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1. SCOPE 

This document contains the design specifications and description 

of the modifkcations made to the Statistics and Data Transformation -- - 

processors on the Procedure I tape of the EOD-LRRSYS system. 

The requirements that were satisfied are specified in the task - 

agreement 77-3 titled, "LARSYS/Data Transformation Procussor 
Modification* originally dated 6/17/77 and revised 9/12/77 and - - -  - 

the "EOL-LARSYS System Design Modifi~ations for PCG Transformation 

Requirements" memo, dated 8/24/77. The modification requirements 

were provided by the Research, Test, and Evaluation Branch (RT&E) - 
of the Earth Observations Division (EOD), of NASA/JSC. 

The new modifications to the Statistics and Data Transformation 

processors are found on the LARSYS PCF tapes X03635 and X03597. 



2. APPLICABLE D O C W N T S  

The fo l lowing  documgnts w i l l  serve as r e f e rences :  

EOD-LARSYS Users' Document, LEC-3984, March 1977 

Task Desc r ip t ion  and Agreement, d a t e d  6/17/77, "LARSYS/Data 

Transformat ion Processor  Modif icat ion"  

Symat, Covar, T e s t  Procedures f o r  Matr ix  C a l c u l a t i o n s  by 

W. L. M o r r i s , C .  L. Wiginton, and D. K. Lowell, Report 117, 

Con t r ac t  NAS 9-12777, da t ed  October 1972 

a P r i n c i p a l  Component Greenness (PCG) Transformation Requirements 

f o r  LARSYS by R. A. Abotteen 

a EOD-LARSYS System Design Modi f ica t ions  f o r  PCG Transformation 

Requirements, d a t e d  August 2 4 ,  1977 

Act ion document: CAT1, TIRF: 77-0034, (New requirements  f o r  

checking the f i r s t  e igenvec to r  o f  t h e  u n i t a r y  matrix) 



3. SYSTEM DESCRIPTION 

In order to load and execute the DATA-TR prmessor on the Procedure 

I tape, the DSPLAY, SELECT, and LABEL processors were removed from 

the Map and commented out in the Montor routine. 
b 

This document describes the changes that were implemented into the 

existing Procedure I Stati~tics and Data Transformation processors 

to generate and output ah optional Greenness and/or Principal 

Component Greenness (PCG) image. The basic image will continue 

to be a multi-temparal/multi-pass data tape. The result is a 

transformation which will assist in LACIE-type classification. 

The user will be provided the options of: 

a. Filtering raw or sun angle corrected data vectors in the 

Statistics processor, 

b. Using sun angle corrected data in the Data - Transformation 
processor to compute a greenness and/or principal component 

image. 

3.1 HARDWARE DESCRIPTION 

N/A 

3.2 SOFTWARE DESCRIPTION 

3.2.1 SOFTWARE COMPONENT NO. 1 (STAT) 

The Statistics processor, STAT, will be modified to calculate on 

option the mean and covariance matrices from filtered and/or sun 

angle corrected data. These options will be provided if the new 

control cards 'SUNANG' and 'OPTION WATER' ,or 'OPTION TASSEL' are 

input by the user. 

If the 'SUNANG' control card is present, the channel-oriented sun 

angle bias and gain correction factors will be applied to the cor- 

responding channel component of the raw data vector. 



where XT(I) = t h e  10th channel compdnent of  the sun angle  

co r rec t ed  d a t a  

SAGAIN(1) = t h e  sun angle  ga in  c o r r e c t i o n  f a c t o r  f o r  t h e  

10th  channel 

SABIAS(1) = t h e  sun angle  b i a s  c o r r e c t i o n  f a c t o r  f o r  t h e  I - th  

channel 

X R ( I )  - t h e  19 th  channel component of  t h e  raw d a t a  

I 
The user  w i l l  have the op t ion  of  applying one o f  t h e  fol lowing I 

f i l t e r s  t o  t h e  r a w  o r  sun angle  co r rec t ed  d a t a  vectors: I 
I 

a. Water f i l t e r  - i n i t i a t e d  by t h e  i n p u t  of t h e  'OPTION WATER* 1 

c o n t r o l  card .  (see Appendix A.2 f o r  t h e  'Water' f i l t e r  
' ,  

test)  I 

b. Tasse l  Cap f i l t e r  - i n i t i a t e d  by t h e  inpu t  o f  t h e  'OPTION 

TASSEL' c o n t r o l  card.  (see Appendix A. 2 f o r  t h e  'Tassel  

Cap' f i l t e r  test) 

3.2.1.1 Linkages 

The STAT processor  uses  t h e  FORTRAN-V compil-er, Univac sof tware 

system r o u t i n e s ,  EOD-LARSYS u t i l i t y  r o u t i n e s ,  and t h e  COMBK4 and 

STBASE common blocks.  

See Appendix A f o r  t h e  modi f ica t ions  t o  be made t o  t h e  ind iv id-  

u a l  subrout ines .  

3.2.1.2 I n t e r f a c e s  - 
The STAT processor  i n t e r f a c e s  with t h e  EOD-LARSYS execurive r o u t i n e ,  

MONTOR. 



3.2.1.3 Inputs 

The procensor requires an MS8 data tape (DATAPE). Thg default 
tape assignment is thu logical unit C (Fortran Unit 3). 

Keyword Parameter 

(~01. 1) (~01. 11-72) 

BUNANG 

Punct ion - 
Sun angles will be ex- 

(Default - no sun angle tracted from the ERIPS 

. correction applied) 'unload' MSS image tape. 

BUNANG 

B-MATRIX 

nlD nj "i 
= sun angle for pass 

(Default- no sun angle i, 1<1<8. Sun angles are 
0 - 

correction applied integer numbers which 

are 5<niz85. 

Cards The 8-Matrix will be 

(Default - none) found on tho cards im- 
' mediately following this 

control card. 

File The subroutine BMFIL 

(Default - none) will be called to read 
the B~Matrix off of the 
file, BHFILE 

a1# . 
'j 

The a 's are decimal i 
(Detault - for 'Tassel (floating po in t )  numbers, 
Cap' filter, separated by comas; if - 

the user requested a 
'Tassel Cap' Eilter,j 
must be equal to 5: if 

a4 = 10.0 the 'Water' filter was 
a5 = 35.0 requested, j must be 
for the 'Water' filter, equal to 2. 
al - 43.0 
a2 - 12.0) , 



, goyword 

BIAS 

OPTION 

OPTION 

Parameter 

bl, , b 4  
(Defaul t  - bei = 0.0) 

T a s s e l  
(Defaul t  - none) 

Water 
(Defaul t  - none) 

() NODZFIED CONTROL CARD 

Keyword 

(col. 1) 

Parameter 

(co l .  11-72) 

Data = ll. . . ., 
(Defaul t  - n = 301, 

F i l t e r  = ml, 
' . .mj 

(Defaul t  - hone) 

Function 

The bi8s a r e  decimal 
( f l o a t i n g  p a i n t )  numbers, 
meparated by commas; t h e  
b i a s  va lues  w i l l  be used 

o n l y  i f  t h e  lI 'assel  Capg 
f i l t e r  i s  requested.  

I n i t i a t e s  t h e  Tasse l  C a p  

f i l t e r i n g .  

I n i t i a t e s  the Water 
f i l t e r i n g .  - - .  

Function 

The l i8s  and m i l s  a r e  
i n t e g e r  chaznel numbers, 
sepa ra ted  by c o m a s ;  they  
must be a subset of t h e  

MSS Image t ape .  The l i l s  

w i l l  be  used i n  t h e  gen- 
e r a t i o n  of the mean and 

covariance matr ix .  The 

mkts are t h e  channels  t o  

be used in the user-re- 
ques ted  f i l te r  process. 

I f  t h e  'Tassel  Cap1 f i l t e r  
was reques ted ,  j must be 
equal  t o  4 (based on 4 

channels /pass) .  I f  t h e  

-'Water1 f i l t e r  was requested 

j must be4 equal  t o  2.  



i The funct ion  and/or d e f a u l t  va lue  o f  the &Plowing '81SE' con t ro l  
aarda w i l l  be i n i t i a l i z e d  i f  the '8UW AgJQliEy control card is 
present :  

1) XHIGH w i l l  d e f a u l t  to 3000 

2 )  XLOW w i l l  d e f a u l t  t o  0 i 
I 

3) XSIZ  w i l l  d e f a u l t  to 101 I 

4 )  '~PECBMI w i l l  d e f a u l t  to min(min ( p k j  - ok j )  ) 

kc f i e l d s  j c  channels 
1 , 
# 

Several  m d i f i c a t i a n s  have been made t o  t h e  funct ion  s e c t i o n  of the 
1 

I 

'SIZE BPECBAB - I' colrtrol  card.  If  t h e  'SUN ANGLE' c o n t r o l  card was 
read in , the  I 

1) Y - a x i s  increment w$.i be set equal  t o  ([max(raax(p + o k j ) ) l -  k j 
ke f i e l d s  je channels 

[min (min ( v k j  - akj  ) ) ] 1 / 4 9  + 1.0 
i! k~ f ie lds  je channeln . 

2 )  The range of the  Y-axis w i l l  be3 

('min = SPECBAS, ymX ( u k j  + 
kc f i e l d s  js channels 



3.2.1.4 Outputs I 
I 

Ths s t a t i s t i c s  processor  w i l l  cont inua co o u t p u t  the stat is t ics  
1 
1 

on the d e f a u l t  o r  .iser-rcrqusstad SAVTAP f i l e .  The d e f a u l t  l o g i c a l  
u n i t  i s  A (Fortran u n i t  1) and the d e f a u l t  f i l e  number is 1. 

The l i n e  p r i n t e r  and f i l e  ou tpu t  r m a i n  unchanged. 

3.2.1.5 S torage  Rcqu i ramnts  

See Appendix A 

3.2.1.6 Desc r ip t ion  

The S t a t i s t i c s  processor ,  STAT, of t h e  EOD-LARSYS system has been 
modified t o  o p t i o n a l l y  c a l c u l a t e  and ou tpu t  on SAVTAP a mean vec to r  
and mixture covariance m a t r i x x  x c a l c u l a t e d  from the o p t i o n a l l y  

f i l t e r e d  raw or sun angle  co r rec t ed  d a t a  vec to r s .  Severa l  new c o n t r o l  
c a r d s  w i l l  be :.mplemanted i n  t h e  STAT processor  t o  determine i f  t h e  
above c a l c u l a t i o n s  are t o  t a k e  place.  The presence o r  absence of 
t h e  'SUNANGv c V ~ n t r o l  card  w i l l  determine i f  r a w  o r  sun angle cor rec ted  
d a t a  v e c t o r s  a r e  t o  be used i n  t h e  genera t ion  of t h e  above matrice.3. 
The use r  w i l l  a l s o  have t h e  op t ion  of  f i l t e r i n g  o u t  some d a t a  v e c t o r s  
from t h e  abovet c r . lcu la t ions  by t h e  presence o r  absence o f  the  

'OPTION TASSEL' o r  'OPTION WATERv c o n t r o l  ca rd ,  

The new mixtu:re covariance matr ix  w i l l  be used i n  t h e  DATA-TR 

processor  t o  generate  t h e  mixture covariance mat r ix  o f  t h e  Green 
Image bands. 

3.2.1.7 Flow..chart 
Appendix C 

3.2.1.8 L i s t i n g  
Appendix E 



3.2.2 8OI"TRlARE COWWE'MT M3. 2 (DATA-TR) 

The Data  rans sf or nation processor ,  DATA-TR, of the ISOD-LARSYG 

system has  been modified t o  perform an  o p t i m a l  G ~ B Q ~  Image and/or 

P r i n c i p a l  Component Greenness (PCG) Image Transformation (s) . The 

a d d i t i o n  of a SUNANG c o n t r o l  c c r d  allows for ?he a m  ang le  g a i n  and 
b i a s  c o r r e c t i o n  f a c t o r s  t o  be app l i ed  t o  t h e  raw d a t a  be fo re  the 

above mentioned t r ans fo rma t ion (8 ) .  The braen Image and/or PCG 

image are a d d i t i o n a l  t o  the c u r r e n t  o p t i o n s  f o r  performing 

t r ans fo rma t ions  i n  DATA-TR. 

3.2.2.1 Linkages 

The DATA-TR p roces so r  u ses  t h e  Fortran-V complier ,  Univac s o f t -  

ware system r o u t i n e s ,  EOD-LARSYS u t i l i t y  r o u t i n e s ,  and t h e  

ZNFORM, TRBLCK, and GLOBAL common blocks.  

3.2.2.2 I n t e r f a c e s  

The DATA-TR p roces so r  i n t e r f a c e s  w i t h  t h e  EOD-W,SY execu t ive  

r o u t i n e ,  MCNTOR. 

3.2.2.3 I n p u t s  

The processor  r e q u i r e s  an MSS d a t a  t a p e  (DATAPE). The defauLt  

t a p e  assignment is  t h e  l o g i c a l  u n i t  C {For t r an  Uni t  3 ) .  

NEW CONTROL CARDS 

Keyword Parameter 
(col. 1) (col  ,, 11-72) 

OPTION Greon 

Function 

The  Green image w i l l  be 

(Defau l t  - Green image genera ted  and ou tou t .  

n o t  genera ted  f o r  out-  

p u t )  



Keyword Parameter 
(col. 1) (col. 11-72) 

OPTION PCG 
(Defau l t  - No Pr inc i -  
p a l  Components Green 
Tmage o u t p u t )  

FORMAT 

FORMAT 

SUNANG 

SUNANG 

TRFORM 

Universa l  
(Defau l t  - un ive r sa l )  

LARSYS 
(Defau l t  - u n i v e r s a l )  

Tape 

(Defau l t  - no sun 

ang le  c o r r e c t i o n  

a p p l i e d )  

nl , .  . . ,n  
j 

(Defau l t  - no sun 
angle  c o r r e c t i o n  
a p p l i e d )  

OUTPUT/UNIT=N, 
FILE-M 

(Defau l t  - N = 1 4 ,  

M = l )  

Funct ion 

The PCG image w i l l  be  
genera ted  and ou tpu t .  

The t ransformed data 

w i l l  be o u t p u t  i n  t h e  
Universa l  format. 

The Transformed data 
w i l l  be  o u t p u t  i n  t h e  
LARSYS I1 format. 

Sun a n g l e s  w i l l  be ex- 

t r a c t e d  froin t h e  ERIPS 

nunload" MSS image t ape .  

ni = sun ang le  for pas s  
i, 8 - - Sun a n g l e s  are 
i n t e g e r  numbers, 5<n.  <85. - 1- 

N = t h e  t a p e ' s  Fo r t r an  
l o g i c a l  u n i t  number t h a t  
t h e  new image o f  t r a n s -  
formed data is  t o  be s u t -  
p u t  on. 
M = t h e  f i l e  number t h a t  
t h e  new image i s  t o  be 

o u t p u t  on. 
I f  bo th  Greenness and PCG 
are t o  be genera ted ,  t h e  
former image w i l l  be on 
f i l e  M and t h e  l a t t e r  imaqe 
on f i l e  (M+1) 



3.2.2.4 Outputs 

The Data-Transformation processor  w i l l  o u t p u t  t h e  transformed/ 
f 

r s s c a l e d  d a t a  on t h e  d e f a u l t  or  user-requested TRFORM f i l e  

(TRNSFL) and/or u n i t ,  (TWORX) i n  e i t h e r  t h e  Universa l  or LARSYS 
11 format. The d e f a u l t  l o g i c a l  u n i t  is  L (Fo r t r an  u n i t  1 4 )  and 
t h e  d e f a u l t  f i l e  number i s  1. 

The two a d d i t i o n a l  o p t i o n a l  t ransformed/rescaled d a t a  o u t p u t  
a r e  Green Image and P r i n c i p a l  Component Greenness (PCG) Image 
I f  bo th  Green and PCG images are t o  be genera ted ,  t h e  Green 
image w i l l  be o u t p u t  on TRNSFL and PCG on TRNSFL+l. 

3 . 2 . 2 . 5  Sto rage  Requirements 

See Appendix B 

3 . 2 . 2 . 6  Desc r ip t ion  

In order t o  a l low t h e  u s e r  t o  o p t i o n a l l y  gene ra t e  and ou tpu t  
r a w  or sun ang le  c o r r e c t e d  Green Image and/or PCG Image, 
s e v e r a l  e x i s t i n g  sub rou t ines  w i l l  be  modified.  I n  a d d i t i o n ,  

s e v e r a l  new sub rou t ines  and formulas w i l l  a l s o  be implemented 
i n t o  t h e  Data Transformation processor .  

The s c a l i n g  parameters  MAX, MIN,and CON c a l c u l a t e d  i n  KBTRAN 
w i l l  be de r ived  from t h e  sun ang le  c o r r e c t e d  SAVTAP s u b c l a s s e s '  
mean and s t anda rd  d e v i a t i o n  t e r m s  when t h e  sun angle  c o r r e c t i o n  
o p t i o n  is reques ted .  

The new sub rou t ine  GETGCV w i l l  be c a l l e d  t o  p u l l  o u t  t h e  mixture  
covar iance  mat r ix  from SAVTAP. The new sub rou t ine  SUNF2 

w i l l  provide t h e  sun ang le  c o r r e c t i o n  parameters.  
The green image w i l l  be  genera ted  a s  fol lows:  

+ -% -b 

G = A x + b  
-b 

where G = t ransformed green image v e c t o r  
+ 
x = r a w  ( o r  sun ang le  c o r r e c t e d )  d a t a  v e c t o r  



A r matr ix  i n  which each row c o n t a i n s  t h e  L l ,  L2,  or user -  

s p e c i f i e d  Kauth greenness  v e c t o r  ( s t o r e d  i n t e r n a l l y  i n  
BMAT i n  t h e  'B-Matrix' format)  

-* 

b = d e f a u l t  or use r - spec i f i ed  b i a s  v e c t o r  - 
The covar iance  m a t r i x L x  w i l l  be  used t o  gene ra t e  t h e  Green 

Image s covar iance  m a t r i x  according t o  t h e  formula: 

where CG - t h e  Green Image's covar iance  ma t r ix  

= t h e  ( o p t i o n a l l y )  f i l t e r e d  r a w  o r  sun ang le  cor -  X 
r e c t e d  covar iance  ma t r ix  c a l c u l a t e d  i n  STAT 

= the t r anspose  of t h e  A t r ans fo rma t ion  makrix 

The newly genera ted  covar iance  mat r ix  C w i l l  t hen  be G 
i n p u t  i n t o  t h e  new sub rou t ine  PCMMAT t o  d e r i v e  an nxn u n i t a r y  

ma t r ix  PCM. 

The P(!G image w i l l  t hen  be genera ted  as fo l lows:  
-b -b 

P = (PCM) G 

where P = n-dimensional PCG image v e c t o r  !n - number o f  passes ;  

i .e . ,  LANDSeT a c q u i s i t i o n s )  

P a l  = an nxn u n i t a r y  mat r ix  ob ta ined  from PCMMAT 
3. 

G = n-dimensional green image v e c t o r  

The c u r r e n t l y  a v a i l a b l e  o p t i o n s  f o r  r e s c a l i n q  t h e  transformed 
d a t a  t o  a range of 0-255 f o r  ou tpu t  w i l l  be unchanged. A 1 1  re- 
s c a l i n g  o p t i o n s  w i l l  be  a v a i l a b l e  t o  be a p p l i e d  t o  t h e  Green 

image and/or t h e  PCG image c r e a t e d  a s  a r e s u l t  o f  t h e s e  

modi f ica t ions .  



3 .2 .2 .7  Flowchart 

Appendix D 

3 .2 .2 .8  L i s t i n q  

Appendix F 



4.  OPERATION 

The fo l lowing  s e c t i o n  d e s c r i b e s  t h e  moa.fications made t o  t h e  

S t a t i s t i c s  and Data Transformation p roces so r s  v i a  t h e  added or  

r ev i sed  c o n t r o l  ca rds .  

4 .1  USER DOCUMENTATION 

The fo l lowing  l is t  c o n t a i n s  t h e  new o r  r e v i s e d  c o n t r o l  c a r d s  
which were programmed i n t o  t h e  STAT and DATA-TR processors .  

The format of t h e s e  c o n t r o l  c a r d s  remain i n  t h e  s t anda rd  EOD- 

LARSYS format: i.e. t h e  keyword must beg in  i n  column 1 and t h e  

p a r a n e t e r ( s 1  i n  column 11. The parameter  l i s t  must end a t  o r  
be fo re  column 72. 

S t a t :  - 
NEW CONTROL CARDS 

Keyword Parameter 

(col. 1) ( c o l .  11-72) 

SUNANG Tape 
(Defau l t  - no sun a n g l e  

c o r r e c t i o n  a p p l i e d )  

SUNANG n l f . .  . 
j 

(Defau l t  no sun angle  
c o r r e c t i o n  app l i ed  

B-MATRIX Cards 

(Defau l t  - none) 

B-MATRIX F i l e  

(Defau l t  - none) 

Funct ion 

Sun ang le s  w i l l  be  ex- 

t r a c t e d  from t h e  ERIPS 

'unload'  MSS image t a p e .  

n = sun angle  f o r  pas s  i 
i 1 8  Sun ang le s  - 
are i n t e g e r  numbers 
which a r e  5<n.  < 85. - 1- 
The B-Matrix w i l l  be 

found on t h e  ca rds  i m -  

media te ly  fo l lowing  

t h i s  c o n t r o l  c a r d  

The sub rou t ine  W I L  

w i l l  be c a l l e d  t o  read 

t h e  B-Matrix o f f  of  t h e  

f i l e ,  BMFILE 



Keyword Parameter  Func t ion  

THRESHOLD al l . .  . ,a 
j 

(De fau l t  - f o r  'Tassel 

The ails are decimal 

( f l o a t i n g  p o i n t )  numbers, 
Cap' f i l t e r ,  s e p a r a t e d  by commas; 

i f  t h e  u s e r  r eques t ed  a 

'Tassel Cap * f i l t e r ,  

must be  e q u a l  t o  5; i f  

t h e  'Water1 f i l t e r  was 

r e q u e s t e d ,  j must be 

f o r  t h e  'Water' f i l t e r ,  e q u a l  t o  2.  

BIAS The b . ' s  1 are decimal  

( f l o a t i n g  p o i n t )  numbers, (De fau l t  - bi = 0 .0 )  

s e p a r a t e d  by commas; 

t h e  bias v a l u e s  w i l l  be  

used o n l y  i f  t h e  'Tassel 

Cap' f i l ter  is  reques ted .  

OPTION T a s s e l  

(De fau l t  - none) 

OPTION . Water 

(De fau l t  - none) 

I n i t i a t e s  t h e  Tassel Cap 

f i l t e r i n g .  

I n i t i a t e s  t h e  Water 

f i l t e r i n g .  

6 MODIFIED CONTROL CARD 

Func t ion  Keyword Parameter  

( c o l .  1) (co l .  11-72) 

CHANNELS Data = 11, . . ., l n  , 
(De fau l t  - n = 30), 

The l i 's  and m i ' s  are 

i n t e g e r  channe l  numbers, 



Keyword Parameter 

F i l t e r  - ml, . . 
(Defau l t  - none) 

'9 

Funct ion 

s e p a r a t e d  by commasf 
they  must be a s u b s e t  
o f  t h e  MSS Image t ape .  
The l i8s  w i l l  be used 
i n  t h e  gene ra t ion  of 
t h e  mean and covar iance  
mat r ix .  The %'s a r e  
t h e  channe ls  t o  be 
used i n  t h e  user-re-  
ques ted  f i l t e r  process .  
I f  t h e  'Tassel Cap' 
f i l t e r  w a s  reques ted ,  
j must be equa l  t o  4 

(based on 4 channels/  
p a s s ) .  I f  t h e  'Water' 
f i l t e r  w a s  r e q u e s t e d r j  
must be equa l  to  2.  

Data-Tr  : 

NEW CONTROL CARDS 

Keyword Parameter 
( c o l .  1) (col. 11-72) 

OPTION PCG 
(Defau l t  - N o  P r i n c i -  
p a l  Components Green 
Image o u t p u t )  

FORMAT Universa l  
(Defau l t  - universa l )  

SUNANG Tape 
(Defau l t  - no sun 

Funct ion 

The PCG image w i l l  be 

genera ted  and ou tpu t .  

The t ransformed d a t a  
w i l l  be o u t p u t  i n  t h e  
.'J.RSYS I1 format. 

Sun a n g l e s  w i l l  be ex- 

t r a c t e d  from t h e  E R I P S  * 



Keyword 

SUNANG ' 

TRFORM 

OPTION 

FORMAT 

Parameter 

a n g l e  c o r r e c t i o n  
a p p l i e d )  

nl ,  . * , n j  
(Defau l t  - no sun 
a n g l e  c o r r e c t i o n  
a p p l i e d )  

OUTPUT/UNIT=N, 
FILE=M 

(Defau l t  - M=14, 

M = l )  

Func t ion  

"unloadn MSS image tape. 

ni - sun a n g l e  f o r  pas s  
i, 1 < i < 8 .  Sun a n g l e s  - - 
are i n t e g e r  numbers, 

N = t h e  t a p e ' s  F o r t r a n  
logical u n i t  number t h a t  
t h e  new image of  t r a n s -  
formed data i s  t o  be  ou t -  
p u t  on. 
M = t h e  f i l e  number t h a t  
t h e  new image is  t o  be 

o u t p u t  on. 
I f  bo th  Greenness and PCG 

are t o  be genera ted ,  t h e  
former image w i l l  be  on 
f i l e  M and t h e  la t ter  
image on f i l e  (M+l) 

GREEN The Green image w i l l  be 

(Defau l t  - Green image genera ted  and ou tpu t .  
n o t  genera ted  f o r  o u t p u t )  

LARSYS The t ransformed data 

(Defau l t  - universa l )  w i l l  be o u t p u t  i n  t h e  
LARSYS I1 format.  



5. TEST PROCEDURE 

5.1 DESCRIPTION OF TESTS 

Four S t a t i s t i c s  processor  runs and two Data-Transformation 
processor runs were made t o  v e r i f y  t h e  new modif icat ions.  The 

output  from each of  t h e  runs is contained i n  Appendix G. The 

Landsat I Kauth Greenness vec tor  was used t o  genera te  t h e  
' B-Matrix' i n  the Data-Transformation runs. I n  t h e  S t a t i s t i c s  
processor  runs,  t h e  Landsat I Kauth matr ix  w a s  used i n  t h e  

 assel el C a p '  f i l t e r  opt ion.  

T e s t  Run one (1) demonstrates t h e  'Tassel  Cap' f i l t e r  o ~ t i o n  on 
t h e  generated s t a t i s t i c s .  The d e f a u l t  tassel cap  threshold 

va lues  (100., 8 . ,  6 . ,  l o . ,  35.) and t h e  b i a s  v e c t o r  (Q., b 6 . ,  
25., 20.) were used i n  t h e  t ransformation process.  

T e s t  Run two ( 2 )  ou tpu t s  t h e  statistics generatod a f t e r  applying 
t h e  'water '  f i l ter.  The d e f a u l t  water threshold  values (43., 1 2 . )  

were used. 

T e s t  Run t h r e e  (3) i l l u s t r a t e s  the  generat ion of  t h e  'Green and 
PCG' images by t h e  histogram method. The Data-Transformation 
run a l s o  i l l u s t r a t e s  t h e  use of t h e  new 'TRF'ORM' c o n t r o l  card.  

T e s t  Run four  ( 4 )  genera tes  t h e  s t a t i s t i c s  f o r  s ix teen  (16)  

channels. 

T e s t  Run f i v e  ( 5 )  generates  sun angle  co r rec ted ,  t a s s e l  cap 
f i l t e r e d  statistics. The new 'SUNANG TAPE' c o n t r o l  card  was 
used. 

T e s t  Run s i x  ( 6 )  genera tes  the  sun angle co r rec ted  'Green and 
PCG' images. The Data-Transformation run generated t h e  images 

by t h e  s ta t ts t ical  method. 
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A.2 SOFTWARE FOR SUBPROGRAM NO. 2 (LEARN) 
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A.4 SOFTWARE FOR SUBPROGRAM NO. 4 (CLSSPC)  



A. 1 8OETWARE SUBPROGW NO. 1 (SETUP1) 

  he modif icat ions to  th. subrout ine 8ETUPl w i l l  r e ~ u l t  i n  t h e  

raading and decoding of t h e  following a d d i t i o n a l  c o n t r o l  cards:  

a. SUNAMG 

b. B-MATRIX 

c. THRESHOLD 

8 .  BIA8 

Two new a d d i t i o n a l  parameters w i l l  be read and decoded from t h e  

'OPTION' c o n t r o l  cr,rd. They are: 

a. OPTION TASSEL 

b. OPTION WATER 

The format of  t h e  'CHANNELS' con t ro l  card  was modified tor 
CHANNELS DATA = dl, . . . ,dn, FILTER t f l ,  . . . , 
where t h e  d i g s  and f k V s  a r e  in tege r s .  

Several  new f l a g s  w e r e - i n i t i a l i z e d  i n  t h e  subrout ine t o  be 

t e s t e d  i n  t h e  LEARN subrout ine.  The f l a g s  t h a t w e r e  placed - 
i n  t h e  STBASE common block a re :  

a.  SAKEY - sun angle  key - i f  on, apply t h e  sun angle cor rec t ion  

f a c t o r s  t o  t h e  c u r r e n t  raw data .  

b. FmY - f i l t e r  key - i f  FKEY-0, no f i l t e r i n s  w i l l  be 

appl ied  t o  the data vectors;  

i f  FKEYm1, t h e  w ~ k e x  f i l t e r  wi31 be 

appl ied  t o  t h e  d a t a  vectors;  

if FKEY=2, t h e  Tassel  Cap f i l t e r  w i l l  
be appl ied t o  t h e  d a t a  vec tors .  

The following dimensioned va r i ab les  were i n i t i a l i z e d  i n  t h i s  sub- 

r o u t i n e  t o  be used i n  t h e  LEARN subroutine: 

a. SSUNAG - t h e  sun  angles  read from t h e  'SUNANG' c o n t r o l  card 

b. BIAS - t h e  b i a s  vec tor  t o  be used i n  t h e  Tassel  Cap f i l t e r -  

ing  process.  



c .  TH - the t h r e s h o l d  v a l u e s  t o  be used i n  t h e  'Tassel Cap' 

o r  'Water' f i l t e r i n q  process .  

d.  BMAT - t h e  mat r ix  ( i n  t h e  D-MATRIX format )  t o  be  used i n  
the Tassel Cap f i l t e r  tes t .  

e. FCHN - the channe ls  of  t h e  d a t a  v e c t o r  t h a t  w i l l  be used i n  
t h e  user-requested f i l t e r  test. 

If t h e  f l a g  SAKEY is  on ( i ,e .  t?e 'SUNANG' c o n t r o l  c a r d  was 
read i n ) ,  t h e  fo l lowing  d e f a u l t  parameter v a l u e s  from t h e  ' S I Z E '  

c m t r o l  ca rd  w i l l  b e  i n i t i a l i z e d :  

1) XHTGH = 3000 
2 )  XLOW = 0 

3) X S I Z  = 1 0 1  

4 )  SPECBAS w i l l  d e f a u l t  t o  min (min (p - ukj  ) kj 
kc f i e l d s  j e  channels  

As a r e s u l t  of t h e  sun ang le  c o r r e c t i o n  c a p a b i l i t y ,  s e v e r a l  

modi f ica t ions  have been made i n  t h e  f u n c t i o n  s e c t i o n  of t h e  
'SIZE SPECBASPI ' 

c o n t r o l  ca rd .  The y-axis increment w i l l  be computed accordinq 

t o  t h e  formula [max'(max(p + u ) ) - Spcbas] /49  + 1.0. (SPCBAS=SPECEAS) 
k j k j 

kc f i e l d s  j~ channels  

In  o r d e r  t o  d i s p l a y  t h e  sun ang le  c o r r e c t e d  s p e c t r a l  p l o t  more 

a c c u r a t e l y ,  t h e  y-axis ranqe w i l l  be (ymin = specbas ,  ymax - - 
rnax(max(p + ckj)) +. 

k j 
kc f i e l d s  j~ channels  

The above changes t a k e  p lace  i n  t h e  sub rou t ine  CLSSPC. The 
processor  w i l l  con t inue  t o  have 50 y-axis va lues  on t h e  s p e c t r a l  

p l o t .  

A. 1.1 Linkages 

SETUP1 is  c a l l e d  by t h e  S t a t i s t i c s  p rocessor  d r i v e r  program, 

STAT. 



I 
The following subrout ines  may be c a l l e d  by SETUP1; NXTCHR, FIND, 

NUMBER, BMFIL, WRTBH, and FLTNUM. 

A.1.2  I n t e r f a c e s  

SETUP1 references  the following common blocks: STBASE and GLOBAL. 

A.1.3 1npc.s 

The c a l l i n g  sequence to  SETUP1 remains unchanged. 

NEW CONTROL CARDS 

Keyword Parameter 
(col. 1) (col .  11-72) 

SUNANG Tape 

(Default:  no st,.n angle  

co r rec t ion  appl ied)  

SUNANG nl, . . . ,n  
j 

(Default:  no sun angle  

co r rec t ion  app l i ed )  

B-MATRIX Cards 

(Default : none ) 

B->!ATRIX F i l e  

(Default: none) 

THRESHOLD 
alf ' " a j 
(Default:  f o r  'Tassel  

Cap' f i l t e r ,  

Function 

Sun angles  w i l l  be ex- 

t r a c t e d  Erom t h e  ERIPS 

unload MSS image tape.  

ni = sun angle  f o r  pass  

i, 1 8  - - . Sun angles  a r e  

i n t e g e r  numbers which 

are 5<n. ~ 8 5 .  - 1- 
The B-Matrix w i l l  be 

found on t h e  cards  i m -  
mediately following 

t h i s  c o n t r o l  card.  

The subrout ine  BMFIL 

w i l l  be c a l l e d  t o  read 

t h e  B-Matrix o f f  of t h e  

f i l e ,  BMFILE. 

The a i l s  a r e  decimal 

( f l o a t i n g  p o i n t )  numbers, 

separa ted  by commas; i f  

t h e  user  requested a 

'Tassel  Cap' f i l t e r ,  j 

must be equal  t o  5; i f  

t h e  Water f i l t e r  was re-  



Keoyword Parameter 
(co l .  1) (col. 11-72 

a, = 35.0 

Funct ion 
ques t ed ,  j must be equal 

J 

f o r  the 'Water' f i l t e r ,  t o  2. 

BIAS bl, " * ,b4  
(Defau l t :  bi - 0 . 0 )  

The b i n s  a r e  decimal 

( f l o a t i n g  p o i n t )  numbers, 
s e p a r a t e d  by commas1 t h e  
bias va lues  w i l l  be  used 
on ly  i f  t h e  'Tas se l  Cap' 
f i l t e r  is requested.  

OPTION Tassel 

(Defau l t :  none) 

OPTION Water 

(Defau l t  : none ) 

MODIFIED CONTROL CARD 

S e t s  the f l a g  (FKEY=2) t o  
apply  t h e  'Tassel Cap' 
f i l t e r  t o  t h e  d a t a  v e c t o r s .  

S e t  t h e  f l a g  (FKEYsl) t o  

apply t h e  'Water' f i l t e r  
t o  t h e  d a t a  vec to r s .  

The fo l lowing  c o n t r o l  c a r d  w i l l  r e p l a c e  t h e  c u r r e n t  'CHANNELS' 

f ormnt. 

Keyword Parameter 
(co l .  1) (col. 11-72) Funct ion 

CHANNELS Data = 11, . . .,ln, The l i 's  and m k ' s  a r e  

(Defau l t :  n = 30), i n t e g e r  channel  numbers, 
F i l t e r  = ml,  . . . , m j  s e p a r a t e d  by commas; 

(Defau l t :  none) t hey  must be  a s u b s e t  
of t h e  MSS Image t ape .  
The l i ' s  w i l l  be used 
i n  t h e  gene ra t ion  of  
t h e  mean and covar iance  
mat r ix .  



Keyword Parameter  
(col. 1) ( c o l .  11-72) Func t ion  

The % ' a  are t h e  channe l s  
t o  be used i n  t h e  use r -  

r e q u e s t e d  f i l t e r  p roce s s .  
I f  t h e  ' T a s s e l  Cap' 
f i l t e r  w a s  r e q u e s t e d ,  j 
must be e q u a l  t o  4 (based 

on 4 channelo/paso) .  I f  
t h e  'Water' f i l ter  was 
r e q u e s t e d ,  j must be 

e q u a l  t o  2 .  

If  t h e  ' S U N  ANGLE' c o n t r o l  c a r d  was read i n ,  t h e  fo l lowing  
d e f a u l t  v a l u e s  and/or  f u n c t i o n  w i l l  be i n i t i a l i z e d  on t h e  'SIZE' 
c o n t r o l  cards : 

Keyword Parameter  
(col. 1) ( c o l .  11-72) 

SIZE XHIGNxK 

O<Kc - 255 

De fau l t :  X H I G H  = 220 

(no sun a n g l e )  
X H I G H  a 3000 (sun a n g l e )  

SIZE XLOW = L 

OSL-CXHIGH 

De fau l t :  XLOW = 1 2 0  

(no sun a n g l e )  
XLOW = 0 (sun a n g l e )  

Func t ion  

K i s  a n  i n t e g e r  which 
sets t h e  ~~ax imum 
r a d i a n c e  v a l u e  which 
w i l l  be histogrammed. 
X H I G H  becomes Xmax o f  
the X-axis o f  t h e  
h i s t og ram p l o t .  

L i s  an  i n t e g e r  which 
sets t h e  minimum 
r a d i a n c e  v a l u e  which 
w i l l  be histogrammed. 
XLOW becomes Xmin o f  
t h e  X-ax i s  of t h e  

h i s togram p l o t .  



Keyword 
(col .  1) 

SIZE 

SIZE 

Parameter  
( co l .  11-72) Funct ion 

XSIZ-K S e t s  the range which 

D e f a u l t  r XHIGH-XLOW w i l l  be histogramed; 

(no sun ang le )  m a x i m u m  range  is 101. 

1 0 1  (sun a n g l e )  

SPECTRALmI I i s  an i n t e g e r  which 

O<IL105 - sets t h e  minimum rad iance  

Defau l t :  SPECBAS=75 va lue  on t h e  Y-axis o f  

(no sun ang le )  t h e  s p e c t r a l  p l o t  

min(min(p - u k j ) )  
k j 

(i .e. ,  Y d n ) *  

k~ f i e l d s  j e  channels  , 

(sun a n g l e )  Fo r  no sun ang le  c o r r e c t i o n :  

The p roces so r  has  a f i x e d  

Y-axis increment (3)  and a 
f i x e d  number o f  Y-axis 

va lues  (50) .  Using 

SPECBAS, t h e  processor  

determines  t h e  Y-axis 

range t o  be: 

For  sun a n g l e  c o r r e c t i o n :  

The p roces so r  w i l l  c a l c u l a t e  

t h e  Y-axis increment accord- 

i n g  t o  t h e  formula: 

[max (max (qk, + a  1 )  - 
k j 

ke f i e l d s  jc channels  

SPECBAS] /49 + 1.0, The ranqe 

f o r  t h e  Y-axis is:  

( Y  min = specbas ,  
Y = max (max + okj 1) 
rnax kj 

ke f i e l d s  j e  channels  
A . 1 . 4  Outputs 

Three new a d d i t i o n a l  l i n e  p r i n t e r  o u t p u t s  have been implemented i n t o  
1 

J 
t h e  sub rou t ine  SETUP1: 



a. I f  t h e  Tassel C a p  f i l t e r  w a s  reques ted  b u t  t h e  number o f  i n p u t  
f i l t e r  channe ls  is  n o t  equa l  t o  f o u r  or  t h e  number o f  i n p u t  
t h r e s h o l d  v a l u e s  is n o t  f i v e ,  t h e  fo l lowing  error message 
w i l l  be  ou tpu t :  

'The number of  i n p u t  f i l t e r  channels  or t h r e s h o l d  va lues  are 
n o t  compat ible  w i t h  t h e  f i l t e r  o p t i o n  requested-Terminate 

Execution ' . 
b. I f  t h e  'Water' f i l t e r  was reques ted  b u t  t h e  number of i n p u t  

f i l t e r  channe ls  and/or t h r e s h o l d  v a l u e s  is  n o t  t w o ,  t h e  above 
e r r o r  message w i l l  be ou tpu t .  

c .  The sub rou t ine  WRTBM w i l l  be c a l l e d  t o  w r i t e  o u t  t h e  u s e r  
reques ted  'B-MATRIX' a r r a y  from t h e  c a r d  o r  t a p e  f i l e .  

d.  If t h e  'Tassel Cap' f i l t e r  was r eques t ed  b u t  t h e  u s e r  d i d  n o t  
i n p u t  t h e  'B-MATRIX' c o n t r o l  ca rd  or  i f  t h e  dimension o f  t h e  
B-Matrix (KAIJTH f i l t e r  ma t r ix )  is  n o t  4 x 4 t h e n  t h e  fol lowing 
e r r o r  message w i l l  be ou tpu t :  

'The B-Matrix was n o t  i n p u t  o r  w a s  n o t  o f  t h e  r i g h t  dimension- 
Terminate. ' 

A.1.5 Storaqe Requirements 

DATA = W22* 

CODE = 2215* 

A.1.6 Descr ip t ion  - 
The purpose o f  t h e  SETUP1 sub rou t ine  i s  t o  read  and ana lyze  a l l  of  
t h e  i n p u t  p roces so r  c o n t r o l  c a r d s  a s  w e l l  as t h e i r  parameters.  

A s  a r e s u l t  o f  t h e  mod i f i ca t ions  t o  SETUP1, t h e  u s e r  w i l l  be 

given t h e  o p t i o n s  t o :  

a. Apply t h e  sun ang le  c o r r e c t i o n  f a c t o r s  t o  t h e  r a w  d a t a  v e c t o r s ,  

b. Apply a 'Tassel Cap ' ,  'Water ' ,  o r  no f i l t e r  to  t h e  raw o r  
sun angle  c o r r e c t e d  d a t a  v e c t o r s ,  and 

c. C a l c u l a t e  and ou tpu t  t h e  f i l t e r e d  raw or sun ang le  c o r r e c t e d  
mean and cova r i ance  mat r ix  computed over  t h e  image d a t a  set. 



The covariance matrix w i l l  be used i n  the DATA-TR processor to 
generate a Principal Component Greenness Image. 

A .  1 . 7  Flowchart 

Appendix C 

A . 1 . 8  List ing  

Appendix E 



A. 2 SOPWARE SUBPROGRAH NO. 2 (LEARN) 

Tho f u n c t i o n s t h a t  are provided by the subrout ine  LEARN are to  enable  

tho u s e r  t o  c a l c u l a t e  t h e  mean vector and covariance mat r ix  from 
f i l t e r e d  r a w  or sun ang le  co r rec t ed  d a t a  vectors. The new f l a g  

W Y  w i l l  be t e s t e d  t o  determine i f  t h e  sun angle  c o r r e c t i o n  

f a c t o r s  are t o  be app l i ed  t o  t h e  raw d a t a  vec to r s .  The value of 

t h e  new f l a g  FKEY w i l l  determine i f  Water, Tassel Cap, or no 

f i l t e r  is to  be app l i ed  t o  t h e  d a t a  vec to r s .  

A . 2 . 1  Linkages 

LEARN is c a l l e d  by STAT, t h e  d r i v e r  program f o r  t h e  STATISTICS 

processing.  

The fol lowing subrou t ines  may be c a l l e d  by LEARN: TAPHDR, SUNFl, 

FSBSFL, CMERR, LAREAD, LINERD, FDLINT, MTVECl, FLDCOV, FLDSPC, 

FLDHIS, CLSCOV, CLSSPC, CLSHIS, YULSPC, FLDINT, and SETMRG. 

Note: I n  o rde r  t o  s t a y  wi th in  t h e  co re  s t o r a g e  l i m i t s ,  several - 
subrou t ines  were taken o u t  of  t h e  main l i n k  and copied 

and remapped i n t o  t h e  appropr i a t e  p rocesso r ' s  l i n k .  

The subrou t ines  SUNFl ( i n  LEARN) and SUNF2 ( i n  SETUP 8,  

Data-Tr)  are i d e n t i c a l  as  w e l l  as  MATVEC ( i n  TRHIST, 

H3TRAN, LNTRAN and ~ a t a - ~ r )  and MTVECl ( i n  LEARN) . 
The subrout ines  SUNFl and SUNF2 are i d e n t i c s l  t o  t h e  

e x i s t i n g  subrout ine  SUNFAC except  t h a t  t h e  t w o  former 

subrou t ines  have theadded  c a p a b i l i t y  t o  output  t h e  appropr i a t e  

' b i a s  ' f a c t o r s .  



A . 2 . 2  I n t e r f a c e s  

LEARN r e f e r e n c e s  t h e  STBASE, GLOBAL, CCMBK4 and ISOLNK common 
blocks .  

A . 2 . 3  I n p u t s  

The c a l l i n g  sequence t o  LEARN remains unchanged. 

As a r e s u l t  of t h e  sun ang le  c o r r e c t i o n  bp t ion ,  t h e  Following 
c a l l i n g  sequences have been modified: 

C a l l  F ldspc  (Fldmen , ~Dev, Fldsav , (1 N) , Dumptr, Idata, Fld;lam, F ldva r ,  

T i t l e ,  Nofeat ,  Fetveo,  Spcbas, Sakey) 

C a l l  c l s s p c  (Avar (1, subno) ,  Substd (1; snbno) ,  T i t l e ,  Dumptr, I d a t a t  
T i t l e ,  Nofeat ,  Fe tvec ,  Spcbas,  sake^) 

C a l l  Mulspc (Avar (1, 1 1 ,  Substd (1,1), Sbbdes, Spec (1,I), I d a t a t  

Nofeat ,  Fe tvec ,  Spcbas, Sakey) 

A . 2 . 4  Outputs 

The u s e r  w i l l  know how many d a t a  v e c t o r s  were used i n  t h e  c a l c u l a -  
t i o n  of t h e  mean and covar iance  matrices from t h e  fo l lowing  new 
l i n e  p r i n t e r  ou tpu t :  
tXXXXX Po in t s  w i l l  be used i n  t h e  f i e ld  mean, covar iance  calculations' 

A. 2 . 5  Storage  Requirements 

DATA = 3 1 d 2 4 *  

CODE = 3 3 0 4 *  

A.2 .6  Descr ip t ion  

The mod i f i ca t ions  t h a t  were made t o  t h e  sub rou t ine  LEARN are t o  test 
the sun angle  (SAKEY) and f i l t e r  (FKEY) f l a g s .  

I f  t h e  SAKEY f l a g  is on (SAKEY = l ) ,  t h e  fo l lowing  w i l l  t a k e  

p lace  : 



a. T e s t  the f l a g  ISUNT. It ISUNT is  on (ISUNT - l ) ,  t h e  sun 
angles  t h a t  r e l a t e  t o  t h e  B-Matrix channels w i l l  be read 
from t h e  d a t a  tape .  If  ISUNT is o f f  (ISUNT - O ) ,  t h e  sun 

a n i l e 8  were read i n  SETUP1. The sun angles  w i l l  be used i n  
t h e  sun angle  co r rec t ion  process. 

b. The subrout ine SUNFl w i l l  be c a l l e d  t o  ou tpu t  the sun angle  

b i a s  and gain co r rec t ion  f a c t o r s .  

i 
! 

c .  The sun angle  co r rec t ion  f a c t o r s  ( b i a s  and qa in )  w i l l  be 1 

appl ied  t o  t h e  raw d a t a  vec to r s  before  c a l c u l a t i n q  t h e  mean I , 

and covariance matrix. 

I f  the  f i l ter  f l a g  (FKEY) i s  equal  t o :  

a. Zero - t h e  raw o r  sun angle  co r rec ted  d a t a  vec to r s  w i l l  no t  

be f i l t e r e d  before  c a l c u l a t i n g  t h e  mean and covariance matr ices .  

b. One - t h e  'Water' f i l t e r  w i l l  be appl ied  t o  t h e  raw Qr sun 
angle  co r rec ted  d a t a  vec to r s  before  c a l c u l a t i n g  t h e  mean 
and covariance.  

The d a t a  vec to r  w i l l  be f i l t e r e d  i f  t h e  following holds:  

t (1) X 1 - r n  (X2) ,0and  X < t ( 2 )  2- 

where Xi = t h e  radiance value of  t h e  f i  component of t h e  
c u r r e n t  d a t a  vector .  

t h  f i  = t h e  i- channel value read from t h e  FILTER 
parameter sec t ion  of t h e  CHANNELS c o n t r o l  card.  

t h  t h  ti = t h e  i- user-supplied ( the  i-parameter read o f f  
of t h e  THRESHOLD con t ro l  ca rd )  o r  d e f a u l t  (tl= 

43.0, t2 = 12.0) threshold value. 

c.  Two - t h e  Tassel  Cap f i l t e r  w i l l  be appl ied  t o  t h e  raw o r  
sun angle  co r rec ted  d a t a  vec to r s  before  c a l c u l a t i n g  t h e  mean 

and covariance matr ices .  



The f o l l owing  transformation w i l l  be a p p l i e d  to  each  d a t a  

vector b e f o r e  it is f i l t e r e d .  

-t 

where Y = t r ans formed  r a w  o r  sun a n g l e  c o r r e c t e d  d a t a  vector, 
+ 
K = t h e  m a t r i x  i n p u t  v i a  c a r d s  o r  v i a  t h e  f i l e ,  BMFILE, * 
X = t h e  f l+f4  components o f  t h e  r a w  o r  sun a n g l e  c o r r e c t e d  

d a t a  vector, and 
+ 
b = t n e  u s e r  - s u p p l i e d  o r  d e f a u l t  (bi = 0.0)  a d d i t i v e  

b i a s  vector. 

The d a t a  vector w i l l  b e  f i l t e r e d  i f  one  o f  t h e  fo l l owing  ho lds :  

The d e f a u l t  t h r e s h o l d  v a l u e s  a r e  tl = 100.0. t2 = 8.0, t3 = 6.0,  

t4 = 10.0,  and t5 = 35.0 

A.2.7 F lowchar t  

Appendix C 

A.2.8 L i s t i n g  

Appendix E 



A. 3 SOFTWARE SUBPROGRAM NO. 3 (8UNF1) - 
The new s u b r o u t i n e  SUMFl is a modified v e r s i o n  o f  t h e  e x i s t i n q  
r u b r o u t i n e  SUNP'AC. While SUNFAC on ly  r e t u r n s  t h e  sun a n g l e  ga in  
factors, SUNFl r e t u r n s  bo th  t h e  sun a n g l e  g a i n  and b i a s  f a c t o r s .  

A . 3 , 1  Linkages 

SUW1 is  c a l l e d  by t h e  LEARN subrout ine .  

A. 3 . 2  I n t e r f a c e s  

SUNF1 does  no t  make r e f e r e n c e  t o  any common b locks .  

A.3.3 Inpu t s  

The dimensioned v a r i a b l e  SABfAS was added to t h e  c a l l i n g  sequence. 

Th13 new c a l l i n g  seausnce t o  SUNFl is: 
C a l l  SUNFl (SUNCOR, SUNANG, FETVEC, NOFEAT, ISUNC, ISUNT, SARIAS) 

Parameter - Dimension -- In/Out D e f i n i t i o n  

SUNCOR 1 Out I h e  sun ang le  g a i n  factors 

t h a t  correspond t o  t h e  i n p u t  
sun ang le s  

SUNANG 

FEWEC 

NOFEAT 

ISUNC 

ISUNT 

SABIAS 

Array of sun ang le s  

Array of s e l e c t e d  channels  

Number of i n p u t  channels  

Number o f  i n p u t  sun ang le s  

I f  ISUNT = 1, read  t h e  sun 
ang le s  o f f  of t h e  tape:  
o therwise ,  do not .  

Out The sun ang le  b i a s  f a c t o r s  
t h a t  correspond t o  SUNANG 



A. 3.4 Outputs 

There are t w o  new l i n e  printer outputox 
a .  The sun angle gain fac tors  are; 

XXXXXX XXXXXX r XXXXXX 

b.  The sun angle b i a s  fac tors  arer 
XXXXXX XXXXXX * XXXXXX 

A m 3 . 5  8toraqe Wquirements 

DATA - 1326* 

CODE 4 306 
8 . 

SUNPl w i l l  return the  sun angle b i a s  and gain fac tors  that  correspond 
t o  the  input sun angle array. 

A. 3 . 7  Flownhart - 
Appendix C 

A.  3 . 8  L l s t inq  

AooenAix P: 



A. 4 SOFTWARE SUBPROGRAM NO. 4 (CLS8PC) 

S e v e r a l  m o d i f i c a t i o n s  w e r e  made t o  t h e  e x i s t i n g  CLSSPC subrout ine 
as a r e s u l t  of t h e  sun angle correction option. 

A.4 .1  L i n k a g e s  

The subrou t ine  LEARN cal ls  CLSSPC by way  of t h e  e n t r y  poin ts :  
CLSSPC, FLDSPC, ana MULSPC. 

A.4.2 Interfaces 

CLSSPC references the  GLOBAL common block, 

A.4.3 Inpu t s  

T h e  f l ag  SAXEY was added t o  t h e  c a l l i n g  sesuence. T h e  n e w  

c a l l i n g  sequences are: .. 

a C a l l  CLSSPC (MEAN, SUBSTD, IDVEC, PTRVEC, PLOT, TITLE,  NOFEAT, 

FEWEC,  SPCBAS, SAKEY) 

6 Call PLDSPC CDMSAN, DEV, IDVEC, PTRVEC, PLOT, MEAN, GUBSTD, 

FLDNAM, IJOFEAT, FETVEC, SPCBAS, SAKEY) 

a C a l l  MULSPC (MEAN, SUBSTD, JDVEC, PTRVEC, PLOT, NOFEAT, FETVEC, 

P a r a m e t e r  D i m e n s i o n  I n / O u t  D e f i n i t i o n  

MEAN 1 I n  T h e  mean vector (s) 

SUBSTD 

DMEAN 

DEV 1 

IDVEC 

PTRVEC 

I n  T h e  s t a n d a r d  d e v i a t i o n  

a r r a y  (s) 

I n  MEAN is  set equal t o  
DMEAN 

I n  SUBSTD is set equal  t o  

DEV 

I n  T h e  subclass name 

I n  PTRVEC(1) = 1, PTRVEC(5) = 1 

PTRVEC(2) ,  ( 3 ) ,  ( A )  = 0 



Parameter 

PLOT 

TITLE 

NOFEAT 

SAKEY 

FLDNAM 

JDVEC 

Dimension Xn/Out D e f i n i t i o n  

( 4  ,NOFEAT, 49)  O u t  The p l o t  in format ion  

a r r a y  

I n  The s u b c l a s s  number 

I n  The number of channels  

t o  be used 

The a r r a y  o f  s e l e c t e d  

channe ls  

I n  The m i n i m u m  r a d i m c e  

value on the Y-axis 

o f  the s p e c t r a l  

p l o t  

The f l a g  t o  i n d i c a t e  

i f  sun ang le  c o r r e c t e d  

d a t a  w a s  used i n  t h e  

c a l c u l a t i o n  o f  t h e  

mean and s t anda rd  

d e v i a t i o n  

FLDNAM is n o t  used i n  CLSSPC 

1 I n  The s u b c l a s s  name 

A. 4 .4  Outputs - 
As a r e s u l t  o f  t h e  sun ang le  op t ion ,  MENLOW may be l a r g e r  than  

MENHGH; t h e r e f o r e ,  i f  t h e  above occurs ,  t h e  fo l lowing  new 

message w i l l  b e  p r i n t e d :  

' I N  CLaSPC, MENLOW I S  GREATER THAN MENHGH - NO PLOTTING 

WILL BE DONE; 

A. 4 . 5  S torage  Requirements 

DATA = 312* 

CODE = 13538 



A . 4 . 6  Descr ip t ion  

The purpose o f  CLSSPC is t o  p r i n t  a spectral p l o t  (may be 

composite)  for  t h e  s u b c l a s s  and/or f i e l d  i n d i c a t e d  by t h e  user .  
As a r e s u l t  of t h e  sun a n g l e  c o r r e c t i o n  o p t i o n ,  t h e  INCR and SPCBAS 
v a r i a b l e s  may be recomputed. I f  the f l a g  SAKEY is on (i .e.  = l ) ,  

the maximum o f  t h e  i n p u t  (y+u) and t h e  minimum o f  t h e  i n p u t  
( y  - a )  w i l l  be computed. I f  SPCBAS does n o t  e q u a l  to  -999, t h e  
u s e r  s p e c i f i e d  SPCBAS va lue  w a l l  be  used. I f  SPCBAS is equa l  t o  

-999, MINV w i l l  be  set equa l  to rnin (min(p - o k j )  1. 
k j 

kc f i e l d s  JE channels  
The v a r i a b l e  INCR w i l l  be set equa l  t o  [max(max ( y  + gk j) ) - k j 
SPCBAS]/49 + 1.0. 

The o r i g i n a l  CLSSPC was debugged i n  order t o  p r i n t  t h e  ERRLIN 

o v e r  t h e  c o r r e c t  channel  p l o t .  

A. 4.7 Flowchart 

Appendix C 

A. 4 .8  L i s t i n g  

Appendix E 
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B. 1 SOFTWARE SUBPROGRAM NO. 1 (DATATR) 

T h e  dr iver  program for the  D a t a  T r a n s f o r m a t i o n  processing, DATATR, 

was modified to optionally gmamte an nxn u n i t a r y  matrix 
PCM w h e n  t h e  PCGC f l a g  i s  on. T h e  PCM matrix w i l l  be used i n  t h e  

generation of t he  P r i n c i p a l  C o m p o n e n t  G r e e n n e s s  (PCG) I m a g e .  

B. 1.1 L i n k a g e s  - 
DATATR i s  called by t h e  LARSYS execu t ive  p r o g r a m ,  MONTOR. 

T h e  f o l l o w i n g  sub rou t ines  may be called by DATATR: SETUPB,  

SETREM, KBTRAN, MAXMAT, T R H I S T ,  LNTRAN, MTMLS6, MTMDAT, and the 

new s u b r o u t i n e s  GETGCV and PCMMAT. 

B. 1 . 2  Interfaces 

DATATR references t h e  INFORM, TRBLCK, and GLOBAL c o m m o n  blocks. 

B .1 .3  I npu t s  

T h e  c a l l i n g  sequence  t o  DATATR remains unchanged. 

The c a l l i n g  sequence t o  KBTRAN has been changed to:  

C a l l  KBTRAN (BMAT, LCOMB, ARRAY, LAM, MAX, MIN,  CON, TRANSF, NSUB) 

!l!wo n e w  ca l l i ng  sequences w e r e  added t o  t h e  sub rou t ine  D a t a - T r :  

a C a l l  GETGCV (SAVTAP, C P ,  NCHAN. GCOVI 

T h i s  s u b r o u t i n e  ( w h i c h  i s  s i m i l a r  t o  t h e  e x i s t i n g  s u b r o u t i n e  

GETST) w i l l  read t h e  f i l tered r a w  or  sun  anq l e  corrected data  

covariance m a t r i x  f r o m  SAVTAP i f  t h e  PCGC f l aq  i s  on, 
X 

C a l l  PCMEIAT ( T ,  PCM, T ,  R ,  LCOPIR, I D ) .  

T h i s  n e w  s u b r o u t i n e  w i l l  o u t p u t  an u n i t a r y  o r t h c q o n a l  m a t r i x .  

B . l .  4 O u t p u t  

I f  t h e  c o l u m n  d i m e n s i o n  of t h e  'B-MATRIX' i s  n o t  equa l  t o  t h e  

r o w  and column d i m e n s i o n s  of t h e  data covariance m a t r i x  Ex 



read from SAVTAP, t h e  f o l l o w i n g  error message w i l l  be o u t p u t :  

'THE DIMENSION OF BMAT XXX AND DCOV XXX ARE NCT COMPATIBLE - 
CALL EXIT'. 

B. 1 . 5  S t o r a g e  Requirements  

DATA = 60328 CODE = 4628 

B.1.6 D e s c r i p t i o n  

A s  a r e s u l t  o f  d e c l a r i n g  'Ar ray '  real i n  t h e  s u b r o u t i n e  KBTRAN, 

t h e  a r r a y  NSUB ( i n i t i a l i z e d  by i n t e q e r  ' A r r a y ' )  w i l l  b e  fo rmula ted  

i n  DATATR i n s t e a d  o f  KBTRAN. 

The f o l l o w i n g  m o d i f i c a t i o n s  w i l l  t a k e  p l a c e  o n l y  i f  t h e  PCGC 

f l a g  i s  on ( i .e . ,  t h e  OPTION PCG c o n t r o l  c a r d  w a s  r e a d  i n  

SETUP8 ) : 

a. The s u b r o u t i n e  GETGCV w i l l  p u l l  t h e  d a t a  c o v a r i a n c e  matrix 

( t o  be used i n  t h e  PCG p r o c e s s i n g )  o f f  o f  t h e  SAVTAP. The 

c o v a r i a n c e  m a t r i x  w i l l  have  been c a l c u l a t e d  from f i l t e r e d  

r a w  o r  sun  a n g l e  c o r r e c t e d  d a t a  v e c t o r s  depending on t h e  

'OPTION' and 'SUNANG' c o n t r o l  c a r d s  i n p u t  by  t h e  u s e r  d u r i n q  

t h e  STAT p r o c e s s o r  mode. w i l l  b e  p u l l e d  frc:o t h e  

(STAFIL+l) f i l e .  
X 

b. Before  t h e  mix ture  c o v a r i a n c e  m a t r i x  o f  t h e  Green Image bands 

( ) i s  t o  b e  g e n e r a t e d ,  t h e  row and column dimensions  

( t h e  row and  t h e  column dimensions  s h o u l d  b e  e q u a l )  w i l l  be  

checked a g a i n s t  t h e  column dimension o f  t h e  8-MATRIX. I f  

t h e s e  d imensions  a r e  n o t  e q u i v a l e n t ,  t h e  error message s t a t e d  

i n  t h e  o u t p u t  s e c t i o n  13.1.4 w i l l  b e  p r i n t e d .  

c. The s u b r o u t i n e s  MTMLS6 and MTMDAT w i l l  g e n e r a t e  t h e  GCOV 

m a t r i x .  



where C = mixture covariance matrix of the Green Image G - 
bands, 

= Transformation matrix in which each row contains 
the greenness vector. The matrix is to be input 

in the 'B-MATRIX' format, 

C = The PCG data covariance matrix read off bf SAVTAP, 
X 

arid 

gT = The transpose of B. 

d. The subroutine PCMMAT will be called to operate on the matrix 

G. . The program will in turn return an nxn unitary matrix 

PCN. The PCG Image will then be generated by applying the 

PCM matrix to the Green Image. 

B. 1.7 Flowchart 

Appendix D 

B.1.8 Listinq 

Appendix F 



B. 2 SOFTWARE SUBPROGRAM NO. 2 (SETUPS) 

The modif icat ions t o  subrout ine  SETUP8 w i l l  r e s u l t  i n  t h e  readinq 

and decoding of t h e  fol lowing a d d i t i o n a l  and m a i f i e d  c o n t r o l  

ca rds  : 

a. TRFORM OUTPUT/UNIT=n, FILE=m 

b. SUNANG nl, n2, .  . . n j  

c. OPTION GREEN 

d. OPTION PCG 

e. SUNANG TAPE 

The following f l a g s  w i l l  be set and used i n  t h e  o t h e r  subprograms. 

They are added to  t h e  labe led  common block,  TRBLCK. 

a. PCF - f l a g  i n d i c a t i n g  t h a t  t h e  'OPTION GREEN' and/or 'OPTION PCG' 

c o n t r o l  card  was read i n .  

b. SAKEY - sun angle key - i f  on,  apply t h e  sun angle ga in ,  

SAGAIN and sun angle  b i a s ,  SABIAS cor rec t ion  f a c t o r s  ob- 

t a i n e d  from t h e  subrout ine SUNF2. 

c. PCGC - f l a g  i n d i c a t i n g  t h a t  t h e  'OPTION PCG' c o n t r o l  card  was read 

i n .  

d .  GIG - f l a g  i n d i c a t i n g  t h a t  t h e  'OPTION GREEN' con t ro l  card 

w a s  read i n .  

The following v a r i a b l e s  have been added t o  t h e  common blocks 

TRBLCK and GLOBAL t o  be referenced by t h e  o the r  subproqrams: 

a. SAGAIN - sun angle  gain co r rec t ion  f a c t o r .  

b. SABIAS - sun angle b i a s  co r rec t ion  f a c t o r .  

c. TRNSFL - t h e  f i l e  number t h a t  t h e  output  transformed d a t a  is  

t o  be output  on ( d e f a u l t  = 1). 



! 
i 

I 
d. PCM - an array t h a t  c o n t a i n s  t h e  nxn u n i t a r y  m a t r i x  o u t p u t  I 

1 
by t h e  s u b r o u t i n e  PCMMAT. Th i s  a r r a y  w i l l  b e  used I 
i n  t h e  gene ra t ion  of  t h e V P r i n c i p l e  Component Greenness '  

1 

i 
image. . i 

i 
e. NCHPAS - d e s i g n a t e s  t h e  number o f  channe ls  p e r  p a s s  ( d e f a u l t  = 4 ) .  i 
B. 2 .1  Linkages 

SETUP8 is c a l l e d  by t h e  d r i v e r  program f o r  Data Transformat ion,  

DATATR. SETUP8 i n  t u r n  cal ls  t h e  TAPHDR, PRTCOV, NXTCHR, FIND, 

BME'IL, NUMBER, ORDER, FLTNUM, CRDSTA, REDSAV, and WRTBM r o u t i n e s .  

I f  sun ang le  c o r r e c t i o n s  f o r  t h e  Green Image and/or PCG Image 

Transformat ions  were reques t ed ,  a ca l l  w i l l  be  made t o  t h e  new 

sub rou t ine ,  SUNF2. 

SUNF2 w i l l  r e t u r n  t h e  set o f  sun ang le  g a i n  and b i a s  c o r r e c t i o n  

f a c t o r s  t o  be  used on each  d a t a  channe ls  i n p u t .  

B. 2.2 I n t e r f a c e s  

SETUP8 r e f e r e n c e s  t h e ' f o l l o w i n g  common b locks :  INFORM, GLOBAL, 

ISOLNK, and TRBLCK. 

B.2.3 I n p u t s  

The c a l l i n g  sequence t o  SETUP8 remains unchanged. 

a NEW CONTROL CARDS 

Keyword Parameter 
(col. 1) (col. 11-72) 

OPTION Green 

(Defau l t  - Green 

Image n o t  genera ted  

f o r  o u t p u t )  

Funct ion 
I 
The Green image w i l l  be  

genera ted  and ou tpu t .  



Keyword 
(col .1) 

OPTION 

FORMAT 

FORMAT 

SUNANG 

SUNANG 

Parameter 
(col. 11-72) 

PCG 

(Defau l t  - no P r i n c i p a l  
Components Green Image 

o u t p u t )  

UNIVERSAL 

(Defau l t  - Universa l )  

LARSYS 

(Defau l t  - universa l )  

Tape 

(Defau l t  - no sun angle  
' c o r r e c t i o n  a p p l i e d )  

nl, 
8 n j  

(Defau l t  - no sun ang le  
c o r r e c t i o n  a p p l i e d  

OUTPUT/UNIT=N, 
FILE=M 

(Defau l t  - N = 1 4  

M = l )  

Funct ion 

The PCG Image w i l l  be 
genera ted  and ou tpu t .  

The t ransformed d a t a  w i l l  

be o u t p u t  i n  t h e  Universal  
format. 

The t ransformed data w i l l  

be o u t p u t  i n  t h e  LARSYS 
I1 format. 

Sun a n g l e s  w i l l  be ex- 
t r a c t e d  from t h e  ERIPS 

"unload" MSS image t ape .  

"i =sun ang le  for pas s  i ,  
l < i < 8 .  Sun a n g l e s  are - - 
i n t e g e r  numbers, 55ni<85. 

N = t h e  t a p e ' s  Fo r t r an  
l o g i c a l  u n i t  number t h a t  
t h e  new image o f  t r a n s -  
formed d a t a  is  t o  be ou tpu t  
on. 
M = t h e  f i l e  number t h a t  
t h e  new image is  t o  be 
ou tpu t  on. 
I f  bo th  Greenness and PCG 

are reques ted ,  t h e  formsx 
image w i l l  be o u t p u t  on 
f i l e  M and t h e  l a t t e r  imaqe 

on f i l e  ( M e l ) .  



B. 2.4 Outputs 

Modif icat ion t o  SETUP8 w i l l  i n c l u d e  t h e  a d d i t i o n  o f  the fol lowing 

error message: 

a. I f  t h e  B-MATRIX i n p u t  f l a g  BMTRIG i s  n o t  on ( r l ) ,  the error 

message w i l l  b e  : 

'The B-MATRIX CONTROL CARD WAS NOT FOUND - TERMINATE EXECUTION'. 

The l i n e  p r i n t e r  o u t p u t  w i l l  con t inue  t o  l ist  t h e  (new) c o n t r o l  

c a r d s  r ead  i n  by SETUP8. 

B.2.5 - Storage  Requirements 

DATA = 4738 CODE = 20738 

B . 2 . 6  Desc r ip t ion  

The f u n c t i o n  o f  SETUP8 is t o  r ead  and decode a l l  o f  t h e  i n p u t  

p rocessor  c o n t r o l  c a r d s  as w e l l  as t h e i r  parameters .  The 

fol lowing mod i f i ca t ions  w i l l  b e  made: 

a. The u s e r  w i l l  be a b l e  t o  s p e c i f y  on t h e  new 'TRFORM' c o n t r o l  ca rd  

which unit number ( d e f a u l t  = 1 4 )  and f i l e  number ( d e f a u l t  = 1) 

are to  b e  used f o r  t h e  o u t p u t  t ransformed image t ape .  

b. The u s e r  w i l l  b e  given t h e  o p t i o n  o f  u s ing  r a w  or  sun angle  

c o r r e c t e d  d a t a  v e c t o r s  i n  t h e  t r ans fo rma t ion  p roces s  depending 

on t h e  absence or  presence  of  t h e  SUNANG c o n t r o l  caxd. If t h e  

SUNANG c o n t r o l  ca rd  w a s  read  i n ,  t h e  i n p u t  'MAXPT' v e c t o r  w i l l  

b e  sun ang le  co r r ec t ed .  

c. The u s e r  has  t h e  op t ion  o f  c r e a t i n g  a Green Image and/or 

P r i n c i p a l  Component Greeness (PCG) Image. 

d. The t ransformed d a t a  w i l l  be ou tpu t  i n  t h e  Universa l  format 

u n l e s s  t h e  LARSXS parameter i s  s p e c i f i e d  on t h e  FORMAT 

c o n t r o l  ca rd .  

e. I f  t h e  Green Image and/or PCG Image i s  t o  be genera ted ,  t h e  

maximum dimension al lowed f o r  B-MATRIX i s  (n ,  n * k ) ,  where k = 

number o f  channels  p e r  pas s  and n = t h e  number of  pas ses  

and n2*k<400. The d e f a u l t  number o f  channe ls  p e r  pas s  - 



(NCHPAS) i m  equal to 4 .  NCHPAS is met i n  the  BLKCOM subrootino 
and included i n  the GLOBAL common block. 

f .  The s t a t i s t i c a l  method w i l l  be performed if: 

1. The tMODULE PILE' and 'STATPILE' control  cards are input 

or 2 .  The l ~ ~ ~ ~ L E  CARDB' control  card i s  input. 

B. 2 . 7  Flowchart 

Appendix D 

B . 2 . 8  List ing,  

Appendix F 



B . 3  SOFTWARE SUBPROGRAM NO. 3 ( O W )  

The sub rou t ine  KBTW has  been modified t o  test t h e  new f1as.t 

a. SAI(EY - when it is on (SAKEY = l ) ,  t h e  channel-or iented 

sun a n g l e  c o r r e c t i o n  b i a s  and g a i n  f a c t a r s  (obt.ained from 

t h e  sub rou t ine  SUNP2) w i l l  be a p p l i e d  t o  t h e  r e s p e c t i v e  

channel  coii~ponent of  t h e  mean vector and covar iance  mat r ix  

ob ta ined  from t h e  s u b c l a s s e s  statist ics f i l e ,  SAVTAP. 

b. PCGC - when it is  on (PCGC-l), t h e  PCM a r r a y  w i l l  be 

app l i ed  t o  t h e  calculated MAXIMIN,  and CON a r r a y s  t o  gene ra t e  

t h e  PCG image's  s c a l i n g  parameters .  These s c a l i n g  parameters 

w i l l  b e  s t o r e d  i n  t h e  l o c a t i o n s :  

BMAT (401) + BMAT (400 + 3 * LCOMB) 

B. 3.1 Linkages 

Subprogram KBTRAN is c a l l e d  by t h e  Data Transformat ion d r i v e r  

program, DATATR,when r e s c a l i n g  by t h e  s t a t i s t i c a l  method i s  
reques ted  by t h e  u se r .  KBTRAN cal ls  t h e  fo l lowing  sub rou t ines :  

MATVEC, MTHLS6, MTMDAT, and PRTCOV. 

B. 3.2 I n t e r f a c e s  

The common b locks  r e f e renced  by t h e  KBTRAN subprogram are: 

INFORM, TRBLCK, GLOBAL, and COMBK4. 

B. 3.3 Inpu t s  

The c a l l i n g  sequence f o r  KBTRAN has  been modified t o :  

C a l l  RBTRAN (BMAT, LCOMB, ARRAY, LAM, MAX, M I N ,  EPS, TRANSF, N S U F )  

The exp lana t ion  f o r  adding t h e  v a r i a b l e  NSUB t o  t h e  c a l l i n g  

argument is found i n  s e c t i o n  B.1.6 (DATATR-Description). 'ARRAY' 
was dec l a red  real as a r e s u l t  o f  t h e  'sun a n g l e  c o r r e c t i o n '  

o p t i o n .  



Parameter 

. BMAT 

ARRAY 

MAX 

MZN 

EPS 

TRANSF 

NSUB 

D i m s  i o n  -- In/Out D e f i n i t i o n  

480 In  The t r ans fo rma t ion  mat r ix  
a r r a y  

I n  The number of passes  
[ l i n e a r  combinations) 

I n  Array c o n t a i n s  the mean and 
covar iance  matrices 

Out 

Out 

Out 

An i n t e g e r  m u l t i p l i e d  by 

t h e  s t a n d a r d  d e v i a t i o n s  of 
t h e  i n p u t  s u b c l a s s  statist ics 
t o  d e r i v e  an approximate 
range for r e s c a l i n g  t h e  
t ransformed data 

The maximum va lue  for each 
pas s  

The minimum va lue  for each 
pas s  

The a r r a y  con ta in ing  the 

computed 255/ [max (I)  -min (I) I, 
I=l , . . . , LCOMB 

Flag  t o  i n d i c a t e  i f  t h e  
transformed s tat is t ics  
i s  t o  b e  p r i n t e d  o u t  

The s u b c l a s s  name 



0 

8.3.4  Outputs 

If t h e  SAKEY is on : 

a. The SAVTAP's mean vectors w i l l  be t ransformed us ing  t h e  sun 
angle  c o r r e c t i o n  f a c t o r s ,  SAGAIN and SABIAS. The formula 

used is: 

where TM(1) = I t h  component (channel;  o f  t h e  s u n  a n g l e  

c o r r e c t e d  transformed mean vector, 

SAGAIN(1) * I t h  sun anq le  ga in  f a c t o r  t h a t  relates t o  the  

I t h  channel ,  

M(I) - I t h  component (channel)  o f  t h e  mean vector 

from SAVTAP, and 

SABIAS(1) = I t h  sun ang le  b i a s  f a c t o r  t h a t  relates t o  t h e  

I t h  channel .  

b. The a p p r o p r i a t e  sun angle  c o r r e c t i o n  f a c t o r s  w i l l  be a p p l i e d  

t o  t h e  SAVTAP's covariance mat r ix ,  EX . b e f o r e  t rans forming  

it to  BC gT , where B i s  t h e  '8-MATRIX' which c a n t a i n s  t h e  
X 

Kauth Greenness vectors and B~ is the transpose of B. The f o m l l l a  - 
used on each component o f  t is: 

L X 
& 

TCOV(1.J) = SAGAIN(1) * C O V ( 1 , J )  * SAGAIN(J) 

where TCOV(1. J) = sun ang le  c o r r e c t e d  t ransformed (I, J )  t h  

component o f  t h e  SAVTAP's covar iance  mat r ix  

C , I, J = 1. . . . , NOFEAT, 



(IAGAIN'~) - Ith sun angle ga in  f a c t o r  t h a t  r e l a t e s  t o  channel 

I. 

SAGAIN(J) - J-th sun angle ga in  f a c t o r  t h a t  r e l a t e s  t o  

channel J, and 

COV. (I, J)  = (I, J) t h  compontat of  t h e  SAVTAP I s  covariance 

matrix. 

Storage Requirements 

DATA - 46618 

B . 3 . 6  Descript ion 

If t h e  SAKEY f l a g  is on, t h e  sun angle  co r rec t ion  b i a s  and ga in  
f a c t o r s  w i l l  be appl ied t o  t h e  corresponding component of t h e  
SAVTAP mean vec tor  and covariance matrix.  

A check t o  see i f  each component of  t h e  MAX vector  is  g r e a t e r  than 1 J 

o r  equal t o  t h e  corresponding component of t h e  M I N  vec tor  was 
1 
1 

i n i t i a l i z e d  a s  a r e s u l t  o f  t h e  'sun angl? co r rec t ion1  opt ion  being 
performed on t h e  mean zccd covariance a r rays .  I f  t h e  above test  I 
fails, t h e  corresponding MAX and M I N  components w i l l  be interdhanged 
before  generat ing t h e  EPS vector.  

I f  t h e  PCGC f l a g  is  on ( i .e .  t h e  'OPTION PCG' con t ro l  card  was 
read i n  SETUP8), t h e  matrix a r r a y  PCM (output  from t h e  PCMMAT 

- - ------ - - - .  . 
subrout ine)  w i l l  be appl ied  t o  the  ca lcu la ted  Green Imaqevs M% 
(=MAX), M I N G ( = M I N ) ,  and CONG(=EPS) vec to r s  t o  ob ta in  t h e  PCG 



Outputs 

I f  t h e  SAKEY is oni 

a. The SAVTAP1s mean vec to r s  w i l l  be transformed using the sun 
angle  c o r r e c t i o n  f a c t o r s ,  SAGAIN and SABIAS. The formula 
used is: 

where TM(1) = I t h  component (channel) o f  t h e  sun angle  
co r rec ted  transformed mean vector ,  

SAGAIN(1) = I t h  sun angle gain f a c t o r  t h a t  relates t o  t h e  
I t h  channel,  

M ( 1 )  = Ith component (channel) of  t h e  mean vec tor  
from SAVTAP, and 

SABIAS(1) = I t h  sun =gle  b i a s  f a c t o r  t h a t  r e l a t e s  t o  t h e  
I t h  channel. 

b. The appropr ia te  sun angle co r rec t ion  f a c t o r s  w i l l  be appl ied  I 
t o  t h e  SAVTAP s c o v a r i m c e  r ia t r ix ,  EX , before  transforming i i 
it t o  BC B ~ ,  where S i s  t h e  IB-MATRIX1 which conta ins  t h e  

X T 
Kauth Greenness vec to r s  and B is the tr&ns@6ge ?f B.-- T h e - f ~ m ~ u l a  
used on each component of C is  : . X 

T C O V ( I , J )  = SAGAIN(1) * C O V ( 1 , J )  * SAGAIN(J) 

where TCOViI, J)  = sun angle  correc ted  transformed (I, J )  t h  
component of t h e  SAVTAP1s covariance matr ix  

C , I, J = 1, . . . , NOFEAT, 



Image's scal ing parameters, MAXp, MINp, and CONp. 

The PCG Image's 

a .  MAXp vector (PCM * MAXG) w i l l  be stored i n  locations BMAT 
( 4 0 1 )  + BMAT ( 4 0 1  + LCOMB-1). 

b. MINp vector (PCM * MING) w i l l  be stored i n  locations BMAT 
( 4 0 1  + LCOMB) -t BMAT ( 4 0 1  + 2 * LCOMB-I).  

c .  CONp vector (PCM * CONG) w i l l  be stored i n  locations BMAT 
( 4 0 1  + 2 * LCOMB) + BMAT ( 4 0 1  + 3  * LCOMB-1). 

8 . 3 . 7  F l o w c h a r t  

A p p e n d i x  D 

B . 3 . 8  L i s t i n q %  

A p p e n d i x  F 



B.4 SOFTWARE SUBPROGRAM NO. 4 (TRHIST) 

The fo l lowing  mod i f i ca t ions  t o  TRHIST w i l l  b e  performed i f  t h e  

PCGC f l a g  is on (i.e. the 'OPTION PCG' control c a r d  w a s  read  i n  
SETUP8) : 

a. The s c a l i n g  parameters ,  MAX, M I N ,  and CON, ob t a ined  from t h e  

h i s togram o f  t h e  t ransformed d a t a  w i l l  b e  m u l t i p l i e d  by t h e  

PCM mat r ix  a r r ay .  The r e s u l t i n g  vectors w i l l  be  t h e  PCG 

Image's s c a l i n g  parameters, MAXp, M I N p ,  and CONp. 

b. The PCG Image's s c a l i n g  parameters  w i l l  b e  s t o r e d  i n  BMAT's 

s c r a t c h  s t o r a g e  locations: BMAT (401) + BMAT (401 + 3 * 
LCOMB-1) . 

B. 4 . 1  Linkages 

The d r i v e r  program DATATR cal ls  TRHIST when t h e  u s e r  s p e c i f i e s  

r e s c a l i n g  by t h e  his togram method. 

TRHIST cal ls  t h e  fo l lowinq  sub rou t ines  andl'or func t ion :  LAREAD, 

TAPHDR, SQRT , FLDIMT , LINERD , FDLINT , TRANSF , and MATVEC . 
B. 4.2 I n t e r f a c e s  

TRHIST r e f e r e n c e s  t h e  fo l lowing  common b locks :  INFORM, TRBLCK, 

COMBK4, and GLOBAL. 

B. 4.3 Inpu t s  

The c a l l i n g  sequence t o  TRHIST remains unchanged. 

Since TRANSF w a s  changed from a ' sub rou t ine '  t o  a ' f u n c t i o n ' ,  

t h e  c a l l i n g  sequence t o  TRANSF is: 
- - -.- 

XT (J) - &  TRANSF (BMAT; IDATA, TOP, J, K ,  LCOMB, NSAMP, BIAS) 



B.4.4 Outputs 

There is no l i n e  p r i n t e r  output.  

B. 4.5 Storage Requirements 

DATA - 242* CODE - 1247* 

B.4.6 Descript ion 

TRHIST w i l l  ob ta in  the s c a l i n g  parameters, MAX, M I N ,  and CON f o r  

t h e  transformed d a t a  from t h e  histogram of  t h e  transformed d a t a  

of t h e  f i r s t  f i e l d  of  a set o f  f i e l d s .  

Since t h e  'MAXPT' va lues  may undergo a 'sun angle  c a r r e c t i o n '  

t ransformation,  a test t o  check t h e  max and min vectors w a s  
i n i t i a t e d .  I f  t h e  c u r r e n t  component of t h e  MAX vector i s  n o t  

g r e a t e r  than o r  equal  t o  t h e  corresponding M I N  component, t h e  

t w o  values w i l l  be interchanged. 

I f  t h e  PCGC f l a g  i s  on ( i . e .  t h e  'OPTION PCG' c o n t r o l  card was 

read i n  SETUPB), t h e  matr ix  a r r a y  PCM (output  from t h e  subrout ine 

PCMMAT) w i l l  be appl ied  t o  t h e  Green Image's s c a l i n g  parameters 

-G (=MAX)  , M I N G ( = M I N )  , and CONG (=CON) . 
The PCGC Image's s c a l i n g  parameters: 

a. MAXp (PCM * MAXG) w i l l  be  s to red  i n  l o c a t i o n s  BMAT (401) -C 

BMAT (401 + LCOMB-1). 

b. M I N p  (PCM * M I N G )  w i l l  be  s to red  i n  l o c a t i o n s  BMAT (401 + 
LCOMB) + BMAT (401 I- 2 * LCOMB-1). 

c. CONp (PCM * CONG) w i l l  be s to red  i n  l o c a t i o n s  BMAT (401 + 
2 * LCOMB) -+ BMAT (401 + 3 * LCOMB-1). 

B.4.7 Flowchart 

Appendix D 

B. 4 .  8 L i s t i n q  

Appendix F 



B. 5 SOFTWARE SUBPROGRAM NO. 5 (PCMMAT) 

The new subrout ine PCML~AT was o r i g i n a l l y  programmed f o r  execution 
under EXEC8 by W. L. Morris,  C. L. Wiginton, and D. K. Lowell 
(Universi ty  of Houston Mathematics Department). The rev i sed  
subrout ine  has  been incorporated i n  t h e  Data  rans sf or mat ion 
subrout ine PCMMAT. PCMMAT opera tes  on a r e a l  symmetric matr ix  
A t o  produce an orthogonal matrix of  approximate eiqenvectors  of - 
A. For t h e  P r i n c i p a l  Component Greenness (PCG) t ransformation,  
t h e  symmetric matr ix  i s  t h e  mixture covariance matr ix  of t h e  

A 

green bands ( tG ) and t h e  output  orthogonal matr ix  i s  PCM. 

The n x n (n = LCOMB = row dimension of  C ) u n i t a r y  matrix 
G 

PCM w i l l  have ' i t s  i t h  column correspond t o  t h e  i t h  l a r u e s t  normalized 
e igenvector  of  & . The r e s u l t i n g  components of PCM w i l l  be 
approximate eigenvalues (i.e. t h e  e r r o r  bounds w i l l  be between 
+ 0.000005) o f  xG . In  t h e  present  context ,  - 

where 
= 

mixture covariance matr ix  of t h e  green 
bands. 

B = BMAT = matrix i n  which each row con ta ins  t h e  
greenness vector .  

E X  t h e  f i l t e r e d  raw o r  sun angle  correc ted  
X 

d a t a  covariance matr ix  c a l c u l a t e d  i n  STAT. 

B.5.1 Linkages 

PCMMAT is  c a l l e d  by DATATR. 

PCMMAT re fe rences  t h e  following new e x t e r n a l  subrout ines  and ~ ~ - -  -. 

funct ion:  MINDEX,  SUPSUM ORD1, and F&I%¶L. The SORT r o u t i n e  i s  a l s o  
referenced . 
B.5.2 I n t e r f a c e s  

PCMMAT does n o t  re ference  any common blocks. The i n t e r f a c e  with 
t h e  c a l l i n g  program i s  by means of t h e  c a l l i n g  sequence. 



B.5.3 Inputs  
I 

The c a l l i n g  sequence t o  PCMMAT ist 

C a l l  PCMMAT (T, PCM, C,  R, N ,  I D )  

Parameter Dimension In/Out Def in i t ion  

PCM 

(ID) I N  A symmetric lower t r i a n g u l a r  
real matr ix  a r r a y  ( f o r  PCG 
transformation processing, 
T = t h e  lower t r a i n g u l a r  
s e c t i o n  of z G ,  t h e  
mixture covariance matr ix  
of t h e  green image bands).  

OUT 

OUT 

OUT 

I N  

An u n i t a r y  orthogonal 
matr ix  of normalized 
e igenvectors  of  T. 

Vectors of  c e n t e r s  of 
Weinstein d i s c s .  

Vector of r a d i i  of 
Weinstein d i s c s .  

The row and column 
dimension of  T ( f o r  

G t N=LCOMB=number of  
LANDSAT Passes) .  

The dimension of t h e  inpu t  

T a r ray .  I D  = N (N+I) . 
2 

B. 5.4 Outputs 

The orthogonal u n i t a r y  matr ix  a r r a y  PCM is  re turned  t o  t h e  
c a l l i n g  Bubroutine DATATR, v i a  c a l l i n g  argument. 

The vec to r  of eigenvalues and r a d i i  w i l l  be p r i n t e d  along with 
t h e  t ranspose  of t h e  un i t a ry  matr ix ,  PCM. 



B.5.5 Storaqe Requirements 

DATA - 17038 CODE = 15408 

B. 5.6 Descript ion 

PCMMAT proceeds through an i t e r a t i v e  algori thm t o  produce t h e  
output  orthogonal matr ix  PCM. PCM, which is composed of  approxi- 
mate e igenvectors  of  zG i s  formulated by c a l l i n g  t h e  following 
e x t e r n a l  subrout ines  and funct ion:  

a. MINDEX - selects t h e  order  of opera t ions  wi th in  PCMMAT. 

b. ORDl - reorders  t h e  components of  t h e  inpu t  vec to r  i n t o  
ascending order .  

c .  SUPSUM - adds the components of t h e  reordered -=&or from 

d. PCMAML - computes t h e  matrix products.  

The r e l a t i v e  e r r o r  allowed i n  t h e  approximate eigenvalues of 
CG i s  set t o  0.00000s. 

Before t h e  f i n a l  PCM matr ix  a r ray  i s  p r i n t e d ,  t h e  f i r s t  f b w  w i l l ' b e  

checked f o r  concavity.  If  (P1,l + P 1 , N  ); I2 S (P 1,2 
+ P1,~-'l ) /N-2) + ... i 

'1,i = - '1,i , f o r  i = 1, * . * ,  N. The P l r i l s  a r e  t h e  components 

from t h e  f i r s t  PCM column. 

B. 5.7 Flowchart 

Appendix D 

B. 5.8 L i s t i n g  

Appendix F 



8.6 SOFTWARE SUBPROGRAM NO. 6 (TRYINSF) 

The c a l l i n g  sequence t o  T.RANSF has been modified to  exclude t h e  XT 

var i ab le .  TRANSF has been changed from a subrout ine t o  a funct ion.  

The i n t e r n a l  v a r i a b l e  XT w i l l  be set equal  t o  TRANSF. The f l a g  

SAKEY w i l l  be t e s t e d  t o  determine i f  t h e  inpu t  raw d a t a  vec ta r ,  

IDATA is t o  be sun angle  co r rec ted  before performing t h e  d a t a  

t ransformation c a l c u l a t i o n .  

B. 6 .1  Linkages 

TRANSF is c a l l e d  by e i t h e r  t h e  subrout ines  TRHIST and/or LNTRAN. 

TRANSF does no t  ca l l  any subroutine.  

B. 6.2 I n t e r f a c e s  

TRANSF i e f e r s  t o  the  TRBLCK common block. 

B.6.3 Inputs  

The c a l l i n g  sequence t o  TRANSF is: 

8 XT (J)=TRANSF (BMAT, IDATA, TOP, IL, K ,  LCOMB, NSAMP, BIAS). 

Parameter Dimension In/Out Def in i t ion  

BMAT 480 I N  The matr ix ,  which i s  

s to red  i n  t h e  'B-MATRIX' 

format, t o  be used i n  

t h e  t ransformation process.  

IDATA 

TOP 

IL 

TOP 

1 

1 

The inpu t  raw d a t a  vec to r  

t o  be transformed. 

The maximum usable  locations 
i n  t h e  a r r a y  IDATA. 

The component o f  t h e  

transformed d a t a  vec tor  

t h a t  w i l l  be generated. 



Parameter 

K 

Dimension In/Out D e f i n i t i o n  

1 I N  The o u r r e n t  sample p i x e l  
being proaeaaed. 

1 I N  The number of l i n e a r  
combinations or passes 
t o  be used i n  the calcu-  
l a t i o n .  

The number sf sample d a t a  
v e c t o r s  to  be transformed. 

The bias vec to r  t o  be used 
i n  t h e  da ta - t r rnsformat ion  
process.  

B. 6.4 Outputs 

There i s  no l i n e  p r i n t e r  output .  The va lue  o f  t h e  IL-th component 
of the transformed data v e c t o r  (XT) w i l l  be  r e tu rned  i n  t h e  
func t ion  name TRANSF. 

B.6.5 Storage Requirements 

DATA = 27* CODE - 135* 

B.6.6 Descr ip t ion  

The f l a g  SAKEY w i l l  be tested i n  t h e  func t ion  TRANSF t o  determine 
i f  t h e  i n p u t  raw d a t a  v e c t o r  i s  t o  be sun angle  co r rec t ed  or no t .  
If t h e  f l a g  was turned on (i. e. SAKEY = 1) , t h e  fo l lowing  t r ans -  
formation w i l l  t a k e  p l a c e  before  t h e  e x i s t i n g  d a t a  t ransformat ion  
process  : 

TDATA r SAGAIN (I) * IDATA (L) + SABIAS (I) 

where TDATA = t h e  srrn ang le  co r rec t ed  I - th  channel component of 
t h e  c u r r e n t  d a t a  vec tor ,  

S A G A I N ( 1 )  = t h e  sun angle  ga in  c o r r e c t i o n  f a c t o r  f o r  t h e  I - th  
channel,  



IDATA(L) - the I-th channel component f -  

of the c u r r e n t  d a t a  vec t6r  
NSAMP = the number of sample d a t a  vec to r s  
( f o r  t h e  c u r r e n t  scan l i n e )  t h a t  needs to  
be transfoxmed, and 

SABIAS(1) = t h e  sun angle  b i a s  co r rec t ion  f a c t o r  f o r  t h e  I-th 
channel. 

I f  t h e  SAKEY w a s  no t  on ( i .e.  SAKEY = 0 ) ,  the raw d a t a  vec tor ,  
I D A T A , w i l l  be used i n  t h e  d a t a  t ransformation formula: 

XT - IDATA * BMAT + EIAS 

If the SAKEY was turned on (i.e, SAKEY = 1 1 ,  t h e  sun angle  cor- 
r ec ted  d a t a  vec to r ,  TDATA,wi l l  be used i n  t h e  t ransformation 
formula: 

XT =TDATA * BMAT + BIAS 

Before r e tu rn ing  t o  t h e  c a l l i n g  subrout ine,  TRANSF w i l l  be set 

equal t o  XT. 

B.6.7 Flowchart 

Appendix D 

Appendix F 



Be 7 SOFTWARE SUBPROGM E35. 7 (LNTRAN) 

The modif icat ions to be made t o  t h e  subrout ine LNTRAN w i l l  enable  
the user t o  genera te  and output  a 'Green' and/or ' P r i n c i p a l  

Component Greeness' (PCG) Image. The dec i s ion  on whether these  

images are t o  be generated and ou tpu t  w i l l  depend on the new 

f l a g s  PCGC ( turned on when the OPTION PCG c o n t r o l  ca rd  w a s  
read  i n  SETUPS) and G I C  ( turned on when the OPTION GREEN mtrol  
c a r d  was read i n  SETUP8). 

B.7.1 Linkages I 
LNTRAN m y  c a l l  the following subrout ines ;  TAPHDR, LAREAD, FLDINT, 

1 
i 
i 

WRTHDR, LINERD, FDLINT, TRANSF, WRTLIN, NTRAN, COMHST, and 

MATVEC . 
1 

LNTRAN is c a l l e d  by t h e  d r i v e r  program of  Data Trmsformation,  . i 
DATATR. 

B. 7.2 I n t e r f a c e s  

LNTRAN re fe rences  t h e  following common blocks: INFORM, TRBLCK, 

COMBK4, and GLOBAL. 

B - 7 . 3  Inputs  

The c a l l i n g  sequence t o  LNTRAN remains unchanged. 

B.7.4 Outputs 

T h e  user w i l l  be a b l e  t o  generate  and output  a Green and/or PCG 

Image depending on t h e  value of t h e  f l a g s  G I C  and PCGC. 

If Green or  PCG Image i s  requested,  t h e  transformed d a t a  set 

w i l l  be output  on t h e  d e f a u l t  (E'ortran u n i t  1 4 ,  f i l e  = 1) o r  

user -spec i f ied  t a p e  u n i t  and f i l e  number. 



I f  both images a r e  requesteclj, the Green Imge w i l l  be output  on the 
d e f a u l t  o r  user -spec i f ied  f i l e  number and the PCG Image w i l l  be 
output  on t h e  following f i l s .  

The heading 'Green Image', 'PCG Image', o r  'Transformed Image' 
w i l l  be p r i n t e d  before  the respec t ive  image is  output .  

B. i .5  btorage Requirements 
DATA - 21350g CODE - 3256* 

B.7.6 Descript ion 

If the G I C  f l a g  is on ( G I C = l ) ,  t h e  s c a l i n g  parameters MAX, M I N ,  

and CON derived from t h e  histogram of  t h e  'Green Image' w i l l  be 
used i n  t h e  transforming, r e sca l ing ,  and histogramming processes 
of  t h e  d a t a  vec tors .  

If t h e  PCGC f l a g  is  on (PCGCal), t h e  s c a l i n g  parameters l:deriv@d 
from t h e  histogram of 'PCG' Image) s t o r e d  i n  l o c a t i o n s  B-XAT 

(401 )  + BMAT (400 + 3 * LCOMB) w i l l  be used i n  t h e  processes of 
transforming, r e s c a l i n g ,  and histagramming t h e  d a t a  veccors. 
Recal l  t h a t  the MAX vector  is s to red  i n  l o c a t i o n s  BMAT ( 4 0 1 ) + ~ 1 ~ ~ ( 4 0 0  + 
LCOMB), t h e  M I N  vec to r  i n  loca t ions  BMAT (401 + LCOMB) + BMAT 

(400 + 2 * LCOMB), and t h e  CON vec tor  i n  l o c a t i o n s  BMPAT ( 4 0 1  + 
2 * LCOMB) + BMAT (401 + 3 * LCOMB). 

Since d i f f e r e n t  sun angle  co r rec t ion  t ransformations w e r e  
performed e a r l i e r ,  a test  t o  check t h e  MAX a g a i n s t  t h e  M I N  

vec to r  was i n i t i a t e d .  I f  a component of t h e  MAX vec to r  i s  less 
than t h e  corresponding M I N  component, t h e  two values w i l l  be 
interchanged. 

If  t h e  PCGC f l a g  is on, t h e  matrix PCM w i l l  be appl ied  t o  t h e  
transformed d a t a  vec to r s  output  from t h e  funct ion  TRANSF. 



The transformed data vectors w i l l  be compared against  - + 3000 if 

the user had requested the sun angle correct ion option and no 
rescal ing  of the transformed data. 

B. 7 . 7  Flowchart 

Appndix D 

B . 7 . 8  List inq 

Appendix F 



B. 8 SOP- SUBPROGRAM NO. 8 (GETGCV) 

The e x i s t i n g  sub rou t ine  GETST was modified t o  create t h e  new 
s u b r o u t i n e  GETGCV. The sole purpose o f  GETGCV i s  to  r ead  one 
covar iance  ma t r ix  from SAVTAP, 

g.1 Linkages 

GETGCV is c a l l e d  by t h e  DATA-TR sub rou t in - .  

B. 8.2 I n t e r f a c e s  - 
GETGCV does  n o t  r e f e rence  any common blocks .  

E.8.3 I n p u t s  

The calling sequence t o  GETGCV is: 

C a l l  GETGCV (UNIT. FILE. NCHAN, COVAR) 

Paramete? Dimension In/Out D e f i n i t i o n  

U N I T  1 IN The f o r t r a n  u n i t  number 
from which t h e  covar iance  
mnt r ix  is t o  be read 

from 

FILE 

NCHAN 

COVAR 

The f i l e  nwnber on 'UNIT1 

from which t h e  covar iance  
m a t r i x  is to  h e  read from 

The number o f  channels  
reques ted  from t h e  t r a i n i n g  
segment 

OUT The covar iance  m a t r i x  a r r a y  
r e t r i e v e d  from t h e  i n p u t  
u n i t  and f i l e  number 



B. 8.4  Outputs  

If the t a p e  d r i v e  cannot  p o s i t i o n  t h e  t a p e  t o  t h e  reques ted  f i l e c  1 
the fo l lowing  crEer message w i l l  appear :  

, 
i 

'ERROR I N  P O S I T I O N I N G  U N I T  XXX TO 

F I L E  XXX! 

The run w i l l  be  t e rmina ted  a f te r  t h e  above message h a s  been 
p r i n t e d .  

B. 8.5 S to rage  Requirements 

DATA = 1038 CODE = 1568 ' 

- . -  1 
The purpose of t h e  new sub rou t ine  GETGCV is  t o  r e t r i e v e  t h e  mixture 

- 
covar iance  ma t r ix  from t h e  reques ted  f i l e  and u n i t  number. I h i ~  n ~ t r i x  - - 
genera ted  i n  STAT, w i l l - be  used i n  t h e  t r ans fo rma t ion  p roces s  
t o  c r e a t e  an u n i t a r y  ma t r ix  PCM. PCM w i l l  be a sed  t o  gene ra t e  

C 
t h e  ' P r i n c i p a l  Component Greenness'  image. 

B. 8.7 k'lowchart 

Appendix D 

B. 8.8 L i s t i n g  

Appendix F 



B. 9 SOFTWARE SUBPROGRAM NO. 9 (SUNF2 ) 

The new s u b r o u t i n e  SUNF2 i s  a modif ied  v e r s i o n  of the e x i s t i n g  

s u b r o u t i n e  SUKPAC. While SUNFAC on ly  r e t u r n s  t h e  sun ang le  g a i n  

factors, SUNF2 r e t u r n s  bo th  t h e  sun a n g l e  g a i n  and b i a s  f a c t o r s .  

B.9.1 Linkages 

8UNF2 is c a l l e d  by the SETUP8 s u b r o u t i n e .  

B.9.2 I n t e r f a c e s  

SUNFZ does  n o t  make r e f e r e n c e  t o  any cormnon b locks .  

B.9.3 I n p u t s  

The dimensioned v a r i a b l e  SABIAS was added t o  t h e  c a l l i n s  sequence. 

The new c a l l i n g  sequence t o  SUNF2 is: 

4 -Call EUNF2 (SUNCOR, SONANG, FETVEC, NO?E!AT, ISUNC, ISUNT, SABIAS) 

Parameter  

SUNCOR 

SUNANG 

FETVEC 

NOFEAT 

ISUNC 

ISUNT 

SABIAS 

Dimension 

1 

In/Out 

OUT 

OUT 

The sun ang l e  g a i n  f a c t o r s  

t h a t  cor respond  t o  t h e  i n p u t  

sun a n g l e s  

Array o f  sun a n g l e s  

Array of s e l e c t e d  channe l s  

Number of i n p u t  channe l s  

Number o f  i n p u t  sun a n g l e s  

If ISUNT = 1, r e a d  t h e  sun 

a n g l e s  off of t h e  tape: 

o t h e r w i s e ,  do no t .  

The sun mgle  b i a s  f a c t o r 3  

t h a t  cor respond  t o  t h e  i n p u t  

sun a n g l e s .  



B . 9 . 4  Outputs 

There are two new line printer outputs: 

a. The sun m g l s  gain factors are: 

XXXXXX XXXXXX . . . XXXXXX 

b. The sun angle bias factors are: 

XXXXXX XXXXXX . . . XXXXXX 

B . 9 . 5  Storage Requirements 
DATA = 13268 
CODE = 306* 

B . 9 . 6  Description 

SUNF2 will return the sun angle bias and gain factors that 

correspond to the input sun angle array. 

B. 9 . 7  Flowchart 

Appendix D 

B. 9.8 Listinq 

Appendix F 



B. 10 SOFTWARE SUBPROGRAM NO. 10 (PCMAML) 
i 

The new subroutine PCMAML perfon~s the multiplication operation 1 

on the two input matrices, A and X. 

B.10.1 Linkages 

PCMAML is called by PCMMAT. 

PCMAML references the new function, SUPSUM. 

B.10.2 Interfaces 

PCMAML does not reference any common blocks. 

B,10.3 Inputs 

The calling sequence to PCMAML is: 
4 

PCMAML (A,  X, B, 1, J, Kt NA, NX, 

Parameter Dimension In/Out 

A (NAt NX) IN 

(Na, NB) OUT 

Definition 

The matrix to be used in I 

the multiplication process. 

The other matrix to be used 

in the multiplication process. 

The matrix generated from 

A*X. 

The number of rows in A 

The number of columns in A 

and rows in X I 

i 
The number of columns in X 3 

NA= 1 6 
j 
i 



B. 10.4 Outputs 

There i s  no l i n e  p r i n t e r  ou tpu t  

B. 10.5 S toraqe  Requirements 

DATA = 3548 

CODE = 1618 

B.l.0.6 Desc r ip t ion  

A work vector, P, is i n i t i a l i z e d  each t i m e  a row of A is mul t i -  

p l i e d  by a column of X. For  row L of  A an3  column M o f  X ,  t h e  

P v e c t o r  w i l l  be equa l  t o :  

i 
: The func t ion  SUPSUM w i l l  then be r e f e renced  t o  form t h e  ordered  i 

sum o f  e lements  i n  P. 

B.10.7 Flowchart 

Appendix D 

B. 10.8 L i s t i n g  

Appendix F 



B. 11 SOFTWW SUBPROGRAM NO, 11 (SUPSUM) 

The new f u n c t i o n  SUPSUM r e t u r n s  t h e  o rde red  sum o f  the i n p u t  

vectorc A. 

B . 1 1 . 1  Linkaqes 

SUPSUM is c a l l e d  by t h e  new s u b r o u t i n s s  PCMMAT and PCMAML. 

SUPSUM ca i l s  t h e  new sub rou t ine  ORD1. 

B.11.2 I n t e r f a c e s  

SUPSUM does no t  r e f e r e n c e  any common b locks .  

B.11.3 I n p u t s  

The c a l l i n g  sequence t o  func t ion  SUPSUM is: 
X = SUPSUM (A, I ,  N )  

Parameter Dimension In/Out D e f i n i t i o n  

A N I n  The vector t h a t  w i l l  be  

o rdered  and summed up. 

I 1 I N  The ending p o s i t i o n  i n  
A t o  sum t o  

1 I N  The s i z e  o f  A 

B. 1 1 . 4  Outputs 

There i s  no l i n e  p r i n t e r  ou tpu t .  

B. 11.5 S torage  Requj -?lents - 
DATA = 238 

CODE = 1328 

The i n p u t  vector A goes through an o r d e r i n g  p roces s  i n  ORD1. 

A f t e r  t h e  components o f  A are placed i n  ascending o r d e r ,  they  

are then  summed up t o  t h e  I t h  - p o s i t i o n  i n  A. 



B.11.7 Flowchart 
Appendix D 

B. 11.8 Listing 

Appendix F 



B. 12 SOFTWARE SUBPROGRAM NO. 12 (MINDEX) 

The ou tpu t  v e c t o r  J M  w i l l  con ta in  t h e  i n d i c e s  t h a t  correspond 

t o  t h e  R v e c t o r  after R has  been p laced  i n  ascending o rde r .  

B. 12 .1  Linkages 

MINDEX i s  c a l l e d  by t h e  new sub rou t ine  PCMMAT. 

B.12.2 I n t e r f a c e s  

MINDEX does  n o t  r e f e r e n c e  any common blocks .  

B. 12.3 I n p u t s  

The c a l l i n g  sequence t o  MINDEX is: 
C a i l  PIINDEX (R, J M ,  XMI N )  

P a r a m e t e r  - Dimension In/Out D e f i n i t i o n  

R N I N  The i n p u t  v e c t o r  o f  va lues  

B. 12.4 Outputs 

There is no l i n e  p r i n t e r  ou tpu t .  

IN/OUT The v e c t o r  o f  l eng th  N 
+ 

whose e lements  have been 

i n i t i 3 l i z e d  t o  J M I J ) = J I  

J= l t . . .  I N *  i 
? 

The p o s i t i o n  ( index)  of  1 
i 
I 

p l a c e  t o  beg in  t h e  scan i n  R. t 

The maximum s i z e  of  R and J M .  



B.12.5 Storage Requirements 
DATA = 238 

CODE - 778 
B. 12.6 Description 

The new subroutine MINDEX will go throuqh a search process in 

order to place the index of the value in R into JM(1). 

the next smallest in JM(2). etc. The last value, JM(N)  will 

contain the index of the largest value in R. 

B.12.7 Flowchart 

Appendix D 

8.12.8 Listing_ 

Zppendix F 



8.13 SOFTWARE SUBPROGRAM NO. 13  ( 0 E U ) l )  

The new subrout ine ORDl w i l l  r eorder  +Ae i n p u t  vector i n t o  
ascending order .  

B. 13.1 Linkages 

ORDl is c a l l e d  by the new funct ion  SUPSUM 

B.13.2 I n t e r f a c e s  

ORDl does n o t  r e fe rence  any common blocks.  

B.13.3 Inputs  

The c a l l i n g  sequence t o  ORDl is: 

C a l l  ORDl  (A, 11, 12,  N) 

Parameter Dimension In/Out Def in i t ion  

A N IN/OUT The vector t o  be ordered 

i n  ascending order.  

1 I N  The p o s i t i o n  i n  A t o  begin 

t h e  o rde r ing  process. 

1 I N  The p o s i t i o n  i n  A to  end 

t h e  o rde r ing  process.  

IN The maximum length  of  vec tor  

A 
i 

B.13.4 Outputs 

There i s  no l i n e  p r i n t e r  output  

i 

B.13.5 Descript ion 1 
; 4 

The subrout!.ne ORDl w i l l  reorder  t h e  input  vector A and p lace  t h e  

r e s u l t s  back i n  A. The components i n  t h e  output  vector A w i l l  be i n  
1 : 

ascending order .  11 



B. 13.6 Storage Requirements 

DATA = 21, 

CODE = 1328 

B, 13.7 Flowchart 

Appendix D 

B. 13.8 Listinq 

Appendix F 



APPENDIX C 

FUNCTSONAL FLOWCHART - STAT PROCESSOR 



--- - -  - - . - - - - - - - - - 

STAT PROCESSOR 

EOD-LARSYS 
+.. 

I 
t.- - SYSTEM EXECUTIVE 

R@UTIME, W T O R  
I 

t I 

! 

PROCESSOR - - - 'NO 
\ CARD 

rrr 

r 
1 fETUP1- , 

READ PROCESSOR 
CONTROL CARDS I 
AND SET DEFAULT Y A L U E S ~  

I* .- 

NOTE: ' A '  IS NEEDED ONLY WHEN A'TASSEL 
CAP F I L T E R '  I S  TO BE FSRFORMEI) 

ASSOCIATE ,: SUN ANGLES 
W I T H  8-MATRI  

CALL SU- 
TO GET THE 

B I A S  AND 
G A I N  CORRECTION 



/ STORE TRAINING FIELD . 

( DEFINITIONS ACCORDING 
\ TO SUBCLASSES i 

r COMPUTE THE 
I FILTERED, SUN 

ANGLE CORRECTED 
STAT I S T I C S  FOR 

OUJGINAL PAGE IS 
OF POOR QUALITY 

YES 

STATIST1 CS 

HISTOGRAM 

/as REQUESTE 



FIELD FOR A 

, -- L YES - 
CALCULATE SUI- 
Cl ASS STAT1 STIC 

/' PRINTOUT 

w 

PRINT SUBCLAS 
STATISTICS 

NO 

CLASS 
STATISTICS 



STATISTICS 

/&37 
/ PLOT 

@ N O  0 SUBCLASS 



APPENDIX D 

L I S T I N G S  - STAT PROCESSO&- 
(MONTOR IS  INCLUDED) 
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KEY-2 
C READ B - u A T ~ J x  ARRIY FROM TAP& F I L L  

CALL B W F I L ( W M ~ T ~ L C ~ W B . ~ K C W ~ J ~ K C M N ~ K E ~ ~  
C A L L  ~ R T H M I R W A T ~ I C ~ ~ R . ~ K C H U ~ K C ~ ~ '  -..- 

60 io zna 
C e - n r r a l x  o r t r  = € A n  FROM C r R b  F I L L  
i7eI u E Y = l  

CALL ~ ~ F I L I ~ ~ A T ~ I C ~ ) ~ R ~ N K C H N ~ K C H N ~ K E Y J  
CALL * W T U M I M M A T ~ I . C O M R ~ N K C H N W K C ~ ~ ~  

SET 13060 
SET l J 0 7 i l  

.-SET 13060 
scr 13p9u 

v e t  CONTIbJUt 
I F (  NOCPtC .Ct. Z n )  WOSPF 20 - 
I F ,  NOSPEC .NF. 0 )  '0 T o  
NOSPEC ~wAxCCS~I)/Y 
S P C V E C l I r l l  r 4l 

9 5 n  V A W S l 7  = N ~ I F ~ A T * ~ N O F E A T * I ) / Z  - 
IF(ASI z . I . E . ~ )  151 I-xHGH-XI.O**L 
I F ( X S I 7 . 6 T - I n l )  k 2 1 7 + 1 0 1  
SPEC ~ = I S * N L I S P F C + ~ ) / ~ * ?  
C O V A 9 l r f V 4 U F t 7 ~ ) ) 1 2 . 2  - 
A V A H ~ ~ ~ U O F E A T * M A % F U ~ * I ) / ~ * ~  - 
CL~IDI=IM~IIS~IR+I ) / 2 * 2  



I 1 CCCC C C C C  CC t 
W U W W  W W W W  W W  W  I 1 

i i ! l  , Y)Ll)&nH HmlA(n lnln cn I 
I 

1 I i t i ;  1 

* 
W * 
A 
In' 
cn + * 
J O  
Y 4  
a* 

1 .  I ,  

I ' UVU 
I 
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I r S : * / / l  
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V ~ U Y  ~ ~ U H A T ~ T S . ~  PRINT SPECTRAL PLOT ~ u n  L A W  r l t c ~ * J  SET  I ~ 6 3 0  
vnna F O W W ~ T ( T L . ~  PRINT S P E C T Y A ~  PLOT F U N  Lacn S U S L L * L S * )  
eon* r o n n ~ f r r 5 . r  PIINCH MFAU &NO C U V A R I A N C C :  HATMIX CUW t A C M  SUILCLASS*)  
u n ~ z  F O H H A T ~ T ~ . *  eu tu f  A WISTOGRAH F n W  LACH F I C L O * J  SET 1 3 4 6 0  
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9 0 1 8  F O R M A T  ITS. 0 PRINT M ~ A N  ANII COVARI  INCE FOR EACH SUI)CLAFS* # 

9 6 n  n w l T r t ~ . v s ~ ~ ~ . w ~ o ~ o ~ ~ ~ ~ ~ f ~ o . N ~ x c ; u t l ~ ~ F E T v E c l I ~ ~ I m l . N ~ F € A T ~  
- 

9502 F O U n r T ~ * 0 @ / / ~ ~ S l r P ~ R v ~ ~ o 4  I N F U U H A T I O N : * / / ~ ~ O * U ~ U L ~ I ,  C O f t t * r t b * '  L O C A  
~ T ~ O N S * / T ~ ~ * M A X I ~ U M  NO. OF F I L L U Z ~ . ~ O I ? / T ~ ~ ~ M A ~ ~ ~ ~ ~  r o b  ob S U B C L A S S  

- 2ES* . . ' . 13 /TZ . *CHANNFLS  S E l E C T E U  A k k  o l ~ ~ 1 3 ~ o a ~ ~ ~ ~ 4 7 ~ 1 5 1 1 3 ~ * o * ~  1 
IF( u F ~ ~ u E v ~ ~ r ~ u ~ v  .NE. n) # R l T t t 6 * f 5 Q 1 1 1  I ~ l s v t c c l r , l = r . N r n l s r )  S E 1 1 3 7 1 1 0  

950'8 F O W M A T ~ T ~ . * Y I F T O G U A M  CHINUELS A R t  ~ 1 5 ~ 1 3 ~ 0 ~ * J d t ~ ~ ~ 1 5 t 1 3 0 * ~ * ~  8 
IF( s ~ r u ~ c ( 1 . 1 1  * S O .  n I 6070 9 7 1  S E T  I 3 7 4 0  
I R I T F 1 6 . 9 5 n 5 )  S E T I 3 I I O  

9505 F O R M A T ( ~ ~ O ~ ~ ~ ~ ! ~ T I S P E C T O A L  P L O T S  ARE.* . * l -  S E T  1 3 7 8 0  
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9an RETURN - -  - - - 5 E T  13850 
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FUNCTIONAL FLOWCHART - DATA-TR PROCESSOR 



-7 -- 

DATA-TR PROCESSOR 

AND SET DEFAULT 

I 

' B-MATRIX' FROM SELECT 
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YUN TO MAKE SURE THE CHANGES D l O N r T  EFFE 1 . c O I I C I N ~ L  
"oust on .TEIAZ 

- - *---- I -- - -- -- - - ---- - 
NO* LINEAR COMB, - 
NO. C n ~ N N t i s  - (I 

. - -  - --- - .- - -  - - -- cnc s, cnc 6 1  cnc TI c u t  m 1  
L I N *  CRB* 

I 
2 

* * 3 1 0 * 0 0  a6320*00  .5860*00 * 2 6 q 0 * 0 0  

3 
~*Z'"JO+DIJ o*562r1*3C * 6 0 0 0 * 0 6  * 9 9 1 0 * 0 0  .- - - -- - -  .-- - - - - - -  
'.*azv0+00 * * 5 2 2 G * O :  '-3900'01 *19 '@0*00  

*223O* .1200' 'mSq30*00 * 8 1 0 0 * 0 0  
0 I AS o * o . F ~ . o ~ ~ ~ . ~ . $ o * o  

THE B1hS ARE 
.a0 1 6 - 0 0  25.00 20.00 

OPT I OM ~;:iii. - - - -- - A - A - - -  - - . -  - - - .  
- 0PTI';Y 

OPTlUN !1IS1 
kJSTO 4 2.3 ~ ~ ~ ~ ~ ~ ~ ~ ~ m 9 ~ 1 0 ~ 1 1 ~ 1 2 ~ 1 ~ ~ 1 ~ ~ 1 5 ~ 1 ~  
sTATF 1 ~ ! L E - $  .- -- a -- - - - -  - . - -  . -  - -  ----- 
o ? r r u n  nrxsu 
ME01 *ll* TlmA4KE SURE 1.E C*ANLEs OIDN*T  EFFECT THE ORl6lN.L 
.EMO. 



PRINT MEAN AN0 COVARIANCE FOR EACH FIELD 
. - PRINT A M~STOGRAM FOR EACH FIELD - 

C a l k 1  A HISTOGRAM FON E A C ~  SUBCLASS- 
PRINT MEAN AN0 COVARIANCE FOR EACH S U B C L A S ~  

- ----- 
UNUSED CORE ' 28 L O C A T I O N S  
MAXlMUH NO* OF FIELOSeeZOY 
n r x t m u n  no. o r  s u e r ~ ~ s s r s . * .  I 
cHA@.NELS SELECTED ARE I, 2 3, 1 8  sn- b ,  7 k -  b - v *  10, 113 12* -13, 4 1 0  I s *  

I W U T  IMAGE DATA TAPE 1 ~ f o R M A ~ l o n  
- -  - ---A- - - .  --.- - - ---- 

 ORM MA^ UNIVERSAL - 
NO. Of CHANNELS 1 6  
NO* OF P I ~ ~ E L S I L I N L  1 9 6  
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