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APPLICATION OF AN ARRAY PROCESSOR IN
SATELLITE IMAGE PROCESSING

I. INTROD UCTION

One of the ,iiost impressive facets of en vironmental
satellites is the immense amount of  da ta  w h i c h  they p r o d u c e .
P r e v i o u s l y ,  t h i s  v a s t  amount of ua t a  has r e l e g a t e d  c o n s i d e r a -
t i on  of  di g i ta l p r o c e s s i n g  of t hese  da ta  to on ly  the l a r g e s t
of c e n t r a l i z e d  computer  f a c i l i t i e s .  Even when la rge , hig h
spe ed c o m p u t e r s  are a p p l i e d  to s a t e l l i t e  d a t a  p r o c e s s i n g , i t

has not been p o s s i b l e  to p r o c e s s  a l l  the d a t a  p roduced by one
s a t e l l i t e  s y s t e m  s uch as the De fense  M e t e o r o l o g i c a l  S a t e l l i t e
Program (DMSP)  on a g l o b a l  b a s i s  or in q u a s i - r e a l - t i m e .
Those  d a t a  tha t  are p r o c e s s e d  ar e s t i l l  r e s i d e n t  at the
c e n t r a l i z e d  f a c i l i t y  a nd the p rob lem rema ins  of d i s s e m i n a t i n g
the r equ i r ed  i n f o r m a t i o n  to b a t t l e f i e l d  commanders . A method
of e x t r a c t i n g  the inheren t  i n fo rma t ion  c o n t a i n e d  in high
r e s o l u t i o n  s a t e l l i t e  imagery  has not as yet  been a c h i e v e d
nor has a c o s t - e f f e c t i v e  method been d e v i s e d  for d i s s e m i n a t i n g
this i nf o r m a t i o n  to numerous remote l o c a t i o n s  f rom a c e n t r a l
f ac i l i t y .

The e v o l u t i o n  of mini - , mic ro -  and s p e c i a l - p u r p o s e
computer technology over the past ten years now allows
conside ration of direct acquisition of di~~ita l satellite data
at local and regional tact ical sites and full digital
processing for mission or ientated information. This documen t
is the final report of an exploratory study of the use of a
hard-wired array processor for satellite data processing.
The array processor is a pheripheral device ’ to one of the
mini -c omputers contained in the Naval Environmental Pred iction
Research F ac i l ity s (NEPRF) Satellite Data Processing anu
Display System (SPADS).
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This work has been performed as a cooperative effort
between NE PRF and the Atmospheric Sciences Laboratory of the
U . S .  A rmy E l e c t r o n i c s  Command , W h i te  Sands M i s s i l e  Range , NM.

II. BA CKGROUND
A p p l i c a t i o n s  of Fas t  F o u r i e r  T r a n s f o r m s  (FFT) have been

w i d e l y  used by e n g i n e e r s  and s c i e n t i s t s  spec i a l i z i n g  in s i g n a l
p r o c e s s i n g  and a n a ly s e s . Unt i l  r e c e n t l y ,  the FFT was  per fo rmed
by computer  s o f t w a r e . Th is  p r o c e s s  r equ i red  r e l a t i v e l y  la rge
co m pute rs  and c o n s i d e r a b le amounts  of  computer  t ime . The
amount of computer  r esou rces  r eq u i red  to pe r fo rm FFT ’ s on

s i g n i f i c a n t  amounts  o f  s a t e l l i t e  d a t a  has p rec l uded  r e a l - t i m e
application of this techni que and has also limited its

~ a p p l i c a t i o n  to s a t e l l i t e  da ta  p r o c e s s i n g  on a r e s e a r c h  b a s i s
to a few p i l o t  s t u d i e s .  (See  for e x a m p l e .  S i k u l a~ 1974 and
Dar t , 1974 , 1975 and 1 9 7 6 ) .

W i t h i n  the pas t  few years , s e v e r a l  vendo rs  have  d e s i g n e d
and mar ke ted  v a r i o u s  types  of si gna l p r o c e s s i n g  h a r d w a r e ,
u s u a l l y  re fe r red  to as a r ray  p r o c e s s o r s . These  d e v i c e s  are
s p e c i a l - pu rpose  compute rs  that  are c a p a b l e  of pe r f o rm ing
arithmetic on two or more s e t s  of  numbers s t o r e d  in two or
more a r r a y s .  Th e a r i t h m e t i c  o p e r a t i o n s  are per fo rmed on the
ar rays  In p a r a l l e l  w h i c h  g r e a t l y  i n c r e a s e s  e x e c u t i o n  speed
in c o m p a r i s o n  to norma l genera l  purpose  computer  e x e c u t i o n .
E x e c u t i o n  speeds s e v e r a l orders  of magn i tude  f a s t e r  than
genera l purpose compute rs  can  be a c h i e v e d  w i t h  these  d e v i c e s .

II I. HARDWARE DES C RIPT ION A ND IMPL EMENTATIO N S

The array processor chosen for this study was restricted
by the requirement that it must be compatible with Data
General NOVA 2/10 computers currentl y used at SPADS. A
hardware array arithmetic processor marketted by ELS Y TEC ,
cal l ed 306/MFFT , was chosen for this particular reason.
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The MFFT boar d was recei v ed on Noverther 23 , 1976 a long
with a set of paper tapes of source programs of the software
package , and a user ’ s manua l. The s o f t w a r e  p a c k a g e  w i l l  be

discussed in section IV . The following para graphs will
describe the processor , its installation and testing.

A . MFFT Hardware  Pro c e s s o r  F u n c t i o n

As an ar ray  a r i t h m e t i c  p r o c e s s o r , the MFFT is
c a p a b l e  of pe r fo rm ing  the f o l l o w i n g  f u n c t i o n s :

1. A r i t h m e t i c  ( s i n g l e  and doub le  p r e c i s i o n )  ‘

MF FT per forms a d d i t i o n , s u b t r a c t i o n  and a
log ical operation between each (single or double) word
element in one array and the corre sponding element in a
secon d a r ray ,  and re tu rns  t he r esu l t  in the t h i r d  a r r a y .

2.  Mu l t i p ly  ( s i n g le and doub le  p r e c i s i o n )

3. D i v i d e  ( s i n g l e  and dou ble  p r e c i s i o n )

4 .  Square -Roo t  ( s i n g le and d o u b l e  p r e c i s i o n )

5. Ar ra y  a c c u m u l a t e

A ll s i n g l e  p r e c i s i o n  e lemen ts  of an a r ray  are
accumu la ted  into a double p r e c i s i o n  r e g i s t e r .

6. M u l t i p ly / I n t e g r a t e

Same as double precision multiply but each
element of the resultant array contains the running sum of
the most significant half of the present product and all

previous products.

7. M u l t i p l y / A c c u m u l a t e

Same as a single precision mult iply, except

the individual products are not stored but are accumulated

as a double precision value .
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B. Installation

The MFFT board was a d v e r t i s e d  as using only one
s lo t  of the NOVA computer , however , the th i ckness  of the
board was such that the slot below was not available for
use , and for practical purpose , the board physically occupied
two slots of the CPU.

The on ly w i r i n g  requ i red  on the back p lane  of the
NOVA is to connect the data channel priority line into the
cha in .  Therefore i n s t a l l a t i o n  of an MFFT board is very sim ple.

A f i r s t  a t tempt  was made to i ns ta l l  the MFFT in
the expans ion  c h a s s i s  of the computer where there were
severa l  unused s l o t s  and a lso where there was an ample power
supply for the board (+5 vo l t s , +8 amps required). However ,

it was d i scovered  that the MEFT board cou ld  not func t ion  in
the expans ion  c h a s s i s .  Th is  prob lem was  due to the t ime
delay on the repeater  bus .  The t ime delay resu l ted  in memo ry
address line not gettin g settled in time to address the proper
word in memor y.  Th e board was then moved to one of the empty
slots in the main chas sis. While the board was there , the
computer cou ld  not func t ion  and gave an i nd i ca t i on  that  the
sys tem was ove r loaded , even though the computa t ion  showed
that there was enough current  to supp l y  the MFFT board.  It
was not possible to measure the act ual current drawn by the

board whil e it was operati ng to check if it actually drew

more than 8 amps wh ich  was the amount s p e c i f i e d  by the vendor .
The final so lut ion was to move two existing boards

in the main chassis , the multiplexor board and the disk
controller , to the expansion chassis so that there would be
su f f i c ien t  power supply for the MFFT .

C. Tes t ing

After the CPU overloading problem had been solved ,
MFFT d iagnos t i c  program , wh ich  was de l i ve red  w i t h  the

5
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h a r d w a r e , was executed . The program f a i l e d .  There were
indications that the timing on the MFFT board was off and
the memory content was not fetched or s to red  at proper times.
Aft er consulting with the Data General engineer , the vendor
had to perform hardware m o d i f i c a t i o n  to the MEFT board until
the t im ing  problem was r e s o l v e c ’ the d iagnos t i c  program
executed properly.

It is to be noted that the diagnostic software
package prov ided was not adequate  to de tec t  hardware malfunc-
tion of the MFFT board; this situation still exists.

IV . SOFTWARE DESCRIPTION , DOCUMENTATION AND USAGE

The MFFT purchased price included a set of assembly
lan guage programs to allow basic operation of the board.
These programs are:

1 . A hardware diagnostic program cafled NTBF .

2. An FFT test program called MTA4

3. A set of sub rout ines for use w i t h  MTBF and MTA4
wh ich  can a lso  be used by a programmer to u t i l i z e  var ious
funct ions of the board.  These subrout ines  are :

a. Cos ine table c a l c u l a t i o n
b. FFT subroutine
c. Real valu ed array conversion
d. Magnitude of complex spectrum
e. Complex and conjugate multiply
f. Hanning subrout ine
g. Processor driving subroutine
h. Read processor  magni tude

r I. C a l c u l a t e  PSI word
j .  Convert  magnitude code to f l ag  code
k. Cos ine subrout ine 6



A l l  programs were  d e l i v e r e d  in “source ” form punched on
paper t a p e s .  Each program was  read in to  the NOVA , assemb led ,
and then s to red  in program l i b r a r i e s  as i ns t ruc ted  by the
user ’s manual. Documentation a vailable was a user ’ s manual
which has a user ’ s gu ide as one of i ts s e c t i o n s .

Two d i f f i c u l t i e s  a r o s e  w h i l e  a t t e m p t i n g  to use the
s o f t w a r e  package :

a. The numerical forma t used internally by the MFFT

is neither a FORTRAN standard integer forma t nor floating

point format. In order to use the MFFT , a user must  per form
his own conversion of all numbers (floa t or fixed) into MFFT

forma t. Additionally, scaling factors for those numbers must

be ke p t current  at a l l  t i mes .

b. A user must write all his application programs in

an assembly lan gu age in order to use the subroutines provided

by the vendor.

A fur ther discussion with the vendor revealed that there

was another set of software available, at an ad d i ti onal  c o s t ,

to provide an inte rface between a FORTRAN program and the MFFT

su broutines. The MFFT FORTRAN interface programs consist of

1 5 subroutines callable from a FORTRAN prog ram. T h ree of
these subroutines perform the scaling and conversion of an

array of FORTRAN floating point numbers in to MFFT fixed point

format and vice versa . However , there was no provision for

converting FORTRAN integers into MFFT fixed format; this is
essent ia l  when work ing  w i t h  d ig i ta l  s a t e l l i t e  da ta .  The
availability of the FORTRAN interface programs simplified

F the use of MFFT to a ce r ta in  ex ten t .  However , a large amount
of t ime was spent in determin ing the input /output  p arame ters
in the c a l l i n g  sequences because the documenta t ion  was not
clear . For example , many key parameters in the array
computation needed to be calculated and prestored before

I
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ar ra y  p rocess ing  was performed . It was not p o s s i b l e  to
extract this information from the FORTRAN documentation. On
occasion , it was necessary to study the assembly listing to
determine the definition of the FORTRAN .

There were no examples on how the MFFT subroutines are
interrela ted and in which order should they be executed. In
other words , a lack of good documentation created more work
than necessary . Experimentation with the programs and verbal

communicat ion with the vendor ’ s en gi ne e r s o l v e d  par t of the
p rob lems .

V. APPLICATIONS

There are many ap plications to which an array processor

can be used in satellite data processing. However , no i se is
an inherent problem to all satellite data processing and the

extract ion of environ mental information in a high noise

s i t u a t i o n  was chosen for e v a l u a t i o n  of the MFFT board .
The data consisted of a NOAA direct readout Automatic

Picture Transmission (APT ) pass acquired at NEPRF and
d i g i t i z e d  on the D i rec t  Readout Data Conver te r  ( D R D C ) .  The
infr ared data was processed to enhance sea surface temperature
features potentially existing in a cloud- free area off the
C a l i f o r n i a  c o a s t .  A sec t i on  of th is  image (128 p i x e l s  by
64 lines) is shown in Fi gure 1 and again in Figure 2 as a

2 times zoomed image. As can be observed , there are obvious

variations in grey -shades (temperatures) but the definition
of specific features are masked by “ noise ” of two types: A

l ine by line vari ation in the DC component and high frequenc y

variations along each line. In an attempt to eliminate
these effects , the following procedure was accompl ished:

1. For each image line in the section (128 pixels):

a. Calculated an average value of samples.

8
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b. E l im ina ted  DC componen t s by sub t rac t i ng  the
average value from the ori ginal sample values .

c. Performed a forward FFT on the modified

samples.

2. After all 64 lines have been processed ,

a. performed a fo rward  FF1 on the ave rages  of
64 lines ,

b. e l im ina te  the upper ha l f  of the spec t ra l
values (33rd to 64th), then performed an inverse transform
on the modi f ied da ta .  The resu l t  is the new 64 en t r ies  of
average values.

3. For each l ine , performed an inverse FF1 and use
the cor respon d i ng  new ave rage  entry in recons t ruc t i n g  the
pixel values.

4. The new section of th6 image was inserted in the
original image as shown in Fi gure 3 and as a 2 times zoomed
image in Figure 4.

5. A histogram of the IR data within the section was
generated . Four IR value intervals were chosen and each
interval was replaced by a singl e value to enhance the
contrast. The result is shown in Figure 5 and as a 2 times
zoomed image in Figure 6.

The choice of replacing IR values were arbitrar y . The

value chosen here were such that the processed section can
be seen with the orig inal background. Figures 7 and 8 showed
a different set of replacement values chosen to enhance the
contrast. However , in. this case , the remaining part of the

image faded out.
In order to test the accurac y of the MFFT , we performed

a forward FFT on 64 complex points , then performed an inverse
FF1 on the result of the forward FF1. The final result was

9



- ~~~ •~~~

accurate wit h i n  about +1% for 8 bit data. Two of the possible

causes  of t h i s  problem are :

1. Numerical accuracy was lost due to si gnal c o n v e r s i o n

for d iff eren t nu m e ri ca l  modes , i .e.,

Inte ger k- -- Floating point .__ MFFT fixed

2. Loss of accuracy was due to the MFFT itself

because it can only use 15 bits in fractional form .

A softwar e FF1 program was exec uted in the same experi-

ment in order to compare the res ult and the efficiency of t h e

sof tware and hardware FFT. High er accuracy was obta~ ned

f rom the s o f t w a r e  p ro g ram. However , for the analysis of

6 4 x 64 p i xe l s , the time required by the software FF1 was

a bout 30 minutes (real-time), while the program using the

hardware FFT only required 56 seconds (real-time). This is

a bout a factor of  30 to 1 improveme nt on processing time

between the hardware and the software FFT.

V I. CONCLUSIONS AND RECOMME N DAT IONS

It has been demonstrated that a hardware FF 1 can be very
useful in satellite data processing. This experiment has
shuwn that , solving the same problem , hardware FFT is about
30 times faster than software FFT. The amount of CPU time
saved would be available for other processing functions in
the mini-computer. As for the main memo ry usage, MFFT does
not have its own storage area and therefore requires the use
of the main memory in the same manner as the software FFT .

As far as getting the software to work with hardware FFT
is concerned , it is recommended that the following items
should be studied very carefull y:

1. A software package should be available at a level
that an application user is not required to have the hardware
knowledge in order to use it.

F 
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2. Software documentation should be ava i l able at a
high level of detail w ith many examples of usages .

3. Diagnostic and test programs should perform
extensive tests on the hardwa re. Additionally, numerical

tests should be capable of ac cepting external input as well
as internal test input.

If the above requirements are not met , a large amount
of time would be spent on lea rning the hardware , gene rati on
of the basic software package and its interface before a
user will be able to benefit from the hardware availabil ity .

11



S~~~~~~~~~ ~~~~~~~~~~

S.

.-~ - —  ‘- -~~~~~~ . ‘ - ?-- 4
-

S.

- S.
.-
. 

S a
~~~~~~~~~~~~~~~~~~~~~~~ 

. — 
5
’ :‘ ~~~~~~~~~ .

. 
-)

~~~~~~~~~~~~~~~~~~~~~~ 

- I

- 

5

. 
5 - 

- - I’ -

~ , 
-

I - . i ‘flS 1 1 ( ’ I

1 ;‘

-— ~~--  

- 

T1S . 5 —-- — -- -54



- - - - - - - - - - - ---rm -. r--.-- ,’ -5-- --5--nw ~~~~~~~~~~~~~~ - -

. F  ~~~..

, .. . . 
. - .5-— .. - .. .,

- i a  . * .. . .- . .  . .

• ~~~~~~~~~~~~ . .•  . - 
-

.
. 

_ •
~~~~ _ ,  . . .

. .
.. — i ’  -

- — S .  - - •
... . 1~~~~~~’ . ..,:~~ 3~~~• 

-
‘
~1I.

. . .. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-.

~: ‘
. 

S . —
..

.-  ~~~~~~~ ‘, . • : 5

~~~~ . . ~. ~~~ 
—~~~. • .. .

.
,

--... .-•.
— - . . . - 

. • : ‘ % . 
S.
. 

~ 
.‘

S..
]. ~

I•p~~~
_ 

~ I
’ V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i~~r ~~~ lIi.-l~~~ ‘. r ;~~ ~~~~~~~~
4 r,i ~~tA ,~~~~~~j~~~

.

5 
- 

. 

~~~~~~~~~~~~~

Figure 2

13 

--5-5 - - - 5 -  ~—- -5 -5 - - 5~ — -5-5--- -5------~---5—-5--- -- - --



•
‘
:~
c’ ~— - .

_ _ _  

-

11L11__ ~~~~~~~~~~~~~~~~~ 

;~

_ _ _ _ _  -

S ~~~~~~~~~~~~~~~ 
_

S. 

-

IS, I ~itIr’ ~

14

-~~~~~~
-- -  —

~~~~~~~
- - -- -

--5-5 
- — - - - S~~~~~~~—-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 
- - -

S.
- .. , 

• .. • .

-~ ~r~~~’ -•- . •’~ S.

.

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~ ..•‘Y ~~~~~ 
. ..

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..... ‘• ... .  . •

~~~~~~~~~~~~~~~~~~~~~~ ~~ .,
- • ,~~ • .1 • .

~~~~~~~~~~~~~~~~~~ 
, ,~.,..: 

~;4 ,!’ : :. .

~~~ 
-:.:•;~.~4.I~~~~~~~ .

: ‘ -
~~

• :
~~~. ~ : . _ .

~~~‘~~~:~ LA 
-

~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~r ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

S..
.

Figure 4

F 
15

_ _ _ _ _ _ _ _ _  - 5 - 5 - 5~~~~~_S5--5~~~~~~~~~~ _ - 5



-5 -- -~~~~~~~~~~~~~-- - - --—-~~~~~~- - --

-

S.

. 5

_ _ _ _ _ _  -

S. .

. 
;.

. -

5 _ •I~

F iqu r e  5

16

- :  -—
~~~~

---- --
~
-—-

~ ~
_ : -

-5- T .



— ‘ W
5 — _-5 5S.~_5-~~~~ ~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -~~- - - 5 -  5— - ~~~

-
~~~~ — — ~~~~~~~~~ -

r ~

• .t  ~~-%1 — ~~ . . 

• 

. . • -

~~ .- :  
~~~~~

:.
‘ 

..~~~~~~
. 

~~~~~~~~~~~~~~~~~~
•‘

~~
.: ~ 1~1• h I11 .~r. 

~~~~~~~~~~~ .i.. • 
, ‘:Y~~. 

•
,

~~~~~~~ 

~
“

~~~? ~ ~ IE 4~ :~
?L

~Q~,
~~ 

a’ 
~~~~~~~~~~~~~~~~~~~~~~~S.. 

• 
-—- —. . . - ,—:~ .~a.. ~~~ 

— 
S.. S.

~~~~~~ ~
• --!~~.z. • ’ -

:,, 
i’:’

Figure 6

17

-5 — S-- --- 5 -- S -~-S- S-j - — - -~~~~ - ---- - ~~~~~~~~~ -5 --5--- ~-:
-~



-~

_ _ _  

~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
~ 

4
..

1’ iq u t e  7

I ~ 



_ _
~~ 

_ 5 - 5 -
~~~~~~~ 

- 
~~~~~

5 5 r - -~~-.s~r - -  
~~~

— -- -
~~~

5-5-
~~~~~~~~~

S. - .
S. 4 S • . • 

r -
~ •‘ ~~~~~~ •~~•

•
~~~ ~~. .

‘
I 

“
~
•
~
::-

-
~
‘
- 

~~~~
-
~~~

‘5
1:k .

. .

.1~ •~ I... ‘- -~ • . •
~~~ ~I • . • -

~ 1’~ - ~~~~~~ _ .
~~~
. j. . r ‘ - .t-

~- ~~

-

~~~~
‘ 

~~~~~~~

. 
-~~~~~z~

-. 
• 

1•

... ‘- 1 
- 

•,~ ~~~~~
.

•.
. 

I 
S. 

‘*‘- 
,~3~ IPIII 

• S.
.
’

-
S. ‘1 Is, . ~~~~~~ 

—

-

-

S . .

Figure 8

19

~

5- . _ .5-~~~~~~~~~~~~~~~ .~~~~~~~~~~



--5 - - — — -—5- ~~~5-_S__. —__-5__ ~S - ~~
___ 5

V I I .  REFERENCES

Dartt , D. G. , 1976: A pilot anal ysis of the curvature of
ex t ra t rop i ca l  storms . Final Report , Cont rac t
N00 22 8 -75 - C-2363 , for U .S .  Navy , NEPRF by Contro l  Data
Corporation , Minneapolis , MN , 21 p.

Dart t,  D. G . ,  1975: Obj ec t i ve  t ro p ica l  s torm parameters
from satelite cloud patterns . Technical Report No. 1 ,
Contract N00228-75-C-2363 , for U.S. Navy NEPRF by
Contro l Data C o rp o r a t i o n , Minneapo lis , MN , 23 p.

Dart t ,  0. G . ,  M. S. U ls tad  and R. A.  W e i n b e r g ,  1974 :
Ob jec t i ve  methods for l oca t i ng  the center  of t rop ica l
storms . Technical Report No. 1 , Contract N66856-3O29-55 00,
for~ U . S .  Navy , NEPRF by Control  Data Cor pora t ion ,
Minneapolis , MN , 16 p.

ELSYTEC FORTRAN IV Interface to MFFT.

ELSYTEC MFFT User ’ s Manual , February 7 , 1975.

Sikula , G. J ., 1974 : Spectral Signature of several cloud
types and in format ion e x t r i c t i o n  from very high
resolution visual satellite radiances - preliminary
results. Proceedings , American Meteorological Society,
pp. 478-492 .

20


