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GLOSSARY

Along-track — in the direction of the spacecraft ground
track; sometimes called vertical when referring to

output product coordinates.

ASCS — Agricultural Stabilization and Conservation Service,
an agency of the U.S. Department of Agriculture.

CCT — computer-compatible tapes (standard 1/2-inch wide
magnetic tapes in nine-track or seven-track format)

containing digital ERTS-1 data.

CITARS — Crop Identification Technology Assessment for Remote

Sensing.

DAS — data analysis station, a computer system consisting
of tape drives and computer, a display and control
console, and film recorder used to reformat, analyze,

and review remotely sensed digital data.

EOD — Earth Observations Division of the Lyndon B. Johnson

‘

Space Center, Houston, Texas.

ERIM — Environmental Research Institute of Michigan,

Ann Arbor, Michigan.

ERTS-1 — the first Earth Resources Technology Satellite,
renamed LANDSAT-1 in January 1975.

GSFC — Goddard Space Flight Center, Greenbelt, Maryland.
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Image skew — image distortion caused when the scan of the
sensor is not perpendicular to the plane formed by the
spacecraft and the instantaneous ground-track velocity

vector.
JSC — Lyndon B. Johnson Space Center, Houston, Texas.

LARS — Laboratory for Applications of Remote Sensing, Purdue
University, West Lafayette, Indiana.

LARSYS — the name designating the remote sensing data
analysis programs developed at LARS.

Least squares — a statistical procedure that involves

minimizing the sum of squared differences.
MSS — multispectral scanner system.
NASA — National Aeronautics and Space Administration.

Nearest neighbor rule — the point nearest the desired sample
location used to represent the value at the desired

location.

Pixel — picture element (refers to one instantaneous field
of view as recorded by the multispectral scanning system,
which is equivalent to approximately 0.44 hectare, or

1.09 acres).
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rms — root mean sguare.
Spectral bands — the division of the visible and near-

infrared portions of the electromagnetic spectrum into
discrete segments.

channel  band  micrometers  Spectrum
1 4 0.5 - 0.6 " Green
2 5 0.6 - 0.7 Red
3 6 0.7 - 0.8 Reflective
4 7 0.8 - 0.11 infrared

Standard deviation — a measure of the dispersion of data

points around their mean value represented by the
symbol o .

Threshold -~ the boundary in spectral space beyond which a
data point (pixel) has a sufficiently low probability
of being included in a given class and, therefore, is
purposely excluded from that class.
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1.0 INTRODUCTION

Preparation of data from the first Earth Resources
Technology Satellite (ERTS-1) for the Crop Identification
Technology Assessment for Remote Sensing (CITARS) project
consisted of data quality evaluation, geometric correction,
multitemporal registration, and location of section and field
coordinates. Geometric correction was performed to facilitate
accurate locations of section and field coordinates. Regis-
tration of the data from two or more ERTS-1 passes over the
same scene was required for multitemporal data analysis proce-
dures and for reduction of the number of times which section
and field coordinates had to be located. With registered
data, the desired coordinates needed to be found only once.

The procedures were designed to allow each institution
participating in CITARS to use common training and test
field boundaries and to duplicate ERTS-~1 data tapes. Such
a procedure was followed to permit more meaningful perform-
ance comparisons and to eliminate needless duplication of
tasks and resources at each institution.

This report summarizes the ERTS-1 data acquisition
and its quality; describes the procedures followed for
reformatting, geometric correction, multitemporal registra-
tion, and location of section and field coordinates; and

evaluating those procedures.
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2.0 DATA ACQUISITION SUMMARY

The data acquisition plan specified that ERTS-1 data
from cycles 18 through 24 should be requested from the
National Aeronautics and Space Administration/Goddard Space
Flight Center (NASA/GSFC) and reformatted at the Laboratory
for Applications of Remote Sensing (LARS) into the LARSYS
data format for each of the six 8- by 32-kilometer (5- by
20-mile) test sites used in CITARS. Figure 1 shows the
test site locations, and table I illustrates the dates of
coverage of each test site. Each test site was purposely
located in the ERTS-1 coverage overlap zone. Thus, each
test site is covered on 2 consecutive days of each ERTS-1
cycle.

The ERTS-1 multispectral scanner (MSS), system-
corrected computer-compatible tapes (CCT's) including
coverage of the test area segments for which NASA/GSFC
reported cloud coverage of 70 percent or less were placed
on standing order for shipment to NASA/Lyndon B. Johnson
Space Center (JSC). Frames reported as including more than
70 percent cloud cover were screened on microfilm copy at
NASA/JSC, and CCT's were ordered for frames including test
segments that were significantly cloud free.

Results of ERTS-1 MSS data acquisition efforts are
shown in table II. From the 84 segment-period-passes or
chances for collecting an acceptable data set, 26 data
sets from 20 segment-periods were determined as being
acceptable, leaving 22 segment-periods unrepresented by
good data. Data sets were not included for analysis for
one of the following reasons: (1) the ERTS-1 MSS did not




operate during the overpass, (2) the test segment was

divided between two frames of an orbit, and data from the
other pass of the segment-period were acceptable, (3) the
test segment coverage was incomplete (off the eastern or
western frame edge), or (4) the test segment had greater

than 30 percent cloud cover.

Reasons for data rejections are indicated in table II.
Fifty-three data sets were rejected because of cloud cover,
two because of incomplete segment coverage, two because of
data unavailability from NASA/GSFC, and one because of its
being split between two consecutive frames. The split-
frame data set could have been handled, but the work
required was not warranted because good-quality data were
available from the preceding pass of the segment-period.

One deviation from the Task Design Plan (ref. 1)
involved delivery of ERTS-1 CCT's to LARS. Shipment of CCT
copies from NASA/JSC to LARS was not required because many
of the required CCT's were being shipped directly to LARS
from NASA/GSFC by another project contract involving the
same geographical test areas as the ones in CITARS. This
modified procedure for receiving ERTS-1 CCT's caused no
problems.




TABLE I.— ERTS-1 COVERAGE SCHEDULE FOR CITARS SEGMENTS

ERTS-1 Month, period Date of overflight along-track®
cycle 1973 L M N 0 p
18 June I 8 9 10 11 12
19 June II 26 27 28 29 30
20 July II1 14 | 15 | 16 | 17 | 18
21 Aug. v 1 2 3 4 5
22 Aug. A% 19 20 21 22 23
23 Sept. VI 6 7 8 9 10
24 Sépt. VII 24 25 26 27 28
Huntington | Livingston
White Lee
Counties covered: Shelby Fayette
Indiana Illinois

8The first pass, L, occurs on the first day of the
period; M, the second; N, the third; O, the fourth; and P,
the fifth. Passes L through P lie alphabetically side by
side from east to west over Indiana and Illinois. Adjacent
passes overlap slightly.




TABLE II.— SUMMARY OF ERTS-1 MSS DATA

ACQUISITION

Period, 1973
Segment Pass 1 II 111 v v VI VII
6/08-12/73 6/26-30/73 7/14-18/73 8/01-05/73 8/19-23/73 9/06-10/73 9/24-28/73
*1320-15534 ' No data 1428-15520
Huntington 1 73037601 (0) (100) (20) (100) collected (80) 73087602 (5)
*1321-15593 1357-15590 :
2 73533705 (0) (100) 73046407 (9) (90) (50) (40) (100)
¥1320-15541 No data 1428-15523
Shelby 1 73037701 (0) (90) (80) (100) collected (80) 73087402 (0)
2 Incomplete (80) Incomplete (80) 1393-15581 1411-15581 (70)
coverage coverage 73061203 (30) 73067007 (5)
*1321-15593 1411-15581
Whi te 1 73033705 (0) (100) (70 (90) (75) 73067005 (20) (100)
Incomplete 1394-16042
2 coverage (80) (70) (80) 73060705 (0) 90) (80)
1 *1322-16051 (80) 1358-16045 1376-16043 1394-16042 (90) (100)
Livingston 73033601 (0) 73047602 (0) 73052902(20) | 73060707 (30)
1341-16104 Segment
2 (30) 73047802 (20) | bocoets) (100) (50) (100) (80)
1322-16054 1358-16051 1394-16044
Payette 1 73037402 (0) (50) 73046592 (0) (80) 73060802 (0) (50) (50)
*1323-16112 1341-16111 1359-16105
2 73039101 (5) 73052002 (0) 73054202 (0) (200) (50) (100 (90)
*1359-16100
Lee 1 (35) (80) 73052102 (5) (100) (100) (100) (100)
1360-16155 1378-16153
2 (100) (40) 73066301 (0) 73120202 (0) (90) (50) (100
Legend: x

XXKX=XXKKX ERTS-1 scene identification number

XXXXXXXX LARSYS run number
() Percent cloud cover
* Base run for image registration
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3.0 DATA QUALITY EVALUATION

A majority of the selected data was of good quality.

However, a few problems affecting either data analysis proce-
dures or results were observed: (a) occasional erratic data
throughout individual scan lines or portions of lines,
(b) detector-to-detector differences among the mean values
obtained from the six detector channels that comprise each
spectral band as averaged over a large sample of the data,
and (c) differences in the variances observed from the

detector channels over the same data sample.
3.1 BAD SCAN LINES

The quality of ERTS-1 data was assessed by several dif-
ferent methods. First, each spectral band was visually
inspected on a digital display to determine the presence of
any lines of bad data through one of the 8- by 32-kilometer
(5- by 20-mile) segments. More than half (14) of the 26 sets
had no bad lines, and the worst sets were one with 8, two
with 19, one with 25, and one with 40 bad lines (table III).

The data set with 40 bad scan lines was analyzed using
only bands 5, 6, and 7. For the remainder of the data sets,
entire fields were deleted if the bad scan line points made
up a majority of the data, and bad scan line points were
deleted from the field coordinate cards which represented
mostly good data.
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3.2 VARIATIONS AMONG DETECTORS

Next, histograms and sample statistics (mean and
standard deviation) were computed for samples of the data —
every line and every thirtieth point for all cases, every
line and every sixth point for many, and every line and
every point for a few. These statistics were calculated
separately for each detector in each spectral band; unrotated
ERTS-1 data were utilized for these tests. The largest dif-
ferences in mean values of any two detector outputs are

shown in table IV.

One would expect some variation between values in the
various detectors because each detector is calibrated sep-
arately. To evaluate the degree of similarity between these
statistics, a mean, mu , of the six detector means and the
sample standard deviation, su , of the individual values
from that overall mean were calculated for each spectral
band. The ratio, su/mu, was computed for each data set; a
histogram of these values is presented in figure 2. All
values lie below 3 percent, except for one of 9.3 percent,
which corresponds to the data set with 40 lines of bad data.
No clear relationship could be found between the number of
bad lines and su/mu values below 3 percent. The number of
good lines present was sufficient to mask effects of a few
bad lines, and channel-to-channel variations existed in all
data.

Similarly, the detector value standard deviations were
analyzed; a histogram of sc/mo is presented in figure 2. 1In
this instance, the s/m values exhibit congiderably more
spread than they do for the detector means. Most values are

—~.




<5 percent, but they scatter up to 24 percent, with an
extreme of 87 percent for the 40-bad-line case. Here again,
except for extreme values, no direct correlation between

sg/m0 and the humber of bad lines present was apparent.
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TABLE III.— REPORT OF BAD SCAN LINES FOR ERTS-1 MSS DATA

LARSYS data tape channel number

L];Eiys Segment Period

1 2 3 4
73033601 Livingston I - — - -
73037402 Fayette I - 1 — -
73039101 Fayette I 1 - - -
73033705 White I — — - -
73037601 Huntington I - - - -
73033707 Huntington I — - - -
73037701 Shelby I - - - -
73047802 Livingston II - 1 9 40
73052002 Fayette II 1 - 7 11
73052102 Lee III - - - -
73066301 Lee III 40 - - -
73047602 Livingston IIT - - 3 -
73046502 Fayette IIT - 1 10 1
73054202 Fayette I1I - - — -
73046407 Huntington III - 1 - -
73052902 Livingston v - - - -
73120202 Lee v - - — —
73060707 Livingston \Y - — - -
73060802 Fayette \Y/ - - - -
73060705 White v - - - -
73061203 Shelby \Y - - - -
73067005 White VI - - - -
73067007 Shelby VI - - — -
73087602 Huntington VII - - - -
73087402 Shelby VII - - - -




'TABLE IV.— PEAK DETECTOR MEAN DIFFERENCES FOR ERTS-1 MSS DATA
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Peak detector mean difference

LARSYS run® Segment Period
Channel 1 | Channel 2| Channel 3 | Channel 4

73033600(01) | Livingston I 0.511 0.445 1.590 1.080
73037400(02) | Fayette I .766 .859 1.497 1.487
73039100(01) | Fayette I 1.058 1.232 2.017 1.493
73033702 (05) | White I .889 .755 1.397 1.307
73037600 (01) | Huntington I .618 .589 2.122 1.390
73033701(07) | Huntington I .857 .784 1.931 1.433
73037700 (01) | Shelby I .692 .961 1.543 1.428
73047800(02) | Livingston 1T .998 .662 1.548 1.669
73052000 (02) | Fayette II .735 .637 2.207 1.760
73052100 (02) | Lee III .557 .252 2.226 1.795
73066300 (01) | Lee I1T 8.832 .424 1.960 1.721
73047600(02) | Livingston IIT .853 .578 2.374 1.700
73046500 (02) | Fayette IIT .709 .313 1.532 1.777
73054200(02) |Fayette I11 1.139 .370 2.911 1.942
73046402 (07) | Huntington III " .767 .668 2.832 1.639
73046401 (10) | Shelby IIT .909 .368 2.742 1.845
73052900(02) | Livingston Iv .955 .574 3.471 1.928
73120200(02) | Lee Iv .805 .489 2.301 1.834
73060700(07) | Livingston v .598 .472 2,484 1.856
73060800 (02) | Fayette v .798 .437 2.722 1.892
73060701 (05) | White \Y% .508 .451 2.340 2.106
73061200(03) | Shelby v .542 .807 2.870 1.809
73067002 (05) | White VI .607 .390 2.213 1.898
73067001 (07) | Shelby VI 1.038 .564 2.223 1.784
73087400(02) | Shelby VII 1.207 .608 .630 1.295
73087600 (02) | Huntington | VII 1.334 .941 1.178 1.400

*Numbers within parentheses represent the percentage of cloud cover
during each data acquisition period.
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(a) Differences in signal standard deviations.

Figure 2.— Variations among the six detector channels in
single bands of ERTS~1 MSS data. [Originally prepared by
the Environmenhtal Research Institute of Michigan (ERIM),
ref, 2]
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4.0 REFORMATTING

The standard ERTS-1 CCT to LARSYS III procedures
described in the Task Design Plan were followed for all
CITARS data. Only the portion of the ERTS-1 frame con-
taining the segment was reformatted. This aspect of the
reformatting was initiated by supplying latitude and longi-
tude coordinates to the reformatting process. Coordinates
used (given in table V) exceed actual test site boundaries
8 to 19 kilometers (5 to 12 miles) to allow for tolerances in
the ERTS-1 frame center coordinate values given on the ERTS-1
CCT's and effects of frame rotation. After reformatting of
test site area data selected as base data, test site bound-—
aries were located with a 3-kilometer (2-mile) outside
margin. This boundary location became the definition of
data included in the final version of each selected data
set. One exception was the Fayette data set, which was
defined with lérger than 3-kilometer margins because of

the urgency in processing it.
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TABLE V.— TEST SITE COORDINATES USED FOR REFORMATTING
DATA FROM CCT TO LARSYS III FORMAT

Northwest corner Southeast corner
Test site

Longitude Latitude Longitude Latitude

Huntington 85°42' 41°05" g85°21" 40°34"
Shelby 85057 39°47" 85°37" 39°17"
White '87°03" 41°02" 86°42! 40°28"'
Livingston 88°48"' 41°12" 88°24" 40°38"'
Fayette 89°19! 39°16" 88°59' 38°46"
Lee 89°35! 41°59' 89°13! 41°29"
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5.0 MULTITEMPORAL REGISTRATION

Data preparation plans called for selection of a base
data set for each of the six test sites to which all other
later acceptable data sets would be registered. Thus, for
each test site one ERTS-1 line/column coordinate grid became
standard. This procedure was adopted so that field boundary
coordinate selection would only be required only one time for
each test site. Registrations are referred to as "virtual"
because they were stored as separate LARSYS four-channel
data runs rather than being combined as one run having 16 to

24 channels.

Image registration procedures given in the CITARS Task
Design Plan and reference 3 were followed, except in certain
difficult or problem cases in which one or both of two pro-
cedural modifications were implemented. A problem registra-
tion case arose when the image being registered did not
numerically correlate satisfactorily with the base image.
The first recourse taken was to enhance both images by a
principal components transformation and then to correlate
the best suited components of the transformation. Severe
cases, however, required registration or correlation of the
image with another registered image rather than with the
base image itself. This, of course, was a last resort since
registration errors are accumulative. Problem cases occurred
most frequently when late August (Period V) data were regis-
tered with early June (Period II) base data.

In March 1974, an error was discovered in the registra-
tion system program. The error caused a periodic duplication
of data lines. That is, data which would have been in line N
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were being replaced with data of line N-1l. This error
affected 11 completed data sets. The data sets were rereg-
istered, except for the Shelby Period III run, which had
been deleted from the analysis schedule. The reruns did not
cause a major time delay because replications of the image
correlations were not required and because field coordinates
had not yet been found satisfactory.

Root-mean-square (rms) values for checkpoint residuals
of each overlay (shown in table VI) were computed. These
values do not explicitly denote registration accuracy but
can be used as accuracy indicators. The values were computed
as the rms value of the residuals of the least squares second-
order polynomial fit as applied to the checkpoint sets (dis-
cussed in appendix A). These values are actually indicators
of how well the derived polynomial fits the checkpoints.
Values of 0.5 are considered acceptable, and values above 0.8
are consldered marginally acceptable. In practice, new
checkpoints were derived for cases with larger than 0.5 values
to achieve the 0.5 standard when possible.

The effect of registration on ctlassification performance
was also evaluated in five segment-period combinations by
locating coordinates 1n nonregistered data ahd by comparing
classification results to those obtained from the registered
data. These regults will be presented in the final report
on classification results.
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TABLE VI.— RMS RESIDUALS OF THE LEAST SQUARES POLYNOMIAL
FIT CALCULATION FOR REGISTRATION PROCESSING

1 Residual, rms
Segment Period cgeckegigis
p Lines Columns
Huntington I 30 0.44 0.36
I1I 27 .31 .39
VII 51 .30 .43
Shelby III 23 .63 .38
\Y4 9 .27 .27
Vi 43 .30 .47
VII 59 .31 .43
White v 61 .32 .39
VI 16 .28 .14
Livingston 11 32 .31 .44
III 9 .44 .37
iv 9 .16 .87
Fayette I 41 .39 .33
IT 52 .37 .29
I1T 53 .44 .34
A"/ 19 .57 .39
Lee ITT 100 .34 .58
Iv 84 .32 .41
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6.0 GEOMETRIC CORRECTION

The digital form of the ERTS-1 data (CCT's) contains
several geometric distortions. These' distortions include
scale differential, altitude and attitude variations, Earth
rotation skew, orbit velocity change, scan time skew, non-
linear scan sweep, scan angle error, and frame rotation.
The major errors concern the scale and skew. Also, rota-
tion of the data to north orientation is highly desirable.
A two-step process, developed by LARS for the geometric
correction of ERTS-1 data over small areas, was applied to
all CITARS data.

Briefly, the procedure uses four linear transformations
to correct or adjust for horizontal and vertical scale dif-
ferences, rotation, skew caused by Earth rotation, and output
scale factors. The process assigns radiance values in a
rescaled, rotated, deskewed coordinate system with data
from the existing grid; that is, the raw ERTS-1 data.
Because a fixed grid output device (the printer or digital
display screen) is used, some interpolation is required to
produce new samples. The point nearest the deéired sample
location is used to represent the value at the desired loca-
tion (nearest neighbor rule). The procedures are fully

described in the Task Design Plan.

When the data are printed on an 8-line-per-inch,
10-column-per-inch computer line printer, the resulting
scale is approximately 1:24,000 and the image is north-
oriented. Comparisons to topographic maps indicate about
a 1- to 2-percent scale error. This format facilitated
locating section and field boundaries since rectified
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photograph overlays of the same scale could be matched to
the ERTS-1 imagery.

The actual matrices used to perform the geometric
correction of respective CITARS test sites were applied to
the data sets as discussed in the CITARS Task Design Plan
and reference 4. Data values were selected from input

images for each output element as follows.

Il
>

where

C,, = input image column
Lin = input image line
Cout = output image column
Lout = output image line
and
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7.0 SECTION AND FIELD COORDINATE LOCATIONS

Locating section and field coordinates was a major task
preparatory to the classification of ERTS-1 data. To ensure
that registration errors did not interfere with identifica-
tion performance of field centers, no picture elements
(pixels) were chosen from a one-pixel guard row and column
around the perimeter of each field. That is, at least one
entire pixel lay between the true boundary of any field and
the pixels chosen from that field. The effect of this con-
servative but necessary criterion for selecting field pixels
greatly reduced the humber of pixels available for training
and testing the classifiers.

Selecting pixels under these conditions was the direct
cause of the several iterations of locating field coordinates
(described in the following paragraphs). On the one hand,
more pixels were wanted; but on the other hand, it was
necessary not to sample too closely to a field boundary.

The result was that there was no way of leaving sufficient
guard pixels unsampled so as to eliminate any question or
doubt that selected pixels were truly field center pixels.
Changing the placement of the overlay on the ERTS-1 imagery
by a fraction of a pixel would considerably change the
pixels included in the sample. As long as this was a sub-
jective decision by the analysgt, there was never complete
agreement among all experiment participants that the correct
pixels had beett chosen. The solution to this problem was to
move by steps toward the use of more objective and quantita-
tive methods of determining the location of field boundaries.
In retrospect, it would have been better to have started
with the method fihally used; but all the difficulties
involved in using the manual methods were not predicted at
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the start of the task. In summary, the real problem was that
experiment participants were trying to locate and select
pixels more precisely than the ERTS-1, 80-meter spatial

resolution allowed.

This task was first attempted with a manual method for
location of fields in ERTS-1 data displayed as single-band,
gray-scale, line printer maps. This required that field
boundaries be easily distinguished in the imagery. When
minimal spectral contrast existed among crop fields, non-
supervised classifications were performed to produce an
enhanced image. Whether gray-scale or computer-enhanced
images are used, reasonably large fields are required to
assure that the selection of pixels from within the field
boundaries.

With the CITARS data, little contrast among fields of
interest was evident because the first data were collected
early in the growing season (June 8 through 12). It was
important, however, to use the registration base data
because any registration errors would be cumulative. For
instance, at this time of the year, corn and soybeans were
only a few centimeters tall, the spectral response was
primarily from the soil, roads were not as visible in the
imagery as they generally are in data collected later in
the season, and many fields were small (<8 hectares, or
<20 acfes). Therefore, when individual fields could not
be clearly seen in the imagery, procedures for accurately

locating fields were required to meet project requirements.

To improve the accuracy of the manual location method,
ERTS~1 images were geometrically corrected and rescaled to

produce a nominal 1:24,000-scale map on a line printer.
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This product alone made the location of fields more precise
and more rapid than it would have been on uncorrected data.
Photograph overlays with outlines of the section and field
boundaries were prepared by the Earth Observations Division
(EOD). The initial overlays, made from photographs enlarged
to a nominal scale of 1:24,000, were helpful but not com-
pletely satisfactory because of distortions in the photo-
graphs. Rectified photographs that could be manually
overlaid to the line printer maps of the ERTS-1 data were
then produced at scales of 1:24,000.

After all field and section coordinates in the ERTS-1
data were manually located, the precision was still not
adequate to meet the requirement of a maximum error of one
pixel. Therefore, ERIM used a previously developed computer-
assisted procedure to locate section corners and to define
ERTS-1 data coordinates for sections (ref. 5). A map trans-
formation from Earth coordinates on a rectified aerial pho-
tograph to ERTS-1 data coordinates was calculated for each
segment with approximately 30 control points for each cal-
culation. The control points were located visually in the
rotated and geometrically corrected ERTS-1 data and by
coordinate digitization on the photograph. A map transfor-
mation was then computed by the method of least squares;
ERTS-1 coordinates of the few control points with large
residuals (>1 pixel) were checked and modified or deleted,
as appropriate, and the transformation was recomputed. Next,
the transformation was applied to all section corners of
interest (whose locations on the photograph had been digi-
tized at the same time as the control points) to find their
fractional line and column coordinates in the ERTS-1 data.

Final standard errors of estimate (for control points) were
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less than 0.5 and typically between 0.2 and 0.4 ERTS-1
pixels; that is, 15 to 30 meters on the ground. The rms
error in digitizing the location of the individual points
was about 3 meters on the ground (errors of approximately
0.013 centimeter or less on a photograph at a scale of
1:24,000).

These section corner coordinates (calculated in frac-
tional ERTS-1 line and column coordinates) were used to
locate field boundaries of individual fields within the
sections. A major advantage of the procedure is that it
preserves the relative positions of all points considered
with an accuracy that cannot be matched manually. Another
feature of the ERIM procedure was utilized to generate ERTS-1
data coordinates for each outlined section. All pixels whose
centers fell inside lines connecting the vertices (again,
located by fractional coordinates) were automatically

included on coordinate definition cards.

After section and field coordinates had been located
in the base period data set, imagery for the later ERTS-1
data was examined for cloud cover. The primary images were
the three-band color composites produced by EOD. Clouds
and shadows showed up very clearly on this imagery. If that
imagery was not available for a particular data set, ERTS-1
band-5 imagery displayed on the video display screen at LARS
was examined. If clouds were found, gray-scale printouts of
ERTS-1 band 5 were produced with all pixels having a response
less than a threshold shown as blanks and pixels with response
greater than the threshold value with printed. The threshold
response for clouds was typically 115 but was varied until the
size, shape, and location of the clouds matched that observed
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on the hard-copy imagery. Shadows were drawn manually on

the printer output maps to match the size, shape, and
location of the shadows seen on the three-band color imagery.
All fields and sections having clouds or shadows in them
were deleted from the deck of section and field coordinate

cards for that data set.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

Two conclusions for future MSS data preparation can be
made from the CITARS experience. One result is outstanding;
25 ERTS-1 overpasses of six test sites were reformatted into
a single grid system for each test site and made available
to analysts ih a form that necessitated locating field
boundaries in each test site only once. The success of this
method for data preparation demonstrates the feasibility and
practicality of the method. Two recommendations are sug-
gested for future similar tasks: (1) base data sets for
the registration process should be selected from the middle
of the data collection time frame rather than from the
beginning, and (2) registration and geometric correction

processing should be combined into a single operation.

The second major conclusion to be drawn from the CITARS
results is that manual methods are generally inadequate for
precise and accurate location of field coordinates in ERTS-1
imagery. Improved results can be obtained by transforming
digitized map or photograph coordinates to ERTS-1 coordinates.
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APPENDIX A

SUMMARY OF DATA PREPARATION BY PERIOD

In the following paragraphs, procedures, problems, and
results are discussed for each data collection period.

A.l1 PERIOD I (JUNE 8 THROUGH JUNE 12, 1973)

Both passes of the Fayette county test site yielded
acceptable data. Pass 2 data were selected for analysis and
as the base data set for the test site. Selection was based
on the facts that the pass 2 data set had a bad data line in
channel 2 and that the ERTS-1 frame was generally more cloudy.
Both passes of the Huntington test site were acceptable, and
pass 1 was arbitrarily selected as the base data set. Pass 2
was later registered and made available for analysis. Pass 1
of the Livingston site was selected for analysis of cloud
cover considerations, and passes 1 of the Shelby and White
test sites were selected because passes 2 incompletely

covered the sites.

Test site corner boundary coordinates for base data
sets were determined such that the final reformatted product
would have a 3-kilometer margin around the perimeter of the
8- by 32-kilometer sites. Following coordinate selection,
the base data sets were geometrically corrected for system-
atic errors. Fayette and Lee county data sites were cor-
rected using a slightly different correction matrix than
was used for White, Shelby, Livingston, and Huntington
sites. After correction of the latter test sites, the
correction program was modified, reversing the seguence of
two of the five correction matrix factors.



A.2 PERIOD II (JUNE 25 THROUGH JUNE 30, 1973)

Because of severe cloud cover, acceptable data were
collected for only two test sites, Livingston and Fayette.
The Livingston data set had numerous bad data lines in
channels 3 and 4 in addition to 30 percent cloud cover.
This data set was registered to Period I base counterpart
with difficulty because of the "popcorn" cloud formations,
which necessitated extensive editing of image correlation
results. The Fayette data set included several bad data
lines in channels 3 and 4 but did not have significant

cloud cover.
A.3 PERIOD III (JULY 14 THROUGH JULY 18, 1973)

Period III data sets were registered to base counter-
parts with difficulty caused by greatly chahging scene char-
acteristics. To achieve registered data sets, images were
correlated with a decreased interval between correlation
blocks. Thus, more correlation attempts were made; and in
one case, correlation of linear combinations of data set
channels was required. Finally, images were registered
with only marginally adequate numbers of acceptable corre-
lation checkpoints.

The Shelby data set required correlation of linear
combinations of channels to achieve adequate registration.
Combinations were made by the principal components method.
This data set was later dropped from analysis because of a
lack of complete site coverage. For the first time, accept-
able data were collected over the Lee test site, and a base
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data set was established. Actually, both passes were rela-
tively cloud free, and some question was raised as to which
pass should be selected for analysis.

A.4 PERIOD IV (AUGUST 1 THROUGH AUGUST 5, 1973)

Two test sites were acceptably free of clouds,
Livingston and Lee. Registration procedures required prin-
cipal components image transformation before successful

correlations could be achieved.
A.5 PERIOD V (AUGUST 19 THROUGH AUGUST 25, 1973)

Four data sets were reformatted for Period V: Fayette,
Shelby, Livingston, and White counhties. Correlation diffi-
culties were most severe for these data sets. Fayette was
registered by correlating with the Period III registered
data set (a last resort measure). Registrations for the
other test sites were achieved by using principal components
transformed data.

A.6 PERIOD VI (SEPTEMBER 6 THROUGH SEPTEMBER 10, 1973)

Data for two test sites, White and Shelby, were proc-
essed. Datd of this period correlated well with the base
data, and no transformations were required.

A.7 PERIOD VIl (SEPYEMBER 24 THROUGH SEPYEMBER 28, 1973)
Two segtients, Huntington and Shelby, were cloud free

during thid periods and the data were processed by standard
procedures.,
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APPENDIX B

AIRCRAFT SCANNER DATA PROCESSING

Aircraft data were scheduled to be collected by the
Bendix M?S and ERIM M-7 scanner systems with flight dates
coordinated with the ERTS-1 overpasses. To take advantage
of improved weather conditions, the schedules were made
more flexible than those given in figure 2. six data acqui-
sition missions were scheduled for the M2s system and two
for the M-7 system. The missions were to be flown as coin-
cidently as possible to ERTS-1 cycles 19 through 24 for M?s
and to ERTS~1 cycles 19 and 22 for M-7. Aircraft coverage
within 4 days of the ERTS-1 overpass with less than 10 per-
cent cloud cover and sun angle greater than 40° was specified
as highly desirable. Data would be acceptable if acquired
5 to 8 days after the overpass with less than 30 percent
cloud cover and sun angle greater than 30°.

The Bendix M%s scanner system collected data on six
missions. As reported in references 6, 7,‘and 8, the
coverage and quality of the data were not acceptable, and
use of the data would require redesign of the CITARS task.
No Bendix M?S data have been received at LARS. Reported
problems in the datd include misregistration of scanner
channels, noisy scanner channels, intermittent saturated
signhals, and scannier data dropout.

The ERIM M-7 scanner system data were collected for two
missions as planned. Table B-1l shows the dates and flight
lines of the missions. All data shown in the table have been
received at LARS in ERIM 2.54-centimeter analog tape format.

As noted (ref. 6), portions of three test segments were not
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covered for Mission 1. Portions of the data reviewed at
LARS appeared to be good quality data. Five flight times
not shown in table B-1l were collected and received at LARS.
Flight line 6 of the Shelby test site of Mission 1 was
incorrectly flown on two attempts on July 6, 1973, because
of navigational difficulties. Because both flight lines
of a segment must be collected in the same time frame,

line 5 of Shelby was repeated on July 7, 1973, when line 6
was correctly flown. In addition, because cloud cover was
more favorable over the Huntington site on July 7, 1973, it
was repeated, making a total of five extra runs.

Because of problems in the Bendix M2s aircraft data
and in other aspects of the CITARS task, analysis of air-
craft data was placed at a low priority. Preparation of
ERIM scanner data was therefore halted before significant
results were achieved. One flight line, however, was refor-
matted for demonstration. Flight line 8, flown over the
Fayette County test area on August 21, 1973, was digitized
and computer reformatted in a special manner. The objective
was to demonstrate effects of line averaging. For this data
set, the digitizing line interval for zero 1ine;to-line
overlap was 11 (every twelfth line used). To test effects
of averaging, all scan lines were digitized in blocks of 12.
Each block was input for generation of one output data line.
The blocks were processed three times, producing three LARSYS
data sets, each in geometric registration. The first was
produced by using line 6 of each block (LARS run 73035800);
the result is conventionally processed data. The second run
was produced by averaging with equal weight lines 4 through 9
of each block to generate each output line (LARS run 73035801).
The third run was generated by averaging all 12 lines of each
block with equal weight (LARS run 73035802).




TABLE B-I.— SUMMARY OF ERIM M-7 SCANNER DATA ACQUISITION

N Absolute : Absolute
. Time : Ground LARS Time : Ground LARS
Segment Line Date altitude, : Date altitude,
m.t. (103 £t) heading run G.m.t. (103 £t) heading run
Huntington 1 7/07/73 14:38 13.7 South 730365 8/21/73 17:56 13.7 North 730564
2 7/07/73 14:51 13.7 North 730366 8/21/73 18:12 13.7 South 730565
Shelby 5 7/07/73 13:58 13.7 North 730364 8/21/73 16:18 13.7 North 730561
6 7/07/73 13:46 13.7 South 730363 8/21/73 16:07 13.7 South 730560
White 3 7/06/73 17:09 13.8 South 730360 8/21/73 17:06 13.8 North 730562
4 7/06/73 16:52 13.8 North 730354 8/21/73 17:20 13.8 South 730563
Livingston 9 7/05/73 16:35 13.8 North 730353 8/20/73 20:11 13.8 North 730557
10 7/05/73 16:22 13.8 South 730352 8/20/73 19:59 13.8 South 730556
Fayette 7 7/05/73 20:13 14.0 North 730355 8/21/73 14:43 14.0 North 730559
8 7/05/73 19:59 14.0 South 730354 8/21/73 14:30 14.0 South 730558
Lee 11 7/05/73 15:42 13.7 North 730350 8/20/73 19:22 13.7 North 730555
12 7/05/73 15:54 13.7 South 730351 8/20/73 19:09 13.7 South 730554

a . N
Greenwich mean time.

NASA-JSC




