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CLASFYT PR{.GRAM
1.0 SCOPE

This document contains the description of the CLASFYT program. The purpose
of the program is as follows:

To use a training field to determine trajectory coefficients for each
band of radiance values. Five acquizitions of radiance values are

used to create a composite set of tolerance values for each of the
4 bands.

To use these trajectory coefficients to classify each pixel in a test
field to be the same egricultural product, not the same product or a
screened pixel.

1-1
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2.0 APPLICABLE DOCUMENT3

The following documents form a part of this specification:
AD 63-2457-3308-01 Transferring of Badhwar Software.

JSC-16274, LEC-14064 Technical Memorandum Implementation of Badhwar
Classification of Corn/Soybean Segments, G. D. Badhwar, W. W. Austin
and J. C. Carres, Agristars Report SR-j0-04001, JSC 16829.

AD NAS 9-15200 Technical Memorandum Format Specification for LACIE
(Phase III) and Accuracy Assessment Computer Data Products.

M. J. Duggin, 9th Symposium on Remote Sensing of Environment, ERIM,
Michigan (1974).
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3.0 SYSTEM DESCRIPTION

3.1 HARDWARE DESCRIPTION
The software for CLASFYT is operational on the IBM 3031 computer at Purdue.

3.2 CLASFYT PROCESSOR SYSTEM FLUWCHART

N

The system level data flow diagram is shown in figure 3.1.
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CLASFYT Hierarchy Diagram

CLASFYT (CLASFYT)*-~-CROPTM (CROPTM)~-~MOVSYM (CROPTM)
-~-NUMBFL (CROPTM)
--~NUMBR  (CROPTM)
-~~RDEXCT (RDEXCT)
--~RDFLES (RDFLES)-~-RDVERT (RDFLES)
-~RECT  (RECT)
---SDEV  (SDEV)
-~=TRIFIT (TRIFIT)F-~F2ERIV (F2ERIV)
---F2NCTN (F2ERIV)
---FCHISQ (F2ERIV)
--MATINV (F2ERIV)
L-~CHNFIT (CHNFIT)t-~FGERIV (F2ERIV)
--~FGNCTN (F2ERIV)
---FCHISQ (F2ERIV)
L--MATINV (F2ERIV)

*Parenthese enclose the name of the file which contains the source statements
for the named program which precedes them: PROGRAM NAME (SOURCE STATEMENT
FILE NAME).

3-2
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Following is a brief description of CLASFYT program inputs and outputs,
For a more detailed description refer to section 3.4.

Acquisition data files

Header record and 4 channels of data for
eack of 5 acquisitions (See Section 3.4.3).

User information file - User information file supplying crop, channel
processing order, initial guesses for each
of 4 channels, training field vertices and
optional test field vertices (See Section
3.4.1).

Data from RT&E data base file

Segment number, acquisition dates and
Landsat numbers (See Section 3.4.2).

Summary report - Report of date and time of processing, crop,
vertices for training field, acquisition
dates, all statistical data created by
CLASFYT and time taken to execute the
program.

Classified pixel file - A file consisting of a header record and
117 data records. Each data record
contains the classification code for each
of the 196 pixels in a line of acquisition
data (See Section 3.4.4).
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3.3 SOFTWARE_DESCRIPTION

This program classifies each pixel in a segment into one of several classes.
The statistical characteristics of the classes are defined using the pixels

in training fields; there is one training field for each class up to a maximum
of ten classes. If a pixel is not classified as any of the 1nput classes it
1s put into a special class called "unclassified". For a description of the
method used see reference 3 in Section 2.0.

For each training field the program does the following:

(1)

(2)

(3)

ey £

Chooses the first 40 pixels in the training field and for
these pixels calculates the mean and standard deviation for
each channel of each acquisition. (The other pixels in the
training field are not used,)

Eliminates any of the 40 pixels that have values (landsat
counts) more than three times the standard deviation away
from the mean in any channel of any acquisition.

Recalculates the mean and standard deviation for the remaining
pixels.

Calls the routine TRJFIT which estimates the values of A, a, B,
and to which give the best fit of the function

o 2 2
F(t) = A ({_) e B(t%= t7) dfor t >t
and 0
F(t) =A for t <t

to the time trajectory of the means in a particular channel.
This is done for each channel. The fitting routine is based
on the statistics calculated in step 3 above and a set of
user-defined initial guesses for the values of the parameters
A, o, B and t; (Section 3.1).

3-4
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1)) Estimates the standard deviation due o sensor and scene noise
(Ref. 3, Section 2.0) for each channel in each acquisition.

(6) Calls the routine CHNFIT for each channel. This routine fits
F(t) to the time trajectory of each of the remaining pixels
of the original set of 40. In doing this the values of A,
o and 8 obtained in step 4 above are used, but a new value
of t, for each pixel is determined. Also a value for XZ
which describes the goodness of fit is calculated for each
pixel. This calculation is based on estimates of the
"measurement noise" for each acquisition. This quantiﬁy is
taken to be the larger of the standard deviations calculated
in steps 3 and §.

(7) The means (over pixels) and standard devitions of the 32

are caiculated for each channei and used to define a x~
threshold va]ue for each channel.

.values

. (8) The means and standard deviations of the t, vaIues )
"dr€ ‘calculated for each channel and used to define ~
, an upper and Tower to threshold value for each channel.

} Next, <ach pixel in the segment is classified using the results obtained in
steps 1 to 8 ahove, For each pixel the following precedure is followed:

‘ (1) The pixel 1s tested to determine if 1t should be classified as
class 1. To do this each channel of data is processed separately

i in the order specified by the user. The default channel order

is 2, 3, 4, 1. For each channel the routine CHNFIT is called,

As described above, this routine provides an estimate of x2

and t for this channel. If the value of x2 is above the

threshold values for t calculated in step 8 above, then the

pixel is not cTa ssifﬁeq_as class™ 1.7 If the pixel is

not rejected in any of the 4 channels then it is classified
as class 1.

.. 3=b




(2) If the pixel 1s rejectrd as class 1 in any channel, then it is
tested in the same way to determine 1f it belongs to class 2.
If it is rejected as class 2 then i1t is tested for class 3, etc.
If it is rejected for all classes the 1t is put in a special
class called "unclassified®,
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3.4 FILE DESCRIPTION '

3.4.1 USER INFORMATION FILE (Segment number) USERT A

The following records describe the order of channel processing, the name,
initial guesses for the 4 channels and the symbol for each of the crops,
the training and test fields and allows the user to input any number of
free-form comments.

Ir record types 1-9 the "keyword" is in columns 1-4 and any parameter data
is in columns 11 through 72. Numbers in a series are separated by commas;
btanks are optional.

Record types 10 and 11 which describe the fields are blank in columns 1
through 10 and the field definition is in columns 11-72,

1. "COMMENT" record
EXAMPLE: COMMENT THIS IS A TEST EXECUTION OF THE PROGRAM
These records allow the user to input any number of free-form comments.

2. "CHANNEL" record
EXAMPLE: CHANNEL 2, 3, 4, 1
This card specifies the order in which the channels are to be evaluated.
The default is 2, 3, 4, 1.

3. "CROP" record(s)
EXAMPLE: CROP CORN, SOQYBEANS

This record snecifies the 4 character names of the agricultural products.
The names begin with the first non-blank character and end at the fourth
character or the comm2 separating the names. Any additional characters -
are ignored. ‘

| 4. "Q INITIAL GUESS" record
( EXAMPLE: Q INIT 3.45, -3.65, -0.32, 1.50
Q INIT 3.5, ~1.0, -1.0, 1.2
These records specify the A, Alpha, Beta and to tnitial guesses for
channel '1 for each of the crops to be evaluated.

3-7
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5. "X _INITIAL GUESS" record(s)
EXAMPLE: X INIT 3.41, -9.61, ~0.91, 1.50 (Corn)
X INIT 3.5, <5.0, ~1.0, 1.20 (Soybeans)
These records specify the A, Alpha, Beta and t, initial guesses for
channel 2 for each of the crops to be evaluated.

6. "Y INITIAL GUESS" record(s)
EXAMPLE: Y INIT 3.08, 8.65, 1.01, 1.47
Y INIT 3.5, 7.0, 1.0, 1.2
These records specify the A, Alpha, Beta and t, initial guesses for
channel 3 for each of the crops to be evaluated.

7. "Z INITIAL GUESS" record(s)
EXAMPLE: Z INIT 2,91, 11.17, 1.3, 1.05
Z INIT 3.5, 7.0, 1.0, 1.2
These records specify the A, Alpha, Beta and t, initial guesses for
channel 4 for each of the crops to be evaluated.

8. "SYMBOL" record
EXAMPLE: SYMBOL 195, 226
This record specifies the symbols for the crops in the same order they
are listed in the CROP recora. Each symbol is defined by its base 10
number. These numbers are designated by crop codes prodgced by the data
management section at J.5.C. and vary according to crop and year.

9. "*END" record
EXAMPLE: *END
This record specifies the end of the user supplied data except for the
definition of the training field and the test field.

P
.

Record type 10 must follow the *END record,

Record type 11 is optional, the default is the whole scene. If record
type 11 is present it must follow record type 10.

3-8



10.

11.

"TRAINING FIELD" record

(The training field record must follow the "*END" record and preceed
the test field record.

EXAMPLE: (1,1), (97,90), (125, 90), (100,100), (80,100)

This record specifies the coordinates of the corners of the training
field. The format of the line is as follows:

(1,1) Dummy variable to be used for sample skip factor and
Tine skip factor; not currently used.

(x],Y1) Upper leftmost corner of training field expressed as
(sample, line).

(xz,Yz) Upper rightmost corner of training field expressed as
(sample, Tine).

(X3,Y3) Lower rightmost corner of training field expressed as
(semple, line).

(Xg:Yg) Lower leftmost corner of training field expressed as
(sample, 1ine).

"TEST FIELD" record

(The test field record, if specified, must follow the training field
record, The default is the whole scene.

EXAMPLE : (1,1), (1,1), (196,1), (196,117), (1,117)

This optional record specifies the coordinates of the corners of the
test field. The default is the whole segment. The format is the same
as the format for the training field record.

3-9



3.4.2 ACQUISITION DATA FILES

The following records of the 5 acquisitions data files are fnput to the

e m——

CLASFYT program and are read by RDFLES.

These files each contain 4 channels of LANDSAT data for one acquisition.
If an acquisition is used twice the corresponding file will be duplicated.

Note that these files are in universal format. Record 1 1s read with

a 17(180A1) format statement; records 2-118 are read with a 5{180A1) format

statement.

Record
1
2

118

Bytes
1-3060

1-72
73-268

296-464

465-660

661-856

1-856

1-856

1-856

Contents
Header record in universal format.
Filler.

Gray level values for the 196 samples of band 1
for line 1.

Gray level values for the 196 samples of band 2

e e g 0 s i s e e =

for line 1.

Gray level values for the 196 samples of band 3
for Tine 1.

Gray level values for the 196 samples of band 4
for line 1. '

~Same data format as record 2; gray level values

for bands 1-4 for line 2.

Same data format as record 2; gray level values
for bands 1-4 for 1ine N-T.

Same data fromat as record 2; gray level values
for ‘bands 1-4 for 1ine 117.

3-10



3.4.3 DATA FROM RT8&E DATA BASE FILE LANOSN  FILE D

The following records describe the segment number and the date and Landsat
number for each of the § acquisitions,

Record Bytes Format Contents

e e VR

hraagets -t
i \.

Ty———

L TR T

1 1-4 A4 Segment number.
2 1-35 5(2X,A5) Acquisition dates.
3 1-20 514 Landsat numbers.



3.4.4 CLASSIFICATION FILE (Segment number) CLASS A
The following records are output from the CLASFYT frogram.

Format
Record Bytes Format Contents
1 1-3060 17( 180A1) Header record in Universal format.
2-118 1-72 17(180A1) 72 characters of blank filler.
73-268 196 characters representing 1 line
of classified data.
Record Bytes Contents
1 1-3060 Header records in Universal format.
2 1-72 Blank filler.
73 Classification symbol for pixel 1 in line 1.
N+72 Classification symbol for pixel N in Tine 1.
268 Classification symbol for pixel 196 in line 1.
3 1-268 Same data format as record 2; 72 characters of blank
filler and classification symbols for 196 pixels in
line 2.
N+1 1-268 Same data format as record 2; 72 characters of blank
: filler and classification symbols for 196 pixels in
} 1ine N,
3-12



Classification file (continued),

Record Byte Contents
118 1-268 Same data format as record 2; 72 characters of blank
filler and classification symbols for 196 pixels in
line 117.
)
&
b
)
]
?
k
D
L
3-13



3.5 DETAILED SOFTWARE DESCRIPTION

ORIGINAL PAGE I3

' POOR QUALITY
3.5.1 CLASFYT OFF Q

Purpose
CLASFYT uses a user determined training field in a full scene to determine

trajectory coefficients for each channel of radiance Values. ~These coefficients ~
are used to classify each pixel in a test field to be a specific one of the

crops of interest or unclassified.

Linkages
CLASFYT ca]ls CROPTM, RDEXCT, CPTIME, RECT, SDEV, TRJFIT, CHNFIT and RDFLES.

Interface
Calling sequence:

Not applicable (an EXEC that can be used to call CLASFYT is described
in Section 4.0).

Calling sequence parameters:
Not applicable.

- Labeled COMMON parameters:
’ Full description of labeled COMMON blocks are contained in Appendix A.
Element Input/

Label Variable Position Qutput Description
/LINES/ LINENO 2 @ Line number.
/LINES/ IDATA(856,8) 3 I One 1ine of R
acquisition data per
file. '
/LINES/ NOAC(S 4 ] f.umber of acquisitions. \
JUSER/ ICROP(10) 1 I Names of crops. i
;.;\\\ ’ - - - —— P vt —

=

!
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Label
JUSER/

JUSER/

/USER/

/USER/

/USER/

" JUSER/

JUSER/
/USER/
JNISC/
- Misc/
/MISC/
/MISC/

Variable
7q(4)

ORIGINAL PA7Z 15
OF POOR GUALITY

.

ZX(4)

ZY(4)

Z7(4)

NMAX

TORDRC(4)" —~ -~

NOCROP
ISYMBL(10)
NOACQ
ACQDT(5)
KSEGM
LANDST(5)

e T T

Blank COMMON parameters:

None.

Input/

Position OQutput Description

2 - I Arrays of Coefficients
A Alpha, Beta and t

e ) fgr channel 1.

3 I Array of coefficients |
A, Alpha, Beta and t, ;
for channel 2. ;

|

4 I Arrays of coefficients |
A, Alpha, Beta and t, |
for channel 3. i

5 I Arrays of coefficients |
A, Alpha, Beta and t '
for channel 4.. ;

6 I Maximum number of
points in field .
(default is 40). |

. |
=7 e ce— Arpay-specifying order
channeis are to be
processed.

8 I Number of crops.

9 I Symbols for crops.,

1 I Number of acquisitions.

2 I Acquisition dates.

3 I Segment number,

]
4 I Landsat numbers.
L ] :-;T
i
|
!
3-15 T



Inputs
Unit

Type

N
12
13
14
16
21
30

Qutputs

Unit

Seq. data
Seq. data
Seq, data
Seq, data
Seq. data
Seq. data
Seq. data
Seq. data

Type

6
8
30

Report
Seq. data
Seq, data

Storage requirement

Not applicable,

Description

Description
Data from RT&E data base (See Section 3.4.3).

Acquisition data (See Section 3.4.2).
Acquisition data (See Section 3.4.2).
Acquisition data (See Section 3.4.2).
Acquisition data (See Section 3.4.2).
Acquisition data (See Section 3.4.2).

User information (parameters) (See Section 3.4.1).

Scratch file to reformat data.

Description
Summary report.

Classified pixel file.

Scratch file to reformat data (See Section).

CLASFYT calls CROPTM to read the user specified parameters crops of interest,
initial guesses for coefficients A, Alpha, Beta,to, and symbols for each

crop.

CLASFYT calls RDFLES to read ths header record and the parameters for the
training field.

3-16



CLASFYT calls RDELES to read the header record and the paramete}s fo# thé
training field.

CLASFYT then calls CPTIME to get the current time and date and writes the
report heading. x

CLASFYT calculates the minimum and maximum boundaries for pixels in the test
field, calculates days elapsed from the beginning of the year as a multiple

of 100 for each acquisition date and sets a switch 1f an acquisition date is
used twice.

The rectangular field bounded by the minimum and maximum pixel numbers and
1ine nv pers is then processed using the following steps:

A line of radiance values is read.

s,

e - -

Eaéh pi;e1 in the f1e1d‘i§tghecked to detebm{ne i1f it is in the training
field.

-

The values for the pixels in the training fields are saved in a matrix.

When sufficient training field pixels (40) have been identified/accumulated,
the mean and standard deviation for each of the four channels of radiance
values are calculated for the selected training field pixels.

The radiance value for each of the four channels for the selected training
field pixels 1s compared with the corresponding computed channel mean and
channel standard deviation. Any selected training field pixel whose radiance
value for any channel differs from the corresponding channel mean be more

than 3 channel standard deviations is eliminated from the training field
matrix.

The mean and standard deviation are re-calculated for the new group of
training field pixels and are printed on the report.

3-17



TR

S

R, ~ael®

{
i
|
!
f
!
]

|
i

CLASFYT calls TRJFIT to calculate CHI-square coefficients for each channel.
The final coefficients are calculated using the CHI~-square values and the
constants from Duggins’ paper (1974) for scene noise and CHNFIT is called
for each channel. The initial guesses and final coefficient are written

on the report for each channel,

The header record 1s constructed using input from the program constants,
the user parameter file and the current date. The header record 1s wiitten
as the first record on the new classification file,

CLASFYT then evaluates the test field using the following steps:
A Tine of pixel data is read. N

CHNFIT 1s called for each of the p1ke1s for channel 4, channel 2,
channel 3 and then channel 1 unless a different sequence is specified

by the user.

> ® T T ow o=
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The pixel 1s classified as a different producc 1f the CHI square S
value calculated by CHUFIT does not fall within the 1imits calculated
for the corresponding channel,

The line of classified nixels is written to the classification file.

The threshold values and the counts of values classified are written to the
report.

Flowchart

Not applicable.

Listing
See Appendix D for program.

T
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3.5.2 SUBROUTINE CROPTM

Purpose

CROPTM reads and analyzes cards describing the order of channel processing
and the name of the crops of interest, initial values for A, Alpha, Beta and

to’ and symbols for each crop.

e== - e mmmemmrymmuws cmm Coa apere memn cm S LSSme Tt S oo s
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Liggageé T
CROPTM 1s called by CLASFYT, CROPTM calls MOVSYM, NUMBFL, and NUMBR,

Interface

Calling sequence:
CALL CROPTM (IERROR).

Calling Sequence parameters:

Input/
Arqument  Output Description
IERROR p 0 - No error;

1 = error,

Function value:
No# applicable,.

, ~ Labeled COMMON parameters:
i Full description of labeled COMMON blocks are contained in Appendix A.
§

F Element Input/
Label Variable Position Qutput Description

JUSER/ ICROP(10) 1 i Names of crops.
) JUSER/ ZQ(4,10) 2 p Arrays of coefficients
| A, Alpha, Beta and t
: for channel 1,
' JUSER/  ZX(4,10) 3 ] Arrays of coefficients
‘ A, Alpha, Beta and for

channel 2.
JUSER/ ZY(4,10) 4 p Arrays of coefficients

A, Alpha, Beta. and t
! for channe] 3.
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JUSER/  QZ(4,10)

JUSER/  MAXPTS
JUSER/  TORDRC(4)

/USER/  NOCROP
/USER/ ISYMBL(10)

Blank COMMON parameters:
None,

Inputs
tnit Type

21 Seq. data

Qutputs
None.

Storage requirement
Not applicable.

Description

5 f Arrays of coefficients
A, Alpha, Beta and tb
for channel 4.

6 P Maximum points.

7 fa Array des¢ribing order
channels are to be processed.

8 ) Number of crops.

9 /] Array of symbols,

Description
User information file (See Section 3.4.1).

”

Each record in the user defined parameter file is read and checked to have a
valid control word in characters 1 through 4 defining the type of information ,
in characters 11 through 80. If the control word in invalid, an error

message is written; otherwise, the information is saved in the appropriate

common block element.
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Flowchart
Not applicable.

Listing
See Appendix D for program.
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Interface

3.5.3 FUNCTION MOVSYM
Purpose

MOVSYM moves characters from array CARD to a series of left-justified

words in array ITEMP.

Linkages
MOVSYM is called by SETUPT.

Calling sequence:

o — D - . | iy e % AT | —— e

KGUNT = MOVSYM (CARD, ITEMP).

Calling sequernce parameters:

Description

Input/
Argument Qutput
CARD I
ITEMP p

Function value:

Name Description

80 characters of user supplied data in
character format.

Array of left justified words or symbols.

KOUNT Count of symbols.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None.

Inputs
None.
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Qutputs
None.

Storage requirement
Not applicable.

Description
MOVSYM separates the characters in array CARD starting at character 11 and
creates a series of left-justified words in array ITEMP.

Flowchart
Not applicable,

Listing
See Appendix D for program.

o T
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3.5.4 FUNCTION NUMBR OF POOR QUALITY

Purpose

NUMBR changes integers from character array CARD to computational numbers in
array NUMVEC,

Linkages
NUMBR 1is called by CROPTM.

Interface

Cal]{pg sequence: L ,
KOUNT = NUMBR (CARD, NUMVEC).

Calling sequence parameters:

Input/
Arqument Qutput Description
CARD I 80 characters of user supplied data in character
format.,
NUMVEC g Array of integer computational numbers,

Function value:
— . Name Description

KOUNT Number of computational integers.

Labeled COMMON parameters:
None.

— m————

—— e
e T U,

Blank COMMON parameters:
None.

Inputs

None.

Qutputs

None.
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Storage requirement

Not applicable.

Description

NUMB separates the characters in array card starting at the 11th character
and creates a series of computational integers,

Flowchart

Not applicable.

Listing

See Appendix D for program.
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3.5.5 FUNCTION NUMBFL

Purpose

NUMBFL changes floating point numbers from characters in array CARD to
computational numbers in array XNMVEC.

Linkages
NUMBFL is called by CROPTM.

Interface

Calling sequence:
KOUNT = NUMBFL (CARD, XNMVEC).

Calling sequence parameters:

‘Input/
Argument Qutput Description
CARD I 80 characters of user supplied data in
character format.
XNMiveC a Array of floating point computational
, number.
Function value:
Name Description

KQUNT Count of floating point numbers.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None. '

Inputs
None.




Qutputs
None,

Storage requirement
Not applicable.

Description

NUMBFL evaluates the characters in array CARD starting at character 11 and
creates a series of computational floating point numbers.

£

Flowchart
Not applicable,

Listing
See Appendix D for program.

T ———
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3.5.6 SUBROUTINE RDEXCT
Purpose

RDEXCT reads a file composed of the acquisition information from the LARS

data base.

Linkages
RDEXCT is called by CLASFYT.

Interface

Calling sequence:
CALL RDEXCT.

Calling sequence parameters:

None.

Function value:
Not applicable.

Labeled COMMON parameters:

Full description of Tabeled COMMON blocks are contained in Appendix A.

Label Variable
/MISC/  NOACQ
/MISC/  ACQDT(5)
/MISC/ KSEGM
/MISC/ LANDST(5)

Blank COMMON parameters:
None.

1

2
3
4

Element
Position

3-28

Number of acquisition.

Input/
Qutput Description

I

I Acquisition dates.
I Segment number,

I Landsat riumbers.



Inputs
Unit Type Description
7 Seq. data Acquisition information from RT&E data base.
(See Section 3.4.3).
Qutputs
None.

Storage requirement
Not applicable.

Description

RDEXCT reads 2 fixed format file defining the segment number, acquisition
dates and Landsat numbers. RDEXCT sets the number of acquisitions to 5.

Flowchart
Not applicable,

Listing
) See Appendix D for program.
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3,5.7 SUBROUTINE RDFLES

Purpose

RDFLES reads 1) the header
radiance values.

Linkages

record and one set of vertices or 2) one line of

READFL is called by CLASFYT.

Interface

Calling sequence:

CALL RDFLES (ITYPE, HDR, XFD, XFD, IERROR).

Calling sequence parameters:

Input/
Argument Qutput Description
ITYPE I 1 to read header from each acquisition file
and field definition; 2 to read 1 1ine of
radiance values from each acquisition file.
HDR /] Header record buffer.
XFD(4) f Array of sample vertices defining field.
YFD(4) ] Array of sample lines defining field.
IERROR 2 0 if no error;

Function value:
Not applicable.

1 if error.

" ——— -t —




Label.
/LINES/
JLINES/

/LINES/

/LINES/

"Labeled COMMON parameters:
Full description of labeled COMMON blocks are contained in Appendix A.

Blank COMMON parameters:

None.
Inputs

Unit Type

1 Seq. data

12 Seq. data

13 Seq. data

14 Seq., data
: f5 Seq. data
P 21 Seq. data
E Ouputs
| None.

Storage ‘requirement

Not applicable.

Element Input/

Variable Position  Qutput Description

NXTLNE 1 ) Pointer to next line.

LINENO 2 I Number of 1ine to be
read.

IDATA(856,8) 3 /] Line of radiance
values for each
acquisitions.

NOACQS 4 ) Number of acquisitions.

Description
Acquisition data for date 1 (See Section 4.3.2).

Acquisition data for date 2 (See Section 4.3.2).
Acquisition data for date 3 (See Section 4.3.2).
Acquisition data for date 4 (See Section %.3.2).
Acquisition data for date 5 (See Section 4.3.2).

" Field definition.
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Description

READFL reads the header record from the universal formatted tape and the

vertices for one field if ITYPE=1. If ITYPE=2, READFL reads one line of
radiance values.

Flowcharts
Not applicable.

Listing
See Appendix D for program.
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3.5.8 SUERQUTINE RDVERT

Purpose
RDVERT reads one set of vertices,

Linkages
RDVERT 1s called by CLASFYT.

Interface

Calling sequence:
CALL RDVERT (XFLD, YFLD, IERROR).

’

Calling sequence parameters:

Arqument éﬂg;ﬁé, Description

XFLD(4) ] Array of sample vertices defining field.
YFLD(4) ] Array of line vertices defining field.
IERROR g 0 - no errors;

1 - error,

Function value:
Not applicable.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None.
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Inputs

Unit Type Description

21 Seq. data User specified data file (See Section 4.3.1).
Outputs
None.

Storage requirement
Not applicable,

Description
RDVERT reads the vertices for one field.

Flowchart
Not applicable.

; Listing
‘ See Appendix D.
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3.5.9 SUBROUTINE RECT

PUPEOS&

RECT determines if a pixel lies within the specified vertices of a specific

area,

Linkages

RECT 1s called by CLASFYT.

Interface

Ca’ling sequence:

CALL ReCT (LINE, PIXEL, YY, XX, ICOR).

Calling sequence parameters:

Current line number of pixel.
Current sample number of pixel.
Array of sample vertices defining field.

Array of 1ine vertices defining field.

Input/
Argument Qutput Description
LINE I
PIXEL I
YY(4) I
XX(4) I
ICOR p

Function value:

"Not applicable.

Labeled COMMON parameters:

None.

Blank COMMON parameters:

None.

0 if pixel in field;
1 if pixel not in field.
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Inputs
None,

Qutputs
Nore.

Storage requirement
Not applicable.

Descrigtion

T ewws eV e ——— ———— - L ——— T — - - -

The p1xe1 is checked to be a boundary p1xe1 and cons1derea 1n the tra1n1ng
field if it is a boundary pixel. If the pixel is within the minimum and
maximum 1imits of tl 2 specified area, the angles created between 1ines

drawn between the pixel and boundary pixel are calculated and summed. If
the sum of the angles is 360; the pixel is considered to be in the specified
field.

. e e s —

Flowchart
Mot applicable.

Listing
See Appendix B for program.
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3.510 SUBROUTINE SDEV
Purpose

SDEV calculates the mean and standard deviation of a vector.

Linkages
SDEV is called by CLASFYT.

Interface

Calling sequence:
CALL SDEV (X, N, XB, S).

Calling sequence parameters:

Input/
Argument Qutput Description
X(N) I Array of values.
N I Number of values in array X.
XB ] Mean of va1ues'in array X.
S 2 Standard deviation =f values in array X.

Function value:
Not applicable.

LabeTed COMMON parameters:
4 None.

| Blank COMMON parameters:
None.

Inputs
None.

- - 3-37

it g At B . TR < TS YRR e T ay T SR el AT B Ao * S e



Storage Requirement
Not applicable.

Description

SDEV calculates the mean (XB) and standard deviation (S) of vector X with

N points.

Flowchart
Not applicable.

Listing
See Appendix D for program.
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3.5.11 SUBROUTINE TRJFIT
Purpose

TRJIFIT makes a least-square fit to a non-linear function to calculate
coefficients for the curve.

Linkages
TRIFIT is called by CLASFYT.

Interface

Calling sequence:
CALL TRJFIT (X, Y, SIGMAY, NFILES, NTERMS, MODE, ESTIM, DELTAA, SIGMAA,
FLAMDA, YFIT, CHISQR).

Calling sequence parameters:

X , I. Array of Julian day/100 for acquisitions.
Y I Array of dependent variables.
SIGMAY I Array of errors on Y.
NFILES I Number of acquisitions.
NTERMS I Number of degrees of freedom.
MODE I Not used, was switch for calculation weight.
ESTIM I,p Array of coefficients A, Alpha, Beta and to.
J DELTAA I Array of increments for A.
| SIGMAA g Standard deviations.
i, FLAMDA p Proportion of gradient search.
: YFIT 2 Array of fitted values.
| CHISQR P Residual CHI-square value.
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Function value:
Not appiicable.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None.

Inputs
None.

Outputs
None.

Storage requirement
Not applicable.
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Description

TRJFIT calculates alpha and beta matrices, using the least-square method,
for defining all parameters of the curve for the selected pixels in the
training field.

The CHI square value of the starting point is evaluated and the modified
curvature matrix is inverted to find the new parameters.

The convergence depends on the CHI-square value and on the size of step
FLAMDA which controls the location of the emergence da.

If the CHI-square value increases, FLAMDA is increased and the process
is re-initiated. If the CHI-square value decreases, the parameters and
uncertainties are evaluated.

. Flowchart

Not applicable.

Listing

See Appendix D for program.

4
|
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3.5.12 SUBROUTINE F2ERIV

Purpose
F2ERIV computes the derivative of the function of each of the X values.

Linkages
F2ERIV is called by TRJFIT.

Interface

Calling sequence:
CALL F2ERIV (X, I, ESTIM, DELTAA, NTERMS, DERIV).

Calling sequence parameters:

Input/
Argqument Quput Description

X I Array of time points for acquisition.

I I Current index in calling prog#%m.

ESTIM I, Array of coefficients A, Alpha, Beta and t,.
DELTAA I Array of increments for A.

NTERMS I Number of degrees of freedom.

DERIV 2 ég¥§% of derivatives with respect to parameters

Function value:
Not applicable.

Labeled COMMON parameters:
None.
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Blank COMMON parameters:
None.

Inputs
None.

Qutputs
None.

Storage requirement
Not applicable.

S~ Xt s e e e - i« %
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Description

The radiance value and t0 are set positive. Y is calculated as the radiance
va]ue/to. If Y is Tess than or equal to 1, the 4 derivatives are set to
very small numbers; otherwise, the derivatives are set to calculated values.
If the CHI-square value decreases, the process is reinitiated until
convergence is obtained; the parameters and uncertainties are evaluated.

Flowchart
Not applicable.

Listing
See Appendix D for program.
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3.5.13 FUNCTION F2NCTN

Purpose
F2NCTN evaluates a function of alpha, beta, to and time.

Linkages
F2NCTN is called by TRJFIT.

Interface

Calling sequence:
APPROX = F2NCTN (X, I, COEFS).

Calling sequence parameters:

Input/
Arqument Qutput Description

X I Time array in days elapsed in year/100.
I ' 1 Index to value in X array.
COEFS I Array of estimates A, Alpha, Beta and to.

Function value:

Name Desdéription
APPROX Evaluation of function of Alpha, Beta, to and X.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None.

Inputs
None.

Qutputs
None.
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Storage Requirement

Not applicable.

Description

F2NCTN sets the variable to positive and then evaluates the following
equation Y = radiance value/time. If Y is less than or equal to O,

F2NCTN = radiance value, else Y = radiance value + alpha + alog (Y) + Beta *
To2 * (1-t1me2).

Flowchart

Not applicable.

Listing
See Appendix D for program,
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3.5.14 FUNCTION FCHISQ

Purpose
FCHISQ calculates the CHI square value per degree of freedom.

Linkages
FCHISQ is called by TRJFIT and CHNFIT.

Inter<ace

Calling sequence: .
GOODFT = FCHISQ (Y, SIGMAY, NPTS, NFREE, MODE, YFIT, WEIGHT).

Calling sequence parameters:

Input/ ’
Argument Qutput Descrintion
Y(NFILES) I Array of dependent variables,
SIGMAY (NFILES) I . Array of errors on Y.
NPTS I Number of acquisitions.
NFREE I Number of degrees of freedom.
MODE I Not used.
YFIT(NFILES) I Array of fitted values.

WEIGHT(NFILES) I Array of weighting factors.

Function value:

Name Description
| ' GOODFT  CHI-square value per degree of freedom.

Labeled COMMON parameters:
None.
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Blank COMMON parameters:
None.

Inputs
None.

Qutputs
None.

Storage Requ' rement

Not applicable.

Description
FCHISQ calculates CHI square value = E (YFITeY)/SIGMA)Z

Flowchart

Not applicable.

Listing
See Appendix D for program.
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3.5.15 SUBROUTINE MATINV

Purpose
MATINV inverts a matrix of order NORDER.

Linkages
MATINV is called by TRJIFIT and CHNFIT.

Interface

Calling sequence:
CALL MATINV (ARRAY, NORDER, DET).

Calling sequence parameters:

Input/
Arqument Qutput Description
ARRAY (NORDER) 1,0 Matrix.
NORDER I Order of matrix.-
DET g Determinate of matrix.

Function value:
None.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None.

Inputs
None.

Qutputs
None.
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Storage requirement
Not appliczable.

Description
MATINV uses the Gauss-Jordon reduction techniques.

Flowchart
Not applicable.

. N N L L

: Listing ,
] See Appendix D for program. : _
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3.5.16 SUBROUTINE CHNFIT
Purpose

CHNFIT makes a least-square fit to a non-linear function to calculate
coefficients for the curve.

Linkages
CHNFIT is called by CLASFYT.

Interface.

Calling sequence:
CALL CHNFIT (X, Y, SIGMAY, NFILES, NTERMS, MODE, COEFS, DELTAA, SIGMAA,
FLAMDA, YFIT, CHISQR, CON, CALP, CBET).

Calling sequence parameters:

Argument é;i;;é Description

X I Array of Julian day/107 ¥or acquisitions.

Y I Array of dependent variables.

SIGMAY I Array of errors on Y.

NFILES I Number of acquisitions.

NTERMS L Number ¢ f degrees of freedom.

MODE I Not use,, was switch for calculation weight.
COEFS I,0 Array of coefficients A, Alpha, Beta and to'
DELTAA I Array of increments for A.

SIGMAA g Standard deviations.

FLAMDA @ Proportion of gradient search.

YFIT 8 Array of fitted values.

CHISQR @ Residual CHI-square value.
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CALP
CBET

Function value:
Not applicable
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Input/
Qutput

Description

I
I
I

Labeled COMMON parameters:
Full descriptions of labeled COMMON blocks are contained in Appendix A.

Data point 1 returned from TRJIFIT (A).
Data point 2 returned from TRJFIT (Alpha).
Data point 3 returned from TRJFIT (Beta).

Element Input/
Label Variable Position Qutput Description
/CHAN/ ACH 1 9 A returned from TRJFIT.
/CHAN/ ALP 2 ] Alpha returned from TRJFIT.
/ CHAN/ ABET 3 p Beta returned from TRJFIT.

Blank COMMON parame
None.

Inputs
None.

Qutputs
None.

Storage requirement

Not applicable.

ters:
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Description

CHNFIT calculates alpha and beta matrices, using the least-syuare method,
for defining all parameters of the curve for the selected pixels in the
training field.

The CHI square value of the starting point is evaluated and the modified
curvature matrix is inverted to find the new parameters.

The convergence depends on the CHI-square value and on the size of step
FLAMDA which contirols the Tocation of the emergence day.

If the CHI-square value increases, FLAMDA is increased and the process
is re-initiated. If the CHI-square value decreases, the parameters and
uncertainties are evaluated.

Flowchart

Not applicable.

Listing

See Appendix D for program,
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3.5.17 SUBROUTINE FGERIV

Purpose

FGERIV calculates the value of DERIV from the radiance value, alpha and
beta.

. Linkages
FGERIV is called by CHNFIT.

Interface -
Calling sequence: :
CALL FGERIV (X, I, COEFS, DELTAA, NTERMS, DERIV).
Calling sequence parameters:
Input/
Argument Qutput Description
. X I Time array in days elapsed in year/100.
I I Index to value in time array.
COEFS I Array of coefficients A, Alpha, Beta and to.
| " DELTAA NA Not used.
, NTERMS NA Not used.
| DERIV g Value of function FGERIV.

Function value:
Not applicable.

Labeled COMMON parameters:
None.

Blank COMMON parameters:
None.
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Inputs
None.

Qutputs
None.

Storage Requirement

Not applicable.

Description

FGERIV calculates the value of DERIV from the values of alpha and beta and
the current radiance value. If DERIV is negative, it is reset to zero.

If DERIV is zero, it is rese* to 1:E-10.

Flowchart

Not applicable.

Listing
See Appendix D for program.
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3.5.18 FUNCTION FGNCTN

Purpose
FGNCTN calculates the Y fit for the curve.

Linkages
FGNCTN is called by CHNFIT.

Interface

Calling sequence:
YFIT(I) = FGNCTN (X, I, A).

Calling sequence parameters:

Input/
Argument Qutput Description

X I Array of time noints.
I I Index to current point.
i A I Array of coefficients A, Alpha, Beta and to.

} Function value:

Name Description
i YFIT(1) Evaluated function.
F
5 Labeled COMMON parameters:
% Full descriptions of labeled COMMON blocks are contained in Appendix A.
| Element Input/ '
Label Variable Position Qutput Description
? /CHAN/ ACH 1 I A value returned from
| TRJFIT.
| /CHAN/ ALP 2 I Alpha value returned
from TRJFIT.
/ CHAN/ ABET 3 I Beta value returned from

TRJFIT.
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Blank COMMON parameters:
None.

Inputs
None.

Qutputs
None.

Storage Requirement

Not applicable.

Description

FGNCTN sets the alpha value positive and calculates F, current value of X/
alpha. If F is less than or equa’ to 1., FGNCTN = ACH; otherwise FGNCTN
is calculated from the parameters of the training field.

Flowchart
; Not applicable.

| Listing
See Appendix D for program.
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4.0 OPERATION

4.1 OPERATING DESCRIPTION

CLASFYT is operational on the IBM 3031 computer at LARS, West Lafayette,
Indiana.

The CLASFYT program is one of the programs of the BADHWAR SYSTEM,

CLASFYT requires the use of a D disk which is assigned as a temporary disk
and an E disk which is used to hold LARS routines. The user therefore,
must not assign a disk to his machine using either MOUE E or MODE D. These
disks will be assigned as needed.

Prior to executing the CLASFYT program the user must establish on his A disk
a USER INFORMATION file as described in Section 3.4.1.

4-1



g e e TR TP TIEE cha=nas it

4.2 COMMANDS DESCRIPTICN

To execute CLASFYT the user will enter the following series of commands
which invoke the JOB TONTROL SOFTWARE. These commands are divided into two
classes namely (1) FUNCTION commands and (2) PROGRAM commands. The FUNCTION
commands, which perform all the functions except executing the program, are
reusable, 1.e., once they are invoked they remain in effect until reentered.
The PROGRAM commands, which simply execute the program, must be reentered
each time the program is to be executed.

The following 1ist gives the commands required to execute the CLASFYT
program. They are all FUNCTION commands except the PROGRAM command CLASFYT.
These commands are to be given in the listed order.

START

END

The following sections describe each of the commands in detail. Input

fields are separated by blanks. If more than one word is required to
describe an input field, the description is enclosed in pointed brackets <>.
If an input is optional the field is enclosed in square brackets []. Do

not include these expTanatbry characters <> [] when actually submitting input
to the computer. To enter a command the user types one input per defined
input field and separates each fie., with a blank.
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4.2.1 START

The START command spools the user's console file. The use of this command
along with the END command will provide a Tisting of all information
appearing on the user console file. (If running an interactive job this
is the terminal.) If running a batch job this is a system definad device.
The START command is invoked by the user typing the following:

START
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4.2,2 CLASFYT

The CLASFYT command is a PROGRAM command and is used to invoke the execution
of the CLASFYT program. A1l input Landsat data is from the LARS RT&E Data
BASE and a series of programs is required to do the necessary interface.
The following diagram illustrates this software flow.

«.RTEER  <LARS ROUTINE>
CLASFYT.......LCTINF........SEGALL <LARS ROUTINE>

* TSRTHS. .. .IVALUE

For a detailed description of tne JOB CONTROL SOFTWARE See Appendix C.

This CLASFYT command must not be given unless the user has established a
user's file on his A disc under the fiie description <SEGMENT NUMBER> USERT A
as described in Section 3.4.1. Furthermore the SEGMENT NUMBER must contain
4 digits of the segment. For example: segment 0882 dictates that the

USER INFORMATION file be named:

0882 USERT A
The CLASFYT command is invoked by the user typing the following:
CLASFYT <SEGMENT#> <ACQ.#1> <ACQ.#2> <ACQ.#3> <ACQ.#4> <ACQ.#5>

As described in Section 3.4.2 the CLASFYT program requires the user to
execute using 5 segment acquisitions.

The classification file output from an execution of CLASFYT is written to
a file named <SEGMENT NUMBER> CLASS A. Program inputs acquired from the
LARS Data Base and the USER INFORMATION file is spooled to the HOUSTON

| printer.
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4.2.3 END

This command closes the user's console file and causes a spooled copy to be
sent to the HOUSTON printer. This command has no effect if the START

command was not previously issued. The END command is invoked by the user
typing the following:

END

4-5
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4.3 OPERATING EXAMPLE

For our example we assume that the user has established on his A disk the
required USER INFORMATION file. In addition since our example deals with an

execution using segment 882 the user's information file must be established
under the filename 0882 and filetype USERT.

COMMAND EXPLANATION OR ACTION TAKEN

——————————— S SO S S SR G W P TN N MR G B T URF G B O N U S N B W D S LD B SR S WD S W) 4D P WL NPL D W 40 SO D B U S B D D A GN MO P W P B S S U S S 8D 99

START Spools the console file.
CLASFYT 0882 78159 78186 78222 78231 78267

Executes the CLASFYT using 5
acquisition of segment €82,

END Closes t
file and

he user's consoie
prints the file.
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COMMON BL.OCK /LINES/

NXTLNE Not currently used.
LINENO Current Tine number,
IDATA(856,8) Acquisition data.

NOACQS Number of acquisitions.

R AL N 4



COMMON BLOCKS /MISC/

| NOACQ Number of acquisitions.

F ACQDT(5) Acquisition dates stored left jus“’“ied in double precision
r word.

| KSEGM Segment number stored as 4 character word.

E LANDST(5) Landsat numbers.




COMMON BLOCK /USER/

ICROP(10) Names of crops of interest.

2Q(4,10) Initial guesses for A, Alpha, Beta and t, for channel 1.
ZX(4,10) Initial guesses for A, Alpha, Beta and t, for channel 2,
ZY(4,10) Initial guesses for A, Alpha, Beta and t, for channel 3.
Qz(4,10) Initial guesses for A, Alpha, Beta and t, for channel 4.
ISYMBL(10) Symbols for crops of interest.

IORDRC(4) Order of channel processing.

NOCRGP Number of crops to process.
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CLASFYT Variable Definitions

ORIGINAL PAQE IS
OF POOR QUALITY

VARIABLE DEFINITION

RCEBDT
RLOG
FLPH1
RLFPHEZ
FALFHZ
HLFH
A1l

RE

(SR

FHa
BETHI
EETRZ
EETHZ
EBEETH4
EBZER
CHHFIT
|:: H I".I
CILMDET
CPTIME
CROFPTH
HELIF
HTF

I

IEEF
ICPTIM
ICFTIM
IZROF
ICUT
ICUTT
IDATAH
1oAY
IDUPDT
IHOLTI1
IHOL D
IMOH
I0RLRC
IFF
IZZRENM
I=%m
ITYFE
IVERR
.J
JEEGM
w

RCBIISITION DATES

FEAL LOS5 FUNCTTOM

ZMD CURME FIT WALUE CH 1s ZET AFTER TRJFIT: USED BY BOTH CHMFIT
EMD CIRVE FIT YALUE CH 2y SET AFTER TRJFIT» USED EY BOTH CHHFIT
3RD CURYE FIT WALUE CH 3, SET AFTR TRJFIT» USED BY EOTH CHMFIT
END CURME FIT WRLUE CH 4 ZET AFTER TRJFITs USED EY BOTH CHHFIT
INIT GUESZ 1 CH 1s SET AFTER TRJFITs UZED ALL CALLS TO CHMFIT
IMIT GUESS 1 CH 2s SET AFTER TRJFIT. USED ALL CALLE TO CHMFIT
INIT GUESS 1 CH 2 SET RFTER TRJFITy USED ALL CRLLE TO CHHFIT
IMIT GUESE 1 CH 4s 3ET AFTER TRJFIT» USED ALL CALLS TO CHHFIT
3RD CURWE FIT WALUE CH Ly SET AFTER TRJFITs USED BY BOTH CHMFIT
BRD CURYE FIT WALUE CH 2, SET AFTER TRJFIT, USED BY BOTH CHMFIT
3RD CURME FIT WALUE CH 2. ZET AFTER TRJFITs USED BY BOTH CHMFIT
3RD CURWE FIT WALUE CH 4» SET AFTER TRJFITs USED BY EOTH CHMFIT
SEGHENT MNUMEER STORED LOSICAL+1

CHRMMEL FIT SUBROUTINE

HOLD RRER FOR CHAMNNEL WRLUES

CONSTAMTS FOR LANDSAT

SYETEM TIME ROUTIME

SUBROUTINE TO FERD USER. IMFORMATION FILE

BUFFER FOR CLASSIFIED PIMELS

HERTER

TEMF. INDEX

FETIUPM PRRAMETER FOR FIXEL. WITHIM DEFIMED WERTICES
STRRT TIME IM HUMDRELTH OF IECOMDS

IMITIAL TIME

MRME OF CROP

MATRIX OF FIXELS CUT, INDEXED BY CHRMMEL AND CROP

SUMM OF FIXELS CUT FOR EACH CROP

BUFFER FOR RADIANCE WALLE TARE

2 CHRRACTER DAY

INDE% TO DUFLICATE DATE OR ZERD IF MC IUPLICATE DATE
HOLD FRER FOR INTEGER

HOLD ARER FOR LOSICAL+l CHARACTERS

2 CHARPCTER MOMTH

ORDER TO FROCESS CHANMELE FOR CHHFIT

FIXEL POINTER

NUMEER OF PIXELS WITH ZERO RADIAMIE VALUES

SYMEOLE FOR CROPS

ZWITCH UIED FOR CALL TO RUFLES FOR HEALER OR RAD. YALUES
2 CHAR CURRENT YEAR

TEMP. IMIDEX ‘

SEGMENT MUMEER AS DISPLAY CODE

TEMP. INDEX :

B~1



KR - KZ
FELAMK
FEiCHAM
KERIAL
KIERM
KLIMCLE
KURRACE
KLIRIZHM
KURCEP
KIRP T
KURPHL
KE
K1 - K4
L
LACHDT
LAMDET
LIMIT
. IMEMO
LLIME
Loc
3]
MRSLME
MR T
ME P L
MIMLME
MIMPIX
MIMPRL
MODE
MFILES
MMA
MORCE
MORCIEE
MOCROP
MOKROP
MOF T
MPTETF

' WTERME
MYZPTH
MYCPTH
M TLME
FELTH
PCHI

| DCOEFS

AORT

) BETH

! DFETY

PIZOR

PP

GMERH

PIE FHHM

oFT

SR

VARIABLE DEFINITION

ORIGINAL PAG. ,‘s
OF POOR QUALITY

ZNMMEOL FOR R COMTIMUIME WITH KEs K2» ... ¢ KZ

ALFHAMUMER TS BLAME "

CURREMT CHAMMELLs ISED IM DIZPLAY

RLPHRMUMERIC EfUAL

ZESGMEMT MUMBER RE COMPUTARTIOMN MUMEEFR

SWMEBOL FOR LUMCLASTIFIED PIKELE

IMDEX TO CURRENT ACOUIZITION

IMDEX TO CURREMT CHAMMEL

IMDEX TO CURFREMT CROP

IMDEX TO CURFREMT PIWEL IM TRAIMIMG FLD

IMDEX TO CURREMT PIEL IM TEZT FLD
THREOWEH KZ BT THE 2YMEBEOL FOR 2

2YPMEOL FOR 1 COMTIMUIMG WITH K2y K2

TEMF,. IHDEW

ROBJTIZTION DARTE AS LOSICALel

RERAY OF LAMDERT WHLUES, OME-/RCHOLIZITION

MESIMOM LIMIT FOR CRLLE TO CHMFIT

CUFRREMT LIME MUMEBER FOR FRADIAMCE “WALUES

IMDEX FOR LIME IO LOOP

TEMF LOCATIOM FOR UMPRCKIMGE IMPUT DATH

TEMP. IMIEX

LRFEEEZT LIME MUMEBER IN CURRFREMT FLD

LRAFGEST PIXEL MUMEER IM TRRIMIMS FLD

LRFEEET PIXEL MUMEER IM TEST FLD

ZMALLEST LIME MHUMEBER IM CURFREMT FLD

EZMARLLEET PISEL MUMEER IM TRPARIMIMZ FLD

EMALLEET FIXEL MUMEER IM TEST FLD

WEIGHTIME IMDICATOR. ALWAY 1s MOT USED

MLIMEER OF RCOUIZITION FILES

PE<IMUM NUMEBER OF CHOZEM PIXELE

HUMBER OF ACOUIZITIONE

MLIMEER OF ACRUIZSITIOME

MUMEBER OF CROPE TO CHEZK

HUMBER OF PIXELET THART EELONG TO-MHOME OF THE CROPE

IMDE® TO CURRFRENMT FISEL IM ORIGIMRL PIXELTS IM TRERIM FLD

CLURFEMT MO OF FOIMTS IM TRERIMIMG FLD

HMUMEER OF DEGSREEE 0OF FREEDOM <4

EMDIIME TIME IM HUMIDREDTHE OF ECOMDE

EMIDIMNE WIRTUAL TIME

HOT UEET )

S2TH PFRGUMEMT IM CRLLINMG ZEQMIEMCE TO TRJIFITs MOT USED OTHERWISE

CHI 29 YWALUE RETURMED FROM TRARIMIM: CRLL TO TRJIFIT FOR CH 1

CH 1 12T WALUE CURYE FIT APPROXs ZET IM TRJIFITs UZED RBOTH CHMFIT

CH 1 HOLD ARER FOR CHOSEM PRDIAMCE YRALUES

11TH PRRPAMETEF IM CALL TO TRJIFIT. MOT USED.

11TH FRAFAMETER IM CALL TO TRJIFIT. MOT USED.

ocH 1 CHI S WRLUE FROM TRJFIT. USED IN BOTH CALLE TO CHNFIT

SET ERUAL TO TCUT

-H 1 MERM FOR DRIG. PIKELSs THEHW ZELECTED FIXELE

MEAM OF CHI =@, YWRLUES AFTER TRJFIT AMD CHMFIT FOR TRAIMIMG FLI

ZIHGLE DIMEMSIOM ARREAY FOR CHAM 1 WALLES. UZED TO CARLL ZTEW

TEMP LOCARTIOM
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b

VARIABLE DEFINITION

ATH
JTE
SDEWCT
*DFLEZ
RECT
SDEY
TR
pAEY
KA,
SEMA
RACiok's
SEMZ
RACIQN!
RICIL IS
TiEptR
TioM4
STEMA
M
IMA
EMY
EMZ
AN
EORT
T

NS

e

o

TFETRLM
TFTEM
TFT =M
TFTO4M
TOURY
TRIFIT
TEPTO1
TRPT D
TRPTO2
TRPT im
TRETALY
TRTALIF
TETOLM
TRTOEM
TRT:2M
TRETN4M
T
TNz
THE
T4

T1

Tl

Tz

TEH

DELTR YRLUE IM
DELTR YRLUE IM

o T TR S T e

CALL TO CHMFIT
CHLL TO CHNFIT

ORIGINAL PAGT 18
OF POOR QUALITY

SUEROUTIME TO PERAD DRTH FROM RT%E DATA BAIE
TUBFOUTIME TO RERD PRDIAMCE “RLUES
SUEROUTIME TO DETERMIME IF PIXEL WITHIM DEFIMED YERTICES
SUBROUTIME TO CALCULATE MEAM AMD ETANDARD DEVIRTIOM

SIME YWALUE IM
ZIEMA WALUE IM
oH 2T. DE%.
l:H :ET. DE""'n
CH 5T. DE%.
ZH ET. DEVY.
CH FTH OF
ZH FTH OF
H FTH OF
ZH FTH OF

SR OCRE g SO Y

“YALLE IM
WRLUE IM
TEMP. “ALUE IM
TEMP. WHRLUE IN
ET.IEM. FOR CH

TEMF.
TEMP.

FOR
FOR
FOR
FOR
AT QN
S5
SITMY
SIDME s

CRLL TO CHNFIT
CHLL TO CHHMFIT

LIZED

CALCULRTING

ALL TEET PIKELE

ALL TEZT PIXELSZ
ALL TEST PIXELZE
IJZED CRLL TO TRJFIT,
CALL TO TRJFIT»
UIED CRALL TO TRJFITs
JZED CALL TO TRJIFITs
FTH ARGUMENT IM CALLIMS TERUEMCE TO TRJFIT
CH 1 COMETAMT FOR CHHMFIT

FECRLC/D FOR
FECRLE’D FOR

CALCULATIMG CH 2 CONSTRANT FOR CHMFIT

CRLCLDLRATIMG
CALCLULATIMNG

TRURRE ROOT FUMCTIOM

TEMP LOC
2T.DEY.

ZT.DEY. FOR CH
ET.DEY. FOR CH
COMETAMT 2.23s

FOR CH

ET.DEY.

FEEET TO 7.035

CEEMYY

CH 3 COMETAMT FOR CHMFIT
CH ¢4 COMETHEMT FOR CHHFIT
1 FOR CHOZEM PIXELE (EZGEMER)

THEM CHI

FOR TRAIM FLD APPROY AFTER CHMFIT
2 FOR CHOSEM PIKELE (SEMAD »
2 FOR CHOZEMN PIXELE
4 FOR CHOZEM PIXELE <2GMZD s

THEM CHI
THEM CHI
THEM CHI

IF DUPLICATE DRTE

HMD THEM CHOZEM FIAELS
FHLL TEERT FPIMELE RMD THEM CHOSEM PIKELS
AMD THEM CHOIEM FIXELE
AMD THEM CHOSEM FPIXELE
RECRLCD FOR TEST
RECALZ’D FOR TEET
TE=ST
TEZ
MOT UZED OTHERWIZE

CHMFIT
CHHFIT
CHNFIT
CHHFIT

SR CNOT USEDD

ALl CHEAMD

SROMHOT USEDD
S CMOT UEEDD
SRCHOT UZEDD

CH1 MERM TRRIM FLD PIMEL To7E (TRPTO1» AFTER CHMFIT OM TRAIM FLD
CHZ MERAM TRAIM FLD PIXEL TO7% CTRPTO02> AFTER CHMFIT OM TRAIM FLI
CHZ MERM TRAIM FLD PIMEL TO % C(TRPTOZ» AFTER CHMFIT OM TRAIM FLD
ZH4 MEAM TRAIM FLD PIKEL TOQ7Z (TREFTO4> AFTER CHMFIT OM TRAIM FLD
TODRAY"E DATE

TERJIECTORY FIT EUEROUTIME

T WALUE FOR CH 1 FOR ERACH PIXEL AFTER CHMFIT OM TRAIM FLD

T YALIE FOR CH & FOR EACH PIXEL AFTER CHMFIT OM TRAIM FLD

™) “ARLUE FOP CH 3 FOR EACH FIXEL RFTER CHMFIT OM TRAIN FLD

T YALUE FOR CH 4 FOR ERCH PIYEL RFTER CHMFIT ON TRAIM FLD
LOWEET “ALUE FDR TEET PIKEL TO <TRAIM FLD TO MEAM +-.25 OR .2
HIGHEET WRLUE FOR TEZT PIKEL TO <(TRAIM FLL TO MERM +-.25 OR .2
TRAIMIMG FIELD TO MERM FOR CH 1

TERIMIMG FIELD TO MEAM FOR CH 2 '
TRRIMIME FIELD TO MEAM FOR CH 2

TRAIMIMG FIELD TO MEARM FOR CH 4

Tn WALUE RETURMED FROM TRJFIT FOFP CH 1

TO YALUE RETURMED FROM TRJFIT FOR CH 2

T0 WALUE RETLRMED FROM TRJIFIT FOR CH =

T0 “YALUE RETURMED FROM TRJFIT FOR CH 4

FTM ZT. IDEY CHOZEM PHYLE(EGMED OF CURREENMT P¥Ls UZED TO CRLC Z5M1

TEMP UZED IM CRALCULATIMG Zi5M1

FTH 2T. DEY

CHOZEM PELE CZIEMKD

TEMF LUEZED I CALCULATIMNG =5M2
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VARIABLE

T

T2

T4

T
WETGHT
¥inH
wioHT
WIZHIM
HWCUEFS
wORT
wDHY
#“DIF
wRIFTH
wDIFYT
wFT
“FIT
v
wH2
HHE
AL
HIZDRE
H“LEMIDA
Wit
W&
w3
wlhd
BMA
wMERM
WMERMM
“RT

“F

wT.J
wTOL
"WIoHT
“COEFS
YORT
WFT
“FT
VISR
VMR
YMERM
' MERMM
“PT

or'Eu

=R

ZE
SCHI
ZIZ0EF®
SDAT
2FL
ZFF

R\ e

ORIGINAL PAGE IS
OF POOR QUALITY

DEFINITION

FTMH ZT. DEW CHOZEM PHLZ «BMY) OR CURREMT PHL, UZED TO CALIC 25M3
TEMP UZED IM CALCULATIMG 2EM2 FOR BROTH CHMFIT CRLLS

FTH =T. DEW CHOZEM PHLEI CZEMZY OFR CURREMT PHMLs UZED TO CALC SiEMd
TEMFP UZED IM CALCULATING 2EMd4 FOR BOTH CHMFIT CALLE

WETSHTIMG YRALLEE ¢ 1./215MA++2)

HOLD ARER WEED IM LUNPRCKIMG FADIAMCE WALUJES

CHI 22 WARLUE RETURMED FROM TRAIMIMS CRALL TO TRJFIT FOR CH 2
COMTROL WRLUE FORP CALLE TO TRJFIT AMD CHMFIT

CH & 12T YALUE CURYE FIT RAPPROX: ZET IM TRJFITs U2ED EOTH CHMFI®
CH 2 HOLD ARERA FOR CHOZEM PIXEL

ARRAY OF ACEUIZITIOM DRYS OF YERR ~ 100,

TEMPF

DIFFEREMCE IM ETRRTIME AMHD EMDIMG TIME

DIFFEREMCZE IM STRARTIMS AMD EMDING WIRTUAL TIMES

JZEFP SPECIFIED ¥ CODORDIAMTEE OF FIELDS

11TH PREAMETER IMN CHMFIT: MOT UZSED OTHERWISE

CH1 HIGH LIMIT FOR TRAIM PIXKELEs MEAM DF ORIG PIXELS + £T DEY
CHe HIEH LIMIT FOR TRAIM FIXKELZs MEAM OF ORIG PIXELS + ST DEVY
CH2 HIGH LIMIT FOR TRARIM PIXKELEs MEAM OF ORIG PIXELS + =T DEY
CH4 HIGH LIMIT FOR TRRIM PIKELEs MERM 0OF ORIG PIXKELE + 3 2T DEV
CH 2@ CHI 2. VALLUE FROM TRJFIT. UEED IM BOTH CRLLE TO CHMFIT
TOLERAMHCE WALLE LZED IM CRALLE TO TRJIFIT AMD CHNFIT
CHL LOW LIMIT FOR TRAIM PIKELS, MERM OF OFIG PIMELZ
CHE LOW LIMIT FOR TRAIM FIAELYs MERM OF ORIG PIXELZ
CHZ LOW LIMIT FOR TRAIM PIXELZ. MERMN OF ORIG PIYELS
cH4 LOW LIMIT FOR TRARIM PIXELZ, MERM OF ORISZ PIXELE
ZET ERURL TO TCUT

CH & MERM FOR ORIG. PIKELZy THEM ZELECTED PIXELE
MERM OF CHI 2R, VWALUEES AFTER TRJIFIT AMD CHMFIT FOR TRAIMIMG FLI
ZIMGLE DIM ARRRAY FOR CH 2 RADIAMCE VALUEEs UEED TO CALL ZDEW
TEMP

TEMF HOLD RRER FOR FLORT PT DRATE YALLE

MIMIMUM TOLERAMCE AFTER CARLL TO CHMFIT

CHI 23 WRLUE RETURMED FROM TRAIMIMG CALL TO TRJFIT FOR CH 3
-CH 2 12T, YALJE CURYE FIT APPROM. ZET IM TRJFITs UZED BOTH CHMFIT
CH 3 HOLD RARER FOR CHOZEM FPIXEL

JIER EPECIFIED % CDORDIMATEZ OF FIELDE

11TH PARAFAMETER IM CALLE TO CHMFIT. MOT USED OTHERWIZE

CH & CHI 3. WALUE FROM TRJFIT» UEED IM BOTH CRALLE TO CHMFIT
ZET ERUAL TO TCUT

CH 2 MEPM FOR ORIG., FIKELZs THEM ZELECTED PIKELE

MEFM OF CHI Z. “WALUEZ AFTER TRJIFIT AMD CHMFIT FOR TRARIMIME FLI
ZIMGLE DIM ARRRY FOR CH 2 RADIAMCE “WALUEZs UEED TO CALL EDEY
TEMP

TEMP APPREDOR FIT WRLUE CHMFIT IM TRAIM FLD» RETET IM CHNMFIT TEET
TEMP AFPRDOA FIT WALUE CHMFIT IM TERIM FLDy RETET IM CHMFIT TEZT
CHI 2@ WALLE RETURMED FROM TRAIMIME CALL TO TRJFIT FOR CH 4

CH 4 12T “WALUE CURYE FIT RFPROXs ZET IM TRJFITs UEED EBOTH CHMFIT
CH 4 HOLD RRER FOR CHIZEM FIXEL

LIME MUMEBER UEZED IM CARLL 7O RECT

FIXEL MUMBER UZED IM CARLL TO RECT

LY Y

=T DEW
T DEY
=T DEY
T DEV

| I I
CX 00 03 03
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VARIABLE DEFINITION
ZITRF CH & CHI 20, WALUE FROM TRJIFITs UIED IM BOTH CRLLZ TO CHMFIT
ZMA ZET ERUAL TO TCUT
“MERM CH 4 MERM FOR ORIG. RPIKELZs THEM ZELECTED PIMELD
CMERMM  MEAM OF CHI 29, YALUES AFTER TRJFIT AMD CHMFIT FOR TRAIMIMG FLD

ZFT SIMSLE DIM RRRAY FOP CH 4 RADIAMCE %ALUEZs USED TO CALL SDEY
20 IMITIAL USER GLUESI FOR CH 1 CURYE

7P TEMP LOCATION

g IMITIAL USER GUESS FOR CH @ CURNE

o INITIAL UZER GUESS FOR CH 3 CURVE

Tz INITRIL LLER BUESS FOR CH ¢ CURYE
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