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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace
Remote Sensing program, AgRISTARS, is a six-year program of research,
development, evaluation, and application of aerospace remote sensing
for agricultural resources, which began in Fiscal Year 1980. This pro-
gram is a cooperative effort of the National Aeronautics and Space
Administration, the U.S. Agency for International Development, and the
U.S. Departments of Agriculture, Commerce, and the Interior. AgRISTARS

consists of eight individual projects.

The work reported herein was sponsored by the Supporting Research
(SR) Project under the auspices of the National Aeronautics and Space
Administratidn, NASA. Robert B. MacDonald, NASA Johnson Space Center,
was the NASA Manager of the SR Project and Dr. Cecil R. Hallum was the

Technical Coordinator for the reported effort.

The Environmental Research Institute of Michigan and the Space
Seciences Laboratory of the University of California at Berkeley com-
prise a consortium having responsibility for development of corn/soybeans
area estimation procedures for use on data from South America within
both the Supporting Research and Foreign Commodity Production Forecast-
ing Projects. Other supporting research activities are also conductéd

by them.

This reported research, directed at the labeling of small grains
and the discrimination of wheat and barley in multi-date Landsat data,
was performed within the Environmental Research Institute of Michigan's
Infrared and Optics Division, headed by Richard R. Legault, a Vice-
President of ERIM, under the technical direction of Robert Horvath,

Program Manager, and Dr. William A. Malila, Task Leader.
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1
INTRODUCTION

The success of a crop estimation procedure using Landsat image data
depends largely on its ability to accurately label sampling entities
(e.g., pixels, fields, clusters, etc.). Manual assignment of labels
during the LACIE project was found to be both time consuming and a
source of considerable error. In response to the need for increased
accuracy and objectivity, procedures were sought in which the labeling
decisions were left to the machine. At ERIM, two research procedures
were developed, one to identify spring small grains and another to dis-

criminate between spring wheat and barley.

The two-procedures have recently been implemented as FORTRAN sub-
routines for delivery to NASA/JSC. This report, along with its appen-
dices, describes the computer algorithms used in the procedures, and -
documents the subroutines performing the operations. Reports discussing
the development and testing of the technology have previously been
released [1, 2, 3], and therefore only brief technical overviews are

included here.
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2
GENERAL PROCEDURES DESCRIPTION

A procedure for labeling spring grain fields and further classify-
ing the interior pixels of these fields as either wheat, barley or
unknown spring small grains is presented here. The overall procedure
can be functionally viewed in three major stages, the output of which
can be used in a proportion estimation procedure (Figure 1). The pur-
pose of the first stage is to normalize the data, identify fields or
quasi-fields as targets and provide analyst inputs. In Stage 2, the
fields are labeled spring small grain or other. The interior pixels of
the small grain fields are further classified in Stage 3 as wheat, bar1e§
or unknown small grain. The subroutines performing Stages 2 and 3 are
documented in Appendix A and it is intended that they be linked with a
computer/analyst system that provides the necessary function of Stage 1.

This section provides an overview of all three stages.

2.1 STAGE 1 - DATA NORMALIZATION AND ANALYST INPUTS (Not included

in the software documented in this report)

One purpose of this stage is to generate normalized, Tasseled Cap
transformed data in which fields or quasi-fields have been identified.
Normalization is required in order to remove variance in the data due
to the extraneous effects of sun angle, satellite calibration and atmos-
pheric haze, as well as to flag bad data such as clouds, water, etc.
Modules which perform these functions exist on the U.S. Corn/Soybean
Baseline Procedure software system developed by ERIM and UCB [4] and

will not be described in this report.

This is the only stage where an analyst-interpreter is necessary

(Table 1). The analyst must provide initial screening of the segment,

acquisition selection, and parameter inputs for Stage 2. Decision logic
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| I
Data Normalization and
| Analyst Inputs |
Spring Grain Labeling
Procedure
Wheat/Barley Labeling
Procedure
Estimation
FIGURE 1. OVERALL PROCEDURE FLOW DIAGRAM
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TABLE 1. OUTLINE OF STEPS FOR STAGE 1: DATA NORMALIZATION
AND ANALYST INPUTS
STAGE 1 - Procedure Requirements
1. Initial Screening of Segment - Analyst Function

a. Presence of unusual phenomena, anomalous conditions

b. Inadequate acquisition history
2. Data Normalization

Satellite calibration

a
b. Cosine sun angle correction

0

Screening for bad data, clouds, etc.

d. Haze correction
3. Tasseled Cap Transformation
4., Assignment of Pixels to Fields or Quasi-Fields

a. Pixel assignment

b. Generation of statistics for quasi-fields
5. Procedural Parameters - Analyst Function

Expected mean day of spectral emergence for each crop

Three weights for Fisher's Omnibus Procedure

i. The crop calendar shift weight
ii. The Greenness profile fit weight

iii. The Brightness profile correlation weight
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for the analyst is not provided here and in certain cases has yet to be

determined.

2.2 STAGE 2 - SPRING GRAIN PROCEDURE

Stage 2 represents an application of 'profile technology', that is,
the use of features derived directly or indirectly from characterizations
of the continuous patterns of temporal-spectral crop development. The
central element in this stage is a group of profile sets representing the
spectral development of a number of crops in Tasseled Cap Greenness and
Brightness space. A series of comparisons is carried out between these

profile sets and the target data.

First, a temporal shift is determined which maximizes the cross-
correlation of the Greenness data points to the Greenness profile. The
shift is then applied to the target data and a multiplicative scale
factor is computed between the Greenness data and profile. After both
adjustments are made, a chi-squared goodness-of-fit of the data to the
profile is computed. For the Brightness data, a cross-correlation cal-

culation is used to evaluate the fit to the Brightness profiles.

After these statistics have been calculated for a particular crop,
a separate probability is computed for the shift estimate, Greenness fit,
and Brightness correlation associated with the profile set. The Green-
ness probability uses a standard chi-squared test. For the other two
features, previously derived empirical distributions are used. The shift
estimate probability is based on the expected mean day of spectral emer-
gence for a crop, which must be provided at Stage 1. The three probabi-
lities are then combined into a single statistic using Fisher's omnibus
procedure. The probability of this statistic is then determined using a
chi-squared test with degrees of freedom equal to twice the sum of the

weights used. If the combined probability exceeds a threshold value, the
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crop represented by the profile set is considered probable enough to be

retained as a candidate. Otherwise, the crop is rejected.*

The modules necessary to carry out Stage 2 in its entirety are
documented in Appendix A, and the algorithms used by these modules are

outlined in Table 2.

2.3 STAGE 3 - WHEAT/BARLEY LABELING

Several studies at ERIM have indicated that for a period of time
toward the end of the growing season (around the dough stage of wheat),
wheat and barley occupy different locations in Greenness-Brightness
space. Once crop calendar shift differences have been removed, barley -
tends to be brighter and less green than wheat on any given day within
this range. The separability during this interval is the basis of ERIM's

wheat/barley procedure.

In Stage 3A, a temporal shift is calculated for each small grain
field in the segment in the same manner as in Stage 2, and the shift is
then applied to the target data. The Brightness values with shifted
days between -15 and -5 are summed and averaged to obtain a segment-
level estimate of soil Brightness. Using linear regression analysis
applied to the field means a segment-specific crop profile is generated
from which a peak Greenness value is obtained. These two quantities
serve to describe key conditions which affect the spectral appearance of

the crops of interest.

In Stage 3B a set of values, a 'decision line', is computed for this
time period according to the spectral conditions of the segment. The

segment-level condition indicators (Brightness mean and peak Greenness

*This description was adapted from: "A Technique for Automatic
Labeling of Landsat Agricultural Scene Elements by Analysis of
Temporal-Spectral Patterns'", E. Crist and W. Malila, 15th Inter-
national Symposium on Remote Sensing of Environment, Ann Arbor,
Michigan, May 1981
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STAGE 2

1

TABLE 2. OUTLINE OF STEPS FOR STAGE 2: SPRING

GRAIN LABELING OF QUASI-FIELDS

- Do for each quasi-field in segment that has interior pixels -

Initial Standardization and Subsetting of Target Data (Values
reflect Tasseled Cap Greenness input with offset of 32).

d.

Subtract 25.0 from each Greenness value.

If resulting value is greater than 0 include acquisition
in subset.

If there are at least three acquisitions in subset and at
least one with a value greater than 10, continue with

~ processing, else label field 'unknown'.

Subroutine GPREP.

— Do for each profile set -

Compute Crop Calendar Shift Using Greenness Profile.

a.

dis

Estimate data peak by fitting a quadratic equation to the
three greatest Greenness values.

Shift = (day of profile peak) - (day of data peak)

Adjust shift by choosing that shift within 30 days of the
initial value which gives the greatest cross-correlation
between data and profile.

Subroutine CSHIFT.

Assign Probability to Shift.

a.

b.

Probabilities are assigned using a function based on a
prior empirical analysis of planting date variability.

Equal probabilities (.99) are assigned for any shift with-
in 14 days of the expected mean.

For shifts >14 days of the expected mean decreasing
probabilities are assigned.

Subroutine SHPROB.
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TABLE 2. OUTLINE OF STEPS FOR STAGE 2: SPRING GRAIN
LABELING OF QUASI-FIELDS (Continued)

4, Subset Data
a. Shifted day must be between 1 and number of days in profile,
inclusive.
b. If <3 acquisitions in subset label target 'unknown'.

c. Subroutine DATSUB.
5. Scale Data to Profile

a. There must be at least two acquisitions in day-range 20 to
(Number of days in profile - 20).

b. If <2 acquisitions in specified range label target
'unknown' .

L F, * F, F,
ak e

i profile value (Greenness)
L F. *G, G
i i

c. Scale =

i data value (Greenness)
d. Scale all acquisitions in profile range.

e. Subroutine PSCALE.

6. Compute Chi-squared Fit of Greenness Data to Profile.

' (Fi - kGi)2 F, = profile value
e Baf = & Si s = Greenness value
= variance for Gi
k = scale
b. Chi-squared probability: degrees of freedom = (number of
acquisitions) - 1.

c. Subroutine PFIT and IMSL routine MDCH.
— Do for each Brightness profile in set -

7. Compute Cross-Correlation of Brightness Data to Profile.

z (fi * gi) fi = (profile value) -
a. & = (profile mean)
V(Z g4 ) * (% £, ) g5 (data value) (data mean)
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TABLE 2. OUTLINE OF STEPS FOR STAGE 2: SPRING GRAIN
LABELING OF QUASI-FIELDS (Continued)

b. Subroutine RCORR.

8. Compute Probability of the Correlation (use the greatest cross-
correlation obtained).

a. This probability is assigned using a function based on a
prior empirical study of the cumulative distribution of
correlations of known grain data with the grain profile.

b. Subroutine RPROB.
- End loop over Brightness profiles in set -
9. Combine Probabilities Using the Fisher Omnibus Procedure.

3 wl’Pl = weight and probability of
a. T=-2%¢ w.,P, where shiifit
=1
w,,P, = weight and probability of
Greenness Fit

,P., = weight and probability of
Brightness correlation
(if more than 1 Brightness
profile use the profile
with the greatest cor-
relation)

b. Subroutine FISPRO.
10. Assign Probability to T.

a. Chi-squared test.
b. Degrees of freedom equal twice the sum of the weights.

c. Subroutine FISPRO using IMSL routine MDCH.

11. Assign Label.
Label field as crop which gives the greatest probability, or

b. Assign probability labels for all crops which give a probabi-
lity greater than a specific threshold (not implemented in
software) .

c. Subroutine ASIGNL.
- End loop over profile set -

- End loop over fields -

10
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value) are used to determine the starting day of the decision line and

the decision value for that day (Figure 2). The slope of the line is

fixed.

Finally in Stage 3C, labels are affixed to the interior pixels of
fields. A temporal shift is calculated for each pixel, and the earliest
shifted acquisition within the range of the decision line is used to
calculate a test statistic, GBDIST (Table 3, Step 9B). If GBDIST is
greater than the decision value, the pixel is labeled barley; other-

wise, it is labeled wheat.

The modules necessary to carry out Stage 3 are documented in
Appendix A and the functions performed by these modules are outlined in

Table 3.

11
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TABLE 3. OUTLINE OF STEPS FOR STAGE 3: WHEAT/BARLEY
LABELING OF PIXELS

STAGE 3A - Generate Segment-Level Statistics
- Do for all spring small grain quasi-fields -

1.* Initial Standardization and Subsetting of Target Data (Values
reflect Tascap Greenness input with offset of 32).
a. Subtract 25.0 from each Greenness value.

b. If resulting value is greater than O include acquisition
in subset.

c. If there are at least three acquisitions in subset and at
least one with a value greater than 10, continue with pro-
cessing, otherwise label field 'unknown'.

d. Subroutine GPREP.
2.* Compute Crop Calendar Shift Using Reference Greenness Profile.
a. Estimate data peak by fitting a quadratic equation to the
three greatest Greenness values.
b. Shift = (day of profile peak) - (day of data peak).

c. Adjust shift by choosing that shift within 30 days of the
initial value which gives the greatest cross-correlation
between data and profile.

d. Subroutine CSHIFT.

3. Estimate Parameters for Segment Specific Greenness Profile
Using Linear Regression.

a. Convert observations to regression variables Y, X1, X2.

Y 1ne(G)

)2 for T < T

MAX
0 for T z-TMAX

(T -T
X1 MAX

]

*These steps are duplicated from Stage 2, enabling Stage 3 to be per-
formed without Stage 2 being run prior to it. This would necessitate
the spring small grain fields be identified by some other procedure.

13
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TABLE 3. OUTLINE OF STEPS FOR STAGE 3: WHEAT/BARLEY
LABELING OF PIXELS (Continued)

o - 2 for T < TMAX
(T - TMAX) for T > TMAX
TMAX = day of maximum profile Greenness = 35
G = Tascap Greenness (offset by 32) - 25.0
T = shifted day of year

b. Compute the elements of the system of normal equations.

c. Subroutine MLRSET.
4., Compute Segment-Level Soil Brightness Sum.

a. Check for all acquisitions between shifted days -15 and -5.

b. Increment the soil Brightness sum (TSBR) by the Brightness
values of said acquisitions and the number of points used
in the sum (NSBR) by the number of said acquisitionms.

c. Subroutine COMPSB.
- End of spring grain field loop -
STAGE 3B - Establish Decision Line
5. Solve Regression Equation and Calculate Profile Peak.
a. Equation: Y = Bo Sr B]XI + 82X2
Variables defined in Step 3

B8
b. Peak of profile = e ©

c. Subroutine MLRFIT.

6. Modify Decision Line According to the Greemness peak as defined
in Step 5 and the soil brightness estimate, SOILBR = TSBR/NSBR.

a. Decision line has a fixed slop of 0.61 and spans an 18-day
range.

14
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TABLE 3. OUTLINE OF STEPS FOR STAGE 3: WHEAT/BARLEY

Cie

LABELING OF PIXELS (Continued)

Day 1, the day associated with the first point of the line,
and the Greenness-Brightness distance value (GBD1)
assigned to Day 1 are determined using the logic described
in Figure 2.

Subroutine DECLIN.

STAGE 3C - Labeling of Pixels

- Do for all interior pixels of spring grain fields -

Initial Standardization and Subsetting of Target Data (Values
reflect Tascap Greenness input with offset of 32).

dis

Subtract 25.0 from each Greenness value.

If resulting value is greater than 0 include acquisition
in subset.

If there are at least three acquisitions in subset and at
least one with a value greater than ten, continue with
processing, otherwise label field 'unknown'.

Subroutine GPREP.

Compute Crop Calendar Shift Using Greenness Profile.

a.

d.

Estimate data peak by fitting a quadratic equation to the
three greatest Greenness values.

Shift = (day of profile peak) - (day of data peak).

Adjust shift by choosing that shift within 30 days of the

initial value which gives the greatest cross-correlation
between the data and the profile,

Subroutine CSHIFT.

Label Pixel.

a.

Select the first acquisition with shifted day between
Day 1 and (Day 1 + 17), inclusive (see Figure 2). If
no acquisition exists, label pixel '"unknown'.

15
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TABLE 3. OUTLINE OF STEPS FOR STAGE 3: WHEAT/BARLEY
LABELING OF PIXELS (Continued)

b. For said acquisition, if GBDIST, defined as (.681*Brightness
- .7323*Greenness)t, is greater than the decision line value

for that day, label the pixel barley, otherwise label the
pixel wheat.

c. Record for each quasi-field the proportion of interior
pixels assigned to each label.

d. Subroutine CLASIF.

- End loop over pixels -

+Brightness and Greenness as Tasseled-Cap values with an offset of 32

16
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3
SOFTWARE CONSIDERATIONS AND LIMITATIONS

3.1 LANGUAGE REQUIREMENTS

All subroutines documented in Appendix A are coded in PREFOR [5], a
preprocessed FORTRAN with structured constructs designed by IBM. A
special preprocessor is required to convert the source code into stan-
dard FORTRAN from which object code can be generated using the FORTRAN

H or G compiler.

3.2 INDEPENDENCE OF SUBROUTINES

Each step of Stages 2 and 3 (Tables 2 and 3) is performed by a
separate FORTRAN subroutine. Each of these subroutines operate on a
single target (pixel, blob, etc.) and were designed with the following

objectives:

- Easy maintenance and modification
- Independence from any particular data base structure

— Independence from any computer or operational system

Three additional subroutines, SPRIN, REGRESS, and WBLAB, are pro-
vided which link certain of the subroutines in order to facilitate the
carrying out of the procedure. SPRIN performs spring grain labeling
and calls the required subroutines in the manner shown in Figure 3.
REGRES fits the field means to the profile regression model obtaining
the segment specific peak Greenness value used to modify the wheat/
barley decision line (Figure 4). WBLAB labels the interior pixels of
spring grain fields as either wheat, barley or unknown spring grain

(Figure 4).

17
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INPROF

CONVAC

SPRIN

Loop over big* blobs

GPREP ——— CONGRB
. CHEKGR

Loop over crops

CSHIFT —— QUEIT
5 XSHIFT
SHPROB
DATSUB
FITPRO PSCALE
: PEIT
MDCH
BRCORR RCORR
. RPROB
FISPRO MDCH
ASIGNL

End loop
End loop

Read profiles from file
Convert Julian dates to

day of year

Standarize and delete bad
acquisitions

Crop calendar shift
Probability associated
with shift

Subset data

Greenness scale factor,
fit and probability, resp.

Brightness correlation and
probability, resp.

Cumulative probability

Assign blob to a crop type

FIGURE 3. CALLING SEQUENCE OF SUBROUTINES FOR SPRING GRAIN
LABELING PROCEDURE

*A big blob is a blob with at least one interior pixel (i.e., a

18

pixel whose 'rook-move' neighbors are all from the same blob).
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INPROF
CONVAC
REGRES MLRSET (Stage 1) COMPXY
: : - FILMAT
COMPSB_(Staze 1)
Loon err blobs
GPREP CONGRB
: CHEKGR
CHSTFT ——— QUFIT
: XSHIFT
MLRSET —— (Stage 2) COMPXY
: FILMAT
COMPSB
End loép
: MLRFIT —— SLUD
DECLIN SIR
SIMIND

Loop over scan lines

: Loop over nixels in scan line
WBLAB

if (pixel OK¥*)
GPREP CONGRB (no opt)
: CHEKGR
CSHIFT —— QUFIT (no opt)
: XSHIFT
CLASIF
endif
endloop
End loon

*Unscreened, interior pixel of a spring small grain field.

Reads profiles from external
file

Converts Julian day to day
of year

Initializes regression
matrices

Initialize soil Brightness

Standardizes Greenness value
and deletes bad acquisitions

Crop calendar shift
Converts observations to
regression variables and

fills matrices

Increments soil Brightness
for segment

Solves regression equation

Generates decision line

Generates index by blob
number to blob statistics

CONGRB is not called

QUFIT is not called

Carries out decision logic
and assigns pixel to wheat,
barley or unknown

"The convention of storing Landsat images by scan line is adooted here. This requires
special inout/output routines as discussed in Section 3.3.

FIGURE 4. CALLING SEQUENCE OF SUBROUTINES FOR WHEAT/BARLEY

LABELING PROCEDURE

19
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3.3 DATA REQUIREMENTS

Tasseled Cap Greenness and Brightness data are required by the
system. An offset of 32 is not required but the user must inform the
system whether or not it is there. It is highly recommended that the
data receive some form of normalization to correct for the external

effects of sun angle, sensor calibration, atmospheric haze, clouds, etc.

The only data provided as part of this system are the reference
profiles. Profiles are stored on external files in a specific format.
Obtaining this data is the responsibility of the subroutines INPROF and
GETPRO which use FORTRAN formatted read statements. Different profiles
can be used by substituting new files for the files containing the
standard reference profiles, as long as the new files adhere to the

specifications of the input routines.

The procedural description given in this report was designed to fit
into the U.S. Corn/Soybean Baseline software system. This system pro-
vides two necessary functions. Firstly, it provides the computer capa-
bilities of data normalization and quasi-field (Blob) generation (Table
1). Secondly, it handles all data management which involves the
acquisition of blob and pixel data, as well as the storage of intermediate

results and target labels.

Pixel data present a special problem becuase of the number of
pixels in a sample segment. By convention, a Landsat segment (five
miles by six miles) is stored and accessed by scan line (196 pixels long).
WBLAB (Figure 4), the only subroutine interfacing directly with pixel
data, expects one scan line at a time. The baseline software, external
to WBLAB, handles all scan line I/O since this involves interaction with

the data base.

Finally, it should be noted that by slightly modifying SPRIN, REGRES,
and WBLAB, pixels rather than.quasi-fields could be used as labeling

targets for Stage 2.
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3.4 COMPUTER SYSTEM CONSTRAINTS

3.4.1 COMPUTER SYSTEMS ON WHICH SOFTWARE IS IMPLEMENTED

The subroutines have been implemented on three computer systems:

Location Computer Operating System
University of Michigan Amdahl MTS
NASA/Johnson Space Center ES 3000 CMS

EODL
Purdue University, LARS IBM CMS

The software is largely transportable, limited only by minor

language constraints (Section 3.1) and the system-dependent subroutines

described in Section 3.4.2.

3.4.2 EXTERNAL ROUTINES USED

- MDCH International Mathematical and Statistical
Libraries (IMSL) routine to calculate prob-
ability associated with a chi-squared
goodness-of-fit statistic.

SLUD*, SIR* Michigan Terminal System (MTS) routines to
calculate the inverse of a matrix and to
multiply two matrices, respectively.

MOVEC+, EQUC+, MTS character manipulation routines to do the

LCOMC+ the following:

1. Copy character string from one position
in memory to another.

2. Compare two characters for equality.

3. Compare two character strings for
equality.

*Code provided with the subroutines.

JrAvailable on MTS, LARS, and EODL computer systems.
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APPENDIX A
DOCUMENTATION OF PREFOR SUBROUTINES
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ASIGNL (Continued)

COMMENTS

ASIGNL IS INTENDED TN BE CALLED ONCE FOR EACH POTENTIAL
CROP/LABFL, MAXPRO SHNULD RE SET Tu ZERO PRIOR

TO THE FIRSTYT CALL T ASlIaNl, THE PROBABTLTTY

OF CUMPRNO Tg CALCULATED USING A CHI=SQUARED TEST wITH
DEGRFEES NF pREELOM ERQUAL Tn TWICE THE SUM 0OF THE WEIGHTS,
IF THIS VALIJF 1S GREATEK THANM MAXPR(O AND THRFSH, THEN
MAXPRU WILL PECEIVE THE VALUE AND ILABEL WTLL BE ASIGNED
TO LABEL., TF NOT, MAXPRN AND LABEL AILL NOT 8F ALTERED
FRUM THEIR [NCOMING VALUFS, IF DEFFR IS TRUF, NO TESTS
ARE MADE, Nrp VALUES CHANGED,
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PURPDSE

R R COQORFE

TO CNOMPUTE THE CROSS=CNRRE| ATION BETWEFN A SET (OF

PGINTS AND 4

BRIGHTNESS PRNAFTLEC(S),

CALLING SEQUFNCE

CALL
g
&
INPUTS

NACH
DATA

DAy
SHIFT

NPROF
RIRIIEILS

NOAYS
NIM|
CUITPUT S
BBEST
RCOKR

BPRIB
RC

BRCORR

Txd
Rxd

Tal

Ix4

Ix4
RxU

Txd

Tad

|
Rxd

Rxd
Txd

<0
>0

wounn

(NACQ,DATA,DAY,SHIFT,
MPRUF ,PROFLS,NDAYS,NnTIMYL,
BHFST,RCORR,BPRUB,R(C)

NUMBER NF EJ EMENTS TN DATA

SET (OF VALUFS T2 BE FIT TN PROFILE

VECTUR NF LENGTH NACOQ

DAY UF YEAR(1=366) CURRESPONDING TO EACH
DATA VALUF. (VECTOR NF LENGTH NACK)

CRMNP CALENDAKR SHIFT SHIFT IS ADDED

TO DAY TU RFEFTFRMINE CORRESPNONDING
POSTITION TN PROFLS.

NUMBER NF PRUFILES TU FIT

ARRAY DIMENSTONED DIM{ BY NPRNOF CONTAINING
THE REFFRFNCE PROFILES. FACH PROUFILE HAS
I1TS OWN NpMapR 9F DAYS TINDICATED

BY NDAYS(T1), HOWEVER DIMI MUST BE EQUAL
10 DR GREATFR THAN THE |LARGEST NDAYS(I),.
NIIMBER OF DaYS IN A PRUFILE

VECTOR NF LFENGTH NPROF

LENGTH OF FIRST DIMENSINON OF PROFLS

THE POSTTTUN In THE ARRAY *PROFL.S' 0OF THE
PROFILE GLTVING THE BEST CORRELATIDN,
CRNSS~CNRRELATION (F THE DATA T0D THE
PROFILE SPECIFIED BY RBEST,

PROBABILITY ASSOCTATED WITH BCORR

RETURN CUDE

ALL WENT whk L

UNABLE TO CALCULATE CNORRELATION
INSUFFICLIFNT NUMBER OF PUINTS TO COMPUTE
PROBARTILITY
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BRCORR (Continued)

EXTERNALS

RCOKR CALCULATES CURRFLATTION
RPRUR ASSIGNS A PRURARILITY TN THE CNRRELATION
COMMENTS

= THE CROSS=CARKELATION TS CALCULATED USING THE FOLLOWING
FURMULA:

-~ THE PROBABTILITY IS BASED UM CUMULATIVE DISTRIBUTTUNS UF
THE CROSS=CORRELATTUN 0OF KnOwN GRATMN BRIGHRTNESS DATA T0
THE GRAIN RRTGHTINESS PRUFIVE, A DIFFERENT DISTRIBUTIOUN

IS USED DEPENDTNG ON THE NUMBER 0OF ACGUISITIONS IN THE
SAMPLE,
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PURPOSE

CLASIF

LABELS TARGET AS FIIHER wHFAT, BARLEY
SPRTNG GRAIN

DR UNKNUWRN

CALLING SEQUENCE

CALL
R

INPUTS
BRTIGHT
GREEN -
SHFDAY

NUSED
Dayl

LINE

QUTPUTS
CuDE
CUUNT

RC

Raxd

Rxd

T xd

Txl
Txl

R’

Tl

Txd

Txd

CLASTF(BRIGHT,GRFEN,SHFDAY,NUSED,DAY1,LINE,

CODF,cONNT,RC)

ARIGHTMNFSS vAl UES FNR GIVEN ACQUISITINNS,
VECTUR NOF LENGTH NUSED

GREFNNESS VALUES FOR GIVEN ACQUISTITIUNS.
VECTOR OF LENGTH NUSED

SHIFTFD DAY OF YEAR FOR GIVEN ACQUISITIONS,
VECTUR Nk LENGTH NUSED

NIIMBER NOF AcQUISITIONS

DAY OF YEAR CORRESPONDING TN FIRST PUINT

IN THFE VECTnp 'LINE"

DFCTISTON VAL UES FNR 1R DAYS STARTING AT DAY1,
VECTOR OF LFNGTH 18

LARFL @ 1 = WHEAT ¢ 2 = BARLEY 3
2 = IINKNONN SPRING GRAIN,
NUMBER OF 1,2, AND 3 LABELS ASSTGNED.
VECTUR OF LFENGTH THREF
RETURN CUPEs 1 = NO CLASIFICATION POSSIBLE,
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CLASTITF (Continued)

CUMMENTS

PROGRAM wILL ASSTIGM A CUnk NF 1,2 DR 3 TN THF TARGET
CORRESPONDING TN WHEAT,RARLFY, OR UNKNUWN SPRING GKAIN,
THE CURKESPONDING POSITIAN IN 'COUNTY WIlLp BF INCREMENTED
RY 1., THE PROGRAM CHECKS FUOR A SHFDAY BETWFEN DAYL AND

DAY1 + 17. TF GRDIST FUR THAT AQUISITION, GIVEN BY THE

FURMULAS GRUTIST = (,681*RRIGHTNESS) = (,7323*GREENNESS),
IS LESS THAN THE RFSPECTTVF VALUE TN LINE, THEN CODE 1S
SET Tu 1 CNRRESPONDING In wHEAT, ELSE CUDE IS SET T0) 2
CURRESPUNGTNG T BARLEYS TF NO ACQUISITION TN THE
APPRIIPRIATE RANGF FXISTS THEN CODE IS SET T 3,
CORRESPUNDING TN UNKNOWN SPRING GRAIN,
xx NOTE = THF GRFENNFSS VALUFS ARE EXPECTED TO
BE 'STANDARDIZFD', (EG, TF AN OFFSFT OF 32 wAS
ADNEN WHEN THE TASSELED CAP TRANSFORMATION WAS
APPLTED, 25 SHNUI D BE SURTRACTFD FR(OM THEM)
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CHEZKG GHK

PURPOSE

PARTITTUNS pATA ACCURDING TO THE FOLLUWING RULE 2
IF GREENMESS vALUE 1S AT LFAST 'THRESH' THEN IT IS
INCLUDED [N THE SURBSET, 1T THEN SUBTRACTS
'"THRESH' fpROM FACH GREFNNESS VALUE IN THF SUBSET,
AND SUBTRACTS THRESH=25 FROM EVERY BRIGHTNESS VALUF
IN THE SURSET,

CALLING SEQUFNCE

CALL CHFKGR(NACN,DAYS,GRFEN,BRITE,SCSwIT,SCRFEN,

& THRESH, NOUT,ODAYS,NGREFN,UBRITE ,MAXGR)
INPUTS

NAC Tx4  LENGTH NOF INPYT VECTORS

DAYS Tx4  VFCTHR CONIAINING DAYS 0OF YFAR,

VECTUR NF LENGTH NACQ
GREEN Rx4  GREENNESS VALIIES,
VECTDR NF LENGTH NACQ
BRITF Rxd BRIGHTNFSS VA| UES.
VECTUR NF LFNGTH NACG
SCSwIT LuG TRUE. IF ScRFEN IS TO BE USFED
SCREEN Tx4 INDICATES IF ACNUISITION TS TN BE
CONSIDERED FOR SUBSETTING,
VECTOR OF LFNRTH NACH
0 = GNOD DATA
>0 = BAD DaATA
THRESH R*4 GREENNESS THRFSHOLD BELOW WHICH AN
ACQUISITINN Is FEXCLUDED

OUTPUTS

NOQUT Txa  NUMRER 0OF E| EMENTS IN SUBSET

NDAYS [x4 DAY nNF YFAR FAR EACH DATA ENTRY IN SURBSET,
VECTOR NF LFENGTH NACQH

OGREEN Rx4  MODIFIED GRFENNFSS VALUFS IN SUBSET,
VECTUR NF LFNGTH NACQ

OBRITE Rx4  MODIFIED RKTGHTNESS VALNES In SUBSET,
VFCTUR NF LENGTH NACG

MAXGR Rxd MAXIMUM GREFNMESS VALUE IN VECTOR UGRFEN

LINKAGE

GPREP
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C CMmMPSBH
PURPUSE

T INCREMENT A SiUm SOIL RRTGHINESS STATISTIC BY THE
BRIGHTNESS vALUE (F ALL APPROPRIATE ACQUISTTIUNS OF
THE TARGET,

CALLING SERQUENCE

CALL CNMPSR (STAGE ,SHIFT,NDAYS,DAYS,BR,
& NSBR, SOTLRR)

INPUTS

STAGE Ix4 PROCESSING STAGF
1 = INITIALTZF NSBR AND SOTLRR T0 ZERD
? « INCREMENT NSBR AND SOTLRR

SHIFT Ix4 CROP CALENDAR SHIFT

NDAYS T4 NUMBER NF ArcQUISITINNS

DAYS Tx40 DAY UF YEAR FOR EACH ACQUISTITION,
VFCTOk UF | ENGTH NDAYS

BR Pxlli RRIGHTNFSS VALUE FOR EACH ACQUISITINN,
VECTOR UF | ENGTH NDAYS

NSBR T4 NUMBER NOF ENTRIES ALKEADY INCLUDED TN
SOJILBR

SUILBR Px4 A RUNNING TNTAL OF THE SOTI BRIGHTNESS
VALUES FOR aALL TARGETS TN THE POOL

OUTPUTS

NSRix Tax INCREMENTFD RY THE MNUMBER NF BRRIGHTNESS
VALLUES ADPDEp TO SNILBR

SUILBR Rsll A RIUNNING TNTAL OF THE SOTL BRIGHTNESS
VALUES FUR ALL TARGETS TN THE PNOL

CUMMENTS

THIS MODULE TS INTENDED TO BE CALLED ONLY ONCE AT
STAGF=1, THEN ONCE AT STAGF=2 FUR EACH TARGET

IN THE POL AT wHICH TTMF THE BRTIGHTNESS VALUES
FOR ALL SHTFTED DAYS BFTWEFW =15 AND =5 wWILL BE
ADDED TU THE RUNNING TnTaL SOILBR AND NSRR WILL BE
INCREMENTEN BY THE NUMRER 0OF SAID ACAQUISITIONS,
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PURPIISE

CNOMP y Y

CUMPUTFS THE KFGRFSSTON VARIABLES X1,X2, AND Y
FOR EACH ACQUISITION WITH A SHIFTED DAY NF YFAR GREATER
THAN O AND | FSS THAN 121, (SFE ROUTINE MLRSET)

CALLING SEQUENCE

CALL
g

INPUTS

STAGE

SHIFT
NDAYS
DAaYS

BGR

DUTPUTS
Y,

X1,X2

NHBEFOR
NAFTER

NPTS

COMPXY (STAGE,SHIFT,NDAYS,DAYS,BGR,

Ix4

I x4
Ixd
I x4

Rxy

R x4

R/

Txu
Ixy

T*4

YoX1,Xp,NBEFOR,NAFTER,NPTS)

PROCFSSING STAGE
1 =« INITIALTZF NBEFOR AND NAFTER TO 0
2 = COMPUTE Xi1,X2 AND Y FNR FACH ACQUISITION
IN PROFTILF RANGF, RECORDING THE NUMBER 0OF
SAID ACQUTSITIUNS IN THE VARIABLE NPTS,
JNCREMENT THE VARTIABLES NREFNR AND NAFTFR,
CPROP CALENDAR SHIFT
MUMRER NF AcQUISITIONS
DAY NnF YEAK FnNkR EACH ACAQUISTINN
VECTOR UF | ENGTH NDAYS
GREFNNESS VALIE FOR EACH ACQUISITION
VECTNR OF | ENGTH NDAYS

THE NATURAL LNGS OF THE GREFNNESS VALUES.
VECTOR (OF | ENGTH NDAYS
FOR SHIFTFULD DAYS BETWEEN 1 AND 3120

IF DAYSCI)*SHIFT < 35 AND > 0
X1(I) = ( (DAYS(T)+SHIFT)=35 )*x2
X2(I) = 0
NTHERWTSE TF < 121
X1¢I) = 0
X2¢I) = ( (DAYS(T)+SHIFT)=35 J)*xx2,

VECTORS nF LFENGTH NDAYS
CUMULATIVE NUMBFR (OF POINTS RFFORFE
PROFILE PEAK
CUMULATTIVFE NUMBER (OF PUTNTS AFTFK
PROFILE PEAK
NIIMBER OF AcGUISITINNS IN PROFILE RANGE
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COMPZXY (Continued)

LINKAGE
MLRSFT
COMMENTS

- THIS MODULF IS INTENDEPD TO BE CALLED OUNCF AT STAGE=1
THEN AT STAGE=2 Fi)R FACH TARGET,
- SEE MLRSET
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c ONGRRB

PURPISF
CUNVERTS GRARS VAL UES TU GREFNNESS VALUES

CALLING SEQUFNCE
CALL CONGRB (NACH,GRARS,BRITE , GREFN)

INPUTS
NACU I1xd  NUMBFR (OF FNTRTES TN ARRAYS
GRABS kx4 VECTOR UF GRABQ VALUFS
ILEMGTH=NACH
BRITE Rx4 VECTNOR UF RRTYGHTNESS VALUES
) | ENGTH=NACH
ouTPUTS
GREEN Rxd4  VECTOR (F GRFEMESS VALIJES
LENGTH=NACH

COMMENTS

ASSUMES THAT DATA TS TASSE|ED CAP TRANSFMRMED
WITHOUT AN NFFSET VECTNR ANDED TN TT,

LINKAGF

GPRER
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CnDNVAC

PURPOSE
CONVERTS UDATF(YYDDPD) TN DAy 0NiF YEAR(DDD),
CALLING SEQUENCE
CALL CONVAC (NACG,ACUS, ACDAY)
INPUTS
NACW Tx4d NUMRER NF AcQNISITINONS
ACAS Tx4 |LIST OF ACWUTISITIONS AS JULTIAN DATES
VECTNOR NF LENGTH NACO
NUTPU TS
ACDAY Ix4 | IST UF ACQUTSTITTONS AS DAY NF YEAR
VECTOR NF LFENGTH NACW
RC Ix4 KETURN CNUF: 16 = DATES NUT OF URDFR
CUMMENTS
IF THE LIST ()F ACRQUISTTTUMS SPAMS MNRFE THAN | CALENDAR YEAR

ACDAY wILL PE GREATFR THAN 365(6) FOR THE |ATEST YeBAK,
ASSUMES ACUUISITINNS ARF TN ORDER,

38



) ERIM

C S HIFT

PURPUSE
CALCULATES cROP CALENDAR SHIFT OF DATA

CALLING SENUFNCE

CALL CSHTIFT(NACQ,DATA,ACNS,SARRAY,
S MDAYS,PROFIL,PRUOFPK,NTATIL,
8 SHIFT,XxCORR,RCODE)
INPUTS

NACUW Txd NUMBER NF b EMENTS TN DATA

DATA - Rxd |.1ST 0OF LANDSAT GREENNESS VALUES,

VECTNR UF | ENMGTH NACN
ACQS Txd THE DAY UF THF YFAR ASSOCIATED WITH EACH

DATA VALUE (VECTOR F LENGTH NACR)
SARRAY L4 | IST NOF 10 SWITCHES TURNING UFF VARIGUS
MODULES UF THF PROGRAM
SARRAY (1) = JF TRUE, DO QUADRATIC FIT
SARRAY(2) - IF TRUF, DI CKRNP CALFNDAR
SHIFT DETERMINATIUN
SARRAY (4),..(10) = UNDFFTNFD
NDAYS Txd NUMBER NF DAYS TN PROFILE INCLUDING TAILS
PROFIL Rxd  REFFRENCE CROP PRNOFILE
VECTOR UF | ENGTH NDAYS
PROFPK  Txd4 DAY OF PEAK GREFNNESS FNR RFFFRENCE CRUP
PROFILE
NTAIL Txd NUMBER OF PNINTS TN THE LEADING TAIL OF
THE PROFI|E, DAY #1 0OF THE PROFILE
ENUALS PROFTLI(NTATL+1)

OuTPUTS

SRILET T/t THE DIFFERENCF RETWEEN THF DAY 0OF PEAK
GREENNESSS rAlLCULATED FRUM THE NBSERVA=
TTIONS AND THE DAY (F PEAK GREFNNESS
NF THF PRNFTLF
XCOKR Rxll  CNRRELATINNSCNEFFICTENT UF PROFTLE Tu DATA
RCODE T«4 RFTURN CUDE
0 = AL WFMT WELL
1 = INSHFFICIENT NUMKFR (OF SHIFTED
ACOUISITINNS TO CALCULATE
CNRRELATINN
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EXTERNA
QUFIT
XSHIF

CUMMENTS

CALCULA

METHOD @
1.

e

CSHIFT (Continued)

LS

DOES QUADRATIC FIT ON THRFE POIMTS
T CHOODSFS THAT SHYFT WAHMICH GIVES
THE GRFATEST CRNSS=CURRELATION

TES cRUP CALENDAK SHIFT (JF DATA USING A Tw( STEP

CALCILATES PEAK By FITTING A QUADRATIC TO THE
DAY HAVING THF GRFATEST GREEN VALUF AND ITS TWU
NFARFST NFJGHBORS

CHONSFES THE SHIFT THAT GIVES THFE GRFATEST CRIISS
CORREILATION FACTUR 11ISTNG THF SHIFT FROM PART NNE

AS THF SEED. IT CcHFCKS ALL DAYS FRNM SHIFT=30
TO SHIFT+30
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PURPOSE

D AT s 1} B

DETERMINES gUBSET NOF ACWIIISITION SET

CALLING
CALL

%

INPUTS
SHIFT
MAX
NIN
RRIN
GRIN
ACQIN

NUTPUTS

NOUT
BROUT

GROWUT
ACQOUT

COMMENTS

SEQUF NCE

DATSUB(SHIFT, MAXY,MIN,BRIN,GRIN,ACQIN,

1x4
Ix4
TIx4
RxdU
Rx(
[ %0

Ix4
Rx4

Ry

Ix4

NODT ,BROUT, GRONT , ACGNYT)

CkNP CALENDAR SHIFT

UPPER BNOUND UfF ACRIN FOR INCLUDING DATA

NUMBER NF ACWNISITIONS,

LIST NF BRIGHTNFSS VALUFS (LENGTHENIN)

I.LTST OF GREFNNESS VALUES (LENGTH=NIN)

DAY NF YEAR CNRRESPONDING T() FACH DATA VALUF
LENGTH=NTN

NUMBER 0OF AcWQUISTIONS IN SUBSFT
LIST NF SUBSETTFD BRIGHTNFESS VALUES
(LENGTHSNTNY

LTST OF SUHBSETTFD GREFNNESS VALUES
(LENGTH=NTNY

CORRESPONDING DAYS (LENGTH=NIN)

AN ACQUISITION WwIpL BE INCHUDED IN THE OUTPUT TF
+ SHIFT 1S GREATFKR THAN ZER() AND LFSS THAN

ACHIN
OR EQU

AL TD

MAX
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PURPOSFE

COMPUTES THE

CALLING SEQUENCE

CALL
INPUTS
PEAK
NS Rk
SHR
QUTPUTS
DAY
GHD1
SLOPF
INTCPT

LINE

CUMMENTS

THE SLOIPF

32,

Rx4
| Y]
R«d

Ixld
Rxl
Rxd
Rxl

Rad

D EC L IN

AHEAT/BARLEY NDECISIfiN L TNF

DECLIN(PEAK,NSRK, SRR, DAY1,6GBD1,SLOPE, INTCPT,LINE)

PFAK GRFENMNFSS VAIUE NF PROFILE
NiUUMBER OF DATA VALUES TALLIED IN SBR
CUMULATTIVE sOTL BRIGHTNESS FOR THF SEGMENT

DAY UF YEAK CORRESPONDING TN THE
FIRST POInT IN THE VECIOR | INE'
DECTISTON | INF VALUE FOR DAYY

Sl NPE OF pEeTSION LTINE

POINT AT WHICH DECISINON LINF INTERCEPTS
THEMN GREEM AXTS.

VALUE OF DEFISINN LINE FOR 18 DAYS
STARTING AT DAY

HAS A VALUE 2 0 _61.

THE PEAK GREFNNESS VALUE Is EXPECTED 10 BF *STANDARUTZED!
(£G. FUR TaSSFLED CAP GOEFNNESS VALUE WITH AN OFFSET O
(ONF MUST SURTRACT 25)
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F I LMAT
PURPISE
INCREMENTS THFE ELEMENTS NF THE RFEGRESSTON MATRICES XTX AND
XTY WITH ITHE APPRNPRIATE LINFAR COMBINATIUMS (OF Y, X1,
AND x2,

CALLING SEQUFNCE

CALL FILMATC(STAGE , Y, X1, %2, WT,NPTS, TOTAL,SSUY,XTX, XTY)
INPUTS
STAGE ITx4 PROCESSTING STAGE

1 = INITIALTZF QUTPUTS TO ZERD
2 = INCREMENT UUTPUTS

Y Rxdd VECTUR NF LFNGTH NPTS
Y(I)=| (U (GREENNFSS(T))

X1 Rxdd  VFCTUR OF LFHNGTH NPTS

X2 Rall VFCTUR NF LFENGTH NPTS

Wl Rxli  THE WFIGHT APPLIED T EACH GRFENKESS VALUE
NPTS Tx4  NUMBEP NF PAINTS TO BF ADDED TO XTx AND XTY

DUTPUTS
TuTAL Tall  TOTAL NUMRER 0OF OBSERVATIONS USED IN

THE RFGRESSTON, FACH TIMF FILMAT IS CALLED
TOTAL TS IMNCREMENTFD BY THE VALUE OF NPTS,
S50y Rxd StiM UF SUYARES OF Y
XTX Rati 3X3 SYMMETRTCAL MATRIX (X'x) T0 BE USED IN
MLR ANALYSIS, THF ROTTOM LEFT HAND CORNER
1S NUT CALCULATED AS IT IS
THE MTIRRUR TMAGF OF THE UPPER RICHT CORNER,
XTY Rxl  3X1 MATRIX ¢X'Y) TO £E USFp IN REGRESSION
ANAL YSIS.

LINKAGE

MLRSF I
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FILMAT (Continued)

CUMMENTS

THE ELEMENTS (JF THE MATRTICFS XTX AND XTy ARE SUMMATIINS,
OVER ALL TARGETS, NF LINFAR COMBINATIONS OF X1(1), X2(1),
AND Y(T), THERFFORE, FI} MAT SHUULD BE CALLED ONCE AT
STAGE 3 T INITTALIZE THFSKF MATRICES, TOTAL AND SSQY T0
ZERi), AND THEFEN AT STALF 2 FR EACH TARGFT.

SEk MLRSET AMD MIRFIT FUR DESCRIPTIONS (F THE REGRESSIMNN
EQUATTIONS,

THIS SURRNUTINE wWAS UFSTGNED TO BF CALLED BY MLRSEI,
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F 1 SP KO
PURPOSE

REAL FUNCTTON CALCULATTNG A CUMBIMED TFSY STATISTIC
USING THE FISHER UMNIBIIS PROCEDURE

CALLING SEQUENCE
FISPRO(NPRN),PROBS, wFIGHT,RC)
INPUTS
NPRO Ix4  NUMRER 0OF FRURARILITIES TN COMBINE
PROBS R * () L TST NF PRURARILITIES
VECTOR UF LENGTH NPRN
AETGHT . Rxd4  WFEIGHT ASSOCIATFD WITH FACH PRORARILITY
VErPTOR OF LENGTH NPRND
NUTPITS

FISPRU  Rx4  RFTURNS THE CAMBINED PROBABTLTTY
RC I'xd  KFTURN CODEs FQUALS 4 IF NPRN IS LESS THAN 1§

CUOMMENTS
= WEIGHT(T) MUST RE PASTTTVE
= FISPROD Tg COMPUTED RY TAKING THE SUM NVER ALL

- PROBABILITIES (OF
2 * WEIGHT(T)&«LN(PROBS(1)) .
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PURPOSE

F T T1TPRDN

FITS TEMPURAL SPECTRAL URSFRVATIONS Tu A REFFRENCE PROUFILE
AND CUMPUTES THE CHLI=SRUARFD GOUDNESS OF FIT AND
THE PROBABILITY OF THE P11,

CALLING SEQUFNCE

CALL
&

INPUTS

NACW
DATA

nay
SHIFT
NDAY
PROFTL

VAR

DUTPUTS

SCALE
FIT
PROB
NUSE

RCODE

FITPRO(NACH,DATA,NAY,SHIFT,NDAY,pPROFIL, VAR,

Ixy
K xy

Ixy
Ixy
Ixy
R %y

x4

K x4
kxy
R*xy
Ixy

Ixy

SCALF,FIT,PROB,NIUSE,RCODE)

NUMBRFR (OF FLFMENTS IN DATA

LIST UF DOBSERVFD SPECTRAL VALUES 10O BE FIT
T THFE PROFTILE (VECTOR UF LLENGTH NACQ)

DAY NF YFAR FOR FACH DATA VALUF
VECTODOR UF | ENGTH NACAH

CRIP CALENDAR SHTFT FUR NBSFRVED DATA

NIUMBRER (JF PUTNTS IN THE PROFTLF

LTIST OF DISCrETE VALUES FUR RFFERENCE PROFTLE
VECTOR tIF | ENGTH NDAY

VARTANCE ASSNCIATED WITH EACH PROFTLE VALUE
VECTNR LF | ENGTH NDAY

VALUF USED Tn SCALE NBSERVATTONS TO PKROFILE
CHTI=SQUAREN RONONESS 0F FIT VAl UE
PROBABILTITY ASSOCIATFD WITH FIT

NUMRFK (JF NHSERVATIONS USED IN CALCULATING
THF FIT

RETURN CNHDF

= AL| WEMT «ELI

- NAH]F 10 CALCULATE SCALF FACTOK

- NAKIE T CALCULATF FIT

- UNASLE T9O OBTATIN PROBABILITY

W = O
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FITPRDO (Continued)

EXTERNALS
PSCALE SCALFS UBSFRVATINNS Tij PROFILF
PFIT CALCULATFS CHISNUARFD SNUDNESS NF FIT
MDCH IMSL ROUTINE Tr) CALCULATF CHI-SGUARED

PROBARL ILITY

COMMENTS

THIS SUBROUTINE wAS NESIGNED 1N BE USED WITH

TASSELFNn CAP TRANSFURMFD GREFHNESS VALUES THAT HAVE
REEN STAMDARDIZED TU A SFT UF REFERENCF CROP PRUFILES,
(£EG. 1F THF GRFENNESS VALUES HAVF AN QFFSET 0OF 32
SUBTRACT 25 FROM EACH TO STANUARDIZE THEM,)

THE FIT TS CALCULATENn aS THE SUM OVER ALL ACAUISTTIUNS

OF ¢ ( PRUFIL(T) = (SCALFADATAC(CI)) )*x2 / VAR(I) .

WHE KF 3

SCALE = SUMPRII/ZSUMPRD 3

AHERF =
SUMPRI} = Si!M JF THF SUHARES OF THE PROFILE POINTS
SUMPRD = §UM (IF THF PRODUCTS OF PRNFILE AND
DaTA VALUES
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PURPOSE

FTPRN

T READ BRIGHTINESS AND GREFNNESS REFERENCE PROFILES FROM
EXTERNAL FTLES OF FIXED FURMATS,

CALLING SEQUENCE

CALL
R

INPUTS

PRSw

PUNLT
P2UNIT

DIM1

QUTPUITS
NDAYS
GDAYS
NTAIL
GPRUF
RPRUF
GPRUZ
GVAR
PMA X

PKTIME
RC

x4

Txu

Tx4

T4

Tad
Txd
Tad
Rx
Rad
Rxd
Rxd
i

Txd
[ x4

GF TPRO(PRSw,PUNTT , P2UNIT,DIM1,NDAYS,GDAYS,NTATL,

GPRUF ,RPRUF , GPRP2,GVAR,PMAX,PKTIME ,RC)

LOGTCAL SWITCHES, LENGTH=p

1. TRUE = PT PROFILE FRUM PUNIT INTU BPROF
FALSF = PUT PRUFTLE FROM PUNIT INTNO GPROF

2. TRUE = READ FRIM BNOTH PRUNTT AND PUNITT
FALSE = READ ONLY FROM PUNIT

FORTRAN UNIT NUMBFER OF FILF THAT CONTALNS
GPROF AnD BPROF

FORTRAN UNIT NUMBER (OF FILE THAT COMTAINS
GPRMN2 AMD GVAR

FIRST DIMFNSION LF FACH PROFILE ARRAY,

THIS MUST BF LLARGEK THAN Nrp EQUAL T4

THE LARGEST GDAYS(I),

NUMBER 9F (rOP CALENDAR DAYS FUR PROFTILES
GNAYS=HNAYS+2xNTATL
THFE HNIMBER nF POINTS AUDED T3 EACH SIDE
DF THF GREENNESS PROFILFE T ALLOW
CRNSS=CNHRRE| ATIAON SHIFT DETFRMINATIMIN,
GREENNESS PROFILE USED IN SHIFT CALCULATION
VECTOR NF LENGTH = DIM]
BRIGHTNFSS pPRNOFILF
VFCTUR NF LENGTH = DIMY
GREENNESS PRUOFILE USED TN FIT CALCULATINN
VECTOUR OF LENGTH = DI}
VARIANCE FOR FACH POINT IN GPROP
VECTUR 0OF LFMGTH = DIMI
MAXTMUM GREFNNESS VALUE OF GPROF
DAY CORRESPANDING TN MAX[MyM GREENNESS VAL UF
RETURN CUDE

16 = UNARLE Ti) READ FILF
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CGETPRO (Continued)

FxTERNALS

FuliC COMPARES Twl) CHARACTERS FOR EQUALTTY

LINKAGE
INPRIOF
COMMENTS

= PRUNTT SHUUID CONTAIMN THF GRFENNESS PROFILF FOR FIT. FACH
PROFILE PUTNT SHOILD HAVF A VARIANCE ASSOCTATED wWITH IT
LOCATED ON THF SAME RECURD(SFE RBELNW), IF PRSW(2) IS
FALSE P2UNTT NEED MUT RE ASGSTGMED AND GPRO? AND GVAKR
wWILL NOT BE SET,

= IF PRSW(1) 1S TRUE THEN THF FILE RFAD FROM PUNIT IS
EXPECTED T RE THE GREENMNESS PROFIIE AND 1S PLACED
TN GPROF, NTHERWISF IT IS FXPECTED Tn BE
THE BRIGHTNESS PRNOFILE AND IS PLACFD IN BpROF,

= PROFILE FILES “UST BE I& THE FOLLOWING FORM @

RECURD 1 *xTITLE (LFNARTH < IR = T0O BQ)
RECURD 2 NDAYS(Ix4d) v
RECURD 3: FORTRAN FNRMAT STATEMENT USFO T0) READ A

PROFTILE, 1T MUST CONTAIN OPENING AND
CIL OOSING PARENTHESES
RECUWRD 43 PRUFILE (AND VARIANCE FNR P2NIT) - PT 1

REC NDAYS+3: PPOFILE (AMD VARIANCE FOk pPPUNIT) = PT NDAYS
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G PRFP

PURPOSE

PREPARES I1ASSELED CAP DATA FOR SPRING GRATN
LABELING ANp wHEAT/BARLEY | AREL ING PROCEDURES

CALLING SEQUFNCE

CALL LPRFP{SARRAY ,NACHL, INAYS, IGKABS, IBRRITE,SCSWIT,
& SCRFEN, THRESH,)UT,(UIDAYS, OGREEN,DBRITE,
% PRNOCED)

INPUTS

SARRAY (| VECTUR NF SWITCHES TADICATING WHETHER A
PARTICULAR FUMCTION SHOULD BE PERFORMED:
(LENGTH=1pn)
SARKAY(1): IF TRUE, THFN
CONVERT GRARS T1) GREENNFSS
SARRAY (2Y: 1F TRUE, THEN
PFRFORM SUBSETTING FUMCTION
SARRAY (3Y...(10)s UNDEFINED
NACW Tx4 NUMBER OF EMNTRIES IN INCOMING VECTORS
IDAYS Txd DAy (IF YEAK FNOR BEACH DATA EFNTRY
LENGTHENACR
IGRABS Rxu VFCTUR NF GRARS VALUES.
LENGTH=NACH
IBRITE Rax4 VECTUR 0OF BRIGHTNESS VALUES,
LENGTH=NACY
SCSWIT | x4 ,TRUE, TIF ScRFEN IS TN BE yYSED
SCREEN Txd VECTOOR NF LFNGTH NACQ
0 = GOND VaALUE
>0 = BaD VAL UF
THRESH Rxld GREFNNESS val llE BELOw WHICH AN ACRUISTITIUN
SHOULD RE EYCILUDED, FLIR TASSFLED CAP
DATA WITH AN NFFSET VECTUR NF 32,
THRESH = 25, WITHOUT THE OFFSET VECTOR,
THRESH = <7,
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GPREP (Continued)

DUTPUTS

N T Tx0 HNUMBER NOF ENTRIES IM DUTGOING VECTURS
JDAYS Tx4 DAY (F YEAR FOR EACH DATA ENTRY
| FNGTH=NACQ
DGREEN  Rx4a  VFCTUR OF GREFNWESS VALUES
LENGTH=ENACQ
OBRITE Rx#4 VFCTOR F BRIGHTNESS VALLUFS
LEFNGTH=NACQ
PROCED Lx4 TRUE TF DATA HAS MET THE FOLLOWING
CONDITTUNS .
= AT LFAST 3 ACOQUISITIONS WITH
GRFENMFSS >= THRESH
= AT LFAST | ACQUISITION WITH
GREENNFSS >= THRESH+19Q

FXTERNALS
CONGRB CONVFRTS GRARS TN GREENNESS
CHEKGR SFLECTS USFARLF ACOUTISTTIUNS AND
SURTRACTS THRESQH FRIJM GRFENNFSS VALUES
CUOMMENTS

- JF IGRABS CONTATNS GREFNNESS VALUES SARRAY (1)
SHOULD ENyAL FALSE., LF TGRABS CNONTAINS GRABS
VALUES SARRAY (1) SHO'LND FGaUAL TRUE, GRARS VALUES
ARE ASSUMED T RF COMPUTED FRUM TASCAP yALUES WITH NO
NFFSET APp| IFD, THEREFURE,
WHEN GRABS VALIJFS ARE 11SF[ BRIGHTNESS VALUFS
MUST NOT HAVE AN OFFSET APPLTED TO THEM,
- ACQUISITTONS ARE EVALUATFD AS FOLLNOWS
1.IF GREFNNESS VALUE Is NUOT LESS THAM THRESH
INCIL UDE ACQUISITINN IN SUBSET,
?.SUBTRACT THRFSH FkNM ALL GREENNESS VALUES TN SUBSET
3.SUBTRACT THRESH=25 FrOM ALL BRIGHTNESS VALUES IWN
SUBSF T
- TN SUMMARY:
FIUR TASCAP DATA(GRFENNESS AND BRIGHTNESS) WITH
AN (FFSET nF 32, SARRAY(1)=_,FALSE.,
SARRAY(2)=_TRUE,, THRESH=25,
FUR GRAKBS AND BRTIGHTNESS VALIES WITHNUT AN UFFS
NFFSET OF 32, SARRAY(1)=,TRUE.,
SARRAY(2)=_,TRUF ., THRESH==T7,
ONF SHOULND NEVFR USE GRABS VALUES WITH BRIGHTNESS
VALUES WHTCH HAVE AN OFFSET OUF 32,
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PMA X Raxd VECTUUR NF LENGTH NCROP
PEAK GREENNFSS VALUF FUR FACH
GREENNESS PROFILE,

TGREEN T4  NUMRER NF PROFILES 1IN GPROF

TBRITE Txd4 NUMRER OF PROFILES 1IN BPROF

GPRUF Raxld4  ARRAY CONTATNING GREENNESS PROFILES USED
FOR SHIFT CALCULATION ( DIM{ X TGREEN)

GPRU2 Rxd ARRAY CONTATNG GRFENNESS PRNFILES USED
FOR GNODNFSS=NF<FIT CALCULATION
(DIML X TGRFEN)

GVAK Rati ARRAY COMTAINING THF VARIANCES F(UR EACH
POIMT IN GPR(2 ( DIMI X TGRFEN)

BPRIUF Rxd  ARRAY CONTATNING THE BRRIGHTMESS PROFILES

(DIM1 X TRRITE)

BR1 I«  VFCTUR NOF LENGTH NCROP
) POSTITION DF THE FIRST BRIGHTNESS PROFILE
RC Ixd4 RETURN CUpPE
0 = ALL wENT WELL
16 = PRURLFMS IN READING FILF
EXTERNALS
GETPRI) DOES ACTUAL 1/n

CUMMENTS

= INPRUF USES THE FOLLOWING CONVENTTIONS®
1o PUNIT gHUULD CONTALN THE GREEMNESS PrROFILES USED FOR
THE SHIFT CALCULATION AND THF BRIGHTNESS PRUFILES.
PROFTLES gHOULD ALTERNATF GREENNESS,BRIGHTNESS S
2. PP2UNIT CONTAINS THE GREFNNESS PRUFILES C(EACH PUINT
PLUS AN ASSOCIATED VARTANCF) USEDR FUR THE FIT
CAILLCULATIN,
5. PRUFILES MUST BE STORFD IN FILES IN THE FOLLOWING
FORM ¢
RECORD CNONTENTS
1 *TITLE (LENGTH € UR = T0O K0)
2 HMDAYS(T)(C(T1*d)
3 FORTRAN FORMAT STATEMENT USED TU RFAD PROFILE
MUST CONTATN OPENING AND CLOSING PARFNTHESIS
4 PROFILE (AND VARIANCE FOR pRuNIT)

9, L

NDAYS(I)+3: PROFILE (ANN VARIANCE FNR PRUNTIT)
= THERE CAN BF MORE THAN ANF BRIGHTNESS PROFILE FNR A CRyUP
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MLRFTIT
BURPESE

CUMPUTES THE PARAMFTFKS FOR THF REGRESSINN ENUATIUN
CURRESPUNDING T THE EQUATTUN ¢

FOR T < TMAX ¢ FO(T) AXExx (Bl a(T=TMAX) A%2)

i

FUR T >= TMAX: FCT) = AXEx*x(B2*(T=TMAX)%%x?2)

WHEREF: F(T) TASCAP LREFNMESS = 25,

1 = SHIFTED nAy MNF YEAR
TMaX = SHIFTED DAY NF PEAK: 35
A,Bl1,R? = PARAMETERS FSTIMATFL RY LLINEAR REGRESSION

CALLING SERUENCE
CALL MURFIT (TOTAL,XTX,XTY,SSAY,BETA, ANOVA,PEAK,RC)
INPUTS

TOTAL ITx4  TNTAL NUMRER OF POINMTS USEp IM REGRESSINN
XTX Rxt  3IXY SYMMETRICAL MATRIX (X'x) USED TN
CALCULATE RFGRESSIUN PARAMETERS,
THE LOWFK LFFT CURNFR NEED N(OT BE
DEFINED BFCAUSE THE PROGRAM FILLS THESE IN
USING THE UPPER RIGHT CORNER NF THE MATRIX,
XTY Rxdl  3X3 SYMMETRTCAL MATRIX (X'y) USFD TO
CALLCUILLATE RFGRESSTUN PARAMETFRS,
THE LOWFR LFFT CURNFR NEED NDOT BE DFEFINFD
BFCAUSE THE PRUGRAM FILLS THESE IN USING
THE UPPEK RTIGHT CNRNER NOF THE MATRIX,

SS8AY Rxtt St UF SGIARES FOR Y (DEPENDENT VARIABLE)
QUTPUTS
BETA Rxld VFCTUR CUNTAINING THE RFGRESSTION PARAMETERS

ILENGTIH = 3
ANOIVA RPxd CNONTATINS THF ENTRIES TO THE ANMOVA TABLE,
AS FOLLNOWS (VFCTOUR NF LENGTH 10) ¢
- SUM SNIJARES REGRESSTN
- SUM SoUAKFS ERROR
St SnIJARES TNTAL
- MFAN QQ@UARE REGRESSION
- MEAN SOQIJARE ERROR
6 = F=STATISTIC = ANOVA(4)Y/ANDVA(S)

[SARP IR VIRV BE
| ]
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PEAK

RC

EXTERNALS

MLRFIT (Continued)

7 = Rx*2 = ANOVA(1)/ANOVAC(3)
8 = DEGREFS WUF FRFEDOM REGRESSION
9 = DEGREFS WF FREEDUM ERROR
10 = DEGREFS UF FREEDOM TOTAL
Rxd PFAK OF PROFILE AS DETERMINFD BY REGRESSION
PEAK = ExP(HBETA(1))
Tx4 RETURN CUDE

0 = ALLS WELL
1 = XTX Is SINGULAR
2 = FAILURE TO CONVERGE

SLUD UNTVERSTITY JF MIchTGAN PROUGKAM T0 CALCULATE
- LU=pFCOMPOSITINN, C(OBTAINS INVERSF OF xTX,
SIR UNTYFRSITY OF MICHTGAN PROGRAM TO MULTIPLY
TW() MATRICES : AxB,
A RFEING DIMENSTOMED N X N
B BEING DIMENSTUMED N X {
CUMMENTS
= THE ACTUAL REGRESSINN EQUATIUON TS
= Bp + B1axX1l + Bo*xyp
WHERE
Y = IN(F(T))
X1 = (T=TMAX)*xx? , X2 = 0 FUR T < TMAX
X1 = 0 , X2 = (T=TMAX)x%x? FOR T > NR = TMAX
BO,By,B? = REGRESSINN PARAMETERS
- SFE MLKRSET
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M| R S FT
PURPUSE

GIVEN A SET 0OF (QR3FRVATINNS (S,T1), MLRSET
INCREMENTS THE FLFMENTS NF THE MATRICES

XPX AND X'Y_ WHERE X AND y ARF FUNCTIONS NF

S AND T, Xtx AND X'Y ARF MATRICFS USED T COMPUTE
THE PARAMETERS (UF A REGRFSSINN EQUATION,

(SEE COMMENTS AND MLRFTT)

CALLING SEQUENCE

CALL MLRSET (STAGE ,SHIFT,NDAYS,DAYS,BGR,WT,
R Y, X1,%X2,NBEFUR,NAFTER, TOTAL,
& SSHY ,XTXeXTY)

INPUTS

STAGE Txtt  PROCESSING STAGE
1 = SET UnTepUTS AND TEMPNORARIES TN ZERU
2 = INCREMENMT OUTPUTS AND TEMPORARIES
SHIFT Txlh  CROP CAILLENDAR SHIFT
NDAYS Txd NUMBER NF AcqQUISITINNS

DAYS [«4 DAY UF YEAR FNK EALH ACQUISTINN
VECTUR NF LFNGTH NDAYS

BGR Rald  GREENNESS VALUE FOR EACH ACAUISTITION
VECTOR Nk LENGTH NDAYS

WT Rxl  THF WFIGHT TO BE APPLIED T FACH GREENNESS

VALUE (VEcTnR WUF LEMGTH NDAYS)
OUTPUTS

TOTAL Txd TOTAL MNIUMRER NF NESERVATINNS USFD IN
THE REGRESSTNON

S SIAY Rxd SUM IF SUIJARES OF Y

XTX Rl 3X3 SYMMETRYCAL MATRIX (X'x) TO BF USED IN
MLR ANALYSIS, THE BOTTOM | FFT HAND CORNER
IS MOT CALCULATED SINCE IT TS
THE MIRRUR TMAGE NF THE UPPER RIGHT CORNER,

XTY Ral  3X1 MATRLIX ¢X'Y) TU BF USEp IN REGRESSION
AMALYSIS.
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MLRSET (Continued)

TEMPORARTIES

Y Fxt VFCTOR OF LFNGTH NDAYS
Y=LNG(GREFNNESS)

X1,X2 Rxd VECTURS LF |LENGTH NDAYS
(SFE COMMFNTS)

NBEFOK Il NUMBER 0OF PNINTS USED IN DFTERMINING
PrEF=PEAK CURVE (SEF COMMENTS)

NAFTER Tal NUMBER OF PNINTS USED IN DETERMINING
P)ST=PFAK CcURVE (SEFE COMMENTS)

EXTERNALS
COMPXY CONVERTS OBSERVATIONS T REGRESSTON VARIABLES
FILMAT INCREMEMTS THE EpEMENTS OF XTX AND XTY
CUMMENTS

= IHE REGRESSTON MODEL APPRNOXIMATES THE FOLLOWING
EAQUATTION o

.

FUR T<TMAKX

-e

FOT)=AxEaxx(B1x(T=TMAX) %x%2)

FUR T > Nk = TMAX ¢ F(T)SAXEx%x(R24(T=TMAX) x%2)

WHEKE F () TASCAP GREFNNESS = 25

T = SHIFTED pAY NF YEAR
TMAX = SHIFTED nAy NF PFAK = 35
A,81,Bp = PARAMETERS TO BE ESTIMATFp USING

LINEAR RFGRESSTON
(SFEE ERIM DPOC, 132400=29«F7)

THE ACTUA| KFEGRESSTON FUUATION IS

Y = B0 ¢ BlxX] + BPxrx?2

WHE RE Y = LN(F(T))
x1 = (T=TMAX)x%xp , X2 = 0 FOR T < TMAX
X1 = 0 5, X2 = (7=TMAX)*%2 FOR T > [k = TMAX

RO,B1,R? = REGRFSSINN PARAMETERS
= GREFNNESS VALUES MUST BfF STANDARDIZED

(lEs FNp TASSELED CAP DATA WITH AN (QFFSET NF
32 NNF SHOULD SPUBTRACT 29%9)
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MLRSET (Continued)

THE ELEMENTS NF XTX AND XTY ARE SUMMATINNS, 1VER
ALL TARGFETS, NF LINFAR rOMBINATIONS UF Xx1(1),
X2(I)s AND Y(I). THEREFURE, MLRSFT SHGULD BE
CALLED ONCE AT STAGF { AND THFN AT STAGF 2

FOR EACH TARGFT.
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PURPOSE

Tu COMPUTE THE

PFET T

GOODNESS NF FTT BETWEEN A SERIES OF

(IBSERVATIUNS AND A REFERFNCE PROFILE USING THE
CHI=SWUARED METHOD

CALLING SEQUFNCE

CALL PFIT
INPUTS
NACW Tx4
DATA Rl

PROFIL Rxd

VAR Rxd

SCALE R &
OUTPUTS

NUSE Tal
FIT R x4

LINKAGE
FITPRU

COMMENTS

(NACA,DATA,PROFIL,VAR,SCALE ,NUSE,FIT)

NUMBER 0OF E| EMENTS TN DATA

LTIST OF URSFRVATIONS TU BE FIT TO PRUFILE
VECTUR Nk LFNGTH NACG

ASSNCIATEND PROFILE VALUE FOR EACH
ACQUISITINN (VECTOR OF LENGTH NACQO)

THE CORRESPONDING VARTANCE FOR FACH

PNINT (OF THF PROFILE,

VECTOR NF LFNGTH NACN

SCAlLLE FACTUR

NUMRER NF PAINTS USFD IN CALCULATING FIT
CHI=SAUARFD FTT 0OF DATA T0 PROFILE

FIT IS CALCULATED AS THE SUM OVER ALL ACQUISTITINNS UF

( PROFTLC(I)

- (SCALExDATACI)Y dx#x2 / VAR(I) .
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PESHCEA (I E

PURPNSE
Tu CALCULATE A SCALE FACTUR FOOR A SET 0OF (IRSFERVATIONS THAT
NILL BE USFp WHEN FITTING THF OBSERVATIUNS TO A RFEFERENCE
PROFILF

CALLING SEQUFNCE

CALL PSCALE (NACQ,DATA,DAY,PROFTL,NDAY,SCALE,RC)
INPUTS
NAC W Tx4 NUMBER NF E) EMENTS IN DATA
DATA - Rxd4 LIST OF URSFRVATINONS TO BF FIT TU PRUFILE,
VFCTOR NF LFNGTH NACW
Day Txd THE SHIFTFD DAY F YEAR FOR FACH DATA

VALUE (VECTNR OF LENGTH NACQ)
PROFIL Rx4 ASSOCTATED PRNFILE VALUE F(OR EACH

ACRUISITIAN (VECTOR OF LENGTH NACQ)
NDAY Ixd LENGTH OF PROFIL IN DAYS,

DuTPUTS

SCALE Raxd SCALE FACTOR
RC Ix4 RFTURN CUDE
0 = AL WENT WELL
1 = INSHFFICIFNT NUMHFR (OF POINTS IN
SPECIFIFED RANWNGE

LINKAGE
FITPRU
COMMENTS

ONLY POINTS WHOSF SHIFTED NAYS ARE BFTWEEN 20 AND
(NDAY=20) ARF USFDP IN DETERMINING SCALFE.,
THE FOLLOWING FORMULA TS USED T CALCULATE SCALE

SCALE = SUMPR(J/SUMPRD
WHERE =
SUMPRO = sLIM OF THF SQUARES NF THF PROFILE POINTS
SUMPRD = sliM UF THFE PRODUCTS OF PROFTLE AND DATA
VALIIES
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nuFTIT
PURPOSE
FITS A WUADRATIC EQUATTLN 7O THREE POINTS,
CALLING SEQUFNCE

CALL QUFTT(Y,X,PEAKXsA,R)

INPUTS
Y Kxy THE DEPENULUANTY VARIABLE
VECTNR 0OF [ ENGTH 3
X Ix4 THF TNDEPENDANT VARIABLE

VECTNR OF | ENGTH 3
PE AKX Ixgy THE DAY NF MAXIMUM GREENNESS

NUTPUTS
PEAKX Ixyg IF A WUADRATTC WAS SUCCESSFuULLY FIT THEN
PEAKX CONTAINS THE DAY OF THF PEAK (OF THE
QUADRATIC. IF NOT TI1 IS RETURNFD UNCHANGFD,
A, R Rxy THF PARAMETERS UF THE QUADRATIC EQUATION 3
Y=Axx*xD 4 RBX
LINKAGE
LSHIFT
CUMMENTS
IF THE MIpDLE POINT TS NOT 'ABOVE' A LINE
CONNECTING THE TWOD OUTSIpE POINTS THEN THE

AUADRATIC FIT T8 WNOT UNNF AND PEAKX IS UNCHANGED,
A AND B ARE NOT 3ET,
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CALLING SEQUENCE

CALL RCORR(DAT,PRNF ,N,CNRR,RC)

PURPOSE

TU CNOMPUTE cRNSS=CNRRELATINN BFIWNEFN DATA AND PROFILF

INPUTS
DAT R* U
PROF Rx4
N Ix4
OUTPUTS
CORR  Rxy
RC Ix4

LIST OF DATA POTNTS TO FIT
PRUFTLE VALUES CNHRRESPONDING Tr) DATA POINTS
NUMBER NOF DATA pPOTINTS

CRNOSS=CNKRELATINAN
RETURN CUDE
0 ALL WENT WELL
SEln UNABIE T CALCULATE CORRELATION
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R P R MNR
CALLING SEQUENCE
CALL RPROR(RCHRR, N, PKNB,RC)
PURPUSF
TU ASSIGN A PRNORARBILITY TU THE CRUSS=CORRELATION 0OF
A GIVEN NUMRBFR 0OF PUTINTS AND THEIR REFERENCE
BRIGHTMNESS PRUFILE

INPUTS

RCORR  R*x4  CROSS=CIIRRFLATTON
N 1*d4  NUMBFR UF PUTNTS USED IN DFTERMINING RCURK

DUTPYLS

PROA Ray  PRORABTLTTY ASSOCIATED wITH RCNRR,
RC 1xd RETURN CNDE
0 = AL WENT wWELL
> 0 = TNSUFFTCTIENT NUMBER OF POINTS

CUMMENTS

THE PROBARTLITY IS ASSTGNED NSING A CUMULATIVE
DISTRIKUTTON DERIVFED FRUM FMPIRICAL NBSERVATIONS.
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s I M1 ND
PURPNOSE
GENERATES TNDEX T A LIST
CALLING SEQUFNCE
LALL SIMINDC(LEN,LTISTs INNEX)
INPUTS

LEN  I*xd  NyMHFR nF 1TEMS TN LIST
LIST I*xd4 | 1ST (F NUMHBEKSG

OQuTPUTS
INDEX TIx4 [NDEX 70O LIST
CUMMENTS
= INDEX(LIST(I)) = I FOR I=1,LEN AND LIST(I) > 0 s
IF  LIST(T) = 0, THEN INDEXCLIST(I)) = LEN,
= IT IS ASSUMED THAT THERE IS NO ENTRY IN
LIST WITH A VALUE GRFATER THAN LEN AND THAT 1F

THEKE IS AN ENTRY WITH THE VALUE OF ZERN IT 1S
THE LAST JTEM IN LTST. ALSU, ALL [TEMS ARF UNIQUE,
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S HPROR
PURPOSE

Tu PRUVIDE A PRORABRILITY, GIVEN AN (OBSERVED SHIFT
AND A EXPFCTED SHIFT

CALLING SEQUENCE
REAL FUNCT[ON SHPR(ORB(SHTFT,MEAN)
INPUTS

SHIFT Ix4 ORSERVED SHIFT
MEAN 1xd  FXPECTFD SHIFT

DUTPUT
THE PROBABTLTITY T8 RETURNEN AS THE FUNCTION VALUF
CUMMENTS

THE PROBABTLTTY DISTRIRUTINN, DPETERMINED FMPIRICALLY, IS
A MUDIFIED NORMAL WITH ™MFanm 0 AnD STANDARD DFVIATION 14,
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X S H I F 1

PURPOSFE

DETERMINES THE SHIFT ALUUNG THE DAY OF YEAR AXIS wWhICH
MAXIMIZES THF CROSS=CORKFLATION BETWEEN THF DATA VALUES
AND A REFERENCFE PROFTLF

CALLING SERQUFNCE

CALL XSHIFT(NACUY,DATA,ACAS, NDAYS,PROFTL,NTAIL,
R SHIFT,MAXR)

INPUTS

NACW - Tad KNIUMBRER NF PNOINTS TN DATA

DATA  Rx4 LTIST UF GREFNFSS VALUES TO Bg FIT TO PROFILF
VECTNK (IF | ENGTH MACK

ACQS Tx4 DAY CORRESPNNPING TO EACH DATA VAL UE
VECTNR )F | ENGTH NACQ

NDAYS 1xq4 NUMRER (IF DAYS IN REFERENCE PROFILF
= INCLUDING TATLS

PROFIL R*y4 (ORDINATE VALUES FOR PROFILF
VECTIIR OF |LENGTH NDAYS

NTATILL Txy NUMBER 1F DAYS IN LEADING TATL OF PROFILE

SHIFT Ixyg TNITTAL SHYFT VALUE

DUTPULTS
SHIFT Ixyg ADJUYSTED SHIFT USING CRUSS=CNORRELATION
MA XK Ry CROSS=CUORKFLATIUON FACTNOR FOR THE
SELFECTED SKIFT
LINKAGE
CSHIFT
CUOMMENTS

= THE FOLLOWING FORMULA 1S 11SFD T CALCULATF
THE CORRELATINN(R) S

R=2./(1,+SSONDAT/SUMPRN & (SSEPRO/SUMPRD))
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XSHIFT (Continued)

WHE RF ¢
SSQADAT = SltiM UVER ALIL SHIFTED ACQUISTTIUNS OF
THE SQUARE (OF THE DATA POINT

SSAPRN = SUM UIVER ALl SHIFTEDR ACQUTSTTIONS OF
THF SQUARE (OF THE PRAFILE DATA VALUE
SUMPRD = SUM UVER AL] SHIFTED ACQUTSTTTONS OF THF

PRODUCT NF THE DATA PUINT AND
THE PRAFTLF VALUE
= A LRUSS=CORRELATION IS CUMPUTED FOR ALL SHIFTS WITHIN
+ UR = THIRTY DPDAYS OF THE INPUTTED VALUF OF *SHIFT',
TAILS Ut 309 UAYS(NTAIL) SHOULD HAVE BEEM ADDED T0)
THE PRUFILE SN THAT THE SaME NUMBFR OF PONINTS ARE
USED TN EACH CORRFLATIUN CcALCULATION,
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S P K IN

PURPOSE

DRIVER MUODULFE THAT PERFURMS THE SPRING GRATN
LABELING PROCEDURE

CALLING SEQUENCE

CALL SPRIN(NCRUF,NB| Irn,MACWH,DTMY,
GSWTIT,SARRAY,SCSWIT,
ACQSs»SCREFN,NPIX]1,GREEN,BRITE,
TDAYS,GPRNF ,PRUFPK,NTATL,
PDAYS,GPRN2yGVAR, TBR,NBR,RR1,RPRUF,
GTHR, XSHIFT,WEIGHT,DEFFR,LLIST,PTHR,
WUSFsNDAYS,GR,BR,
MUSEE,N1ISF3,SHIFT,CCCORR,SCALE,FIT,
BREST ,BCORR,PRUBS, TOTPRN,LABEL ,PROC)

22X ¢ ¢ 2¢ 20 20 X X

INPUTS

(ARRAY DIMENSTONS AND CUNIRU) VARIABLES)
NCRUP INT NUMRER (IF rKNPS
NEBLURB INT NUMBFER (OF RLNRS

NACH INT NUMRFR (OF ACNUTSITTUNS

DIML INT LENGTH )F THF FIRST DIMENSTINN OF THE ARRAYS
HOLNDING THE RFFERENCE PRUFILES,

GSWIT LG LIST OUF TEN QWITCHES DEFTINED AS FOLLOWS

1 TRUFE «CnNVERT INCOMING DATA
FROM GRABS TU GREFNNESS VALUES
2 TRUF :SFILFCT ACRQUISTITIONS USING THE
DFECISTON RULE THAT IF THE
GREENNESS VALUE FNR THAT
ACQUISITINN 1S GRFATER THAN
GTHR TNCI.UDE IT 1N THF SURBSET
3 - 1N NN FUNCTION AT PRESENT
SARRAY LUG LIST UF TEN SWITCHES AS FOL|OWS
1 = TRUF: DFTERMINE PRUFILF PFAK
USING WUADRATIC ¢TT METHOD
2 = TRUF: PFRFURM CRUP CALENDAR SHIFT
USING CRUSS=CNRRELATION METHUD
3=10 NU FHINCTTION AT PRESENT
SCSWIT LOG TRUE IF SCREFNING IS T RE 1ISED



D ERIM

SPRIN (Continued)

(BLUIEB DATA)

= DIMENSTONED NACOH
ACAS InT LIST WF ACQUTSTTION DAYS (OF YFAR(1=366)
SCREEN  TWT 0 = INDICATES GUDD DATA

>0 = INDICATFS BAD DATA; NOT TN RE USED

= DIMENSTONED NACW BY MBj OB UNLESS OTHFRWISE STATED

NPTXI INT NUMRER OF TNTERLIOR PIXELS InN A BLOB
VECTNR UF LENGTH NRLNOB

GREEN REAL GREENNESS(NR GRABS) MEANS FOR FACH BLUR
BRITE REAl RRIGHTNESS MFANS FOR EACH BRI OB

(PRUF1ILE DATA)
= DIMENSTONED NCRUP 1INLESS (ITHERWISE STATED

TOAYS INT NUMRER OF DAYS IN FACH PRUFILE USED
FIOR CRNP CALFNDAR SHIFT DETERMINATIOUN,
FQUALS PNDAYS + (2xNTAIL),

GPRUF KeAp  DIMENSTONEPD nIM1 BY NCRUP, LIST OF PROFILES
LSFp FOR CruUP CALENDAR SHIFT

PROFPK  INT DAY NF PEAK GRFENHESS FOR EACH CROP PROFILE

MTALL INT NUMBER (OF nAyS IN A SINGLE pPROFILE TAIL

PDAYS REAL MNUMBFR OF DAYS IN EACH PRUFTILE USED FOR
GRFENNESS FIT AnD BRIGHTNESS COKRELATION,

GPRU? REAL DNIMENSTONED PNDIML BY NCROP, | TIST OF
GREENNESS PROFTLES USEND FOR GOODNESS UF FIT,

GVAK REA| NIMENSTONED PIM] BY NCRUP, LIST OF VARIANCES
ASSOHCIATFO WTTH EACH VALUE [N GPRU2
THR INT TOTAL NUMBFR (OF BRIGHTNESS PROFILES IN
RPRNF (SCALARY
NBR INT NUMRER UF RRTGHTNESS PRUFILES FOR EACH CROP
RR1 Tt POSTITINN IN RPROF OF THE FIRST BRIGHTNESS

PROFTLE Fup FACH CRUP
BPRUF REAL DIMENSIONED PIMY1 BY NBR, LIST OF
BRIGHTNESS PROFILES USFDL FOR CORRELATION

(PRUCEDURAL PARAMETERS)

GT1HK REAL GRFENNESS VAj UE BELOW WHICH AN ACQUISITION
wIlL NDOT 8BF INCLUDED FOR PROCESSING, FUOR
A BLNB 1Y RE PRUCESSED IT M_yStT HAVE AT
ILEAST THREF cOND ACQUISITIONS, UNE WITH A
VALUE 0OF GTHR+10 UR MORE,

XSHIFT INT ARRAY NF LENGTH NCROP, EXPECTED CROP
CALENDAR SHIFT FUOR EACH CROP,
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SPRIN (Continued)

WEIGHT REAL ARRAY OF LENGTH 3, WEIGHT TN RE APPLIED
TN THE PRURARILITIES ASSNOCTIATED WITH
CRNOp CALENDAR SHIFT, GREENNESS GOODNESS
OF FIT, AND BRTGHTNESS CORRELATION,
DEFER LUG ARRAY DF LENGTH NCROP, TRUE IF CROP
IS NOT TN RE CONSIDERED FUR LARELING,
LLIST CHAR LIST UF 12=CHARACTER LABFLS ASSOCIATED
NITH EACH CRnP,
ARRAY DIMENSTONED 12 BY NCRP,
PTHR REAL  PRNOBABTILITY THRESHOLD BRELOW WHICH A CRNOP
IS NODT CNNSINFERED A CANDIDATE

QUTPUTS

NUSE INT NUMBER (OF ACRUISITIUNS INCLUDED FUR
. PROCESSING (VECTOR OF LENGTH NBRLOR)
= DIMENSTQONED NACH BY NB| UR

NDAYS INT ACRUSITINNS INCLUDED FNOR PRAECESSING

GR REAL  GREENNESS VAL UFS(=GTHR) NF ACQUISITIONS
INCLUDED FNR PRIICESSING,

RR REAL BRIGHTNESS VaALUES NOF ACQUISITINNS

INCLUDED FNR PRUCESSTING,
= DIMENSTONED NCRUP RY NRLNB (UNLESS UOTHFRWISE STATED)
NUSE 2 TNT NUMBFR UF ACQUISTTIONS USEND TN DETERMINING
GUMIPDNESS UF FIT STATISTIC
IUSE 3 INT NUMRER OF ACQUISITIONS IN PRNFILE RANGE
AFTER SHIFT 1S APPLIED TN AcQUISITION DAY
S HTET INT COMPUTED SHIFT FOR EACH BLOB T EACH PRUFIILE
CCCURR REAL CORRELATTIUN ASSOCIATED WITH COMPUTED SHIFT
SCALE REAL SCALE FACTOR USED IN FITTING RLOB MEANS
TN GREENNFSS PROFILFE

FIT REAL CHI=SAUARFED GNODNESS NF FIT STATISTIC
(GREENESS FT1T)
BBEST INT INDICATFS WHICH BRIGHTNESS PROFILFE

ASSOCIATED WITH THE CRUP WAS USED TO DNBTAIN
CORRELATINNCIF, 1 (R 2 NR 3 ,,.)

BCORR REAL CORRELATIUN RETWEEN A BLNB'S BRIGHTNESS
MEANS AND A CRNOP'S BRIGHTNFSS PKROFILE

PRIIBS REAL  ARRAY 0OF CALCULATED PROBABILITIES (I1.,J,K)
DIMENSTONED 3 BY NCROP BY NRLOR.
(1,1,J)Y:THF PRNOBABILITY ASSOCIATED
WITH THE CRUP CALENDAKR SHIFT,
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S PRIN (Continued)

(2o1,J):sTHF PROBABILITY ASSOCIATED WITH
THE GOODNESS OF FIT STATISTIC FOR
THE GREENNFSS VALUES,
(3,1,J):THF PROBABILITY ASSNOCIATED
WITH THE BRIRHTNESS CORRELATIQN,
Se

TOTPRU  REAL  PROBABTLITY ASSUCIATED wITH A CUMULATIVE
TEST STATISTTIC OBTAINEN VIA FISHER'S
NOMNTRUS PRNCFDURE,

LaBEL CHAR CHARACTER*{Z2 LABEL ASSOCIATED WITH EACH
RLOB (ARRAY NDIMENSTONED 12 RY NBLNOR)

“ROC LOG ARRAY DIMENSTUNED NBLUR, TRUE IF THERF
WERE AT LLEAST THREE ACQUISITTINONS WITH
GREENNESS GRFATER THAN GTHR,

U



D ERIM

PURPOSE

CUMPRISES PART (IF THE WHFAT/BARLEY LABE|TNG PROCEDURE,
CUMPUTES THE SEGMENT SPECIFIC PROFILE Ry FITTING THE
MEANS OF Al L SPRING SMAL] GRAIN '"BTG BLOARS' TO A
PROFILE MONEL USTNG RLGRFSSION ANALYSIS, GENERATES

AN ANUVA TABLE FOK THE RFGRESSTIUN,

CALLING SEQUENCE

CALL REGRES(N,NACU,ACQS,WT,BRITE,GREFN,NPIXI,LABEL,
& SGPREP,SARRAY,SCSWTT,SCREEM,GTHR,
X, TDOAYSeGPROF,PROFPK,NTAT,
& NUSE1»DAYS,GR,BR,SHIFT,GFIT,
R NSBR, SNT| BR, TOTAL,SSAY, xTX,XTY,PRUC,
& BRETA,ANUVA,PEAK,RC)
INPUTS
N T4 NUMBER 0OF Bl 1BS
NACW Tx4 NUMBER nF ArcQUISITINNS PER RLOB
ACQS Tx4 THE DAY UF THF YEAR ASSNOCIATED

WITH EACH AcQUISTION
VECTUR NF LENGTH NACHQ
WT Rad THE WEIGHT 710 BE APPLTED T(0 EACH GREENNESS
VALUE (vecTnk OF LENGTH NACR)
BRITE Rxd RRIGHTNFESS VALUES
ARRAY DTMENSINNED NACO By N
GREEN Rxd GREENNESS VALUES
ARRAY DTMENSINNED NACO RY N
NPIXI Tx4 NUMBER NF INTERIUR PIXELS TN BLNB
VECTUR NF LENGTH N
LABEL CHAR 12=CHARACTER | ABEL FOR FACH BLOB
ARRAY DIMENSINDNEL 12 By N
SGPREP L a8 |LTST OF SWITCHES TNDICATING WHETHER A
PARTICULAR FUNCTION SHUULD RE PERFURMEDS
(VECTDR OF LENGTH 10)
SGPREP(1) = IF TRUE, THEN
CONVERT GRABS TN GREENNESS
SGPREP(2) = IF TRUE, THEN
SELFCT ACNRUISITINNS TN RE PRUCESSED
SGPREP(3),.,(10) = UNDEFINED
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SARRAY

SCSWIT
SCREEN
GTHR

TDAYS
GPRUF

PRNFPK

NTAIL

TEMPOKRARIES
NUSE 1
DAYS
GR
Bk

DUTPUTS

SHIFT

GFIT
NSBR
SUTLBR
TOTAL

SSaY
XTX

l_xd

l.xd

Txt

R x4

Txda
Raxd

Txd
Txu

T4
T4
Rxd
Rxd

Txd

Rxd4

I x4

Rxd

Tx4

Rl
Rxd

REGRES (Continued)

LIST DF SWITCHES TURNING OFF VARINDUS
MOPULES UF THE PROGRAM
SARKAY(1) - IF TRUF, DN QUADRATIC FIT
SARKAY(2) - TIF TRUE, DN CROSS=CORRELATION
SHIFT DETERMINATTOM
SARRAY(3).,,(10) = UNDFFINED
+TRUE, TF ScRFEN 1S T0 USED
ARRAY 0F | ENGTH NACQ
D = GNUDP VALUE
> 0 = BaD VALUE
GREENNESS VALUE BELNW WHICH
ACQUISITINN SHOULD Bt EXCLYDED
NIUIMBER )F DAYS IN PRUFILE INCLUDING TAILS
CONTATINS REFERENCE CRNOP PROFILE
VECTUR NF LENGTH TDAYS
NAY UF PROFTILLF PEAK GREFNNESS
NUMRER 1IF PNINTS IN THE LEADING TAIL
OF THE PROFTLE

SCALAR

VECTOR NF LENGTH NACO
VECTUR DF LENGTH NACH
VECTUR OF LENGTH NACW

THE DTFFERENCE BETWEEN THE DAY OF PEAK
GREENNESS AS CALCULATED FROM THE
ORSERVATINNS, AND THE DAY (F PEAK
GREENNESS (IF THE PROFTLE
VECTUR NnF LENGTH N
CNRRELATINN ASSOCIATED WITH SHIFT VALUE
VECTUR NF LENGTH N
NIIMBER NF BRIGHTNESS NBSERVATIONS USED IN
CUMULATTIVE SOTL BRIGHTNESS VALUE (SNILBR)
CUMULATIVF sOTL BRIGHTNESS VAL UE
FNOR SEGMENT
TOTAL NUMBRER NF (OBSERVATIONS USED
IN THE RERRFSSION
SUM UF SQITARES 0OF Y
3IX3 SYMMETRTCAL MATRIX (X'x) USED IN
MLLR ANALYSISs, THE BOUTTUM LEFT HAND CORNER
IS NUT CALCHLATED AS IT IS
THF MIRRUR TMAGE NOF THE UPPFR RIGHT CORNER,
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REGRES (Continued)

XTY Rad  3X1 MATRIXY (Xx'Y) USFD IN MR ANALYSIS

PkOC Lxa  LOGICAL VFCTUR 0OF LENGTH N, PROC(I) IS
«TRUE . TF BLOR WAS SUCCESSFULLY PROCESSED
AND DATA USFD IN REGRFESSION MODEL

BETA Rx4 VECTUGR NF LENGTH 3, CONTAINING THE
REGRESSTUN PARAMETERS

ANV A Rad  VECTOR NF LFENGTH 10, CONTAINING THE
ENTRIES T THF ANOVA TABLE AS FOLLOWS 3

= SUM SNUARES RFGRESSINON

= SUIN SNUARES ERRNK

= SIIM SniJARES TOTAL

= MFAN SQUARE REGRESSI(ON

MEAN SQUARE ERRNR

= F=STATISTIC = ANOVA(4)/ANOVA(S)

= Ra*D = ANOVA(1)/ANOVAC(3)

-~ DFGREFS UF FREENUM RFGRFESSION

= DFGREFS OF FREEDOM FRROR

10 = DELREFS UF FREEDUYM TOTAL

O T N N E Wy —
]

PEAK Rxd4 PEAK OF FROFILE AS DETERMINED BY REGRESSINON
RC Iaxd RFET!IRN CUDE
0 ALLS WELL

XTX 1§ SINGULAR
UNARLFE TO SOLVE SYSTEM NF LINEAR FaQ,

1
2

CUMMENTS
THE REGRESSTNN MUDEL APPRNXTMATES THE FOLLOWIMG EQUATTON

FUR TCKTMAX 3 F(T)zAxbax(BIx(T=THMAX)%x2)
FOR T > NR = TMAX . FETISAXExx (B2x(T=TMAX)2%P2)

wHERE  F(T) TASCAP GREFNNESS = 25

T = SHIFTED DAY 0OF YEAR
TMAX = SHIFTED nAy NF PFAK = 35
A,B1,B2 = PARAMETERS 10 BE ESTIMATED USING

LINEAR KRFGRESSION
(SEE ERIM DUC, 132400=29-F2)

THE ACTUAL REGRESSTON FUQUATION IS ¢

Y 2 RO ¢ B1(X1=TMAX)a%2 + B2(X2=TMAX) x%2

WHERE Y = LN(F(T)Y)
Xt =T, X2 = n FOR T < TMAX
X1 = 0, X2 =71 FOR T > OR = TMAX

B0,B1,B2 = REGRFSSINN PARAMETFRS
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PURPUSE

W R L AR

LABELS EACH PIXFL IN A ScAn LINE BY ASSIGNING A VALUF

DF 0y, 1,

2y DR

3 AS FuUlLLnws:

0 = NUT THE INTERIOR PIXFL OF A SPRING GRATN BLOR,
1 = wHEAT, 2 =

3 = iINKNMIwM

CALLING SEQUENCE

CALL

Q0 ¢ 20 QO G X

INPUTS
NHLUB
NACQH
ACQS
SCSwIT
SCREEN

GTHK

BINDE X

LABEL
BPRUC

SARRAY

BARLEY, UR

SPRING GRATN,

WwBLAR(

| Y
T ald
Tad
Lxd
Ix4
Ral

Txd

CHAR
Lxd

| =4

NBLOB,NACA,ACQS,SCSWIT,GTHR,
BINDEX,| AREL ,BPRIC,

SARRAY,SGPREP, TDAY,NTATL,GFROF,PROFPK,
SHIFT,DAY1lLINE'NpIXITNCHAN'
BLOR,STRIP,TASCAP,SCREFN,
CNDE,»MGNODP, TOIT)

NUMBER NF B ORS IN SEGMENT
NUMBER NF AcqQUISITIONS
DAY (OF YEAR FOR EACH ACQUISTTIUN
VECTUR OF LEMNGTH NACQ
LTRUE, TF SCREEN IS 19 USED
VECTUR NF LFENGTH NACQ
0 = GONHDL vallE
>0 = BAD VA UF
GREFNNESS VALUE BELOW WHICH
ACQUISITINN SHOULD B8t EXCLUDED
ARRAY DIMENSTONED NBLOB, TNDEX INTO BLOB
STATISTICS WHFRE THE PUSITINN IN BINDEX
IS THE BLNR® NUMBER AND ITS VAL UFE 1S THE
CORRESPONNDING POSTTTION TN THE STATISTICAL
ARRAYS,
ARRAY DIMEMNSTUNED 12 BY NLOB, CONTAINS
THE CHAKACTER*x12 LABFL FOR EACH BLOE,
VECTOR NOF LEMGTH NBLOR
TRUE TF BLOR HAS AN ASSOCTATED SHIFT
LIST OF SWITCHES TURNING OFF VARIOUS
MODULES (IF THE PRNGRAM
SARRAY (1) = IF TRUE, DO QUADRATIC FIT
SARRAY(2) = [F TRUE, DU CRNSS=CORRELATION
SHIFT DETFRMINATION
SARRAY(3) ,.,(10) = UNDEFINED
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SGPKREP

TUAY
NTALL

GPRUF

PRIOFPK
SHIFT

DAY

LINE

WBLAB (Continued)

L« LNGTCAL VECTNR OF LENGTH 1o, INDICATING

wHE THER A PARTICULAR SURROUTINE SHOULD
RE RUN:
SGPREP(1Y = IF TRUE, THgN
CONVFRTY G(RABS T GREENNESS
SGPRFP(2Y = 1F TRUF, THgN
SELECT ACQUISITIONS T RE PRNCESSED
SGPRFP(3),..(10) = UNDEFINED
Tad WUMBER OF DAYS TN PROFILE INCLUDING TAILS
1124 NUMBER OF PNINTS IN THE LEADING TATL
OF THE PRAOFTYLF

Rx# CONTATINS QREFERENCE CRNP PROFILE

VECTUR NF LENGTH TODAY

Txd DAY UF PROFTLF PEAK GREENNESS

Tatd THE DIFFERENCE BETWEEN THE DAY (OF PEAK
GREENNESS A CALCULATED FROM THE
NRSERVATINNG, AND THE DAY OF PEAK
GREFMNESS UF THE PROFILE,
VECTUR OF LFENGTIH NBLUR

Ixd DAY 1IF YEAR CORRESPONNDING TN FIRST PUINT
IN VECTNOR 'y INE'

Rad 18 VALUFS UF THE DECISINN | TNF STARTING

AT DAYl

= IMAGEg: ONE SCAN [ INE (IF DATA AT A TIME,

TASCAP =

SCREEN =

STRIP =

3L -

TASSELED CAP DATA, 4 CHANNELS PFR ACQUISITION
IN THE FOLLOMING ORDER 3
RRIGHTNESS, RRFENNFSS, YELLNW, NONESHCH
DIMENSTONED TnCHAN BY NPIX
NNE CHANNFEL PFK PIXEL CONTAINING AN INTEGEK
g = GNUD DATA
> 0 = RAD DATA
DIMENSTONED NACNQ BY NPIX
ONE CHANNFL FER PTXEL CONTAINING AN JNTEGER
0 = INTERTUR oIXEL OF A BLYB
1 = ROUNDARKY PIXEL OF A BLOB
DIMENSTIONED 1 By NPIX
NNE CHANNEL FFR PTXEL CONTAINING THF BLOB
NUMRER (DIMENSINNED 1| BY NPIX)
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WBLAB (Continued)

QUTPUTS
CUDE - TMAGF LINE CNANTATNING THF FULLOWING INTEGER
LABELS (DTMENSINNFD 1 BY NPIX):
0 = PIXEL 18 NDT THE INTERIOR PIXEL DOF A

SMALL GRAIN BLOR,
1 = WHFAT ,
2 = BARLFY ,
3 = UNKNNWN SPRING GRAIN,
NGDUDP  Taua  FOR EACH RLNEs, THE NUMBER QF INTERIOR
PIXELS WHTCH RECEIVFD A LARFL OF 1,2 DR 3,
VECTOR NF LENGTH NBLOR
Turt Tx4 NUMBER NF PIXFLS IN EACH BLOB LABELED
1,2 AND 3, (ARRAY DIMENSIONED 3 BY NBLUR)
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