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"And the Lord said, 'Behold, they are one people, and they have all

one language; and this is only the beginning of what they will do;
and nothing that they propose to do will now be impossihble for them,
‘ Come, let us go down, and there confuse their language, that they
T may mot understand one another's speech'... Therefore, its name was

called Rabel, because there the Lord confused the language of all the
earth.,.,” v ' '

Cenesis 11:6-9

"And we have been misleading each other ever since."

Dr. Thomas Szasz,
The Second Sin,
1974
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Preface

This report provides step by step details of nearly two and one half years of
work at the Statistical Reporting Service (SRS) under NASA contract AG328.
The contract specified that we perform crop classification of LANDSAT data
(formerly ERTS) in four states. All the classification was performed at Pur-
due using LARSYS. Other systems were tried, but LARSYS was flexible enough
to sult our needs. :

The basic objective was to evaluate LANDSAT data and to find ways to use this
data to improve the present acreage estimates. This is no easy task since the
current estimates are cost effective and sufficient in most areas - the excep-
tion being local estimates.

The procedures that were developed were to improve state or strata within
state estimates. This project is being followed through with 1975-76 program,
which is to perform wall to wall classification of LANDSAT data in Illinois,
Kansas, and 44 counties in Texas. :

Specifically, the objectives as presented in the original proposal are:

1. Develop methods of crop species identification from space imagery by
photo interpretation and discrimination technique within the context
of: (1) multiple frame sampling, and (2) an alternative approach
using the techniques of double sampling. The study would compare the
accuracy of results using LANDSAT imagery compared with the additional
improvement using aircraft imagery when both are combined with ground
data. :

2. Develop methods for estimating crop acreages by extracting informa-
tion from space imagery in the context of the agencies operating
constraints.

The scope of this ambitious study was somewhat reduced since much of the
imagery came very late in the growing season.

Less than optimum imagery was available, so less than optimum results were
obtained. Nevertheless, the conclusions were that if satellite imagery were
available and if software were available, LANDSAT type data could be useful
and provide substantial gains in state estimates. - SRS has moved ahead to
build software, so that when the imagery is available, SRS will be ready to
use it. However, it is vital that the data be ready for processing within 48
hours after it has been taken. Otherwise, it is of little value.
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I, Introduction

The Statistical Reporting Service (SRS), U.S. Department of Agriculture,
prepares estimates of crops, livestock, poultry, dairy, prices, and
related agricultural topics.

Crop reports provide estimates of acreages farmers intend to plant in the
coming season, the acres planted and harvested, production, disposition
of the crop, and remaining stocks. Forecasts of yield and production are
issued monthly during the growing season based on information voluntarily
provided by farmers and from counts, measurements, and observations made
in sample fields by SRS enumerators.

Livestock and poultry reports include estimates of animals on farms and
ranches or in feedlots. Estimates are made of breeding and production

intentions; yearend estimates cover production and disposition of major
livestock and poultry species. SRS also reports slaughter numbers and

meat production.

Dairy reports indicate milk cows, monthly and annual milk production, and
use of milk. Production of major manufactured dairy products is reported
weekly and monthly,

Price reports show prices received by farmers for nearly 200 products and
prices paid for about 500 items needed for production or family living.
Reports cover indexes of prices received and paid, parity prices, and
season average prices of crops, livestock, and livestock products.

Other reports deal with labor and wages, fertilizer, seeds, bees and honey,
mink, naval stores, stocks of major commodities, cold storage holdings,
exports and other agricultural elements.

The scope of agricultural estimates has increased with the demands for
information by producers, processors, manufacturers, and Government pro-
gram planners, but the original goal has remained steady - to help farmers
market farm products more effectively.

The launching of ERTS-1 (mow LANDSAT) on July 24, 1972 opened a new poten~
tial source of agricultural data. This investigation has provided SRS
with an opportunity to evaluate a different source of data relative to
crop acreage estimates. In addition, there was presented the opportunity
to determine whether the theory of sampling is flexible enough to utilize
efficiently satellite data in conjunction with other survey procedures.

If it were possible to blend these sources, a substantial increase in
survey accuracy would ensue.

1/
Preparing Crop and Livestock Estimates, Statistical Reporting Service,

March, 1974,
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The objectives of this investigation were as follows:

1. Develop methods to identify crop species utilizing satellite and
aircraft imagery. : :

2: Develop methods of estimating crop acreages utilizing satellite
imagery.

3. Within the context of multi-stage and multiple frame sampling,
develop methods of utilizing all three sources of data (ground,
aircraft, and satellite) to make crop acreage estimates. Com-

bining all three sources in a statistical model should result in
a marked improvement over any one source for making crop acreage
estimates.

The study areas were selected Crop Reporting Districts in Missouri, Kansas,
South Dakota, and Idaho. The major crops of concern were wheat, cornm,
cotton, soybeans, sugar beets, potatoes, alfalfa, and grain sorghum. Some
of the crops are grown in only one area while others are common to two or
three. This provided the opportunity to observe crops grown under dif-
ferent conditions.

Data Acquisition

2.1 Ground Observations

In order to evaluate the new methodology, one needs independently collect-
ed (control) data. For this study, ground truth collected in the same
manner as is now being used by the Statistical Reporting Service, (SRS)
was used as the control data for evaluating results from both the satel-
lite and aircraft imagery. .

The thrust of the ground truth portion of the LANDSAT project is to iden-
tify the crops visible from the air on previously designated areas of land.
Our ground truth identifies the crop species present and the exact loca-
tion of the fields for the survey.

Throughout the growing season, the species, acreage, and condition of

crops in these fields are observed periodically. This provides progressive
reports about crop maturity development and a record of any changes in
acreage or species. This date provides survey acreage for crops which
could be compared against other sources of data and corresponding estimates.
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The condition of the crop in each field is noted as supplementary infor~-
mation. During the processing of aerial photography and satellite imagery g
the condition code would, in some cases, provide some basis why a corn #
field was classified incorrectly.

The first enumerative survey was conducted in late May and early June of

1972 by SRS. This data was used as a source of original data. and was

then updated by special enumerators. 1/ However, the estimates of crop

acreages generated by the JES survey included both crops already planted ,
and crops t» be planted. At the time of the enumerative survey, the ,
wheat in Missouri might still be in the field and was recorded as such on :
the questionnaire. In addition, the farmer's intention to plant soybeans

was recorded for that same field. The LANDSAT ground truth was only con-

cerned with crops and ground vegetation present on the day the enumerator

visited the segments. For this reason, the June Enumerative Survey (JES)

acreage estimates could be different from the LANDSAT acreage estimates; how- ,
ever, provisions were made through the updating of JES so such differences R
could be measured. ' :

The LANDSAT ground truth was also used as a training device to classify

aerial photography and satellite imagery. Since the exact location of

each field and the crop species present in the field was known, we could :
identify the field cn the aerial photography or satellite imagery and ;
train the computer to recognize and identify all similar fields. After .
identification, a separate estimate of acrcage can be generated from these

other sources of data and compared against the ground truth acreage esti-~

mates.

2.1.2 Source of Ground Data

The test areas used in this study were SRS Crop Reporting Districts (CRD)
A CRD is a contiguous group of counties within a state which have similar

‘farming activities. Generally, each state is composed of about nine such

districts.

Within each of these CRD's are randomly selected areas of land (segments)
that range in size from about one-half square mile to three square miles.
Since the CRD's are independent strata, estimates can be made for each
individual strata by multiplying the segment totals by the reciprocal of
their probability of selection and summing over the CRD. For the JES and
the LANDSAT study, these segments are the test sites for the clagsification
of the aircraft and satellite imagery. The information obtained from
these segments on crops present constituted our ground observations.

l/See Appendix B for a list of terms and definiﬁions used for the June

Enumerative Survey (JES) and LANDSAT fieldwork.




Ground data was collected for segments in CRD six in South Dakota, seven
in Kansas, and nine in Missouri. In Idaho, the study area was not a CRD,
but a land use stratum which included the intensive agriculture areas of
Jerome, Minidoka, Twin Falls, and Cassia Counties. The study areas
within each state were selected gince they represented an area with a
manageable volume of data and a comparable number of segments.

Table l--States and numbers of segmenté in study area.

State | Number of Segments
South Dakota ~ 50
Kansas = 48
Missduri 42
Idaho 44
TOTAL 184

The four different test sites (see Figures 1, 2, 3, and 4) were selected
to fulfill operational objectives. First, we wanted to monitor the pro-
gressive stages of growth and maturity of the major crop species. The
original satellite launching data would have allowed monitoring crop
growth from April through November of 1972. Mature wheat in Kansas could
be compared to pre-~headed and headed wheat in South Dakota with similar
comparisons being made for other crops. Secondly, we wanted the scattered
areas to help insure at least some good imagery. Imagery of cloud cover
over selected areas is useless. Presumably, the distant areas would not
all be engulfed with inclement weather as the aerial photography and
satellite imagery were obtained. Thirdly, we wanted to answer whether or
not corn in Missourl was spectrally different from corn in South Dakota,
etc. Fourthly, we wanted to look at several different crops and their
responses to different locational environments of soil, topography, and
climate. The four State analysis gives indication of within and between
State variations necessary prior to operational surveys of this type. The
major crops included in the study are shown in Table 2.
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Figure &4---Idaho, CRD 2000, showing two afrcraft flight- /
lines.
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Visit one (base) data was obtained directly from the JES questionnaire,
which was completed in late May 1972 and/or early June 1972. 1/ The JES
data was identified and keypunched for all "fields" in the segments. The
identification of each fleld was required in order to delete crops which
might have been reported as fields to be planted at a later date. For
example, a 20 acre field could be recorded both as wheat, and also as
soybeans to be planted after the wheat was harvested. Since aerial photo-
graphy and satellite imagery would record only crops present, the ground
observation could only correspond to what was in the field at the :ime
of visit, and only the wheat would be punched. If the wheat field was
now soybeans, this change was made during the update.

After completion of all the ground observations, the four State Statisti-
cal Offices involved in the LANDSAT study were sent an evaluation form to
evaluate the computer printout recording form. From the answers to the
evaluation, the following can be said:

1. The Form Printout is a workable method of collecting ground observa-
tions. There might have been a small problem orienting the enumera-
tors to a different form than the zaccustomed one. However, with
training, the transition was short. The enumerators were able to
record acres and crop species without difficulty.

2. The crop condition codes were generally adequate, but several sug-
gestions were made. The suggestions were a) call this '"State of
Growth" rather than ''Condition,” b) change the grain codes from "pre-
fruit" to "blade” and "fruit" to "heading,' ¢) remove pasture from
the hays and code the pastures as lush, grazed, and range, and finally
d) add the code weedy to fallow. '

3. The new printout format did not create unusual editing or keypunching
situations. :

2,1.4 Average Field Size

Classification results from LANDSAT imagery indicate that field size may
have a significant affect on how well the classification might be. Also,
early reported results by other investigators suggested that relatively

poor classification was obtained from fields less than 20 acres. Several
inquiries to the Statistical Reporting Service for information on size of
field prompted the preparation of a detailed tabulation of fields by size

1/ ‘
See Appendix B for a copy of a JES questionnaire and the keypunching

instructions for the LANDSAT survey.
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and by crop (See Tables 3, 4, 5, and 6). The data for this tabulation
is from the 1972 SRS JES in the four test sites. It should be pointed
out that this information only represents the four test areas.

In the Missouri test site, 28.7 percent of the fields are 20 acres or
greater and account for 68 percent of the land area. Thirty-eight per-
cent of the cotton fields are greater than 20 acres, but account for 73
percent of the reported cotton acreage. Forty-one percent of the soybean
fields were 20 acres plus and represents 77.5 percent of the soybean
acreage. The average size of all fields in Missouri was 17.1l1 acres.

South Dakota reported that 92 percent of the corn acreage and 89 percent
of the oats were in fields larger than 20 acres. Overall, 52 percent of
the reported fields were greater than 20 acres with an average field size
of 28.74 acres. The average field size needs to be viewed with some
caution in that it can be heavily influenced by large or small acreages
for relatively unimportant land uses such as pasture, farmstead, etc.

Kansas showed 98.5 percent, 99.1 percent, 98.5 percent, 95.6 percent of"
the corn, wheat, sorghum, and alfalfa acreage respectively, were grown in
fields larger than 20 acres. Field size should not be a limiting factor
in identifying these crops in Kansas. Average size of all fields in
Kansas was 108.31 acres. .

The test area in Idaho contained some large areas of waste and pasture
which influenced the average field size and the distribution, About 50
percent of the corn was planted in fields larger than 20 acres. Eighty-
five percent of the barley was in 20 acre plus fields. Ninety-four per-
cent of the potatoes were contained in fields larger than 20 acres. About
65 percent of the sugar beets were grown in 20 acres plus fields.

If field size is a factor in one's ability to do crop classification, the
results in Kansas should be substantially better than in the other three
states. Field shape may be a greater limiting factor than size, parti-
cularly in areas which contain irregular fields.

2,1.5 Timing and Workload of Fieldwork

Because of the delay in the launch of LANDSAT-1, the update surveys did not
begin until August 1972. Prior to the first visits, a training school

was conducted in each State involved. The training was to 1) imstruct
State Statistical Offices (SS0) personnel regarding enumeration, editing,
keypunching, and mailing procedures, and 2) instruct enumerators regard—
ing the collection of ground observations. 1/

1/
See Appendix A for Enumerator Instructions, for Ground Observation

Editing Instructions, and B for Ground Observation SSO Keypunching Instructions.
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Table 6--Distributtion of number of fields by size and crop for Crop Reporting District 6, based on June Survey Data - SOUTH DAXOTA .
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The timetable -for the collection of the ground observations was:

August 3 : Enumerator training schools

August 7-11 ’ Survey fieldwork

August 11 Enumerators mail update survey forms to SSO's
August 14-17 $S0's edit forms and keypunch data

August 17 _ SS0's mail forms and data cards to Washington, D.C.
August 24 Form printout run for next survey fieldwork

August 25 Printout sent to SSO's

September 9 Enumerators receive printout

September 11-15 Survey fieldwork

September 15 Enumerators mail forms to SSO's

September 18-21 SS0's edit and keypunch updates

September 21 SS0's mail forms and data cards to Washington, D.C.
September 27 Printout run for next survey fieldwork

September 28 Printout sent to SSO's

October 7 Enumeratorreceive printout

October 13 Enumerators mail forms to SSO's

October 16-19 SS0's edit and keypunch updates

October 19 §50's mail forms and data cards to Washington, D.C.
October 27 Final printout run

Although the data was not summarized monthly, it would have been possible
to do so after the summarization program had been implemented. After
implementation of the summary program, it would have been possible to have
summarized the data within 14 days from completion of fieldwork.

For each survey period, enumerators observed about 3,800 fields and
recorded the data on about 1,100 forms. Because of this volume, the
computer generated survey form was a necessity. The numbers of segments,
tracts, and fields observed on each update survey are shown in Table 7.

Table 7--Number of segments, tracts, and fields by test site.

State Number of Number of Number of
Segments tracts Fields
South Dakota 50 217 860
ﬂ:naas 48 274 854
sgouri 52 284 872
Idaho 44 311 1358
'TOTAL 194 1086 3844
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2.1.6 Summarization of Ground Observations

Since these segments were selected at random within a CRD, an expansion
is possible to estimate totals for the CRD. The following'estimatot
could be used.

Y. =FIy
S

Where F = %-(the inverse of the probability of selection) and N = total

number of sampling units in the test site, and n = the number of sampling
units in the sample, and Yij is the acreage of the jth crop in the ith

sampling unit.

The standard error of Y ;s [Se(yj)]

h|
5 n 2 n 2
where: Se(yj)l = |n 121 (Fyij) (121 Fyij)
n
n-1

The coefficient of variation (C.V.) =

Se(§;) x 100
2

¥

The update observations were summarized in the same manner as the JES.
Estimates of the acreages, standard errors, and coefficients of variation
by crop and date are included in Tables 8, 9, 10, and 11. The Coefficients
of Variation, which are measures of the relative precision of the estimates,
ranged from about 10 percent to 100 percent, depending upon the particu-
lar crop or land use being estimated. For most major crops the C.V.'s

were around 16 to 30 percent. On the other hand, crops which are not very
important to that area and which were found in only one field in the
selected JES segments had C.V.'s of around 100 percent.

2,1.7 Flightline Ground Observations

Flightline Selection: Each of the four study areas was divided into
flightlines such that all flightlines in a single study area were of the
same width. The width of the flightlines was limited to the swath width
of the RB-57 and U-2 aircraft photo coverage and varied from 8 to 12
miles, depending on the area. Two flightlines in each study area were
then selected at random, without replacement. The approximate locations
of the selected flightlines are shown ftm Figures 1, 2, 3, and 4.
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Each flightline contained a number of sampling units (JES segments).

Even though the segments already existed before the flightlines were
constructed, thelr appearance in the sample was still random. The number
of segments within each flightline varied by flightline and state - Table
12. Once it was determined which segments fell within the flightline, a
count of all other possible segments in the flightline was made, thus

the probability of a segment being selected isifi within the ith flight-
M
i

line.

This is a multistage sample design where the selection of flightlines is
the first stage and the second stage of selection is the segments.
Whereas in this particular case, maps were used as the frame to select
the sample, it might have been possible to select a similar sample using
ERTS imagery or aerial photography.

Table 12--Number of segments within flightline by flightline and by state.

Number of segments
State "Flightline Added for classifier
JES
training

Missouri 1 2 5
2 8 6

Kansas 1 5 2
2 9 3

South Dakota 1 4 6
2 5 4

Idaho 1 6 6
2 9 10

Flightline estimates for the study areas are explained below.

The estimates of totals for a two-stage sample design are as follows:

k n i=1 m, § yijk
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where: Yk is the estimate of the total acreage of the kth crop or
characteristic within a study area, ‘

N is the total number of flightlines,
n is the number of flightlines in the sample,
Mi is the total number of segments within the selected flight-
lines, |
™ 1s the number of selected segments within the selected flight-
linesf

The variance of Yk is:

A 2 M,(M,-m,) 2
N-ny S N n i1 1" 8
var(y,) = wED S + N3 AL S

n L= | 1™

n -2
where: Skl = 7 (Yi-Y)
im] n-1
m
i 2
2 = 3 (Y-
k21
=1 m,-1
' i

and C.V. = \' Var(Y) (100)

Y

2.1.8 Results of Flightline Ground Observations

As would be expected from a sample of size 3 from the heterogeneous study
areas, the flightline estimates in all four States were not very reliable.
Coefficients of variation, the measures of precision of the estimates
ranged from 20 to 100 percent. For most crop, the between

flightline component of variance was the largest contributor to the total
estimated variance. Therefore, if the computed variance components are
any indication, the easiest way to reduce the variance would be to add
more flightlines.

25

b 1 B 0 3 o St o e e e

R L T s N



W
!

i

In several case:: the CRD estimates from the flightline ground observa-
tions compare favorably with those from the JES, but the size of the

‘' standard error would indicate that this is due to chance. Flightline

egtimates of total acres by crop, the estimated between and within
flightline components of variance, and standard errors, and coefficients
of variations of the estimated totals are shown by study areas in Tables
13-18. Generally, these computations were made only for the crops which
were classified from the LANDSAT and aircraft imagery. However, some of
the crops shown were not included in the LANDSAT or aircraft classifica-
tion.

For Missouri, all three of the update ground surveys were tabulated for '
the selected flightlines. This was to correspond with the occurreace of
useable LANDSAT imagery from each of the months, August, September, and
October. The only significant changes in estimated totals occurred
between the September 11-15 and October 10-13 ground surveys. These
changes occurred as cotton and soybeans were harvested, causing the

use to change from those crops to idle (stubble) land or fallow (plowed).
The only flightline totals shown for the other three study areas are for
the update survey periods August 7-10 (Idaho and South Dakota) and Sep-
tember 11-15 (Kansas).

Except for Kansas, the between flightline variance component was based
on all flightlines in the study area in crder to get a reasonable esti-
mate of this variance.

The main conclusion to be drawn from the flightline ground observation
analysis is that in order to get reliable estimates from this multi-stage
sampling approach, more flightlines are needed but is is not necessary
that they cover such a wide swath. Also, in constructing flightlines,
the total size (length times width) of the flightlines should be kept as
equal as possible. For example, flightline 2 in Missouri is much smaller
than flightline 8. This variation in size can contribute significantly
to the overall precision of the estimates.

2.2 Data Acquisition - LANDSAT Imagery

2.2.1 Objectives

Satellite imagery required for this project included both the computer
compatible MSS digital data tapes and various types of photographic
images.

The photographic images were required to:

1. determine if a particular LANDSAT frame was usable, and

2. to assist in locating individual test sites (segments) in the frame.
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Table 13--Estimated totals, between and within flightline components of
variance, standard errors, and coefficients of variation of the
estimated totals by crops, Missouri Study Area, August 7-10, 1972,

mf ‘ Between

Within Coefficient
Crop Acres Flightline Flightline Standard of
for CRD Variance Variance Error Variation

Cotton 309,096  79,585,100,901| 1,760,246,861| 285,211 92.3

Corn 82,602|  2,676,330,320| 253,508,210 54,127 65.5

Fruit 33,390 929,039,587| 185,838,406| 33,390 100.0

Soybeans |1,533,204|1,174,865,916,260 52,150,144,244|1,107,707 72,2

Grain

Sorghum 20,790 51,070,314 22,424,259 8,573 41.2

Other

Hay 199,800|  33,265,369,332| 1,339,221,600 186,023 93.1

Clover 30,240 762,017,518| 152,409,600| 30,240}  100.0

Farmstead, ‘

etc. 517,716 80,235,265,331| 6,671,987,712 294,800 56.9

Pasture 276,606  29,869,978,560| 2,352,207,811 179,581 64.9 *

Fallow 46,746 1,820,917,590 83,905,414 43,644 93.4
11d1e 249,030  33,103,771,942{ 1,234,579,858 185,306 74.4

* The between flightline variance is based on all flightlines.
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Table l4--Estimated totals, between and within flightline components of
variance, standard errors, and coefficients of variation of the
estimated totals by crops, Missouri Study Area, September 11-15,

1972.
Estimated Between Within Coefficient
Crop Acres ' Flightline Flightline Standard of

for CRD Variance Variance Error Variation
Cotton 309,096 79,585,100,901| 1,760,246,861] 285,211 92.3
Corn 82,602 2,676,303,320 253,508,210 54,127 65.5
Fruit 33,390 929,039,587 185,838,406 33,390 100.0
Soybean |1,533,204|1,174,865,916,260| 42,150,144,224| 1,107.707 72.2.
Grain
Sorghum 20,790 51,070,314 22,424,259 8,573 41.2
Other
Hay 178,200 26,452,114,920( 1,471,219,200{ 167,103 93.8
Clover 30,240 762,017,518 152,409,600 30,240 100.0
Farmstead,
etc. 517,716 80,235,265,331} 6,671,987,712] 294,800 56.9
Pasture 276,606 29,896,978, 560 2,352,207,811f 179,581 64,9 *
Fallow 68,346 526,723,656 87,015,814 24,774 36.2
Idle 249,030 33,103,771,942! 1,234,579,858| 185,306 74.4

* The between flightline variance is based on all flightlines.
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Table 15--Estimated totals, between and within flightline componenté of
variance, standard errors, and coefficients of variation of the
estimated totals by crops, Missouri Study Area, October 10-13, 1972.

stimated

~Between Within Coefficient
Crop Acres Flightline Flightline |Standard of
for CRD Variance Variance Error Veziation
Cotton 212,742 | 37,700,879,084 | 1,196,149,683 | 197,223 92.7
Corn 82,602 2,676,303,320 253,508,210 54,127 65.5
Fruit 33,390 929,039,587 185,838,406 33,390/ 100.0
Soybeans |1,467,378 |1,048,235,439,110 |53,444,905,920 |1,049,610 71.5
Grain
Sorghum 15,066 3,694,552 19,308,022 4,796 31.8
Other
Hay 178,200 26,452,114,920 | 1,471,219,200 | 167,103 93.8
Clover 30,240 762,017,518 | 152,409,600 30,240 100.0
Farmstead,
etc. 517,716 80,235,265,331 | 6,671,987,712 | 294,800 56.9
Pasture 276,606 29,896,978,560 | 2,352,207,811 | 179,581 64.9 *
Fallow 68,346 526,723,656 87,015,814 24,774 36.2
Idle 392,130 97,687,578,082 | 2,542,832,141 | 316,592 80.7
Winter »
Wheat 24,804 512,493,601 102,622,253 24,804 100.0

* The between flightliﬁe variance is based on all flightlines.
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Table 16--Estimated totals, between and within flightline components of
standard errors, and coefficients of variation of the
estimated totals by crops, Kansas Study Area, September 11-15, 1972.

variance,

i d Bet Within Coefficient
crop | Acres Flightline Flightline | Standard| o= g
for CRD Variance Variance Error Variation
Alfalfa 152,390 | 18,578,718,288 2,437,398,690 144,969 95.1
Pasture |3,208,195 | 88,735,891,538 223,622,366,804 |1,054,031 34.9
Corn 1,146,690 15,166,828,880 3,634,212,685 137,117 99,6
Grain
Sorghum |{1,146,070 {129,998,137,680 182,470,351,826 558,989 48.8
Winter
Wheat 29,045 674,889,620 168,722,676 29,045 100.0
Fallow 1,086,780 }215,995,641,680 30,751,534,531 495,938 45.7
Sugar .
Beets 46,255 1,711,620,020 85,585,359 42,393 91.7
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Table 17--Estimated totals, between and within flighiline components of
h variance, standard errors, and coefficients of variation of the
 estimated totals by crops, Idaho Study Area, August 7-10, 1972.

Estimated Between Within Standard| Coefficient
Crop four Flightline Flightline Error of

CO. acres Variance Yariance Variatiaon |
Corn 106,909 359,570,842 489,692,090{ 29,142 27.3
Barley 77,572 4,533,887,611 276,569,329} 69,501 | 89.6
Winter o
Wheat 39,754 1,165,824,646 109,949,320| 35,718 89.9
Mixed
Grain 31,713 407,075,135 65,268,794 21,733 68.5
Spring
Wheat 30,090 488,902,450 83,624,281 23,928 79.5
Potatoes 109,054 1,499,274,753 465,840,844 44,326 40.6 *
Field .
Beans 57,071 2,023,502,496 334,116,679| 48,555 85.1
Alfalfa 203,120 5,369,614,922 | 4,002,751,528 96,811 47.7
Sugar
Beets 91,019 403,669,920 511,370,942] 30,249 33.2
Farmstead,
etc. 139,227 1,789,834,480 284,669,027 45,547 32.7 *
Pasture 827,398 368,272,987,764 15,481,398,570 619,479 74.9
Fallow 192,285 13,256,360,708 618,122,640 117,790 61.3 *
Idle 133,502 3,211,847,210 652,799,570 62.166 46.6

F

* The between flightline variance is based on all flightlines.
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Table 18--Estimated totals, between and within flightline components of
variance, standard errors, and coefficients of variation of the -
estimated totals by crops, South Dakota Study Area, August 7-10,

1972.
Estimated Between Within Standard Coefficient
Crop Acres Flightline Flightline Error of

for CRD Variance Variance Variation
Corn 908, 350 51,266,009,138 }3,367,476,285 233,738 25.7 *
Flax 35,335 1,056,185,780 264,116,571 '36,335 100.0
Fallow 111,055 1,568,220,500 616,904,097 46,745 42.1
Pasture | 759,550 48,067,051,520 |5,193,126,612 230,782 30.4
Sﬁdex 6i,Slo 1,971,303,680 310,693,399 47,770 77.7
Alfalfa 272,720 4,805,000,000 919,799,185 75,662 27.7
Idle 788,525 25,315,726,472 2,401,924,450 169,463 21.5 %

* The betwean flightline variance is

based on all flightlines.
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The computer compatible data tapes were used:

1. to generate the grey-scale computer pfintouts needed in locat-
ing the individual segments (and fields) within the LANDSAT
frame, and )

2. as data‘input into the computer crop classification routines.

2.2.2 Approach .

Photographic imagery obtained from NASA included 70mm positive and nega-
tive transparencies and system corrected 9.5" positive B&W transparenciles
for all LANDSAT frames which include (1) any part of one of the four sites,
and (2) any part which had less than 50 percent cloud cover. Precision
9.5 color composite photographs were also ordered, but not analyzed.
Enlargements (1/250,000) of the composite photographs for selected frames
were obtained from the ASCS photo lab in Salt Lake City.

System corrected MSS digital tapes were also obtained for all frames
having less than 50 percent cloud cover.

2.2.3 Evaluation

We received LANDSAT 70mm transparencies and the system corrected ditigal
data tapes as a standing order. The first digital data tapes were
received November 1, 1972. Tapes received between November 1 and Novem-
ber 16 included scenes taken as early as August 15. After November 16,
tapes generally were received about four weeks after the scene was taken.
The initial delay in receiving data tapes was serious only in that
various computer programs could not be tested operational,until at least
one set of tapes has been received.

In retrospect, a more desirable procedure would have been to place a
standing order for either 9.5 inch or 70mm transparencies of all LANDSAT
frames which covered any part of a target area. Then, a selection of
data tapes to be ordered could have been made from these transparencies.
This would have effected a substantial reduction in the number of data
tapes received and stored, but essentially unused because of incomplete
clould-free coverage over a given site during a particular cycle.

The 1/250,000 scale color enlargements to selected LANDSAT frames were
used to visually locate specific training sites in the LANDSAT frame.
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2.3 Data Acquisition - Aerial Photography

2.3.1 ObjéCtives

High altitude photogrpahy was acquired from NASA and the South Dakota
Remote Sensing Institute (SDRSI) to meet the following objectives.

1. Develop methods of crop species identification from aerial
photography by computer classification techniques, and compare

- the results with the ground data and with the results obtained
using LANDSAT imagery.

2. Estimate crop acreages by expansion of classification results
to the flightline level and crop reporting district level.

3. To assist in the location of segments on the LANDSAT frame or
printouts.

2.3.2 Approach
Flightline Selection

Adjacent, non-overlapping flightlines were drawn on aeronautical charts
to provide complete coverage of the land area within each of the four
LANDSAT test site areas for this project. The flightlines constructed
were 8-10 miles wide and sufficiently long to traverse the full length of
the test site. Within each LANDSAT test site, two flightlines were ran-
domly selected for aerial photography overflights. NASA provided high
altitude, color positive, infrared aerial photography (9 inch format) for
both selected flightlines for each LANDSAT test site. Attempts were made
to coordinate overflight dates for the aerial photography with the LANDSAT
imagery. NASA provided aerial photography on two separate dates for the
Kansas, South Dakota, and Missouri test sites, and three dates for the
Idaho test site. The South Dakota Remote Sensing Institute also provided
photographic coverage (70mm color positive, infrared) for the selected
flightlines in the Kansas, South Dakota, and Missouri test sites for one
overflight date. Photographic check~in procedures were as follows:

1. Locate, delineate, and identify all JES segments and training
segments on the aerial photography from County Highway maps.

2. Record the frame number or numbers each segment is located on.

Tables 19-22 summarizes the photographic coverage for each segment.
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2.3.3 Scanning Procedures

The JES segments were scanned on a microdensitometer with an effective
aperture size of 240 microns square. Reduction of the volume of data
was one of the primary considerations which lead to the choice of such

an aperture. Using this aperture, one data point covers a land area
approximately 95 feet square on the NASA photography. Each segment was
scanned with a clear, red, green, and blue color filter and in two scan-
ning modes. Thus, multivariate observations are obtained for each data
point. Prior to actual scanning of the photography, it was necessary to
record coordinates of corner points of fields and field boundaries to
identify tizining data for the classifier. A sketch of each segment was
made from large aerial maps (scale: 8" - 1 mile) showing each field (small
land area deveted to one crop species or agricultural practice). Field
boundary coordinate information was recorded on these sketches. Figure

7 is8 a simplified sketch of a JES segment with field boundary coordinates
recorded. Appendix D contains detailed instructions for the scanning
procedures.

Data Conversion and Preparation for Classification

Output data from the microdensitometer is stored on magnetic tapes. Each
file on the magnetic tape corresponds to one segment scanned with one
color filter and recorded in one scanning mode. In order to obtain mul-
tivariate observations for each data point, a software program, PDSCMS
(Appendix E), was developed to merge the data from several microdensito-
meter output files, each file corresponding to a scanning mode filter
combination into one file which was compatible with the Statistical
"Analysis System (SAS).

In order to perform crop classification using discriminant analysis, it

is necessary to "train the classifier." To facilitate automated assign-
ment of training data for each crop class, a software program was developed.
The program generated SAS program statements to assign tract and field
identifiers to data points on the basis of the coordinates of each pixel.
The program assigns these labels only to data points contained within usger
defined rectangles whose gides are parallel to the scanning axes. The

tract and field identifiers were then used to merge the microdensitometer
data with the ground information collected during the 1972 growing season.

The ground information that was collected monthly included the crop spe-
cies and crop condition for each tract and field within the segment. The
crop condition and crop species was used to form the group for classifica-
tion with discriminant analysis. Thus, an observation vector in the merged
data set contains the following information.

1. The value of relative light intensity for each of two
scanning modes and four filter combinations,
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Figure 7--Sketch of Segment Showing Field Boundaries and Crop Classes. ‘
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TABLE 19

MISSOURI AERIAL PHOTOGRAPHY

Mission; Date: 208; 8728772 : 211; 9719772 :S.D.R.S.1.; 9/19-20/72
Camera, Roll : RC-8; 33 : ZEISS: 34: RC-8; 42 :ZEISS; 4b: 4 filters
Segments : Frame No.: Frame No.: Frame No.:Frame No.: Frame No.
F.L. 2 .
4418 29 - 99 - 38 & 39
4420 31 55 98 25 42
F.L. 8
4411 05 7 127 3
3412 07 - 124 28 & 29
1413 07 12 124 78 .19 - 25
4414 04 6 128 84 6 &7
1435 13 22 120 69 9
3436 10 17 122 73 2
4458 11 - 121 -
4460 . 08 16 123 76 32 & 33
Extra
3416 28 - -
4417 30 53 98
4419 ’ 29 -— 99
3432 15 - 118
4434 12 - 120
4437 10 - 123
Training : ‘
2A1 31 55 97 23 44 & 45
2A2 30 55 98 24 47 = 53
2B 29 - 100 29 & 30
2C 29 - 99 ' 33
2D 28 49 100 25 & 26
8A 05 6 128 85 11 & 12
8B 07 12 125 79 14 & 15
8C 11 18 121 72 37 & 38
8D 11 19 121 72 5& 6 :
8E : 12 - 120 41 & 43 20 & 21
8F 15 26 118 64 15 & 16




TABLE 20

KANSAS AERIAL PHOTOGRAPHY

Mission; Date: 208; 8/18/72 : 211; 0/17/72____ :5.D.R.S.1.; 8/12-14/72
Camera; Roll :RC-8; 1 :ZEISS; 3 :RC-38; 33 :ZEISS; 35:4° Filters of 4 rolls Fach
Segments :Frame No.:Frame No.:Frame No.:Frame No.: Frame No.
F.L. 3
4087 41 - 19 - B26 - 31
1089 43 85 17 29 & 271 -
4101 48 95 13 20 & 280 A27 - 30
3106 37 72 23 259 Bl-~-5
4107 Noc 34 66 27 -— c40
1113 53 107 07 08 & 291 A53 - 56
4114 50 ° 100 10 16 & 285 A34 - 38
1115 40 79 21 265 B12 - 15
3116 41 81 19 268 B22
F.L. 10
: 4120 14 26 - - D12 - 16
; 3122 24 48 - - Cc23 - 26
R 4124 18 35 -_ ~— cl1-8
1125 Noc Noc - - o -
4130 22 43 - - cl17 - 19
Extra
4088 44 - 17 - -
Training
3-A 50 101 10 14 & 286 A42
3-B 36 70 25 45 c36
3-C 37 72 24 260 -
3-D 40 81 20 266 B76&8
3-E 40 81 20 267 B18
3-F 42 83 19 32 & 269 B39 - 51
3-G 42 83 19 32 & 269 B57 - 64
3-H 43 - 17 - B36
3-1 43 85 17 30 & 272 A3
3-J 43 87 17 28 & 273 A8
3-L 46 - 14 - Al5
3-M 47 - 13 — Al8
3-p 54 109 06 07 & 293 A49 & 50
10-A 24 - - - c32
10-E 9 17 — - D2-~35

Note: RC-8 and ZEISS coverage of segments 1113, #4114, and 3A are also available
from Mission 217 dated 10/24/72.
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TABLE 21

SOUTH DAKOTA AERIAL PHOTOGRAPHY

Mission; Date: 211; 9/22]72 s 2IT; 9714772 :S.D.R.S.1.; 8/27/72

Camera, Roll : RC-8; 54 :ZEISS; 56:RC-8; 17 :ZEISS; 19:4 filters and 4 folls
Segments : Frame No,:Frame No,:Frame No. :Frame No.: Frame No.
F.L. 3 None
3196 2934 70 46
4197 2932 66 54
1199 2934 71 50
4210 2930 62 S&6
F.L. 5 : None
1213 2908 18 188 . 26
1223 2912 27 184 14
3236 2906 14 191 : 35
4237 2906 - 191 32
4240 2915 - 181 ' 8
Extra None
1195 2934 -
4198 2933 69
4208 2928 -
4211 2928 -
3212 2909 - 187
4214 2908 20 188
3222 2913 - - 22 & 23
4224 2912 27 184 :
1235 2906 - 190
1239 2918 - 179
4241 2918 39 179
Training None
3-A3 2930 62 1
3-B-9 2933 68 53
3-C-3 2935 - 4t
3-0-5 2935 72 48
Jmiimh 2935 —-— 41
3-L~ 2935 74 38
5«C=2 - 2913 27 184 12
5-C-3 2913 29 184 20
5=C-4 : 2913 29 - 16
5-E=-2 2908 17 189 29
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TABLE 22
IDAHO AERIAL PHOTOGRAPHY

Mission; Date : 72-138; 8/11/72 : 9/7/72 '10/25/72
Camera : -+
Segments Fra%g_sNo. Framgc-ﬁo. _3;5838 No.
F.L. 5
8101 4702, 4812-13 3885-86, 3900-01 5565-66, 5652~53, 5820
8103 - ‘ 3881 5647
8111 4699-4700, 4814-15 3884--85, 3902-03 5650-51
3423 4816 3904~-05 -
1554 4699,4814-15 3883-84 5650-51
1559 4699,4815-16 3883-84, 3903-04 5650, 5667
F.L. 6
8094 4812 3900--01 5664, 5822
8098 4811-~-12 3899-3900 5817, 5663-64
8109 4813 3886, 3901-02 5665
9110 4700,4814 3884-85, 3901-02 5661, 5665-66
8113 4814-15 3902-03 5666-67
8265 4816 -3904~-05 5668
2332 4811-12 3899-3900 5663, 5817
8339 4816 3904-05 5668
3422 4812-13 3900-01 5664, 5821-22
Extra
8096 4703
8099 4701 !
8102 4701
8112 4814 3902-03 5666-67
8115 4701
1549 4702
1550 4702
Training
5-A~2 4702-03, 4810-11 3887-88, 3899 5654, 5817-18-19
5~B~2 4702,4812-13 3886~-87, 3900-01 5653, 5820
5-C-2 4814~15 3884-85, 3902-03 5665-66
5-D-2 4699-4700, 4814-15 3884-85 5650~-51
5-K-5 4815 3903-04 5667
5-K-6 4815 3903-04 5667 .
6-~C~-2 4812-13 3900-01 5664-65, 5821~22
6-D-1 4812-13 3900-01-02 5664-65, 5812-22
6-F-3 4813-14 3901-02 5665-66, 5821
6-F-4 4813-14 3901-02 5665-66, 5821
6~H~1 4814 3901-02 5665-66
6~H-2 4814 3901-02 5665~-66
6~I-1 4814 3902-03 5666~67
6-1-2 4814 3902-03 5666~67
6-J-4 4814 =15 3902-03-04 5666-67
6-L-4 - 3902 5665-66, 5822-23, 9095
40
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2, The x,y - coordinates,
3. The tract, field number,
4. Crop and crop condition on four month visits.

There are eight spectral variables, two spatial variables, and four label
variables making up each pixel.

I1I. Software and Data Processing

3.1 Segment and Field Location

3.1.1 Objegtives

A primary objective uf this phase of the project was to develop proces
dures which would enablie the user to locate small areas in LANDSAT imapes
that are identified on maps. These areas must be identified with greug
accuracy if they are to be used either as training sites or dissriminant
analysis or as test sites on the estimation procedures.

3.1.2 Approach

The method used to find segments and field houndaries was mostly a mannal
operation. The procedure is outlined below.

1. The exact location of the individual JES segments was drewn
on county highway maps.

2. The approximate locations of the JES segments on 1/250,000
gscale color enlargements of the LANDSAT frame were determined
by a visual comparison of the enlargement with the county
highway maps.

3. Grey scale maps of large areas around the location of each
segment were generated from computer compatible MSS tapes.
Generally, these maps were from response band 5.

4. Visual correlation of features distinguishable on the county
highway maps, on the color enlargements of the LANDSAT imagery
and on the grey scale comptiter printouts was used to find
the location of individual segments in the LANDSAT frame.

Field boundaries had been drawn on 1"/660' scale aerial photographs of

the JES segments. These photographs were then used as a basis for sketch-
ing the field boundaries on the computer grey scale printouts. Next, an
area definition card was punched for every scan line that crossed each
field. A more detailed description of this procedures is included in
Appendix C.

Two different computer programs were used to produce grey level maps. The

first was called NMAP and is from the Penn State Classification System.
This system had several good points.
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1. It could map any combination of channels to a maximum of 16
channels.

2. It can produce grey-level maps with variable proportion of
points in an interval.

3. It can use either LANDSAT or LARSYS III format tapes as input.
Some of NMAPS disadvantages are:
1. It requires a format conversion run,

2. It must do a map to obtain initial grey level response histo-
gram,

To speed up the mapping process, a second mapping program RAD MAF was
developed. It has the following advantages over NMAP.

1. It maps at a faster rate.

2. It can sample to determine the response histogram and set
_the grey levels accordingly.

The major disadvantages are:

1. It will only map one band at a time.

2. It is limited to LANDSAT computer compatible tapes.
3.1.3 Evaluation

The segment location procedure described here was reasonably effective
in southwszstern Kansas and in the Snake River Valley of Idaho. These
areas were characterized by a regular 'checkerboard' road patterm,
moderately large regular fields, and by a number of crops which had dis-
tinctly different reflectance patterns. We had more difficulty in east
central South Dakota and in southeastern Missouri. The principal pro-
blem in South Dakota was that, at the time the LANDSAT imagery was taken
crops seemed to look much the same. Also, there were not many of the
distinctive field patterns as were found in Kansas. Missouri was charac-
terized by irregular road and field patterns and by heavy woodlands which
helped to hide the roads.,

A more fully automated procedure is needed for any further work in this
area. Among the possibilities for inclusion in such a procedure could
be the following.
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1. A program which could compute the approximate location of
test sites in a given LANDSAT frame.

2. The use of affine transformation to locate points in small
areas of the LANDSAT frame (CITARS, F.G. Hall, M.E. Bauer,
W.A. MALILA).

3. A grid digitizer to convert map boundaries to a series of
data points which could be converted to LANDSAT frame coor-
dinates. :

3.2 Software Implementation for Crop Classification

3.2.1. bjectives

The main objective was to find and install in the USDA Washington Computer
Center a series of computer programs to perform discriminant analysis
(pattern recognition). 7n addition, the following related objectives
should be satisfied.

A) The software should be relatively easy to install and maintain.

'B) The system should use a uniform control card setup for both the
system and in-house developed programs.

C) The program package should be highly modular to permit experi-
, mentation.

D) The program should provide support software for data handling.

E) Programs should be easy to use and not require a lot of cumber.
some vendor JCL statements.

F) The software system must be reasonably efficient. This may be

in terms of fast computational algorithms and/nr data reduction
schemes to reduce volume.

3.2.2 Aggroach

There were three systems available to us tbat could perform the require
discriminant analysis.
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1/ -
The first package considered was SAS , (Statistical Analysis System). .
This system is written to run only an IBM 360/370 computer, and is dis— i
tributed in both load module and source form. Installation is as simple
as creating a program library or adding numbers to an existing program
library. Maintenance is minimal because the authors provide all neces-
sary program support and send updated library tapes.

The system allows the user to create his own procedures by modifying
existing procedures or writing them from scratch. The SAS supervision
provides software support such that all usual control card and data
management features are available to the user. A user procedure is treat-
ed exactly like a normal SAS procedure.

In general, SAS is easy to use, and the SAS language permits almost unli-
mited manipulation of data. However, the conversion of LANDSAT data tapes
into SAS observations requires considerable progranming because the SAS
language has no simple provision to break up a line of data into a series
of SAS observations. .

The original procedure DISCRIM, prints a line for every data point classi-
fied. Clearly, this is too much output for an LANDSAT file. In addition,
the procedure reads the entire data set twice, once to find the calibra-
tion data, and once to classify. The procedure does not have the calibra-
tion data, nor create a SAS file of classification results.

Procedure DISCRIM was modified to create an in-house procedure that did
not print the results for each point calibrated, but rather created a
SAS compatible file that could be read in using the input processor.

Drs. Barr and Goodnight extended the features of the discriminant proce-
dure in the following ways: : .

1. Limit the printing of point by point classification results to
desired levels and always print a summary.

2. Accepted calibrgtion and unknown data from sepgfa:e files.
3. Save and pguge the calibration results.

4. Output the classified data as a SAS file for later analysis.

1/

Developed at the Pennsylvania State University, Department of Forebtry,

by A. J. Barr and J. H. Goodnight.

44




A e e

1/
The second software package was the Penn State Classification System. f
This system was written in FORTRAN, and should have been easy to install.
Some special input/output software has to be provided by the Penn State
Computer Center. This special software was obtained from Penn State.
One routine worked and one did not, but a substitute was found. The Penn
State System does work now at the WCC. The point is that the Penn State
System may not be completely transportable to other computing centers.

The core programs use a common set of control cards which facilitates
learning to use the programs. There are some related programs that were
developed by other users that do not strictly adhere to the control card
setup used by the main line programs. The maximum likelihood classifica
tion software is an example.

In gpite of the fact that the program is broken down into subroutines,
it cannot be considered modular. There are many different subroutines
called GETLIN that are used to retrieve lines of data from the file.
Other critical subroutines share the same problem.

In addition, these subroutines do not provide for complete file control.
Therefore, any user defined program must partially process the input
file in conjunction with some version of GETLIN.

This non-modularity makes it difficult to modify or change the program.

The package does not utilize a system monitor program to manipulate data
files. One must use the standard vendor JCL to create and pass files
between programs ead runs. :

This system does use a data reduction scheme to speed up processing.
Normally, an investigator is interested in only a portion of a LANDSAT
image. The programs permit the user to subset the image and retain only
the areas of interest. A table of contents record, preceedings, the file,
permits the user access to any particular area as though he had the entire
image. Unnecessary data is not processed, thus it 1s more efficient.

The Penn State Classification System is really a collection of main level
programs that can process a common file. The major programs are SUBERTS,
SUBAIR, TPINFO, MERGE, NMAP, UMAP, STATS, ACLASS, ACLUS, DCLASS, and
DCLUS.

1/
Developed at the Penngylvania State University, Department of Forestry,

by Dr. F. Y. Borden and Associates.
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SUBERTS and SUBAIR are used to reformat and subdivide LANDSAT and
aircraft tapes into the Penn State format.

MERGE is used to combine data from different passes into temporal
overlays. ' :

TPINFO prints the heading and table of contents records from a
standard file.

' NMAP assigns mapping symbols to all points of specified grey levels.
It is used to prepare line printer maps.

UMAP assigné mapping symbols based on contrast differences.b It is
also used to outline boundaries.

STATS computes calibration statistics to be used by the classifica-
tion programs. :

ACLASS performs a discriminant analysis of spectral signatures that
have been normalized by reducing all data to a unit sphere.
It is used to compensate for sun angle, and was developed
for airborn scanners.

ACLUS is an unsupervised cluster analysis program which uses the
angular classification algorithm.

DCLASS performs a Euclidian distance discriminant analysis of multi-
spectral data.

DCLUS is an unsupervised cluster analysis which uses the Euclidian
distance algorithm.

In addition to the above core programs, a maximum likelihood quadratic
classification package was supplied as a related program. This program
is not control card compatible with the core programs, but it uses the
standard file.

1/

The third software package considered was LARSYS III. The initial con-
sideration was to install it in-house. The support group at LARS and
our scientific monitors convinced us that this was beyond our means.

1/
Developed at Purdue University, Laboratory of Applications of Remote

Sensing.
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LARSYS is written for a different operating system than what we have at
the USDA Washington Computer Center. Conversions would be expected to
take several man years, and would require some systems level programmers.

The staff at LARS has been very generous in providing both computer time .

and computer system personnel at various times for a period of two years.

Data Analysis - Objectives and Concepts

In this section, the objectives and concepts relating to the LANDSAT
investigation, both LANDSAT imagery and aircraft, are formulated. The
results are presented by states, LANDSAT imagery first then aircraft
photography. At the conclusion, ways to use the classification results
to make acreage estimates and a method to combine data from aircraft and
satellite is presented.

4.1 Crop Classification

4.1.1 Objectives

1. Investigate the use of parametric discriminate functions.

2. Estimate the rate of misclassification for each type of crop.

3. Investigate the value of temporal overlays in reducing errors of
misclassification.

4., Determine differences in classification rates between states.

5. Determine differences in classification rates between months within
states.

6. Evaluate the use of training data parameters from (a) one LANDSAT
frame to another, and (b) in aerial photography from omne flightline
to another.

7. Estimate the difference in classification results between dependent
and independent data used in testing.

4.1.2 Concepts

Discriminant Analysis

This background is.intended to be general and enable the reader to under-
stand the detailed computations and results that follow. Kendall and
Stuart . formulate Discriminant Analysis and Classification by stating...
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"We shall be concerned with problems of differentiating between two or
more populations on the basis of multivariate measurements... We are
given the existence of two or more populations and a sample of individuals
from each. The problem is to set up a rule, based on measurements from
these individuals, which will enable us to allot some new individual to
the correct population when we do not know from which it emanates.” 1/

For example, the land population of interest was the Southwest Crop
Reporting District (CRD) in Kansas. Wheat, sorghums, corn, oats, rye,
and pasture are the major populations of interest. From every acre in
the CRD, we have light intensity readings for green light, red light,

and two infrared wavelengths. These light intensities are multivariate
measurements that will be used to allot or classify each data point into
a crop type such as corn, wheat, or sorghums. A graphical representation
of the above formulation would be as follows:

Figure 8--Conceptualized mapping from agricultural fields into measure-
ment space.

Parameter Space (PS) Measurement Space (MS)
/ - ~
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A sample of fields from each crop type is selected and their respective

light intensities obtained. These sample points are plotted on a two-
dimensional graph showing relative positions of each crop type in the
Measurement Space (MS). The problem is to partition the measurement
space in some optimal fashion so that points are allotted as nearly cor-
rect as possible. Figure 9 shows the measurement space as it might be
partitioned.

Figure 9--Partitioned measurement space.

1/

T M.G. Kendall and A. Stuart, The Advanced Theory of Statistics, 2nd Ed.,

Vol. 3, page 314.
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Any point, no matter where it is in MS will be classified as one of the
three crops. An unknown point where the number 1 is located in Figure 9
will be classified as wheat because wheat 1is probably the group to which
it belongs. Likewise, 3 point in position 2 would be classified as sor-
ghum and a point in position 3 would be classified as corn. A point in
position 4 would also be classified as wheat, but the probability that

it 1s actually wheat is not as great as that of a point in position 1.

There are many ways to partition a measurement space. We have done a
simple non-statistical partition above, simply draw lines. Visually
partitioning the measurement space may work when it is one or two dimen-
sional, but for more than two dimensional measurement spaces, a visual
partition is not possible. Por most LANDSAT and aerial photography clas-
sification studies a four dimensional measurement space has been used.

The method used in this report was that of constructing contour '"surfaces"
in the MS. These dividing surfaces were constructed so that points fall-
ing on the dividing surface have equal probabilities of being in either
group on each side. Those points not on the dividing surface always have
a greater probability of being classified into the crop for which the
point is interior to the contour surface. If prior knowledge of the popu-
lation density function indicates that the density is multivariate normal,
then a multivariate normal density distribution will be estimated for each
crop. It is hoped that the data is approximately multivariate normal
since only the mean vector and covariance matrix is required to estimate
a discriminant function. Usually small departures from normality will not
invalidate the procedure, but certain types of departures (for example,
"bimodal data) may be very detrimental to the statistical technique. How-
ever, the error rate and estimator properties are dependent on the assump~
tions of the distributions and prior information.

For example, in this'study a multivariate normal density was assumed so it
becomes quite simple to estimate the density functions and the discriminant
scores which in turn determine boundaries.

The discriminant score for ith population 1is:

1
3 72

-1
- = (x=u,.)" E,(x~u,)
P, (2")2 Iz ) i i i

o
where Pi is the prior probability for the ith crop

!i is the covariance matrix (qxq) for the ith crop
My is the mean vector (q length) for thefigh crop

X is a set of measurements of an individual from the ith population.
Yigdtory=1 _
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or its equivalent discriminant score the log(e) of si =
log, (P,) - 1/2 log, |¥,| - 1/2 (x-up) 25 Ciuig)

The boundary between two populations is quadratic (curved) and the point
X that fall in the boundary have an equal probability of being in either
population.

When an unknown land point is classified, its measurement vector is com-
pared to the mean vector for each crop represented. The point is assigned
to the crop whose mean point is "nearest" from a statistical point.

The précedure used for finding the "nearest" mean uses the Mshalanobis
measure of distance, not the Euclidean. This 1is {1lustrated in Figure 10.

Figure 10--Measurement Space showing two crop density functions and an
unknown point (X).

The point x is actually closest (Fuclidean distance) to the mean vector
(center point) of B. However, when one takes into account the variance
and covariances, X is found to be closest to Group A based on a probabi~
lity concept and an outlier of Group B. Therefore, the point would be
classified into Group A, because the probability that the point (x) is a
member of Group A is much greater than for Group B.

So the partitioning of the MS is done by computing the means for each
crop type and using the Mahalanobis distances from this mean. This
distance depends on the covariance matrix and is a measure of probabi-
lity. The discriminant functions without prior probabilities are:

1) (X - i;)‘ s'l(x -'Ei), which is a sample estimate of

X -y 1)‘1-1 (x-w i) if linear discriminant functions are
used, and
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i x - Xi) 1f quadratic discri-

minant functions are used. These functions are the exponents of
the density formula of the multivariate normal distribution Cexp_
1/2 X - "i) ti-l X - ui) depending on the 1i'th crop. If ti =

Zj for all 1¥j linear discriminant functions are used.

2) -1/2 log, |z,| -1/2 (X - X)) s

i

It is worth pointing out that if linear discriminant functions are used, &
one assumes (1) that Zi = tj and (2) that for all crops in the MS the

major and minor axes are equal, and (3) the sample data of each crop has
the same slope. Such an event in two-space is ghown in Figure 11.

Figure ll--Measurement Space where crop types have same covariance matrix.

This space can be partitioned effectively with straight lines thus we can
use linear discriminant functions.

Figure 12 shows a MS where covariance matrices are not equal, and there-
fore, linear discriminant functions are not appropriate. In either case,
the Mahalanobis distance is used.

Figure 12--Measurement Space when crops have different covariance matrices.

-

In Figure 11, even though a common center point is not present, a common
covariance (ellipse) matrix would be computed. In Figure 12 a different
covariance matrix will be needed for each crop type. When the off-diago-
nal elements in the covariance matrix are unequal, the slopes of the data
are different and linear discriminant functions are not appropriate.
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The above techniques follow from our first assumption that the data is
normally distributed in the MS. In practice, however, one does not
decide what the distribution of the population density is in MS and
program the correct procedure. One uses the available procedures for
analyzing data. Most available programs assume multivariate normal data
because the program and the calculations are greatly simplified. Thus,
it becomes necessary to justify the use of these simplified programs.

In order to explain better how a parametric procedure can reduce the
work load, consider that the first step in the discriminant analysis (DA)
is to estimate the population density function in the MS, with a sample
of. points from each crop. GOnce these population density functions have
been estimated, then partitioning the space is extremely simple.

To estimate a multivariate population density in MS for corn where we
have no prior information except sample data on corn is extremely diffi-
cult. If a sample of 1000 points was available, each of these 1000 data
points would need to be stored in the computer. On the other hand, if we
are working with a multi-dimensional normal distribution, theory tells

us that the sufficient statistics are computed (mean vector variance
matrix) and stored in the computer.

The individual data points could be discarded because no additional infor-
mation about the population distribution in the MS is available in these
points. (There would be information about how well the data fits the
normal distribution in these 1000 data points).

Another consideration is that all the techniques we have described

require independent random samples from each crop in order to estimate

the population density in the MS (training data). This point is mention-
ed because most remote sensing analysts do not work with randomly selected
points. In this study we have tried to work with randomly selected fields.
However, the points within these fields are not a random sample of all
possible points in a given crop, but the data are nested within fields.
Consequently, the random selection is restricted to the selection of
fields within the randomly selected segments.

One type of prior information that can be used in the classification pro-
cedure is the relative frequency of occurrence (prior probabilities) for
each of the K populations in the total land population. For example, if
1/3 of all land is wheat, and 1/3 is pasture as it might be in parts of
Kansas, this information would be used and it would effect the partition-
ing of the measurement space accordingly. If a crop has a high chance of
selection, then the area in the MS would be increased. Conversely, if a
certain crop has a very low chance of occurrence, then the area in MS
would be adjusted downwards. '
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One last point to be covered on procedures used would be to define what
is meant by thresholding. Suppose some unknown crop for which there is
no sample in the original data set is to be classified. With the present
system, the point will be classified as Crop A, B, or C, depending on its
probability of being in either A, B, or C. For example, in Figure 13,

if the probability P(AIX) that the point x was Crop A is .01 and P(BIX) =
.001, and P(CIX) = .02 the point X would be classified as belonging to
Crop C, even though the probability is only .02. It would be an outlier

in MS for Crop C, and therefore, we may want to let it remain unclassi-
fied.

Figure 13--Measurement Space showing an outlier and three crop areas with
95% confidence limits.

4.1.3 Description of LANDSAT Data

The satellite data used in this report is LANDSAT Multi-Spectral Scanner
(MSS) data and is described in Section 3 of Data User's Handbook. 1/

The MSS is a passive electro-optical system that can record radiant
energy from the scene being sensed. All energy coming to earth from the
sun is either reflectg?, scattered, or ahsorbed and, subsequently, emitted
by objects on earth. =’ The total radiance from an object is composed of
two components, reflected radiance and emitted radiance. In general, the
reflected radiance forms a dominant portion of the total radiance from an
object at shorter wavelengths of the electromagnetic spectrum, while the
emissive radiance becomes greater at the longer wavelengths. The combi-
nation of these two sources of energy would represent the total spectral
response of the object. This, then, is the "spectral signature" of an
object and it is the differences between such signatures which allows

the classification of objects using the statistical techniques just dig-
cussed. The particular product is system corrected images refers to

1/
Published by Goddard Space Flight Center.

2/
Baker, J.R. and E.M. Mikhail, Geometric Analysis and Restitution of

Digital Multispectral Scanner Data Arrays. LARS information note 052875,

.
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products that contain the radiometric and initial spatial corrections
introduced during the film conversion. Every picture element (pixel) is
recorded with 4 variables - each variable corresponds to one of the 4 MSS
bands. Table 23 shows the relationship between the MSS bands and light
wavelengths.

Table 23--Semsor spectral band relationships.

Sensor Spectral Band Wavelenghts Color Band Code
Number (micrometers)
MSS 1 5 - .6 Green 4 '
MSS 2 .6 - .7 Red 5
MSS 3 .7 - .8 Near Infrared . 6
MSS 4 .8 - 1.1 Infrared 7

The numbers are similar to transmission values - zero radiances at Step
15 which is black on positives and maximum radiance at Step 1 which is
white on positives. The radiance varies linearly with gray scale stop
transmissjon between these values with the difference between each step
corresponding to 1/14th of the maximum radiance. The recording format
in the CCT is 8 bits, the sensor range is 7 bits, and the actual dynamic
range of usable data is between 5 and 6 bits.

The analysis was started by first locating the test and training data
(ground observations with either the Penn State University program (NMAP)
or an in-house program (RADMAP) that produces gray scale maps. 1/ After
the ground enumeration information was located on LANDSAT CCT's, rectangu-
lar areas within fields were located and punched using the LARS field :
description card format. Once these cards were obtained and checked, the
statistics function in LARSYS was employed to extractunivariate graphs

to detect bimodal classes.

. In most cases, anélysis proceeded from the statistics program to the

Program for classify points, but with {he introduction of a feature to
use prior probabilities. These classifications were stored on tape by
file number so the print results function could be run more than once.

4,1.4 Results

The results will be presented by state since there was a alightly different
situation in each state. All LANDSAT analysis is presented first then
the aircraft follows.

by,

See Section - Segment Location
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Missouri LANDSAT:

The Crop Reporting District (CRD) that was the test site was in the south-
east corner of the state. This area is outlined in black on the map of
Missouri, Figure 3.

Summary of Results

The Missouri test site covers 4,660 square miles. There are 50 segments,
each about a mile square. These segments constitute a random sample
from all land areas. The ground enumeration was taken from these seg-
ments. This information was used for both training and testing.

Analysis of Missouri data was done using a tape that was assembled at
LARS. The data for three dates, August 26, September 13, and October 21,
1972, were geometrically corrected then overlayed to create a tape with
temporal data. Therefore, data used for analysis from three different
times in the growing season was available and covered an area that con-
tained 29 of the JES segments in this CRD. The principle results are
summarized below:

1. A test was run on the covariance matrices between crops to see
if they were equal. The results of this test were that they very
likely were not equal. Thus, linear discriminant functions
seemed inappropriate.

2. Best overall correct classification rate was 70%. This 1included
using temporal overlays and using unequal prior probabilities.

3. Unequal prior probabilities for crops improved classification
results by 10% over using the assumption of equal probabilities
for crops.

4. The temporal data improved the classification by 107% even though
the dates were not optimum.

5. One classification was run on data to estimate the effect of inde-
pendent data. The difference was 9%, and was an over-estimate.

Data Analysis - LANDSAT

In the analysis, the equality of the covariance matrices was checked
first because this is essential for the linear discriminant analysis
assumptions to be valid. A test presented in Morrison's Multivariate
Statistical Methods, page 152, was used to test the within crop covariance

of LANDSAT data. This test is not robust with respect to certain depar-
tures from normality.
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For the following example, August 26, 1972 imagery bands 4, 5, and 7 were
used. The covariance matrices for cotton, soybeans, and grass were tested.
The test was conducted as follows. The null hypothesis states that the
covariance matrices are equal,

HO: Zl'=22=23

The alternative hypothesis is:

Hy: Iy ¥ Ej for some i# j

Si is an estimate of Ei based on m, degrees of freedom where i is a crop.
6.76 7.01298 L491%

S cotton = - {7.01298 11.0889 -5.6643
_4914 -5.6643 39.69
%.6049 8.3623 .8265

S soybeans = 8.3623 13.9876 ~6.3146
_+8265 -6.3398 64.6416
5.6169 5.8416 .7525

S grass = 5.8416 9.7344 -6.3398
_.7525 -6.3398 40.3225

Now we form the pooled estimate of ¥.

k 6.5567 7.4436 .6638

s= 5 7% |7.443 121519 -6.0189
™ ]_.6638 -6.0189 50.2976'

The statistic for the modified likelihood ~ ratio test is:

k
M=mln |S| - £ miln |s,|
g1 1 i

= 149.25
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o Next, we form the scale factor:

2 koo

-1 2P + 3P - 1 (S S

cr =1~ L S = .00678
6 ) (k-1 [ m Emy

and Mc—l is distributed approximately chi-squared with degrees of freedom

1/2 (X-L)p(p+l) as m, tends to infinity if HO is true.

we L = .48.77 a.f. = 12 == .05 y>(12«= .05) = 22.36

Thus, we must reject the null hypothesis i.e. the data does not support
the assumption that the covariance matrices are equal.

Therefore, the necessary assumptions for valid linear discriminant analy-
sis are not met and better results might be attained by using quadratic
diseriminant functions. Generally, we used the quedratic approach on
! our analysis. However, it should be pointed out that upon close examina-
tion, the covariance matrices are very similar in many respects. Corre-
sponding elements in the three covariance matrices are of at least the
same order of magnitude and have the same sign. Under such conditioms,
M| it is possible to get acceptable results from a linear approach.

Conclusions of similar tests for the September 14, 1972 data were the
same, the covariance matrices were unequal.

Results of the discriminant analysis (DA) are presented in a classifica-
tion matrix (CM). Table 24 is an example of a CM using quadratic discri-
minant functions with unequal prior probabilities. The prior probabilities
came from the June Survey early in the season. That is, it was not assumed
that corn, cotton, soybeans, grass, and other all have the same probability
of occurrence. The classification parameters were obtained from the same
data that was used in the testing phase.

Although 12 bands were available, since three dates were involved, only
nine were used in this study because three were of poor quality, There
were two consecutive LANDSAT images that contained 29 segments. All data
was used both to partition the measurement space (MS) and test the parti-
tion. The CM will be biased upward because data was used for both pur-
poses, however, this bias should be small if ample data are availsble.
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Table 24--Classification matrix of quadratic discriminant functions with
unequal prior probabilities using data from three overflightsl/,
Missouri Study Area.

:No. of p : Number of samples classified into :
Group :gsample : ercent,
‘Correct Cotton : Corn :Soybean: Grass : Miscellaneous

:points :
Cottom....: 927  79.7 739 2 137 26 23
COTNuveevet 58 44.8 9 26 7 14 1
Soybean...: 852 71.8 99 12 612 496 23
Grass.....: 240 53.3 42 1 66 12 4
MiSC.osees: 140 89.3 17 2 4 .13 64
Totals....:2217 906 43 866 277 125

Overall performance 70.8 percent

1/
August 26, 1972, MSS bands 4, 5, 7
September 14, 1972, MSS bands 5, 7
October 2, 1972, MSS bands 4, 5, 6, 7

The leftmost column in Table 24 identifies the crop - cotton, corn, soy-
beans, grass, and miscellaneous. The next column gives the number of
sample values in each of the crop classes. For example, there are 927
pixels to be classified. The next column tells the percent of these that
were classified correctly as cotton (79.7%). The rest of the colums
give the number of these pixels that were classified into each crop class,
i.e. 739 were classified correctly as cotton, while the remainder were
misclassified as follows: 2 of the 927 as corn, 137 as soybeans, 26 as
grass, and 23 as miscellaneous. The overall performance in this table,
was 70.8 percent. To compute this figure, the correctly classified pixels
were divided (the diagonal elements - 1569) by the total pixels 2217.

The prior probabilities used in this study were based on a statistical
sampling of the entire land area. Data that is collected in this way
enables the user to estimate the prior probability and take advantage
of this procedure. Historic data could be used, but they are more dif-
ficult to justify when important changes between years are occurring.

The next table is the same as the last, except that equal prior probabi-
lities were used.
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Table 25--Classification matrix of quadratic discriminant functions with
equal prior probabilities using data from three overflights 1/,
Missouri Study Area.

:No. of : : Number of samples classified into
. le _Percent
Group :samp .Correct Cotton ; Corn ;Soybean: Grass : Miscellaneous

_ipoints : : : : : :
Cotton....: 927 74.3 689 21 83 36 98
Corn.eae.s2 58 58.6 4 34 3 10 7
Soybean...: 852 39.7 101 49 338 137 227
Grass.....: 240 57.1 34 22 22 138 25
Misc......: 140 75.0 14 5 7 9 105
Total.....:2217 842 131 453 329 - 462
Overall performance 58.8 percent

1/

" August 26, 1972, MSS bands 4, 5, 7
September 14, 1972, MSS bands 5, 7
October 2, 1972, MSS bands 4, 5, 6, 7

Most classifications done so far by other remote sensing analysts have
used this assumption that the crop classes are all equally likely to
occur. Most people feel this assumption is not detrimental, however,
this example illustrates that it can make a difference. Especially, if
acreage for the crop classes does vary vastly or when crops are hard to
distinguish. Two properties are worth noting, classification results,
and the statistical properties are much better in Table 24 than in Table
25. For example, in Table 24 the total number of pixels classified as
cotton is 906, compared to the actual number of 927. In Table 25, the
number of cotton pixels is 842.

A similar comparison 1s even more drastic with soybeans. In Table 24,
866 pixels were classified as soybeans while 842 actual points were soy-
beans. In Table 25, there were 453 points classified as soybeans. Fur-
ther, the statistical properties of the estimates are better since if the
data is normal, and the prior probabilities are correct, we obtain
unbiased estimates of crop categories and we can estimate the Bayes error
rates (minimum error rates) using the classification.
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A chi-square test for discriminatory power was run on the CM of Table

24 and 25. 1/ The null hypothesis is that the classification was done
strickly at random. If the null hypothesis is correct, then the spectral
jnformation was useless as far as giving information that would help
assign the data to a crop class. If the above hypothesis is correct,

(n—e)2 + (H;E)z has a chi-square distribution with 1
e

then the statistic

degree of freedom. Where n and n are the number_of correctly classified
and misclassified points respectively and e and e are the expected number
of correctly classified and misclassified points under the null hypothe-
sis.

The chi-square for Table 24 is 4626 and for Table 25 is 2782. These chi-
square values with one degree of freedom are highly significant, and
therefore, we conclude that the classification was not done at random,
Another chi-square test based on the difference between the marginal sums
and the correct number of data points in each class for Table 25 is as
follows:

2 _ (906-927)%+(43-58) 2+ (866-852) 2+(277-240) 2+(140-125)% =
(5) 927 58 852 240 125

X

47 + 3.87 + .23 +5.70 + 1.61 = 11.89

This chi-square statistic is similar to the one before, except that there

-e)2
are 4 degrees of freedom. g nee where n and e have the same mean-
i=1 i

ing as before.

This chi-square value of 11.89 is significant, and therefore, the
hypothesis that the marginal totals in Table 24 are estimating the actual
row totals is rejected. Note that the components for grass and corn are
the major contributors to the significant chi-square.

The authors know of no statistical test that compare one C.M. with another
C.M., but there are two criteria that can be used to help evaluate a cer-
tain C.M. The first criterion simply assigns each misclassified point a
loss of 1 and each correctly classified point as loss of 0. Under this
criterion, Table 24 has a loss value of 648 and Table 25 has a loss value
of 914. This criterion 1is crude, but it seems reasonable for our purposes
to give a misclassified corn pixel the same weight as the misclassified
cotton pixel,

1/ '
S. James Press, Applied Multivariate Analysis, pages 381-383.
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The next criterion is a bit more subtle. It uses the marginal totals

in the C.M. For example, in Table 24 the column sum for cotton is 906.
This means that 906 pixels were classified as cotton. Actually, there
were 927 cotton pixels. In Table 25, there were 842 pixels classified
into the cotton group. This is not close to the correct number of 927.
The marginal estimate (906) from Table 24 is within 2 percent of the
actual. In Table 25, the marginal estimate of 842 or within 9 percent.
Table 26 presents these estimates along with the percentages of the true
value.

Table 26~-Marginal estimate and difference from actual values.

| : 3 Unequal B Equal
Group :Actual: Prior Probybilities : Prior Probabilities
:Estimate:Difference:Percent:Estimate:Difference:Percent
Cotton..: 927 906 21 2.2 842 85 9.2
Corn....: 58 43 15 25.9 131 73 125.9
Soybean.: 852 866 14 1.6 453 399 46.8
Grass...: 240 277 37 15.4 329 89 37.1
Winter -
Wheat...: 85 27 27 68.2 346 261 307.1
O0dd.....: 55 98 43 78.2 116 61 110.9

In every case, unequal prior probabilities were superior to the equal
prior probabilities model and in some cases, substantially so. For
example, the number of corn pixels for Table 25 was 131 or 125.9 percent
of the difference from the actual 58. The aumber of corn pixels for Table
24 is 43 or 25.9 percent of the difference from the actual 58 pixels. Soy-
beans, a very important item, also shows a significant improvement over
the equal probability model. Actually, the soybean estimate for the equal
prior probability model was 46.8 percent which the estimate for the
unequal prior probability model was 1.6 percent.

Next, the point classification systems were compared to the per-field
classification scheme. Table 27 presents the C.M. for the per-field
classifier system. With a point classification system, .each point in a
field can be assigned to any of the crop categories. With the sample
classifier, all points in the field are assigned to the same crop class.
One drawback to the procedure is that there were a large number of fields
that were not assigned to a crop because the data set was not large enough.
The technique requires the covariance matrix to be inverted and therefore,
ptl data points are required (where P 1s the number of variables). How-
ever, i1f enough points are present, classification performance has generally
been found to be excellent.
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In the work done in Missouri using the sample classifier, about 40 percent
of the fields were not classified because the required number of points
for the classifier (10 is this particular case) exceeded the number of
points present within the defined fields. Of the total number of fields,
32.9 percent were correctly identified. Considering only those fields
which were classified, 54 percent were classified correctly.

Table 27--Per-field classification matrix based on data from 3 over-

flights.1/
:No. of:Percent:No. of : : : : : :

Group :fields:fields :samples:COTTON:CORN: ﬁgXNS'GRASS MISC.'NOT CLASSIFIED
: ‘correct: : : : :
Cotton: 38  63.2 927 24 0 2 0 1 11
Corn..: 7 14.3 58 0 1 0 1 1 4

Soy~- ¢
beans. : 58 25,9 852 9 3 15 3 8 20
Grass. : 31 9.7 240 3 1 1 3 2 21
Misc..: 9 44.4 140 1 0 1 1 4 2
Totals: 143 32.9 2217 37 5 19 8 16 58
1/

August 26, 1972, MSS bands 4, 5, 7

September 14, 1972, MSS bands 5, 7

October 2, 1972, MSS bands 4, 5, 6, 7

Temporal Overlay

The next analysis investigated the value of a temporal overlay of the
three LANDSAT passes. This particular data set was a temporal overlay

of three LANDSAT passes. Each pass could also be compared with the three
passes. However, there were 3 bad bands in the total of 12. Two poor
quality bands were in the September 14 imagery and one poor quality band
was in the August 26 imagery. This makes it difficult to compare the
three dates since the number of bands were confounded with dates. Never-
theless, the C.M.'s for each date are presented in Tables 28, 29, and 30.
These tables can be compared to the 9 band-overlay of Table 24 since they
are all unequal prior probability models.
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Table 28--Classification matrix using August 26, 1972, MSS bands 4, 5, and
7 with unequal prior probabilities.

:No. of:Percent: Number of samples classified into
Group :sample:Correct.Cotton ! Corn iSoybeani Grassi Miscellaneous
‘points: : : : : :
Cotton.,.: 927 60.6 562 1 311 22 31
Corn.....: 58 10.3 i2 6 30 2 8
Soybean..: 852 86.0 70 2 733 29 18
Grass....: 240 8.3 42 7 167 20 3
Misc.....: 140 31.4 9 3 76 8 44

Totals...:2217 696 19 1317 81 104

AN

Overall performance 61.5 percent

Table 29--Classification matrix using September 13, 1972, MSS bands 5 and
7 with unequal prior probabilities.

e

:No. of: : Number of samples classified into

Group :sample:Percent. ;
Correct Cotton ; Corn ;Soybean: Grass ; Miscellaneous

spoints: : : : : :
Cotton...: 927 69.7 646 0 246 14 21
Corn..... : 58 0.0 12 0 1€ 20 10
Soybean..: 852 67.6 175 1 576 74 26
Grass....: 240 42.1 40 0 97 101 2
Misc.,....: 140 22.8 14 2 82 10 32
Totals...:2217 887 3 1017 219 91

Overall performance 61.0 percent
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Table 30—-L1assification matrix using October 2, 1972, MSS bands 4, 5, 6,
and 7 with unequal prior probabiiities.

:No. of: Number of samples classified into

Group sample.Petce“t
Correct Cotton : Corn :Soybean: Grass : Miscellaneous

.points. : : H H
Cotton.... 927 73.2 679 6 161 59 22
Corn.....: 58 12.1 30 7 14 1 6
Soybean..: 852 62.4 200 7 532 76 37
Grass,...: 240 27.9 83 0 89 67 1
Misc.....: 140  17.9 30 1 73 11 25
Totals...:2217 1022 21 869 214 91

Overall performance 59.1 percent

Table 31 summarizes these three classification matrices in 1 table.

Table 31--Comparison of multitemporal classification performance to classi-
fication of single dates. 1/ Missouri Study Area.

Group Multitemporal Aug. 26 Sept. 14 Oct. 2
Cotton 29.7 60.6 69.7 73.2
Corn - 44,8 10.3 0.0 12.1
Soybeans 71.8 86.0 67.6 62.4
Grass . 53.3 8.3 42.1 27.9
Misc. 89.3 31.4 22.8 ° 17.9
Overall 70.8 61.6 61.1 59.2
v

Unequal prior probabilities were used for all classification.
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The same classifications were run for all dates individually except that
equal prior probabilities were used.

Table 32--Classification matrix for August 26, 1972, based on MSS bands
4, 5, and 7 using equal prior probabilities.

:No. of: Number of samples classifed into
Group :sample: Percent
‘Correct Cotton ; Corn :Soybean: Grass : Miscellaneous

:points: : : : :
Cotton...: 927 60.7 563 92 108 - 63 101
Cormn.....: 58 56.9 2 33 0 7 16
Soybean.,.: 852 15.3 57 72 130 245 348
Grass....: 240 45.4 32 41 26 109 32
MisCuasss.t 140 62.9 11 10 13 18 88
Totals...:2217 665 248 277 442 585
Overall performance 41.6 percent

Table 33--Classification matrix for September 13, 1972 based on MSS bands
5 and 7 using equal prior probabilities.

:No. of:P : Number of samples ¢lassified into
Group :sample: ercent. «
Correct Cotton ; Corn ; Soybean: Grass: Miscellaneous
:points: : H H i 3
Cotton...: 927 60.7 563 92 108 63 101
Corn.....: 58 56.9 2 33 0 7 16
Soybean..: 952 15.3 57 72 130 245 348
Grass....: 240 45.4 32 41 26 109 32
Misc.....: 140 62.9 11 10 13 i8 88
Totals...:2217 665 248 277 422 585
Overall pefformance 50.8 percent
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Table 34--Classification matrix for October 2, 1972 based on MSS bands
4, 5, 6, and 7 using equal prior probabilities.

:No. of: : Number of samples classified into
Group :sample:Petcent:
Correct Cotton ; Corn :Soybean: Grass : Miscellaneous
:points: : : : : :
Cotton...: 927 66.7 618 35 30 149 95
Corn.....: 58 . 37.9 21 22 4 4 7
Soybean..: 952 20.8 142 46 177 141 346
Grass....: 240 42.5 58 9 23 102 48
MisCiasos.: 140 60.7 20 8 8 18 85
Totals...:$2217 860 120 2542 414 581

Overall performance 45.3 percent

Table 35 summarizes these tables.

Table 35--Comparison of multitemporal classification performance to
classifications of single dates using equal prior probabili-
ties. 1/ Missouri Study Area.

Gréup Multitemporal Aug. 26 Sept. 13 Oct. 2
Cotton 74.3 60.7 71.4 66.2
Corn 58.6 56.9 34.5 37.9
Soybeans 39.7 15.3 28.9 20.8
Grass 57.1 45.4 44,6 42.5
Misec. 75.0 62.9 65.7 60.7

Overall 58.8 41.6 50.8 45.3
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The temporal overlay classification of Table 25 shows an overall perfor-
mance of 58.8 percent as compared to 41.6 percent, 50.8 percent, and 45.3
percent, respectively, for Tables 32, 33, 34. Based on these comparisons,
the temporal overlay does improve the classification, However, the eval-
uation can become more difficult to interpret in the temporal overlay
tapes because of changes in land use from one date to the next. Thus,

the time of year becomes very important in areas where double-cropping is
common or preparation of land follows each crop. It should be pointed
out that these dates were not optimal. Other dates would have given dif-
ferent results.

Independent Test Data

The last exercise was completed to estimate the C.M. in Missouri on inde-
pendent data. Since the number of fields and points within are small and
the area covered is large, we need more training data to represent the
total area. It did not seem possible to divide the set into halves and
still have enough training data. It was decided to use a jacknife pro-
cedure. This procedure has the advantage of giving unbiased estimates

that are simple to calculate. The data were divided into three equal sub-
groups, two groups were used to train with and the third group was used

as a test group. This was repeated three times, each time with a different
group used as test data. These three tables are presented separately, then
the three are combined and presented to give an unbiased estimate of the
classification matrix where independent test data is used. By using
independent data, it is hoped that the bias caused by using the same data
for both training and testing would be eliminated, but the variance of
each item in the latter tables may be somewhat higher than those in the
previous tables since a smaller data set was used.

One cotton field of 27 points was not included in any of the three groups.
So the total in Table 39 is 27 pixels smzller than the total of earlier
tables. Table 39 is the matrix sum of Tables 36, 37, and 38.

Table 36-~Classification matrix using August 26, 1972, MSS bands 4, 5, and
7 with subgroups 2 and 3 as training data and subgroup 1 as

test data.
Group 3§?; iZfPercent: Number‘of samples classified into

N p ‘Correct _Cotton ; Corn ;Soybean:; Grass : Miscellaneous i
:points: H : : : :

Cotton  : 479 56.2 269 11 129 36 34

Soybean..: 138 45.7 35 6 63 17 17

Grass T 66 - 34.8 15 7 15 23 6

Misc, T 68 16.2 1 4 39 13 11

Totals : 751 320 28 246 89 68

Overall performance 48.7 percent
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Table 37-—Classifiéation matrix using August 26, 1972 ‘MSS bands 4, 5, and
7 with subgroups 1 and 3 as training data and subgroup 2 as -

test data.
:No. of:P : Number of samples classified into
Group v mple: ercent: "

i _.Correct Cotton ; Corn :Soybean; Grass : Miscellaneous

:points: : : : ot :
Cotton...: 290  57.6 167 36 11 19 57
Corn.....: 29 13.8 1 4 0 8 16
Soybean..: 308 13.0 48 53 40 20 147
Grass....: 42 28.6 1 11 4 12 14
Misc.....: 57 78.9 0 2 8 2 45
Totals...: 726 217 106 64 63 279

-
-

Overall performance 36.9 percent

Table 38--Classification matrix using August 26, 1972 MSS bands 4, 5, and
7 with subgroups 1 and 2 as training data and subgroup 3 as

test data.
Group Eg:;p;§§P9tcent: Number of samples classified into

:points:Correct=Cotton i Corn gSoybegng Grass ; Miscellaneous
Cotton...: 131 47.3 62 22 1 22 24
Corn.....: 29 41.4 3 12 2 5 7
Soybean..: 406 200 6 29 8 137 226
Grass....: 132 43,2 20 27 0 57 28
Misc¢.....: 15 0.0 5 2 0 8 0
Totals...: 713 96 92 11 229 285
Overall performance 19.5 percent
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Table 39--Classification matrix combining Tables 36, 37, and 38.

:No. of: : Number of samples classified into

Croup :sample:Percent:
Correct Cotton : Corn : Soybean; Grass : Miscellaneous

:points: : : : : :
Cotton...: 900 55.3 498 g4 141 77 115
Com.....: 58 27.6 4 16 2 13 23
Soybean..: 852 13.0 89 88 111 174 390
Grass....: 240 28.3 36 45 19 92 48
Misc..... : 140 40.0 6 8 47 23 56
Totals...:2190 633 226 320 379 632

Overall performance 34.6 percent

The comparable classification where non-independent data was used is
showm in Table 40.

Table 40--Classification matrix using August 26, 1972, MSS bands 4, 5,
and 7.

:No. of: Number of samples classified into

Percent |

Group :sample:Correct'Cﬁtton i Corn ; Soybean; Grass : Miscellaneous
:points: : : : : :
Cotton...: 927 60.7 563 92 108 63 101
Corn...,.: 58 56.9 2 33 0 7 16
Soybhean..: 852 15.3 57 72 130 245 348
Grass....: 240 45.4 32 41 26 109 32
Misc.....: 140 93.6 11 10 13 18 131

665

248

277

442

585

Totals...z22217

Overall performance 43.6 percentv
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Anytime the results differ this much between data sets, we know the data
set is either too small or the bias is large. Obviously, we have not
reached tii¢ voint where we have covergence of parameters based on inde-

pendent and ncn-independent data sets. The sample sizes necessary depends

on the variation in the data set and the variation in the data set is
generally a function of how dispersed the data really 1is. One thing is
certain with a small data set, either procedure may lead to erroneous
conclusions. ‘

Kangas:

The LANDSAT analysis was done on the CRD in the southwest corner cf the
State. Figure 2 shows the State of Kansas with the study area outlined.

Analysis of Kansas LANDSAI Data

The objective of the analysis 5f Kansas LANDSAT data were the following:

1. Test the covariance matrices of the most important crops to see
if they were equal.

2, Compute the claésification rates for the Kansas test site.

3. Compute thé correlation coefficierits between ground observation
acreage and classified pixels.

4. Study the effect of classification in one LANDSAT frame usging
training parameters from an adjoining pass taken one day apart.

5. Study the classification of a Kansas county.

Approach:

1. LANDSAT imagery for the study area was too cloudy to be useful, prior
to September 21, 1972. The study was based on September 21 and 22
imagery. The area of interest in Kansas was divided by two LANDSAT
passes, thus the training data was also divided. Twenty-two segments
were In the September 21 imagery. Seven of these segments were hid-
den by clouds. Therefore, 15 segments were used as training and test
data. '

Since the'time of year was not conducive to optimal results, a visual
inspection of the grey-scale printout of MSS band 5 and ground truth
was uced to select particular fields to use as training fields; i.e.

those fields which were partially harvested and those with a confusion

of symbols were discarded. Another reason for selecting fields was

to compare parameters from one pass with those from another as described

in this report.
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As a first step, the covariance matrices of the most important
crops were compared and tested within frames and between frames.
Tables 41 and 42 show the pertinent data.

The test criterion was computed and indicates that the within-

crop covariances are statistically different. Also, the covariances
between frames for the same crops were tested and are significantly
different. '

This would indicate that quadratic discriminant analysis could
produce better results. In addition, a method of signature exten-
sion would be complicated if one wished to go from one frame to
another.

2. The next step was to employ the quadratic classifier for the
training data. The classification based on these select fields
is presented in Table 43.

The overall performance was 91.2%. The classification used the
standard pointwise quadratic discriminant functions found in
LARSYS with the added feature of allowing unequal prior probabili-
ties for the different crops. The unequal prior probabilities
use information that is available about the likelihood of certain
crops. If, for example, corn is more likely to be encountered
than grain sorghum, corn is given a higher chance of occurrence.
In most classifications using unequal prior probabilities done

in Kansas, the prior probabilities were:

1) Alfalfa - .03
2) Pasture - .72
3) Corn - .09

4) Grain Sorghum - .16

Prior probabilities in this report were computed irom a probability
survey conducted by the Statistical Reporting Service in June 1972,
(June Enumerative Survey).

In Table 43, the number of pixels to be classified are not proportinnal
to the prior probabilities. The prior probabilities are based on acreage
of all segments in the Crop Reporting District, and not the segments in
frame 1060-16512. Development of proper prior probabilities for areas
divided by LANDSAT passes presents additional problems. A better corre=
spondence would have resulted in higher overall classification; however,
91.2% is very pgood.
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‘Table 41--Covariance matrices and mean vectors for frame 1060-16512.

Alfalfa

Pasture

Corn

Grain Sorghum n = 508

n =43

n = 6378

n = 332

(September 21, 1972)

Mean

26.63
19.58
50.81

30.28

29.70
26.36
56.88

20. 07

31.63
29.71
43.03

24.84

32.21
27.32
43.78

25.65

3.430
4.531
-2.357

=2.751

10.926
12.975
10.351

4.405

46.883
77.701
26.525

2.728

115.096
130.402
78.251

18.089

72

Covariance
8.535
-8.199 27.346
-7.357 16.363
21.821
12.698 22.487
4.332 11.388
133.003
42.905 33,798
~6.399 11.275
154.965
85.757 76.431
29.548

16.152

12.301

7.339

10.978

18.198




Table 42~-Covariance matrices and mean vectors for frame 1061-16570.
(September 22, 1972).

Mean Covariance
Alfalfa n =178 o ”_
24,23 8.180
15.96 12.793 24,701
55.61 -18.345 036.494 71,234 ‘
34.51 -15.063  -29.604 50.802 39.313
Pasture n = 320 —_ -
28. 62 "~ 5.290 o
25.53 6.109 11,002
f 35.98 3.534 3.061 19,272,
| 19.81 1.056 0 11.213 8.237
" Corn n = 337 — —
24,52 1.877
19.91 2.183 9.120
 36.88 0.339  -5.114  17.056
22.82 -0.081 ~5.291 11.039 8.820
Grain Sorghum n = 177 _ -
27.16 32.718
22.76 49,217 77.088
43.69 2,100 2.865 16.646
27.09 ~-15.639 =24.393 10.975 19,448
—_ —
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Table 43~-Classification matrix for September 21, 1972 MSS bands 4, 5,
and 7, using quadratic discriminant functions with unequal
prior probabilities in Kansas test site for select fields.

:No. of:P : Number of samples classified into
Class :sample: ercent.
‘Correct _Alfalfa; Pasture ; Corn ; Sorghum ; Threshold
:points: : H ¢ H H
Alfalfa..: 43 100.0 43 0 0 0 0
Pasture..: 172 98.3 0 169 2 1 0
Corn.....: 51 90.2 0 1 46 4 0
Grain
Sorghum..: 78 69.2 0 10 14 54 0
Totals...: 344 43 180 62 59 0
Overall performance 91.2%

A classification was then dcne using all identifiable fields in the 15
segments. The results of this classification are presented in Table 44.
The overall performance was 90.2%.

There was a smallldeCtease in overall performance between Table 43 and
Table 44. However, a random sample of ground truth yields a better
representation of all land and allows statistical inferences about the
pixels.

The second pass required to cover the Kansas test site was analyzed in
the same way as described above. The second scene contained 23 segments,
but one of these segments fell in a non-agricultural area. In addition,
to the random segments, two additional segments were selected which con-
tained sugar beets.

Table 45 presents the classification of select fields for the second pass.

The flelds were selected from the grey-scale printout as described above.
The overall performance was 75.5%.
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Table 44--Classification matrix for September 21, 1972 imagery (MSS bands
4, 5, 6, and 7), using quadratic discriminant functions with
unequal prior probabilities in Kansas test site.

:No. of: : Number of samples classified into
Class 'sample‘Percent« :

e ‘Correct ‘Alfalfa; Pasture; Corn ; Graﬁn : Threshold

spoints: : : : :Sorghum :
Alfalfa..: 43 93.0 40 2 0 1 0
Pagiture..: 6378 95.0 23 6061 123 142 29
Corn.....: 332 37.7 38 110 125 59 00
Grain
Sorghum..: 508 64.8 38 77 60 329 44
Totals...: 7261 139 6250 308 531 33
Overall performance 90.27%

Table 45--Classification matrix for September 22, 1972 imagery (MSS bands
4, 5, 6, and 7), using quadratic discriminant functions with
unequal prior probabilities in Kansas test site for select

fields.

tNo. of:P : Number of samples classified into
Class :sample: ercent.

Correct Alfalfa : Pasture ; Corn::_.Sraln . Threshold

:points: : : : :Sorghum!i
Alfalfa..: 78 84.6 66 12 0 0 0
Pasture..: 230 93.0 0 214 11 5 0
Corn.....: 337 65.0 0 93 219 25 0
Grain :
Sorghum..: 177 63.9 3 34 18 122 0
Totals...: 822 69 353 248 152 0
Overall performance 75.5%
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Table 46 represents a classification of the second scene, using all
identifiable fields. The overall performance was 65.8%. This
decrease in performance could be attributed to several things. The
number of crops being classified was increased from four to seven.
Increasing the number of crops will reduce the performance. Secondly,
there was a confusion between most crops and pasture. This could have
resulted from using late September imagery; all crops are spectrally
similar. Thirdly, the frequency of the data pixels presented for
classification differed drastically from the prior probabilities used.

Table 47 is' a classification study using the same select training
fields that were used in Table 45. However, in Table 47 equal prior
probabilities were applied. In Table 47, the overall performance

at 79.2% is actually better than the 75.5% in Table 45. Applying
prior probabilities based on all fields to a non-random selection

of fields in a particular area is the cause for the lower classifica-
tion in Table 45.

Table 48 presents a classification of all identifiable fields in scene
1061-16570, using equal prior probabilities. This table is comparable
with the weighted classification presented in Table 46. The overall
performance was increased 4.47 by using prior probabilities. When all
fields are used in the classification, the total acres per crop more
closely estimate the true prior probabilities of the model.

The increase caused by using unequal prior probabilities in Kansas
was not as great as it had been in other areas. The smaller gain
from prior probabilities is perhaps caused by the fact that the
LANDSAT data contained more information; i.e., the classes were more
separable. Thus, the expected gain from prior probabilities is
greater in areas where classification is poorer.

The correlations between acres and pixels were calculated. Coordi-
nates of ground truth segments were carefully defined. The training
data from each gcene were used to classify the segments in that scene.
The classified pixels in the two scenes were then combined (i.ea.,
Tables 44 and 46 were combined) and correlations with known ground
truth acreage were computed.

Correlations between acreage and pixels were calculated as follows:
2

Total Acreage vs Total Pixel r = .88 r = .94
Pasture Acreage vs Pasture Pixel 2 = 84 ¢ = .92
Corn Acreage vs Corn Pixel r2 = .62 r=.,79

Grain Sorghum vs Grain Sorghum Pixel r2

i

.58 r=,76
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Table 47--Classification matrix for September 22, 1972 imagery, MSS
bands 4, 5, 6, and 7, using quadratic discriminant functions
with equal prior probabilities in Kansas test site for select

fields.
:No. of : : Number of samples classified into
Class :sample ;Percent ‘Xifalf 3 C Graln : Threshold

:points :Cotrect . alfa : asture H orn {Sorghum; resho
Alfalfa..: 78 84.6 66 11 0 1 0
Pasture..: 230 75,2 3 173 38 16 0
Cornesss.: 337 87.5 0 29 295 13 0
Grain
Sorghum..: 177 66.1 14 16 30 117 0
Totals...: 822 83 299 363 147 0
Overall performance 79.2%

When pixels and acreage are this highly correlated, remotely sensed
data 1is beneficial.

4., In this study, the statistics compiled on one LANDSAT frame were used
to classify points in the adjacent frame. As described earlier, two
adjacent passes were used to obtain necessary coverage of Kansas.

The select fields from both scenes (as described in Section A), had
four classes (alfalfa, pasture, corn, grain sorghum. These four
classes were also the classes for the "all fields" in frawe 1060-16512.
One requirement is that the same classes be used for training as those
classified. The classification used the quadratic discriminant func-
tion with unequal prior probabilities.

Table 49 presents the results of classifying the select fields in
frame 1060-16512, using training statistics generated from select
fields in frames 1061-16570. The overall performance was 54.4%; how-
ever, the average performance by classes 1/ was 33.37% correct classi-
fication, The 100% correct classification of the pasture class
greatly influenced the overall classification.

1/
The average performance by classes is computed by averaging the percent

identified for each class.
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Table 49--Classification matrix of select fields in frame 1060-16512
classification, using statistics from select fields in frame

1061-16570.
:No. of: : Number of samples classified into
Class :sample: ;Percent Craln Threshold

points .Correct Alfalfa : PastureE Corn ! Sorghum & resho
'Alfalfa..: 43 0.0 0 41 0 1 1
Pasture..: 172 100.0 o 172 0 .0 0
gCOI’n-.-..: 51 0-0 3 7 0 41 0
Grain : .
Sorghum. . : 78 33.3 7 28 15 26 2
Totals...: 344 10 248 15 68 3
Overall performance 54,47

Table 50 is a classification of all identifiable fields in the seg-
ments in frame 1060-16512, using the statistics generated from the
select fields in frame 1061-16570. The classifications with an
overall performance of 65.5% and an average class performance of 48,57
are very good. Here again, it was the correctly classified pasture
points which kept the averages high. 1In Table 50, more fields were
classified and the influence of prior probabilities was more benefi-
cial than in the cases where select fields were classified.

Table 51 shows a classification of select fields in frame 1061-16570,
using statistics generated from all fields in frame 1060-16512. 1In
this study the overall performance slipped to 49.07% but the average
class performance was 59.1%. Classification was very good in all
classes except corn, which was confused with pasture and grain sor-
ghum. The time of year may have caused this confusion.

5. The border of Stevens County, Kansas was drawn on a grey~scale map of
MSS band 5. The area was then defined on punch cards and classified.
Training data for the classification were obtained from segments in
the Crop Reporting District which contains Stevens County. Three of
these segments were actually ir Stevens County. A total of 410,505
pixels were classified which correspond to 2 :alculated 466,560 acres
in the county.

REPRODUCLE - f o
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Table 50--Classification matrix of all fields in frame 1060-16512 classi-

fication, using statistics generated from '"select fields" in
frame 1061-16570.

tNo. of : : Number of samples classified into

Class :sample :Percent.
P Correct ‘Alfalfa : Pasture : Corn : °ralll . Thraghold

:points ¢ : : : i Sorghum?
Alfalfa..: 43 65.1 28 3 0 12 0
Pasture..: 6378 9352 7 5943 11 277 140
CorNecesst 332 7.5 8 79 25 204 16
Grain
Sorghum. . : 508 28.3 16 105 75 144 168
Totals...: 59 6130 111 637 324

-
.

7261

Overall performance 85.57%

1

Table 51--Classification matrix of select fields in frame 1061-16570

classification, using statistics generated from "all fields"
in frame 1060~16512.

tNo. of: : Number of samples classified into
Class :sam 1e:Percent:
P& arrect ‘Alfalfa : Pasture : Corn :.CL8ifl : Thrashold

tpoints: : : : ~ tSorghum:
Alfalfa..: 78  80.8 63 12 0 0 3
Pasture..: 230 %94.3 - 0 217 4 8 1
Corne..s.2 337 9.2 5 140 31 161 0
Grain :
Sorghum..: 177 52.0 12 30 43 92 0
Totals...: 822 80 399 78 261 4

Overall performance 49,07
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Alfalfa, pasture, corn, and grain sorghum were the crops classified. The
following classification was obtained:

Numb £ Grain
umber o Alfalfa Pasture Corn Sorghum Threshold
Pixels » "
410,505 5,362 172,021 30,448 165,107 7,567
1,3% 41.97% 7.47 40.27% . 9.2%

The prior probabilities as a percentage which were applied were the fol-
lowing:

Alfalfa 3%
Pasture 72%
Corn 9%

Grain Sorghum 167
There is confusion between pasture and grain sorghum. Ways to use this

data to produce a final estimate will be discussed in the section on
estimation. '

South Dakota .

The test site in South Dakota is in the eastern part of the State. Figure
1 shows this Crop Reporting District.

Analysis of LANDSAT Data in South Dakota

Objectives:

The objective of this section was to determine the classification accuracy
in the South Dakota test site. ?

Agproachz = i

Imagery for three dates was available. However, the August and early

September imagery was too cloudy to be useful. Thus, later September §
imagery was used. All 34 segments were contained in one LANDSAT frame i
(1060-16491). The segments and fields within segments were located and
defined on punch cards. These segments were used for both training and L
classifying. i

The LARS classifier with unequal prior probabilities was used. The classi-
fier is a standard discriminant analysis. -
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Tabld 52 presents a classification of pixels in all segments in South
Dakota. The overall performance was 30%, but the average class performance
was 15%. Almost all classes in Table 52 were classified as either pasture
or oats.

There were two reasons for this. First, prior probabilities used were
large for pasture and oats, and second, the spectral data is quite similar
at this period of time for all crops.

An attempt to improve the'classificétion results was made by selecting
fields that looked homogeneous.

These selected fields were used as training data and then classified. The
results of this classification are presented in Table 53. The overall
performance was 26% and the average class performance was 447%. There
appears to be very little information in the data which would aid in the
separation of crops. The influence of the prior probabilities again was
the reason pasture and oats had high correct classification rates.

There must be reasons for the very poor classification rates. As an
attempt to determine the reasons for the poor results, we have studied

the means and covariances. They are in Table 54. It appears to be impoa-
sible to separate these classes with this data. Simply looking at the data
does not necessarily show the true multivariate situation 1is four dimen-
sional - but it does give an indication.

Summar

In South Dakota, late September imagery was used because of cloud cover
in earlier imagery. Classification results were poor. Examination of
Table 54 showed very little information in the data for the separation
of the classes of interest. This late in the season, crops were classi-
fied as either pasture or oats.

The use of homogeneous fields selected from gray scale printouts and ground

truth did not improve classification, and actually reduced the overall
performance rates. '
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Table 53--Classification matrix for September 21, 1972 imagery (MSS bands
4, 5, 6, and 7) using quadratic discriminant functions with
unequal prior probabilities in South Dakota test site for select

fieldq.

E  Clase f::; iif?ercent: Number of samples classified into

3 i P .Correct Corn ; Pasture; Oats :Alfalfa: Sudex : Threshold

¢ :points: : : : : : H
Corn.....: 237 6.8 16 150 54 17 0 0
Pasture..: 75 88.0 0 66 7 . 2 0 0
0atSeeses? 12 100.0 0 0 12 0 0 0
Alfalfa..: 110 -25.5 1 56 24 28 0 1
Sudex....: 36 0.0 0] 30 6 0 0 0
Totals...: 470 17 302 103 47 0 1

Overall performance 26,07
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Table 54--Means and covariance matrices for crops in South Dakota on

Corn

Pasture

'Oats

' Barley

Rye

Alfalfa

Flax

Sorghum

Means
22.34
17.69
31.40
19.38

Means
23.94
19.89
34.34
20.85

Means
23.13
19.09
32.98
17.74

Means
24,52
21.46
30.07
17.51

Means

22.31
17.63
35.06
20.94

Means
23.78
19.90
33.15
20.09

Means
22.30
18,25
27.63
17.55

Means
22.51
17.25
32.15
20,05

Number 1060

Number 812

Number 243

Number 97

Number 16

Number 303

Number 71

Number 55

86

9.92
16.72
10.76

4.38

frame 1060-16491, September 21, 1972,

~Covariance Matrix

13.25
-0.42 33.40
-2.95 25.55

Covariance Matrix

15.13
~1.48 29.59
18.72

-3.78

Covariance Matrix

33.29
14.40 43.16
4.48 25.26

Covariance Matrix

11.15
5.41 25.70
1.54 16.87

Covariance Matrix

5.43
3.04 7.40
1.83 3.78

Covariance Matrix

17.56
1.94  26.42
-1.61 16.19

Covariance Matrix

8.64
6.27 41.73
2.59 27.63

Covariance Matrix

6.60
-1.97 23.04
-2.38 15.76

18.15

13.99

16.73

12.53

2.19

12.25

19.45

12.74




Table 54 continued _ ¢

Idle Means Number 19 » Covariance Matrix
o 23.05 9.86 :
P 19.00 ‘ 14.74 26.62
31.58 7.79 5.45 27.88
- 19.63 0.43 -3.92 14.94 11.90
Winter Means Number 82 Covariance Matrix
Fallow 23.41 : 5.47 ‘ )
19.78 : 9.58 20,70
32.21 -1.27 -5.75 36.24
19.27 -2.77 -7.65 20.93 14.59
Idaho: -

The test site in Idaho covers nearly four counties. The Crop Reporting
District boundaries were bypassed because they did not include some
areas of homogeneous types of agriculture that should have been included.
Figure 4 shows the test site area,

The results are based on 42 segments in the intensive agriculture stra-
tum in one LANDSAT frame. Two additional segments are not on this
frame. The frame that contains these two segments also contains ten
segments which are on the first frame. Therefore, it may be possible
to use this overlapping data to calibrate from one frame to the next,
or to measure the difference due to frames in the means and variance
for the overlapped data. A method of using calibration or training data
in one frame to adjust parameters or to classify on another frame would
be valuable, since, it would increase the value of the segment data.

A crop may be different over a large area because of variety, soil
type, weather conditions, and state of maturity rather than technical
factors associated with acquiring imagery. However, it may be possible
in some areas to do signature extension and this problem should be
investigated.

The data had serious banding problems. The problems seem to be most
apparent in band 5, therefore, that band was left out of the first
classification. Table 55 shows this first classification.

Obviously, the classification is not as good as we expected; however,
by chance, one would expect only 8% correct classification for 12 crop
categories. Another possible problem with the classification is that
some field boundaries, sometimes, fall on adjacent points and since the

pixels are partially overlapping, these border pixels may be causing
some overlap of the crop categories. The grey-scale printout (Figure
14) which follows illustrates this problem.
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Pigura 14~-Gray scale printout of a segment ahoving how flelds are defined.
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It 1s obvious that many groups are very similar, and therefore, misclas-
sification is high. We will try combining several into groups based on
similarity of the estimated parameters, since these initial results
indicate a number of crops are not distinct.

The next classification matrix uses equal prior probabilities and is
presented in Table 56. The overall classification performance is 21.8%.
This points out that prior information in terms of probabilities is
also important in this test area.

Since the data had serious banding problems, it was thought that perhaps
this caused the extremely poor classification rates. As a result, NASA
Goddard was asked to reprocess the image to remove the banding.

‘#he image was reprocessed at considerable expgnse’to Goddard and the
ciassifications were again run. The results ave shown in Table 57.

Table 58 is a result of combining classes after classification. It is
obvious that going to fewer categories does improve the classification.
However, in Idaho, where many crops are grown, the imagery must contain
information that will allow users to separate the various crops. Per-
haps, temporal information would improve the value of the Idaho imagers.

Results of Classification of Aerial Phot.ography

Since aerial photography is in image form and computer techniques require
digital data, it is necessary to convert the photographs to optical
densities. A detailed explanation of how this is done may be found in
Appendix D. The aerial photography was scanned by a Photometric Data
System (now Bolen ahd Chivens) microdensitometer. This instrument
records optical densities (or transmissions) of wavelengths of light
corresponding to given color filters. FEach time a filter is changed,
however, the instrument must be recalibrated. The values recorded range
from 0.00 to 4.00 in optical density. In brief, the range of values

is spread between the chosen calibration point and total darkness.

Initially, the procedure for scanning segments was as follows:

An interval point within the photograph was chosen. This point was the
considered lightest spot on the exposed portion of £ilm and it was set
at 0.00 on the microdensitometer scale. South Dakota, Kansas, and
Idaho photography was scanned and the results brought to light problem=
in this technique.
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Table 58--Classification matrix of Idaho with unequal prior probability
groups - Table 57 collapsed into 7 groups.

Group fzz&pgisfgﬁzzzztf ean ?:ail Corn.Fallow Pasture B g:r Potatoes
Beans...: 1362 55.6 757 118 5 99 278 100 5
Small
Grains..: 1061 26.3 215 279 10 86 423 40 8
Corne...t 541 8.5 55 24 46 52 28 ;69 8
Fallow..: 779 37.4 29 7 3 291. - 443 3 3
Pasture.: 2747 ~73.0 337 59 38 250 1754 284 25
Sugar
Beets...: 386 56.0 20 6 8 1 90 216 45
Potatoes: 395 15 0 ¥ 0 207 80 86
Totals..: 7271 1428 493 117 779 3482 792" 180

.
.

Overall performance 47.2 percent

It was observed that each segment had a different calibration point
(lightest spot), hence, there were variations in the scanning results.

As a calibration point changed, grey level readings for the same crop

in a variety of segments, were different. In fact, when the s: same segment
was scanned twice using two different calibration (light) spots, ts, the
crop signatures might not appear similar.

To overcome this defect, a new calibration technique was developed.
Emphasis was placed on choosing calibration points which would produce

- identical results in every segment. The procedure was to focus on the

clear, plastic circle which appears on each section of the film as the

‘scanner passes across the image. This circle became 0.00 in every

instance. Consequently, reliable crop data was acquired since all cali-
bration factors were now constant in the scanning process. The state of
Missouri was scanned using this improved method and the results were
found to be more accurate.

Once the data has been scanned, it must be labeled for crop type. Tract
and field numbers were provided by the use of a coordinate system and

this data was then merged with the ground observation data. This provided
crop labels. This labeled data can then be used for both computer train-

ing and testing information.
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The classification procedure is explained at the beginning of this section.
However, since the calibration was done using local calibration points,
the classifier training and the computer evaluations were performed in

two ways.

For example: 1. All data was pooled and used for both the training
and testing.

2. All data in each segment was used for both training
and testing one at a time.

The results were then pooled (matrix sum). The prior probabilities in
each case were proportional to the training data and since this training
data was used to test, it too, was proportional to the data being classi-
fied.

In the instance of the pooled training, the prior probabilities were the
gsame for each segment. When interpreting the local training, the prior
probabilities were different for each segment and depended on the data
in each. For the local training, all conditions were optimal which would
mean that the classification accuracy is maximal.

As a preliminary check on the effect that the different calibration points
had on the data,a cluster analysis on all data was run. The means for
each field were computed by segment and crop. These means were clustered
using a program written by C.T. Zahn of Stanford University. 1/ The fact
that the means clustered by segments rather than by crops was additional
proof of the problems which had arisen because of calibration differences.

Figure 15 provides an overall state by state comparison of classification
accuracy. Figure 16-19 summarize the percent correct classification for
major crops in each state. These figures compare both methods of train-
ing on the same data sets; the difference lies in the results of local
versus pooled training data.

Tables 59- 65 give the classification matrix for both methods of training.
When local training data was used for training, a classification matrix
was available for each segment. These sagment classification matrices
were summed to obtain the final classification matrices in this report.

1/
C.T.'Zahn, Graph-Theoretical Methods for Detecting and Describing Gestalt

Clusters," IEEE Transactions on Computers, Vol. C-XX, No. 1, 1971.
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Figure 15--Comparison of overall percent classification by
(///Slashes indication global classi-

states, 1972,
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H ‘Figure 16--Comparison of classification methods by crop, Kansas

: August 18, 1972, (///Slashes indicate global classifica-
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Figure 15-19 indicate that the training by segment (local) gave higher
classification percentages. The differences in classification percentages
can be attributed to three sources:

1. differénce in calibration of data when scanned by a microdensi-
tometer.

2. differences in the number of crop classes and the prior probabi-
lities of each crop class.

3, differences in the variabiliry of a local versﬁs pooled data set.

Interpretation of Figure 15 is quite easy. Kansas (with some calibration
effect and only seven crop classes) was nct greatly affected by the cali-
bration effects. However, South Dakotz, with calibration differences and
many crop classes was drastically effected. In Missouri, differences were
slight between classification results compsring local training versus
pooled training. g '

Y
Ny

)
3 )

Table 59--Classification of flightlines 3~énd 10, by segment, using
quadratic discriminant functions on all eight spectral variables,
Kansas aircraft data, September 1972,

Crop gi:::g't‘ ALFA | CORN | FLOW | GSOR | HARV | OTHR | PSTR
AFA | 94.2 | 1238 o| o | 2| 8 36 11
CORN 93.9 o | 247 0 2 3 | 1n 0
FLOW | 80.9 0 o |8383 398 | 1432 47| 100
GSOR 82.2 4 1 | s1 | 3825 | 181 26 | 498
HARV 66.0 0 0o |1031 489 | 4797 29 | 922
OTHR 70.1 37 4 | 13 17 14 | 212 48
PSTR 83.2 18 o | 697 | 2027 | 1677 70 | 26,644
OTHERS 525 | 129 [3186 | 1606 | 3290 | 829 | 7,166
Overall performance 80.7 percent
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Table 60--Clagsification of flightlines 3 and 10, on all eight spectral
variables, Kansas aircraft data, September 1972,

- Crop gi::igt ALFA | coRN | FLow | Gsor | HARV | OTHR | PSTR

| ALFA | 76.0 999 14 0 107 4 20| 170

: CORN | 41.8 170 | 147 0 19 0 2 14

g FLOW 78.6 8 52 |8141 352 | 708 9 | 1090
GSOR 46.5 | 102 107 81 2063 | 485 62 | 1540
HARV 41.6 16 42 |1816 403 | 3025 26 | 1940
oriR | 10.6 | 43 5 | = 126 | 37 47 | 166
PSTR 87.6 3 241 | 222 916 | 2400 180 {28,071
OTHERS 335 596 |2023 1402 | 1462 660 (10,728
Overall performance 75.6 percent
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The microdensitometer can scan a photograph and obtain either density
values or transmission values or both. Transmission values are functionally
related to density readings by the following equation:
- 1
Density = log ({ransmission’

~ Theoretically, all information would be contained in either mode and

neither would add anything new to the data. However, in practice, this
does not hold true for two reasons:

1. The scanner seems to saturate. The results of this saturation
affects density measuremerts. It becomes difficult to differen-
tiate between brown wheat, brown hay, harvested grains, and bare
soil. When the sensor saturates, it gives similar readings even
though the colors are quite different. In the use of the trans-
mission values, correct ¢lassification is increased but lacks com-
plete reliability.

2. An additional reason for the one mode preference is concerned with
the computer operation. The computer algorithm assumes that the
data is multivariate normal with equal covariance matrices. Cer-
tainly if the data was multivariate normal in the measurement
space using density values, it would not be multivariate normal
after it had been transformed by a reciprocal of the log transforma-
‘tion. ' Obviously, they could not both be distributed as multivariate
normal data. Thus, it is imperative to investigate the effects of
variables on classification groups.

A stepwise discriminant analysis was performed on the training data in
South Dakota. The procedure used was program BMDO7M of the BMD statistical
package. 1/ This program performs a stepwise linear discriminant analysis
with proportional group priors on the training data. Variables are entered
or deleted from the discriminanting set based upon an F-test of group dif-
ferences for a particular variable. The variable that has the largest
pairwise group F-value is the first variable entered in the discriminant
set. This procedure was executed on all eight variables and then upon

the subsets of variables corresponding to transmission and density scanning
mode.respectively. Some of the original nine groups were pooled to eight,
six, and, then, four groups and the stepwise classification was performed
on the merged groups. The mergers are as follows:

1/ .
“Biomedical Computer Programs. W. H. Dixon, Editor. Berkeley, California;

University of California Press, 1973,
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a) For the eight groups; ''Harvested Grains' and "Harvested
Row" were merged to form the classification group "Harvested.

b) For the six groups: Hay, Pasture, and Fallow were merged
(a grasses type of cover), in addition to the above merger.

c) For the four groups: Corn, and Soybeans formed a group,
Wheat, Pasture, and Harvested Grains formed a group, Plowed,
Fallow, and Harvested Row formed a group. This merger in
the above groups was a result of a cluster analysis performed
on the group means.

The option was specified for the inclusion with no deletion of variables
at each step in performing the stepwise discriminant analysis. Thus,
supposedly one is adding more information (in the form of more variables)
: at each step of the stepwise discriminant analysis. The results are
i astonishing as we can see in Figures 20-27.

Note the following:

(1) Overall percent correct classification increases only slightly, when
two variables are in the discriminanting set, irrespective of what
variahles are used and what the classification groups are. The conten-

: tion of C. R. RAO Jy that more variables do not necessarily mean more

; information and hence more discriminanting power is supported by the

i data. \

S RO

ESURACIPe

(2) The addition of a particular variable influences one classification
group greatly. For example, in Figure 20, the variable TGREEN (trans-
mission in GREEN) has a great effect on the classification accuracy

i of wheat when combinad with DRED (demnsity red), and DCLEAR. However,

! once TRED,has entered, TGREEN's affect is diminished by the confusion

: variable TRED.

(3) ALl discriminating information is not contained in one scanning mode

(four variables). For example, compare the classification curves for

the group FALLOW in Figures 24 and 25 respectively. Fallow was cor-
§ rectly classified about 65 percent of the time when ‘scanned in density
! mode but had zero recognition in the transmission mode.

(4) The overall classification accuracy increases as the number of groups
is decreased, See Figures 30 and 3l1.

1/
Covarjance Adjustment and Related Problems in Multivariate Analysis by

C. R. RAO in Multivariate Analysls, editor P, R, Krishnaiah, Academic Press,

; 1966.
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(5) The overall classification accuracy is greater for variables measured
. in density units, and the use of the variables measured in trans-
mission does not improve the overall classification when only four
variables are considered. This can be seen in Figures 20, 23, 26,
29,

SRR T

(6) This analysis leads one to conclude that if there is interest in only
one or perhaps several crop groups that a hierarchial (or layered)
. classifier might be the best approach to crop identification. At
each stage of the hierarchy,a feature selection would be performed
'to maximize the particular crop or crops of interest.

A single stage classifier with all variables used cleirly would not do
well on the major crop Wheat in Figure 20, as evidenced by the last stage
of the stepwise discriminant analysis.
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' techniques as estimators.

4,2 Crop Acreagé Estimationxh/

The objective of this section is to present a procedure that will use -
classification results o produce an area acreage estimate. The regres-
sion technique presented may not be appropriate for users with different
ground data. This technique requires that a random subsample of the
total of all segments be selected for ground observations.

It is assumed that classification errors will be substantial, that is,'
perfect classification is not possible, and unbiased classification is.
not probable. Unbiased classification means more than that the clagsi-
fication errors simply balance. It means that the prior probabilities

used are correct and the data are multivariate normal.

If unbiased classification were possible, we could use pixel counting

We know that the prior information was not exact and further that the
data are not multivariate normal. Some delicate adjustments are
necessary to produce an unbiased estimator and in order to make this
adjustment, we will use the fact that a random subsample of segments has

been selected for ground observations.

The first step is to estimate the linear relationship between total crop
acres and total crop pixels inside the segment. This information' must
come from the ground truth segments and the relationship must be applied
to the segments that were nnt selected for ground observations. An
example of how the procedure would work follows. It turns out to be
illuminating, but the escimates are poor because the relationships Bhat
are established in the ground observation segments do not represent the
population that 1s biing estimated. .

This data came from the Southwest Crop Reporting District in Kansas.

The correlation coefficients squared (rz) between the items of interest
are presented in Table 66.

The relationship between acres on the ground and points classified cor-

responding to the same on the ground area can be established on a per
segment basis,
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Table 66--Source, rz,

?, -}-f, Var(Y), Cov(XY), and Var(X).

Source

r° ] Y

X

/Yar(Y)

Cov (XY)

Var (X)

Total acres (Y).
versus
total pixels (X) .

|Alfalfa acres (Y)

versus :
alfalfa pixels (X)

Pasture acres'(Y)
versus
pasture pixels (X)

Corn acres (Y)
versus
corn pixels (X)

G. Sorghum acres. (Y)
versus

1G. Sorghum pixels (X)

.9511843
.01} 39
.89 728
.76 14?

.531 171

1841

223

890

69

404

2;401,627
7,187
1,467,689
61,931

70,505

2,716,190
-2,417
1,325,965

23,668

115,948

3,242,228
9,302
1,348,245
11,850

656,917

The model that will be used to represent the relationship is:

Yy =¥ty Kar g T

where Yy is the adjusted acreage estimate for the ith crop.

xsample i

)

;i is the average number of acres of the ith crop in the selected

segments, -

bi is the regression coefficient for the ith crop estimated by:

N
I x y
P T

= cov(xy)
n o, var (x)
I xij
j=1

where ikotal 1 is average number of pixels of ith crop in all segments in
a county.
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x is the average number of pixels in the selected sample
"sample 1

"~ for the 1th crop.
The estimator yi 1s the adjusted average number of acres in the aVerage

segment. To get an estimate of the total Yy would be multiplied by
the total number of segments in the population (N).

The error of the regression estimator is written as:

. 2 2
Var(Y) = Sy3 @-r).

n

where Var(Y ) is the variance of the final adjusted estimator of the

‘ average segment of the ith €rop. ;
S;i is the adjusted between segment sums of squares for the ith
crop. 7
r2 is the correlation coefficient squsared between the number of
acres in the segment and the computer classified number of
‘ pixels in the segments for the ith crop.
n is the number of degrees of ffeedom in the estimator.

Since the estimator for the total number of acres in the county is N(vi),
the variance of the total is N2 times Vat(y,.

The regression estimator above is the best in terms of lowest bias and
smallest varjance. Other estimators of the regression type such as,
ratio estimators and difference estimators may be quite good in special
cagses. The regression estimator has definite advantages over the other
two types of estimators just mentioned.

In Stevens County, Kansas, each pixel was classified. There were 410,505
pixels in the county and 468,000 acres. Each pixel represents 1.1401 .
acres, Actually, the county boundaries were approximated and this intro-~
duces a small amcunt of error. Out of the total of 410, 505 pixels, the
following pixels were classified as:

1.) Alfalfa 5,362 5.) Other 37,567
2.) Pasture 172,021
3.) Cotn 30,448

4.) Grain Sorghum 165,107
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~ where V(y) ==

The first‘step is to put these pixels into a per segment basis. There
were 280 segments in the county so the average segment contains 1,466
pixels for all land uses. The other averages were:

1. Alfalfa 19.2
2. Pasture 614.1
3. Corn 7 108.7
4. Grain Sorghum '590.0
5. Other 134.0

Since the telationship between alfalfa acres and alfalfa pixels is
quite poor, we shall demonstrate the procedure using pasture data.

The pasture acreage estimate for Stevens County using ERTS data is:

y

pasture = 430 + .9835(614 - 714) - 332»

.f = k280)(332)-92,960 acres for Stevens County.

" Va ({ ) = (1467,689)(A)(l-.89)(280)2 = 3,164,337,484,
var L acres 4(5)

Standard Error = 56,252.4 C.V. = 60.5

The estimate and variance without using LANDSAT data are 120,400, and:
23,013,363,520, respectively:

1,467,689

S (280)2 = 23,013,363,520

151 702.
and C.V. 120, 400 126%

' Table 67 showsvaéteage estimates with variance and coefficients of varia-

tion for various crops with the aid of LANDSAT data.

Table 68 shows acreage estimates, variances, and C.V.'s for Stevens
County, disregarding LANDSAT data.

The first point is that the variances of the estimates that use LANDSAT
depend on the variance of the ground observations, the correlation of
LANDSAT data with ground observations and the sample size. If the corre-
lation is very high as with pasture, it is possible to produce an accurate
estimate only if the ground observation is accurate. For example, no
alfalfa was observed in the ground truth segments. Even though the com-
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puter was trained with alfalfa from outside the county and 5262 pixels

were classified into the alfalfa category for Stevens County, the rela-
tionship was bad, and the ground observations were poor, and therefore,
the estimate is bad and the C.V. very large.

These estimates and estimates of the variance were computed for two
sample sizes. There'were really three segments in Stevens County, and
one of those was not used because of location problems. “These numbers
used the two segmentsleft in Stevens County, the relationship for all

17 segments, and the total Stevens Company classification data. However,
variances and C.V.'s were figured for samples of size 5 and 10.

If total aircraft classification were available for the same area, the
model would be as follows:

Y-yv+bl (Xl-x1)+bz (xz"‘z)
The variance would be similar to the previous formula:
2 2

where R2 is the multiple correlation coefficient squared énd n is the
number of degrees of freedom left in the estimator.
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V. Cost Analysis

- This section is presented to provide cost information relative to
various sources of data collection. It is documented so that as
technology is improved, the cost of developing an integrated data
collection system can be realistically evaluated.

However, the cost data cited reflects only the conditions under
which this project was completed. It is to be expected that new
technology will change some of these costs in the future.

Cost of Gfound Data

The cost of ground data can be brokenvinto collection costs and
summarization costs. The data collection costs 1n¢1ude:

a. pre-survey planning and materials prepatations,‘
b. enumerator training schools, and
c. enumerator fieldwork.

. The summarization costs ihclude:

a. collection, edit, and keypunch time for Washington, D.C.
and State Statistical Office personnel, and

)b.bprogtamming‘and sumﬁmxization coéts. These costs'pertain
to all four test sites and are as follows:

5.1 Datz Collection

1) Survey Plenning and Materials Preparation

Regearsii and Development
Salariep $1,342.00
Travel costs (map preparation salaries) 263.67

>Programming Costs ,
Salaries 849.59

Computet costs 1,259.11
. $ 3,714.37
2) Enumerator Training Schools A
Instructors ‘ Y, 84
Salaries &77.464
Travel
Enumerators A
Salaries 530.00
Travel 210.00
$ 2,119.28
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3) Enumerators Fieldwork
Salaries
Travel

Total Data Collection Costs
5.2 Data Summarization
1) Collection Edit and Keypunch Costs

SSO Salaries
Research and Development Salaries

2) Ptogranﬁing and Summarization Costs

Salaries
Conputet Costs

Total Data Summarization Costs

Total LANDSAT Ground Truth

3,044.00

7,975.65
$13,809,30

2,524.05
6,816.68

$ 9,340.73

2,632.80

1,231.49

$ 3,914.29
$13,255.02

$27,064.32

It should'be>noted that the above cost data are for the update work

conducted in August, September, and October.

The costs of the regular

June Enumeration Survey (JES) are not comparable since in addition to
observing and recording ground cover, the JES records crop intentions
and livestock numbers. FEstimates of these costs can be derived, how-
ever, by using enumerator time and mileage costs. Mileage rates and
hourly wages applied against the miles driven and hours worked toge-
ther give a total cost estimate by segment. This comparison follows:

5.3 JES Fieldwork Costs

A. Time

District State Time #Segs.
9 Missouri | 6.42 hr/seg. 52
6 S. Dakota 4.80 hr/seg. S0
7 Kansas * 8.93.hr/seg. 48
2 Idaho 5.75 hr/seg. 44

Total . 194

Time cost per segment = $21.36
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$/hour

$3.30
3.30
3.30
3.30

$1,101.67
792.00
1,414.51

834.90

$4,143.08




B. Mileage

District State . Miles #Segs. . $/mile
‘9 Missouri  99.98 m/seg. 52 .11  § 571.89
6 S. Dakota 80.86 m/seg. 50 el 444,73
7 Kansas 136.81 m/seg. 48 - .11 722.36
2 Idaho 82,85 m/seg. 44 11 400,99
Total Mileage Cost S $2,139.97
B $6,283.05
‘Mileage cost per segment $11.03
C. Total Time and Mileage
Total time and mileage cost/segment = $32.39
5.4 Update Fieldwork costs (3 visits)
A. Salaries 4,931.65
B, Travel $3,044.00
C. Total Time and Mileage _ $7,975.65
($7,975.65/3=$2,658.55)
Total update time and mileage costs per segment $41.11

Total update time and mileage costs per segment per #isit $13.70

The difference between $6,283.00 and $2,658.55 represents the addi-
tional costs of $3,624.50 needed to locate the June Segment Operators,
secure livestock data and farm labor data. This LANDSAT update field-
work only included locating the segments and recording the crops pre-
sent and their conditions. The operators were not contacted unless
the enumerator could not view the fields from the road.

Tables 69 through 76 show detailed time and mileage data for the study
sites.
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Table 69--Missouri 1972 JES Time and Mileage Data

Dist

10
20
30
40

50

60
70
80
90

*Not all segments in this district had cost data reported.

Table 70--South Dakota 1972 JES Time and Mileage Data

Dist’

10
20
30
40
50
60
70
80
90

Number

Segs

60*
51*
49
50
60*
39*
46
42
52

Number
Segs

31
46
42
31
42
50
22
35
51

Visits/
seg

1.43
1.75
2.04
1.94
1.93
1.82
1,52
1.71
2.23

Visits/
seg

1. 87

- 1.67

1.83
1.90
1.90
k.92
1.86
1,63
1.82
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Hours/
seg

4.90
4.70
4.91
5.30
5.34
6.95
5.19
5.55
6.42

Hours/
seg

7.93
5.33
5.74
8.19
6,96
4,80
8.32
7.23
4.65

Miles/
seg

70.63
81.08
82.78
86.78
80.90
85.08
61.04
94.52
99.98

Miles/
seg

107.16
93.20
88.19

122.23
99.90
80.86

131.23

101.14
75.98




Table 71--Kansas 1972 JES Time and Mileage Data

.- Dist : Number Visits/ Hours/ Miles/ /
Segs seg seg Bseg .
10 42 2.26 6.99 130.52
20 ‘54 2.04 5.67 94.43
30 50% 2,58 . 5.74 88.94
40 40 2.25 8.16 141.90
50 - 56 2,46 6.81 127.21
60 53% 1.87 4,92 ' 69.00
70 48 2.79 8.93 136.81
80 -. 60% 1.93 6.68 105.83
90 -53% 1.81 4.69 82.34

Table 72--Idaho 1972 JES Time and Mileage Data

Dist Number Visits/ Heurs/ - Miles/
. Segs seg . seg seg

2 54 1.54 5.75 82.85

Table 73~-Time and mileage data for Idaho by enumerator.

: : JES ¢ Average Number: Average : Average miles:
: Enumerator : segments : visits per :hours per: per :
:identification : completed : segment : segment : segment :

6 3 3.00 3.78 104.67

12 ' 8 3.00 8.83 125,00

18 10 2.10 3.44 56.70

19 - 14 3.29 7.41 80.07

30 3 1.54 4,19 80.23

33 6 2.83 5.95 71.00
Totals: 54 2.5 5,75 82.80
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Table 74~-Time

and Mileage data for Missouri by enumerat&t.

Enumerator : JES  : Average number: Average hours: Average miles
identification : segrments : . visits per per : per
: completed: segment : segment ¢ segment
1 15 1.33 4.89 58.53
2 15 1.47 4.19 80.93
3 ) 2.50 3.38 87.5
4 17 1.76 3.66 59,18
5% 6 1.83 7.77 118.33
6 9 1.89 7.09 93,78
7% 12.5 1.68 4.69 66,64
8 - 13 1.77 7.06 78.92
9 -10 1.40 4.99 78.10
10 11 1.73 4.44 109.91
11 16 2.12 4.64 78.56
12 15.7 1,27 5.06 63.76
13 17 1.41 4.50 57.53
14 13 2.15 6.27 109.23
15 13 1.08 4,94 56.23
16 11 1.45 5.11 81.18
17 ~15.5 2,58 5.97 115.10
18 14 2.43 7.01 93.21
19* 14 1.21 3.93 51.00
20 11 1.55 6.66 90.09
21* 13 2.00 5.58 78.46
22 7 3.57 9.18 99.71
23% 13 1,92 5.47 87.62
26 ‘11 3.27 10,27 163.91
25 14 2.07 4,79 90.36
26 12 1.67 4.60 64.17
27 14 2.43 6.70 102.57
28 14.3 2.10 4.70 103.08
29 9 1.67 8.78 67.67
30 16 1.94 5.07 78.00
31 9 2.56 6.13 114.33
32 -18 1.28 4,56 46.50
33 9 1,22 4,28 62.11
34 10 1.50 5.38 77.80
35 17 1.41 3.76 65.29
36 8 1.75 6.12 130.25
TOTALS: 449 1.82 5,42 82,22
* Supervisors
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Table 75--Time.

and niléage

data for South Dakota by enumerator.

: JES : Average number :Average Hours: Average miles
Enumerator : segments @ visits per : per : per
identification : completed : segment : _segment : sepment
1x 2.0 1.03 1.04 37.59
2> 3 1.33 5.50 111.33
3* - 8 1.75 4.35 73.12
4 13.8 1.88 6.96 151.52
5 8.6 1.74 6.25 87.79
6 7 1.43 8.36 80.14
7 14 2.07 5.91 117.03
8 6 1.50 4,79 46.50
9 19 2.16 4,13 80.21
10 15 1.93 5.51 95.93
11 -9 1.33 7.19 69.78
12 7 1.86 5.17 63.43
13* 13 1.85 3.87 79.54
14 11 1.45 5.18 71.91
15*% 7.4 1.08 2.90 62,03
16 10.5 1.43 5.09 76.86
- 17 13 2,38 9.29 144,69
18 12 2.50 1 159,00
19 25.4 2.24 4,72 82,72
20 15 1.53 7.01 90,07
21 11 1,73 4.67 71.55
22 14 1.64 4.90 133.29
23 15 1.60 5.61 70.33
24 8.7 1.84 8.33 126.78
25 13.1 2.14 7.36 129,01
26 8.3 2,29 7.14 135.54
27 13 - 1.54 7.81 83.85
28 15 2,00 7.48 95.33
29 15 1.80 5.38 77.67
30 5 1.40 6.02 33,00
31 9 1.56 5.81 113.67
32 2.3 2,17 5.20 149.13
TOTALS: 350 1.83 6.27 95.91
* Supervisors
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Table 76-~-Time

and mileage

data for Kansas by

enumerator.

‘ : JES : Average number : Average hours : Average miles
Enumerator : segments visits per : per : per
identification : Completed : segment : segment : segment
1 . 8.9 2.70 7.15 105.73
2 18 2.00 5.21 105.11
3 15 2.40 5.58 89.67
4 12 2.33 4.63 78.17
5 20 1.90 5.99 111.00
7 14 2.71 5.29 98.07
8 9.8 1.63 9.29 134.69
9 11 2.09 - 6.33 69.18
10 9 1.56 7.96 135.56
11 4 1.75 7.96 80.00
12% 3.4 2,94 11.06 272,94
13 19 1.95 4.82 74.37
15 16.9 2.84 9.09 180.65
16 14 3.5 8.78 142,36
17% 4 1.25 6.69 116.75
18. . 11 1.73 4,83 58,64
19 12 2,42 8.38 162,08
20 12 3.25 8.68 132.92
21 14 2.64 5.08 108.07
22 3 1.67 5.67 98.67
23 12 2.25 7.85 122.00
24 14 2,71 4,67 50.00
25 16 2,44 4.60 99.69
26 13 1.85 6.50 108.77
27% 5 3.00 15,92 260.20
28 16 2.12 5.43 89.12
29 12 1.75 5.62 69.25
30 h 2.08 7.25 117.25
31 1 1.60 4.76 65.73
32 14 1.21 4,23 69.14
33 9 3.11 7.62 114.67
34 7 3.29 10.86 173.86
35 11 2,82 9.20 151.09
36 14 1.64 7.02 93.57
37 11.5 1.48 4.85 81.04
38 17.5 2,46 5.15 107.43
39 15 1.53 5.29 91.40
40 11 1.73 5.93 54.91
TOTALS: 456 2,21 6.44 107.10

* Supervisors
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.2 Alrcraft Cost Analysis

NASA provided the following estimates for aircraft costs:

U-2 operational costs are $2,150 per hour with ¢overage of about
400 nautical miles per hour. Coverage is 14.8 nautical miles on
a side per scene.

Scenes per hoﬁt = %%QB = 27.03

Cost per scene = $2,150 = $79.63 = $80

. 27 o
For the study areas, the acquisition costs average about $60 per i
segment, : :
. I
The activities and the approximate time and costs required to prepare the
aircraft data for crop classification are:
‘ Average time

per_segment
Sketch segment and record field boundaries 37 min.
Microdensitometer scanning . 33 min.
Recording andikeypunching input data for
field extraction
Total man hours 1.83 hours
Cost/man hours $4.50

Average cost/segment $8.23
ADP Costs
PDSCMS data conversion

Field extraction
Total ADP costs/segment_

The average cost per segment for data preparation 529.23

The costs of crop classification varies with the size of segment, but in
order to have a comparable cost with ground observations, it is presented
on a per segment basis. The average cost per segment for crop classifica-
tion was about $81 segment. The average cost per data point is about:'3
cents per point. :

The total aircraft survey costs were about $170 per segment. This com-
pares with $47 per segment per visit for the ground observations.
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This analysis deals primarily with the time and costs required for scan-
ning the aerial photography and converting the data into a form suitable
for crop classification by discriminant analysis in the Statistical Analysis
System (SAS).

Time and cost data were collected as follows:

1) Pre-scan setup: the time (man minutes) required to locate the
segment on the microdensitometer, sketch the segment, record
field boundary coordinates siid define the microdensitometer scan-
ning parameters. '

2) Scanning: the time (man minutes} réquired for system analeog cali-
bration and microdensitometer scanning with each of the four
filters in density and transmission units.

3) Data preparation for field extraction: the time required to record
and keypunch input data for the field extraction program.

4) PDSCMS data conversion: ADP costs for converting the microdensito-
- meter output data to SAS compatible data.

5) Field extraction: ADP costs for assigning crop classes, tract and
field identifiers to individual pixels on the basis of ground
observations utilizing pixel coordinate information.

Several factors contributed to the substantial differences between states for

the average cost per segment. The differences for pre-scan setup times can
be attributed to two primary factors:

1) different microdensitometer operators. A new operator was in traia-

ing while scanning South Dakota, and had gained in experience when
Missouri was scanned.

2) the relative difficulty recording field boundary coordinates for
each state. South Dakota and Missouri were most difficult because

of many small field sizes, followed by Idaho, with Kansas least
difficult.

New field boundary coordinate recording procedures were implemented near

the end of the Idaho scanning and were subsequently employed while scan-
ning the Missouri photography. Due to operator differences, it is difficult
to objectively assess the effectiveness of the new procedures. Subjectively,
it is believed the new procedures will reduce pre-scan setup time by 10-20%
and data preparation for field extraction by 25-40%, .
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Scanni.g time remains fairly constant between states (the large difference
in South Dakota is attributable to a new operator in training on the
microdensitometer). Small differences are a function of the number of

. segments and average size of each segment.

Between state differences in automated data processing costs are a
function of the number of segments, average size of each segment, and the
number of tracts and fields within each segment. ‘

5.5 Computer Costs

Processing LANDSAT data and digitized aircraft data requires enormous
amounts of computer time., The following table shows the cost of computer
time for processing at the Washington Computer Center for various broad
classes of processing.

DEVELOPMENT $ 6,631
GROUND DATA $ 2,915
MAPS FOR SEGMENT LOCATION $ 9,227
AIRCRAFT DATA ANALYSIS $30,142
4 TOTAL $48,915

Development costs include converting software to rumn at WCC, maintenance,
developing original programs and overhead.

Ground data costs are for building and maintaining, and summarizing of ground
data.

The MAPS were grey level maps of LANDSAT CCT's for segment location.

\ . :
The aircraft analysis cost includes charges for conversion of microdensi-
tometer data, building the data, files, and runs used to determine the best
analysis procedure, the discriminant analysis, and the combination of the
satellite results, aircraft results, and ground data.
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1.1

1.2

1.3

1/
ERTS ENUMERATORS INSTRUCTIONS

What you will do:

You are one of about 16 enumerators in four states (Kansas, Missouri,
South Dakota, and Idaho) employed to obtain "ground truth" about crop
species, acres and crop condition. Briefly, your job is to update
information from the June Enumerative Survey (JES) by verifying crop
species and acres and observing crop condition during July, August,
September, and October. Your field verifications and observations are
to be recorded on the Earth Resource Technology Satellite (ERTS) Ground
Truth Printouts.

Equipment and Supplies
USDA identification card

aerial photos
aerlal photo mailing boxes

.county maps

CEF-201's

ERTS Ground Truth Printout

large envelopes for mailing completed forms

motor vehicle accident report kit

ball point pen

lead pencil, plus red, orange, and yellow colored pencils
clipboard

highway maps

Julian dates.

Mailing and survey dates

After each survey is completed you will mail the updated printout and
your CEF-201's to the SSO in the envelopes provided. All other materials
used during the survey will be retained until the final survey period
Your final mailing will include the updated printout, CEF-201, aerial
photos and county maps, plus any other surplus materials.

The survey periods and mailing dates are as listed:

Survey period Enumerators mailing date
August 7-11 on or before August 11
September 11-15 on or before September 15
October  10-13 on or before October 13

1/
At the time this manual was written, LANDSAT was called ERTS, acronym for

Earth Resources Technology Satellite. ERTS was never changed to LANDSAT because
this manual was never used after 1972.
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Terms and definitions
The regular enumerative survey definitions hold for this survey

A, Segment - land area outlined in red on aerial photos and county maps.
Each segment is identified by a permanently assigned 4~digit number.
See the "Survey Enumerators Handbook" for discussion on use of aerial
photos and locating segments.

B. Tract - an area of land inside the segment which is under one manage-
ment, Each tract is identified by a letter code A, B, C, etc. on the
aerial maps and by the corresponding numeric code on the form printout
(i.e. A=01, B =02, C - 03, etc.). Tract boundaries and letter
codes are drawn in blue pencil inside the segment on the aerial photo.

C. Field - a continuous area of land inside a tract which is devoted to
one crop or land use. Each tract on the aerial photo is divided into
fields during the enumeration of segment acreage in late May or early
June. Fields are numbered and their boundaries outlined in red pencil.

D. Farm Operator - the person who is responsible for the day-to-day deci-
sions for a tract.

Part II - The Survey
Purpose of the survey

The purpose of the Earth Resource Technology Satellite (ERTS) program is
to:

a) investigate and evaluate the use of space imagery to identify crop
species.

b) investigate ways of using space imagery to improve agricultural sta-
tistics.

Through ground truth obtained during July, August, September, and October
we will be able to check and verify the accuracy of satellite imagery
(500 miles) and high altitude photography (60,000 feet) as a method of
measuring crop acres which in turn will be used to generate an expanded
estimate of crop acreage.




2.2

2.3

Ground, high altitude, and satellite estimates of acreage will be obtained
and compared against collection costs to indicate a cost-information ratio.
Trained enumerators as yourselves will collect the ground iaformation from
the fleld. Trained photo interpreters will record species and acreages
for high altitude photography in the Washington, D.C., office. Computers
will be used to analyze satellite imagery in the Washington, D.C. office.
Cost information for each method of collection will be retained and com-
pared versus the accuracy of reliability of each method of data collection.

The sample

The segments selected for t. 8 survey were selected to provide different
crops in different locations. A different mix of crops will be found in
Idaho versus Kansas versus Missouri versus South Dakota. How do sugar
beets compare with potatoes in Idaho or grain sorghum in Kansas? Will
spring wheat be distinguishable versus winter wheat? Does corn in Missouri
look the sawmes as corn in South Dakota? The information collected will
provide answers to these types of questions. Additionally, with the
distant geographic areas, inclement weather should not cover all the test
sites and limit the quality of all imagery on a particular survey.

We use the JES segments since they represent 100% coverage of the areas
in question. If bad weather renders some of the aerial photography or
satellite images useless, we will attempt to develop reliable estimates
for the other areas based on the ERTS ground truth. This may become a
multiple frame model for acreage estimation.

Survey forms

For the second visit you will be provided a printout listing in segment
and tract order fields, acreages and crops from the JES (first visit). On
this visit you will note the condition of the crop on the printout. On
succeeding visits the printouts will show fields, acreages, crop and con~-
ditions for each earlier visit.

The name and addresses of the operators from the JES will be provided on
separate sheets of paper grouped by segments., These will be for use
when it is necessary to locate the tract operator for permission to view
fields not observable from public roads.
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3.2
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Part II1 - Field Observations

Locating the segment

Locate the segments you will be visiting on the county maps, then plot
them on a highway map. Plan your journey to observe these segments with
minimum mileage and travel time for each day's journey.

Recording observatians for segment

When the printout and maps are updated on the monthly visit, use the color
codes listed below for field boundaries and numbers.

Second visit - red dashes
Third visit orange daghes
Fourth visit yellow dashes

Note: We will only mark corrections on the map. Incorrectly drawn fields
will not be erased. There may be no new dates for the survey duration if
fields are drawn correctly from the JES and there are no acreage changes.

For this survey we are not interested in transfer of ownership etc., except
to know whom to contact for enumeration purposes. Our concern is enumerat-
ing the land use and crop development condition of the Segment.

Step 1. Verify that you are looking at the correct photograph(s) and the
correct printout by locating landmarks on the map and locating
the segment and tract number on the printout. Record the Julian
date on all N of N pages of the tract printout,

Step 2. Verify that the field is drawn correctly on the maps by a) looking
at the field defined by the map and b) deciding whether the map

accurately shows the field with respect to common landmarks. If the

field cannot be observed from public roads contact the tract opera-
tors and request permission to observe the fields in question, then

write on the bottom of the printout whether permission was secured
or refused, (By default, the printout will write unasked unless
permission is noted as secured or refused).




3.3

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

If permission is refused, record observations for fields observable
from public roads. Enter refused (code - RFSD) for the fields

not observable from public roads in acres, crop and condition
colums, If the map is correct go on to Step 3. If the map is
incorrect, redraw the fields using the correct color scheme before
beginning Step 3. Do not erase any previous survey boundary lines.

For the given field number, check the acres listed on the printout
versus the map and your own best estimate of the actual field
acreage in whole numbers. If the acres are the same as the pre-
vious visit check (/) the space for acres. Where a correction

is necessary (i.e. --- an error has beem made or an obvious change
in acreage has occurred since the previous vigit) check with the
operator for the corrected acres or record your own acreage obser-
vations where checking is not possible and write a note explaining
the change. See Figure 1 for examples of corrections and changes.

If the crop is the same as the previous visit check (v) the crop
code. If a change has occurred record the corrected crop code
for that field,

Using the guide from Section 3.3, write the condition of the crop
on the printout in the space provided. Write a note to explain
any situation or our condition codes do not accuractly describe.

Repeat steps 1-5 until all fields are completed, then check that
all N of N pages for a tract listing are present and complete.

Repeat steps 1-6 until all tracts and segments are completed.

Crop codes and conditions

Since we will be looking at aerial photography and satellite imagery, we
need to know the crop species and the condition code that best described
and coded appropriately on the printout. In order to code the condition
pProperly you must observe the total area in the field which would be covered
by the crop and then give a subjective evaluation of the crop development

as well as a recommendation for action to be taken.




Crop
Alfalfa

All crops

Applies to most

Grass waterways

Drowned out areas

Situation

part down, part cut

very poor stand,
dry etc.

two similar species
but different planting
dates

located on natural
boundaries or can
accurately be drawn
on the map

located near natural
boundaries or can
accurately be drawn
on the map

What to do

condition = cut or down,
vwhichever portion is
the larger.

condition - what a
normal healthy crop
would look like with
a note.

draw in new fields
boundaries and pro-
perly number and
classify the new
field.

draw in new field and
classify as OTHR and
specify on printout
with a note.

draw in new field and
classify as OTHR and
specify on printout
and a note.
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ERTS Editing Instructions

Edit the Julian date to correspond to the actual field visit,

Check the acres for a given field number versus the previous recorded
acres,

A. Do not edit where column is checked (v),
B. Dn case the acres differ from the previous visit:

1) If a new field is created or acres for given fields are adjusted,
the acres should be adjusted to total the Previous acreage total
or a note shoudl explain the total acres change. Check that the
new field is correctly numbered.

2) Where an error occurred on thé Previous enumeration, an enumerators
note should explain the correction. With an explanation, the
correction will be punched. With no explanation talking to the
enumerator or statistics judgement will appropriate to edit in
corrected acres.

C. Check (V) the acres columm where the tract was a refusal and the
field not observable, '

Check the crop codes for cotrectnessc
A. Do not edit where the column is checked (v).
B. Edit out where they are unrecognizable,

C. Correct the code when it is a change from the previous month and
incorrectly written.

D. Enter RFSD where the tract was a refusal and the field not observable.
Check the condition code against nearby fields,

A. Edit to compare with fields in the tract or segment where the condi-
tion 18 not entered.

B. Check with the enumerator where the condition is not entered and there
are no comparable fields in the tract or segment.

C. Edit cut where condition is the sure as the previous month,
NOTE: On the first visit there must be an entry for every field.




D. Enter RFSD where the tract was a refusal and the field is not observable.
5. Code the permission

A. Unasked = 0

B. Secured = 1

C. Refusal = 2

ERTS Mailing Instructions

Send the edited priatout and the punched cards Air Mail Special Delivery in
"Special C" envelopes and "Special C" card mailer.

Each envelope and card mailer should be marked in the lower left hand corner
as follows: :

REPORT: ERTS Ground Truth
STATE: Your State (99) (1 of 2)

Secure each envelope and card mailer with a strand of filament tape each
way around the envelope and card mailer.

Send the aerial photos as follows:

Research and Development Branch
SRS of USDA

Room 4837 South Bldg.
Washington, D.C. 20250
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TERMS AND DEFINITIONS USED FOR JUNI. ENUMERATIVE SURVEY (JES)
AND ERTS FIELIWORK
SAMPLE :

Information for the ERTS Survey is obtained from a small sampling of the
total land area in four States. Small are:s of land have been selected
at random for this survey. Each area to be enumerated has been outlined
in red on the county highway maps and aerial photographs which you are
supplied. Every acre has one and only one chance to be selected in the
sample.

SEGMENT:

Segments are land areas outlined in red on aerial photos. Segments gen-
erally range in size from one-half square mile to three square miles., A
few are larger or smaller depending on locstions. Segments are identi-
fied by a permanently assigned number.

TRACT:

A TRACT is an area of land inside the segment which is under one operation,

This tract may consist of agricultural land, non-agricultural land, resi-

dential areas, or some other land use. Examples of tracts are as follows:

(1) An occupied house and land in Red
“Ink
segment operated by the person
" in charge. Examples are Tracts
A and B. Notice that Tract A
has land at two locations in Blue
u
segment , Segment 'bencil
3189 |

(2) A farm operator living in the segment on a dwelling where he is not
the person in charge, and who has no other land in the segment. See

F.S. above. If all the land he operates is outside the segment, he is

still a resident farm operator and shouid be assigned 1.0 acres of
land for the tract. He lives in this dwelling.

(3) Any area of land in the segment under one operator who does not
reside inside the segment., Tracts D and'F are examples,

TR
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The boundaries of each tract will

be outlined in blue pencil and

each tract will be identified by

a code letter. If a tract consists

of more than one separate parcel of
land, all parcels will be identified
with the same letter; i.e., all of the
land inelde the segment that is
operated by one person will be reported
under one tract code.

D. FIELD:

A field is a continuous area of land inside a tract which is devoted to

one crop or land use. Each tract will be divided into fields by you
during this Survey. Each field will be outlined in red pencil and assigned
a number.

E. FARM:

A farm consists of the area or areas of land both inside and outside of
the segment boundaries under one management on which there were crops,
livestock, poultry, or some sales of agricultural products at some time
in 1971 or 1972.

F. OPERATOR:

The OPERATOR is the person who is responsible for the day-to-day decisions
for the tract and total land operated.

If the tract contains a farming operation, the operator could be the owner,
hired manager, cash tenant, or sharetenant. If a person operates farmland
as a hired manager or partner and also operates land for himself as a
separate farm, the managed or partnerzhip land should be separated and
assigned another tract code.

If the land is rented to others or worked by others on shares, the tenant
or renter is considered the operator of the rented land.

,.."‘
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UNITED STATES DEPARTMENT OF AGRICULTURE
Statistical Reporting Service State District Segment Tract
0. M. B. NUMBER 40-R2766 i
Approval Expires 4/30/74 (480 F

~ JUNE 1972 ACREAGE,
LIVESTOCK & LABOR
ENUMERATIVE SURVEY ‘

Use this questionnaire only if operator lives INSIDE the SEGMENT.

I Facts about your farm or ranch will be kepf CONFIDENTIAL and used
only in combination with similar reports from other producers.

SEGMENT NUMBER TRACT CODE LETTER:

NAME, OF RESIDENT OPERATOR:

ADDRESS:

(Route or Street)

(City) (State) (Zdp)

TELEPHONE NUMBER: COUNTY:

-

NAME OF FARM:

DATE:

Name and Address of PARTNERS:

(Record partnership operations us a separate tract.)

1. How many acres are inside these boundaries
drawn on the photo (OF MAD) 2. .. oottt ittt it i tninnonnanassoassesanans

2. Will any acres INSIDE these boundaries be I[RRIGATED during 1972?

YES ( ) Ask irrigation questions
NO () Skip irrigution questions

[ L

Now I’wou[d like to ask you ahout each field in the tract, the total acres in each field, and the
crop or land use in 1972, For crops, I will ask for acres planted and to be planted for harvest
this year. 1If two crops will be harvested from the same field, we should list both of them.

1

*Te -

3




Sere e

R

SECTION A -

-2 -

RCREAGES CF FIELDS AND CROPS IN TRACT

"-~
: FIELD NUVEET i 1 2 3
1. TOTAL ACRES IN FIELD
}
P2 CHOP OR LAND USE ‘Specitys
‘ Ne () No.( ) No ( N
L2 3wl CROPN HARVESTEN FROM THIS §IETDY Yer o Yes ¢ Yes ¢ )| Yes ¢
Ko () No ( ) ETYER N
| 22, Has this freld heen plantegn Yer: Yos ( Yes ¢ N Yes (
(4. AGVIS [RPIGATED %I 70 BE IRRIGATED?
f 5. FARYSTI AL, ROADS, DITCHES. wO0Ds,
‘ A AL
- Formanont - hst ya Crep {84z r-2¥] 8542 842
Fo R Bptztion I
; PASTURE Cropland - Csed Oniy fo+ 845 845 845 RLS
t Paglure
. . S .
- Plentes 546 540 540 540
i WINTER WHEAT
L]] Ear CGrain 541 541 541 541
i2. Plantes 547 547 547 547
RYE "
|13 For Grain 54¢ 548 548 548
. 533 533 533
14, Planted 533
0ATS 534 534 534 534
For Brain
5. BARLEY Planted &35. 535 535 535
] 36
17, For Grain - 536 536 5 53¢
18. Planted 530 530 530 530
CORN
19. " For Grain 531 531 531 531
20, Plonted 603 603 603 603
SORGHULM
(21 Eor Grain 604 604 604 604
220 OTIFR USEN OF GRAINS Pf ANTID — Use
. frreg ahandoned. tut tor.
;. Yy, et Arrer
ALTATEA AND AT ALl 5
j Cout o TIRES 653 653 653 653
H ang ]
; 4 ;o OTHER HAY Kirg
i e —_ 65__ 65 65
L!4. cut Acres 65
- SLUOEANS . 600 600 S00 600
26, TOBACCO 67- 67- 67- 67—
27 PEANUTS 690 690 690 690
605 605 605 605
28. _ RICE
2 524 524 524 524
9. COTTON, Planted .
PLAN
30, LPLAND Abandoned 523 523 523 523
552 552 552 552
L3 S TATQES 5 . _
38. Nem )
OTHER CROPS —22°
Acres plantad or (p uge
38, (ROPS PLANTED FOR SOIL IMPROVEWENT 356 856 356 56
ONMLY — No otber use guring 1972 5 . 8
39. IDLE CROPLAND — Icie 11 during 1972 857 857 857 . |87
4
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Special Keypunch Instructions

Punch 76 in column 1-2 for all cards.

Face page: Punch identification as appears on face page upper right
hand corner.

Page 2
a) Punch field numbers as they appear at the top of page.
b) Item 5: Leavé crop code blank and punch acres 'as is.'
Ttem 6-9: Punch code and acres 'as is.'
Item 10-21: Punch code and planted acres only.
Item 22: Skip.
Item 23-39: Punch code and acres 'as is.'
Page 3 on
a) Punch field numbers as they appear at the top of page.
b) Other Land: Leave crop code blank and punch acres 'as is.'

Permanent Pasture and Cropland Pasture: Punch crop code and acres
' !
as is.

After Cropland Pasture through Sorghum for Grain: Punch crop code and
planted acres only.

Alfalfa Hay through Idle Cropland: Punch crop code and acres 'as 1s.'
Verify.
Note: a) Punch écres to one decimal withaut the decimal point,
b) Right justify and punch lead zeros for all numbers.
c) There will be orly cne code and one acreage figure punched per

field number. The proper code and acreage will always be the
first entry in a column for any field number.
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ERTS SSO Keypunch Instructions

Do not punch blanks or edited out data fields.
Punch only current survey data.
Punch permiasioh code only on the first card.

Punch the first four alpha characters of the recorded

condition.

o e e 4
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APPENDIX C

Grey-Scale Map Computer Program
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This program will:

1. Map directly from LANDSAT MSS Bulk data tapes (either the original)
non-labeled tapes or standard label copies). ‘

2. Map from any one of the four MSS response bands (LANDSAT channels 4, 5,
6, or 7).

3. Compute a histogram of a sample of a designated area and compute grey
scale boundaries for the mapping from this histogram. 1/ The user
may specify as many as 16 grey scale classes. The user may also
specify:

a. as to whether or not the program will assign boundaries so
- that each grey scale class will contain about the same
number of data points,
| b. I1f the number of data points in a class will be proportional
| to the square roots of the percentage distributions of the
different response levels found, or
c. that the program use limits which are defined by the user.

4, For very large areas, will map about 14,000 characters a second (CPU
time) on the WCC IBM 370-168. For smaller areas, e.g. 100 lines and
100 colums the mapping rate decreases to around 5,000 characters per
second.
The USER MUST:
1. Specify the response band to be mapped (default is LANDSAT Band 5.

2, Specify the number (k) of grey scale divisions to be used in the map-
ping (default is 9).

3. Specify a printable character for each grey scale division.

4, Specify the location of the areas to be sampled for the frequency tabu-
lation and/or to be mapped.

If the total number of data points in the sample area is less than

10,000, then the histogram will include all data points in the designated area.
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Control cards required for each run are:
1. A CLASS card which will define:
a. the response band to be mapped (punch in column 14).

b. the number (k<16) of grey-levels to be used in the mapping (punch
in columns 15-16, right justified).

¢. the string of printable characters to be used in the mapping
(punch these in consecutive one-column fields starting with
column 18. The first character will be used for the lowest
jevel set of response values. Blanks in the string will cause a
blank to be printed for that level(s) on the nap).

If mapping in LANDSAT band 7 (MSS channel 4), any data points having
values of 1 to 5 (deep water) and 6 to 9 (shallow water) will be
assigned the characters punched in columns 18 and 19 of the class
card. Therefore, when mapping in band 7, the user should specify
(k+2) printable characters on the CLASS card.

2. At least 1 SAMPLE/MAP AREA block card.

A SAMPLE AREA card defines an area on the tape which is to be sampled
for the frequency distribution to be used in determining the class
levels for the printout. The first card after the CLASS card will
always be treated as a SAMPLE AREA card. Any later card which has a
"1' punched in column 20 will also be used as a SAMPLE AREA card. Any
SAMPLE AREA card which has a 'l' in colummn 24 will also be treated as
a MAP AREA card.

The format for the SAMPLY, AREA card is:

c.C.

1-4 the number of scan lines to be skipped.

5-8 the number of the last scan line in the desired area.

9-12 the number of data points to the left of the desired area.

1/
13-16 the number of the last data point to be included in the
desired area.

1/
Columns should always be numbered in conformance with the LARS System

whereby data points 1-804 are on tape 1, 805-1614 on tape 2, 1615-2424 on tape

3, and 2425-3228 on tape 4.
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20 a 'l' (optional if first SAMPLE AREA card).

32 a '1l’ (optional, to be used only if class limits are to be
assigned by means of the square root transformation).

The MAP AREA card defines an area for which a grey-scale printout {is

to be produced. As with the SAMPLE AREA card, a single MAP AREA card
can define an area as large as the tape itself (1/4 of an LANDSAT frame)
or anything smaller. However, the output will be in 120 column strips.
The format for the MAP AREA card will be the same as for the SAMPLE
AREA card EXCEPT that:

1. A '1' is also punched in column 24 (optional unless a '1'
has been punched in column 20).

2. A '1l' in column 28 indicates that the user has inserted a
'LIMITS'card after that MAP AREA card.

LIMITS Card

The LIMITS card enables the user to specify the class limits to be used

for a particular map area, regardless of the values computed by the program.
The values established by a LIMITS card will continue to be used for suc-
ceeding map areas until the next LIMITS card is read.

The values to be punched on the LIMITS card will be the upper boundaries of
the k grey-scale divisions. They are to be punched in consecutive four
digit integer fields, from smaliest to largest.
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JCL and Control Card Sequence

for Program WMAP in USDA Washington Computer Center

Label parameter is for non-labeled LANDSAT tape

as many additional SAMPLE and/or MAP area cards as desired

initial SAMPLE area card, may also be a MAP area card

a CLASS card

"//GO.SYSIN DD *

//GO.FT10F001 DD SYSOUT=(c,,8431) ,DCB=RECFM=FBA

//G(.FTO9FO01 DD SYSOUT=(c,,8431) ,DCB=RECFM=FBA

// BLKSIZE=3320) ,LABEL=(,NL,,IN) ,BOL=SER= 6 ,DSN=

//GO.FTO8FO01 DD UNIT=2400,DISP=(0LD,PASS) ,DCB=(RECFM=U,

// EXEC RADLGO,P=RADMAP

job cards
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APPENDIX D

Detailed Instructions for

Microdensitometer Scanning of Aerial Photography




1'

5.

10.

Load aerial photography on manual film transport and locate frame contain-
ing desired segment.

Be certain there is a frame gap (gap between two adjacent frames) within
the stage travel limits. Calibration is to be performed on this gap.

Rotate the stage to align the scanning axes with section lines and/or major
roads.

Determine the eastermmost point, relative to the stage, that is to be
scanned. Move the stage until the verticalcross hair on the viewing screen
is aligned on that point. Set X to zero on the Digital Coordinate Readout
System (DCRS).

Determine the northernmost point, relative to the stage, that is to be
scanned. Move the stage until the horizontal crosshair on the viewing
screen is aligned on that point. Set Y to zero on the DCRS,

Advance teletype paper to beginning of next page. With teletype on "LOCAL,"
enter segment number and the words "corner coordinates."

Return teletype on "ON LINE" and enter "E" command.
Record field boundary coordinates as follows:

a. Sequentially number all corner points of fields and other field boundary
points as needed on the sketch of the segment.

b. With the microdensitometer in "AUTO" operation model and the stage control
motors off, manually move the stage to field boundary point 1. Press
"INIT" button to record the coordinates of that point on the teletype
terminal.

c. Do (B) for every field boundary point sequentially.

d. With teletype on "LOCAL," record the time required to record field
boundary coordinates.

Advance teletype paper to beginning of next page. With teletype on '"LOCAL"
record the segment number, Julian date of photography, and magnetic tape
file numbers for the next 8 files.

Locate the lightest area on the clock in the margin between frames contained
in the frame gap and record the coordinates of this point. This will be the
calibration point for all scans on this segment.
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11. Enter "Ul" command after teletype has been placed in "ON LINE" mode. The
"'Ul" command allows users to define scanning parameters after being pro-
moted by the computer as follows:

Prompt User Response

XDIR -

YDIR -

DELTAX 2408

XTRAV b 4

YSTEP 240¥

NO. SCANS y

SCAN TYPE R

SPEED | 255%
BBACKUP? N

where ¥ = space bar

X = max xi
Where (xiyi) are field boundary coordinates
y = max y,
o+ 1 displayed on the DCRS in microms.
240

12. Enter "I" command on teletype to record identification information for this
segment in the following format:

Col. 1 - ="¢", "R", "G", or "B" corresponding to color filter in use.
Col. 2-5 - segment identification number

Col. 6=-8 - three letter state abbreviation

Col. 9~11 ~ Julian date of photography

Col. 12-14 - "DEN" or "TRA" corresponding to scanning mode (density or per-
cent transmissicn)

13. Perform analog system calibration (Section 4.5.3.3, Microdensitometer Jpera-
tion Manual, P, 4-18) at the calibration point (See step 10).




14.

15.

16.

Enter "CS" command on teletype. Make sure stage control motors are turned
on,

Change color filter and repeat steps 12-14 until the segment has been
scanned with all four color filters.

With teletype oh'"LOCAL," record time required to scan the segment.
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APPENDIX. E

A PROGRAM TO CONVERT PDS MICRODENSITOMETER

SCAN LINES INTO SAS COMPATIBLE OBSERVATIONS



This program is designed to convert a Photometric Data System (PDS) microden-
sitometer scan into a Statistical Analysis System (SAS) compatible multivariate
observation. Up to 4 scans of the same area may be included in the SAS obser-—
vation.

The user controls the number of scans (normally 1 for each filter) to be used
in building the multivariate observations. The microdensitometer scans are
read in serially and saved on temporary files. After ail the data for a given
picture section (pisect) has been read in, the temporary files are rewound and
read back a line at a time, and a SAS observation produced for each point in
the line. Each observation consists of data from corresponding points from
all scans used.

The program is divided into 3 phases: (1) parameter phase, (2) read phase,
and (3) combine phase. The normal operation of the program is to go from
phase 1, to phase 2, to phase 3, and repeat as desired.

Parameter phase:

Allows the user to define the initial settings from all counters, and
indicators used during the read and combine phases. 1f fatal errors occur
during the run, control reverts to the parameter phase for an error scan of
all remaining control cards, but no data will be processed.

Read phaée:

During the read phase,microdensitometer scans; are read in and stored on
temporary files. During this process, the PDS 9~track format is converted
to a 8 bit internal IBM notation. If the data were scanned in a raster
or right edge scan, it would be converted to a left edge scan. The user,
however, may elect to cancel this option and accept the data in the order
scanned. While in read phase, all parameter definition cards are ignored.
If an attempt is made to read more than 4 scans, the combine phase is
automatically entered.

Combine phase:

This phase combines the results of the read phase. Corresponding points
from each read file are included in each SAS observation produced. The
daca from the reads are put in correspondence with the data items in the
SAS observation set. If these are fewer than 4 scans to be combined, the
trailing data items are assigned the missing value. The coordinate values
and pixel serial numbers are computed and assigned as each observation is
produced. At the conclusion of thisphase, control reverts to the parameter
phase,and new parameter settings will be accepted.
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NUMERIC VALUE REPRESENTATION

The microdensitometer output is a digital representation of an analog sigial.
The amount of light passing through a sample is converted into a voltage y a
photo-multiplier tube. If transmissions are being recorded, the voltage s

The A/D converter produces a positive integer value that represents the vil-
tage. The input range of the A/D converter is 0.00 to 5.12 volts in .005
volt increments. The digital output ranges from 0 to 1024, or 200 times - he
voltage input. It is important to remember that these values could be ei‘ her
transmission or demsity depending on the calibration settings.

When the digital output from the A/D converter is giored in the computer :PDP§)
it is multiplied by 2 and is now 400 times the value shown on the panel m¢ter.
This is done to reduce the effect of noise contamination. Some noise could
result from the fact that the microdensitometer actually takes discrete rcad-
ings from a continuously varying function.

The data values are recorded in a 9-track tape format. The PDP8 computer is
a 12 bit word machine with 6 bit bytes and is not directly compazible wit}
the 9-track 8 bit byte tape format. Therefore, 2 zero pad bits are appended
to eachPDP8 byte as it is written in a 9-track format. Physically, the data
on tape has the format shown below:

ppsdddddppdddddn

where p represents the pad bits appended to fill the 9-track tape format,
s 1s the PDP8 sign bit and is normally 0,
d represents one of the 10 data bits from the A/D converter,
n represents the noise bit position, normally 0.

In reconstructing the microdensitometer data back into a useable form, the pro-
gram allows the user two choices. By default, values will be produced froa
storage type data. Optionaily, actual panel display values may be generat id.

Storage data has been reduced to a form which is suitable for bulk storage.
Fach value 1is reduced to an 8 bit integer and requires exactly 1 byte of sto-
rage. This is the form used by ERTS, LARSYS, and the Penn State Classificiation
System,
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The numeric range of the integer valued data is from 0 to 255. Approximate
panel values may be derived by multiplying a storage value by .02. At first,
it may seem that we are discarding valid data, but this is not so if we con~-
sider the accuracy of the microdensitometer.

The microdensitometer specifies linearity of +.02 density or .5% transmission,
and that the drift for a 10 hour period is less than +.02 density or less
than 1% transmission. This means that a recorded value could differ from the
true value by as much as .04 density or 1.5% transmission. The stored values
will resolve density to the nearest .02 units and transmission to the nearest
.4%Z (.3921569), which is within the limits of the equipment.

The PanelData option allows the reconstruction of exact panel readings as
shown by the panel display meter. The data accuracy implied is beyond the
capability of equipment, but is should be useful in checking machine specifi-
cations.
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X Y COORDINATE SYSTEM f

The program assumes a generalized coordinate reference system. The x,y coor-
dinates are signed integers, with (0,0) as the default origin. The x ordinate
is the element index, and the y ordinate is the line index. The program always
assigns the algebraically smallest x,y value to the pixel in the northwest
corner (upper left). The x ordinate increases as the scan moves to the east
(right), and the y ordinate increases as the lines move south (down).

The PDS microdensitometer normally scans lines in a raster (back & forth) with
the direction of scan alternating, and can scan lines from top to bottom or
bottom to top. The Photometric Data System Conversion to Microdensitometer
Scan (PDSCMS) program has the ability to determine the scanning directions,
and use this in the coordinate assignment algorithm. Thus, regardless of how
the points are scanned, the above defined coordinate reference system is valid.

The program computes the coordinates during the combine phase. The coordinates
of the physically first point are computed and assigned to that point. If this
point is not the northwest cormer point, the coordinate of the northwest corner
point are derived. The program prints out the northwest corner coordinates as
the first x and y ordinates.

The above described coordinate reference system may seem unduly complicated,
but it (1) sets up a reference system that is both hardware and software compa-
tible, and (2) permits full use of the microdensitometer scanning ability.

Display devices such as line printers and CRD devices, display data from left
to right and top to bottom. The natural order of computer indexing is from
smallest to highest. Thus, after coordinates are assigned. data points may be
sorted by coordinate and they will be in the natural order for computer pro-
cessing regardless of how scanned.

The user may have several scans from a scene with the microdensitometer defin-
ing the origin at each pisect. The conversion software would call that point
(0,0) by default. Later, the user may wish to restore or assign relative
position of pisects by relocation. The user could also move the origins of
all pisects from the microdensitometer (0,0) setting to any arbitrary point
(n,n).

The user may have the microdensitometer scan several pisects from a scene

relative to a common origin. The conversion software will compute initial
coordinates for each pisect using the migrodensitometer supplied locatilons.

Thus, the resulting pixel coordinate will preserve the relative spatial loca-

tion of the pisects relative to the scene origin. Later, the user may wish

to perform an origin transformation, and spatially locate this scene relative

to any other independently scanned scene. !




SAS OBSERVATIONS

Each observation produced has 11 items as follows:

SCENE-NAME

PISECT-NAME

GROUP-~-NAME

IDENT~-NAME

XORD

YORD

1-8 characters laft justified with trailing blanks in bytes
5~12,

This name is used to identify a collection of pisects (picture
sections). If the user fails to supply a valid name, the pro-
gram will use the current date in the form mm/dd/yy by default.

1-8 characters left justified with trailing blanks in bytes
13-20.

This name is used to identify a pisect within a scene. A ew
name is supplied for each pisect processed. If the user fails
to supply a valid name, the program will use the current value
of the system clock in the form hh-mmess by default.

1-8 characters left justified with trailing blanks in bytes
21-28,

This name is used to identify calibration data. A null or
'blank' name indicates unknown data. The discriminant func-
tion, uses named groups as training, and classifies unknown
data. If the user fails to supply a valid name, the program
supplies the null or 'blank' name by default.

1-8 characters left justified with trailing blanks in bytes
29-36.

This name is used to establish user identity of unknown dat a.

A null or 'blank' name indicates that the user does not kn<w or
cannot identify the item. Valid ident-names are taken fron: the
set of group names. The discriminate function would use tle
ident-name to check classification accuracy. Of the user 1ails
to provide a valid name, the program supplies the null or blank'
name by default.

integer binary in bytes 37-40.

This is the relative position of the SAS observation withii a
line of data. It always gives relative element position within
its own pisect, and depending on user options may be positional

relative to an entire scene or group of scenes.

integer binary in bytes 41-44.

This is the relative line position of the SAS observation. It

5




PSN

PIXF1V

PIXF2V

PIXF3V

PIXF45V

always gives relative line position within its own pisect, and
depending on user options may be positional relative to an
entire scene or group of scenes.

integef binary in bytes 45-48,

This is the pixel serial number assigned by the program. Pixels
are serialized in order processed in the combine phase. Unless
directed otherwise, pixels are serialized for the entire run
starting with 1. The serial number may be signed.

real binary in bytes 49-52.

This is the microdensitometer value for the first scan read for
the current pisect. It will never be assigned the missing
value. 1/

real binary in bytes 53-56.

This is the microdensitcmeter value for the second scan read

in for the current pisect. If there was no second scan, it
takes on the missing value.

real binary in bytes 57-6C.

This is the microdensitometer value for the third scan read in
for current pisect. If there was no third scan, it takes on the
missing value.

real binary in bytes 61-64.

This is the microdensitometer value for the fourth scan read in

for the current pisect. If there was no fourth scan, it takes
on the missing value.

The program writes the SAS compatible file in binary (unformatted) variable
blocked spanned mode. (RECFM=VBS). Because SAS includes the record descrip-
tion word as part of the record, the byt locations of all items have been
offset by 4 bytes in the above description.

1/

" The missing value is a floating point -0, or in hexidecimal 80000000,

REPROVEICHET o ;,
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CONTROL CARDS

The program uses 14 different control cards. Most of them are optional
because the program will supply default values when the user does not. Each
control card is divided into 3 major fields as follows: (1) Key word or op-
code in columns 1-8; (2) parameter field in columns 11-50; and, (3) comments
field in columns 51-80.

There are 4 classes of control cards, depending on the kind of action to be
performed. Each class is described separately below:

Class 1 - Run Cards

These cards set indicators that remain in effect for the duration of the
run or until redefined during the run. All run cards are optional.

EDGE Card

cols 1-8 EDGE
This card causes the program to convert to all scans to a
left edge scan. This effectively removes the raster produced
by the back and forth microdensitometer scanning motion. All
lines are running from right to left are turned around. If
an EDGE card is not supplied, it is assumed.

ASIS Card

cols 1-8 ASIS
This card causes the program to accept the data points in the
order scanned. However, the x,y coordinate assigned are
computed based on line direction. If the pixels are sorted
based on the x,y coordinates, a normal picture will be pro-
duced. That is, the true northwest corner point has the
algebraically smallest coordinates, and the southeast corner
has the algebraically largest coordinates. If an ASIS card
is not supplied, EDGE is assumed by default.

ABL Card

cols 1-8 ABL

This card causes the program to accept microdensitometer data
sets that have identified with blank or first character blank
labels. By default such scans are rejected as a fatal error.
Note that once turned on this option cannot be rescinded
during a computer run.

o



VALUE Card
cols 1-8 VALUE

cols 11-18 STORAGE
PANEL

This card allows the user to select the type of numeric
values to produce for the SAS file. Storage values are
normalized floating point integers, range O X value 255.
Panel values are also normalized floating point, but is
the microdensitometér A/D converter output expressed as a
display panel nuitber. The range is 0.000 < values < 5.115,
in increments of ,005. A storage value is i numerically 50
times the panel value with the decimal fraction truncated.

Class 2 - Scene Cards

These cards set parameters that apply only to the scene about to be
processed. They are automatically cleared to default values after a
STACK control card. All scene cards are optional.

SCENE Card

.cols 1-8 SCENE

cols 11-18 1-8 character name left justified with trailing blanks used
to identify a group of pisects. The contents of columns
11-18 are placed in the scene-name field of the SAS compati-
ble record. If the user does not make a scene, the program
supplies the current date by default.

PSN- Card

cols 1-8 PSN

cols 11-~15 signed integer constant starting serial number.
This card can be used to extend the serialization of previous
computer runs. If the user does not supply a starting serial
number, a value of 1 will be used by default. The STACK con-
trol card resets PSN to 1.

ORIGIN Card

cols 1-8 ORIGIN

cols 11-15 signed intéger constant x coordinate offset.




cols 16~20 signed integer constant Yy coordinate offset.

This control card is used to provide origin translation of
each pisect processed. The coordinates of the first point z
are computed and the offset applied. It may be used to

relate the pisects from the current scene to those in a
previous or subsequent Scene. This feature may be useful

when the data are from sequential scenes such as aircraft
photography.

Class 3 - Pisect Cards

These cards set parameters that apply only to the pisect about to be pro-
cessed. They are automatically cleared to default values after the
COMBINE or STACK control card. All pisect cards are optional.

PISECT Card

cols 1-8 PISECT

cols 11-18  1-8 character rame left justified with tralling blanks.
The contents of columns 11-18 are saved in the pisect name
in the SAS Compatible Record. It serves to identify pisects

within scenes. If the user does not supply a PISECT card,
the program uses the current value of the system clock by

default.
CROUP Card
cols 1-8 GROUP

cols 11-18 1-8 character name left Jjustified with trailing blanks.

The contents of columns 11-18 are placed on the group field

in the SAS Compatible Record. A non-blank name indicates

that this pisect contains calibration data for a specific
groups. If the user does not supply a group name, the }rogram
inserts a blank name by default.

IDENT Card

cols 1-8 IDENT

cols 11-18  1-8 character name left justified with trailing blanks.
The contents of columns 11+18 are placed in the ident-name
field of the $AS Compatible Record. A non-blank name indicates

that the user has identified the points in this pisect as be-
longing to the specified group. If the user does not supply
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an IDENT, the program inserts blanks by default.

RELOCATE Card

cols 1-8

cols 11-15

cols 16-20

RELOCATE
signed integer constant representing the northwest x ordinate.
signed integer constant representing the northwest y ordinate.

The northwest corner pixel will be assigned the coordinates
given on this card. All subsequent pixels will be assigned
coordinates relative to these. Thus, any pisect can be arbi-
trarily moved in space. By default, absolute relocation will
not be performed.

This card overrides the origin transformation in effect for
each pisect for which relocation is performed. The origin
transformatiorn will be performed for each pisect not relocated.

Class 4 - File Manipulation Cards

These control cards cause data to be moved from one file to another, and
to perform some transformations in the process. These cards are required
as specified below.

READ Card
cols 1-8

cols 11-50

READ
1-40 character name left justified with trailing blanks.

This card causes the program to read in 1 PDS microdensitometer
scan, stored on a temporary file. One read card is required
for each scan to be included in a SAS observation. When a

read card is processed, while the program is in the parameter
phase, control is switched to the read phase. No more para-
meter cards will be honored until control reverts back to

the parameter phase.

Up to 4 consecutive read cards will be honored. If a 5th
read card is encountered, the program will combine the 4 scans
already stored on temporary files, and then scan the remaining
control cards for errors. No more data will be transferred.
Either an end-of-file, a combine card, or & stack card must
follow read cards.

10




COMBINE Card

cols 1-8

STACK Card

cols 1-8

e— | . R — ‘o PR . T —

The 1-40 character name is used for label checking as fol-
lows:

(1) If the name is absent or begins with a blank, the pro-
gram assumes that no label checking is to be performed,
and whatever file it finds is assumed to be correct.

(2) If a name is present, it must match the label put in
the scan line by the microdensitometer operator. Label
checking is performed up to the first blank character
in the supplied name. Thus, if the user has a common
prefix for a series of scans, he may use an abbreviated
label to verify that the correct scans are being pro-
cessed. If the label check fails, no more files are
processed, but the remaining control cards are checked
for errors.

COMBINE

This card causes the program to combine the results of the
previous reads and add the results to the SAS compatible
data set being built. If n scans are being combined, exactly
n-1 combine cards are required. The last combine card in the
control card stream is optional as any uncombined reads are
automatically combined at end-of-file. At the end of a com-
bine operation, the program returns to the parameter phase
and will accept parameter control cards,

STACK

This card is the same as combine in that the results of

the previous reads are combined and concatenated to the

SAS compatible data set being built. In addition, the data
set is endfiled and the scene and pisect indicators cleared
to default values. Any control statements following a

STACK control card cause PDSCMS to start a new SAS compati-
ble file. This mew file may be stacked or separated, depend-
ing on the JCL used for the run.

Both STACK and COMBINE cards may be used in the same run,
providing at least 1 read operation is performed between
them. If a STACK card would be the physically last control
card,it can be omitted.

11
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EXECUTING THE PDSCMS PROGRAM

The PNSCMS program is executed by using the RADLGO procedure. The PDS micro-
densitometer tape is read from unit 8, and the converted file is written on
unit 9. Program control cards are read from SYSIN.

The microdensitometer output is a series of stacked data sets on magnetic
tape. The program reads as many data sets from the stack as directed by READ
control cards by incrementing the unit 9 FORTRAN Sequence Number. FEach READ
control card requires a unit 9 DD JCL statement with an appropriate sequence
number. The data set sequence number in the labels parameter points to the
particular scan to be processed by the READ command.

//FTO08F001 DD LABEL=(i,NL,,IN) for first READ card
//FTO8F002 DD LABEL=(j,NL,,IN) for second READ card
//FT08F003 DD LABEL=(k,NL,,IN) for third READ card
//FTO8Fnnn DD LABEL=(n,NL,,IN) for nnv’th READ card

The letters i, j, k, nnn represent the data set sequence number of the tape
file to be processed. They point to the i'th, j'th, k'th, and n'th data
set respectively.

The converted SAS file is written on Unit 9 in FORTRAN binary (unformatted)

mode as either a single data set or a series of stacked (separated) data sets.
Stacking is performed by incrementing the Unit 9 FORTRAN Sequence Number. The
DD statement parameters determine if stacking or separation is being performed.

//FT09F001 DD LABEL=p initial output from PDSCMS
//FT09F002 DD LABEL=q after the first STACK card
//FTO9F003 DD LABEL=r after thegecond STACK card
//FTO9Fmmm DD LABEL=s after the (mmm=1)'th STACK card.

The letters p, q, r, S represent the data set Sequence number on the tape
being produced. If the data sets were being written on disk, separated names
would be required.

12
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SAMPLE JCL USING TAPE INPUT & OUTPUT

//X0 EXEC RADLGO,

// P=PDSCMS
//GO.FTO8F001 DD DISP=OLD ,UNIT=2400,DCB=(BLKSIZE=6400,RECFM=U,BUFNO=1),

/7
/1
//60.FTO8F002

/!

//GO.FTO8Fnnn

/1
//GO.FTO9F001

/1

/1
//GO.FTO9F002

/!
/1

//GO. FTO9Fnmn
!/

/!
PDSCMS
/*  EOJ.

bD

VOL=SER=URXXXX,
LABEL=(4,NL, ,IN)
DISP=)LD,UNIT=2400,DCB=*,FT08F001,VOL=REF=*.FT08F001,
LABEL=(j,NL, , IN)

as many ftO8fyyy dd statements as required: extra ones do no harm.

DD

DD

DD

DISP=OLD,UNIT=2400,DCB=*,FTOSFOOI,VOL=REF=*.FTOSFOOl

- LABEL=(k,NL, , IN)

DISP(,PASS),UNIT=2400,DCB=(BLKSIZE=6400,LRECL=32000,RECFM?VBS,
BUFNO=1),

DSN=dsname,

LABEL=(p, ,,0UT)
DISP=(OLD,PASS),UNIT=2400,DCB=*.FT09F001,VOL=REF=*,FT09F001,
DSN=%,FTO9F001,

LABEL=(q, ,,0UT)

as many FTO9Fyyy dd statements as required: extra ones do 10 harm.

DD

DISP=(0LD,PASS),UNIT=2400,DCB=*.FTO9F001,VOL=REF=*.FTO?FOOI,
DSN=# ,FT09F001

LABEL=(t, ,,0UT)

control cards

13
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SAS PROCESSING THE COMPATIBLE FILE

JCL Requirements

é In order to process the compatible file with the SAS program, an additional

? DD statement is required by the RADSAS procedure. This statement 1is required
to point to the file to be used. In the following JCL, the PDSFILE /DD state-
ment is used to gain access to the converted PDS data.

//S EXEC RADSAS
//PDSFILE DD DSN=dsname,DISP=OLD,UNIT=2400,VOL=SER=XXxXxXxX
//SYSIN DD *

. sas progtam statements
/* EOJ.

In the above example, the converted file is assumed to reside on magnetic tape
as a single unstacked data set. 1f tbe file is not on magnetic tape, or is
passed from a previous job step, an appropriate alteration in the PDSFILE 7D

| statement will be required. ’

If the stack option has been used to stack or separate scan pictures, a separate
DD statement is required for each stacked data set to be read in during a given
SAS run. If the data sets are stacked on tape, extra DD statements may be left
in the job stream whether needed or not. The following JCL illustrates th= set
up the stacked data sets on tape.

//ST EXEC RADSAS
//STACKI DD DISP=OLD,UNIT=2400,

!/ DSN=dsname , VOL= ( , JETAIN, SER=XXxXXX) ,

/! ‘ LABEL=p :

//STACK2 DD DISP#OLD,UNIT=2400,DSN=*.STACKl,VOL=(,RETAIN,REF=*.STACK1',
// ' LABEL=q

vas many stack DD statements as may be needed: extra ones do no iarm.
//STACKn DD DISPsOLD,UNIT=2400,DSN=*.STACKl,VOL=(,RETAIN,REF=*.STACK1r,
// LABEL=r
J/SYSIN DD *

.sas program statements

i .

/%  EOJ.

l 1/ |
: The user may substitute any name for PDSFILE, but that name must also be

used in the SAS INPUT statement.

14
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If the converted files are separated on disk, a file must exist for each DD
statement in the SAS step. If both PDSCMS and SAS are executed in the sane
job, SAS DD statements may point to PDSCMS DD statements that were not us:2d

- in the PPRSCMS step. However, if the SAS program is run as a separate job, all

the converted files referred to by DD statements must actually exist in order
to prevent JCL errors. b

SAS Program Statements

The SAS program must be directed to use the PDSFILE DD Statement for its ([nput.
The model statements given below can be used to read in all the items fron the
converted file.

DATA;

INPUT DDNAME=PDSFILE SCENE $ 5-12 PISECT $ 13-20 GROUP § 21-28
IDENT $ 29-36 XORD IB 37-40 YORD 1IB 41-44 PSN 1B 45-48
PIXF1V RB 49-52 PIXF2V RB 53-56 PIXF3V RB 57-60

The user may not wish to read in all the items. Those items not wanted m y
be omitted from the list in the input statement. The following statement
shows how to read in only the data from the first and third read cards.

i eyt bk b Bt

DATA;

INPUT DDNAME=PDSFILE PIXF1V RB 49-52 PIXF3V RB 57-60; PIXF4V R 61-64;

In order to read stacked or separated data sets in to the SAS system, the
user must provide a separate INPUT statement for each separated file. Each
data set referred to by the INPUT processor must actually exist. Data sets
that do not exist or have never been created cause SAS to abend.

The following example illustrates a simplified method of reading redundaﬁt
type data sets by using a SAS macro.

MACRO WHATEVER SCENE § 5-12 PISECT $ 13-20 GROUP § 21-28
IDENT $ 29-36 XORD IB 37-40 YORD IB 41-44 PSN IB 45-48
PIXF1V RB 49-52 PIXF2V RB 53-56 PIXF3V RB 57-60 PIXF4V RB 61-t 4%

(other SAS statements could also be included in the macro to perform
special transformations, range checks, etc.)

DATA STKl; INPUT DDNAME=STACK1 WHATEVER;
DATA STK2; INPUT DDNAME=STACK2 WHATEVER;

. as many Statements as required: extra ones must be removed.

DATA STKn; INPUT DDNAME=STACKn WHATEVER;

15




The PDSCMS program assigns the missing value to the PIXFiV elements for which
- there was no corresponding read card. The user can do 1 of 4 things with
missing value: (1) accept data with missing values and let SAS handle them,
(2) do not read in the pixel filter values that are missing, (3) convert the

missing value to some neutral value, or (4) identify and take special action
for missing items.

Sample Prog;am to Convert Missing Values
PIXF2V=PIXF2V+0;

PIXF3V=PIXF3V+0;
PIXF4V=PIXF4V+0;

16




DATA CONVERSION {

Microdensitometer data is expected to be used from a storage format which is
an 8 bit integer value from O to 255 inclusive. Storage data can either
represent densities (logarithmic response), or transmission (linear response).
Simple linear transformations are required to reduce storage values

into the corresponding panel meter value, optical density, or percent trans-
mission. :

Storage values can be converted directly into corresponding panel meter ‘
values by multiplying by .02. 1/ The resultant is either an optical density . |
or transmission value, depending on the microdensitometer calibration settings

when the scan was parformed. '

When the microdensitometer is calibrated to record densities, the panel value
is optical density. Storage values are increments of .02 density units with
a valid range from 0.00 to 4.00 inclusive. Density readings larger than 4.00
constitute an overflow condition because they are beyond the specified range
of the equipment.

When the microdensitometer is recording transmissions, the stored data repre-
sents an lncremental percent transmission that is dependent on the gain set-
ting during calibration. Normally, the gain is set at 5.10 to give maximum
range and accuracy to the transmission levels. The incremental step is then
+3921569% transmission.

In addition, it may be useful to convert the storage data into, from logarithmic
densities into linear transmissions and vice versa. In the following relation-
ships, the transmission calibration (Gain) is assumed to be 5.10. The density
is always calibrated to 0.

The following symbols are used in the equations thai follow.

SD density (logarithmic) storage value 0 ¢ 8D ¢ 200

ST Transmission (linear) storage value 0< ST ¢ 255

G Gain setting for transmission nominal value 5.10
PT Percent transmission 0< PT ¢ 100

0D Optical density 0< OD¢ 4.00
1/

Described in the numeric representation section.
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The relationship between optical density and transmission is:
Density = =Log, (1/Transmission)

If we impose on this basic relationship, the requirement that 100% transmission
is 0 density and 0% transmission is 4.00 density, the equation can be rewritten
as:

(0)))

2=1 PT
oglo( )

PT 10 #*(2 - OD)
Note that the relationship of 0% transmission = 4,00 optical density requires
a mathematical impossibility, namely LOglo(O) = -2, and 1072 = 0. These con-

ditions are definitional and are imposed by the resolution limits of the elec-
tronic circuiting in the microdensitometer. During computer processing this
limiting point requires special handling. Computationally, the valid conver-
sion ranges for percent transmission and optical density are:

0< Pr<_100
4,00 > 0D > 0

Also, be aware that 4.00 optical density can be transformed into the compu-
tationally valid percent transmission value .0l. If storage transmissions
are being produced, the minimum storage value is ,39% and is larger thanm Ol.
An attempt to produce a storage value for .0Z transmission will result in a 0
value.

Because in the density to transmission, computations can be performed over the
entire density range, it is possible to computationally extend the valid trans-
mission range beyond 2,3 optical density. An image is digitized in densities
and the corresponding percent transmission computed. Thus, a percent transmis-
sion values less than .30, can be used in computations, but cannot be produced
by the microdensitometer, nor stored in standard form.

The equation to convert stored density data into optical density is:
oD = SD * .02
The equation to convert stored transmission data into percent transmission is:

PD = ST * ,3921569 when G = 5.10
PT = ST * (2/G) 0< G< 5.10 )

The following transformations are used to convert logarithmic values into linear
values and vice versa.

18
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To

To

To

To

To

convert stored density into percent transmis§ion use:

PT = 10 **(2 - SD* ,02)
convert stored density into stored transmission use:

ST = 10 **(2.40654 - (SD *.02)) G = 5.10 implied
convert Optical Density into stored transmission use:

ST = 10 **(2.40654 -~ OD) G = 5.10 implied
convert stored transmission into optical density use:

SD = (2 - log,, (ST *.3921569))*50 G = 5.10

SD = (2 - 1og10 (ST *(2/G)))*50 0<G<5.10

convert percent transmission into stored density use:

SpD = (2 - 1°g10 (PT))*50

19
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APPENDIX F

Field Extraction Program

Version 1 and 2




Introduction:

This program generates SAS program statements and control cards for PDSCMS to
facilitate conversion and identification of microdensitometer data into |inal
form suitable for discriminant analysis. It is a special purpose prograr

with few options and little in the way of error checking. It is the user's
responsibility to make certain the input data is in the correct form, as
described in the input section. There are two versions of the program. The
major difference between the two versions is the input required for each. Thus,
the input section of this paper is divided into two sections, one for ve:sion

1, and the other for versicn 2. Any other differences between versions vill be

noted in the appropriate sections. The output from the two versions is :den-
tical. h

\ it
Y /
. A

JCL Requirements:

//jobcard

/*ROUTE PUNCH LOCAL

// EXEC RADGO,

// P=RSFEP1 THIS CARD FOR VERSION 1.
// P=RSFEP2 THIS CARD FOR VERSION 2.
//GO.FTO8F001 DD SYSOUT=B

//GO.FTO9F001 DD SYSOUT=A

//GO.SYSIN DD *

{ input cards}
/* EO0J.

Output: Output is routed through logical units 6, 7, 8, and 9. Logical units
6 and 9 are for printed output, units 7 and 8 for punched output.
The printed output on unit 6 consists of job processing information
and images of PDSCMS control cards. The PDSCMS control cards are
punched from unit 7. SAS program statements for field extracticn
are punched from unit 8 and printed from unit 9.

PDSCMS Control Cards:

1. SCENE state'name_(a character maximum)
2. PISECT segmenthﬁumber (4 characters)

3. READ 1label for clear filter

4. READ label for red filter

5. READ label for green filter

6. READ label for blue filter




L T

e Y N SR Vocsemrne o ime e sk s v I ;,.;',L:‘:: SITELLS I i ._.L - LTI -.”...-,A.‘L PO A R l. e i ,l -

7. STACK . see PDSCMS 2.1.0 for
COMBINE effects of each.

Two sets of control cards are punched for each segment; one set for data

scanned in the density mode, one set for data scanned in the transmissior -
mode. The labels on the READ cards will match the identification label cn

the microdensitometer tape only if those identification labels are in the fol-
lowing form: -

col 1: 'c', 'R', '6', or 'b' corresponding to the filter in use.
col 2-5: segment number L

col 6-8: first three characters of state name

col 9-11: julian date of photography ‘

col 12-14: 'DEN' or 'TRA' corresponding to scanning mocde

col 15-40: any other information desired by the user

Input: The first data card is the same for both versions. It must be in the
following form:

col 1: blank
col 2-23: &NUMBER OFSEGS=xx,&END

where xx - the number of segments to be processed.
For each segment, the following cards are required:

VERSION 1:
1. State, segment number, and STACK or COMBINE
Col. 1-12: state name, left justified.
The first three characters are used to create lab:l
information for READ cards for PDSCMS. The state name
is also output as the SCENE identifier for PDSCMS.

Col. 15-18: segment number.

Used for label information for READ cards, and ou .put :
as PISECT identifier.

Col. 21-28: STACK or COMBINE (See PDSCMS 2.1.0 for effect of ..ach).
2. Scanning information in the following form:

Col 1: blank
Col 2-54: QINFO PHOTO=www,DELTAX=,xxx,DELTAY=yyy,NOFLDS=zzz &END




3.

FID
col
col
col
col
col
col
col
col
col
col
col
col

col

cards:
1f3:
5-11:
12-18:
19-25:
26=~32:
33-39:
40=46:
47-53:
54-60:
61-62:
63-64:
65-72:

73-80:

where www - julian date of photography

xxx - delta x for scanning

Yyy - y step for scanning
222 ~ number of fields in

this segment to be

processed. This must equal the number
of FID cards for the segment.

corner coordinates, tract, field and crop identifiers.

FID

*1

where (xl’Yl)-N'E'
(x2,y2)=N.W.
(x3,y3)=8.E.

(x4 ,)'4)’8 .W-

Y4
e
two digit integer corresponding to

two digit integer corresponding to
8 character crop identifier.

8 character crop identifier

corner of field
corner of field
corner of field

corner of field

tract identification.

field identification.

The effect of each FID card is to create a SAS‘program statement
which will append tract, field, and crop identifiers to most data
points within the quadrangle specified by the corner coordinates

on the FID card.

Not all points will be identified since boundary

points are deleted and the program operates only on rectangular
areas parallel to the scanning axes which are contained within the

specified quadrangle.

1.

[min (xz,x4)| | max (xl, x3)|

| min (y3,y4)l | max (yl’ yz)l

The assumptions are also made:

(xi,yi) i=1, 2, 3, 4, are measured in microns.

No origin offset will be used in PDSCMS.



Restriction number 3 on the preceé&ing page can be bypassed. If

|

;

|

(xi,yi) are‘in'pixel'cnordinates as produced by PDSCMS, :then specify

DELTAX=1, DELTAY=1, on the scanning information card, rather than -

their true values.

be identified.

l.

2,

Version 2:

State, segment number, and STACK or COMBINE in same format as

Version 1.
Scanning information in the following form:

col 1: blank

Irregular fields (non-rectangular) may be split
by the user into two or more rectangular fields parallel to the scan-~
ning axes in order for the maximum number of points in the field to

col 2-64: &INFO PHOTO=www,DELTAX=xxx,DELTAY=yyy ,NOFLDS=222, ﬁ

NOPNTS=ttt ,&END

where www, xxx, yyy, zzz are as defined in Version 1,
and ttt is the number of corner points in the segment.

Coordinates for each field corner point in the segment.

col 4-10: 3y
col 14-20: y1

col 24-27: 1

where (xi,yi) is the ith corner peint in the segment. These

cards must be in order from the smallest to largest i, where 1 =

1,2,3,...,n

.
L)

SFID cards: subscript of corner points, tract, field and crop

identifiers.

col 1l=4:" SFID

col 11-13: ‘where (x4,yy)

= N.W,
col 16-18: (x4,y4) = N.E.
col 21=-23: (xa,yi) = S.W.
col 31-32: integer tract identifier

col 35-36: integer field identifier
col 39-46: eight character crop identifier
col 49-56: eight character crop identifier

4

corner
cormner -
corner
corner
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Implementation of Version 2 considerably reduces setup time for
scanning, and time required to record field identification for key-
punching. By entering the E command on the microdensitometer, then
positioning the stage at a field corner point and depressing the
PROG INIT button, the coordinates of that point are printed out on
the teletype. Field corner point coordinates can then be keypunched
directly from the teletype primtout. On the sketch of the segment,
it isno longer necessary to record the coordinates for that point,
merely record the subscript for that point. Then on the SFID key-
punch form,it {gonly necessary to record the subscript for each cormer
point, not the full set of coordinates. This should reduce the man-
hours required for each of thesce si:eps by better than 502Z.
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