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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote
Sensing is an 8-year program of research, development, evaluation, and appli-
cation of aerospace remote sensing for agricultural resources, which began in
fiscal year 1980. This program is a cooperative effort of the National
Aeronautics and Space Administration; the U.S. Agency for International
Development; and the U.S. Departments of Agriculture, Commerce, and the
Interior,

The work which is the subject of this document was performed within the Earth
Resources Research Division, Space and Life Sciences Directorate, at the
Lyndon B. Johnson Space Center, National Aeronautics and Space Administration.
Under Contract NAS 9-15800, personnel of Lockheed Engineering and Management
Services Company, Inc., performed the tasks which contributed to the
completion of this research.
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1. INTRODUCTION

Radar scatterometer measurements were taken by the National Aeronautics and
Space Administration (NASA) C-130 aircraft at 1500 feet above ground level as
part of the Agricultural Soil Moisture Experiment (ASME) near Colby, Kansas, on
July 18, 20, 21, and 22 and on August 8, 9, and 11, 1978. These data are a
measure of the efficiency of surface backscattering as seen from the sensor.
Four radar scatterometers were mounted on the aircraft: 0.4, 1.6, 4.75, and
13.3 GHz. Their location on the aircraft is illustrated in figure 1. Each
sensor collected data by lTooking aft with incidence angles betwven 5° and 50°.
A1l angles were sensed simultaneously.

Soil samples from several layers were collected from preselected fields of
approximately 40 acres on each of the 7 flight days. These samples were
weighed, oven dried, and weighed again so that the moisture content of the
layers could be caléulated. They will be used for comparison with the
scatterometer data.

The purpose of this report is to document a method of converting the scatterom-
eter computer-compatible tape (CCT) data into disk files, wherein each file
contains the date, the scatterometer data, and the ground reference position of
the data within the sampled field. This conversion is accomplished by execut-
ing three programs on the National Advanced Systems AS/3000 computer, located
in the Earth Observations Division Laboratory (EODL) in Building 17 at the NASA
Lyndon B. Johnson Space Center (JSC). A listing and discussion of each program
are given in this document.

2. REQUIRED INPUT DATA

As the plane flew down the flight 1ine, the scatterometer data were recorded on
tape in analog form. The tapes were sent to the Sensor Analysis Laboratory
(SAL) in JSC Building 15. At the SAL, the analog data were subjected to a
Doppler frequency shift filtering which separated the data by incidence angle.
Then, the data were digitized and manipulated so that all incidence angles
representing approximately the same target area were grouped together.
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Figure 1.- Bottom view of the NASA C-130 aircraft.



In the case of the Colby ASME, the output CCT's from the SAL contain four files
for each sensor on each run over a flight 1ine. Only files 1 and 4 are
required by the programs described in this document. The two files containing
sensor calibration and bandwidth information (files 2 and 3, respectively) are
not uced,

File 1 contains the aircraft's flight parameters. Each record in the file con-
tains the roll angle, pitch angle, drift angle, altitude, ground speed, and
true heading angle of the aircraft referenced by the Auxiliary Data Annotation
System (ADAS) time of measurement. New aircraft flight parameters were
measured approximately every six-tenths of a second. A listing of a sample
file 1s shown in figure 2.

File 4 on the CCT contains the scatterometer data. Figure 3 is a sample listing
of this file. Each record in the file contains the backscatter coefficients, in
decibels, for approximately the same area as viewed from 10 different incidence
angles., They are referenced by the ADAS time when the aircraft passed over or
closest to the target area. If the drift angle is nonzerc, the areas viewed at
various angles are unregistered and decorrelated.

A great deal of aerial photography was collected at the Colby test site.
Photographs taken at an altitude of 8000 feet were used to construct controlled
strip mosaics of each flight line. Additional aerial photography was acquired
as the aircraft collected scatterometer data at altitudes of 1000 and 1500 feet.
The acquisition time and the frame number of every photograph were recorded on
the analog data system. This made it possible to determine the aircraft's posi-
tion at the frame ti.es. The camera positions and frame numbers were plotted on
transparent overlays by the JSC Cartographic Technology Laboratory. Additional
overlays were made showing the location of the sampled fields in each flight
1ine. A1l overlays were made at the same scale as the strip mosaics.
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3. PROGRAM EXPLANATION

3.1 SCAT

The first proaram used to process the scatterometer data is a Fortran program
called SCAT. A 1{sting of the program and its execute file are given in the
appendix, This program reads files 1 and 4 after they have been transferred
from the CCT to a disk. The program uses these data to compute the inter-
section of the afrcraft's negative z-axis with the ground in a scene-based
coordinate system,

Three inputs from the terminal are requested by the program. The first finput,
AMISS, 15 the northward distance (in feet) of the plane from the southern field
boundaries, if the flight line runs east-west, or westwara from the eastern
field boundaries for north-south flight lines, at the beginning of the flight
line. The second input, YUP, 1s the crosstrack distance (in feet) that the
airplane's position is from the reference field boundary at the end of the
flight 1ine. Figure 4 is & diagram of a flight 1ine and shows the distances
represented by AMISS and YUP. Both distances are measured (in millimeters)
with the overlay on the strip mosaic. The final input reauested is called
CODE. It is a three-symbol numeric identifier for the day, sensor, and polari-
zation of the data. The codes used for the Colby ASME are shown in tahle 1.

Program SCAT creates two output files. One file contains the downtrack and
crosstrack locations of the airplane at each time that aircraft flight param-
eters were available. The second output file contains the scatterometer data
and the location of the aircraft's negative z-axis intersection with the ground
with respect to the beginning of the flight 1ine. The file also contains the
distance (in feet) of footprint decorrelation caused by aircraft drift. This
distance represents the difference in crosstrack location of the 5° and 50°
sensor footprints.
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TABLE 1.- CODES FOR THE COLBY SCATTEROMETER DATA

Code | Day, 1978 Sensor, GHz | Polarization?
i 199 - 7/18 13.3 vy
2 201 - 7/20 4.75 VH
3 202 - 7/21 1.6 HY
4 203 - 7/22 0.4 HH
5 220 - 8/08
6 221 - 8/09
7 223 - 8/11 B
qyv « vertical transmit and vertica) receive,
VH = vertical transmit and horizontal receive,
HV = horizontal transmit and vertical receive, and
HH = horizontal transmit and horizontal receive.

3.2 PLOT

The second program, PLOT, s a Statistical Analysis System (SAS) program. This
proaram reads the two files output by progqram SCAT and produces a printer plot
of the aircraft's ground track along with the correspondina 20° scatterometer
data. The plot fs at the same scale as the strip mosaics. The 20° incidence
angle was chosen because it was judged to be most responsive to row direction
effects. The advantage of this will be explained later in this paper. A por-
tion of the plot is shown in figure £, and a program listina is given in the
appendix. At this point in the cnalysis, the scatterometer data are referenced
by the distance (in feet) down track and the distance from the southern or
eastern field boundaries, depending upon the direction of the flight line. It
is necessary to know the ground reference position of the data within the
sampled fields. This 1y accomplished by using the overlays fn conjunction with
the plot. Both overlays, one with photographic position and the other with
field boundaries, are placed on the plot in the following manner. First, a
time is found when the aircraft's flight parameters are available and when an
aerial photograph was taken. The time represented by each asterisk in the
flight path plot can be found by usina the exclamation points plotted along
side. The exclamation points are time marks when the afrcraft clock was at the
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minute or a miltiple of 10 seconds after the minute. Next, the overlays are
placed on the plot so that the photographic position from the overlay is on top
of the asterisk representing the same time. The solid line paralleling the
plot of the flight path should be even with the southern field boundaries for
an east-west flight or with the eastern field boundaries for a north-south
flight, Figure 6 is an illustration of the plot with the overlays in place.
The downtrack distance (in feet) of each field's closest boundary to the begin-
ning of the flight line is read from the plot. These distances, along with the
dimensions of the corresponding fields, are written in a separate file. This
file is used as an input to the next program.

When the procedure is carried out in the manner described above, a discrepancy
may become apparent. If the overlay and plot were registered at an extreme end
of the flight line, the overlay and plot positions will not necessarily corre-
spond at the opposite end. This is due to a lack of sufficient accuracy in
recording the airplane's flight parameters. Therefore, it is recommended that
the overlay and plot be registered at several points along the flight line.

The plot of the 20° scatterometer values is useful for a final, small
adjustment in the alonatrack direction.

The row direction of the fields can be determined from the aerial photography.
Since the 20° scatterometer angle is highly responsive to row direction
effects, knowledge of how the row direction changes from field to field can aid
in determining exactly which points fall in the sampled field.

3.3 GRID

The GRID program reads in the boundary data file, along with the file contain-
ing the scatterometer data that was created by program SCAT. A listing of this
Fortran program and its execute file are given in the appendix. A separate
output file is generated for each sampled field within the flight 1ine. Each
record in the file contains the distance (in feet) from the 30° footprint to the
northern and the western field boundaries, along with the corresponding scatter-
ometer data and decorrelation distance. The output files can then be combined
in the manner which best suits the analysis techniques that will be used.

10
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Figure 6.- Illustration of the plot of the aircraft's ground track with
overlays indicating the photographic position and field boundaries.
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APPENDIX
PROGRAM LISTINGS AND EXECUTE FILES

A 1isting for program SCAT and its execute file are provided in figures A-1 and
A-2, respectively. The listing for program PLOT is given in figure A-3.

Figures A-4 and A-5 are respectively the 1isting and execute file for program
GRID.
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Figure A-1.- Computer 1isting for program SCAT.
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A-5




ORIGINAL PAQE IS
OF POOR QuALITY

CONVERSATIONAL MONITOR SYSTEM

SAS

rFILE: PLOT

HEN TICse!

W D= 0tppect P 0=ttt

o1

C 4,0 WaS Y1 &

daof

T
i
«0)*1000.0+4000,0%

T1 PARY33
T2 PARTAS

sa"' X*YTIC2= | '/QVERLAY

»O
¢ ~O
x ©
b
= (Do
-

»

o
- O
* Ch-
- M
nlo
>aun

s OI>ILWC CI>TuWo
dZZWrbLE42ZaLN\>FTLL CW> 9>V

et e D VYD'IM 3 av!‘M [ Jel. ¥

111 XoY2me®s XOYTIC2=v!*/QVERLAY

R

00 8Y
Figure A-3.- Computer 1isting for program PLOT.

A-6




ORIGINAL PAGE (S
FILE: ORIO FORTRAN A OF POOR Q.. T, CONVERSATIONAL MON]TOR SYSTEM

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE R

Jobs SRoseus 45 I Taig0r 1IACE Paogeung aes I0,EedfisS e § 2
oataSRYs £ FoRTERCn L5Ra080 1elD ALoNG ThE T LINE. g

THE INPUT VARIABLES FRON UNIT 9 ARE: gg

[¢1s] 3 = INT XT FOR EXPLANATION on

k NE : 5 ;L?h b E BE t 1 § g:

CQRR = g Sne AT&ON OISTnNic (E * GH

ATX = OwNTR é ? gs HE DATA GR

ATY = ISTAN TV THE UTHERN/ AST RN FIELD g:

1SIGZ = ?HE ARR.Y CONTAINING THE SCATTEROHQYER DATA g:

THE INPUTS FROM UNIT 10 ARE: . ?z
IFLO = AN ARRAY CONTA ~l~a rng NUMBERS OF THE SAMPLED g' é;
START ™ tné ogwut RACK o& ?ANCt F THE F!E os IN THE LINE GR
IBE s TH ;NGTH OF THE éEtDS (ALO ? C O6R
s TH OTH OF TrE FI (CROSS nacx) g G:

8 THE OUTPUT VARIABLES ARE! ¢ G:
CODS lF%DOILé §OIPUN' ABOVg C OGw
MEA RRELATION ANC 6R
f PR e e, (8

w

§ CAT = THE ARRAY o THE SCA TTERUHETE }a E G:
CCCC& ccce CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC?CC%CCCCCCCCCCCCCCCCCCCCCCCS GR
NTEG n-s iF D(lS)oéS{GZ(SlOoéO)oSCA (} v;O)oSHEAR(lS)vl(ZO)oY(ZO)GR
AL 5Ta T(l%).xugo (15) s YWIDE(15) ¢SCATX(510) GR
REAL DECORR(510)+SCATY(510) gg
§ READ THE INPUT FILES gz
REA (9v}00)ICloICZO!C30XLINEOIRUN.OECORR(K)QSCATX(I)QSCATY(ll- GR

6 535 (1sN) oNm1e 10/ GR

100 00 l‘ﬂg;‘z(sx'JllollcIloixoll o1XeFae0elXoF6e091XoFS5e006X010]0) gu
nsno«eJib{.Eno-bx)oE ORR (M) y SCATX (M) o fATYtH)o(lSlGZ(MoN)oNlloIO)GR

10} FORMAT (SXeFb 001X Q.OOIXOF 00e6X0) Gr.
SéATV(H)ISCATY(H)'b GR

NUHME =M : _ o

li ON 1“2 15 i 3

% A1 6¥§ Z9END=} 21 1£LD (N) ¢ START (N} + XWIDE (N YW IDE (N} On

105 ORMAT (1291 XoF 1 s1XeF6el) GR

c NrLD N g:
8 M. 1S THE COUNTER FOR INPUT FILE 10 gg
12 M=) gz

g THIS SECTION LOOKS FOR THE BOUNDARIES IN THE DATA gg
00 3 K= L) Gl

IF ( CATK(K).LT.START(H))GO 70 3 g:
END-gTART(M)oxleE(M) . GH

00 ¢ g «20 GH

XF( CAT!(L).GT.END)GO 70 44 GR
[ S tho& gs

Sl -

c ARAN&E!SCATX(L)OSCATX(K) 35
THIS SECTION SETS UP THE FIELD OIMENSIONS ga
NPTSs| =K 6R
BTeneg. o} i
XwWsXW]D (n) GR
YésYw og M) 6w

r( L Qe)) XW=0,0 GR

{ §0.4)xu-o.o GR
N Ee6) YNR0,0 GR

Figure A-4.- Computer listing for program GRID.
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Figure A-4.- Concluded.
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Figure A-5.- Execute file for program GRID.
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