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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote
Sensing is a multiyear 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 U.S. Department
of Agriculture, the National Aeronautics and Space Administration, the National
Oceanic and Atmospheric Administration (U.S. Department of C. nerce), the
Agency for International Development (U.S. Department of State), and the

U.S. Department of the Interior.
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1. INTRODUCTION

Multifrequency microwave radiometer (MFMR) measurements were taken by the
National Aeronautics and Space Administration (NASA) C-130 aircraft at 1000
and 1500 feet above ground level as part of the Agricultural Soil Moisture
Experiment (ASME). This experiment was conducted near Colby, Kansas, on

July 18, 20, 21, and 22, 1978, and on August 8, 9, and 11, 1978. These data
are a measure of the natural microwave emission of the targets as seen by the
sensor. The MFMR is a group of sensors that collect data at five frequencies:
1.42, 5.0, 18,0, 22.5, and 37.0 GHz. Location of these sensors on the
aircraft is shown in figure 1-1, Each sensor collected data by viewing the
ground with either a 0° or 40° incidence angle; only one incidence angle could
be used at any one time. Because of mechanical incompatibility of their
antennas, the 1.42 and 5.0 GHz frequencies could not be used simultaneously.

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

Simultaneously with the MFMR data collection, the Precision Radiation
Thermometer Model 5 (PRT-5) measured the infrared temperature of the emitting
surface. Knowledge of this temperature may allow the conversion of the MFMR
antenna temperatures to emissivities.

A method of converting the MFMR and PRT-5 computer compatible tape (CCT) data
dnto disk files is outlined in this document. Each disk file will contain the
date, the MFMR data, the PRT-5 temperature data, and the ground reference posi-
tion of the data within the sampled field. This conversion is accomplished by
four processing programs. These are listed and each program s discussed in
this report.

1-1
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2. REQUIRED INPUT DATA

As the aircraft flew down the flight 1ine, the MFMR and PRT-5 data were
recorded on tape in an analog format. The tapes were sent to the Sensor
Analysis Laboratory (SAL) located at the Lyndon B. Johnson Space Center (JSC),
Building 15. At the SAL, the analog data were digitized and recorded on tape
along with the Auxiliary Data Annotation System (ADAS) data time of acquisi-
tion. Each record in the file also contains the roll, pitch, and drift angles
along with the altitude, ground speed, and true heading of the aircraft., The
data and V1ight parameters were measured approximately every 0.6 second.

A great deal of aerial photography was collected as part of the ASMt,
Photographs taken at an aititude of 8000 feet were used to construct con-
trolled strip mosaics of each flight 1ine. Additional aerial photography was
acquired as the aircraft collected the MFMR data. The acquisition time and
frame number of every photograph were recorded on the analoy data system.

This made 1t possible to determine the aircraft’s position at the frame times.
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 line. All overlays
were made at the same scale as the controlled strip mosaics.

2-1
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3. PROGRAM EXPLANATION

3.1 CONVERT PROGRAM

The MFMR data as provided by the SAL are grouped into records with a length of
160 characters. Some characters in each record are written in the American
Standard Character Code for Information Interchange (ASCI1) character code. The
rest of the characters are in binary form. The computer used in this study is a
National Advanced Systems AS/3000 which uses the Extended Binary-Coded-Decimal
Interchange Code (EBCDIC) for character representation. Therefore, before the
ground registration of the data can begin, the ASCII and binary characters must
be converted to EBCOIC. This is accomplished by a FORTRAN program cailed
CONVERT. A 1isting of the program and its execute file are given in appendix A,
The program reads in the data, does the character conversion, and reformats the
data to a record length of 132 characters so that a printed copy can be
obtained. The data file from the SAL can contain three types of records: cali-
bration, baseline, and data. The program CONVERT will write each to a separate
file in EBCDIC representation. A sample 1isting of the output data file is
shown in appendix A, The column titles are added for clarity but are not
actually written to the data file, Note that at this point all columns have
numbers in them, evan {f the sensor was turned off during the run. To fidentify
the useful data, :he file identification code must be referenced. Only the
useful data will be placed in the file output by the final processing program.

3.2 MFMR_PROGRAM

The second program used to process the MFMR and PRT-5 data is a FORTRAN program
called MFMR., A listing of the program and its execute file are given in
sppendix A. This program reads in the reformatted and converted data file and
computes the locatiosn of the aircraft's negative z-axis intersection with the
ground in a scene-based coordinate system. The MFMR program refers to the
camera location but, as clearly shown in figure 1-1 of section 1, the M*MR
sensors have an along-track displacement from “he camera. The sensor displace-
ments and beanwidths are listed in table 3-1. To obtain the location of the
sensor footprint center, the displacement must be added to the along-track
displacement.
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TABLE 3-1.- MFMR SENSOR SUMMARY

Sensor z:on]g-track Beamwidth, dﬁrm
Freouency | Wavelength | 41SPIacement [ yoys oower | Null to mull
Band | ™ (GHz) (cm) (ft)
L 1.4 21.2 +25.0 16.0 40.0
C 5.0 6.0 +25.0 4.5 12.0
KU 1800 1.66 '4200 500 14.0
K 22.0 1.36 -42.0 5.0 14.0
Ka 37.0 0.81 -42.0 4,0 12.0

Three inputs from the terminal are requested by the program. The first input,
called AMISS, is the distance (in feet) of the aircraft toward the north from
the southern field boundaries if the flight line runs east-west. If the
flignt 1ine runs north-south, then AMISS is the distance toward the west from
the eastern field boundaries. AMISS is measured at the beginning of the
flight 1ine. The second input, called YUP, is the crosstrack distance (in
feet) that the aircraft's position changed between the beginning and the end
of the flight line. rigure 3-1 is a diagram of a flight 1ine and shows the
distances represented by AMISS and YUP. Both inputs are measured with the
overlay on the strip mosaic. The final requested input is a three-symbol
numeric identifier called Code. The Codes used for the ASME MFMR data are
shown in table 3-2. .

TABLE 3-2.- IDENTIFICATION CODES FOR THE COLBY ASME DATA

Code Day, 1978 Sensor Polarization

1 199 (July 18) 13.3 GHz Scatterometer | Like

2 201 (July 20) 4.75 GHz Scatterometer | Cross

3 202 (July 21) 1.6 GHz Scatteromcter | Morizontal receive

4 203 (July 22) 0.4 GHz Scatterometer | Vertica! receive

5 | 220 (August 8) | 0° L, Ku, K, Ka M¥VMR | Horizontal and vertical receive
6 221 (August 9) | 40° L, Ku, K, Ka MFMR

7 223 (August 11)! 0° C WWMR

8 40° C MFMR
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Program MFMR creates an output file that contains the downtrack and crosstrack
locations of the airplane with respect to the beginning of the flight line.
This file also contains the corresponding MFMR data values for those locations
and the time that the data were acquired. Time of data acquisition is no lon-
ger needed for MFMR data ground registration, but it will be used to register
the PRT-5 data acquired simultaneously.

3.3 MPLOT PROGRAM

The third program, MPLOT, is a Statistical Analysis System (SAS) program which
reads the file output by program MFMR and plots the aircraft's ground track
along with one band of corresponding MFMR data. The plot is at the same scale
as the strip mosaics. A program listing is given in appendix A, and a portion
of the plot is shown in figure 3-2. At this point in the analysis, the MFMR
data are referenced by the distance (in feet) downtrack 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 is accomplished by using the overlays in
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 using the exclamation
points plotted alongside. The exclamation points are time marks when the
aircraft clock was at the minute or a multiple of 10 seconds after the minute.
Next, the overlays are placed on the piot so that the pnotographic position
from the overlay is on top of the asterisk representing the same time. The
solid line paralleling the piot 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 3-3 is an illustration of the
plot with the overlays in place. The downtrack distance (in feet) of each
field's closest boundary to the beginning of the flight line is read from the
plot. These distances, along with the dimensions of the corresponding fields,
are written in a separate 7ile. This file is used as an input to the next
program,



00000

' 3085L

* 0000C

«

g

‘weabodd [0 3y 4O 30(d 3y3 jo uojjsod y -°2-¢ 3an6}4

£

i

* se0cE

e so01c

> 00062

> 00002
00022

F 66666 S0c0ovo0ee o0
-

99 6000000 Q000
[

¢s 000
[

e8¢ otooe

[ A 2 2 ]
o0

3-5

D



*ade|d uy $3j4epunoq pajy pue uoj3isod opydeabojoyd
40 SN0 W44 (weaB01d 1070H) 3010 1 4o wopIRAILLY WY -rc-g 34n4 4

mmmmmum&,w.mmmm

* 002

n

Py Py Py

L L

AT S— a".
tse L &dhd

3-6

L
*
*
o0
1 ]
. L PR . b
oo . [ ] .0 .Q. n! * @ . L N ] £
L] . esee o® . . ¢ sel * ° oo e
[ X ] ¢ L * 00 OQQ .. . L L ® ee [ ] [ ] H
L ] [ ] » [ ] [ ] L J i
[ ] [ ] ¢* Se¢ . B ® [ ] ¢ © 2o o b
L] ] *
[ ] * ® (XN ¥
_ . 8/s/L wyeg . . i
T 4%\ vooug ’ : :

19" S 4oy & By

R



p——

When the procedure is carried out in the manner described above, a di crepancy
may become apparent. If the overlay and plot were registered at an exi ome
end of the flight 1ine, the overlay and plot positions may not match at the
opposite end of the line. This is caused by a lack of sufficient accuracy in
the recording of the aircraft's flight parameters. Therefore, it is recom-
mended that the overlay and plot be registered near each sampled field before
the downtrack distances are read.

3.4 MGRID PROGRAM

The final processing program, called MGRID, reads in the boundary data file,
the file created by program MFMR, and the corresponding file of PRT-5 data. A
listing of program MGRID and its execute file are given in appendix A.

Program MGRID determines which MFMR data lie within a sampled field and
calculates the location of the sensor footprints with respect to the northern
and western field boundaries. The program then searches through the PRT data
to find the infrared temperatures that correspond to the footprints. One
output file is created for each sampled field within the flight 1ine. The
output files can then be combined in the manner which best suits the analysis
technique that will be used.

3-7
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APPENDIX A
PROGRAM AND DATA LISTINGS

The following data are presented in this appendix.

a. CONVERT FORTRAN

b. CONVERT EXEC

c. Converted and reformatted data listing (See figure A-1.)
d. MFMR FORTRAN

e. MFMR EXEC

f. MPLOT SAS

g. MGRID FORTRAN

h. MGRID EXEC

A-1
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