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1.0 SUMMARY

The general objective, in cooperation with the U.S.
Department of Agriculture (USDA) Agricultural Stabilization
and Conservation Service (ASCS), was to evaluate how well
features of agricultural importance could be detected, iden-
tified, and located; and their areal extent measured using
ERTS-1 data.

The ERTS-1 multispectral scanner (MSS) data for each of
six agriculture study areas were analyzed for the 1972 crop
year. From a set of 18 counties under study by the ASCS,
six study areas of 3.2 by 9.6 kilometers (2 by 6 mi.) were
selected for intensive ground-truth collection and study.
The study sites were Hill County, Montana; Imperial County,
California; Hardin Ccunty, Iowa; Holt County, Nebraska;
Butte County, California; and Worth County, Georgia. These
were selected to provide a manageable study area while
retaining a variety of crop tvpes, geographical conditiorns,
and varying levels of complexity for testing, training, and
evaluation.

1.1 ANALYSIS

The data were analyzed using automatic data processing
(ADP) and conventional image interpretation techniques. The
ADP approach used data scr:ening and clustering programs
at the NASA Lyndon B. Johnson Space Center (JSC) for the
selection of homogeneous training and test fields and the
programs for supervised classification, designated LARSYS,
developed by the Laboratory for Applications of Remote Sen-
sing (LARS) at Purdue University.



The conventional image interpretation consisted of
imaga enhancement and photointerpretation. Image enhance-
ment utilized black-and-white 24-centimeter (9-1/2-in.)
imagery received from the Goddard Space Flight Center (GSFC)
which wias processed on the additive color viewer/printer (ACVP)
and the multiband camera film viewer (MCFV). Enhanced images
were 11so made frcm displays of digital data on the data
analysis station (DAS). These products and enlarged segments
of color products provided by the GSFC were then analyzed by
conventional image interpretation.

The results of the investigation showed that ERTS-1
data generally could be used for crop classification,
location, and area measurement. Area measurements were
made of representative fields in the study areas using a
mechanical/electronic planimeter to manually trace the field
borders. Additive color-enhanced ERTS-1 imagery of akLout
1:130,000 scale was used as base photography for the measure-
ments. Ground-truth data were used for precise instrument
calibration.

Boundary detection was found to be the key to field
detection and measurement. Field width, relative contrast,
and orientation were very importanc in accurately detecting
the boundaries of individual fields. 1In Hill County,
dimensions greater than 220 meters (722 ft) under optimum
conditions of contrast and orientation were necessary for
clear definition.

Fields were located using a Universal Transverse
Mercator (UTM) coordinate system with 1000-meter grid
increments. The grid was prepared for enhanced ERTS-1
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imagery of about 1:130,000 scale. The grids were constructed
with a programed XY-plotter which was set accurately to

scale by comparing measured distances between specific features
on the imagery to U.S. Geological Survey (USGS) topographic
maps. The appropr® te grid was matched to the control points
by locating tracts in the 19-square-kilometer (12-sq. mi.)
study areas to within approximately 200 meters (656 ft).

1.1.1 Conventional Image Interpretation

Conventional interpretation of the enhanced imagery
revealed that the relative contrast of adjacent features
and their geographical orientation were important in ascer-
taining their detectability. Linear ieatures, such as the
long narrow fields in Hill County, were more difficult to
detect when parallel to the scan lines on an MSS image than
when normal to the scan direction. The data were acquired in
Hill County (August 7, 1972) late in the growing season and
most of the fields had been harvested, which left little con-
trast between the cropped and fallow fields. Fields 90 meters
(300 ft) wide oriented north-south were detectable. The
narrowest field detected with an east-west orientation was
135 meters (450 ft) wide.

The Imperial County test site crops, which had similar
spectral reflectance characteristics, were grouped into
classes on the ACVP false-color infrared (IR) enhancement.
The smallest field easily identifiable was 6.5 hectares
(16 acres), rectangular, bright, and bordered by contrasting
fields. A dividing border, such as a dirt road about 40 meters
(131 ft) wide, was required to detect the boundary between
fields of the same contrast. Conventional interpretation
beyond Level II (crop vs. noncropland) was almost impossible.



Relating a particular color to just one crop species
was attempted using various training fields, and these
results also quickly indicated that crop classification in
this manner was almost totally ambiguous. The colors were

found to be an indicator of the density of vegetative cover.

The crops in Hardin County were identified in those
fields which could be detected. Corn, soybeans, and oats
were identified with 85- to 95-percent accuracy on the basis
of color.

1.1.2 Computer-Aided Classification

Atmospheric correction techniques were not used in the
computer-aided analysis because of the lack of ground data.
Photometers which would have measured the atmospheric effect
of the solar energy reaching the Earth were not available for
the test sites during the ERTS-1 overpasses.

Computer-aided classification of the ERTS-1 data was
demonstrated to be very successful for many important crops.
Clustering maps and Earth Resources Interactive Processing
System (ERIPS) displays with baseline photography and/or
maps were the best tools for selecting training and test
fields. Crop identification was accomplished to Levels III
and IV in five cf the test sites. Fields smaller than
12 hectares (306 acres) were not easily identifiable. Worth
County, Georgia, had many such small fields and the classi-
fication results were very poor. The long narrow fields of
Hill County had rather poor results from the test fields
(less than 70 percent). The smaller fields of Imperial
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County had an overall test performance average of 78.7 percent.
Hardin County, which had larger fields but rather poorly
defined boundaries, had a test field accuracy of 79 percent.
Butte County, Californ:a, which had a variety of shapes and
sizes, had an overall test field accuracy of 60.4 percent.

Holt County, with larce well-defined fields, had a test field

accuracy of 98 percent.

1.2 CONCLUSION

Generally, only the large well-defined fields (12 hectares
or more) should be considered for Level IL1I and IV classifi-
cation with the existing programs. However, for such fields,
detailed land use classifications of a wide variety of agri-
cultural features could be obtained with reliable, repeatable

accuracy.



2.0 INTRODUCTION

2.1 PURPOSE

This document describes the results of an analysis
conducted to determine whether ERTS-1 data could be used to
meet USDA-ASCS requirements for crop identification, area
measurement, and correlation of specific tracts. The evalu-
ation was a joint effort of the National Aeronautics and
Space Administration (NASA) at the JSC and of the ASCS.

2.2 BACKGROUND

In order to evaluate the utility of ERTS data for the
ASCS programs, the ASCS established a test program in
18 counties representing 15 states. The Executive Director
of each county received the ERTS-1l imagery of his county
as a supplement to conventional aircraft coverage. These
data were used by ASCS personnel to update base photo cover-
age and to perform a limited analysis.

In the spring of 1972, a cooperative agreement was made
between ASCS and NASA-JSC to evaluate ERTS-1 data in detail
for applications in agriculture. Six of the 18 ASCS study
sites were selected for intensive study at JSC. Areas of
either 63 square kilometers (39 sg. mi.) or 124 square
kilometers (77 sq. mi.) were identified in each county. A
smaller 19-square-kilometer (12-sqg.-mi.) tract within each
study area was designated for intensive ground-truth
collection and study and served as testing, training, and
evaluation locations for the investigation.



2=2

2.3 OBJECTIVES

The first general objective of the Agricultural Investi-
gation was to work jointly with the ASCS to evaluate how
well features of agricultural importance could be detected,
identified, and located; and their areal extent measured using
ERTS-1 data. This general objective included the following
specific objectives, which are listed in their order of
priority.

1. Separate agricultural areas from nonagricultural

areas.

2. Separate cropland from noncropland within the

agricultural areas.

3. Determine if the existence of different crop types
(e.g., row crops, small grains) could be detected within

the cropland.

4. Determine if the existence of different crop species
(e.g., wheat, barley, and oats) could be detected within the

crepland.

5. For each major crop, determine the size of the
smallest field that could be detected, identified, located,

and measured.

6. Determine the effect of varying field shapes and
field sizes on the accuracy of crop classification and field

measurement.

7. Determine the effect of the relative contrast of

adjacent fields on boundary detection and crop classification.

Figure 2-1 shows the general information hierarchy that
was altered from the USGS Circular 671 land use hierarchy.
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Figure 2-1.- Classification hierarchy.
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Due to the peculiarities of data sets from agricultural study
areas, land use classifications varied from the classification

hierarchy as depicted in figure 2-1.

The second general objective was to evaluate the effect
of atmospheric correction techniques on the analysis of ERTS-1
data as applicable to agriculture,

The third general objective was to become familiar with
and qualitatively appraise the JSC hardware, software, and
procedures to process and analyze ERTS-1 data as applicable

to agricultural features,

Appendix A contains a glossary of terms, abbreviations,
acronyms, and computer programs. A discussion cf equipment
used is given in appendix B, and appendix C contains data
summary tables.

As an aid to the reader, where necessary the original
units of measure have been converted to the equivalent value
in the Systéme International d'Unités (SI). The SI units
are written first, and the original units are written paren-
thetically thereafter.



3.0 APPROACH

The approach of the ERTS-1 Agricultural Investigation
consisted of a complete data analysis of the best data set
available from the 1972 crop year for each of six 3.2- by
9.6-kilometer (2- by 6-mi.) study areas. The analysis
included conventional image interpretation and computer-
aided techniques. In addition, two study areas were

selected for temporal analysis of 1972 crop year data.

The Sun-synchronous, near-polar orbit of ERTS-1 was
designed so that virtually the entire Earth's surface was
covered every 18 days. Varying degyrees of sidelap prevail
at different latitudes. The location and limited size of
the agricultural test sites permitted complete coverage twice
every 18 days by locating test sites in the overlap region.
Appendix C provides a schedule of data collection passes for
the first year of ERTS-1l. The data were collected over each
test site on two consecutive days.

Few problems were encountered concerning the receipt of
ordered data. The amount of data provided on the standing
order was not sufficient to meet the requirements of the
investigation; however, the part of the standing order that
was allowed was usually filled completely and satisfactorily.
Retrospective orders were necessary to supplement the standing
order.

The primary data formats used in the analysis were
system-corrected (bulk) 24-centimeter (9-1/2-in.) black-and-
white transparencies, 24-centimeter (9-1/2-in.) color com-
posite transparencies (MSS bands 4, 5, and 7), and nine-track

computer-compatible tapes (CCT).
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A limiting factor in the analysis was the delayed
receipt of data. The delay in receipt of the black-and-white
imagery and the CCT's decreased the time available for analysis.
Also, part of the investigation was to analyze GSFC-generated
color composites, but the imagery was not available in time.
Table C-II in appendix C gives an indication of the time
lapse b:tween an order and receipt for each type of data.

Because the test sites were so small (19 sgq. km), the
standing oraer included all data sets that were less than
80-percent cloud covered. Table C~IX in appendix C summa-
rizes the percentage of data that was usable for the analysis.

3.1 STUDY AREAS AND SELECTION RATIONALE

The six study areas shown in figure 3-1 were selected
hecause of the variety of crop types, farming practices, and
geographical conditions. Study area size limitations were
established by considering the volume of ground-truth data
required and the size that would be manageable for analysis.
Areas of either 63 square kilometers (38.6 sq. mi.)} or
124 square kilometers (77.2 sq. mi.) were identified in each
of the selected counties, with a smaller 19-square-kilometer
(12-sq.-mi.) tract within the study area selected for inten-
sive ground-truth collection and study. These 19-square-
kilometer study areas zerved as testing, training, and
evaluation locations to complete the objectives of the
investigation.

3.1.1 Hill County, Montana

Hill County, Montana, is adjacent to the Canadian border
in the gently ro’ling, glacial drift plain of north-central
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Montana. Hill County covers an area of 4708 square kilometers
(2926 sq. mi,), of which 728 445 hectares (1 800 000 acres),
or 96 percent, is farmland. The average fa:m size of this
area is approximately 972 hectares (2400 acres). The strip-
fallow techniques of farming practiced in this area provide
narrow 91- to 107-meter (300- to 350-ft) linear fields, which
approach the theoretical maximum achievable ERTS-1 resolution.
The center point of the study area is located 24 kilometers
(15 mi.) northwest of Havre, Montana, at latitude 48°24' N.,
longitude 109°53' W.

Wheat is the major crop in the area, but barley, o>ther
small grains, and alfalfa hay are also grown, with some tame
pasture present. The Hill County crop calendar (fig. 3-2)
shows the major crops and their growth stages. A crop
calendar depicts the major crops for a particular study area
and indicates the expected crop condition and maturity stage
(e.g., seedbed, harvest) for the calendar year. Crop calen-
dars are based on an average of past years’ data and must
be adjusted to account for any abnormalities of the growing
searnn for that particular test area (e.g., drought, cold
weather) .

Hill County, Montana, was selected for study because
of the unique field patterns which made it a good target for
qualitative evaluation of the ERTS-1 system. These field
patterns are caused by the practice of "strip-fallow"
farming, in which alternate fields are left fallow. The
result is a series of long narrow rectangular fields which
differ considerably in their spectral reflectance
characteristics.
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The data on the August 7, 1972, pass (scene 1015-17392)
was selected for Hill County because it was the earliest
available pass. Most of the small grains had been har-
vested before the earliest pass over the area.

3.1.2 Imperial County, California

Imperial County, California, is located in the southeast
corner of the State of California and is bounded to the south
by Mexico and to the east by Arizona. Within its boundaries
are the Imperial Valley and most of the Sa.ton Sea. Imperial
County is fairly large, covering 6893 sguare kilometers
(4284 sq. mi.). However, agriculture is limited to the irri-
gated valley, which is approximately 242 915 hectares
(600 000 acres), or one-fifth of the county. The average
farm size in the valley is 253 hectares (625 acres). The
center of the study area is 11 kilometers (7 mi.) southeast
of El Centro, California, at latitude 32°53' N., longitude
115°28°' w.

Agriculture is dependent upon irrigation from the
Colorado River, and ronirrigated land is desert vegetation
(mesquite, yucca, cacti) of little economic value. A large
variety of crops are grown in the irrigated valley (e.g.,
alfalfa hay, barley, sugar beets, cotton, vegetables, and
grain sorghum). The climate permits winter and summer crops.
Figure 3-3 is a crop calendar for Imperial County.

Imperial County was selected for study primarily because
it was one of the few areas in the 18 test ccunties in which
a variety of crops were growing during the entire data
collection period (August to December 1972). The area's
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year-long growing season insured a variety of crops in
various stages of maturity. Most of the fields were well
defined because they were bounded by roads or irrigation
canals, and thus were well suited for this investigation.
Many of the winter crops of Imperial County were in an early
growing stage when ERTS-1 was launched late in the 1972
summer growing season. Data sets from the November 6,

1972, pass (scene 1106-17504), were selected for analysis.

3.1.3 Hardin County, Iowa

Hardin County, Iowa, is located in the north-central
region of the state and is bisected by the Iowa River. The
area is located in the heart of the fertile, gently rolling,
north-central glacial till plain. The county covers an area
of 924 square kilometers (574 sq. mi.), of which approximately
141 700 hectares (350 000 acres), or 95 percent of the area,
is farmland, with about 75 percent cultivated cropland. The
average farm size is 88 hectares (217 acres); and corn, soy-
beans, oats, and other feed grains are the most extensively
grown crops. Some of the cropland is in hay, and a small
portion of the land is permanent pasture of tame and native
grasses. Figure 3-U4 is a crop calendar representing the
crops in Hardin County. The study area is located 14 kilo-
meters (8.5 mi.) northwest of Eldora, Iowa, with the center
point at latitude #42°25' N., longitude 93°15' W,

Hardin County was selected as a study area because it
represented agriculture typical of the midwest corn belt.
The fields are small to medium in size, primarily rectangular,
and fall in a typical agricultural pattern. A variety of
major crops comprised a relatively low contrast target on
which to test the ERTS-1 sensors.
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Data were selected from the August 13, 1972, pass
{scene 1021-16324), the only one available at the time.
Part of the study area fell under a cloud shadow, but the
affected area was small. All other scenes had a greater
percentage of cloud cover than that selected.

3.1.4 Holt County, Nebraska

Holt County, Nebraska, is located on the eastern edge
of the Nebraska sandhills and is bounded on the north by the
Niobrara River. It comprises an area of 3862 square kilo-
meters (2400 sq. mi.), of which 607 287 hectares (1 500 000
acres), or nearly 100 percent, is farmland. The average farm
size is moderately large, slightly over 405 hectares (1000
acres). The crop types are limited, with corn the leading
crop. Alfalfa hay ranks second, with some barley, rye, oats,
grain sorghum, winter wheat, and irrigated pastureland also
present. Figure 3-5 is a crop calendar showing the crop
cvcles for an average year. The center of the study area is
31 kilometers (19 mi.!) northwest of O'Neill, Nebraska, at
latitude 42°37' N., longitude 98°57' W,

The relatively high contrast features are the result of
center pivot irrigation systems to convert low productivity
sandy, shallow soil to productive cropland. These uniform
circular irrigation patterns represent features of accurately

known dimensions and area.

Holt County was selected as a test site because of the
predominance of a single crop, the relatively large field
size, and the unique farming and irrigation practices that
characterize this area.
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Data sets from the July 30, 1972, pass {(scene 1007-16551)
and the August 16, 1972, pass (scene 1084~16495) were selected
for single and temporal analysis,

3.1.5 Butte County, California

Butte County, California, is located in northern
California, north of Sacramento and west of Reno, Nevada.
Butte County covers an area of 4207 saguare kilometers
(1663 sg. mi.}, with 275 304 hectares (680 000 acres), or
approximately 64 percent, comprising farmland. The average
farm size is 142 hectares (352 acres). The center of the
site is 20 kilometers {12.5 mi.) west-northwest of Oroville,
California, at latitude 39°35' N,, longitude 121°47' W,

Butte County was seclected as a study area because of
its large, irregularly shaped fields and the limited variety
of major crops. This region of low mountains and fertile
valleys has a long, warm, growing season and low precipita-
tion. Although there is a wide variety of crops, the number
of major crops is limited. Rice, tree fruits, nuts, small
arains, and grain sorghum cover most of the study area.
Figure 3-6 shows the crop variety and cycles for this

area,

Several data passes of Butte County were sufficiently
clear for analysis; however, at the time the sclections were
made, a complete data set was not available for an optimum
time during the growing season. Further delay in starting
the analysis would have been detrimental; therefore, the
September 19, 1972, pass {scene 1058-18221) was selected
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because it was the earliest complete data set available,
Two other data sets acquired October 6 (scene 1075-18170)
and October 24, 1972 {scene 1093~1B170), were used for
temporal analysis.

3.1.6 Worth County, Georgia

Worth County, Georgia, is located in the southern part
of the state, with the Flint River as the northwest boundary.
Worth County covers an area of 817 square kilometers (503 sq.
mi.) in the southern podzol scil region, Approximately
105 263 hectares (260 000 acresi, or 70 percent, are utilized
for farmland. The farms in Worth County are not overly large,
with farms averaging 109 hectares (270 acres). The gite is
located 6 kilometers (3.5 mi.) northeast of Sylvester,
Georgia, at latitude 31°932' N., longitude B3°47' W,

The frost-free growing season in Worth County is more
than 300 days. Cotton acreage has been declining in recent
vears, but still remains the major crop, along with corn
and peanuts., Figure 3~7 is a crop calendar representing the
crop practices in Worth County,

Worth County was selected as a study area as an extrene
case, The fields are very small, with field boundaries that
follow the natural contours of the terrain, This combination,
and the relatively low contrast crop variations, provided a
challenge in attempts to analyze ERTS~1 data.

The selection of data for Worth County was the earliest,
cloud~free data set (September 8, 1972, scenc 1047-15382).
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3.2 DATA PROCESSING

The following sections provide a generalized approach
to the processing of the ERTS-1 data for the six agricultural
test sites. Since this was one of the first attenpts at
analyzing ERTS data, no optimum procedures had been estab-
lished. Consequently, the team objective was to obtain the
most information from the data by any conceivable means.
Nine people worked on the project at one time or another,
which resulted in somewhat different approaches in the anal-
ysis techniques for each study area. The following is a gener-
alized approach to the processing of the ERTS-1 data for the
six agricultural test sites. The specific variations to the
analysis approach will be discussed in section 4, Analysis

and Results.

The primary analysis was performed on MSS system-
corrected (bulk) digital data tapes and imagery. The MSS
system-corrected CCT's were in most cases of better quality
than expected; however, much of the black-and-white imagery
had limited density range. The imagery then was reprocessed
by the JSC Photographic Technology Laboratory (PTL). Both
conventional image interpretation and computer-aided tech-
niques were utilized co achieve the objectives of the
investigation.

3.2.1 Conventional Image Interpretation

The aralysis of the ERTS-1 imagery with conventional
techniques was divided into two efforts. The first approach
utilized the various equipment available to make color-
enhanced images from black-and-white imagery. These enhanced
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images were then subjected to conventional image interpre-
tation. The second conventional image interpretation
approach was to analyze color composite imagery supplied
by the GSFC and color composite imagery generated in-house
on the DAS from magnetic tapes.

3.2.1.1 1mage enhancement.-- The analysis of the image

enhancements included the following *tasks.

1. Classifying features within the study area to the
levels presented in the hierarchy in figure 2-1; i.e., agri-
c.ltural and nonagricultural, cropland and noncropland, crop

classes and crop species.

2. Determining minimum feature sizes detectable as
a function of shape and contrast.

3. Measuring areas of representative fields within
the study area.

4, Locating fields within the study area using a

conventional coordinate system such as the UTM.

Image enhancement techniques were used to investigate
ERTS-1 MSS imagery for each of the six test sites. Several
techniques were examined, and additive or false-color
enhancements and electronic density-slicing displays were
found to be the most promising. The additive color enhanrce-
ments were prepared with the ACVP for film chips cut from
ERTS-1 24-centimeter (9-1/2-in.) positive black-and-white
MSS imagery. The ACVP is described in appendix B. Electronic
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density-slicing displays were prepared with the MCFV, which

is also described in greater detail in appendix C.

The data flow is shown in figure 3-8. Third-generation
GSFC 24-centimeter (9-1/2-in.) black-and-white positive ERTS-1
MSS imagery was received for each of the test sites. Upon
receipt the imagery was screened for quality and the data sets
were selected for analysis. Some of the imagery proved to be
of too high average density and too low contrast and was
reprocessed photographically to a higher quality (described
in appendix B). The imagery was trimmed to film chips about
6 square centimeters (2-1/2 sq. in.), with the test sites
centered, to fit the film gates of the ACVP. False-color
renditions were generated with the ACVP and the most vseful
were photographed. No analysis was performed directly on the
ACVP screen to minimize the length of time the imagery was
exposed to the heat of the projection bulbs. Color prints
were most often used in the analysis. Numerous combinations
of the MSS bands, including positives and negatives, were
produced to arrive at the optimum display for detection,
classification, area measurement, and field location. False-
color IR rendition was ascertained to be the best general-

purpose additive coior enhancement.

Electronic density slicing of the same data sets used
on the ACVP? was performed with the MCFV. Due to the inherent
nonlinearity in the MCFV screen display, the enhancements
were directed toward classification efforts only. Analog and
digital displays were produced and the most promising were
photographed for further study. Training fields were selected
from the ground-truth data for programing of the digital
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color display. Although several iterations with the MCFV
are normally required to achieve the most useful display,
time constraints and equipment difficulties prohibited more
than one iteration. The display photographs were analyzed
visually, with about 0.5 day spent on each enhancement.

3.2.1.2 Color composite enhancements filmed at GSFC

and on the JSC DAS.- The degree to which agricultural fea-

tures could be detected, identified, and measured in the

six study areas was evaluated. Conventional image inter-
pretation techniques were applied to ERTS-1 color composites
produced on the DAS, as well as to those generated at GSFC.
The DAS does not classify, but merely displays the data and
produces film. The tools used in the analysis of color
composites included rear projection viewers, light tables,
tube magnifiers, scales, and image interpretation keys.

The data were screened upon receipt. Objects in the
area of interest were noted which would interfere with the
interpretation, such as clouds or cloud shadows. The ERTS-1
tapes were screened on the DAS to determine any tape defects,
such as data dropouts. The GSFC composites were screened
on rear projection viewers to find any film defects, such

as poor contrast caused during film processing.

The GSFC color composites are produced at a scale of
1:1,000,000 and contain MSS bands 4 (green), 5 (red), and
7 (IR). The JSC color composites produced on the DAS were
enlarged approximately four times to a scale of 1:246,000.
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The MSS-formatted tape was ccnverted to the multispectral
data system (MSDS) format so that the data could be viewed
and filmed on the DAS. The MSDS tape (700 pixelcs wide by
2300 scan lines long) covered an area 34 by 161 kilometers
(21 by 100 mi.). The scale was about 1:246,000,

Another edit tape was prepared from the MSDS format in
which the data were expanded three times to enhance the
information on the imagery. This covered an area on the
ground which was 12 kilometers (8 mi.) crosstrack by 10 kilo-
meters (6 mi.) along track. The study area was centered on
the enlarged image. The average scale was 1:82,000.

The ERTS-1 MSS data have four spectral bands: band 4
(green), band 5 (red), band 6 (near IR), and band 7 (IR).
The DAS has only three guns for display and filming (green,
red, and blue). Various assignments of ERTS kands to DAS
guns were used; for example, ERTS band 5 waé displayed on
the green gun, band 7 was displayed on the red gun, and
band 4 was displayed on the blue gun to give a false-color
IR rendition of the image. Another example used ERTS
band 4 displayed on the green gun and band 5 on the red
gun. These assignments gave a rendition as clcse to true
color as possible. Several enhancements were filmed and
the best films were analyzed. The DAS color gun intensi-
ties were computed from the histogram output of the EMBEDT
program, which is a Univac 1108 EXEC II program that converts
the ERTS-1 MSS tape produced by GSFC to MSDS format. These
values were véried to enhance certain features and to give

the best renditions for analysis.
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3.2.2 Computer-Aided Processing

The ERTS-1 data were computer processed by various
multispectral pattern recognition programs. Some of these
programs were developed by JSC, but must were part of the
system developed by LARS at Purdue University. The hard-
ware systems at JSC which were used were the ERIPS, the
Univac 1108, and the LARS remote terminal. These systems

are described briefly in appendix B.

The following sections describe the generalized data
flow for the computerized processing of ERTS-1 data, which
is shown in fiqure 3-9. After receipt of the data, the
ERTS-1 data tape was logged into the Earth Observations
Division (EOD) ERTS data control system. The CCT's were
duplicated and the originals retained. The duplicate tapes
were then reformatted by a combination of several JSC con-
version programs which produced nine-track, 800-bpi tapes in
MSS, MSDS, and LARSYS II formats. These included the multi-
spectral bulk edit tape program EMBEDT. Wher~ practical,
preprocessing also included the generation of an edit tape

containing only the data in the study area to be analyzed.

Gray maps were generated from either the PICTOUT sub-
system of LARSYS, or SCERTS, a data-screening program devel-

oped at JSC. These gray maps were used in correlation with
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base photography and ground truth to define training and
test fields, and to locate them by line and sample

coordinates.

The LARSYS statistical processor CLASSIFY was run with
selected training data. The Univac 1108 program ISOCLS was
then run on both the complete study area and the selected
training fields to cluster each class of training fields by
similar spectral characteristics to determine the need for
subclasses. If the need for a subclass in any given class
was found to exist, CLASSIFY was run again, including among
the original classes the newly determined subclass. Output
from the ISOCLS run was a cluster map printout, a card deck
containing cluster statistics, and a nine-track, 800-bpi
tape in DAS color study format. The output from the LARSYS
statistical processor CLASSIFY was a classification character
map printout and a DAS tape. The tapes were displayed and
viewed on the DAS and a film record was made. The results
of the LARSYS data processing were studied. This included
comparing these results with those from the conventional

image interpretation analysis.

3.2.3 Ground Data Acgquisition

Personnel from NASA-EOD held workshops for ASCS county
personnel prior to the beginning of the project to famil-
iarize them with image interpretation techniques. In addi-
tion, ground-truth acquisition was discussed and plans were
developed to furnish JSC with the data necessary to implement
the project.
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The collection of ground-truth information for the
investigation consisted of annual and periodic observations.
Annual observations were made once during the 1972 growing
season for all fields in the 19-square-kilometer (12-sq.-mi.)
intensive study area of each study area. Periodic observa-
tions were made every 18 days coincident with the local ERTS
overflight for 25 to 50 selected training and test fields
within each study area.

Both the annual and periodic observations were recorded
on a ground-truth summary form (tables C-III to C-V) and
submitted to JSC. Both observations were collected by
USDA-ASCS personnel in each county. For each observation
the section number, ASCS photo number, farm number, field
number, acreage in field, crop species, estimated crop
heigat, stage of maturity, and row direction were entered
on the ground-truth summary for each field. Existing ASCS
farm and field numbers were used. All fields operated by
one farmer in the study area were considered as a farm.

For the annual ground-truth observation, ASCS furnished
black-and-white 1:7,920-scale base photography of the 19-
square-kilometer intensive study area in each of the six
counties. The photography was annotated with farm number,
field number, and the acreage of each field. Farms were
outlined in blue and fields in red.

The annual ground-truth observations for each of the
intensive study areas are depicted as color-coded charts in
figures 3-10 through 3-15.
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Figure 3-14.~ Butte County, California, annuval ground
collected August 10, 19%7°.
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Figure 3-15.=- Worth County, Georgia, annual ground truth
collected August 18, 1972,




3.2.4 Area Measurement

Area measurements were made of selected fields to
determine the feasibility and limitations of enhanced ERTS
imagery and conventional area measurement techniques.
Although other techniques were considered, the most practical
approach from the standpoint of available manpower, time, and
instrumenta“~ior was false-color enhanced ERTS-1 imagery and
a photographic data quantizer. A description of the data
quantizer is presented in appendix B. All area measurements
were made from ACVP enhancements of about 1:130,000 scz2le.
Color prints on a stable resin-coated photographic paper
were used after a test determined that results were as
accurate as measurements made from transparency material.

The areas of selected fields from each test site were meas-
ured, chosen as representative of the varicus field conditions
found within the test site. The actual area of each field

was taken from ground-truth data supplied by the ASCS. One
well-defined field of known size in each site was used to
calibrate the precise scale of the enhancement used. Five

or six area readings per field were made and averaged to
minimize errors. An occasional very high or very low figure
compared to tle average was discarded, since these generally
occurred due to operator fatigue.

3.2.5 Field Location - UTM Grid

The final purpose of the analysis was to determine if
the ERTS-1 imagery was of sufficient quality to allow an
investigator to readily locate fields and other surface fea-
tures in terms of a conventional mapping coordinate system.
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The UTM system was selected as the most practical for this
task. In order to maintain the geometric fidelity of tie
ERTS-1 imagery, the ACVF false-color enhancements were
ascertained to provide the optimum enlargements for use as
base phocography. Previous studies determined that no
single MSS band provided an overall definition of surface
features superior to the enhancements. The low distortion
characteristics of the ACVP optics were also considered an
advantage.

The false-color enhancements were prepared from film
chips cut from the 1:1,000,000-scale system-corrected ERTS-1
imagery. The imagery was GSFC third-generation black-and-
white positives for Imperial County. Fifth-generation
imagery reprocessed to a higher quality was used for Hill
County. The scale of each enhancement was determined by
locating identifiable points on the enhancements and on a
USGS map of the site area and comparing the measured dis-
tances on each. The results showed that each enhancement
was approximately 1:130,000 scale. Based upon this, the
fastest, easiest, and yet most accurate approach was to pre-
pare a family of grids of slightly different scales centered
about the scale of 1:130,000. The appropriate grid for a
site could then be selected by precisely locating three or
four points of known UTM coordinates on the enhancement and
overlaying each grid until the best fit was obtained.

The grid overlays were prepared on a programed Gerber
XY-plotter directly onto a high-contrast film. The scale
factors were obtained from the enhancements, on which several
UTM coordinates had been plotted. Contact duplicates of the
grids were wmade photographically for use with the test site
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enhancements. Grid increments of 1000 meters were selected
to minimize the amount of interpolation between grid lines.

Locating a sufficient number of common points on the maps
and the enhancements to obtain a best grid fit proved to be
difficult in some areas due to lack of map or image detail.
The Hill County grid, for example, was prepared using only
four points. Additional reference points would be useful
for assessing the presence of distortions in the imagery.
However, no significant distortions were found to be present
in the imagery of the areas that were checked.
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4.0 ANALYSIS AND RESULTS

The results of the investigation showed that ERTS-1 data
generally could be used for crop classification, location,
and area measurement. Although applications procedures must
be developed, good classifications were achieved from the
digital data processed by clustering programs and the LARSYS
programs.

Spatial information contained in the imagery was used
primarily at the agricultural-versus-nonagricultural level of
classification (Level I). Generally, nonagricultural areas
were either irregular in shape, showed as line features, or
had a reflectance characteristic similar to water or soil. On
the other hand, agricultural areas tended to exhibit regular
shapes and a high IR reflectance if crops were growing.

Cropland was distinguishable from noncropland (Level II),
because virtually all cropland consisted of either regularly
shaped fields or well defined and obviously manmade bounda-
ries. The presence of other clues, such as canals, location
with respect to other fields, and similarity to known crop-
land, was also uvseful. The ground-truth maps of all the
counties (figs. 3-10 to 3-15) show the distinct field
boundaries.

Five general categories were delineated on a color IR
composite overlay: cropland, grassland, water, woodland, and
flood-plain vegetation. Of these, only cropland was obviously
agricultural and was defined as manmade cultivation features.
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The separation was based on location, association, shape,

and pattern, as well as spectral response. Straight lines

and rectangular shapes were assumed to appear primarily in
cropland. The crop-fallow cultivation practice in Hill County
and the unripened wheat area in Canada produced a distinctive

pattern on ERTS imagery, as seen in figure 4-1.

Bare soil, vegetation, and water were delineated. The
separation was based on relative reflectance in the different
bands of ERTS imagery. For example, water had a very low
reflectance in the IR bands, while vigorous vegetation had a
high reflectance in the IR bands. Bare soil was separated
by its relatively high reflectance in all ERTS bands.

Crops with similar commercial uses and/or similar spec-
tral reflectance characteristics were arranged into crop
types such as small grains, coarse grains, grasses, and truck
farm crops (Level III). The spectral information contained in
the various ERTS bands was enhanced using additive color
techniques with the ACVP and MCFV to accentuate the differ-
ences in reflectance properties of the various crop types.
The task, therefore, was to produce an enhancement which
displayed each crop type as a unique color. On the false-
color IR enhancements, crop types were related as closely
as possible to the various shades of red, pink, and gray.

A limited number of other false-color enhancements were

generated, but none proved superior to cthe false-color IR
rendition. The electronic density-slicing technique used
by the MCFV was applied to single and multiple channels of
ERTS imagery in various ways to achieve an optimum display
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for separation of crop types. Additional details are given

in the analysis of each study area.

Training fields were used to devise color enhancements
in which the individual crop species (Level 1IV) were displayed
as unique colors as much as possible. The techniques were
the same as for crop types. Additional approach details
peculiar to the specific enhancements are given in the anal-
ysis of each area.

Detection analysis was performed independently of the
classification task and involved use of the ACVP enhance-
ments almost exclusively. Detection was performed visually
and consisted of comparing the enhanced ERTS images to
large-scale ground-truth photography provided by the ASCS.
The smallest detectable features were located for agricul-
tural and nonagricultural areas, Factors such as shape,
contrast, and location were used as guides in the selection
of features.

4.1 CONVENTIONAL IMAGE INTERPRETATION
4,1.1 Crop Classification
Crop classification was tried on all study areas using
conventional image interpretation techniques. Variou

enhancements produced a variety of images as described in

each study area.
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4.1.1.1 Hill County.- Additive false-color enhancements

and density-sliced displays were prepared for the August 7,
1972, data set. Reprocessed GSFC third-generation 24-centimeter
(9-1/2-in.) positives were used for each case. The data set
was very poor due to image quality and to the late date in
the growing season when the ERTS imagery was recorded. As

in most cases, the additive color display had the higher
resolution, perhaps b’ a factor of 2, and more of the long
narrow fields characteristic of this area were visible. How-
ever, only a small number of the total fields could be inves-
tigated because the ground truth for the data set was very
limited. Only the fields that were distinct enough to permit
an accurate identification were analyzed.

Figure 4-2 is a recombined false-color IR rendition
produced with the MCFV in the analog mode. The MSS 7 1is
shown as red, MSS 5 as green, and MSS 4 as blue. The poor
image quality is due to the two factors mentioned above.
The farming practice of having long narrow fields of alter-
nating planted and fallow areas in this case created an
additional difficulty, because at the resolution of ERTS,
the narrow fields were poorly resolved on the imagery;
this results in indefinite borders and a spectral quality
indicative of a high proportion of mixture elements.

The visibility of a lorg, narrow, rectangular field was
highly dependent upon i+s contrast with neighboring fields.
Very few fields of high contrast were available for study
in Hill County due to the advanced maturity of crops at the
time the imagery was taken. A field of winter wheat about
62 meters (200 ft) wide with relatively high IR reflectivity
was visible without difficulty. Fields 95 meters (300 ft)

wide were easily seen. For detection purposes, a field of
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lush green vegetation bordered by fallow fields would probably
be detectable to an estimated width of 50 meters (150 ft),

A width of about 95 meters (300 ft) would be useful for other
than detection purposes.

The degree of visibility was also dependent upon the aline-
ment of the field to the ERTS orbit. The results given above
were valid for fields running north-south. The smallest detect-
able field alined east-west was 140 meters (450 £t) wide and
of moderate contrast. A high contrast east-west field of an
estimated 95-meter (300-ft] width should be detectable.

A large number of other fields 78 to 95 meters (250 to
300 £t) wide were not detectable. These were light-colored
north-south fields of harvested crops with adjacent fallow
fields. Alternating fields of gray and white and of 78-meter
{250-ft}) average width were visible in most cases, however.
A similar field 110 meters (350 ft) wide is considered useful
for purposes requiring more than just detection,

A two~lane paved highway {(shown in fig., 4-2) is visible
as a dark line that can be followed without much difficulty.
It is easiest to see when it bisects light-colored fields,
The few small scattered homesteads in ’“e area were 10t visi-
ble. The coulees or water drainage channels were easily
detectable as either dark lines or areas with a vigorous
vegetation response.

Separation of the agricultural from the nonagricultural
land in the intensive study area was not difficult if one
had a general knowledge of the farming practices and type of
terrain in this sector of the country. Almost all fields in
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the test site were geometric figures bounded by straight lines
due to the strip-fallow farming methods. An examination of
figure 4-2 shows that over 90 percent of the study area is
agricultural. The remaining few percent consist mostly of
dark and somewhat irregular features known as coulees, or
steep-walled water erosion paths which occur in this county.
In some cases, unusually vigorous vegetation is another clue
to the presence of a coulee.

The identification of crop types was not meaningful for
this site because only one class of crops was grown, small
grains., All the small grains in this area appear as some
shade of red or pink, which is an indication of crop maturity.
Harvested crops and bare soil appear as white or gray.

Classification of the crops by species would probably
not have been possible if spectral signatures of the green
leaves alone had been used, Because all the crops (barley,
oats, and wheat) are grasses, their spectral differeice shown
by reflectance data varies only a small percent in the near
IR. This data spread becomes meaningless when the various
climatic conditions and growth stages are considered. How~
ever, the factor which contributes to their classification
is the difference in planting dates and maturation dates.

In view of this, refer to the data in table 4-~I in the
next-to~last column, The data show the following.

1. Barley appears white in 50 percent of the cases,
light red 25 percent, and medium red 25 percent.

2, Winter wheat appears light red 67 percent and
medium red 33 percent.
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3. Spring wheat appears medium red 75 percent and
light brown 25 percent.

4, Oats appear gray in 100 percent of the cases.

5., Summer fallow is gray ir 60 percent of the cases
and white 40 percent,

6. Sod and crested wheat grass appear black,

This indicates that, although barley and winter and spring
wheat cannot be separated, they are distinct from all else in
the scene., The two white fields of barley have probably been
harvested, since their height ic not recorded in the ground
truth., Similarly, the oat field ha. probably been harvested
and appears gray. Summer fallow is always gray or white,
which is probably dependent upon whether the fields have been
plowed, have weeds, or have stubble, Sod and crested wheat
grass were not separable.

The crop calendar (fig. 3-2) shows why barley and
spring and winter wheat cannot be classified separately.
The maturity of each of these crops was almost identical and
some had apparently been harvested. Oats had been harvested
completely by the date of this imagery. This again shows
that the display colors indicate crop maturity or condition
of the fallow soil. More favorakle dates for obtaining
imagery relative to the growing season would be of consider-
able assistance.

Figure 4-3 is a dengity-sliced digital dispiay produced
with the MCFV, MSS 5 and 7 were color coded scparately and
added together to give a composite. The resolution of the
resulting display was about half that found on the best
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black-and-white imagery. One training field each was used
for fallow, barley, sod, winter wheat, and spring wheat.

The field colors (shown in fig. 4-3) are listed in table 4-I
in the last column.

The following list is from the tabulated data giving
each crop type and the color with which it was displayed.
Refer to the color code at the bottom of table 4-I.

Summer fallow - C, Bl, G~0, G Qats - G-0
Winter wheat - R-C, R, C Crested wheat grass - O

Spring wheat - R-C, K, R, R-G

Assuming that the displayed colors fcr fallow are
representative of all fallow fields, three barley fields,
one winter wheat, and the ocat field have evidently been
harvested. Because no crop maturity was given for the
bariey fielcs in the ground truth, they were presumed to
have been harvested. The winter wheat, listed as ripe,
must be considered an error. All other fields of barley
and winter and spring wheat are displayed as red or a red
mixture. The ground truth indicated that these same fields
were at some stage in the growth cycle. Oats were shown as
the same color as fallow; ground-trutn information implied
that the ocats had been harvested. Sod and crested wheat
grass were indistinguishable, yet different from all other
classifications.

The foregoing ciscuss ~n shows that a crop classification
by color has not been accurately achieved. Instead, the data
show that stage of maturity is much closer to being indicated
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by th2 color of the display. A much larger number of samples
would be required to establish a clear relationship between
maturity and color display.

Training fields were selected for each crop from the
August 7, 1972, data, the most recent pericdic ground data
available. Fields that were not covered by the August 7th
periodic ground data observation were not used because the
growth stage of the crop was not reliably known. This was
important because the data were acquired during the harvest
season when some fields had been harvested ana some had not.

For each growth stage, table 4-11 shows crecp color,
percent ground cover, and height for small grains grown in
Hill County.

TABLE 4-11.~ SIAGE OF MATURITY, COLOR, PERCENT
GROUND COVER, AND HEIGHT FOR SMALL GRAINS
(WINTER WHEAT, SPRING WHEAT, BARLEY, OATS)

Stage of Color of crop Ground cover Crop
lcrop maturity on the ground of crop, % height, cm
Bloom
milk Green 100 31 to 61
dough
Ripening Green and 100 31 to 6i
gold
Ripe Gold 109 31 to 61
Harvested Gold 25 6

Another method of conventional interpretation was the
JSC color composites produced on the DAS. Figure 4-4 was
used for crop detection and identification.
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Table 4~I1I shows the stage of major crops in Hill County
on scene date from crop calendar and from the periodic ground

observations.

TABLE 4-II1.~ STAGE OF MATURITY OF MAJOR CROPS FOR
AUGUST 7, 1972, HILL COUNTY DATA FROM CROP
CALENDARS AND PERIODIC GROUND OBSERVATIONS

o op calendar Periodic ground obser-
il ol vations on Aug. 7, 1972
Crested | Intermediate growth Ripe, grazing
wheat stage. Harvest; i.e.,
grass ripe or stubble
Spring | Ripening Ripening, dough, ripe,
wheat milk
Winter | Harvest; i.e., ripe or Ripe

wheat stubble

Barley | Harvest; i.e., ripe or Ripening, ripe,
stubble harvested
Qats Stubble; i.e., harvested Harvested

The colors on the DAS compositors were grouped so that
each color indicated a crop type or types. Crop calendars
and object characteristics, such as shape, size, pattern,
site, texture, and tone, were also considered in the crop
identification.

The color of each test field was noted and then found
on the image interpretation key. Based on color, the fields
were classified into crop types or species (fig. 4-4). The
classification results for each field were compared to ASCS
ground observations to determine the accuracy of crop identi-
fication., Computation of crop identification accuracy was
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based on the following formula:

Accuracy of field
identification

Number of test fields identified

Total number of test fields

Interpretation of the enhanced imagery (fig, 4-4)

revealed that the relative contrast of adjacent features

and their geographical orientation were important in ascer~

taining their detectability,

Linear features (long narrow

fields) parallel to the scan lines on an MSS image were

more difficult to detect and define.

Most of the fields

had already been harvested, which left little contrast

between the cropped fields and fallcow fields.

Fields

95 meters {300 ft) wide oriented north-south were detect~

able,

tation was 135 meters {450 ft).
of the crop identification and the percent of accuracy.

The narrowest field detected with an east-west orien-
Table #4-1V shows the results

TABLE 4-IV.~ HILL COUNTY CONVENTIONAL INTERPRETATION
OF ACCURACY OF CROP IDENTIFICATION

Number of fields

Crop Crop Accuracy
Test | Training | Test iden~ lof crop iden-
fields fields fields | tified Jtification, %
g ¢
Summer fallow 91 11 80 70 88
Barley 34 7 27 16 59
Winter wheat 27 6 21 9 43
Sod 23 1 22 20 91
Spring wheat 22 7 15 5 33
Crested wheat 8 2 6 4 67
grass
Oats 8 2 6 1 17
Total 213 36 177 125 71
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4.1.1.2 1Imperial County.- Several image enhancements
were examined in detail to determine whether a relationship
existed between crop types/species and color presentation.
The enhancements were made with the ACVP and the MCFV, which
will be discussed separately. Input imagery in each case
consisted of unreprocessed GSFC third-generation 24~centimeter
{9-1/2-in.)} black-and-white positives taken November 6, 1972.

The MCFV was used to set up various MSS band combina~-
tions of density~-sliced digital displays. Figure 4-5 is a
combination of MSS bands 5 and 6 and was found to be the best
results from the MCFV.

A brief examination of the data indicated that a corre-
lation does not clearly exist between crop species and color
presentation. Pink, for example, represents alfalfa, sugar
beets, and Sudangrass. There are seven fields of alfalfa
and four separate colors to represent them, A total of 21
fields are of these same colors. The classification accuracy
for all alfalfa is therefore 33 percent. A similar classifi-
cation shows that 9 fields of sugar beets are represented by
five separate colors, with a total of 28 fields haviny the
same colors. The classification accuracy for all sugar beets
was therefore about 32 percent.

If only mature or nearly mature crops are considered,
the results are somewhat better, Better results 2 = presum=-
ably due in ovart to the large amount of reflecti..ty fcom
the bare soii found in the fields with young s « s, There
are 4 nearly mature fields of alfalfa and a tota! .t 10 fields
with the same color presentation., The classification accu-
racy for maturing alfalfa was then 40 percent., There were
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6 nearly mature sugar beet fields and a total of 14 fields
with the same color representation, Classification accuracy
for maturing sugar beets was therefore 43 percent.

These results are an obvious indication that accurate
crop classification has not been achieved. Further manipu~
lation of the data might reveal higher accuracies, but the
category being classified would have become too broad to be
useful. Even bare soil was classified correctly only 47 per-
cent of the time, These numbers are actually meaningless
if a site is analyzed in which, for example, no sugar beets
were present. Classification accuracy for alfalfa might an
approach 100 percent, depending on the other crops prese ..
Classification accuracies as presented here are therefore
primarily a function of a crop species population relative
to that of some other crop. A classification accuracy of
100 percent for maturing alfalfa might mean that the tech-
nique was capable of separating alfalfa from sugar beets and
Sudangrass 100 percent of the time, or only that the latter
two crop types were not present at that time,

The color presentations found in figure 4-5 indicate
crop condition or stage of maturity for a particular crop
species rather ihan of the species itself.

Initial tests indicated that the MSS 5 imagery had the
highest resolution of the four MS8S bands. Black-and-white
positive transparencies and paper prints at various scales
were compared to a recombined ACVP color IR rendition to
select the most usable cata format for detection analysis.
The color IR rendition was found to have the best overall
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Figure 4-6.- Imperial County conventional
AUVE false=color IR tnhancomed
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Crops in the test site were classified in these
categories: truck farm crops (melons, carrots, asparayus,
lettuce), grasses (wheat, Sudangrass, grain sorghum}, legumes
(alfalfa), fiber (cotton), and sugar-producing crops (sugar
beets) .

Figure 4-6 clearly shows the crop types were not
uniquely identified by specific unambiguous colors. A
similar attempt was made using various training fi~-lds to
relate a particular color to just one crop species. Again,
the results quickly indicated that crop classification in
this manner was almost totally ambiguous. Instead, the
colors in the photograph were found to indicate crop condi-
tion (table 4-V},

Alfalfa was found to appear from a bright red to a dull
red, depending on the crop height. The height could probably
be translated into other factors, such as vigor, maturity, or
ground cover, if sufficient ground truth were available when
the color-condition relationship is set up. Similar informa-
tion could be obtained for potentially each crop species by
using data from a larger test area and a greater number of
samples taken at various times in the growing season, Because
of the limited ground-truth data available for this analysis
and the general scope of the study, specific color-condition
relationships were not attempted. Imagery of the quality
provided by ERTS~1 was considered very adequate four fields
as small as B to 12 hectares (20 to 30 acres). A recombined
false~color IR rendition, as shown in figure 4-6, proved
superior to all other additive false-color combinations
attempted. An image scale of 1:130,000 or larger is con~
sidered desirable.
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TABLE 4~V,- IMPERIAL COUNTY CONVENTIONAL INTERPRETATION

=
Colorx Crop species Height, am&
Red Alfalfa 36
Sugar beets 30
Sudangrass 24
Moderately red Alfalfa 21, 15, 9
Sugar beets 30
Asparagus 61
Dull red Alfalfa 15, 9
Sugar beets 9
Carrots 21
Sudangrass 21
Pink Malon 15
Magenta Sugar beets 27, 12
Black Bare soil (plowed or
recently planted)
White Bare soil (undisturbed
with little or no
ground cover)
Gray Sugar beets 9
Grain sorghum stubble 61
Bare soil, melons 15 |

A JSC color composite (fig. 4-7) was made to assist
the computer-aided techniques in the selection of training

and test fields.

A three~time expansion of the data was

used to make the color composite on the DAS. The detectior

capabilities of this method were limited to distinguishing

among bare soil, heavily vegetated arezs, and sparsely vege~
tated areas. Variations sometimes occurred in the screening
process, but such variations did not lend themselves to any
form of measurement that would allow for associations with
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Figure 4-7.- JSC color composite of Imperial County data
acquired November 6, 1972,
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particular crop types. The green, red, and higher IR bands
were found to be the best for detection.

Temporal analysis was attempted on Imperial County data
with the MCFV using M55 6 for November 6 and 24, 1972. Each
image was sliced to provide the most usable information with-
out spillover of datz from one slice to the next, and a
different color code was set up for each date., With a combi-
nation of the two images additively, it was hoped that each
of the various crops would be presented as a unigue color.
This was not achieved, although some change in crop condition
occurred durino the 18-day separation. The same temporal
analysis was attempted on the Butte Ccounty data with better
results (sec. 4.1.1.5).

4.1.1.3 Hardin County.- The ERTS-]1 MSS imagery taken
August 13, 1972, was used as the data set. Additive false~-
color IR renditions and density-sliced displays were rener-
ated, although optimum enhancemencs were not achieved due
to their poor quality. The false-color IR rendition had the
best resclution, and field location was much easier and more
accurate. Color balance was found to be irreqular on the
color prints. Setup of the MCFV proved difficult, and for
the best results two density~sliced displays were needed for
a single analysis.

Correctly locating the individua! fields proved to be
a lengthy task and involved much correlating w.th serial
photography and grcand~-truth data. Field location was estab-
lished correctly for perhaps 90 percent of the fields used
in the analvsis. C-nventional image interpretation tech-
nigues we:  .sed on the DAS color compositcs to identify
those fields which could be detected.
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Table 4-VI shows the stage of maturity of major crops
in Hardin County for the selected scene date from the crop
calendar and from ground observations.

TABLE 4-VI.- STAGE OF MAJOR CROPS FROM CROP CALENDAR
AND FE% PERIODIC GROUND OBSERVATIONS

Crop Crop calendar Periodic ground observations
Aug. 13, 1972 Aw. 11, 1972
T
Corn T Tasseled 1060% Bared tasseled; tasseled
ground cover
Soybeans Drop leaves Blooming
Oats Harvested Clipped regrowth, plowed,

new seeding; ripe crin~
kled over, mowed, weedy

Grain sorghum Head 100% Green growing
ground cover
Alfalfa | Harvest Hay baled, weedy

The best DAS color composite (fig. 4-8) was used for
crop identification. The ERTS band 6 was on the green gun,
band 5 on the red gun, and band 4 on the blue gun. A clcud
shadow just to the south of the study area obscured the
northern edge.

Table 4-VII shows the colors that were grouped for each
crop type. The crop types were identified according to
color. The three crops and bare soil make up 85 percent
of the study area.

A problem existed with the minor crops. Sorghum and
Sudangrass closely resemble soybeans, and these are usually
classified as soybeans. The other minor crops were very
difficult to i-»n*ify, partly because most minor crops were
in small fiel.
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Figure 4-8.~ JSC color composite of Hardin County
data acquired August 13, 1972.
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TABLE A-¥1].- COMVENTIORAL IMAGE INTERPRETATION OF HABDIN COURTY

il Bl 0 e e i
Corn Dark green o 12 7 13 95
Soybeans |Bright green| 75 10 65 61 o4
ocats Lighter rea | 2 14 a8 a 85

and pink
Bare soil |Dark red 3 1 2 2 100
Accuracy of field identification = TUSDSL OF tost fields identified

4.1.1.4 Holt County.- The dc.a set for July 29, 1972,
was used to produce image enhancem:nts on the MCFV. The
GSPC third-generation 24-centimeter (9-1/2-in.) positives were
reprocessed to a high quality for use. The ACVP enhancements
were made, but were not used for this portion of the analysis
because the MCFV analog plus digital display provided a
good example of the combination of the two MCFV modes.

FPigure 4-9 is a false-color IR rendi . ion produced in
the analog mode of the MCFV. The density-sliced digital
display mode was used to single out a f.eld of sunflowers
and was superimposed on the analog display. The MSS band 4
was displayed as blue, MSS 5 as green, MSS 6 as red, and
MSS 6 digital as yellow on one density slice only. A list
of the crop species as presented in the ground-truth data
was prepared, and the color of each species at shown in the
subject figure was determined (table 4-VIII). Classification
accuracy was computed with the formula

{Number of fields of crop species x 100 percent)
RKumber of fields of same caiar as Crop specles
The clasgsification figures are virtually meaningless,
however, becausc they reflect crop species populations to
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Figure 4-9.~ False-color :nfrared corposite
Holt Count, data.




TAULE &-VITI.~ HOLT COUNTY CROP CLASSIFICATION - COLOR IR RENDITION

s, of Classification
Trap f i;h’l o : accuracy of
Erop SDecies, 4

Sunflowers 1 140

Field corn,
tazseling : B1.5
ard
irmatuce

Poocorn,

tasgeling w1 33
Hisy 33
BB 313

Grass, 45.7 om o1 48
c2 33
B3 %

firase, 94.5 on 3 150
Pasture o2 190
Alfalfa, £1.0 oo,

Sloom stage a3 44
C2 40
%3 20

Alfalfa, voung B3 Efz
i 41

Brome, 15%.2 o g 100 11
Brome, 7.2 ¢m 81 im0 50
Yolume cover,

1.0 om to 91.4 om "3 130 33
Srain sorghum &3 51 1%
@2 9%
Fallow Bl 100 50

Acslor code, analog color IR - R1, wright red: W2, dark red: °3, mink:
¥, yellow: CI, light cvan: C2Z, dark cyan: Bl, blue: and 8, black,
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a great extent, and ncot the uniqueness of crop-color display.
For example, if half the test site was planted in grain
sorghum and the other half in corn, the classification
accuracies would probably be nearer 85 percent and 67 percent,
respectively, which is far from the 15 percent and 91.5 pe:-
cent tabulated.

As may be seen in following classification discussions,
the results tend to point toward a relationship amonc crop,
maturity stage, and the color shown on the image enhancement.
However, sufficient ground truth was not available for this
data set tc enable a useful analysis to be made.

Conventional image interpretation was used to identify
fields larger than 7.5 hectares (19 acres) from JSC and GSFC
color composites. After many enhancements were viewed, the
JSC color composites from the DAS were used for crop identi-
fication. The enhancements shown in figures 4-10 and 4-11
have an image scale of 1:92,565. Figure 4-10 contains ERTS
band 5 (red) on the DAS green gun, band 6 (lower IR) on the
red gun, and band 4 (green) on the blue gun, Figure 4-11
contains ERTS band 5 (red) on the DAS green gun, band 7
{higher IR) on th> red gun, and band 4 (green) on the blue
gun.

There were some bad data lines on the tape in the red
band just to the south of the study area. The bad data were
not on the red band film received from GSFC. For the selected
scene date, table 4~IX shows the stage of maturity of crops
as they appear on the ground cbservations and on the crop
calendar,
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TABLE 4-IX.~ STAGE OF MAJOR CROPS FROM CROP CALENDARS
AND FROM THE MOST CURRENT GROUND OBSERVATIONS

Crop calendar,

Annual ground obaervizians,

A

ground cover

Crop July 30, 1972 July 28, 1972
o it
Corn Tassel 100% Tasseling; starting to tassel
ground cover
Alfalia Intermediate Blooming
growth stage
Grain sorghum | Heading 100% -—
i ground cover
Sunflowers Heading 100% Blooming

From figures 4-10 and 4-11, the colors of each training

field were listed in table 4-X,
into four c¢lasses.
weeds, sorghum, and haygrazer.

The colors were grouped

Type 1 included grass, alfalfa, brome,
Type 2 consisted of bare

soil, type 3 of sunflowers, and type 4 of corn and popcorn.

All the large fields in the study area which were not

training fields were selected as test fields.

Based on its

color, each test field was put in one of the four classes.

The classification results (shown in table 4-X1) were
compared with the ground observations to determine accuracy.
This shows that with good confidence nearly all fields in
the study area can be grouped into four types.

After the study area was separated into the four types,

crop identification was attempted.

The information in

table 4~-X was used to prepare table #4-XII, which is an
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TABLE 4-XII.- IMAGE INTERPRETATION KEY
P~" HOLT COUNTY CROP IDENTIFICATION

Ceolor, intensity

o Crop

Figure 4-10 Figure 4-11

Brown o1 Brown 1 Grass or

weeds

Red 3 Red 2 sunflovers

Green 1 Blue 3 Bare soil

Brown 1 Brown 3 Popcorn

Brown 2 Blue 2 or Brome or
blue 2 and pasture
magenta

Red 2 Brown 4 Alfalfa

Red 1 and Red 1 and corn

red 2 red 2

azntensity of brightness from darkest 1 %o brightest 4.
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image interpretation key for crop identification. 1In this
table, the colors from table 4-X were grouped so that

each color had a crop type on tabie 4-XIl, All the 1atge
fielde in the study aresa which were not training fields
were selected as test fields, Based on the color, each test
field was classified as a crop.

After identification, the results were compared with
the ground observations to determine accuracy. Accuracy is
shown in table 4-XIII, This table shows that sunflowers and
bare soil can be identified witﬁ‘gond confidence; corn, with
less., The various types of grass look similar and are diffi-
cult to separate.

4.1.1.5 Butte County.~ The data set for September 19,
1972, was used to produce recombined enhancements of ERTS
MSS imagery. Third-generation GSFC 24-centimzter (9-1/2-in.)
positives were used on both the ACVP and the MCFV,.

Figure 4-12 is a false~color IR rendition produced on
the ACVP. MSS 6 was projrcted as a red colcr, MSS 5 as
green, and MSS 4 as blue. The resulting recombination proved
to be one of the best additive color enhancements producer
during this study. Various colors, saturations, and bright-
ness are evident and the snarpness of the imagery is good.

Table 4-X1V lists the fieids for which ground trﬁth
was available and the color that the field was judged to
_have in the subject figure. The fields used as a coler
referenc. for comparison are indicated with a superscript b
in the color column. All colors were determined visually.



4-39

‘wexv Apnis SPISINO VIGM BPTOTI ISAL,

% ¥ — 3 e |
_v z8 L €€ oy 0T 0s Te30L
" i —;) o N 5
001 0 4 z b ¢ £ s8R
001 0 [ mﬂ 1 £ gAIPMOT ZuUnS
001 0 1 1 T 4 1108 exwg
0 4 0 z 1 £ uxoddog
0 1 0 T 4 z auoxy
0 1 0 T 1 Z RITRIIVY
£6 Z 9z 8z £ 1¢ uIod
LY 1 z £ 1 v exnased
- L e s —
PETITESNTIO | POTITRENID | SPIGTS EpIeT]
% -8TH K1aoezzon | asey | Buturwexy
‘Kowanooy . - doan
SPIeT} JO IequmN

{

XINNOD IICH J0 NOIIVDIJIINAGI 40MD 40 XDWMNOOY -"IIIX-t JTRAVYL



Sosall grauns lrice}

Losrse grains (coen,
grann sorghum)

Hay/forage {pasture,
atfalts. Sodarmpass!

Ovchard trees iplums,
almonds, walnuts)

Fallow {bars soil,
warious stubbls)

Water {Lake in lownr
right covner}

Light vt redt. white

Dark rad

Light red pink
Light green, Hight rmd
Broven

Dark gray, whits
Black

NASA S-73-28099

Figure 4-12.~ ACVP of Butte County data acquired September 19,
1972 (false~-color IR enhancement of MSS bands 4, 5, and 6).




PABLE R-XIV.- BUTTE COURTY GROUSD TRUTH VERSUS DISPLAY COLOR
OB THE ACYP AND WCFV

Aeg, '8, 1372 Sepe. 19, 1912

ReeR, £k,

hectares Cron Stare of  Laisplay color®

eron
beighe, | maturity
. ACVP

Irrigated pasture 9.1 Mature Pi
Irrigated pasturs 185.2 Mature ¥l
irrigated pasture %.1 Mature 1

Idie, fallow L 9 G

2
.
4
5 Irrigated pasture 15.2 Mature Pl
]
3

Idle, fallow fi g 5
15 Fluss Harvested »®

B e R e

12 Ploms Harvested "2

113 Rice Nparing Pl
BATUT ALY

o
W

20 Py
17 e

12
59 o

51 tway ing
maturity

2 2%*>3 B8 #""3143]

53 i vearing
mat rity

33 Weeds .
ripenany

15 i earing
naturity

i6 Nearinn
CALUriLty

1% 3 Hearing
Paturity

15 Hearing
naturity

2% i Nearing
maturity

%3 4] D

2 106,73 Hoaded out,
nreen

263 i 106.7 Mature,
harvesting

269 i 106.7 Hieaded out,
arecn

B 2a0vP display = Rl, bright reds B2, dark red: P1, briaht pink: 1'%, medium
pink: P3, pink-white; ¥, white; B, black: G, gray tally: Mi, dark magenta: and
®2, light magenta. MCFY display - R, red: WO, yed-orange mix: 01, yeliows
orange: 01, orange; 03, dark orange: Y6, yellow-aroen wmix: M, ragonta: MB,
maganta~bive min: B, Bilue: G, arcen: and BM, red-magenta BAR

h?ield ased as rvolor standard.
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TABLE 8-X1V.~ BUTTE DOLNTY GROUND TRUTH VERSUS DISPLAY COLOR

O THE ALYP AND NCFY - Concluded

: by
Aag. 10, 1IN2 Sept. 1%, 1972
L Field Area Ext.
n;f. o hectares Crop erop State of pisplay color™
height, maturity
i o ACYP nery
93 4 s ¥heat stubble 0 0 o 2
fallow
33 5 3 Fallow <3 9 B8 i
293 5 15 | sugar beets 45.7 |maturing P2 w®
293 t & Sugar beets £5.7 Imaturing Pi RO
] 13 Alfalfa 61.0 |mearing mP ®
makturity
345 1 34 Alfalfa £1.0  IMature, .33 .
harvesting
1582 | 11 85 Rice ° Stubble wP o1®
1582 12 53 Fallow o 8 8 ¥G
1688 1 19 Field corn 213.4 [Green 2 N
1688 7 21 Field corn 213.4 | Green r2? ;
1688 8 23 Pield corn 213.4 | Green B2 »
1688 2 10 Field corn 213.% |jGreen B2 3
1688 | 2 28 | rield corn 213.4 lGreen R "
68 i T Sudangrass 30.5 {Immature P 03
1567 3 17 Sudangrass 30.5 | iomature P3 o
1874 i 15 Aimonds 548 .6 (Mature M2 g
2159 1 16 Almonds and 365.8 Mature w 02
walnutrs 609.6
978 3 8 ¥heat stubble g Fallow G 8
970 4 11 wWheat satubble o Fallow o B
2155 f § 5 Grain sorghun 121.9 [HMaruring P71 NE
1199 2 94 Field corn 243.8 |uear wmP | ou
naturity
1199 2 72 Fallow 0 o 8 yc®
1159 31 58 Dy beans $5.7 JStarting ta Pi R’
mature
119% 32 20 Dry beans 45.7  1Starting to w 02
mature

BNCVP display ~ RI,
pink; P, pink-white; W,
M2, light wagenta.

bright red; R, dark red; Pl, bright pink; P&, mediun
white; B, black; G, gray {all); M1, dark magenta; and
MCPY display » R, red; RO, red~crange mwix: Ol, yelliow-

orange: 02, orange; 03, dark orange; Y6, yellow-green mix: M, wagenta; M,
magenta-blue nix: B, blue; G, qreen; and RM, red-magenta mix.

“Field used as color standard.
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The identification of agricultural and nonagricultural
land follows basically the same reasoning that has been used
with the other study sites. Land devoted to agriculture
was found to be identifiable to a high degree of accuracy
by the regular geometric shapes of such areas. Cities,
rivers, and barren land showed as irreqular features in the
subject figure very reliably when compared to ground-truth
photography. In addition, water was identified by its
black to bluish-black color as seen in lower right-hand
corner of the subject figure. Barren land was usually
found to be irreqularly shaped and almost white or greenish-
blue. Either color signifies a comparatively low IR reflec~
tance and hence the presence of very little vegetation.

Cropland was identified readily in the study site by
shape, because fie! s generally have boundaries composed
of straight or gently curved lines. The spectral response
was also a reliable clue. No problem was experienced in
identifying cropland in the study area with these criteria.
Accuracy was never 100 percent, but was within a few percent,
due primarily to the limited spatial resolution of the data.

Black~and-white negative and positive transparencies
were examined at various magnifications and minimum detect-
able features were noted. A comparison was made with the
ACVP color IR rendition, and it was found that the enhance-
ment was equal in resolution to any of the single bands.

Refer to figure 4-12 of the classification section.
The smallest light-colored field detectable is about
2 hectares (5 acres), rectangular, and bordered by con-
trasting fields of gray, red, pink, and bluck. One field
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of 4 hectares (9 acres) could be located without difficulty
and probably represents a lower limit for usable field size.
The field is light and in an area of moderate-to-low contrast.
A dark red field of 5 hectares (13 acres) was located on the
south border of the 4-hectare (9-acre) field and is near the
limit of useful size for other than detection. The individ-
ual orchard fields which are of the same contrast and located
in the same general area could not be distinguished. The
largest of these fields is about 14 hectares (36 acres).

A divided highway is visible over most of its length,
although it becomes difficult to locate as it passes through
an area of low-contrast orchard fields. A two-lane paved
highway is detectable, but only because it forms a boundary
for a number of contrasting fields. A canal about 30 meters
{100 ft) wide is detectable as it passes through dark fallow
fields, but is visible elsewhere only because it defines
field borders. A dark strip of trees only 23 meters (75 ft)
wide can be seen without too much difficulty. Several indi-
cations of homesteads are visible as unresolved white spots,
but only in areas where white contrasts well. A long rectan-
gular field about 64 meters (250 ft) wide was easily seen
and could probably be recognized as a field if the width
was perhaps 40 meters (15¢ ft) or greater.

Contrast is an important factor in determining the
detectability of a surface feature. White areas were found
to contrast well with other colors most often, while light
pink or magenta contrasted most poorly. Dark-colored fields
were not quite as easy to detect as white, and generally
showed to be smaller than the ground truth indicated. A
final comparison of the color IR rendition was made with
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black-and-white photographs, but the color IR was still
found to be preferable.

The crops within the study area may be divided into
several types based partly upon botanical characteristics
and partly upon the use of the crop. The types which were
selected were small grains (rice), coarse grains (field corn,
grain sorghum), truck farm crops (sugar beets, dry beans),
hay/forage (pasture, alfalfa, Sudangrass), orchard trees
{(plums, almonds, walnuts), and fallow (bare soil, various
stubbles). These types are listed on figure 4-12, with the
colors given in the next~to-last column of table 4-XIV in
order to determine if a type~color relationship exists for
this figure.

A satisfactory identification of type by color has not
been achieved. Considerable confusion is evident among
the first four types, while the last two, orchard trees and
fallow, show some similarity. It appears as though an
IR/non-IR reflectance correlation has resulted instead. The
orchard trees are listed as mature or harvested and the
leaves are either dropping, changing color with the late
date in the season, or the ratio of tree leaf area to bare
soil area is small. The tabulated data may also be arranged
to determine if a unique color-crop species relationship
exists. The results were as shown in the following table,
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c°1§§9ﬁi:9if§§d 28 Crop species or field condition
Rl Alfalfa, near m;tuxity
R2 Field corn
i Pl Pasture, rice, sugar beets,

grain sorghum, dry beans

P2 Rice, sugar beets

P3 | Rice, Sudangrass

W Rice stubble, almonds, wheat
stubble

B Idle-fallow

G Idle~-fallow, almonds, wheat
stubble

M1 Field corn, alfalfa harvested

M2 Plums, almonds

i

Only Rl, R2, and B indicate one crop species or field
condition. P1l, P2, and P3 include several species, with
possibly only one factor in common -~ all the crops are
growing, have not been harvested, but are nearing maturity.
Harvested fields, dormant trees, and fallow are included in
W and G; these all have low IR reflectivity. Ml and M2
include field corn, which is probably near the end of its
growth, harvested alfalfa, and dormant plum and almond trees.
These all have moderate~to-low IR reflectivity in common.

Crop classification by color has not been achicved, and
it is therefore needless to compute accuracies. The analysis
points out once again that the color which a crop exhibits
in a false-color IR display is indicative of its vigor,




4-47

maturity, or condition. Thus, a field such as rice which

has been récently planted may follow the color cycle of B
(planted) , P3 (young growth), P2 (immature), Pl (near maturity),
P3 (being harvested), W (rice stubble), G {(idle-fallow, old
stubble). Assuming that the crop type is known, this informa-
tion should prove to be valuable. 1In addition, it has been
shown that this may be achieved using ERTS imagery. The
smallest individual field used in this analysis was 8.5 hec-
tares (11 acres) and of high contrast,

A density-sliced color-coded enhancement made on the
MCFV for the subject data set is shown in figure 4-13. The
MSS bands 5 and 6 were set for optimum display and combined
to produce the composite enhancement. Color mixes and various
intensities of the same color appearing in the final display
are due to the addition of information from the two bands.
Since a different color key usually is used for each band,
color mixes are produced. Some overlapping of colors occurs
for the smallest fields and an accurate color is not produced
for that field. This may be seen for fields of perhaps
10 hectares (25 acres) or less.

The color of each field as displayed in fiqure 4-13 is
also listed in table 4~XIV. The color code appears at the
bottom of the table with each color reference field indicatr d.
One training field each was used to devise color codes for
rice, corn, alfalfa, bare soil, and orchard trees.



LROP

COLOR

Small graing {rice}
Coarse grains {cormn,
grain sorghum)

Truck farm crops

{ssgar bawts, dry
beans}

Hay/Torage (pasturs,
alifalfa, Sudangrass)

Orchard traws {plums,
almonds, walnuts)

Fatlow {hare soit,
various stubbdes)

Orange, red, orangs mix

Magenta, blue

Magenta mixture, red.
orange

Blus, magents mix,
dark orange

Blue {uppar 1eft)

Green, yaliow/groen

Figure 4-13.- Butte County MCFV enhancement of MSS bands 5

and 6 (conventional image interpretation of September 19,
1972, data).
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The following table was prepared using table 4-XIV
data and the crop types used in the previous discussion
with the color~IR rendition.

Crop type

Color displayed

Small grains
Coarse grain
Truck farm crops
Hay/forage
Orchard trees

Fallow

RO, 02

M, MB

MB, RO, R, 02
RM, R, ¥, 03
B, MB, 02

B, ¥G

e 4

There is obviously a great amount of overlap between the

various crop types and displayed colors. Perhaps the only

type that can be identified without considerable ambiguity

is fallow. The conclusion was that either the display was

set up poorly, a crop type-color relationship does not exist,

or that the division into crop types has been improperly devised.

The data may also be arranged to determine if a crop
species~color relationship was achieved (Level IV). The
following table was prepared to determine this and classifi-
cation accuracies were computed,

Crop classification may be computed by
{Number of fields of crop) x (100 percent)
Number of fields displaying Eﬁe same color as crop

The crop classification accuracies shown in table H4-XV
were calculated using the above eguation.
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TABLE 4-XV.- CROP CLASSIFICATION ACCURACIES

Crop species Qigg:’,;ﬁi;f"i‘m calees | U E
TRica 80 RO, 02 T 12
Rice, stubble 100 ol 1
Idle-fallow 67 B, G, YG 8
Field corn 78 M 7
Alfalfa, maturing 50 R 1
Alfalfa, harvested i1 M 1
Sugar beets 18 MB, RO 2
Sudangrass 100 03 2
Dry beans 20 02 2
Grain sorghum 11 M 3
Wheat stubble 30 B 2
Almonds 16 02, B 3
Pasture 100 RM 4
Plums 50 MB 2

Many of the percentages appear quite low. However, most of
the poorer classifications were based on a sample of only
one or two fields and should not be congidered as necessarily
valid. Rice stubble and wheat stubble should be placed into
the idle~fallow group, since the fields were not planted and
were similar to the contents of other fallow fields. This
increases the accuracy of classification for idle~fallow to
75 percent, and the 30 percent figure for wheat stubble is
eliminated. Other groupings could probably be made which
wonld improve the results, as well as give more useful crop
categories.
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As shown earlier in this report, the maturity of the
various crop species was generally the major factor deter-
mining the color of their display; for example, rice may be
followed through its growth cycle as follows:

Crop Color displayed

Fallow field, planted with rice Yellow~green mix
Rice nearing maturity, good growth Red-orange mix
Mature rice, good growth, maximum Red

ground cover
Rice at harvest stage Orange 2, 3
Rice stubble, fresh Orange 1
014 rice stubble, plowed under, Yellow-green mix

wet soil

Other crops show a similar pattern, but perhaps with
some difference in colors at each stage. For example, corn
and alfalfa would appear magenta at some stage in their
growth. This might be attributable to the mix of soil and
plant spectral reflectivity, the percentage of ground
cover, general health of the crop, or numerous other factors.
Much more data sampled at various points in the growth cycle
for each crop type will be needed before a dependable
interpretation can be made.

A temporal enhancement is shown in figure 4-14. To pro-
duce the enhancement, MSS band 6 taken on September 19, 1972,
was projected as red, and MSS band 6 taken on October 6,
1972, was projected as green. The print shown in figure A-14
is not as sharp as the original image formed on the ACVP screen



{See table U-XV1 for color code.]

Figure 4-14.- Butte County temporal enhancement of MSS band 6.
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TABLE 4-XVI.- BUTTE COUNTY DATA FOR TEMPORAL ENHANCEMENT OF MSS BAND 6

{Figure 4--1% field color!

field color

Crop condition

Crw condition

fiedg fxap in figure Sept. 19, 1972 oct. 6, 1972
= 3
11996 Rice Red/brown 107 cm high, Harvested,
harvesting burned out
i582-11 Rice Red/brown Harvested, Harvested,
stubble tillage
293-8 Sugar beets Bed/brown 46 cm high, Harvested,
maturing bare scil
293~6a/6b Sugaxr beets Red/brown 46 om high, Harvested,
maturing bare soil
768-1 Sudangrass Red/brown 30 cp high, srvesved,
immature tillage
1567~-3 Sudangrass bed/brown 30 ¢m high, Harvested,
immature riliage
633~1 Rice Red 107 ¢m high, Harvested,
near paturity tillage
2913-11 Alfalfa Red €1 om high, 30 om hizgh
near maturity
11897 Field corn Brown 244 c©n hich, Harvested,
near maturity tillage
946~1 Alfalfa Light blue/ §1 cm high, & om high,
green harvesting cutting
removed
4989+1,2 Rice wWhite, light 187 com high, 30 em hich,
3.4 yellow near maturity straw,
harvested
1199~1 Rice wWhite 107 cm high, 107 eom high,
headed, qreen rature
209-24 Rice White 107 ‘em high, 187 em high,
headed, ureen matrure
1198-31 Dry beans White 46 cm high, 61 o high,

near maturity

near maturity
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because of losses and changes in color balance in subsegquent
printing.

A cursory examination of the enhancement did not reveal
that a crop classification by colcr had been achieved.
However, examination of ground-truth data for the two com-
bined dates indicates that the colors may correspond to
certain crop changes that occurred during the 18 days between
photographs. Since the near-IR band from both dates was
used, the colors represent changes in the amount of IR reflec-
tivity. This may be because of differences in the amount of
green vegetation present or from the spectral reflectivity
of other ground cover. Table 4-XV1 was prepared from ground-
truth data for those fields whichk indicated a field condition
change by their display color.

The red/brown color generally corresponds to crops
which were harvested during the 18 days between data collec-
tion. The first ricefield had been harvested and the stubble
burned over. The second ricefield indicated tillage remaining
on the ground; but, judging from the very low reflectivity on
the second date, the stubble must also have been burned. Red
also is shown for harvested sugar beets and Sudangrass.

One ricefield which was harvested between data collection
dates shows as red; the stubble in this case had apparently
not been burned. A field of alfalfa also appears red. This
indicates a higher IR reflectivity on the first date by the
excess red needed to produce an orange color when mixed with
green from the second date. The ground truth (table 4-X1IV)
shows that the alfalfa was indeed more luxuriant on the
earlier date.
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A blue/green color in figure 4-14 should indicate a
high IR reflectivity on the second date with little on the
first. White fields in each case represented crops which
were green on both dates. Similarly, light brown to dark
brown indicated t'at little change occurred in those fields
between the two dates, with very low IR reflectivity in
general. This proved to be the case by examining additional
ground-truth data.

This brief analysis showed that if a crop species was
known, its stage of maturity, including harvest, could be
inferred from temporal data. By selecting temporal sets
from other dates in the growing season, other growth factors
might well be discerned. In addition, it was determined that
imagery from two consecutive ERTS data sets that were 18 days
apart could be registered without difficulty. Temporal
enhancements were generated as easily as those for single-~
date data sets.

Figure 4-15 is a temporal enhancement produced by
combining on the ACVP the October 6, 1972, MSS band 5 as a
blue color and MSS band 7 as green, with the MSS band 7 for
October 24, 1972, as a red coloxr. Using this setup and
based upon previous studies, the following general state-
ments were ascertained.

1. Any color in the figure which has bluc as a
component should indicate a field which has a relatively
high soil reflectivity and low IR responses. Cyan, blue,
and light purple are included.



[See table 4-XVII for color code.]

Fiagure 4-1..=- Butte County ACVy cnhancenont of

-

arngd 7.
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2. Any color with green as a component should indicate
a field with high IR reflectivity on the first date. This
primarily includes green and cyan. Yellow signifies high
IR response on both dates.

3. Any color with red as a component should indicate
a field with high IR reflectivity on the second date. This
primarily includes red, magenta, or purple.

4, Very dark colors should represent harvested or
fallow fields of low reflectance. This could be due to
burning, wet soil, or freshly plowed damp soil.

Table 4-XVII was prepared to test the above statements.
As in the previous temporal analysis, crop identification
was not attempted because this did not appear to have been
achieved.

The first two fields in table 4-XVII apply to statement 1,
and according to the ground-truth data both fields had a
higher soil reflectivity than did vegetation. The first field,
corn, had a blue strip along the eastern half, which prob-
ably indicates that the field was half plowed under on the
first date and completely plowed under on the second date.

The only field showing any green at all was the north
end of a field of dry beans. According to ground-truth data,
this area was harvested by the second date, which accounts
for the higher IR reflectivity on the first date. (This is
in agreement with statement 2.)
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The fields ranging from light vellow to orange were
indicative of a good vegetation response on both dates; this
is supported by ground-truth data. Drowned spots in one
cornfield were discernible as a spotted effect. Ricefield
1199-1 can be seen as partially harvested in the northern
portion on the original enhancement. The only red field
for which ground truth was available did not indicate vege-
tation for either date. However, the magenta-cuvlored areas
to the east of the test site were grasslands with a component
of soil reflectivity on the first date, and increasing grass
ground cover on the second date. This ground-truth infor-
mation was taken from color-IR enhancements and supports
statement 3. Statement 4 was true in each case.

It is evident that a logic may be developed in
which the condition of a field may be inferred through
the use of a temporal enhancement and a gereral knowledge of
the spectral reflectance characteristics of soil and vege-
tation. Also, crop classification by temporal additive color
techniques appears improbable using ERTS data. No doubt
cases will arise when this will be achieved, but this is
unlikely on a reguler basis.

During this study an effort was made to determine the
effects of establishing training data at one location
{Imperial County) and using this training data for classi-
fication at another location (Butte County). No attempt
was made to apply any corrections to the raw data. An over-
all classification performance of 40 percent was obtained
(table 4~XVIII). This is not considered good; however, upon
closer inspection bare soil had a classification accuracy of
86 percent and alfalfa had a classification accuracy of
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70 percent. Beets, alfalfa, Sudangrass, and sorghum had
classification accuracies of zero.

4.1.1.6 Worth County.- The September 8, 1972, ERTS~1
MSS data selected for analysis were the earliest data set

available in which the study area was sufficiently clear
of clouds. These data were not optimum because it was late
in the season and many of the crops were already at the
mature or harvest stage.

Approximately 30 percent of the 19%-square-kilometer
(12-sqg.-mi.) study area was wooded. The cultivated fields in
the site were generally small, ranging in size from less than
0.4 hectare (1 acre) to 40 hectares (100 acres). The major-
ity of the fields were less than 12 hectares (30 acres).
Field boundaries followed natural contours, woods, and drain-
age patterns, which gave most of the fields a nonrectangular
shape. Worth County was included in the analysis primarily
because of the challenge presented by these small and
irregularly shaped fields.

Analysis of the small irregularly shaped fields was
attempted by producing false~-color IR renditions on the MCFV.
The results were extremely poor (fig. 4-16) when compared
with the ground-truth data in figure 3-15.

A comparison of fiqure 4~16 and figure 4-27, page 4-87,
shows irregular gray, pink, and white fields representing
the color range of agricultural features. Native trees are
dark red. The smallest gray field which could be located
was 6 hectares (14 acres) of peanuts surrounded by con-
trasting colors. The minimum detectable gray field area was



Figure 4-16.- Worth County MOFY false-color IR rendition !
5

HEE bands 4, . oand 9
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estimated to be half of this value, The smallest pink field
located was 5 hectares (1l acres) of corn and was well con=-
trasted with neighboring fields. Approximately 8 hectares
(20 acres) were required for detection in areas of poor con-
trast, The minimum detectable pink areas were estimated to
t2 half of these values, No white fields of small size were
av.ilable, but from the appearance of the larger white fields
about 4 hectares (10 acres) were estimated as usable and
perhaps 2 hectares (5 acres) detectable., Native trees which
were surrounded by light-colored fields were found to bhe
usable to perhaps 4 hectares (B acres) and detectable to 1
or 2 hectares (3 or 4 acres). Areas with heavy tree growth
appeared mostly homogenecus and showed almost no detail,
except for contrasting crops which were interspersed among
the trees in some areas, Water ponds, which show as dark
spots, were detectable as small as 1 hectare (2 acres).
Ponds twice this size were easily identifiable. Small towns
and highways were undetectable, except in one or two loca~
tions where a two-lane paved highway bisected light-colored
fields, Compared to other test sites, Worth County imagery
was average, although the small fields tended to deemphasize
actual image quality. Further analysis of the individual
fields and crop types or species was not attempted using
conventional image interpretation.

4.1.2 Area Measurement
Area measurement was attempted on four test areas in
this analysis. The methods of analysis were explained

in section 3.2.4.

The primary source of error in area measurement was
thought to be misinterpretation of field boundaries.
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Field boundaries could not be delineated correctly, especial-
ly if the fields were small and very narrow. In addition,
poor contrast between fields contributed to poor boundary
definition and to the blooming effect making brighter fields
appear larger than the darker fields. A second source was
the instrument scale factor used to convert measurements to
hectares. A third source of error was the measurement error
introduced by the operator. The standard deviation of the
three measurements from the mean of the measured areas gives
an indication of the size of this error., Figure 4-17 shows
that measurement error depends primarily on the size of the
area measured at image scale, If the overlay was enlarged,
this error would decrease. Of course, with any image there
is a practical limit to enlargement. The computation of
area measurement was based on this formula:

Measured acreage - ASCS acreage

Area measurement error = ASCS acreage

4.1.2.1. Hill County.=- The fields selected for area
measurement in Hill County are shown in figure 4-18. Field A

was used as a test field to improve the scale calibration of
the data quantizer., Because of the lack of IR (vegetation)
response and the predominance of fallow soil and harvested
crops, the overall contrast of the Hill County data was
extremely poor. Great difficulty was encountered when defi-
nition of field boundaries was attempted; therefore, only a
limited number were measured. Area measurements were made

by a visual estimation of field borders during each perimeter
trace and from an overlay on which field boundaries were
traced with a fine ink pen. The former method was found

to provide better data because the operator hzd Lie opporiunity
to determine the borders more than once and obtain an average.
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Results of the area measurements are shown in table 4-XIX,
Analysis comments are as follows.

1. Hill County exemplifies the need to use a data set
obtained at the proper date. The data used in this analysis
were taken after the growing season, and virtually all fields
were fallow, harvested, or so mature that little IR reflec-
tance was available. The long, narrow fields characteristic
of this study were difficult to measure accurately in any
case, and lack of contrast between fields complicated the
problem considerably.

2. Several well-defined f_elds showed errors of
6 percent or less. They all ran basically in a north-south
direction and were either dark or surrounded by dark fields.

3. No fields alined in an east-west direction were
measured because they were not resolvable.

4. As an error analysis, errors found in fields F and J
were probably attributable to inclusion of area from similar
adjacent fields. Field F apparently includes another field
which would reduce the error from +20.1 percent to -3.2 per-
cent. Field J must include about half of field N18-1. If
so, the error is reduced from +20.6 percent to +1.4 percent.
Field H error occurred because of the difficulty in separating
the fallow in H from the sod along the southern border.
Operators familiar with the scene probably would not make
this error. The error in field 1 was caused by the delib-
erate exclusion of about 8 hectares (20 acres) which lie
below field A but which cannot be distinguished. This error
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TABLE 4-XIX.- AREA MEASUREMENT OF HILL COUNTY. MONTANA,
AUGUST T, 1972

Heazured Aorual
Field Description arex, area, EYror,
hectares | hectares 2 1
+

2% | Sod; dark field: borders well 68.7 68.0 +0.7
defined compared to all
other fields.

B Summey fallow and soxd; dark: T1.2 £7.3 *5.0
borders poorly defined.

o Summer fallow; dark; eastern 48,7 27,0 =0,
border difficult, cther
borders well defined.

b} Spring wheat: average field 43.5 5.4 3.9
brightness: borders difficult.

E Crested wheat grass and sod; 42,0 8.4 8.7
dark field; one poor border.

¥ Summer fallow: dark;: long 40.3 33.8 $20.1
narros lield; borders
moderately defined.

o Spring wheat; averasze field 6505 €9.8 ~5.9
brightness: borders estimated
without too much difficulty.

B Summer fallov: dark; adjacent to 2.6 33.2 ~16. 8
dark sod arca; poor southern
border,

i1 Minter wheat; moderatelv briohs 48,1 5749 ~16.8
field: area under field A not
definable or included in dria
measurerent,

3 Summer fallow: darks adjacent to 8.3 2305 «20.%5
dark sod arear difficuls
borders.

4 Bacley: moderate brightnoss: 1505 2.3 +28.0
small field with dark
adiacent fields.

L Summer fallow; modorate bright- B.5% 9.3 ~§. 6
ness: small field with
relatively good borders.

Total 5140 513.0

Arsed to calibrate image scale (1:130,000).
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would then decrease from -16.8 percent to -2 or -3 percent.
The only remaining high error, field K, was apparently due
to the inclusion of area of an adjacent field on the western
border.

5. While long, narrow fields such as those in Hill
County make good resolution targets, they were not generally
suitable for individual area measurement. Field F, the
narrowest field measured for area in this study, was approx-
imately 220 meters (700 ft) wide.

4.1.2.2. Iwmperial County.- The fields selected for
area measurement are shown in figqure 4-19. Field H was

used to evaluate instrument calibration since the field is
about average in size and contrast and since its borders are
relatively well defined. All measurements were carried out
on imagery generated on the ACVP.

The results of the area measurements are shown in
table 4-XX. An analysis of these measurements yielded these
results.

1. Area measurements can be made from ERTS imagery of
fields as small as 7 hectares (16 acres). The error in these
measurements averages around 3 to 24 percent for fields with
moderate to good border definition; however, poor border
definition and other factors may cause a significant error
increase. Some of these factors are discussed in the
succeeding statements.

2. Fields with a strong vegetation response either
tend to blur together and obscure individual borders or diffuse
into adjacent fields, producing false field boundaries. For
fields of 20 hectares (50 acres) or less, the errors may be
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based on differing characteristics thus became an imprac-
tical task. Therefore, the rationale for selection consisted
primarily of measuring as many fields as possible without
regard to field condition.

Fielg Description

A Field corn; tasseling. Typical of
all other fields of this size

{53 ha, or 131 acres). High
contrast between field and sur-
rounding terrain with only mod-
erate edge sharpness. Because
most circular borders were sim-
ilar, operator error could be
reduced to a minimum by calibrat-
ing instrument using an average
field. Field A was used for this

purpose.

E Field corn;:; smaller than average.

H Grass between four adjacent fields;
difficult borders.

1 Fallow; difficult borders.

M Pasture; small field; difficult
borders.

N Sunflowers; otherwise similar to
field A.

8 Field corn: tasseling. Four

circular fields together. Poorly
defined northern border.

Y Grass; mcderately well-defined
borders.

The results of the area measurements are shown in
table 4=-XXI, Comments are as follows.

1. With proper instrument calibration, the accuracy
of arsa measurements for the circular 53-hectare (130~-acre)



TABLE 4-%¥%1,.~ FIELD ABEA MEASUREMENT POR ROLT COUNTY, NERKASKA
ferrs M55 imagery for July 23, 1973

Heasared Autual
rarm/finld HTER AEWE; Ergos, herarks
nupber hecrares hectares e

11474 124 324 =0, 88 field vorn, tameeling
Ge3i4/1 322 124 R 1 Fauld corn vasseling
L=138732 324 323 *RuLs Field Corh, fasseling
Dmlid23 324 324 «0U08 Fiadad ourn, panneling
R 2L42 175 232 i Field cors, tasseling
fe314/5 324 Pield corn, tasseling
A=2BAS1R 3211 Fiwld corn, tasseling

A~29841C & Grans
O-11%/7a

A~1023%/482 Disked fallow
210297481 Field oorn, tasssling
A~102%,/58 Field corn, tasseling

Ao10D2/ LAY 1AZ Field corn snd grain
sorghan

A-1002/3 Pagture

A IRSLIN Sunflowers

A-2BN AR Field corn, tasseling
A-1009/13K Fisld corn, tasseling
K-102871 4 Pield corn, tarneling
Q=20 /0K 315 Fareld vory, taggeling
Ao iU SR Eih Figld corn, tasseling

SN T SR © SN s S e 3

A~1O08 IR IA2 323 Popoora ang field vorn,
vasumling

A= 109/ 2A 31z Popoorn, tasseling
8-10U5/ 18 324 328 Field corn, tasseling

X-104/2 1159 1148 Srasy
B 100542

Totals 84:7 B35

Mocale calibravicn field, Seale = 19130,000;

wwl
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fields was consistently better than 95 percent with a major-
ity of readings 98 percent or higher. In most cases, the
accuracy was undoubtedly influenced by operator familiarity
with field shape and training obtained during the area
measurements. This introduces a bias which is generally
not found when other field shapes are being measured. This
was borne out by larger errors found in the noncircular
fields. The error in field E was not computed because it
was felt that the ground truth was incorrect; all the
numerous measuremnents indicated that this or some other
anomaly had occurred.

2. Errors had, on the average, about the same plus or
minus values. This is probably indicative of operator as
well as instrument error. In this manner, total or com-
bined measurements over large areas were very accurate since
errors tended to cancel.

3. HNoncircular fields were more difficult to measure
and showed a wider range of error (from -6.8 percent to
+7.0 percent). Average accuracy was about 96 percent.
Border definition was generally poor, especially between
circular fields, where there was a spillover of information
from the more vigorous circular crops.

4. The results, combined with the experience of the
operator, suggest that area measurements should be limited
to fields about 12 hectares (30 acres) or larger. Although
smaller fields can be measured, the level of confidence would
be excessively low and should not be relied upon on a regqular
basis.

4.1.2.4 Butte County.- The fields selected for area
measurement are shown in figure 4-21. Field A was used to




kL Bt b

4-21 .~ Fields
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evaluate and improve instrument calibration because it had
relatively well~-defined borders. Field selection was based
on the detectability of field boundaries and was therefore
largely dependent on crop vigor and field size. Much of the
test site consisted of harvested crops or dormant vegetation,
such as orchard trees. This resulted in the selection of
relatively large fields which were predominantly rice or
fa.low. General comments on the field descriptions follow.

Field Description

A Rice nearing maturiiy; large with
well-defined borders.

B Rice beirg narvested; large field;
light colored with contrasting
borders.

C Corn; large field with good borders
or various contrasts.

D,F Fallow; dark fields with common
border.

E,G Rice; probably with some stubble;
light colored.

H Rice; moderate size; vigorous
vegetation; moderate border
definition.

1 Rice; probably mature; combination
of four fields:; moderate size.

J Alfalfa; small field; strong vege-
tation response.

K Fallow; bucsders of various contrasts.

L,M Fallow; common border between fields

difficult to detect; relatively
low~-contrast zrea.

N,P FPallow; large fields; poor common
border; dark tields adjacent on
one side.
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Field Description

R Suggr'beets: very small field near
}xmzt of measurability; contrast-
ing adjacent fields.

s Rice; moderate size with generally

poor borders especially on the
eastern side.

The results of the area measnrements are shown in
table 4-XX1I., Comments on the analysis of the results are
as follows.

1. Light areas measured consistently larger than
ground-truth figures indicated. The -rror varied from
+0.6 to +2.5 percent and inversely related to field size.
Dark fallow fields always resulted in measurements that were
low by 1 to 6 percent. (Fields L and M were considerec
together rather than separately.) Errors for fields R and 8§
were due to poor border definition.

2. Large acreages, at least up to 1619 hectares
{4000 acres), car be measured gquite accurately from ERTS
imagery. On a routine basis, an operator could probably
achieve an accuracy of 97 to 98 percent.

3. Field shape appeared to have an insignificant
effect on the area measurements. Greatest accuracy is
achieved if field borders consist of roads or canals or if
adjacent to fields under dissimilar conditions.

4. Although not shown in the data, it took about
45 minutes to measure 18 fields, each about five times. An
experienced operator could probably double the number of
measurements. Operator fatigue is @ serious problem when a
data quantizer is used, such as was used here, Fatigue is
noticeable after 1 hour and becomes unacceptable after
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about 3 hours of effort. Accuracy deteriorates rapidly with
operator fatigue.

5. While fields of 8 or 12 hectares (20 or 30 acres)
were measured relatively accurately, this should represent
a limiting case and not necessarily a working level.

Twelve hectares (30 acres) or greater are recommended,
depending on field conditions; however, this does not apply
to long, narrow fields.

4.1.3 Field Location - UTM Grid

To determine the position of Earth surface features,
a UTM grid overlay was prepared for all study areas. These
grids are shown in figures 4-~22 to 4-27.

Locating a sufficient number of common points on the
maps and the enhancements to obtain a best grid fit proved
to be difficult in some areas because of the lack of map or
image detail. The Hill County grid, for example, was prepared
using only four points. Additional reference points would
be useful for assessing the presence of distortions in the
imagery. Fowever, no significant distortions were present
in the imagery of the sites that were checked. The following
maps were used to prepare the UTM grids.

1. Hill County - 1:250,000 scale, 1000-meter UTM grid
ticks, zone 12, Havre NM 12-12 and Shelby NM 12-11, Montana,
JSGS.

2. Imperial County - 1:24,000 scale, 1000-meter UTM
grid ticks, zone 11. E1l Centro, Heber, Holtville Est, and
Calexico quadrangles, California, USGS.
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3. Hardin County - 1:250,000 scale, 1000-meter UTM
grid ticks, zone 15. Waterloo NK 15-5, Iowa, USGS.

4, Holt County - 1:250,000 scale, 1000-meter UTM
grid ticks, zone 14. O'Neill, Nebraska - South Dakota,
NK 14-5, USGS.

5. Butte County -~ 1:24,000 scale, 1000-meter UTM
grid ticks, zone 10. Shippee and Nelson guadrangles,
California, USGS.

6. Worth County - 1:62,500 scale, 1000-meter UTM grid
ticks, zone 17. Sylvester gquadrangle, Georgia, USGS.

The results of this task are as follows.

1. A UTM grid was prepared that enabled the ccordinates
of specific features to be readily determined. A comparison
of a topographic map and the prepared grid indicates that
the grid location accuracies are within 183 meters (600 ft)
of the study area. Errors somewhat larger than this may
occur elsewhere in the figure.

2. The system-corrected ERTS-1 imagery proved suitable
for use as base photographs for a grid overlay to locate fields
of a conventional coordinate system. These results are
applicable to the image area within the prepared grids only;
this area is about 20 by 30 square kilometers (12.5 by
18.7 sq. mi.) o~ 2.34 percent of a complete ERTS frame.

3. The technique of preparing a family of grid overlays
and selecting a grid that provided a best fit was found to be
a versatile method for use with standard cypes of ERTS imagery.
The grids can be used with virtually any site photographed
by the ERTS where suitable kase maps are available.
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4.2 COMPUTER~AIDED CROP CLASSIFICATION TECHNIQUE

The results of this investigation have shown that
computer-aided techniques can be used to provide good
classifications of agricultural features.

The clustering routine ISOCLS was useful for a rough
Level I and Level II qualitative classification; that is,
the separation of agriculture from nonagriculture and crop-
land. However, crop types (Level 111} or crop species
{Level 1IV) were not satisfactorily separated in all the
study areas using this technique. Smaller fields blurred
into an unidentifiable hodgepodge. Field sizes of 10 to
12 hectares {25 to 20 acres) were the minimum for computer

crop identification.

Atmospheric correction technigues were not used in the
computer-aided analysis because of the lack of ground data.
Photometers which would have measured the effect of the
atmosphere on the total solar enerqgy reaching the Earth
were not available for the test sites during the ERTS~1

pverpasses.

4.2.1 Hill County

The major crops grown on the Hill County site had
either been harvested or were ready for harvest. In addi-
tion to the advanced stage of maturity, the narrow width
of a majority of the alternating strips made it very diffi-
cult, if not impossible, to select training and test fields
of sufficient size to achieve other than a limited
classification.
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An analysis of the results from the Hill County site
in August indicated that fields of less than 24 hectares
(60 acres) which were over 800 meters (0.5 mi.} long
could not be properly defined for use as training or test
fields on the interactive classification system. These
narrow fields had a higher percentage of pixels comprising
mixtures at the boundary and therefore might not represent
the data from that field. Many fields in the area were
1609 meters (1 mi.) long, which meant Lhey must be greater
than 40 hectares (100 acres) to be wide enough for use as
a dependable training aad/cr test field. Very few fields
could meet these criteria. In contrast, fields as small as
8 hectares (20 acres) made dependable training and/or test
fields provided that the strips were less than 400 meters
{0.25 mi.) long and adjacent to summer fallow strips.
The high relative contrast between the small grain crops and
summer fallow strips provided an excellent boundary discrim-
ination until the ~rop was harvested; then the contrast was
greatly reduced. Table 4-XXIII shows the accuracy percent-~
ages for the training and test fields.

The classification results are best shown by the
comparison of the ground-truth map for the 19-square-
kilometer (12-sq.-mi.) test site (fig. 3-10) with the recog-
nition maps develdped (figs. 4-28 to 4-30). Crop identifi-
cation accuracy was computed with the following formula.

Percent accuracy of field identification =
Number of pixels per feature (test or training

field) identified (100)
Total pixels per test or training field
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TABLE 4=XXIIT.- HILL COUNTY, MONTANA, CLASSIFICATION
PERFORMANCE SUMMARY TRAINING AND TEST FIELDS

No. Spring | Winter Correct
Crop sampies | Bariey ] wheat wheat Ffallow] Sodjclassification, %
Training field class
Spring wheat 143 33 93 9 7 1 £5.0
Winter wheat 184 34 8 135 4 3 T34
Barliey 147 129 3 4 3 1 B7.8B
Fallow 188 7 3 3 164 11 87.2
Sod 173 2 3 3 13 155 89.8
Test field class
Spring wheat 52 11 3% B 0 o 7.3
Winter wheat 99 18 43 27 5 g 27.3
No, Toriect
Crop samples Harley Wheat Fallow Sod ‘assification, %
Training field class
wheat 327 67 245 1l 4 T4
Barley 147 129 13 4 1 B7.8
Fallow 188 7 & 164 1i 87.2
Spd 173 2 & 13 155 B985
Test field class
Wheat 158 | o2 117 5 0 77.5
Nexa Correct
Crop samples Emall grains Fallow Sod felassification, %
Training field class
small grains 474 454 15 5 937
Fallcs 184 13 164 11 87,2
sod 173 8 13 155 8% .6
Test fipld olass
Small yrains 151 146 : g 96.7
ORIGINAL PAGE IS

OF POOR QUALITY
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Oats were grown in the Hill County sites; however, no
classification attempt was made because the oats had been
harvested at the time of the overpass and no field was large
enouch f~r use as a training field.

Figure 4-28 represents the classification results of
all five classes: barley (yellow), fallow (brown), sod (tan),
spring wheat (red), and winter wheat (green). Figure 4-29
represents the classification results when the tw . wheat
classes were combined and are shown as a single class:
barley (yellow), fallow (brown), sod (tan}), and wheat (creen).
Figure 4-30 shows the results obtained when all small grains
were combined and are shown as a crop type: fallow (brown),
sod {tan), and small grains (blue and dark green).

The sod and fallow classes could be discerned individually
and from the other classes. The small grains (barley, spring
wheat, and winter wheat) could be separated from sod and
fallow, but could not be separated from each other with any
degree of confidence with this single data set. The diffi-
culty in separating the individual small grains was due to
close overlapping spectral response. Each small grain crop
was at or near the maturity growth stage.

The classification accuracies (table 4-XXII1) of the
small grain crop types increased significantly when the var-
ious groupings were combined. The wheat class increased from
65 percent for spring wheat and 73 percent for winter wheat
to 75 percent for the combined class. When barley was added
to the grouping, the accuracy increased from 75 percent for
wheat and 88 percent for barley to 96 percent for small
grain crop types. The results for the test fields showed
similar results.
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The results of the investigation depended heavily on
the selection and location of the training and test areas.
The long, narrow fields did not provide the best conditions
for the selection and location of training and test fields
to provide a high degree of confidence. Notwithstanding,
it is felt that the three classes of fallow, sod, and small
grains can be discriminated with better than 90 percent
accuracy during this phase of the growing season.

4.2.2 Imperial County

The Purdue clustering routine and ground-truth information
were used to select eight different crop types and species
for classification training and testing. Although corre-
sponding test fields were not available, additional training
fields were selected so that the classification would be a
fairly accurate representation of the actual ground scene.
The classification results are presented in table 4-XXIV, a
computer printout classification map (fig. 4-31), and a
color-coded classification map (fig. 4-32).

Bare s0il was the most easily discriminated group. The
classification test results for each of the bare soil classes
were 90 percent and 65.6 percent, a composite accuracy of
83 percent. The composite accuracy of bare soils increased
to 93 percent when the ground-truth reports (fig. 3-11) were
considered because sorghum was classified as essentially
bare soil. This accuracy was slightly less than the 95 per-
cent accuracy for alfalfa. The alfalfa accuracy figure was
based on a training data accuracy of only 75 percent, which
indicates that bare soil classification results are more
valid than for alfalfa.



TABLE 8-XXIV.~ COMPUTER CLASSIFICATIOR OF INPERIAL COUNTY, CALIFORNIA, NOVEMBER &, 1972
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Number of samples classified into -

sobronated |- of |Percest
group samples | correct § oprpgeg | Bare so1d 1 | Bare soil 2 fBoets | Arfaita | Asparagus |cotton :::’::’ Sorghum | Meloas
Training field performance
Carrots 24 1006 24 0 [} [} [} 0 [} 1] [} [}
Bare soil 1 24 100 L] 24 0 1] 0 0 ] 4] ] ]
Bare soil 2 48 100 ] 4] 48 1] 0 [} ] ] ] ]
Beets 0 100 0 ] 9 [} ] 1] [} [} 0
Alfalfa 1 12 25.0 1 0 o 0 3 6 0 2 ] ]
Alfalfa 2 24 100 ] 0 0 ] 24 ] [] o ] 92
Alfalfa 36 75.0 1 (/] ] ] 27 [ ] 2 1 ]
1 and 2°*
Asparagus 1 42 97.6 [} [1} ] 1] 0 41 1 Q '] o
Asparagus 2 32 62.5 3 0 (] 0 9 20 1 1 ] 0
Asparagus 74 82.4 1 0 [ ] 9 61 2 1 0 ]
1 and 2°
Cotton 28 100 0 ¢ L] o L] 0 28 1] 0 o
Sudangrass 16 100 0 0 1] 0 o /] 1] 16 1] 1]
Sorghum 15 100 0 3 1] 1] [} [} 0 [} is [
Helons 12 100 ] 0 1] [+ 0 ] ] L] [ 12
Total 286 26 24 43 9 36 67 30 19 15 12
Overall performance (264/286) = 92.)
Test field performance
Carrots 32 71.9 23 [} 0 o 3 3 )] 3 1] 0
Bare soil 1 32 65.6 [} 21 [1] 1] 0 0 1] 1] 11 [}
Bare soil 2 70 90.0 0 0 63 0 0 0 7 ° ° 0
Beets 1 20 95.0 0 [} 0 19 0 ] 0 1 1] 1]
Beets 2 25 0.0 0 9 0 0 1 0 0 0 14 1
Beets 45 42.2 0 9 ] 19 1 [] 0 1 14 o
1 and 2%
Altalfa 24 95.8 [} Q 0 1] 23 0 1 ] 0 [}
Asparagus 1 [{¥] 95.0 [} [} 0 0 1 76 2 1 0 o
Asparagus 2 56 55.4 2 0 1] 0 12 31 10 1 [ ¢
Asparaqus. 136 78.7 2 [ 0 0 13 107 12 2 ] 2
1 ard 2
Cotton 1 27 63.0 [} 0 o 10 Q 0 17 0 ] ]
Cotton 2 48 100 0 0 0 0 [} 0 48 c 0 [
Cotton a 75 86.7 0 [} o 10 0 69 ] M} ]
1 and 2
Sudangrass 24 91.7 [ 0 [} [] 2 ] [} 22 [] [}
Total 438 25 30 63 29 42 110 a5 28 25 1

Overall performance (343/438) = 78.3

SAverage of fields 1 and 2.
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Figure 4-32.- Imperial County computer-aided classification
of November 6, 1972, imagery.
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Cotton, asparagus, and carrots had classification
results of 71 to 86 percent. One of the two asparagus test
fields was classified with a 95-percent accuracy. The other
asparagus field had a classification accuracy of 55 percent.
The only difference in the two fields (described in the
ground-truth report) was the row direction. This minor
difference should not have created a 40-percent classifica-
tion result difference; rather, it might have been expected
that the effects of the row direction would be negligible.

Beets presented the worst test classification accuracy,
with 42 percent of the two fields correctly classified.
The one test field of beets was a very young stand with a
high percentage of soil showing. It is understandable,
then, that 32 percent of the beetfield would be classified
as bare soil and 56 percent as sorghum.

The accuracy on the test fields ranged from 42 percent
for beets to 95 percent for alfalfa, with an overall per-
formance of 78 percent. Table 4-XXIV shows the performance
figqures for the training and test fields outlined in yellow
in figure 4-32.

4.2.3 Hardin County

Corn was represented by a number of large areas on the
ERIPS classification and was fairly well defined. A total
of 76 cornfields was represented on the ground-truth
tabulation, and of these 73 were classified by the ERIPS
classifier. The three fields unaccounted for were small
individual fields beyond the expected resolution limit.

The larger fields were fairly well defined with little
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extraneous data., The thin cloud to the south of the study

. area cast a weak shadow along the northern edge of the area,
 which caused other crop types in this area to be grouped
with the corn. One test cornfield was partially rhadowed,
and when this field was removed the test results increased
to above 80 percent. A breakdown of eight classes is pro-
vided in table H4-XXV.

Statistically, the classification results were reasonably
good and indicated that corn, soybeans, and oats could be
separated at this maturity stage (test results from
table 4~-XXV}. A review of the input showed that one of
several things happened in almost all cases of low classi-
fication accuracy. The most frequent occurrence was
improperly defined boundaries overlapping another crop type:;
this problem was expected since this was an area with many
small fields (fig. 3-12). Judicious screening of the train-
ing and test fields (shown in pink on fig. 4-33) overcame
this problem. A second problem area was that all oats had
been harvested nearly a month before the overpass and were
in various stages of regrowth or bare soil. Despite this,
the classification was fairly successful, except for an
inability to distinguish some ocats from county and state
roads. Farm roads in Iowa are normally bordered by wide,
shallow ditches of mowed bluegrass, which appeared spectrally
similar to harvested ou*s. A third problem was presented by
the cloud shadow which was cast over the northwest corner
of the study a :a. Unique signatures for this cloud shadow
area were not developed.
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4.2.4 Holt County

These fields were analyzed in two phases. First, four
channels of ERTS-1 MSS data were analyzed for a single pass
on July 30, 1972 (fig. 4-34). In the second phase, the
August 16, 1972, pass was correlated and registered to the
first to form a single data set. These were analyzed tem-
porally using a 0.5 and 0.2 threshold (figs. 4-35 and 4-36).
The 0.2 threshold appears to be better (shown in
table 4-XXV1I). The results indicate that the data contain
the information necessary to separate the following crop
species: corn (field corn or popcorn) sunflowers, alfalfa
at a certain stage of growth, grass, pasture, and fallow
land (bare soil). An upper limit of the classification
accuracy may be extracted from table 4-XXVi. The ground-
truth informaticn (fig. 3-13) was insufficient to obtain a
good statistical estimate of the lower limit classification
accuracy. To achieve this would require highly accurate
ground truth over a much larger area in order to obtain a
good statistical sample of every variation of every crop.
The only possible exception was the species corn (field corn
or popcorns in which it was possible for the most part to
accept the accuracy figures shown in table 4-XXVI. It should
be pointed out, however, that these figures represent aver-
ages of overall training or test fields used in the analysis.
Some specific cornfields have spectral characteristics very
close to those of one of the other species, such as alfalfa
and pasture on one side of corn and sunflowers on the other
side. All available fields in this category were used as
training fields. Therefore, there may be single fields with
classification accuracy considerably worse than 95 percent,
which was the lowest figure obtained for a test cornfield.
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CROP

e

Fisld Corn
and Poprorn Red

Suntigwers Drearge

Atalty and
Grass Light Violer

Altfaita Dark Violet
Grans Light Greec
Pasture Dark  Green
Bare Soil Gray-Brown

Figure 4-34,- Holt County four-channel MSS data from
July 30, 1972, pass.




*{5°0 proYsaayy) sisdieue teaodwol AUno) 3ITOH -'GE-p @anbrg

CEIBL~LL~5 VBVYN




*9¢-¢ danbg

) stisdAteue yeiodwal AUNOH 3ITOH -

*{(T°0 pioysaayly

€ETBZ-E£L-S VSYN

AGE IS
QUALITY

ORIGINAL
CF POOR 5



4-108

‘UIOD PISTF SY POTTENVIOBTU s¥m SpIeT) uloddod UMOUY USAAS QU3 1O INC BUG WYY 3IDBY;BI I0U BROP 1aQUNU EYTYL,

07001 ] [ bs 0‘oo0t 0 0 0s 0°o0t 0 [ 6f sse1n
o.hac 0 T (1) a.ooac [+] 0 (X1 “a - - . uioodog
0°Lé 0 (2 9% z'cé 6 0z 14] - -- .- .- ul10d prarvy
y'66 0 € y0§ 1 86 0 4 oLy L6 0 Ly 989 juzoadod 10 uizod pravy
splot; wel
6'26 [} 1 1 .. -w .. .- .o - -- - unyblos uivin
0°001 0 0 0% 0°'00¢ 0 0 L L] 0°'00¢ [ 0 L13 (1ros sawq) motivey
£ Ls 4 ¢ 612 158 11 1 3 T1e 8’16 1 LA} 14 %4 a1njevy
€°Ls 0 £ 601 | A 1) 1 4 L6 8°%6 1 € 9% LLLZ L
0°001 0 0 [ A% 996 0 t (14 0°'89 0 [ £14 ssw1b puv ejie;y
1°L6 0 1 [ 4] r°16 14 0 (14 (31} 0 1 ¢E LEAL 2241
0°'9% 0 t 0s 0°'96 [ 1 [14 086 0 1 141 sI8mMOT" L. 5
n.ma- T [ ] [ 144 p.noc 1 4 [ oLe - .- - - uz0ddogd
T'06 1 [ 1143 L'v6 [ 143 99L - b -- - ulod pravgyg
£'66 1 14 6L6 [ A 1) (A1 [3 sco01 0°'66 L} " 68L {uioddod 10 ui0d piaty
sprat; busutway
] no ‘ssw1d [mutod ) anho s3utod s no s3utod -
‘3982303 ] ptoysan(l -9 TeIoL]’308330) | Proyseayy 1vI0L] ‘1083300 | PIOYSRIYL ™ 31 1wa0y
Ze6l ‘ot Atnr puw 91 3snbny ZL6T ‘OC Anr puv 91 3Isnbny zL61 ‘oC Atne doad

T'0 = prosoryy

UOTIWD T TENNLD (OouuRYDay

(sswd-om3) T Ine wINQ

§'0 = praysexyy

UOTIND , JISHNTD TRUURYD~
(onvd-oM1) ¢ 3Jam wIvg

$'0 = PrOUNDAYY
UGTINDTITASNTD (euUUVYD-p
(sswd stburs) | 108 wawg

ANVIRINS ZONVINNOJWAd KOILVOLAIESYTD ALNNOD LI0H ='JAXX~-h 379VL

AL

ORIGIN

PAGE Is

POOR QuALITY



4-109

The results of the first and second phases of analyses
are summarized by crop species.

Field Corn and Popcorn - The classification accuracy
for the identification of known test cornfields was about
97 to 98 percent for becth data sets. The single-pass data
set did not contain the necessary information to separate
popcorn from field corn. Distinguishing field corn from
popcorn was attempted using a two-pass data set and was
successful for one particular field. This was possible
because the reflectance of popcorn fields in channels 3 and 4
of the ERTS~1 MSS in the August 16, 1972, pass was higher
than that of field corn. Such a spectral response may well
be due to some peculiarity in the development of popcorn
that is different from that of field corn. For example,

popcorn matures faster than field corn.

Sunflowers - This class was separable from corn because
of its higher reflectance in the third channel of the single-
pass data sets of July 30, 1972. At this stage the sunflowers
were blooming. Sunflowers were not separable from corn,
particularly popcorn, usina the August 16th data only.

Alfalfa - The study site contained only a few small
fields of alfalfa, some of which had recently been harvested
at the time of both ERTS-1 passes. Alfalfa fields were
classified as either pasture or grass in the second pass.
Specitically, for the data of the first ERTS-1 pass only two
fields of usable size were identified at or near the blooming
stage during the second pass. These two fields were used
as training fields for both data sets. Together they com-
prised a total of about 30 data points. The accuracy of
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classification for these fields was 85 percent for the single-
pass data set and 90 percent for the two-pass data set.

Pasture and Grass - These two classes were well separable
from the other classes of the study site, as well as between
themselves. The pasture was divided into three subclasses,
one of which was bromegrass. The distribution of bromegrass
data overlapped the other types of grasses in the study site,
in some cases by as much as 50 percent. Bromegrass was there-
fore not separable from other grasses in the area.

Fallow Land (Bare S9il) - Bare s0il has unique spectral
response and was well separable from all types of vegetation.
The two fallow fields in the study site were assigned to the
same class, although the combined distribution of the data
was definitely bimodal. No difference was discernible in
the classification naps, which were generated by assigning
the two fallow fields to either the same or to different
subclasses. This was true for the two-pass data set, even
though some of the fallow fields seemed to be overgrown
with vegetation at the second pass. Positive recognition of
fallow fields may require that one of the two passes be made
when the field is primarily bare soil.

4.2.5 Butte County

Preliminart screening on the DAS allowed more accurate
location of tbe test site. The segment of the tape which
represented the test site was reformatted to the LARSYS II
format for iInput to the clustering and classification pro-
grams. The results were used as an aid in the selection of
training fields. These training fields were used to compute
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class statistics for input to the classification program.
Because of the difficulty in selecting field boundaries due

to low contrast, several iterations of the training fields
selected were required. Training fields for corn, rice, and
bare soil were selected at random for available fields, while
other training fields were selected on a field availability
basis. Classification was performed on the Univac 1108 LARSYS,
the ERIPS system, and on LARSYS on the Purdue terminal.

The results were not conclusive, which is probably
attributable to the large variety of crop types. Analysis
of the September 19, 1972, data pass showed corn, rice, and
fallow land to be the most separable of the 17 classes.

Only 8 of these 17 classes were selected for testing classi-
fication accuracy due to th' limited representation of the
remaining classes in the test site (table 4-XXVII).

Three classes had classification accuracies of less than
70 percent: corn, native trees, and weeds. The low classi-
fication of corn could be partially attributed to the weeds
and drowned spots in fields which caused corn to be confused
with pasture. Ten percent of the weedy corn (CORN) was
classzifiea into the category of good corn (CORN 1). Disre-
garding the misclassifications into pasture and CORN 1, corn
had a classification accuracy of 84 percent. The low classi-
fication of weeds was confused with alfalfa and plum and
almond trees. The similarity of weeds and alfalfa was some-~
what understandable. However, the confusion of weeds with
trees can only lead to the conclusion that information was
needed in the ground-truth reports (fig. 3-14) to describe
the density of the native trees. The five test ricefields
had several distinct stages of growth which accounted for
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the wide range of classification accuracy (0 to 92 percent).
The zero classification was in a test field where harvesting
had begun, and the field was classified as wheat stubble.
The other test crops (plums, corn, beans, and almonds) had
very low classification accuracies without readily apparent
explanations.

4.2.6 Worth County

Approximately 30 percent of this 19-square-kilometer
(12-sqg.-mi.) study area was wooded. The cultivated fields in
the site were generally small, ranging in size from less than
0.4 hectare (1 acre) to 40 hectares (100 acres). The
majority of the fields were less than 12 hectares (30 acres).
Field boundaries followed natural contours, woods, and
drainage patterns, thus giving most of the fields a nonrec-
tangular shape. Worch County was included in the analysis
because it contained small and irregularliy shaped fields
of cotton, tobacco, and peanuts.

Using a clustering routine and DAS screening, clustering
was attempted to assign homogeneous colors to fields of a
known crop. From this method woods were delineated from
cropland fairly well. A few of the crops, such as peanuts
and bare soil, also separated fairly well. Corn and cotton
seemed to be confused for each other; and other crops,
especially the smaller fields, were not discriminable.

The printout of distances between clusters was examined
in an attempt to ascertain which clusters were close and
could be grouped to obtain more homogeneous field patterns.
This technique was not successful; the best display output

>
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remained the initial one obtained by trial and error matching

Table 4-XXVIII shows the values used in the filming and

gives an indication of which clusters were grouped.

Five classes were selected using ERIPS: woods, corn,
cotton, peanuts, and UNAMIT. The UNAMIT class was composed
of areas that were usually found in the proximity of peanut
fields, but appeared spectrally different from peanuts.

The UNAMIT class was actually bare soil or harvested peanuts.
Table 4-XXIX is a tabulation of the training and test fields
used for ERIPS. These fields were selected because of their
homogeneous appearance on the gray maps and clustering output,
as well as appearing well defined. From the results of the
classification, it appears that they were indeed clean fields.
It probably would have been better to have had more training
and test fields in each of the classes; however, the supplv
of well-defined fields was almost completely depleted by
those selected. Figure 4-38 is the DAS output from ERIPS.

Using ERIPS for a finer breakdown, the woods class was
divided into two classes, woods and SWOODS (sparse woods).
Much of the southern portion of the study area was classi-
fied as corn. There were many small fields in this area,
although not the abundance or corn that is shcwn. An area
of sparse woods classified as corn was entere” as a training
field for SWOODS. Additional training and testi fields were
also added. It was hoped that the creatic:i ,° this additional
class would be sufficient to obtain a more a~carate

classification.
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cROo®

Woods 10520)
Cown {0003}
Paanatslber

woi 10640}
Pawines 100501
Sovbeen 100331
B data or

veknown (00001

Figure 4=-37.- Worth County DAS output from ISOCLS.




TABLE &-XXVIII.~ SUMMARY OF IS0CLS RUN

[Canrs assigned:

green {0520}, blue (0003), gold (0640},

red 10050}, pink (0033), and black (4000)

Clugter
numbeay

Ho. of poiits
in cluster

Color
assigned

Identification

Observations

1
2

10

i1
i2

13
is
15

6315

160
4850

5669

2885

9374

600

811

1550

6674
6966

261
Bas7

G000

8520
{brown)

0000

0002
{blue)

o640
{gold)

2003
{blue}l

D520
{green)

4003
{blue}

2003
{biue)

8520
{green)

0050

0631
{pink}

g000
0520
8000
520
0640

nooo

Woods

Bad data

Corn

Peanuts/bare
soil

Corrmn

Woodsg

Corn

Corn

Woods

Peanuts

Soybeans

Bad data
ool

Woods

Peanuta/bare
soil

Spots along top edge of study

Diagonal lines

Peanuts probably .

rogsibly undug

Probably harvested

Diagonal lines

Unknown
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TABLE 4~XXIX.- TABULATION OF TRAINING AND
TEST FIELDS FOR ER.PS RUN NUMBER 2

Type No. of sanples Correct, %

e

Training fields

Cotton 1 39 89.7
Cotton 2 26 84.6
Corn 1 63 98.4
Corn 2 28 82.1
Peanuts 1 36 80.6
Peanuts 6 20 100.0
UNAMIT 1 30 83.3
Woods 1 83 160.0
Woods 3 92 97.8

Test fields

Cotton 4 24 41,7
Corn 3 29 62.1
Peanuts 3 15 80.0
UNAMIT 38 60.5
Woods 4 265 99.6
Woods 6 95 48.4
Woods 8 116 82.8

A few additional training and test fields were added
to make the class a more adequate sample. Table #-XXX lists
the training and test fields used for figure 4-39., Training
field corn 1 in figure 4-38 was intended to be identical to
field corn 1 from figure 4-39; however, it classified poorly
because it was erroneously entered.
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TABLE 4~XXX.~- TABULATION OF TRAINING AND TEST FIELDS FOR ERIPS

RUN NUMBER 3
No. of samples Correct, %
Training fields

Cotton 1 39 | 949
Cotton 2 32 90.6
Corn 1 127 66.9
Corn 2 35 94.3
Corn 3 25 92.0 I
Peanuts 1 54 98.1
Peanuts 2 28 78.6
Peanuts 4 32 96.9
SWOODS 1 104 92.3
Woods 1 119 97.5
Woods 92 915 |
PHAR 1 ‘i“ 33 97.4

| Test fields - ]

y Cotton 3 34 94.1
Corn 4 23 73.9
Corn 5 27 77.8
Peanuts 6 20 100.0
SWOODS 2 53 64.2
woods 4 260 i 99.6

f PHAR 3 21 ‘j 100.0 ]
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5.0 CONCLUSIONS

A hierarchal approach was generally followed in this
investigation. Agricultural areas were easily separated,
and ciopland within these areas was easily identified. These
general separations were made primarily from spatial infor-
mation obtained from the ERTS~1 data. The separation of
crop types (i.e., small grains, truck farm crops, grasses,
summer fallow) was accomplished by conventional interpreta-
ticn, as well as by computer classification.

Conventional image interpretation was valid for Level 1
and Leve® II classification with at leas: 95-percent classi-
fication accuracy. Furthr.: breakdc #+n into Levals III and IV
was accomplished, but ‘ne accuracy was reduced considerably
when an identification of individual species was attempted,

For image interpretation classification techniques,
recombined false-color IR renditions were superior to all
other additive false-color combinations. Image enhancement
and image interpretation revealed that cu’ors related more
to the density of vegetative cover (crop maturity or ciop
¢ ition) than to crop type or species.

Area measurement was performed on four of the study
« :as and boundary definition was the key to accurate field
measurement, Many fields were too small or too narrow to
be clearly defined. Rectangular fields, especially long,
narrow ones with an orientation nearly parallzl to the image
scan lines, were difficult to define. Accurate boundary
definition was also difficult at high-contrast borders,
such as those between a field with low spectral response

SRECRENS RACE BLAE WOT PRMID




and a field with higl spectral response. This situation

caused a blooming effect, in which the field with high response
appeared larger, and the field with low response appeared
smaller. In Hill County, dimensions greater than 220 meters
(722 ft) under optimum conditions of contrast and orientation

were necessary for clear definition.

Field shape did not influence field measurement if
satisfactory contrasting borders were present.

Area measurement using conventional image interpretation
indicated that the standard error for fields with fair to
good boundary definition was less than 5 percent on 5-hectare
(12.5-acre) fields or larger.

Specific tracts were located by correlation to a UTM
grid system. A technique was developed in which a UTM grid
was overlaid on an ACVP enlarged image and matched to control
points with known UTM coordinates. Slight variations in the
scale of the enlarged image were compensated for by a family
of grids, each varying slightly in scale. Matching the
appropriate grid to the control points —ade possible the
location of tracts in the 19-square-kiiometer (12-sg-mi.)
study areas to within approximately 200 meters (656 ft).
This method is suitable for any te-.t site covered by ER1S-1
for which large-scale base maps are available.

Computer classification of the ERTS-1 data was very
successful for many important crops. Clustering maps and
ERIPS displays with baseline photcgraphy and maps of the
subject were the “est tools for se’ecting trainin, and test
fields. . op identification was accomplished to Leveils III



and IV in five of the test sites. Fields of less than

12 hectares (30 acres) were not easily identifiable. Worth
County, Georgia, had many such small fields; and the classi-
fication results were very poor. The long, narrow test
fields of Hill County produced rather poor classification
accuracies {('ess than 70 percent). The smaller fields cf
Imperial County had an overall test-performance averace of
78.7 percent. Hardin County, which has larger fields with
rather poorly defined field boundaries, had a test field
accuracy of 79.1 percent. Butte County, California, which
had a variety of shapes and sizes, had an overall test field
accuracy of 60.4 percent. Holt County (with large, well-
defined fields) had a test field accuracy of 98 perrent.

A general conclusion can be reached that only large
(12 ha or more) well-defined fields should be considered for
Level III and Level IV classification with the existing pro-
grams. However, for such fields Level III and Level IV
classification of a wide variety of agricultural features
can be obtained with reliable, repeatable accuracy.

Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Houston, Texas, November 1974
641-14-07-50~-72



APPENDIX A

GLOSSARY OF TERMS, ABBREVIATIONS,
ACRONYMS, AND COMPUTER PROGRAMS

across-~track
Across the direction of the spacecraft ground track:
sometimes called horizontal when referring to output
product coordinates.

ACV
Additive color viewer, a device enablirj; the color
enhancement of one or more black-and-white images of
the same scene by film density sl.cing and/or

additive color procedures.

ACVP
Additive color viewer/printer, a photo-optical device
which provides the capability to enlarge, superimzose,
and register up to four separate black-and-white
transparencies for viewing, printing, or color enhance-
ment. (See appendix B.)

Automatic data processing, such as computer-aided

computations.

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.
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Block fallow
A farming practice where alternating blocks of land
are cropped or fallowed.

BENDIX DAS
Bendix computer with color cathode-ray tube to display
multispectral data tapes.

bpi
Bits per inch.

Computer-compatible tapes co:. :ining digital ERTS-1
data. These tapes are standard 19-centimeter (7-1/2-in.)
wide magnetic tapes in 9-track or 7-irack format. Four
CCT's are required for the four-band multispectral digi-

tal data corresponding to one scene in the ERTS-1 images.

CED
County Executive director. The Manager of the ASCS

activity in each farming county.

CLASSIFY
Subsystem of LARSYS which classifies data into previously
designated categories using the output frcn. STAT.

clustering
Mathematical procedure for organizing multispectral
data into spectrally homogeneous groups. Clusters
reguire identification and interpretation in a post-
processing analysis. Both ISOCLS and NSCLAS are
spectral clustering programs.

contrast
Ratio of two adjacent scene radiances expressed as a
number equal to or greater than 1.



CRT
Cathode-ray tube; television type screen.

DAS
Data analysis station, a computer system consisting
of tape drives and computer, a display and control
console, and film recorder. The DAS is used to
reformat, analyze, and review remotely sensed digital
data tapes.

Dell Foster Data Quantizer
Mechanical electronic planimeter. (See appendix B.)

DISPLAY
Subsystem of LARSYS which outputs the results of the
classification runs.

EMBEDT
Univac 1108 program which was designed primarily to
convert the ERTS System-corrected tape produced by
Goddard Space Flight Center to multispectral data
system edit format.

EOD
Earth Observations Division of the NASA Johnson Space
Center, Houston, Texas.

EREP
Earth Resources Experiment Package consisting of the
earth resources remote sensors mounted on the Skylab
spacecraft.

ERIPS

Earth Resources Interactive Processing System, a
system at JSC which allows real-time interaction by
an investigator with several digital spectral analysis



procedures. Major subsystems include pattern recog-
nition by maximum .ikelihood classification, image
registration, image composition, image manipulation and
display.

ERTS-1

First Earth Resources Technology Satellite. ERTS-1 was
launched into a circular, Sun-synchronous, near-polar
orbit at an altitude of approximately 915 kilometers
(494 n. mi.) in June 1972. It orbits the Earth 14 times

a day and views the same scene every 18 days.

ERTS-1 scene

Collection of the image da_a of one nominal framing area
(185 square xilometers) of the Earth's surface; this

includes all data from each spectral band of each sensor.

Fallow

vand tilled but not seeded for one or more growing

seasons to conserve moisture anc kill weeds.

geometrlc accuracy

gray

Geographic (latitude-longitude), based on the standard
Ear :h-fixed coordinat:z reference system, which employs
latiiude >nd longitude.

Positional, the ability to locate a point in an image
with respect to 1 map.

scale

A scale of gray tones between white and black, with an
arbitrary number of segments. The ERTS-1 images have
a 15-step oray scale exposed on every frame of imagery.
The scale gives the relationship between gray level on
the image and the electron beam density used to expose
the original image.



grou..d-control point
Any pcint that has a known location on the Earth's
surface which can be identified in ERTS imagery.

GSFC
Goddard Space Flight Center, National Aeronautics and
Space Administration, located in Greenbelt, Maryland.

GSFC cclor composite
Color composite of three channels of ERTS-1 MSS digital
data supplied to users by GSFC. They are third- or
fourth~generation imaces as compared with first-generation

composites produced from CCT's using a film recorder.

ha
Hectare, a metric unit of area equal to 10 000 square

meters or 2.47 acres.

HATS
Houston Area Test Site encompassing 18 counties in

southeast Texas. Houston is the primary urban area in
the test site.

image skew
Image distortion caused when the scan of the sensor is
not perpendicular to the plane formed by the space-
craft and the instantaneous ground-track velocity
vector.

irradiance

Amount of energy impinging upon a unit normal surface,
per unit time, per unit wavelength, per unit solid

angle.

ISOCL>

Iterative Self-Organizing Clustering System, a computer

program developed at JSC which utilizes a clustering



algorithm to group homogeneous spectral data. Several
controlling inputs allow investigators to control the
size and number of clusters. Because the system produces
a classification-type clustering map in which clusters
require postprocessing identification and interpretation,
the system is frequently referred to as a nonsupervised
classification system.

ISODATA
Interactive Self-Organizing Data Analysis technique,

a computer program for data clustering.

JSsC
Lyndon B. Johnson Space Center, National Aeronautics
and Space Administration, located in Houston, Texas.

Lambda, the Greek symbol used to designate a wavelength
of the electromagnetic spectrum.

LARS
Laboratory for Applications of Remote Sensing, Purdue

University.

LARSYS
Name designating the set of classification programs
developed for aircraft datc handling anua analysis at
tne Laboratory for the Applications of Remote Sensing
(LARS) at Puidue University.

LARSYS I1
Digital tape format for multispectral data used in
LARSYS programs.

maximum likelihood ratio
Maximum likelinood ratio in remote sensing i~ a

probability decision rule used to classify a target



MCFV

MSDS

from multispectral data. Two types of errors are
feasible; fzilure to classify the target correctly

and misclassification of background as the target.

In its simplest form, the likelihood ratio is Pt/Pb.
This expression compares the probability (P) of an
unknown spectral measuremer.t being classified as
target (t) to the probability of an unknown spectral
measurement being classified as backgrcund (b). When
Pt/Pb > 1, the formula decides t, and when P Pt/Pb <1,
it decides b. Probability density functions are
computed from spectral samples, often referred to as
training samples. As the number of training samples
increase, the mathematical computations of the maximum
likelihood ratio increase in complexity. As a result,
digital computer analysis is required; and the entire
process is referred to as automatic data processing
(ADP) of multispectral remotely sensed data, or auto-
matic spectral pattern recognition of multispectral
remotely sensed data.

Mulitiband camera film viewer is an electro-optical
instrument designed to accept three channels of black-
and-white positive or negative multiband negative
transparencies, to register the images, and to display
the composite image f{or color enhancement. Color
enhancement is achieved through film density slicing

.nd/or additive color viewing.

Multispectral Data Sys:em tape format includes a:
ai-craft 24-ch.nnel scainer and a ground data analys.s
station. The la-.ter is o2 of the two major data
analysis stations in the JS_-EOD Data Ahal, -is Labora-
tory. (See DAS.)



MSS
Multispectral scanner system, sometimes referred to
simply as the multispectral scanner. Usually refers
to the operational scanning system on ERTS-1.

MTFO

Module training field option is a supervised computer-
aided technique using the LARSYS classifier to allow
modification of the statistical inputs.

multispectral scanner spectral bands
The division of the visible and near-IR portions of the

electromagnetic spectrum into discrete segments.

MSS ERTS-1 Wavelength,
channel band nm Color
1 4 500-600 Green
2 5 600-700 Red
3 6 700-800 ' Reflective
4 7 800-1100 | IR

n. mi.
Nautical mile, equivalent to 1/60th of a degree at the
Earth's eguator, or about 6076 feet.

nm

Nanometer, unit of length equal to 1()_9 meters.

nonsupervised classification
A procedure which groups spectral data into homogeneous
clusters. Identification and interprecation are
achieved in a postprocessing analysis.

NSCLAS
The name of a clustering computer program developed
by the Laboratory for the Application of Remote
Sensing at Purdue University. ({(See clustering.)



PICTOUT

Subsystem to LARSYS which produces the alphanumeric
pictorial printouts of data.

Pixel

PMIS

Picture resolution element, refers to one instantaneous
field of view (IFOV) as recorded by the multispectral
scanning system. On the ERTS-1 system it is equivalent
to approximately 0.44 hectare (1.09 acres). One ERTS-1
frame contains approximately 7.36 x 106 pixels, each
described by four radiance values.

Passive Microwave Imagina System.

PMIS DAS
SEL 810A computer with color CRT to display multispectral
data tapes.

radiance
Measure of the radiant energy emitted by a radiator
in a given direction.

RBV
Return beam vidicon.

reflectance
Ratio of the radiance of the energy reflected from a
body to that incident upon it; commonly measured in
percent.

SAPE
Sensor Application Performance Evaluation.

SC 4060

Used by the Univac 1108 to generate output on nicrofilm
as opposed to tbe printer.
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Scene~corrected data
System-corrected data that have been processed to
produce precision located and corrected imagery on
24-centimeter (9-1/2-in.) film.

scene registration
Superimposing points in two images of a scene taken at
the same time.

SCERTS
Univac 1108 program which outputs gray maps on microfilm.

SHNF
Sam Houston National Forest, located in the Houston
Area Test Site.

spectral response
Spectral radiance of an object sensed at the satellite
and recorded by the MSS.

STAT
Subsystem of LARSYS which generates and outputs
statistics.

Strip fallow
Farming practice where alternating strips of land are
cropped or fallowed to lessen wind or water erosion.
The narrow strips are generally perpendicular to the
prevailing wind direction.

Sun azimuth angle
Angle in degrees measured in the horizontal plane from
true north to a vertical circle passing through the
Sun.

Sun elevation angle
Angle of the Sun above the horizon measured in degrees.
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supervised classificatiun

Classifi~-~tion procecdure in which data of known classes
are used to establish the decision logic from which
unknown cata are assigned to the classes. The ADP
supervised classification procedure utilized at JSC
during the ERTS-1 project used a Gaussian maximum like-
lihood decision rule.

swath path

The dimension on the ground scene transverse to space-

craft velocity and within the sensor field of view (FOV).

system-corrected data

Film images generated by a data processing subsystem
which makes initial radiometric and geometric correc-
tions as the video-to-film conversion is recorded on
70-rm film through an electron beam recorder; formerly
referred to as bulk images.

temporal data

Sequentially acquired information.

temporal registration

test

The ability to superimpoce two images of the same
scene taken at different times (some or different
spectral bands).

field

The spatial sample of digital data of a known ground
feature selected by the investigator used to validate
the statistical parameters gererated rfrom training
field samples.

threshold

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

traininc field
The spatial sample of digital data of a known ground
feature selected by the investigator, from which the
spectral characteristics are computed fcr use in super-
vised multispectral classification of remotely senscd
data. The statistics associated with training fields
form the input to the maximum likelihood ratio compu-
tations and, in a sense, "train" the computer to
discriminate between samples.

USCA
United States Department of Agriculture.

USGSs
United States Geological Survey of the Department of
the Interior.

UTM Grid

Uaniversal Transverse Mercator grid; a rectangular
coordinate system derived from a Transverse Mercator
projection by which points or areas on the Earth's
surface extending to 84° N. anc 80° S. latitudes cc .

be readily described and located within a unique
quadrilateral area on a map. Precision processing of
the ERTS-1 imagery corrects the imagery scene by scene
so *that its gecgraphic crientation will conform to this
UTM grid system.
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APPENDIX B

EQUIPMENT UTILIZED

Additive Color Viewer/Printer (ACVP)

The ACVP is a photo-optical device which provides the
iavestigator with the ability to enlarge, superimpose, and
register up to four separate black-and-white transparencies
for viewing, printing, or color enhancement. Each of the
four optical channels is essentially an individual projector
containing its own light source, vacuum platen, neutral
density and selectable color filter, objective lens, and
controls for X- and Y-movement, image rotation, focus, and
magnification. The images from all channels are folded by
two high—quality mirrors and converged onto a screen/printing
plane.

The film gates accept up to 70-mm width roll or cut filn,
although only a 2.5-square-centimeter (l-sqg.-in.) section is
projected at 2 time. Each image is illuminated by a 300-watt
tungsten bulb operating at a colcr temperature of 3200 K
and projected onto a diffusing glass screen by a 210-mm
focal length Schneider Componon lens. Each lens has its
own mechanical shutter which is activated by a solenoid con-
trolled from the front panel of the instrument. The tested
resolution at the film gates exceeds 16€ lines/mm, or better
than 20 lines/mm at the viewing screen. The brightness of
the projected image is controlled by a neutral density film
roll at each channel which permits adjusting image brightness
without changing the color temperature of the projection
bulb. Red, green, blue, yellow, and cyan filters permit the
construction of false-color enhancements. The filters are
glass and are inserted between the condensing lens and the
film gate.
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Printing of the final image is accomplished at the
viewing screen port using 20- by 25-centimeter (8- by 10-in.)
or 10- by 13-centimeter (4~ by 5-in.) cut film. Exposures
are made by activating the appropriate shutters throug’. an
exposure button located on the front panel. Color or bpblack-
and~white film is used as required.

Multiband Camera Film Viewer (MCFV)

The MCFV is an electro-optical instrument designed to
accept three channels of black-and-white positive or negative
multiband camera film transparencies, to register the imagery,
ard to display the composite image for color enhancement.

The output of the MCFV is a 30-square-centimeter (12-sq.-in.),
1000-1line, television-type color display which is viewed by
the investigator or photographed for later use. Input to

the display is provided by the scanner section. This sec-
tion consists of a three-channel flying-spot scanner and
scanner film gates which accept either roll film up to 13
centimeters (5 in.) wide or cut film chips. The maximum

area that may be viewed at one time, however, is limited to
about a 56~mm square. Each film gate is provided with
remotely controlled movements irn the X,Y,Z scale ané focus
and rotation directions so that precision registration of

the superimposed images may be achieved. All areas of a
13-centimeter (5-in.) frame are within reach with the appro-
priate X- and Y-movements. An electronic zoom is used to
extend the magnification from about 5 times to about 30 times.
A reference channel is also included to monitor light trars-
mission through the system to compensate for transmission

and excitation irregularities.



B-3

The processing electronics in the MCFV are comprised of
the analog signal processor (ASP) and the digital image
processors (DIP). The ASP processes the three data signals
and the reference channel output. The processed signal is
then sent to the display monitors for presentation. The
monitors consist of three high-resolution monochrome tele-
vision receiver units, one for each primary additive color.
One monitor has a red phosphor screen, another has a green
phosphor screen, and one has a blue phosphor screen. The
three color images are combined through the use of two
separate dichroic mirrors and precision placement of the
monitors. When seen from the viewing port, a single image
is seen which is capable of about 40 line pairs per mm
resolution and with uniform color across the viewing screen.
Controls are provided so that data from any or all channels
may be sent to any or all of the monitors in any arrangement.
In addition, the data may be presented to the monitors as
positive, negative, or electronically reprocessed signals.
Virtually any false-color combination can be obtained through
this flexibility.

The signal from the scanner may be enhanced in a more
quantitative mode through the use of the DIP. The DIP
amplifies the data signal and slices it into 15 voltage
levels; each level corresponding to a certain film density.
The operator then programs a color into each level so that
in the sliced image a color/film density relationship is set
up. Each channel may be sliced and color programed inde-
pendently and combined with any other channel. In this
manner, film density differences may be greatly enhanced
over that of conventional analog color techniques. The
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operator has the additional flexibility of being able to
vary the width of the density (voltage) slice and tc move
the slice up and down the film density scale. Digital and
analog displays may also be combined as desired.

A permanent record of the display is made by photographing
the screen with a 70-mm Hasselblad camera and Ektachrome color

film.

Dell Foster Graphic Quantizer

This instrument is essentially a combination mechanical/
electronic planimeter. The perimeter of a field is manually
traced by the operator while an electronic unit converts the
movements into a digital readout of the area included within
tha completed perimeter trace. Readout is programec to
indicate square inches on the film or as in this effort,
the actual surface area in the scene. To achieve the latter,
the scale of the print or transparency must be precisely
determined and entered into the area program used by the
data quantizer. Field areas are displayed to the tenths
of an acre, which is considered within the tolerances of
the instrument. Operator and image errors far exceed those
of the instrument in any case. An average of five readings
per field is normally made in order to minimize these errors.
A teletypa printout provides a permanent record of all
measurements, plus any comment the operator wishes to add
for future reference.

Earth Resources Interactive Processing System (ERIPS)

The Earth Resources Interactive Processing System (ERIPS)
at JSC is a system combining software and hardware to allow
for interactive analysis of remotely sensed data. The system
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is comprised of an IBM 360 Model 75 computer connected to
two remote terminals. LARSYS software is used, but there
are some JSC modifications and additions. It is designed

to allow the analyst to analyze data from various remote
sensor data, including the ERTS-1 MSS and Skylab EREP S$-192
data. The primary applications available are image
manipulation-registration and pattern recognition of digital
multispectral data.

LARS Remote Terminal

The LARS Remote Terminal at JSC provides a direc+ commu-
nication link with the LARS at Purdue University. With
this facility a user at JSC can have access to the most
current LARS software for the processing of MSS data.



ERTS-1 TABLES FOR PROCESSING

APPENDIX C
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TABLE C-1.- SCHEDULE OF DATA COLLECTION PASSES FOR 1972-1973

[ Orbit Dates of coverage aver each test site
(lgyg;;S) Horth Hill Iwmperial Hardin Butte Holt
1 8/3 8/8 8/8 8/12 8/13 8/16
2 8/21 8/26 8/26 8/30 8/ 9/3
3 9/8 9/13 9/13 9/17 9/18 9/21
4 9/26 10/1 10N 10/5 10/6 10/9
5 10/14 10/19 10/19 10/23 10/24 10727
6 nn 11/6 1176 11/10 n/m 1RVAL )
7 11719 11/24 11/24 11/28 11/30 12/2
8 1277 12/12 12/12 12/15 12717 12/20
9 12/25 12/30 12/30 1/3 1/4 177
10 112 1/17 117 /21 1/22 1/25
n 1/30 2/4 2/4 2/8 2/9 2/12
12 2/17 2/22 2/22 2/26 2/27 3/2
13 3/7 3/12 3/12 3/16 3/17 3/20
14 3/25 3/3C 3/30 4/3 4/4 477
15 4/12 4,17 417 42 4/22 4/25
16 4/30 5/5 5/5 5/9 5/10 5/13
17 5/18 5/23 5/23 5/27 5/28 5/
18 6/5 6/10 6/10 6/14 6/15 6/18
19 6/23 6/28 6/28 1/2 7/3 7/6
20 7/8 7716 7/16 7/20 1721 7/24
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TABLE C-II.- TABULATION OF THE TIME LAPSE BETWEEN
ORDER AND RECEIPT FOR EACH TYPE OF DATA

County

Scene

Days

24-cm black-and-white transparency (standing order)

Holt 1007-16551 179
Hill 1015-17392 98
Hardin 1021-16324 155
Imperial 1106-17504 87

1124-17504 101
Butte 1058-18221 118
Worth 1047-15382 129

24-cm color composite transparency (retrospective order)

Holt 1007-16551 >239
Hill 1015-17392 57
Hardin 1021-16324 167
Imperial 1106-17504 920
1124-17504 94
Butte 1058-18221 148
Worth 1047-15382 148
Nine-track CCT (retrospective order)
Holt 1007-16551 =45
Hill 1015-17392 =45
Hardin 1021-16324 =45
terias e o xeco
Butte 1058-18221 21
Worth 1047-15382 No ‘j:“d

*For standing orders, the order date is considered to he
the date the data were collected. For retrospective orders,
the order date is considered to be the date on the order form.
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TABLE C-VI.- HILL COUNTY, !MONTANA, AREA MEASURENDNT

[Width of rectangular fields]

Farm Field Width, Farm Field Width,
no. no, meters no. no. meters
N-1 1 72.42 18 88.51
2 40.23 19 82.47
3 74.43 20 100.58
4 66. 38 21 84.49
5 68.39 22 92.53
6 84.49 23 -
7 46.25 24 -—-
8 30.17 25 -—
9 76.44 26 -—
10 - N-3 1 -
N-2 1 116.67 2 -
2 68.39 3 -
3 - 4 -
4 -- 5 -
5 265.54 6 100.58
6 - 7 100.58
7 156.91 8 297.72
8 - 9 102.59
N-21 1 52.30 10 94.54
2 52.30 11 112.65
3 52.30 12 ="
4 48.28 N-4 i 92.53
S 50.29 2 116.67
6 s2.30 || 3 86.50
7 52.30 4 116,67
8 52.30 5 100.58
9 88.51 6 110.64
10 44,25 7 108.63
10b 36.21 8 108.63
11 80.46 9 96.56
12 86.50 10 104.60
13 64.37 11 96.56
14 82.47 12 88.51
15 -- 13 164,95
16 - 14 94.56
17 95.56 15 207.20




TABLE C-VI.- HILL COUNTY, MONTANA, AREA MEASUREMENT - Continued

[Width of rectangular fields]

c-9

Farm Field Width, Farm Field Width,
no. no. meters no. no. meters
16 - N-19 1 -
17 - 2 -
18 - 3 -
19 164.95 4 -
20 96.56 5 .-
21 96.56 6 -
22 96.56 7 -
23 110.64 N-20 1 275.60
24 152.88 ) .
25 102.59 3 _
26 80.46
27 104.60 u-5 1 205.19
28 126.73 2 201.16
26 106.61 3 209.21
30 106.61 4 197.14
31 - N-6 1 164.95
32 - 2 422.45
33 116.67 3 221.28
34 - N-7 1 112.65
35 o 2 102.59
36 - 3 112.65
N-16 1 -- a 102.59
2 -- 5 102.59
3 -- 6 102.59
N-17 1 . 7 90.59
2 -- 8 --
3 -- 9 -
4 106.61 10 108.63
5 106.61 11 --
12 --
N-18 1 -
2 - N-8 1 144.84
3 80.46 2 301.75
s 80.46 3 241.40
5 80.46 4 277.61
6 84.49 5 418.42
2 26. 44 6 126.73
8 86.50 7 110.64
9 94.54
10 82.47




C-10

TABLE C-VI.- MILL COUNTY, MONTANA, AREA MEASUREMENT - Concluded

{Width of rectanaular fields]

Farm Field Width, Farm Field Width,
RO. ne, meters no. no. meters
N-13 1 62.36 N-9 1 261.51
2 102.59 2 221.28
3 102.59 3 -~
4 128.74 4 -
5 102.59 5 80.46
6 104.60 6 88.51
7 88.51 i 7 88.5]
8 132.77 8 160.58
9 - ‘ 9 52.130
10 - € 10 -
11 - i 11 --
12 - . 12 -
13 96.56 13 -~
14 100.58 14 88.51
15 100.58 15 -
16 100.58 16 -
| 17 116.67 17 --
N-12 ; 1 366.12 18 -
2 438.58 w-10 1 -
3 -~ 2 -
; 4 124.72 3 80.46
N-14 E 1 201.16 4 -
2 394.28 5 ==
3 213.23 6 -
i i -
N-15 f 1 - 8 _
: 2 ==
; 3 . N-11 1 266,70
4 120.70 2 341.98
S 104.60
6 92.53
7 104.60
8 96.56
9 96.56
10 100.58
11 100.58
12 -
13 --
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