAMU/RSC

SCATTEROMETER DATA PROCESSING (CONTINUED)
SuMMARY (CONTINUED)
DiscRePANCY: UNCERTAINTY IN ANTENNA PATTERNS

1. 13.3 GHz DATA HAVE CONSISTENT "HuMPS”
AT 30° anp 50°

2, 13,3 GHz pATTERN (MEASURED IN 1976 BY NASA)
HAS STEEP GRADIENTS AT 30° AND 45° - 50°

3. 1.6 GHz DATA HAVE CONSISTENT "HUMP” AT
20°

AcTioN: 1. ATTEMPT TO APPROXIMATE MORE REALISTIC PATTERN

2. Process DATA aT 5°, 10°, 15°, 20°, 25°, 35°,
45°, anp 55°,
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MICROMAVE PROGRAM TAMU/RSC

AT

g Ry ey

ScATTEROMETER DATA PROCESSING (CONTINUED)

STATUS

1. CURRENTLY PROCESSING PORTIONS OF FCF overR DeEATH VALLEY TO
FURTHER INVESTIGATE ANTENNA PATTERN DISCREPANCIES AND AS
FINAL CHECK ON SOFTWARE SYSTEM

2. A vist oF speciFic ADAS TIMES ARE BEING PROVIDED To TAMU
BY NASA FOR PROCESSING

3. PROCESSING WILL COMMENCE AFTER RESOLUTION OF ANTENNA
PATTERN UNCERTAINTIES

4, CHARACTER OF U400 MHz DATA UNEXPLAINED AND MUST BE TAKEN
AT FACE VALUE UNTIL MORE DATA ARE PROCESSED
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APPENDIX C
LISTING FOR PROGRAM SCATTER.CZTA78
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>z= TEST PROGRAM FOR STMULATING CHIRPmZ ALGORITHMM ==(

DEVELD

ALGOR1

SYSTEM PROCF
»

‘aeeme  INP

CARD #1t

CARD#2

CARD#3

DIMENS ION
DIMENSION
DIMENSION
OIMENSION
INTEGER®*2
INTEGER P
REAL NTS

REAL LAMD
COMPLEX F
COMMON/F 1
COMMON/IT

PED AT TEXAS AEM UNIVERSITY
REMOTE SENSING CENTER

SEPT78 = MAYT?O

THM PERFOAMS COMPLEX DFT (X¢JY) ON YWD INPUT CHANNELS

SSES SCATTEROMETER DATA FOR 13¢3¢ 1e€y, 4,75, OR o4GHZ
>>> VERSINN OATED MAY 1979 144 4 < 4 4
UT PARAMETERS:

PNINTYS= COL 1=4, I4 (1024 OR 2048)

SYSK= COL 6=10, FS,0

CABL= CL 11=1S, FSe0

DELT= COL 16=20, FS¢0(NBR SECS TO PROCEES)
TS(t)= COL 21=22, F2,0(START OF

TS(2)= COL 23=24, F2,F(TIME SEGMENT ,
TS(3)= COL 28@27,F3e1 HHMMSSS)

87 CHARACTEQS OF COMMENTS

INCR= COL 19S,IS(FFYT LENGTH)

ITYPEx COL 6m10,I5 (1=13¢3; 2=1e6s T=4e75¢ 4=0e4 GHZ)
oY = COL 11w18%, F%Se 3,{AVG RCO TIME INTERVAL)

1AUG = CNL 16=29 o15¢ (DATA DUMP SWITCH)

KPOLZ= COL 2ta}E, IS, (SET IF VaPOLARIZED C=BAND DATA)
IPL0T= COL 26=79, 1S,(SET IF SPECTRUM PLOT OF 1ST RCD)
CELL= COL =S, FS,0(RESOLUTION, INSTANTANEOQUS)

ZW(8) JA(8) ,RDW(3) L IFNL(B)IFDR(B)+GAINSQ(B),BEAM(R)
MATRIX(19,100),R(A)TS(3),FOOP(8B)s THETA{(S)DFDOP(R)
SIGMA(B) ,1BPTR(8),FREQP (10241 AFT(1024 ),AFTC(1024)
TRIX(15) PSPFCIB)ANGT(8),PROPT(8B),ITHETA(B)
TIMEC(3) 4 ADAS(S)SINE(2048) ,CNSINE(2048),ICOM(40)
OINTS

AJKONE ¢ KTWD
RS(2048) CMBL X FRC(2048)
LT/ITYPE,,KPN2Z
APE/TIME,ADAS (SINF,COSINE

¥ 2
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COMMON/KAREA/KONE K TWO

CIMMON/RAT/FINCR ¢FCAL o FSAMP,, INCR

DATA FORPL/12,56637/
DATA MATRIX/1800¢=999/

AFT ANGLE SET IN DEGREES, UP TO EIGHT VALUES
DATA THETA/%001000150020002%¢¢3%5¢ 04009480/

GET SYSTEM RUN PARAMTYERS AND COMMENTS
READ(S:10) POINTS,SYSK,CABLOBLTY, TS
10 FORMAT(TAIXoIFS4032F200¢F Ve 1)

DATA ITHETA/S:1001%5:20:,2%:3%,40,45/

COMMENTS INCLUDE MSNILINE QUNDATEZ,BAND IDENY.E"Ce

11

REA

READ(S.11)1COM
FORMAT(AOA2)

O OFT LENGTHM, TYPE SCAT, AND AVG RECORD TIME NEL .A

SET I8UG SWITCH (F DATA DUMP DESIRED ON UNIT Q@
READ(S:12) INCRIITYPEDTIBUGKPOLZLIPLOT,,CELL

12

13
|

leb6
2

' Y4
3

0ob

FORMAT( 218 ,FS¢3,315.,F%.0)
GO TO (102¢3¢4) 1ITYPE

3GHZ SCATTEROMETER
LAMDA=0402254
FSAMP=2%500",
FCAL=12000,
FNOIZ=8000¢
BWID=663

GO TO 13

GHZ SCATTEROMETER
LAMDA=0,18737
FSAMP=5000,
FCAL=190%¢
FNOIZ=218"0,
BWID=7¢94296

GO YO 13

SGHZ SCATTERNMETER
LAMDA=0,06311
FSAMP=10000¢
FCAL=2930,
FCALV=3380.
IP(KPOLZeNESO) FCAL=FCALYV
FNOT1Z=3100.
BWID=265

GO TO 13

GHZ SCATTEROMETER

4 LAMDA=0e 74941

FSAMP=2500e
FCAL=1000.
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~KiGINAL pa
OF Poor oum

FCPT=500,
FNOL 2= 2006
BWID=14,0

13 FPNTS=FLOAT(POINTS)
THETS=TANC THETACB)/57¢ Y1)
ML=100
ICLR=0
PTA=],
PCA=1,
C SET UP DEFAULT VALUFS FOR CELL LENGTH
IF(CELLeGTe0e) GO TN 15
GO TO (101,102,103,104), ITVYPE
101 CELL=2S,
GO TO 1S
102 CELL=%0e
GO TO 1S
103 CELL=40,
GN TO 15
104 CELL=7S,
1S CONTINUE
TO CORRECT FOR MEASUREMENT OF CALRQEF
IF(ITYPELEQe?) SYSK=SYSK$I,0103%2,
VKDR=30e *ALOGIO(FORPI ) =20, CALOGIN(LAMDA) =SYSK+CABL
POWER SPECTRUM LENGTH = (LENGTH OF FFT)/2e
FINCR=FLOAT( INCR)
INCR2=2INCR/2
DELFRO=FSAMP/(F INCR)

INITIALIZE OUTPUT LNAD POINTER £ LINE COUNTER
MXRC TR=ML =19
NOUT=0
NTS IS THE INVFOSE OF SPECTRAL LINE WIDTH(LINES/HZ)
NTS=FINCR/FSAMP
CALCULATF POINTERS TO CALIBRATION VALUES IN AFT DATA BUFFER
MC=IFIX(FCALENTS+2,5)¢1
MCA=IFIX(FCPTENTS+0e%) ¢1
C CALCULATE POINTFRS FNR NOISE RAAND MEASUREMENTS
IFNOIZ=IFIX(FNOIZENTS+0sS)
NOIZL=1iNOTZ=2
NOIZR=IFNOTZ¢2
TSTART=3600e*TS(1)460,%TS(2)4TS(3)
CALCULATE NBR OF RCDS TN PROCEFSS = (TIME INCREMENT)/Z(RCD LENGTH)
TSTOP=DELT/DT
IEND=IFIX(TSTNP %5 )
WRITE(S,601 ICOMPNINTS,LAMDAFSAMP,FCAL ¢ SYSKoCABL ¢DELT TS, TEND
69 FOAMAT(L1HI s SXs898207/4 15X, *POINTS/RCOZ, IS 8X o' WAVE LENGTHS® o F78,
$5 X, SAMPLE FREQ 439 ,F¥50,5X, *CALTIB SIGNAL FREQ=®,F6.0./,
S1SX,*PEFFR CALIBIY (Fhele? DA®¢SX,*CABLE LOSS=%¢F6el 1SXs/s
$15X, 'NBR SEC PRNCESSED=® F%el ¢5Xs *START TIME: *¢2F3s0¢F8el,

s
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$SSXe*NBR RCDS:9¢16,7)
WRITE(G.16INTYS,MCo IFNOL 2

16 FORMATI(LIH 14X, *SAMPLE INTERVAL:® F9:%8:3Xe*CALIB PWR PTR2I®,16, .
ESXe*NOISE PWR PTR:®,16,4//7)

20 CALL INPUT(POINTS,T)

se¢ DIGITIZER CHANNEL 1= SIN, CHANNEL 2= COSINE, IN CORE
IF 133GHZ TAPE CH1t => SINE, TAPE CH13 => COSINE, (CHI1=TSINE,CHl2=
IF  1e6GHZ TAPE CH 3 => SINE, TAP® CH 1 => COSINE, (CH32TCOS,CHI=TSI
IF 16GHZ TAPF CH 7 3> SINE, TAPE CH 5 => COSINE(CROSS POLZ)

IF 447SGHZILIKE) TAPE CHI=TSIN®, CH3I=TCOSINFE

IF 4¢7SGHZ(CROSS)TAPE CHE=TSINE, CHOI=TCOSINF

OOODOOOO

IF(TSTART¢GTeT) GO TN 20
IFI(NOUT.EQe0) WRITE(G6,21) TIME,T,ADAS
21 FORMAT(I1HO:SXe*FIRSTY RECORD TIME ¢,2(12,°2°°),13,
S10Xs*TIME IN SECS204FT41,4/,10Xs*ALTS%,14,
SEX e VELOCITYS® (I8, SX*"PITCHZ?T4,8XsROLLS 14,
$SSXe 'DREIFT® ,14,/)
H=ADAS(1)
rH=H&0qe 3048
IF(HeLTe 35% ) H=450,
VEL=ADAS(2)
VEL=VEL®0.514
IFI(VELeLTe60s) VEL=?7741
C ADAS/NERDAS FORMAT ON TAMU DIGITAL TAPES HAS PITCH FIRST
: PITCH=ADAS( 3) :
! PITCH=PITCH/ST 3¢
‘ ROLL=ADAS(4)
RALL=ROLL/S7Y
NDRIFT=ADAS(S)
DRIFT=DRIFYT/S5713,

FILTER THE AIRCRAFT DAYA FOR OLD DIGITAL TAPFS
LIMIT = 8§ DEG FOR PITCH, 10 DEG FOR ROLL.AND 15 DEG FOR DPIFY

(aRaNalal

APITCH=ABS(PITCH)

AROLL=ABS(ROLL)

AORIFT=ABS(DORIFT)

IF(APITCHeGT 204087261 PITCH=00AT26¢(PITCH/APITCH)
IF(ARDLLeGTe0e17482) RCLL=0e17452¢(ROLL/7AROLL)
IF(ADRIFTeGTaNe26178) DRIFT=0e26178 $(DRIFT/ADRIFT)

CALCULATE NBR OF CELLS IN VIEW
XCELLS=HETHETB/( VELSDT)

INITIALIZE PRINTER w)INTEFR BiAS
IF(NDUTeEQeO0) LPRNT=IFIX(XCELLS®1.3)

00 0600 06

COMPUTE SIZE NF INSTANTANECUS RESOLUTION CELL
SLIPSVELAFPNTS/FSAMP




&1
}

SCELL=CELL=SL1P

4 Cc

€C COMPUTE BUFFER LENGTH NEFD®D
MLN=2IFIX(XCHLLS+0e53)
IF(MLNGGTeML) GO TO R00

C

C CALCULATE THETA FUNCTION DATA VALUES
VEL20L =24 SVEL/LAMDA
XXK=SCELL & VFL20L/H

IFINDUTEQeN) WRITE(6,22) HoVELIPITCH ROLL +DRIFT,SLIP(XCELLS,
SSCELLBWID LCFLLINCR,ITYPE,VEL20L
22 FORMAT{IH SXe'RUN PARAMETERS® ;/,8Xe"H: *,Fbe1l,
SSXs'VELS? oF B0 146X "PITCHS® F6ol ¢SX*"ROLL2®,F6el
SEXe'DRIFTS® FAe14/7¢8X, *SLEPS®Fle1e3Xe *XCELLS2®,F6e1,
i SIXNI"'SCELLL? (FhG1 oSXe'BEAMWI® (FBel 02X o?CELLS? oFBeal e5Xe
- SCINCRS 4 IS54/+6Xs ' ITYPESS J14,%Xe?2V/LAMDAL® 4,F9e2,4/)

DO 30 1=1,98
FOR EACH AFT ANGLE IN THE SFEY
ANGL==THETA(T1)/57¢3

(o 3N 2 TR o N 2 ]

GUARD AGEINST DNPPLFERS NOF NEGATIVE FREQUENCIES OFF FILTER BAND
AANGL=ABS(ANGL )
IF(AROLL ¢GEo AANGL) ANGL==AROLL

(gl a)

COMPUTE VIEWING POINT COORDINATFS NN THE GROUND
YP I 2aHETAN(ROLL ) '

H XPI=SORT ((HETANCANGL ) ) *& 2ayPIee2)

TTPzaXPI#COS(ROLL ) /H

XT=wH/COS(ROLL)I&TTP

YT=HESTAN(ROLL )

% XI=XT#CNS(DQIET)¢YTESINI(DRIFT)

: YI=XTRSIN(DRIFT )=YTHCOS(DRIFT)

C FNRCE THE DNPPLEQ BAND TD RE ON FILTER BANK
IF(X1eLToSCELL/2¢e) XI=SCELL/2¢ ‘

i C
: C COMPUTE CNORRECTED ONPPLER ANGLFS
{ XN=X[e®2
: XD=He S 20y [#02
: ANGLO=ATAN(SORT(XN/XD) )
<

C COMDUTE DOOPLER CENTER FRFQUENCY esaeusumancmons
FOIP(1)I=VEL20L*#SIN(ANGLD)
IF(ITYPELEQed) FDNP(131=500=FDOP(1I)

o e e et

f : c COMPUTE DNPPLER BANDWIDTH ceo va ew o=
f — DFDNP( T )=XKSCNS{ANGLD IS

COMPUTE NBR OF FILTER ELEMFENTS NEED®D

(a N a N e
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NFI=IFIXC(OFOOP( L ISENTS40.8)
IF(NFIeLTel) NFI=)

CALCULATE TRUE BANODWIDTH
OFOOPL I )=FLOATINFT )®ORLFRQ
IF(MODINFT,2)4€0e0) GO YO 2%
0DD NBR OF FILTERS REQUIRED

00N

CENTER FREQ INDEX (S
NC=IFIXI(FDOP(I 1*NTS+0,3)

TRUZ DOPPLER CENTER FREQ
FOOP( 1 )=NC*DELFRQ

O 00 nNn0oO

LEFT INOEX POINTER
IFOL( I )aNCai{NFI=l1) /2

RIGHT INDEX POINTER
G9 YO 27

25 CONTINUE
EVEN NBR OF FILTERS REQUIRED

Nnon (o] o0

CENTER FREQ EINDEX
NC=TFIX(FDOP(TI )ENTS)

(g N s)

TRUE DOPPLER CENTER FREQ
FOOP(I )=(FLOATI(NC)+0,5)¢*0ELFRQ

(2l 3]

LEFT INDEX POINTFR

IFOL(TI )3NCelwNFT/2
27 CONTINUE

IF(IFOL(T)eLEeO) IFOLLI )=
C RIGHT INDEX POINTER
IFOR(I)=TFDOL(1)¢NFlmt
IF(ITYPELEQed) FDOP(T1)=500.=~FDNP( 1)

C COMPUTE TRUE DOPNLER ANGLE AND VIEWING ANGLE
ANGTD=ARS IN(FONRP(T ) /VEL2CL)
XTSQA=XOSTAN(ANGTD ) &2
YTSQayles2
ANGTL=ATAN(SORTI(XTSQ+YTSQI/H)Y

C CHECK FOR NESGATIVE DOPPL*RS
AROLL =ABSC(ROLL)
IF(ANGTLoLTe AROCLL ) ANGTL=ARQOLL

C SET UP FOR AFT VIEWING ANGLES ONLY
ANGT(] ) ZANGTLES7, 73

C COMPUTE TRUE RANGE
RUIV=H/COSIANGTL)

R o

PRI




—— —

-y,

C CALCULATF AREA VARIABLFS KONE & KTWO
1CON=)
KONE=4o /(LAMDAC(FDOP( 1 )=DFONPLT)/72s) 002
CHECK FOR ZERND € NEGATIVE DOPPLERS
IFC(OFNOR(T 1/2e)eGEFDOPIIN) ICON=w]
KTWO=4e /(LAMDAS(FOOP( I ) ¢OFDOP(T)/2+) )®e2

(g]

&®> THIS SYSTEM FOR AFT ANGLES ONLY <KL ptptue

(s N NN s)

COMPUTE CORRECTED VIEWING ANGLE THRU ANTENNA PATTERN COORD SYSTFM
ANGLPI=ATAN(=CNS( ROLL )*SORT(TANC(ANGTL 18¢2aTANC(ROLL }*¢2))

s# FIND VALUE IN TABLEZS OF GAINSOC
GAINSQ( T )=GAIN(ANGLPT «PITCH)

FIND VALUE OF WATER FILTER RCLL=0FF
ZW(I)=GAMMA(FDNR(T))

(a N g} oNn OHon

CALCULATE CELL ARFA BETWFEN 1S0D0P LINES USING TRUE LOOK ANGLT
BEAM(I )=RWID/S7:3
CALL CAREACA(T)IBEAM(T ) oMo ANGTL VEFL ROLLDRIFY, ICON )

30 CONTINUE

0o

SET UP TD DO THT FFT WITH C*INCR® PCINTS
NU=IFIXCALOG(FINCR V/7AL0G(24)40e5)

C CONVERT DATA TN FLOATING PCINY € PLACE IN FFT BUFFER
GO TO (31,32:,31,32Y, IYVYPF
32 CALL SCALX(PNINTS,SINF,CNSINE,,FRS)
IF(ITYPEGEQed) CALL SCALX(POINTS,COSINE,SINE,,FRC)
GO YO 33

€ 1IF 13.3GHZ OR 4,75 DATA (TAMU INPUT TAPES) PUT CHAN2 DIG DATA FIRSY
31 CALL SCALX(POIMNTS,COSINFE (SINE,FRS)
331 CONTINUE
IL=POINTS/INCR
D0 38 t=1,IL
IS=(I=])*INCR+!

C BUILD SPFCTRUM FNR (CHL1)eJ(CH2)
CALL OFT(FRS(IS)eNUe INCR)
C BUILD CALIB CHANNFL SPEC FNR 004GHZ DATA
IF(ITYPRE4EQed) CALL DFT(FRCIIS)NULINCR)
35 CONTINUE

€C SUM THE L SETYS FOR AFT DATA
DO 36 I=1,INCR2
FREQP( 1) =FLNAT( 1=1 )%DFLFRQ
AFT(1)=Ne0
AFTC(1)12060

¥9
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C BUILD AFT DATA PNWER BUFFER OF ¢ INCR/2% SPECTAAL LINES
| D0 37 Kel.iL
i IS=(K=] ) # INCR+]
: AFT(I)=AFPT(I)eCABS(®RS(IS))
IFCITYPELNEC4) GO TO W7
ARTC(T)SARTC(1)4CABS(RRCCIS))
37 CONTINUE
36 CONTINUE
IF(NOUTeGTe0) GO TO 34

C CHECK PLOT FLAG., BYPASS IFf ZERD
IF{IPLOTE000) GO TO 34
WRITE(S6,33)ICOM
33 FORMAT(LIHL +//7¢SXe*AFT DATA SPECTRUM FOR PTCNRPD NBR 1°:5X.4042,/)
CALL PLOT(FREQPAFTLINCR2)
IF(ITYPELNEL4Y) GO TO 34
WRITE(6,133) ICOM
133 FORMAT (1M1 +/7/7+8Xe*AFY DATA SPECTRUM FOR 0+4GHZ CH2., RCD 1°,
SSXe80A2,/)
CALL PLOT(FREQP,AFTC, INCR2)
34 CONTINUVE

; c
; C GET VALUES DOF NOIS® POWER € CALIBRATION POWER LFVELS
{ CALL PWR(INDEZL +NDIZR,AFT FNOIZ)
) FNOT2=FNOL2/%
‘- C SUM CALIBRATINN POWER
% LPP=NC=S
LRPENMCeS

CALL PWR(LPPLRP,AFT,PSUBT)
IF(ITYPESNZe4) GO TN 39

C SUM CALIA CHANNEL POWER FOR 0s4GHZ CH2(AT 1 KHZ)
CALL PWR(LPP LRP,AFTC,PC4)
LPP4=MC4 =0
LRPABMCA+6

C SUM TRANSMIY POWER FOR 0e4GHZ CH2(AT 053 KkMZ)
CALL PWR(LPPALRP4AFTC,PTS)

39 CONTYINUE

IF(NDUT¢GTe0) GO TN 32
WRITE(G,138)IFPNOIZ,PSUBT,PC4,PTS
138 PORMATCIM (*FNNTZIFA,8,8X,°PSUBTL? F9y5,
SEX ) 'PCAL®AL? FO B, SXo'PTel?,FQeS)
38 CONTINUE

BUILD SIGMA=ZERN ST
DO 40 I=]1,8

FIND VALUE OF RECEIVED POWER

N




CALL PWRIIFOL(TINIPDR(]) AFTPSUBR)

C SAVE OEBUG DUMP VALUES
PSPECI 1) =PSURR
PROPT(I )= 0e *ALOGI N {PSUBR/PSUAT)S(PCA/PTA))

C COMPUTE FINAL SIGMA=ZERD FSTIMATES
SIGMA( 1) =VKOB=GAINSQ( T 1 ¢400*ALOGI O(R(T) )=l 0e*ALOGLOC(A(L)) ¢
SPRIPT(LI)=2w(])
60 CONTINUE
SFCIBUGIEQeD) GN TN A2

C DUMP DEBUG VALUFS 77 ORINY SET NBR 2
WRITE(9 .41 ITIME ,OSUBT s PCAPTAPSPECIRIAIBEAMANGT PROPT,
SFDO0O,0FDOP '

Q41 FORMAT(IH +2(12:92°),13¢8Xe"CAL PWRs?,F8, 2,
SOX*PCAL=AR?® (FRG2,11Xe"PTYmAn? FB8g24/,
SSX,'FPILY PWR:® A(F8,2),47,
SEXI*RITIZ®AXeB(FBI20V07
SEX,PACTLN SO AXoO(FRG2) 0/
SSENI'BEAM(T I, IXA(FRL2) o/

SSX s CANGTLITI) S oA(FNR,2) 4/,
SEX*PR/PT(I) 2 B(FB8e2)4/,
SSXIFOLT NS e X eB(FRG2V470
SEX.*BNDIT )2 ,2X N (FARL2))
WRITE(O.141) GAINSQ,ZW,SIGMA

143 FORMAT(LIH 28X, "'GRGT(IN2?,1X.8(FRe2),0/»
SSX'ROFE(T)IC* I XB(FRe2),/,
SSX.*SIGMAC(TIIZY (B(FAR,2))

42 CONTINU®

C BUILD POINTER SET FNR FILLING OUTRUT BUFFER
| K=MNO (MXRCTR oML ) ¢t
00 45 u=1,3
MATRIX( JeKI=TIME(Y)
4S CONTINUE
(<

C PUT A/C DATA VALUFS INTHO QUTPUT BUFFER
MAYRIX(O K )=IFIX(HELD,)
MATRIX(S K)SIFIX(VFL®106)
MATRIX(A«K)=ADAS(3)
MATRIX(7eK)zADAS(S)
MATRIX(B.K)=ANAS(S)
MATRIX(OD K )ISIFIX(I0%,2ALOAGIN(PSUBT))
MATRIXC(I10K)=IFIX( 1072 YALOGINA(FNNTIZ))
C PNSITION THE A SIGMA VALUES IN THF QUTPUT BUFFER
. 0N SO I=1,A
I1APTR(IISISIX(TAN( ANGT(T1/57¢3)/THETOSXCELLS®0eS)
IAKSMXRCTR=IARPTR(T)
IF(IAKeLTeD) TIBK=0

TR N T TR I OT ), 3 TR N T
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18K=sv00( 1aK, ML D¢ 1L
MATRIX(10¢L, IBKISIFIX{SIGMA(TII®L104)
S0 CONTINUE
NOUTsNOUT¢1
S2 MIUT=MXRC TRaLPRNY
TAKE CARE OF MXRCYR COUNTER OVEReRLOw
(F{MOUTOLTe0) MOUTEMNUTIM,
MOUTEMONDIMOUT ML D o1
IF(NDUTeGTel § GO YO 7O

O1SPLAY FIRST RECORN INFORMATION
WRITE(G .61 ) THETA FDOP,DFDOPRA,1BPTR
61 FORMAT(IMO,*RCD Fl PARAMETEQS?® ,/, JIOX"ANGLFS(DEG)S ¢ ,8(R8X,Fhel ),
$/7:,10X*D0POLER FREQS:®48(BXFBal),
$7:19Xe "BANOWIDTHS: P eB(SXFSel ),/
S10X . *AANGES: RIS TLIL I I TS R YL
SL1OX.*AREZAS ¢ ¢ X BISX S/
$10X,*POINTER VALS: “oa(SX,1£)/)
WRITE(6:62) TTHETA
62 FPORMAT(IX,2TIME ¢, BX ALY ,IX'VEL ?,2XK,'PITCH® (3K 'ROLL *43X%,
SO'DRIFTO, IN,*PT e ING*PNOTI 2O, IX,*SIGMA(T) oT21,8%,/,
$62XeB(12:°0DEG®*¢2X) 77

FORMAYT THE OUTPUT FOR PRINTERQ SFY NAP )
70 00 65 I=3,18

TRIX(1=2 )=sFLOAT(MATRIX{TI sMNUT) I/ 0,
6% CONTINUE

QUTPUT THE PRINTED DATA SET N8O
WRITE(G B0V IMATRIX(K ¢ MDUT ) oK=] 92)o{TRIX(T)s1z=1,18)
B0 FORMAT(IXe2{T247:9 1,F Qo1 +1Xe15(FBel X))

DUTOUT THE PUNCHED DATA SEY NAR 1|
WRITE(T 81 I (MATRIX(K «MOUT) oKzl ,o1A1)
8t FORMAT(212,13,215,314,1015)

BACKaFILL THE BUFFER LINFE THAT HAVE BEEN OUYPUT
00 90 J=t,.18
MATRIX(J . MNUT) =al99

90 CONTINUE
MXRCTRMXRCTR L

TAKE CARF OF REGISYER QVFReF_Cw
{F(MXACTReTNW0 ) MXRCTA=K e
IRINQUTYGEG IEND) GO YO 777
GO T2 29

TT?7 CONTINUF

PURIGE THME BUFFER PEFNRE STOPPING
JCLR=ICLRe)
IF(ICLR,GT(LPANTY GI TO 778
KZMOD(MXRCTR ML) #18
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GO YO0 s2
778 WRITE(6.700) NOUT,TIme
700 FOMAT(INOSX,*NAR OF RECORDS PROCESSED = *,1%5,5X,
S'LAST RECORD TIME = @ ,2(12,°29),19)
sYoP
800 WRITF(6.801) MLN.ML
801 FORMAT(INM 0v8a) MATRIX BUFFER QVERFLOW <09e%,16,
8¢ LINES NEROTD,°,16,° LINES AVAILABLE®,/)
GO TO 77?
END
SUBROUTINE PWR(IL.IRAFT,PSD)
THMIS ROUTINE USES LEFT € RIGHT POINTERS TN CALCULATE
THE MFAN VALUE OF POWER TN THE FREO CELL SPFCIFIED

DIVENSION AFT(1024)
TEMP =0, ORy,
DO 10 I=iL, 1@ (o7
TEMPRTEMPOAF (] )se2 fo W Ge
17 CONTINUE QU-W. Is

PSDaTFMP ry
QETURN

=MD

SUBRNUT INE INPUT(POINTS.T)

INTEGER POINTS

INTEGER®? TIME(I)LADAS(S),SINF( 2048),COSINEF( 2048)

CAMMON/ITAPE/TIME ,ADAS ¢ SINE ,COSINE
1oT8=PQINTYS/1024
GO TO (10,201 ,107S
19 AEAD(ALIRENDETA) TIME JADAS G (SINE(J) oIl POINTS),
S(COTINE(K ) XKl {PNINTS)
18 FOQMAT(RA2,16(AAA2),1A(A4A2))
GN TN 30
20 READ(R 2% ,"ND=70) 'lMG.AoAQ.(SlN'(JO.JS!.PO!N*Sl.
S{CNSINE(K ) K=l ,ONINTS)
28 FNAMAT(BA2,32(A8A2),32(64A2))
30 HYsTIME() )
MTsTIME(2)
STsTIMF(3)
T236000%HMT+AN,eMTeST /10,
RE TURN
70 WRITE(6,7S)
T8 FAIGMATIIH (10X *END NE FILS ON TAPE UNIT ssawnse, /)
s$YIP :
END
ZUNROUTINE SCALXIPNINTSSINFE CNSINELFARS)
INTEGER PNINTS
INTEGER®2 SINF(DOINTS) COSINE(OOINTS)
CAMPLFEX FRSIPNINTS) ,CMPLX
CNMMON/RAT/FINCR FCAL FSAMP,, INCR
COMMON/FILT/ITYPE KONLYZ
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C BYPASS AVERAGING WHEN A,4GH2Z DATA

GO TO (4,4,4,6), 1TVYPPE
4 CONTINUE

C AVERAGE 0OUT THE DC COMPONFNT

SUMC=0e

SUMS =0,

NO S M=1,PNINTS
ISINSSINE(M)
1COS=COSINE(M)
SUMS3SUMS+FLOAT(ISIN)
SUMCSSUMC+FLOAT(TICOS)

S CONTINUE
ISAVGEIFIX(SUMS/FLOAT(POINTS))
ICAVG=IFIX{SUMC/FLOAT(POINTS))

& CONTINUE

BUILD (X+JY) BUFFER FOR OFT
D0 10 K=] ,POINTS
ISIN=SINE(K)
1C0S=COSINE(K)

ZERD CH2 WHEN 0e¢AGHZ OATA
GO TO (8,8:8,7), ITVYPRF

? 1CNS=0
1SAVG=0
TCAVG=D

8 CONTINUE )

ISIN=ISIN=ISAVG
1COS=1COS=1CAVG
FRSI(K) =CMPLX(FLOAT(ISIN/16)/720488,,FLOAT(ICOS/16)/72048,)

10 CONTINUE
RE TURN
END
FUNCTION GAMMA(FREQ)

WATER ROLLOFF FILTER FOR CALCULATING 2w(il)
FREQ EXPECTED IN HZ
COMMON/FILT/ITYPE KPOLZ
F=FREQ/1000.

GO YO (10+20,30,40), ITVYPE

THIS FUNCTION 1T FOR 13,4 3GH2

>> DATA TAKEN AFTEQ 1JANT?78 (<<

10 GAMMA=Z1S,8532aF (7, 7AR 1 aF* (1,54864aF%(4109227w,000948524T7*F)) )+

${8062135%9172139/F\)/F

15 GAMMA = «=GAMMA

16 RETURN

THIS FUNCTION IS FNR 146 GNZ
20 GAMMA=74710938mF&(21669141=2148,94181¢F)¢(1e111816=0,0186787/F)/F
GO TO 18

THIS FUNCTION IS FOR 4475GHZ
30 GAMMA=1848575uF (166 5981aF 2 (868097uF¢(3,48488Im(04653213#*F)) )~
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$(0025549/F)
GO 70 18

TMEIS FUNCTION IS FOR 0eA4GHM2
40 GAMMA=0,0

30
30

16
33

GO T0 16

END

SUBROUTINE PLOT(XeYN)

INTEGER Q

INTEGER QA,08,QC

INYEGER X.Y

FORMAT(® *,1I8,5Xe18:SXel1Xe193A1)

FORMAT(® ¢, ,2E13e%:1Xe103A1)

DIMENSION QU100) e X(ND)YI(N)

DATA QA,QB,QC/72HITL ¢ 2H¢ & 4 2Hwwy

097 1 1=21,100

a(1)=0C

CONTINUE

YMAX=Y(1l)

YMIN=Y(1)

DO 3 I=2,N

IFCYMAXeLTeY(1)) YMAX=Y(I)

IFCYMINGGToY(T)) YMIN=VIT)

CONTINUE

SCALE=YMAX=YMIN

IF(SCALESEQeO) GO YO 16

DO 2 I=1,N

NUM=((Y (I )=YMINI®I34,N ) /SCALESL

WRITE (6:¢39) X(T2eY{1),CAL(Q(TIT),1I=1,NUM),08

RETURN

WRITE (6,33) YMaX

FORMAY (¢ DEPENDENT VARIABLE IS CONSTANT *,D1%S )

RETURN

END

SUBRNUTINE OFT(X,M, INCR)

A FASTY FOURIER TRANSFNORM THAT [MPLEMENTS THE
®DECIMAT INN=INeFREQUENCY" Al GORITHM

CALLING PARAMTERS:

X = COMPLEX ARRAY NF ODIMENSTON N THAY CONTAINS INITIALLY
THE INPUYT SFQUENCE X(N) AND FINALLY CONTAINS THE
TRANSFORM X(K)e THE QUANTITY M IS AN INTEGFRe M=LNDG2(N).
WHERF N IS YHE NUMRER OF TIME VARYING DATA POINTS
INCR = SIZE NF THE ARRAY HOLDING THE VIME FUNCTION

COMPLEX XCINCR)IoUsW,ToCMPLX
Nz2¢&M

NV2=N/2

NM 1 =N}

J=1

o
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D0 7 1=l NMQ
IF(1eGEeJ) GO TN S
vzl J)
KU J)=x(1)
X¢(l)=T
» 5 KsNV2
j 6 IF(KeGEeJ) GO YO 7
NENL 3
KaK/2
GO T0 6
7 JIzIeK
15 P1=3,14%59258
D3 20 L=1.M
LE =28,
LEI=LEZ2
UsSCMPLX(1eNe%e D)
; WaCMPLX(COS(PI/FLOAT(LEL)) mSIN(PI/FLOAT(LEL)))
i D0 20 J=1.,.LF1
D0 10 I=J¢NLLE
IP=I+LEY
T=X(1P )Y
XCIPI=X(1)=T
! 10 X(TI=X(I)eT
[ 20 U=yUsy
i QE TURN
END
SUBRVUTINE CARFA(AREABEAMJHETIGT , ANGLDO o VELDC,ROLL DRIFT. 1CNN)
REAL KONE KTWO
COMMON/KAREA/KONE ¢ KTWO
TEQAMIZ2,¢TAN(BFAM/ 24 YPHE IGT®*22/7CHS(ROLL) 7/COSCANGLID)
TEMPI=KTWORVELNCRE2
ATD=TAN(DRIFT)
TNR=TAN(ROLL)
COR=COS(DRIFT)
TEMP] 2( =ATDE*TNRESART(TNRES 24 (TEMP 1= o0 ) ¢+
STEMP1I2CORXE2ml 40 ) ) /(1 0TEMPIOCDA®&2)
TERM2=TEMP1
TEMP] =KNNESVILOCR®2
TEMRPI =(@mATOEC TNRESQRT( TNRSX2&(TEMP Im] o0 ) ¢
STEMPIaCORE2201 4101 ) /(1 I=TEMPISCORRS2 )
IFCICONGLTe0) TEMP1=0,
ARFASTERM] & (TERM2aTEMPL )
AREASABS(ARFA)
QE TURN
END

din Bbdd £ otad Rt Al

I 0

i Lk e e e —————— A ——



C GAIN SUB-PROGRAM FOR 13.3GHZ VV DATA
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REAL PUNCTION GAIN(AWTANG, PITCH)
REAL ANTENA,ANGLE

REAL ANTANG,PITCH:

DINENSION ANTNRA(71)

GAIN VALUES FOR 13.3 KNC ANTRNNA, VERTICAL POLARIZATION
>>>> TABLE UP-DATED 16JAN1979 ,,.<<<

DATA ANTNNA(001) ,ANTHNA(002) , ANTNNA (003) ,ANTNNA (008) ,ANTNNA (00S),
* ANTHNA (006) ,ANTNNA (007) , ANTNNA (008) ,ANTHNA (009) ,ANTNNA (010)
*/17.00,17.00, 18,30, 19.50,21.00,

* 22,50,23.80,284.70,26.00,27.50/

DATA ANTHNA(O11) ,ANTNNA(O12) ,ANTNNA (013) ,ANTHNA (014) ,ANTNNA (015),
* ANTNNA (016) ,ANTHNA (017) , ANTUNA(O18) ,ANTNNA ("19) ,ANTNNA (020)
*/28.80,30.00,30.50,30.70,31,00,

* 31,00,31.50,32.00,33.00,34.00/

DATA ANTNNA(021) ,ANTNNA (022) ,ANTNNA(023) ,ANTNNA (024) ,ANTHNNA (025),
. ANTHENA (026) ,ANTNNA (027) ,ANTNNA (028) ,ANTNNA (029) ,ANTNNA (030)
*/36.40,34.80,35.30,35.50,35.50,
¢ 35.50,35.30,35.00,34.00,33.20/

DATA ANTENA(031) ,ANTNNA(032) ,ANTNNA(033) ,ANTNKA (034) ,ANTNNA (035),
* ANTNNA (036) ,ANTNNA({037) ,ANTNNA (038) ,ANTNNA (039) ,ANTNNA (040)
*/33.00,33.50,34,.00,34.50,35.00,

* 35.50,35.00,34.50,38.00,33,.50/

DATA ANTNEA(0G1) ,ANTHNA (042) ,ANTHNA(043) ,ANTNNA (044),ANTNNA (04S),
. ANTHNA (046) ,ANTNNA (087) ,ANTNNA(048) ,ANTNNA (049) , ANTNNA (050)
*/33.00,33.20,34,.00,35.00,35. 30,

* 35.50,35.50,35.50,35.30,34,30/

DATA ANTHNA(051) ,ANTNNA (052) ,ANTNNA (053) ,ANTNNA (054) ,ANTNNA (055),
* ANTNNA(0S56) ,ANTNNA (057) ,XNTRNA(058) ,ANTNNA (059) ,ANTNNA (060)
‘/3“.“0' 3“. 00'330 00032. 00.31.50:,

* 31.00,31,00,30.70,30.50,30.00/

DATA ANTNNA(061) ,ANTNNA(062) ,ANTNNA(063) ,ANTNRA (064) ,ANTNRA (065),
* ANTNNA (066) ,ANTNNA (067) ,ANTNNA (068) ,ANTNNA (069) ,ANTNNA (070)
*/28.80,27.50,26.00,24.70,23,80,

* 22,50,21.00,19.50,18.30,17.00/

DATA ANTNRA(O71) /17.00/

ANGLE IS THE DIPPERENCE OF THE ANTENNA ANGLE AND PITCH

ANTANG IS THE ANTENNA ANGLE WITH RESPECT TO THE AIRCRAPT

PITCH IS THE AIRCRAPT PITCH ANGLE

ALL ANGLES ARE BXPECTED TO BE EXPRESSED IN RADIANS

THPR RANGE OF VALUBS OF ANGLE IS: -70.9 TO 70.9 DEGREBRS.
IF AN ANGLE FALLS OOT OF THIS RANGE, THE CLOSEST ANGLE
VALUE WILL BE RETURNED

ANGLE=ANTANG~PITCH

INDEX=IFIX ( (ANGLE*57.3470.)/2.) ¢
IP(INDEX.LE.O0) GO TO 30
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IP(INDEX.GE.71) GO TO 10.
AWGLZ=PLOAT (INDEX=1) ¢2,-70,

GAIN=ANTNYA (INDEX) ¢ (ANTHNA (TNDEX+ 1) - ANTHUA (INDEX) ) *
$ ((ANGLE*S7, 3-ANGLS) /2.0)

RETURN

GAIN=ANTUNA (71)

RETURN

GAIN=ANTNNA (V)

RETURN

BND

REAL PUNCTION GAIN (ANTANG,PITCH)
REAL ANTNNA,ANGLE, ANTANG,PITCH
DINENSION ANTNHNA(71)

GAIN VALUES PFOR 1.6 KBC ANTENNA,VERTICAL POLARIZATION

DATA ANTNNA(001) ,ANTNNA (002) , ANTNNA (003) , ANTNNA (008) ,ANTNMA (005),
. ANTNNA (006) ,ANTHEA (007) , ANTNNA (008) , ASTHNA (009) ,ANTNNA (010) /
* 18,70, 15. 40, 15.70, 16.40, 17.40,

« 17,90, 18.70, 19. 40, 19,90, 20.60/

DATA ANTMNA(011) ,ANTNNA(012) ,ANTNNA(013) ,ANTNNA(014) ,ANTNNA (015),
. ANTNEA (016) ,ANTENA(017) , ANTNNA (018) ,ANTNNA (019) ,ANTNNA (020) /
*+  21.60, 21.90, 21.90, 22.40, 22.70,

s 22,90, 22.60, 22,90, 22.40, 22.20/

DATA ANTHNA (021) ,ANTNNA(022),ANTNNA(023) ,ANTHNNA (024) ,ANTHNA (025),
. ANTNEA (026) ,ANTNNA (027) ,ANTNNA (028) ,ANTNNA (029) ,ANTNNA (030) /
s 21,90, 21.40, 21,40, 21,10, 20.90,

s 20.70, 20.40, 20.40, 20, 10, 20.70/

DATA ANTNNA(031) ,ANTNNA(032) ,ANTNNA(033) ,ANTNNA (034) ,ANTNNA (035),
* ANTINA (036) ,ANTNNA{037), ANTNNA (038) ,ANTNNA (039) ,ANTNNA (040) /
«  20.70, 21.40, 21.40, 21.70, 22,10,

s 22,20, 22.20, 22,10, 21.90, 21.40/

DATA ANTHNA(01) ,ANTNNA(042) ,ANTNNA(O43) ,ANTHNA (044) ,ANTNNA (085),
. ANTNNA (046) ,ANTNNA (047) ,ANTNNA (048) ,ANTNNA (049) ,ANTNNA (050) /
+ 21,20, 20.90, 20,70, 20.10, 19.70,

* 19,20, 18. 70, 18.10, 17.60, 17.60/

DATA ANTNNA(0S1) ,ANTNNA{052) ,ANTNNA(053) ,ANTNNA (054) ,ANTNNA (055),
. ANTNNA (056) ,ANTNNA(057) , ANTNNA (058) ,ANTNNA (059) ,ANTNNA (060) /
+  17.%0, 17.10, 17.20, 17. 10, 16.90,

* 16,90, 16.90, 16.70, 16.40, 15.90/
DATA ANTNNA(061) ,ANTNNA(062) , ANTNNA(063) ,ANTNNA (064) , ANTHNA (065),

* ANTHNNA (066) ,ANTNNA (067) ,ANTNNA (068) ,ANTNNA (069) ,ANTNNA (070) /
* 15.40, 14.90, 14,70, 14.20, 13.90,
* 13. 20, 12.70, 11.40, 10. 40, 9,40/

DATA ANTNNA(71)/8.90/

JHIGINAL PAGE IS
ov\ . NF PCOR QUALITY




THIS SUBROUTINE RETURNS A GATN VALUE FOR AN ANGLE

ANGLE IS THE DIPPERENCE OF THE ANTENNA ANGLE AND THE PITCH
ANTANG IS THE ANTENNA ANGLE WITH RESPECT TO THE AIRCRAPT
PITCH IS THE AIRCRAFPT PITCH ANGLE

ALL ANGLES ARE EXPECTED TO BE BXPRESSED IN RADIANS

THE RANGE OF VALUES POR ANGLE IS: =70.9 TO 70.9 DEGREES
IP AN AXGLE PALLS OUT OF THIS RANGE, THE CLOSEST GAIN
VALUB WILL BE RETURNED

a2
fIgoOonnnaaaaoaannan

ANGLE = ANTANG-PITCH
INDEX=IPIX((ANGLP#57,.3470.) /2.) ¢1
IP(INDEX.LE.0) GO TO 30
IP(INDEX.GE.71) GO TO 10
ANGLZ=FLOAT (INDBX~-1) ¢2,-70.
GAIN=AMNTNNA (INDEX) ¢ (ANTNNA (INDEX+1) ~ANTNNA (INDEX) ) ABS
$ ((ANGLE®*57,3-ANGLZ) /2.0)
RETURN
10 GAIN=ANTNNA(71)
RETURN
30 GATIN=ANTNNA(1)
RETURN
BND

REAL FUNCTION GAIN(ANTANG,PITCH)
REAL AWTHNRA,ANGLE,ANTANG,PITCH
I DINENSION ANTRNA(7Y)

GAIN VALUES POR 1.60 KMC ANTENNA, CROSS POLARIZATION (V-H)

ang

} DATA ANTHNNA {00 1) ,ANTNNA (002) ,ANTNNA (003) ,ANTNNA (004) ,ANTNNA (005),

- . ANTHNNA (006) ,ANTNNA (007) , ANTNNA (008) , ANTNNA (009) ,ANTENA (010) /
f s 21.40, 22,20, 22.70, 23.20, 23.90,

; « 28,10, 24,60, 24.90, 25.10, 25,90/

g DATA ANTNNA(011) LANTNNA(012) ,ANTNNA(O13) ,ANTNNA (014) ,ANTNNA (015),

! * ANTNNA{016) ,ANTNNA (017) ,ANTNNA (018) ,ANTNNA (019) , ASTNNA (020) /
; « 26,10, 26.20, 26.20, 26.40, 26.20,

i *  26.20, 25.60, 25.60, 24.60, 24,20/

DATA ANTNNA(021) ,ANTNNA (022) ,ANTNNA (023) ,ANTNNA (024) ,ANTNKA (025),
. ANTNNA (026) ,ANTNNA (027) , ANTNNA (028) ,ANTNNA (029) ,ANTNNA (030) /
* 23,60, 22.90, 22.20, 21.60, 20.90,

*  20.10, 20.10, 19,70, 19,40, 19.70/

DATA ANTNNA(031) ,ANTNNA(032) ,ANTNNA (033) ,ANTNNA (034) ,ANTNNA (035) ,
r * ANTNNA (036) ,ANTNNA (037) ,ANTNNA(038) , ANTNNA (039) , ANTNNA (080) /
; * 19,90, 20,10, 20.90, 20.90, 21,40,

« 21,70, 22.20, 22.20, 22,20, 21.90/
DATA ANTNNA(041) ,ANTNNA(042) ,ANTNNA(043) ,ANTNNA (034) , ANTNNA (005),

1
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ANTHNA (086) ,ANTNNA (047) ,ANTNNA(O48) , ANTHNA (089) , ANTNNA (050) /
21.40, 20.90, 20.70, 20.10, 19.70,
19,70, 20.20, 20.40, 20, 70, 20.90/
DATA ANTMNA (0S1) ,ANTNNA (052) ,ANTHNA(053) ,ANTNEA (054) , ANTHNA (055) ,
ANTRNA (056) ,ANTNWA (057) , ANTHNA (058) , ANTNNA (059) ,ANTNNA (060) /
21.20, 21,40, 21,40, 21,40, 21.20,
20 ‘60, 20.90, 20.40, 19.90, 19,10/
DATA ANTNMA(O61) ,ANTNNA(062) , ANTHNA(063) , ANTHNA (064) , ANTHMNA (065),
ANTHNA (066) ,ANTNNA (067) , ANTNNA (068) , ANTNNA (069) , ANTNNA (070) /
18,40, 18. 10, 17.70, 17.40, 17.90,
17.60, 17.90, 17.40, 16. 60, 16. 10/
DATA ANTNNA(?71) /15.60/

TAIS SUBROUTINE RETURNES A GAIN VALUE FOR AN ANGLE

ANGLE IS THE DIPPEREBNCE OF THE ANTBENA ANGLE AND THE PITCH
ANTANG IS THE ANTENNA ANGLE WITH RESPECT TO TRE AIRCRAPT
PITCH IS THE AIRCRAPT PITCH ANGLE

ALL ANGLES ARE BXPECTED TO BE EXPRESSED IN RADIANS

THE RANGE OF VALJES FOR ANGLE IS: -70.9 TO 70.9 DEGRBES
IP AN ANGLE PALLS OUT OF THIS RANGE, THE CLOSEST GAIN
VALUE WILL BE RETURNED

ANGLE = ANTANG-PITCH
TEDEX=TIPIX ( (ANGLE*57.3470.) /2.) +1
IP (INDEX.LE.0) GO TO 30

IP (INDEX.GE.71) GO TO 10
ANGLZ=PLOAT (INDEX-1) 2,70,
GAIN=ANTNNA (INDEX) ¢ (ANTHNA (INDEX+ 1) =ANTNNA (INDEX) ) *ABS
((ABGLE*57.3-ANGLZ) /2.0)

RETURN

GAIN=ANTNNA(71)

RETURN

GAIN=ANTENA (1)

RETORN

END

ANTENNA GAIN PONCTION POR 1,.6GAZ HH DATA
REAL PONCTION GAIN(ANTANG,PITCH)
BEAL ANTNNA,ANGLE,ANTANG,PITCH
DINENSION ANTNNA(71)

GAIN VALUES POR 1.6 KNC ANTENNA,HORIZONTAL POLARIZATION
DATA ANTHENA (001) ,ANTNNA (002) ,ANTNNA (003) ,ANTNNA (004) ,ANTNNA (005),

ANTHNA (006) ,ANTHNA (007) ,ANTNMNA(008) ,ANTHNNA (009) ,ANTNKA(O10)/
23.10, 23.70, 24,20, 24,40, 28,40,
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20,40, 24.60, 28,60, 28.60, 24.90/
DATA ANTNNA(OV11) LANTNWA(012) ,ANTNNA(O13) ,ANTHNA (010) ,ANTNNA (015),

ANTENA (016) ,ANTRNA (017) ,ANTRNA (018) ,ANTNNA (019) ,ANTNNA (020) /
28,60, 268.40, 24,480, 20.40, 23.90,
23.70, 23.10, 22.90, 22.40, 21.90/

DATA ANTENA(021) ,ANTNNA (022) ,ANTNUA (023) ,ANTNNA (028) ,ANTNNA (025),

ANTNNA(026) ,ANTHNA (027) , ANTHNA (028) ,ANTHNA (029) ,ANTHNNA (030)/
21,40, 20,90, 20.80, 19.90, 19.10,
18.90, 18.60, 18,40, 18.40, 18.40/

DATA ANTENA(031) ,ANTNNA(032) ,ANTHNA(033) ,ANTNNA (038) ,ARTENA (035),
ANTHNA (036) ,AUTNEA (037) ,ANTNNA(038) ,ANTHNA (039) ,ANTNNA (000) /
18,90, 18,90, 19.70, 19.70, 19.70,
19.70, 19.70, 18,90, 18.70, 18.10/7
DATA ANTNNA(OQ1) ,ANTNNA(082) ,ANTNNA(083) ,ANTHUA (044) ,ANTNNA (045),
ANTNNA (0Q6) ,ANTNEA (047) , ANTNNA (006) ,ANTNNA (089) ,ANTNNA (050) /
17.60, 17.70, 17.90, 18.40, 18.20,
17.90, 17.90, 18.10, 19.40, 19.90/
DATA ANTHEA (051) ,ANTNNA(052) , ANTNNA(053) ,ANTNNA (058) ,ANTNNA (0S5),
AUTNYNA (056) ,ANTNNA (057) ,ANTNNA (058) ,ANTNNA (059) ,ANTNEA (060) /
20.70, 21,20, 20,90, 21,20, 21.90,
23.10, 23,080, 23.40, 22.90, 22.20/
DATA ANTWNA(O061) ,ANTHNA (062) ,ANTNUNA(063) ,ANTNNA (068) ,ANTNNA (065),
ANTHNA (066) ,ANTNNA(067) ,ANTNNA (068) ,ANTNNA (069) ,ANTNNA(070) /

21.90, 22,10, 22,20, 22.20, 22.40,
22.10, 21.90, 21.60, 21,90, 22.10/
DATA ANTNNA(71)/22.10/
THIS SUBROUTINE RETURNS A GAIN VALUE FOR AN ANSLE

ANGLE XS THE DIPFERENCE .F THE ANTENNA ANGLE AND THE PITCH
ANTANG IS THE ANTENNA ANGLE WITH RESPECT TO THE AIRCRAP?T
PITCH IS THE AIRCRAPFT PITCH ANGLE

ALL ANGLES ARE EXPECTED TO BE EXPRESSED IN RADIANS

THE RANGE OP VALUEBS POR ANGLE IS: -=70.9 TO0 70.9 DEGREERS
I? AN ANGLE PALLS OUT OF THYS RANGE, THE CLOSEST GAIN
VALUEZ WILL BE RETOURNED

ANGLE = ANTANG-PITCH
INDEX=IPIX((ANGLE*57.3070.)/2.) ¢1
IP(INDEX.LE.O0) GO TO 30
IP(INDEX.GE.71) GO TO 10
ANGLZ=PLOAT (INDEX-1) %2.-70.
GAIN=ANTHEMA (INDEX) ¢ (ANTNNA (INDEX+ 1) ~ANTNNA (INDEX) ) *ABS
( (ANGLE*57,3-ANGLZ) /2.0)

RETURN

GAIN=ANTNNA(71)

RETURN

GAIN=ANTNNA (1)

RETURN

"
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C ¢¢ ANTENNA GAIN PONCTION PFOR 1.6GHEZ HV DATA
REAL PONCTION GAIN(ANTANG,PITCH)
REAL ANTNNA,ANGLE,ANTANG,PITCH
DINENSION ll?l!e(?!,

c .
c GAIN VALUBS POR 1,60 KNC ANTENNA, CROSS PLOARIZATION (A-V)
c
DATA ANTNEA (001) ,ANTNNA (002) ,ANTHNA(003) ,ANTHNA (004) ,ANTNEA (005),
. ANTNNA (006) ,ANTNNA(O07) ,ANTHNA (008) ,ANTNNA (009) ,ANTNNA(010)/
* 16. 40, 17. 20, 17.40, 12.70, 18.20,
* 18.80, 18.70, 19.40, 19.60, 19.90/
DATA ANTHEEA(OV11) LANTNNA(O12) ,ANTUNA(O13) ,ANTNNA(O14) ,ANTNNA (015),
* ANTHNA (016) ,ANTHNNA(O17) ,ANTWNA (018) ,ANTNNA (019) ,ANTNNA (020) /
* 20. 10, 20.20, 20,40, 20.40, 20,40,
* 20.40, 20.60, 20,40, 20.20, 20.10/
3 : DATA ANTHNA(021) ,ANTHNA(022) , ANTNNA(023) ,ANTNNA (024) ,ANTNNA (025),
* ANTUEA (026) ,ANTHEWA (027) ,ANTNNA (028) ,ANTNNA (029) ,ANTNNA (030) /
* 20. 20, 19.90, 19,90, 19.90, 19.40,
. 19.40, 19. 20, 19,40, 19.40, 19.90/
DATA ANTHNNA(O31) ,ANTNNA(032) ,ANTNNA (033) ,ANTNNA (034) ,ANTHNA (035),
* ANTNEA(036) ,ANTNNA (037) , ANTENA (038) ,ANTNNA (039) ,ANTNNA (080) /
. 20.20, 20.40, 20.70, 20.70, 20,40,
. 20.20, 19.70, 18,90, 18.40, 17.60/
DATA ANTHNA(OG1) ,ANTNNA(O042), ANTHNA (06G3) , ANTNYNA (O4U) ,ANTNNA (00S),
* ANTUNA (086) ,ANTNRA (O87) , ANTHNNA (048) ,ANTHNA (049) ,ANTNNA (050) /
. 17.40, 17.90, 17.90, 18.40, 18,20,
. 17.80, 16.40, 16.40, 16.90, 16.90/
DATA ANTHNEA(OS1) ,ANTNNA (052) ,ANTNNA(053) ,ANTNNA (054) ,ANTHNA (055),
. ANTNNA (056) ,ANTNNA (057) , ANTNUA (058) ,» NTNNA (059) ,ANTNNA (060) /
. 16,90, 16.90, 16.70, 17.20, 18.20,
i * 19,40, 19.40, 19.70, 19.40, 18,90/
DATA llrlll(061’.Alflll(062).llflll(063),llTlll(OG“),llTlll(065),
d ANTHNA (066) ,ANTNNA {(067) , ANTNNA (068) ,ANTHNA (069) ,ANTNUA (070) /
* 17.40, 16.70, 16.10, 15.90, 15.60/
DATA ANTNNA(71) /15.40/
c :
c THIS SUBROUTINE RETURNS A GAIN VALUZ POR AN ANGLE
<
¢ ANGLE IS THE DIPPERENCE OF THE ANTENNA ANGLE AND THE PITCH
c ANTANG IS THE ANTENNA ANGLE VITH RESPECT TO THE AIRCRAPT
c PITCH IS THE AIRCRAPT PITCH ANGLE
c ALL ANGLES ARE EXPECTED TO BE BXPRESSED IN RADIANS
c
< THE RANGE OF VALUEBS POR ANGLE IS: -70.9 TO 70.9 DEGREES
! < IP AN ANGLE PALLS OUT OF THIS RANGE, THE CLOSEST GAIN
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c VALUE WILL BE RETURWED

ANGLE = ANTANG-PITCH
INDEX=LPIX((ANGLE®57,3¢70.) /72.) ¢1
IP(INDEX.LE.0) GO TO 30
IP (INDRX.GE.71)GO TO 10
ANGLZ=PLOAT (TNDEX=1) #2, =70,
GAIN=ANTNNA (INDEX) ¢ (ANTNNA (TNDEX+ 1) ~ANTNNA (INDEX) ) *ABS

$ ((ANGLE*57,3-ANGLZ) /2.0)
RETURN
10 GAIN=ANTNNA (71)
RETURN
30 GATN=ANTNNA (1)
RRTURN
BND

. c GAIN VALUBS POR .400 KNC ANTENNA, VERTICAL POLARIZATION

RBAL PUNCTION GAIN (ANTANG,PITCH)
REAL ANTNNA,ANGLE,ANTANG,PITCH
DINBNSION ANTNNA(71)

DATA ANTNNA (001) ,ANTNNA (002) , ANTNNA (003) ,ANTANA (004) , ANTENA (005),
ANTNNA (006) ,ANTNNA (007) ,ANTNNA (008) ,ANTNNA (009) ,ANTNNA (010) /

. 10.40, 12. 40, 14,80, 16. 40, 18.40,

* 19.40, 20.80, 21.80, 22,80, 23.40/

DATA ANTHMNA(OV1) ,ANTHNA(O12) , ANTNNA(O13) ,ANTNNA (014) ,ANTNNA (015),
ANTNNA {(016) ,ANTNNA (017) ,ANTNYNA (018) ,ANTNNA (019) ,ANTNNA (020) /

s 23.80, 24,80, 24,80, 24.80, 2h.80,

* 28,40, 23.80, 22.80, 22.080, 21,40/

DATA ANTNNA(O21) ,ANTNNA (022) ,ANTNNA(023) ,ANTNNA (024) ,ANTNNA (025),
. ANTNNA (026) ,ANTNNA (027) , ANTNNA(028) ,ANTNNA (029) ,ANTNNA (030) /
. 19.40, 18.40, 16.80, 15.40, 13.40,

. 11.40, 9.80, 7.80, 6.80, 5.80/
DATA ANTNNA(O031) ,ANTHNA(032), ANTNNA (033) ,ANTNNA (0384) ,ANTNNA (035),
ANTNUA (036) ,ANTNNA (037) ,ANTNNA (038) ,ANTNNA (039) ,ANTNNA (040) /

. 0.80, '.“0, 3.80. 3.'0. 2.80'

* 2080. '.80, 1.00, 0.“0, -0060/
DATA ANTNNA(O41) ,ANTNNA(042) ,ANTNNA (OUI) ,ANTNNA (044) ,ANTNNA (04S),
ANTNNA (046) ,ANTNNA(087) ,ANTNNA {048) ,ANTHNA (089) ,ANTNNA(0S50)/

$ "0609 ‘2.20, °302°. '“.200 -“.60,

* -4.60, -4,60, -4.20, -3.20, =2.60/

DATA ANTNNA(OS1) ,ANTHNNA (052) ,ANTNNA(0S53) ,ANTNNA (054) ,ANTNNA (0SS),
* ANTHENA (056) ,ANTNNA (0S57) ,ANTNNA (058) ,ANTNNA(059) ,ANTNNA (060) /
* '1.60. "0200 -0.60. -0.60, -0-60.

* -0.20, -0.60, -0.60, -1.20, -1.20/
DATA ANTHNA(O61) ,ANTNNA(062) ,ANTNNA(063) ,ANTNNA (068) ,ANTNNA (065),

. ANTNNA (066) ,ANTNNA (067) ,ANTNNA (068) , \NTNNA (069) ,ANTNNA (070) /
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. ‘2.20. ‘20‘00 '3.‘0. ‘.060' '5.60,
. -6060' ‘.020’ -9060' °".2°' '1’.60/
DATA AUTHRA(71) /-15.60/

THIS SUBROUTIRE REBTURNS A GAIN VALUE POR AN ANGLE

ANGLE IS THE DIPPERENCE OF THE ANTENNA ANGLE AND PHE PITCH
ANTANG IS THRE ANTBUNA AVWGLE VITH RESPECT TO THE AIRCRAPT
PITCY IS THE AXRCRAPT PITCHN ANGLE

ALL AWGLES ARE BXPBCTED TO BE BXPRESSED IN RADIANS

THE RANGE OP VALUBS POR ANGLE IS: -70.9 TO 70.9 DEGREES
I? AN ANGLE PALLS OOUT OPF THIS RANGE, TRE CLOSEST GAIN
VALUE WILL BE RRERTURNED

a0 nNnNn

ANGLE = ANTANG-PITCH
INDBX=TPIX ((ANGLB¢57.3¢70.)/2.) ¢
IP (INDEX.LE.0) GO TO 30
IP (INDEX.GB.71) GO TO 10
IIGLZ'PLOIT(IIDBX-‘)‘2.'70.
GAIN=ANTUUNA (INDBX) ¢ (ANTENA (INDEX¢ 1) -ANTUNA (INDEX) ) *ABS
$ ((ANGLE®*S7.3-ANGLZ) /2.0)
RETURN
10 GAIN=ANTENA(YY)
RETURN
30 GAIN=ANTNUA(Y)
RETURN
BND

c GAIN VALOES POR .8400 KHC ANTENNA, HORIZONTAL POLARIZATION
REAL PUNCTION GAIN(ANTANG,PITCH)
REAL AWTHNA,AWGLE, ANTANG, PITCH
DIABUSION ANTNNA(TY)

DATA ANTHEAIOD1) ,ANTHENA (002) , ANTHNA (003) , AUTNNA (00U) ,ANTNNA (00S5),
. ANTNNA (006) ,ANTNNA(007) , ANTNNA (008) ,ANTNNA (009) ,ANTNNA (010)/
b 29,40, 29.4%0, 29.40, 29,40, 29,40,

* 206.80, 28,00, 27.80, 27.40, 26,80/

DATA ANTHNWA(OV11) ,ANTNNA (012) ,ANTHNA (013) ,ANTHNA (O14) ,ANTHNA (015),
hd ANTHNA(O16) (ARTNNA(017) ,ANTHNA(018) ,ANTHNA (019) ,ANTNNA (020)/
b 26.40, 25.40, 24,40, 23.40, 21.60,

b 20.80, 19.080, 17.80, 15.80, 13.80/
g DATA ANTENA(021) ,ANTNEA(022) ,ANTNNA(023) ,ANTNNA (024) ,ANTNNA (025),

b ANTWUEA (026) ,ANTHYNA (027 ,ANTNNA(028), IITHIA(029).AITHNA(O30)/
L 11.80, 9.80, 7.80, 5.80, 3.80,
* 20.0. 0.“0, ‘0.60. "0600 -2, 20/

DATA ANTNNA(O31) ,ANTWNA(032) ,ANTNNA(033) ,ANTHNA (034),ANTHNA (03S),

\03
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10
30

. ABTNUA (036) ,AUTHNA (037) ,ANTNNA(038) , ANTNNA (039) ,ANTNEA (080) /
. '2.‘0. '20‘0. '2'60. .30200 '3020.
. '30‘0. -..20. ..02°' -8, 60. -5060,

DATA ABTNEA(081) ,ANTHNA (082) ,ANTNNA (083) ,ANTENA (048) ,ANTHNA (085),
. ANTRNA(ON6) ,ABTRNA (087) ,ANTHNA (088) ,ABTRNA (089) ,ANTNNA (050) /
. =6, 20. -7. 20. -Q.?O. -0060' -90200
L "90‘0. ..’o 60 ") -9. 60’ -9, 20. -8, 60,

DATA ARNTRNA(OSY) ,ANTHNA (052) ,ANTHNEA (053) ,ANTENA (058) ,ANTNNA (05S),
. AUTNNACOS6) ,ANTRRA (057) ,ANTNEA(058) ,AUTNUA (059) ,ANTENA (060) /
. -8.20. -70600 -60600 -6020' '5060'

L -5.20. '.Q‘O. ’.060. -.0200 '3.60/

DATA ABTNNA(0G1) ,ANTNNA (062) ,ANTHNA (OL3, ,ANTHNA (064) ,ANTNNA (065),
. ANTHNA(066) ,ANTUNA (067) ,ANTNEA(068) ,ARNTNNA (069) ,ANTNNA (070) /
L] -306°. ‘3060. ”QGOQ -3. 60. -.020.

L -8, 20¢ -l.ﬁo. -5020. '5020’ ‘6020/

ODATA ANTHNA(7Y) /-6.60/

TAIS SHBROUTINE RETURNS A GAIN VALUB POR AN ANGLE

ANGLE IS THE DIPPERENCE OF THE ANTENNA AWGLE AND THE PITCH
ANTANG IS THE ANTENNA AWGLE WITR RESPECT TO THE AIRCRAPT
PITCE IS THE AIRCRAPT PITCH ANGLE

ALL ANGLES ARE BXPECTED TO BE EXPRESSED IN RADIANS

THE RANGE OF VALUES POR ANGLE IS: -70.9 TO 70.9 DEGREES
IF AN ANGLEB PALLS OUT OF THAIS RANGE, THE CLOSEST GAIR
VALUB WILL BE® RETURNED

ANGLE = ANTANG-PITCH
IYDRX=TIPIX ((ANGLE®S57.3¢70.) /2.) ¢1
LP(INDBX.LE.0) GO TO 30
IP(INDEX.GE.71) GO TO 10
ANGLZ=PLOAT (INDEX~1) #2,-70.

GAIN=ANTNNA (INDBX) ¢ (ANTNNA (INDEXe 1) <ANTNNA (INDEX)) *ABS

$ ( (ANGLE®*S7,3-ANGLE) /2. 0}

RETURN
GAINSANTNNA (71)
RETURN
GAIN=ANTNNA (1)
RETUEN

END

GAIN VALUBS POR .400 KNC ANTENNA, CROSS POLARIZATION
REAL PUNCTION -GAIN(ANTANG,PITCH)

REAL ANTNNA,ANGLE,ANTANG,PITCH

DIMENSION ANTNNA(71)

jo4




L

DATA ANTHNNA(001) ,ANTENA (002) ,ANTNNA (D03) ,ANTNNA (D0U) ,ANTNNA (00F),
. ANTEUNA (006) ,ANTRNA (007) , ANTHNA (008) ,ANTNNA (009) , ANTNNA (010) /
* 19.90, 20.90, 22.10, 22.90, 23.90,

. 28.10, 24,80, 268.80, 25.10, 25.10/

DATA ANTNUNA(0O11) ,ANTRNA(O12) ,ANTNNA(O13) ,ANTHNA (O18) ,ANTNNA (015),
b ANTRNA(016) ,ANTNNA (017) ,ANTNNA(018) ,ANTNNA (019) ,ANTNNA (020) /
. 25.10, 28,90, 28,60, 28,10, 22,30,

. 22.60, 21,80, 20,30, 18.90, 17.60/
DATA ANTHNA(0217) ,ANTNNA (022) ,ANTNNA (023) ,ANTNNA (028) ,ANTNNA (025),

. ARTURA (026) ,ANTNEA (027) ,ANTNNA (028) ,ANTNNA (029) ,ANTNNA (030) /
. 15.60, 18,10, 12,30, 10. 60, 8.60,
. 6.90, 5. 10, 3.60, 2.60, 1.60/

DATA ANTHNNA(031) ,ANTUNA(032) ,ANTUNA(033) ,ANTUNA (034) ,ANTNNA (03S),
¢ ANTHENA (036) (ANTNNA (037) ,ANTNNA(038) ,ANTNNA (039) ,ANTNNA (080)/
. 1.‘0. 0.90. 0060. 0.10. ‘0.20.

L -0..0. '1.20. -’.‘00 '2010' -3-10/

DATA ANPNNA(O81) ,ANTNNA (082) ,ANTNNA (083) , ANTNNA (048) , ANTHNA (085),

. ANTWURA(O86) ,ANTNNA (O87) ,ANTHNA (048) ,ANTNNA (069) ,ANTNNA (050)/

* -.0‘00 ‘5.10. -50900 °606°. '7.’0'
L '70.0' -1..00 ‘6.90. -602°' 'SQSO/
DATA ANTEWA (051) ,ANTNNA (052) ,ANTNWA (053) ,ANTHNA (054) ,ANTNNA (055),

. ANTNNA (056) ,ANTNNA (057) , ANTHNA (058) , ANTNNA (059) , ASTNNA (060) /
. -5.10. -°..°' -309°. -30“0' -3o1°p
. '2.100 '2.60. -20600 ‘2070' '2.“0/

DATA ANTNNA (061) ,ANTHNA(062) ,ANTHNA (063) ,ANTNNA (064) ,ANTNAA (065),
. ANTHNA (066) ,ANTNNA (067) ,ANTNNA (068) ,ANTNRA (069) ,ANTNNA (070) /

. -2.909 '3.'0. -306°' '..10. '“090‘
L -5.'0, -60.0' ‘70“0‘ -00200 -9090,
DATA ANTHEA(71)/-11,10/

THIS SUBROUTINE REBTURNS A GAIN VALUE POR AN ANGLE

ABNGLE IS THE DIPF4BENCE OP TRE ANTENNA ANGLE AND THE PITCH
ANTANG IS TRE 2" (BUNA ANGLE WITH RESPECT TO THE AIRCRAPT
PITCHR IS THE /."4CRAPT PITCH ANGLE

ALL ANGLES ABL EXPECTED TO BE EBXPRESSED IN RADIANS

TAEZ RANGE OP YALUES POR ANGLE IS: =-70.9 TO 70.9 DEGREES
IP AN ANGLE PALLS OUT OF THRIS RANGE, THE CLOSPST GAIN
VALUE WILL BE RETURNED

anonoaaaoaanaoannann

ANGLE = ANTANG-PITCH
INDEX=IPIX ((ANGLE®S57.3¢70,)/2,)¢1
IP(INDEX.LE.0) GO TO 30
IP(INDEX.GE.71) GO TO 10
ANGLZ=PLOAT (INDEX~-1) #2, =70,
GAIN=ANTHNA (INDEX) ¢ (ANTNNA (INDEXe 1) -=ANTNNA (INDEX)) *ABS
$ ((ANGLE®*57, 3-A¥GLZ) /2.0)
RETURN
10 GAINSANTENA(71)

’... :", }1,‘;;.. PAO' ‘.
~+ CU0R QUALITY




RETURN

30 GAIN=ANTREA(Y)
RETURN
END
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COMPARISON OF SCATTEROMETER RESOLUTION
CELL AREA APPROXIMATIONS

by
Billy V. Clark and Richard W. Newton

1.0 GENERAL
For some time there have been two approaches to evaluating area,

A, used in the scattering coefficient equation

r ()R R G 26) (1)
°©o=XF A T ks 6+Ge

The approach used by NASA/ESD was to simply calculate the rectangular
area along the ground track line, Figure 1. To account for roll and drift
angles this area was divided by cosine roll times cosine drift. |

The approach used at TAMU is to compute the actual cell length between
doppler contours, BB' in Figure 2, accounting for actual roll and drift
values. The width of the cell is approximated very closely by the expres-
sion for W' in Figure 2. The product, BB'xW', is the approximation to
the area that is used by TAMU in scatterometer data reduction.

Since there have been some questions about the relative accuracy of
the two area calculations, more detailed analysis of the area boundaries
and more refined calculations of the area have been performed at TAMU

Several types of calculations were made: ;
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Figure 2. Equations used by NASA/ESD to compute area.
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a. Area of trapezium (no parallel sides)

b. Area of N parallelograms

c. Integration by Simpson's Rule

d. Quadratic Formula to calculate BB'.

The results of these different approaches to calculating the ground cell
area indicate in all cases that the technique currently used at TAMU is

a better over-all area estimator than the rectangular approximation. In
the course of this analysis the mathmatical development of the expres-
sion for y, page 9 of Reference [1], was reviewed. It was found that

if the sign used before the square-root symbol is positive, better agree-
ment was achieved with the more accurate area values found by numerically
integrating over the cell. The form of the equation that should be used

follows:

Y= —/-:w:w! "aﬁh”;/":’%-/}*"m?-{j? -
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2.0 AREA ESTIMATE BY TRAPEZIUM

This approach makes only one assumption in computing the area; i.e.,
the lines connecting the four corner coordinates are straight, see Figure 3.
Examination of the actual coordinate values at A, B, C, and D for viewing
angles between -4° and -52° confirm that this is a reasonable assumption.

The calculation technique is to use the equations for the four lines
labelled XU, XL, FL and FU, Figure 2, to derive the actual coordinates at
A, B, C, and D. The value for X at any point along XU can be shown to be
given by:

. Y2 4Ment)-Him?¥
.Xl(  (PI-Msn®) (2)
where

P1 = cos¢cosy

P2 = sin¢cosy

M = (tan B/Z)/sine'L

8 = antenna bemwidth
referenced to the aircraft

e'L = viewing angle through the
antenna coordinate system

H = aircraft altitude
¢ = drift angle
¢y = roll angle
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Similarly, along the curve XL, the value of X is given by

(P2 - M cosp)-Hsm ¥ (3)
(Pl + M Smid)

re =

And, of course, along the doppler contours the value of X is given by

P VR | f
xY)= l{—.y”G::;;:?!LJE!‘ (3.a)

where 04 = viewing angle referenced to the ground track, Y-axis. By
iterating the value of Y, beginning at YL, the corner coordinates are
found.

Next, with the assumption that the connecting lines are straight, the

area is found by

A = (Al + A2) - (A3 + Ad + A5) (4)
where
Al = (XB - XA) (Y8 - YA)/Z (5)
A2 = (Yc - YB) (xC + XB)IZ (6)
A3 = (Y - Yp) (%o = X¢ = Xp)/2 (7)
A4 = (Yp-Y,) (xD - Xp)/2 (8)
AS = (YC - YD) (xD - XA) (9)
i
1"




3.0 AREA ESTIMATION BY STRIP INTEGRATIOH

This technique uses the sum of the area in N strips, each consisting
of a selectively small parallelogram, to estimate the area. As {llustrated
in Figure 4, the length of minf-rectangle is the distance between the
i : upper and lower frequency doppler lines. The length, DL, is calculated at

each step using the expressions

Ky = (honphet; bl i)t keatd-])
(/- A coo'®)

g+ g Bt [on i) ueo9-")

(1)
(I'Kum‘¢)
: 2V &

§ where KL = ( /AFL) (12)
|
%

Ke = (3R ) (13)

and -m°(m“ﬁ}@”¢ (14)

The first step was performed with ¥y ® v-8/2, and at each successive step

with w1+l =Yy + oY, using Ay = 8/500?

/17




Figure 4.

Area of N Parallelograms.
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The value of ou, was calculated by first evaluating range, Ri' to
the center of the line DL and then using the expression

W = B dan A 209 Wi (1 Hontilau(ita¥)  (15)

The besie for ¢*e above expression is shown in Figure 5.
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Figure 5. Evaluation of DW
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The value of DHi was calculated by first evaluating range, Ri' to

the center of the line DL and then using the expression

W = B dan AW 209 W; (I Hon i fau(ea¥)  (15)

The basis for the above expression is shown in Figure 5.
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DW = R7ndY, toots + Row D% oo ¥ sow (¥ A¥)
DWW RAn AV 0SW (1. 4 San Wi ton (Y, 44Y))

Figure 5. Evaluation of DW




4.0 AREA ESTIMATION FOR NUMERICAL INTEGRATION (SIMPSON'S RULE)

This approach is similar to the trapezium technique, but makes use

 of a more refined algebraic expression for areas beneath a curved line

(2).

Using the equations (2), (3), and (3.a) above, and having already
found the intersection YL, YU, A, B, C, and D in Figure 3, repeated
applications of Simpson's rule for numerical integration are made to

find the areas:

Al: beneath line FL from Y = Y(A) to Y = Y(B),
A2: beneath line Xy from Y = Y(B) to Y = Y(C),
A3: beneath line FL from Y = YL to Y = Y(A),
Ad: beneath line XL from Y = Y(A) to Y = Y(D),
A5: beneath line FU from Y = YU to Y = Y(D),
A6: beneath line FU from Y = YU to Y = Y(C).

For Al, A3, A5, and A6 a value of N = 8 was used. For A2 and A4 a value

of N = 32 was used, where N specifies the number of times the interval

is halved between the limits of integration. The total cell area is then

calculated as:

A=A1 + A2 + AS - (A3 + A4 + A6)
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5.0 QUADRATIC FORMULA APPLICATION

Using the expression for Y in the quadratic form given at the top of
page 9, reference [1], the value of Y1 and Y2 were calculated. Next,

the final expression on the same page was implemented, using the value of

W' specified on the same page.
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6.0 COMPARISON OF RESULTS

The results of area calculation using the above techniques were
compared to the results of the Rectangular and Doppler techniques. ‘These
are summarized in Table 1. The results are graphically presented in
Figures 6 and 7. The tables clearly show that the TAMU method has better
general agreement with the integrated values for area.

Notice that in all cases where there is a drift value the Rectangular
area approximation departs rapidly from the other estimation techniques.
Although the so called Doppler Contour approximation is not considered
perfect, it appears to be the best of the two "short cut" methods, Figures

1 and 2, for handling excursion in drift.
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TABLE 1

AQ = Quadratic Formula

AR = Rectangular (ESD algorithm)

AP = Parallelogram (integrating of stripes)

Area Comparisons for Sever Calculation Tecniques

AD = Doppler contour (Reference [1], page 9)

AT = Trapezium (4 - corners connected by straight lines)

Roll, ¢, = 0.
Viewing
Drift Angle AR-AD *100
0, Deg 8 » Deg AT AP AQ AR AD AD
0 -5 2104.8 2100.2 2100.2 2100.2 - 0.0
-10 2207.4 2211.0 2202.4 2202.4 2202.4 0.0
-20 2222.1 2211.35 2209.6 2209.6 2209.6 0.0
-40 3053.4 3027.06 3024.7 3024.7 3024.7 0.0
-4 -5 1982.0 2105.5 2105.3 2105.5 0.01
-10 2161.4 2216.7 2208.5 2208.0 2208.5 -0.02
-20 2209.9 2225.0 2217.9 2215.7 2217.9 -0.10
-40 3001.7 29841 2974.6 2959.6 2974.6 -0.50
8 -5 1907.1 2121.5 2121.0 2121.5 -0.02
-10 2141.6 2251.7 2217.3 2215.4 2217.3 -0.09
-20 2232.0 2267.0 2243.0 2234.2 2243.1 -0.40
=40 3092.6 3091.7 3058.8 2996.5 3058.8 -2.04

|2

G




2 i

7.0 EVALUATION OF ROLL EXCURSION ON AREA VALUES

To illustrate the influence of roll on the ground cell area a

typical viewing angle, -45°, and a typical drift angle, 5°, were selected.

Successive ground cell areas were calculated for successively larger roll

angles, beginning at 0.0°, and remaining on the same doppler center fre-

quency. Table 2 summarizes the results. Again, as was the case in drift

excursions, the rectangular area technique does not adequately approximate

changes in area for the off-ground-track situation.

Finally, as can be seen from Table 2, the difference between the
TAMU Doppler area and the integrated area, by Simpson's rule, is never

. greater than 0.5% for excursions in roll up to 6.7 degrees.
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TABLE 2
Area Calculation Comparisons

AD = Doppler Area

AR = Rectangular

AQ = Quadratic Formula Application
AS = Simpson's Rules Integration

AR'AD *l 00
Roll, ¢ DRIFT, ¢ AS AQ AD AR AD
Deg Deg
0. 5. 3132.9 3132.9 3133.9 3074.4 -1.9
-1.2 5. 3157.7 3141.9 3153.9 3075.1 -2.5
-2.5 5. 3184.1 3166.3 3178.4 3077.2 -3.2
-4.9 5. 3241.7 3228.8 3241.2 3085.8 -4.8
-6.7 5. 3289.1 3287.7 3300.4 3095.8 -6.2
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EQUATIONS FOR COMPUTING THE AREA TERM
IN THE RADAR SCATTEROMETER PROCESSING ALGORITHM
by
R. W. Newton and B. V. Clark

INTRODUCTION

The Remote Sensing Center has been funded by The Earth
Observations Division of NASA/JSC through Contract NAS9-14875
to evaluate the radar scatterometer processing techniques
developed by TAMU to the one recently implemented by the
NASA/JSC Engineering Systems Division. After several months
of effort and many personal and verbal communications, the
two processing techniques were demonstrated to be comparable.
The only subsystems that were not satisfactorily compared
were the area computational procedure. TAMU uses the algo-
rithm documented by Schell in Technical Memorandum RSC-119
[1], [2]. NASA/JSC used another algorithm. The largest
discrepancy between these algorithms occurred at large roll
and drift angles [3]. In order to insure that the output of
each processing system (TAMU, NASA/JSC, hardware processors)
were as consistant as possible, it was mutually agreed that
the same area algorithm should be used by both TAMU and
NASA/JSC. The algorithm that was agrced to by both TAMU and
NASA/JSC is the one utilized by Schell [1]. It is the purpose




of this memorandum to clarify thc dcvclopment and utilization

of these equations.

CELL LENGTH COMPUTATION

The area algorithm approximates the true cell area by
computing the length of the cell along the antenna center and
multiplying this length by the width of the cell at the cell
“center" defined by the filter center frequency. The cell
length at each incident angle is cumputed by determining the
points of intersection of the antenna center line with the
isodoppler hyperbolas defined by the center frequency and
bandwidth of the filter corresponding to each incident angle
(Figure 1). The equation of the line going through the center
of the antenna beam projected onto the surface can be deter-
mined by its slope and intercept (Figure 2). The equation

of this line is:

X = (S\ope\j (K an \ﬁﬂfﬂ'e"“)

From Figuie 2 it can be seen that the slope is the tangent

of the drift angle. For the geometry in Figure 2

Stape = ton §

Note that the drift, ¢, is considered to be positive when

the nose of the aircraft is to the left of the aircraft

/133




center of antenna beam

/ Z -7 /C
Ground..._._1‘=,_..-=1:r::::7::— L v -y

center of antenna beam

cell length: B to B'
cell width: C to C'

Approximate cell arca: cecll length x cell wid'o

Figure 1. Definition of cell length and cell width.
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Figure 2. Geometry describing projection of the center of the
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ground track. The x axis intercept, Xgs 18 given as

Wt (=) -H ¢

S ——

Xo"' w‘b '-@“P

where the angle, ¥, is measured off of the z axis and orthogo-
nal to the center line of the antenna. It is considered to be
negative when the left wing goes low. The equation of the

line defining the center of the antenna beam is now

X=ten by - T4 (1)

The cell length is determined by computing the inter-
section of this line with the isodoppler lines that define
the cell end boundaries. The equation defining the isodopp-
lers is determined from the doppler equation

. X
¢ TN FE
4 A

where v - the velocity vector (in the direction of
the y axis

¥ - the range vector from the aircraft to the

cell center (thus —-X— is a unit vector
It}
denoting the direction from the antenna

to the cell center).

f., - doppler frequency

13
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Now

but from Figure 3

V.t = WliFf\ U &,
=WilFl (e’ + V)
V't = \V)I\T) sm O

where . is the angle between the velocity vector and the

range vector. Now

2ZWHT wn v/

Ca = N AT |

Note that
\tl wme’ = -y

However, for small roll and drift angles




4
-X - velocity vector v is parallel to the y axis
Yy
sin 6' =
/xz + YT" HZ
and

sin 8 = _/X *)'—

/XT+ yZ + B

It is an approximation to assume sin 6' = sin 6 if ¥ and ¢ are not

Z€ro.

J R it i d

L PATIOE £ TIIS T b

Figure 3, Approximation involved in cvaluations the doppler equation.

+ ra e LA




making this assumption, then

AT\ Um & = -y

and

¢ - -7_\?\:
a " N

Substituting for |r|

—L\V‘j

(; =

RIS A

The factor k is constant for each incident angle.

12 ’H\Fy'z kA AN
(Bmome) - ()

™4

2 ™ (2)
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The cell length can now be computed from (Figure 4).

Ya =%
PN

cell length = (3)
The y values are computed by solving for the intersection
of the line defined by equation (1) and the hyperbolas
defining the isodopplers, equation (2). Eliminating the

variable x from these equations yields

nip H Gt
(\)z(\v\\"“ “tﬂv\QH) - Gt
W o
(e-0y? - WY = tan'g 47 - 28T gty ¢

9 Lerp -0 - Lantong tont 1y *lm’:* euﬂ = 0

i

q~3‘+sj Yce =90

“v t k-4

(M ¢
]

la




- o

o g

mh’wvw»hmn PRTNI

isodopplers

center of the
antenna beam

Figure 4. Cell length projection.
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CELL WIDTII
The cell width can be computed with the aid of Figure §.

_o»
r‘me
W = 2v 1Jw\67z

2 W ten &2
W= > S

The cell width projected onto the surface is

2\ Gh"‘/;
L9 ont

(4)

's
W' =

AREA COMPUTATION

The approximate cell area is computed by simply multi-

plying equation (3) by equation (4).

Area = W’ ( ‘L&'LO:_E"

Area =

W ta\n&/l. j;':{l3

>0 W't W
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Looking down the center line of the antenna.

where B is the beamwidth

Figure 5. Cell width geometry.




R T AT = e o

REDEFINITION OF ROLL ANGLE

If it is determined that the roll angle is measured
off the true nadir in the x z plane instead of orthogonal
to the centerline of the antenna beam as assumed above,
equation (5) can still be used to compute the area. However,
the roll angle ¢ used in the equations must be computed in

the following manner:
¥ = Tcw-‘ (m«'ﬁt‘“"@»

where ¥ is the angle in equations (1) through (5) above,
and ¥' is the roll angle obtained from the NERDAS.

COMPARISON TO NASA EQUATION

The quadratic equation used to solve for y, and y, is
H"(‘mf"l‘ 2 -
12\1’6\3% -(w-)) - L2k b Gt ]‘1 NS *“l °

where (6)
zmy

% =lan

It can be shown that this equation is identical to the

version that is contained in the NASA ESD program. The

quadratic in the ESD equation is

[NA

o on gl -




yileletly 1Y +2u G Bt e )y

[ §
+ Wtatel %;ﬁ +1] =0

The constant k is obtained from

_ZWisae
£a ® A

(_\_ Xl 2\ )7' =
UG "'&2\
Substituting this into equation (6) gives

"('cu

If.towt (SM.‘G l)\ Lhasttly v |~ ¢ H-
y* Lty - (\ u,.a | -Levtatly v u [mﬂ”] =0
] I & i
"3"[&3‘# = %&} - [zutzw mﬂj \—&[m g—q =0
yr L@ - é;'lel~§}\+mq @t]y + W Lﬂ, £\ =0

2 2, Eo'ﬂ =
11[-%’-{,('4\,30 -|1 - [{H(RQOHQ’@BJJ th mslqu,*t) 0
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This equation can be seen to be identical to the quadratic

that BSD uses.

CONCLUSION

The equations developed in this document are identical
to those developed by §chell in Technical Memorandum RSC-119
[1]. A question has recently been raised by NASA ESD concern-
ing the reference for the roll angle that is measured by the
NERDAS. It has been shown that the equations developed in
this document can be used for either roll angle reference
with a very simple roll angle adjustment.

The equations developed by Schell [1] are used in the
real time 13.3 GHz radar processor and have always been used
in the TAMU software processing programs. The only modifica-
tion to the TAMU area compﬁtation that has ever been made is
a change in the sign on the radical associated with the solu-

tion to the quadratic equation.
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