
AD A075 5Ie2 AUTOMETRIC INC FALL S CHURCH VA P~ S 9/3
FEASIBILITY STUDY FOR FIELD GENERATION OF INPUT FOR RADA* SCEHE ETCIU)
NOV 78 DAAK7O—78—C—0208

UNCLASSIFIED FTR—900—000S ETL.—0203 NL

~~~~ult 
_ _ _ _

END
nfl

F~ *a

11 79
-C -

II



10 
~L.~ ‘“ 2 2

L ,~~
1 1  2 01. 1

_____ 

L 18

• 
~‘~llJF25 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

urn___

NATIONAL flL~~~MJ Oc STAI~~~~0S
Ic~~~v?~~ ‘f~ ~~~~



-

—
~~ I n~

... .~ovezribe~r ~~~

j 
~~~~ U A S I B I L I T Y  Sil l)? FOR F iELD GENE RAT ION

O F IN ! T T  FO~t RADAR SCENE ( ;LNFR A TI ON

f
~
o FROM

DI.MS TERRAIN
AND

ELEVATION DAT A

I

/ ffPZPJ?lci
& o f l t r . t c t  nu-~” r :  I)AAK 70~~~~- ( _ ( I .~~8

A~~ri”n~4 -.Fr PubItC ~~~~~~~
Di ‘r~ ~~~~~~ Un~m1t~1

} ‘ r e ; r n  t ~~ 1 4 ’ :

U . S .  A T -r v  ~ n 4 ~:I 1 r er  ; ( ; ~~: r.~ph~~( 
~~ h r ~it o r 1 t~~

~~. ~4 ’ I V O 1t , ~ i r ~.’ in ~~.i

Presented By :

Autometr ic , Inc .
5205 Leeshurg P k e

S u i t e  1308/Sk y l i n e  1
F a l l s  Chur ch , V i r g I n i a  2204 1

~ 9 1 0 1 2 094



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —“.-‘—,- 

•

I ’

I
I

~~~~~~~~ (
~ 4 l i~ ~. t - ’r t  ~~ e:~ no }4 . t ’ r : - t ’~~~ ’ .

~~~~ h~ 4 t  ~ ~- : u r n  t~~ : ig iu~~t~~:

1 1  ~~~~~ ~ •~~~~~ r(~~’ .) :  t .~. r .  to be t n .’ r*~ t~~ ~~
. 

~~ 
I

‘p ~ r~ t ~nt ‘ 1 ~‘ A L~~ 1 Ii ’.’. .  n l e .:c ~~ th’s ~~ I ,‘

a~ ~ I . 4 ’. ~~~~ t docur ~~:~ ~ . I
the  ~ i t .  i. ’n £ n ~ 1 o f  t r.~ !o ~~~~~~~~~ ~ ~~~ ~~~~~ ~ I n i  ~~~ I ‘

S i)~~ ‘ t - t C ‘ ~. ~ 1 I. i~ I ~
‘ F 4 0~ ~~~~~~~~ fl . ‘ 1  OV , ) I ~u .~~ s ali ~~~~~~~~ ~~~. .

I

I

I

—~~~~~~~~~~~~~~~~ — 
—

~~~

_ _ _ _ _ _ _ _ _ _  

~



___
~~~~~:

_
~ 

-
~~~
--

~~~~~~~~~~~~~~~~~~~~
— -‘-- -

~~~~
--

V -

~ 

— 

UNCLASSIFIED 
— —

~~~~~~~~ 

-

~~~~

$ICv~~I~~v C L A $ $ a c I C A Y s ~~ O~ ~ N t I  P *~~1 f~~~huPi 0 •  tRl(
~

) REPORT DOCUMENTATION PAGE READ WOTRUCTIOWS

I ~I u~ stm a oovt &CCt$ *~ON NO S CSCI ~~I ISiY S C *YALO O NUNSEm

1 19
V ~~~~~~~~~~~ ~~~L ~~ 4~~ iSø~~~ -- (

1

~~~
ASIBILITY LTUDY ?0R~~~ ELD~~~NERATION OF

~ ~p~pui rc* ~~*~~~j  ~~~~~ gp~~ ATioti FR0~ ~~~s ~~ nt ~a Ct  g•~~~~~p
— ERRAIN AN~~IILEVATIOW~~~

TA . _____ 

1. •~ O~~~INS ORG . RIa ORY NuNsim

~~. *UY wO~~ .) 
S. CO~ ?5ACT 0* SRM t WUNSER( .)

___ -

1: J DAAZ.7O~78_C~1ø$
* P C N~ O~~~sNS O RGaNIZ aYION NAM E ~ND ~ooaS5$ 10. PROGmA ~~~L~.EM I N t . PRO ~~IC T . YA5~ARt ~~*~~~~ k WS4Y N~ N5IR$
Auto..trtc, Inc . /~~ -~~~~

5205 L.esburg Pike , S u i te  1308 1 J -

F a l l s  Ch urch , V i r g in ia  2204 1 ‘—

~~~~
1~ COI,?NO%.URS OP ~~, Ct N A M I  £ND ADDRE SS ~~~~

t ’ .S .  Army Eng i neer Topograp hic L.a borat or ~~ Tr~~~~1It ~~r flhII 1
Fort  3e lv o i r . V~ r g I n i a  2206 0 20

T~~ MORSIORING A~~S NCV NAN I $ AODS($kaI # t s~~~I N~~. C~~ e~sSt~ 4 015..) 5 SECURitY C*~A$$ (.1 *Si I~~s5)

‘t~ —i’ q . / • ‘  Unclassified
I ~~~ DECI. a5j~F~~ AYtOR TDO NGRAD,NO

- 
SCHEDULE

~. ~~St ~~~5u tI ON S’*? ENIN? (•V ~~~ R~~a.f) 
-

Approved fo’ public r e lea se : d i s t r i b u t i o n  u n l i m i t e d .

‘~ D,SYR a Su tiON 5 ? A ~~5~~~ Nt (.1 . .e. fr~..f .....d~. b$..$ IS. U #iV.v~~~I _

IS SU P.I. E M E N Y A R Y  NO~~EI

‘5 H E Y  ROR DO (C~~~ N.w. ~~ . .... i~~~ U ......~~p u4 S~~.IItp by &4..A ~~~~$s,)

Radar S~ ene Generation
Algoritha
Disc Storage

\
\ Disc Tra nsfer
\ Plant.etry

* ‘~~~~ YRA CY ~~~~~~~~~ — ~~~~~~~ ~~~~ w ~~~~~~~~~~~~~ ~~ ., a.... ~~o.,,
~~~h is  r eport descr ib es the f e a s i b i l i t y  of per for ming the conversion of data

rr~~ a field dep loya ble data base to inpu t data for a radar scene gener ation
ilgori tha in the field within a less t han lO-.inute period . Although the
method descri bed is not the onl y ethod , it is one which will work within the
t t .e allotted and fulfills other c r i t e r i a , such as •.ount of d la c storage
required and c~~pu ter p~~er ava ilable.

- -~ ‘

‘°~~~ W3 ~~~~~~~~~~ 0v00 so~~~~ .r; UNCLASSIFIED
S. cia” ci. .$~~ .~C A, .O i 4~~i iP AS* ~~~~~~~~~~~~~~~~~~~

—a
L - —-- - - - ~~~~~~~~~~~~~~~ ______



IWH
. . .

‘
Ti, ~ 

—

FORWARD

- i I
The material presented herein represents a low bud get

I attempt to determine the feasibility of generating input to the

radar scene generation software in the field. No claims are made

I 
as to completeness or accuracy of detail , however , it is believed

that the fi gures as stated herein are accurate enough to insure

that the results will he dependable .

The program manager [or Automet ric was Dr. Clifford

I W . Creve . The Contracting Officers Technical Representative for

ETL was Cpt . Ron Magee.
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I INTRODUCTION

This report will describe efforts undertaken by Autometric ,

Inc. to determine the feasibility of performing the conversion of data

I from a field deployable data base to input data for a radar scene

generation algorithm in the field within a less—than-ten--minute t ime
frame. The method described below is not purported to be the only method ,I or even in any nense an optima l method . It is merely one which would

work within the time allotted , and fulfills other criterio n such as amount

I of disc storage required , and computer power available .

I Estimates of computer t i m e  requirements Include , in most

cases, the fetch t ime s as well as the actual operation t im es .  It is assumed
that the FOR TRAN software will be written in such .i manner that reasonably

efficien t code will be g.~nerated , and that such things as manual indexing

through matrices rather than using the standard FORTRAN double subscri pting

methods will be used . The areas in which great care must he taken to

prevent the generation of inefficient code by the FORTRAN compiler will be

I indicated where they occur.

• j  In order to address processing sp-e dc. , one must make some
assumptions as to the equi pment which will be used . Therefore, an

i equipment configuration has been selected for t h i s  ~t u d v .  Th i s  se lec t i on
in no way implies selection by the government of this particular confi guration

for the final system .

Given these conditions , the discussion of the process can begin .

A~isuoe d Hardware Con! ijuration

It is assumed that the hardware configuration available will

I be as follows . The central computer will consist of a harden PDP11/70
with enough rando. access memory to support a t h i r t y - two thousand word

I 
user partit ion in addit ion to the system and double  buffers wh ich will

— 1 —

I
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i
I br  outlined below . Basicall y , this  requirement translates to 42X words

plus the system requirements. it is assumed that the system will have

I hardware floatin g point and direct memory access I/O capability, as well
as a memo ry mapping capability. (All the above with the exception of

I hardware floatin g point are s tandard on the PDP11/7O). The disk drives

~ are assumed to be CDC 640 nil spec drives , with 80 megabyte total capacity.

I For timing purposes , it is assumed that the standard NTD S interface is
being used , althoug h we understand that a much faster interface is available

I tor this drive . It is assumed that there will be two drives available , one

I i  the use of the P—Il field dep loy able data base, and one for use in

program storage and swapping, and for the storage of intermediate and finalI generated data . Thus the P—Il dep loyable data base discs will never be

written ~~ the reby ml nIml.’ing the ~- .I~ lI Ity ‘f d~in.~ig in g  t he- data base.

I
Assumed Pr ssing Pr edu re-

Recause much of the information involving the actual scene

I generation procedure 1 propri et.t rv to various vendors , some assumptions

were r. ;ut red as t the forma t of the input t o  the final scene generation

software . These .e- - ..w-; t ion s were furnished to Autoinetric by Eli cognizant

I personnel , and constitu te the best estimates available at this t ime of the

required outputs .
U I

The pro~ os~- ba sicall y consists of using a field deployable

I data base of topographic and p lan imet ric information t o  generate radial
t • ’r~n.it d.~~t~ i which can 1 . used for the generation of four scene to be used

I at various a ltit ~iie~~. IL.- diameter of these four scenes Is respectively
;
~i , 3S~~i , 19. “ and 8.M7S k i l o m e t er s .  Because the requirement for resolution

I Increases as the altitude diminishes , the lower scene mus t have higher

re - st iut i n , and therefore all scenes are considered to have the same number

of pictur e elements per radial scan , and the same number of radial scans.

1 It Is assumed that there are 500 sweep line wIth 120 elts each. It has been

indicated that the smallest unit of resolution being used currently in the

I scene generation Is on the order of fifty meters. Therefore, we w i ll assume

I - 2 -
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I that tn.~ resolution of the field deployable data base will be approximately

fifty meters .

The assumption was made that  the field deployable data base

I could be in essentially any format which was required , limited only by

the number of disc packs required to contain it , and the fact that only

I a single drive was available . Considerations of processing to go from

the standard DLMS planimetric and topographic data to the P—U deployable

data base were not taken into consideration . These processes go on in

I non—real—time in a base p lant environment , and therefore must be considered

to be of lower priority, with much hig her t i m e  allowances , than the real

I time processing.

I Given these considerations , then , the discussion of the

individua l phases of the prob lem cin proceed.

Definition of t h e  P—I l F i e l d  r)ep lovable Data base

I Before the dat .i base forma t i’- defined , a discussion of

pertinent requirements would be in order. First of all , the reasons which

I will be seen later involving buffer sires and data processing, the size of

a unit in the data h— ese should be approxImately 71 by 71 kilometers , or

I possible just sli ght l v  larger. T h i s  assures that any sing le target can

be covered by at most four portions of the data base , and that the amount

I of data to he read and processed will include a minimal amount of non—useable

data . A smaller cize for the unit of storage would admi t the possibilit y

that a single target mi ght require nine or more units to cover it , while a

j  I large r size unit still could not avoid the  possibility of having to use

four units , but would require processing considerab l y more data.

I
Thus it is seen that the optimum size for a sing le unit ,

I hereafter cal led a geoun it , would be 71 by 71 kilometers. The next problem

is to determine the coordinate system in which  these geounits should be

I stored .

II - 3 -
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For purposes of insuring continuity of the coordinates

throughout the area of interest , it is mandatory that all gt-ounits

I be placed on one comon system , it would be possible to use a ~Ingle

map projection for the entire 6 million square kilometer area, but the

I distortions at the outside edges would become enormous. The one system

which is consistent over all of the European continent , and which is

I easily convertible to a local tangent system (the system which is used for

the final generation) is the geographic (latitude and long itude) system.

I For purposes of this discussion the selection of the reference elli psoid for

this system is unimportant. The advantages t o  the f~t-ograp hic ~vstem are

that every point on the system has a sing le uni que set of coordinates , soI that one does not have the prob lem of cros~ ing grid zones which is so

prevalent on systems such as the UTh system. Also , the coordinates are

I readily convertible to  loca l tangent. There Is one probler-., however , which

must be addressed . Thi s is t he  problem of the changing scale of the system

I with latitud~ , which dictat es that the data points , if they are to be evenly

spaced in term~. of dist ance on the ground , cannot l’e evenly spaced in

I geographi~ coordinate s . Carried one step further , it also Indicat es tLa t

the size of geounits , is dc-fined In units of latitude and longitude , w il l

vary with latitude .

Suppose that the ~vste~ is defined such that the total data

I base area Is divided into bands in the latitude direction , each band

encor~passing a distance of 71 kilometers. These hands can actu a ll y take

I equal incre’rents of lat itude , since the value of a degree of latitude in

terms of ground dist.in .- various very little over t h e  latitudes of Europe .

I Within each band , the ~-ize of the geounit in I. ng itui.- is selected such that

the extent of the Individual geounits at the xit ~u~~ latit ude of the band

I ~ s 1 kilometers . A p lot of the sv c t e m  in terms of geographic coordinates is

shown below.

I I , J T ~~H~~L L
I A l  1__U JIJ~ L I
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Of course , the divisions within the various geounits would vary in size

in units of latitude and longitude so that the actual spacing for the

I geounit is 50 meters minimum, but this would be no scve-rt handicap, as

the spacing could be recorded at the beginning of the geounit record ,

I and then it simp ly becomes a multiplier when stepp Ing through the geounit .

Indexing of the gt ounits would be simple because the extent of each geounit

would be known given the latitude band , and the long i t ud e of the cen t ra l

meridian would be known . Therefore, given the latitude and longitude of

a targe t , the relevant geounits could h~- ascertained rapidl y , and the disc

location of these geounits could then he looked up In the appropriate - index

to the geounits on the discs t o  determine which disc needed t o  he mounted.

- 1.
it will also be .,~ surt- d that , for purpose-s of this study , all

data is ordered along lines of constant latitu &h- , rather than along lines

of constant long i t u d e .  it  is realized that t h ~ c u r r e n t  t e r r a i n  e l e v a t i o n

I da t a  base is ordered a l o n g  l i n e s  of l o n g i t u d e , and such an o r d e r i n g  would
L c e r t a i n ly  be a c c e p t a b l e  and would change n o t h i n g  in t h e  results to follow

J 
except for the detailed al gorith~ s , hut the o r d e r i n g  a l on g  l i nes  of c o n s t a n t

I . latitude seemed more f l a t  ur al t o  the  .i~ a hor s , and t h u s  was u . t-d .

I I I t  w i l l  a l so  be a s s t r~ 1 t h a t  the run l e ng t h  encoded c omp r e s s i o n

3 
- 

scheme f o r  t h e  p 1an ir ~e t r i c  da ta  w h i c h  was suggested by Goodyear Aerospace

~ [ 
C o r p o r a t i o n  w i l l  he used fo r  s t o r i ng  t h e  p l a n im e t r i c  d a t a  in the  P — I l  da ta

I base.  There  may be o t h e r  p o s s i b l e  me thods , hut this w or~~s w i t h i n  the  d i s c

~ space and r e t r i v . , l  time r e q u i r e m e n t s , and t h e r e f o r e  w i l l  he assumed .

,~1

7

~~ ASSUME DATA ORGANIZATION ALONG SCAN USFS

-
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d a t  .1 on d i .  . a- .stwing a c4 ’ :  a m  f~ 1n~~ a r 4 a  i r ~- .ur e  ‘ any
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I, Alth ough the (‘I)C di sc uni t has a maximum storage of  80

c’niv .ib~ait 60 megabytes arc u s i - a b l e -  f o r  d a t a .  Thus there

I ts a s to r a~ e ca;’ahi lit ~ of about  f o r t y  g eo un i  s per d i s k  pa ck , assuming
t h a t  t h e  d i s c  is forr~at  ted w i t h  f i v e  ~~* c ’ t or b  per t r a c k .

However , ;‘z o!’lems occur wh en  squa res  are r e q u i r e d  fo r  t h e

d a t a  s t o r e d  on each d i s c .  A- - w i s  st-en , a s i n g le d i s c  w i l l  ho ld  - i j ’ ; ’r o x i m a te l y

I •~O geoun i t s , i n c l u d i n g  ov e rlap. This ~ ou 1 d  a l l o w  o n l y  t w e n t y  f i v e  non —

redundan t  y t - o n n n r  it s Pt’ at ort-d per disc • a s s u m i n g  t hat ea c h  d i s c  con ta ined

e at  i’a of d a t  t .  l b.- r e a l  p r o l  i t -a art - a- ’- l i - c a u s e ’ , as w i l l  be seen ,

th e- : un l e n g t h  I n c  Oct i rig - . h t -r ~.- I s  no a t - sc I i i i ,  , and the r e- f ore-  t he  re- is no

J w ay  t o  p r e d i c t  a — p r i o r i  what the o~ ;’iession effect will he . Thus , i t  mi gh t
l he possible on several e’cc.issic ’ns to art l v i  at an a rea  in w h i c h  o n ly  sixteen

I non—redu ndan t ~.- oan ’It •‘t Infor-ma t Ion would fit on a disc , wIthc P would confuse

- both the  tc~ -o~~ k e e p i n g  for the disc l0- n ..n~~, and ~ ls, - w -t ste considerable a r ea

i-in t I t t -  d I

3-: a t  3 . r  ti-an I ak , t N - it . i ; ’ p roach  , ~~u ; ;- ~~c s.-  t h a t  ‘‘ii,- w er e ’  I (I u se

a I i  sc t ’ ’ - ’ o re a ti - n  ~‘l t b r i e ’  y i - o u n i t ext c-n t In latitude , ;ind as much

a’- could 1c c -  handl.-d in Ic -ri g I t  ci t e . For the  ,- ;ctar .- ~‘.‘i se-  • one would get

7’ i w . - t t t  - .- — lye non— r • - l co i l i n t  ge~’un its per c! sc ‘n t h e  av ’-  rage . For t h i s  case ,
n~- ~ - r t 1 d ~~i t  -.‘ ‘ ( ~ I) — l ~n ~ new c o l c o ~ - r- of geoun i t s , for -u t o t a l  ol 27

: r c ’n - r i - Tun d.ent  g i -” n n ~~t s  p er  d isc .  In a d d i t i o n , shou ld  t h e  compression

a :  - - r d r o p ,  one ( S c )  1 d • - a’ liv ct ‘ re one Ii ’ s s c o l  un ~n of t h tee geoun i t  s on the

5 ! t c ~. w t i t c h  w o u l d  l u - aye- a maximum -t wasted sp ace  of about t en per cent  on t h a t

I one d i s c , and t h e  i r i l l  blo k n a t u r e  ‘ I  t h e  d a t a  base wou ld remain unchanged .

i n d e x i n g  .-~ ‘ c ; i , !  1- .- simp le , I’i-c. tuise ei cb d i s c  would c o n t a i n  ge oun i t  s a l o n g  a

Niu l ‘~~ lat i t u n d e  t r i - i -  geotrn it s w i d e  -

j it could he argued that a band f our g i - o u r n  i t s  v i  de would be

c l i  H t  l v  n o r . -  c - I  H - t i  (a sing le d i s c  would ho ld  ,‘ c~ now geounits) but

I the Eos t of h a v i n g  t o  s top  one column shor t  the  case of low compression

would be increas e -d .

I
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I A l s o , one ~t i c i u l d  n o t e -  that the nature ~f the storage scheme

d~1tned above also allow s significantl y more than twenty—seven non-

redundant geounits to he- stored per disc in the case of areas of sparse

I p l an i me tr i c  d e t a i l  w h i c h  admi t  very large compression factors.

DISC TRANSFER TIMES
I’ LAN IM E T RY

• 1420 PIXELS/SCAN LiNE 
- i~ o EFFECTI VE PIXEL S

I 12 AVE COMPRESSION FACTOR SCAN LINE

• 120 FEATURE WO RD S — 240 16 BIT WORD S

I . 1956 WORDS/SECTO R SCAN LINES
260 WORDS/SCAN LINE — 8.15 - 

SECTOR 
-

I . 1SF: A TABLE AT THE B E G I N N I N ( :  OF EACH CEO U N I T  TO STORE THE
B E G I N N I N G  AND ENI ) ING LAT I TUDE FOR THE DATA WORD S IN EACH
20K BUFFER LOAD .

I . FROM TARGET LATITU DE AND

1) ~s~M !’UTl: GPO UN ITS NPEI )E11

I 2) READ TABLES
1) .PUfl BU FFER LOADS TO READ

6) READ SH 7oRS 10 F I L L  & O M I ’ i T F R  CORE BUFFER

1 - I)ATA TRANSFER RATE :

ASS I lIF S SECTORS /TRACK

I
READ TIME FROM DISK TO COMPUTER

I a) AVERAGE ACCESS TIME - 3OMS
b)  A V E R A G E  LATENCY T I M E  — 8. 33MS
c) F l / C c  TO BU FF E R AT

1 1 •‘~ ‘ l t S / W O R 3 1  — 3. 2SMS
I d) TRANSFER T I M ! AT

-, ~, s :WORI 1 • 7.82 MS

I
c) TOTAL TRANS F E F

T I M E  PER SECTOR 49 .4OMS

I !3 ’wi -v. - r , i f  we -us cur ’4 - - t h a t  one w r i t e s  an e nt i r e  c c - r i -  b u f f e r  in  a somewhat

- -ut iguous r-.-unn i- r on d i sc , a on c er v a t t v e  estimate mig h t he that t h e r e

would be a 3Oms access tim e- for the first read , and about Sms on the

I average f o r  t h e  reads a ft er that. Thc-re are about five reads for a twenty

b u f f e r  of i n f o r m a t i o n  ( t wen t y  K bytes), which would take about ]47ms to

I cor~p 1ete under the above assumpt ions . Because It  w i l l  be needed l a t e r ,

t h e  t o t a l  time to transfer thirty—two K bytes would be approximately 220as .

- 1 0 -  
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ORGAN IZATION FOR PROCESSING DATA
-a-

I ASS UMPT I ONS

r I .  We go r i g h t from P—Il data base to radial data base — the
Intermediate- raster was used for convenience in polygon
to raster conve- rsion . Accordkng to ETL personnel it is
not realh- needed.

The data In the geounitt~ are ordered along rows of constant
latitude . Run length coding obviously works in either 1st.
or long.

3. There is a 30 byte buff er available- to generate 1/8 of an
- entire radi al scene simultaneousl y (without having to output

partial results to disc) 1/8 scene is 30000 bytes. This
buffer is not double buffered.

There art- 2 - .~~F buffer s for doub l e- buffering input data
from the P—li data base . by use of the memory mapper , and
the data channels in the PPP 11/70 , on l’e one of these (the
one- being used In computation s) need to be the user area
at one time . There is c- - . F  - c ( I ~~ er l-~N left for user c- ode
and scratch storage .

The h.usic sequence Is to c ccnplete 1/B of a scene at a t ime .

The I ~ fi gure i s  chosen  as a balance bet ween i’uffer s17i- and number of

; a - ~ ce ’-~ t~~rough the ta t .-~ base , and is near opt irurcntTn For the prc-ubler. at hand.

The p r o  - o c s  bc 1- in s  FSy r e - a e l t n c  i n  a - F  buffer of p l an i me t r i c -

dat .e 1r5 ’r-t g e o u n i t  A . A se~ — ut , assuming .a con~ .uct ion ratio of 12 , covers

I 20000 167 1 or 61 1ine-~ ~‘r 2.1 km .

F 1- 
____ _______ 

7 1

t 
___________

A l l  p lan i met r i c in fo rm a ti on i s  extracted and placed in the output , for the

area eo%-er,’d by I. The area rrecessed first is denoted by the red band in
the drawing. The cruthematics involved will he discussed later , for only

the disc transfers will be studied .¶5- I
1 
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t- t h a t  th e  ou t p u t  s ‘— i ce - c overs  several  d a t a  hj s i -  c i i i

I 
S~s.. , a l l  the  da t a  b i - ..- u n i t s  e~~~Ve, X •-~~ s i - l U  c a l  lv the same area ‘n t he

ground , and have the  same numb e r of p i x e l s . Let us lo ok a t  c L e - t o t a l
reads Invo lved . See t a b l e  on t o l l o w l n g  page- .

~~~~~~ there are - 4 ~~ ane s w i t h  r a ~h i c - f 35.5, P~~7S , b 875

I an-f - ‘~ km ce  ~- p.- s~ t iv i -  ~~.

j Thus , the t o t a l  v s - i t  i s j l  e x t en t  ~~l~~- t r i d s )  t t ’ f - a  i c ad  i i , Is-

vo l- S t  case i s :

~~ c ’ 5  ( 3~~~5 + 1 7 .75 • 8.875 + 4.4175) —

-* M.M .$ (bb . f - ;5 )  — 587

F 

s j y  t~0() km.

A - ~ bitt t a t  ot  I a n i ~~~- - t  c c  - b e t a  - vi 1’. 2.1 • - so

are Me c i~~- ..! ’- o f  : - i c t ’~~.- tr t~ .b a t - c . A - b u f f .  r - ‘! t opo h . t . ,  c c v , - t s

- -  —- 4 1 \ 1.5 T - X 100 ~~. ‘- .  i s .- — 1 .S7 hr- . So t ’ . y .
100I - a re- i~ reads  ~~~ t - ; . - d a t  .c . I ..h - a - I -. ns - t -~~~ sf1 cc

t ime f c- t input cx 1 - 7  - ( 1 1 ’ . -+ ~~~~~~~~ — 5 - s  - - i - 5 tene h. . c ; t ; c f ~~~

I four ~-~ p I a -~ a t  c c . - . - - - would  t a k e  6 X S X . - -- — -
. 

- W. - .

I s s t  a I d i s c  t t ~~i ‘ I s  se c  sii ~ j - -

- —e.- - - i t t i e - ~~p s i  t at  c on s . 11 he- dl cc  1/0 1’- - doub Ic

I huff i i  .-d , t h e  compcc : c t  I s o  time adds t h.  o u t  p u t  time , w’; c)  s t hi-

~ess~~~:-~t i . i p p t s -a ;  is .

l ook at t h e -  c a - - a -  o~~ -e sing l e - segment , and a sing le- buff er

• a - ;  r ep r e s e n t e d  on t h e  n ext  page .

- 1  - 1 2 -
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- [ FIGURE 2 L

- 1. The itt a 1~ t o  I i l l  in as r r a n v  l - l x a - l s  of output as Is possible

from t h i s  b u f f e r .  : f e - r e - ,er a- s . -vc -r a l  phases t i  t h e  or~s;’ u i t . -i t  Ion . Firs t of

~ I 
all , the point in the output must be conver 5ed to geograp hic-s so that its

positIon tn the Input can be dete rm ined . Sa- c orcsfl ’e- , i l-ie value at the input

~ F must be found , and t hi r d , it must  he i~a.4 a - si into the output .

Running — s~~~~ .- s i m p le n um b e r s  c l v  s that to do this by brute force

I .  methods takes many minutes. T h e r e f o r e , we must get smart .

- F I e -t ’s look at t h e  pt hl.- ~ in p ieces. First of all , check the
i problem c-f conversion from lotal tangent it ’ geographics. Suppose as a

preliminar y exercise when we began a scene that he were to compute a grid

I of local tangent t o  geographic values. Some preliminary computation s show

tha t, to better t han 3 meter accuracy a grid of 6 X 6 station s would easil y
- .  

cover a quarter of the scene . Thus 36 X 1 or ~f’ words of storage would be

needed for this table. Its computation would entail 2 to 3 seconds 4 times

I. or a total of 12 seconds during the scene generation .

5 1  — 1 4 —

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —~~~~~~~ — -  -- ---~~~~~-



1. Given this table , one could linearly interpolate for latitude

and longitude . A bilinear interpolation takes 2 divides , a multiply and

I and an add to find the start point and 3 more adds to address the other

points. The actual computations take the  form.

If 
~~

or for lat , long & ht.

Time e a ch

L I sr~I’: I~~ : 2 Div  ( I n t eg e r )  10 .55 ~s
1 Mult (Integer) 5.30 ~-s

12 Add s 2 .30 ~~~~

CI5uFIFFICIFNTS ~ Subtract ed 2.30 ~s
4 Stores 1 ,00 ,- s

C0~PUTAT1ON 39 b a i t - - 1.00 ~~s
- 18 F Hq. Mult s . 2.5 - s

9 F Hq. Adds 1 ~-s

1 9 F Hq. Divides 3.5 os
3 Stores 1 os

Which is still obviously too much work to do each time . But ,

we will he going along strai ght lines in the output. Thus, by c omp u t i n g  a

F point every SO or ~~ p o i n t s  by the above method , one can reduce the process

of moving rom point to point t o  t he  a d d i n g  of an increment to three values

or 6 loads , - I adds and 1 stores gets the nev point 1st , long & ht. offset.

Assume , on th e- average , only on.- point in 20 will need rigorous

computa t ion , w h i th  the  r e s t  u s i n g  simple i ncr e m e n t  a d d i t i o n . (For the smal l

scenes , the c or-; r . - -.-~ S~ f l  could he even higher , hut in large ss e-nfS , t h e  hands

4 ~~. of 2.1 km extent cover less than 20 points along a scan , so twenty should

be a good number on the average).

1.
Li
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Is So the opt-ration s to compute 20 latitude & longitude is

I 
1 m t .  Div .
1 m t .  Mult.
9 F add

71 adds

I 153 loads
64 stores
18 F mult s

t 9 F d i v i d e s

or an avecage of 492- ’.’O or .‘- os per point .

1~t- now fsa~ - -  t he iso i c it  in ge-og r ap h I c - .. At t h i s  point , the

p r o b l e m  sp l i t s  i n t o  wl a- t he c one is. wor king topo or p l an ime t r y . F i r s t ,

F however , one- should I5~ok at  the  prob l em of c o m p u t i n g  t h e  desired  local

t a n g e n t  p o s i t i o n  -~~ ~~~ .. Ii output point. At first g lance, it seems simple ,

F because it is  s imp ly ~ 5 - v i n g  down a r a d i a l  l i n e . However , if the sines and
- 

cos l i s a - s  a c e  r e c o mp u t e d  f - r  e ach • (~ ). hut fey of in fo rma t ion  which is read

j in s f i t i  ~i iy  the  p c I  ~-s  of  y e - n a - r- i t ion an c - i  gi st h of a scene , the  computa t ion

t ime  o u l s t  f - c  c5~c s- - i der -t b i a . The ..tslul t ion to the problem is t o  s tore a

t - c h i c -  o f t h e  t f l a - r .  e n d  -- ~ m e — , of t h e  various r a d i a l  scan l i n e s  for  the

.ccn~ ury ,-nt lv f- a- in s -~~~- i k a  on in  C o r e , so that t h ~~-~t - c-an be looked up

re-ad i ly  o det ermine i f  s t a - ; 5 5  t t akc in  moving d own the  scan , and also

in s s ’rput tog stn t things as t t a ~ first point on each 5 5 10 w h i c h  f a l l s  in the

c u r r en t butter -era - i .

~ I h a - - si c c a -  t i s a - 5 a  sine and cosine comput ations take a considerable

I .l-m~sint of time , I t  v - i d  t a - adv isa-able to generate the sa me octant of all
- four c c - n a - s  -‘.-q.ia- n ti a ll v. pc - a -se - c- v l n~ t h i -  t a b l e  from one t o  the next . Thus ,

the table will have- t o  be generated only a i gh t  tim e s, giving a total of

500 sines and 5nri C I ’5 n --- - t - I.e cc’mput ~~~~ This pr oca-ns should take less

than t w o  ca-o~sn~1-- - - t a l  t o  -‘lt~~ .cr i - l ~sh.

Tha re is also the problem of determining where to s ta r t  each

F swa’e-p line generati -n when each data bu ffer is In core. }5 - r every buff er

read , there will be ].‘~~ l i n e s  t o  determine the start position on. This 
S

( w i l l  r e q u i r e  a d i v i d e  and a c ’nva-rslon to Integer. There are 605 buffer

read ., so ther. will he 125 X 605 divides and conversion to integer , which

r will take approx imatel y I second to perform . Thus, using th e above scheme,

the problem of determining the starting position on each sc an line , and the

-16 -
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constants to use in stepping down the scan line will take approxutatel y 1

second to t a l  t ime fo r  the generation of f o u r  scenes .

Now let ’s look at the topographic problem . For each point

in the output , one needs to

1. Compute the latitude and longitude
2. Do a bilinear in terpolation for elevation
3. Add the offset
4. Store

J taking these steps indiv idually , we see that (1) has alread y been found
to take 25 lis. Because (1) will be done fo r  some p o i n t s  which will not

prove to be in the  a c t u a l  b u f f e r  area , because of t he  search ing  al go r i t hm

descr ibed  above , one- could  assume a 10% waste , or 27 .5 hS per point on

the average .

The bil inear interpo lation is the sane- as hefor~~, but is
only in elevat ion , and so taka-s

INDEXING 2 lnt div
1 Mult
4 Adds

COEFFICIFNTS 4 Subtracts (storage in reg isters)

CO~(PUTAT10NS F mults
12 loads 4 divs
3 F add s 4 shifts
3 F d ivides 4 masks

or a t o t a l  of 3 F d I v i d es  6 1 div
~ m u l t s  1 1 u tu lt
8 1  adds 3 F a d d s

4 shif ts
12 loads 4 masks

or 142 us per point.

Adding the offset ~ one add or 2 us. Storing consists of

a masking operation , which a t most could be 2 loads , a mask , a shif t and
• - an add , or S ~-s per point.

17
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Is One thus arrives at an estimate of 149 us per point for

elevation determ ination , exclusive of latitude & longitude dc-termination .

For p lan imetry , the prob lem is somewhat different. The

computation of latitude and longitude is the same , but the major problem

is not interpolation (the nearest point values must be used) but

un p a c k i n g the run length encoded data if one were to read through t he

buf te- r f rom the start to find each point , t h e  prob h-n is intrackable ,

Suppose , however , t h a t  f o r  each row of data one were to keep the 4 variables:

(Mm Long,  Max Long.  A t t r i b u t e , I c s c a t  ion) s tored in a core buf f e r .

Det e- r u t i n i n g  the row of t h e  p o i n t  is s I c r 4 s l e . By the  process desc r ibed  above ,

the scans tend to  move m on o t on i c a l lv  in L o n g i t u d e , t h e r e f o r e , I f  the po in t

does not l i t -  In the  current st-ct Ion for tha t row, one mus t move in the

appr opriate d irt-c t ion from the location In t he  r e - f e - r ence  s tack , and update

the reference ,;tjck .

The point is tf ~ a t the ent ire huff .-r must he traversed once to

f or m  the beg i n n i n g s  of rows , and at  most once- egai n to handle the monotonic

change . The f i r s t  t r a v e r s e  r e qu i r e s  that each of 5000 entrIes be read , and

the 2nd byte compared to 0. T h i s  in v 1 - l v t - s 5000 loads , 5000 adds , and 5000

compares. For the 1eve’rage of 42 rows, f o r  t h e -  first record one must do a

load , 2 masks , 6 shifts , S adds , and 6 stores. (Assume s a h e  memory usc-d

for t h i s cri t ical ph a se ) .

This initial set up the tables

5210 1 adds .3 -j -s
5042 Load s 1 ~s
5000 compares . 3 ~s

84 masks .3 ~ j 5

84 shif ts 1 ~~s

166 stores 1 us

To t raverse once takes

5000* 1 1 adds 5000 1 adds (1ST) 2.3
} J 2 compares 10000 compares .3

1 mask or 5000 masks 3
4 loads 20000 loads
8 stores 60000 stores

— 1 8 —
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The pr evious page took care of all changes in the table for a given record ,

or 84.4 ns record .

Now , for  each point , one has onl y t o  s elec t  the  row , which

takes an add and a divide , a multi ply and add to get the address of 2

loads , and two compares. Storage takes 3 masks , 3 shifts , 3 adds , and

3 s t o r e -s. This g ive -s  a t o t a l  pe- r p o i n t  of

6 I adds
1 1 div ide’
I I
2 l oa d s
3 masks

r- 3 sh ift s
3 stores

The aho~-a- gi - t s do ci a-  for c-ve ry point , and takes 40.65 us per

p o i n t .

Sow on e- can add up the operations , a s su m i n g  no p a r a l l e l

pr~- - s c  ~ng.

Total di sc read t t - - e - ‘~~ sec s.

deriv ation of 4 l i t ,  long  g r i d s  12 secs.

Con;’utation ot point I a t s  & long s (50 ~s X 240000) + 102
(twice for each pt . w I t h  102 waste-) 13 .2 ~~~~~~~~~~~

Cor-putation of starting radii icr buff e rs 1, 7 secs .

E l e v a t i o n  in t e r p o l a ~~1on (1~~u 
~,s X 24OO~O)

S e t t i n g  up b u f m e - r -  ~cr p l a n i n e - t r v  ~~~~ secs.
( 8 - ~ bu f te- r s X 54378) . -

~!‘v in g  t h r o u g h  on p lan r ’a -t  r v  g , 7 ,

SettIng up si -t - & cosin e- t .- a h l~~s 3 secs .

19- ~.87 se’ c~~.

1 1~
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s ’ON( I.US i ON

I The above discussion has be-em S a l  1 1  a d  out in considerable

det a il. I t  I s  be l i eved  t h a t  ev ery  major contribution t o  t i r e -  total

1 pro cessing t I :~~ a - has be-c -n t a k e - n  Into - i s  c o un t  - There is one- r~~e ~a r  ar e -a ,

h~~wt - v er , wh i c h  has not b a - e n  .c c r r n  e-d I or , and which err ira ’ be a - t i n  ted

f o r  p r i o r  t o  w r i ting the actual ~- e t  t~~ e ra -  ; i rL ~ r u r r n l n ~ ~~~a h~~5 r ~ s _ This

the  are- a s’t program cont  rol and I ~-y I ca l  ov a -  r h e - a d .

For the abov e- r~ - r - - - -n - , It would be w I s e -  t o  p l a c e -  rsnrg hlv

- e  t~ tor of t t ~~
- t-t- - -a i c - t v  f a c t o r  a - n  t h 1 -  t I - - vs n u m h t - r s . ~s ~ - doub l e -

S bu t ferrir-r~,: a~~ o n l y  t h e  i i ( 5 5 ( t , t l ~~ - - - -h s - t r l d  s t i l l  get r c  t o t a l  or ; t r t a t  ~- - n t I

t ime t o  well under  t e n  mi nut e-s .

The abo ve  e s t 1 r~ . i t a ~ :isse rn e d t I . a t  t I -  so ’ t - ~- a i e  w a s  be j u F  wr~ (t en

by a - o~. ;-e a - n t  ~-r - -g  ra~— : a- r  -
~

-
~~ - - - w e - - s r i v i ~

- - -~- r  a -  ex t  re-n t- I v I ie - n ~ -I.-

Th i s ~~~~~ c ou l d  eas l i v  ga sip by  an -~ r o~ nagni c - a -  I f  t h e  - .~~
-- 

~
- v p -  a ’f

_ e y - ,- i i i  a r n e  I vs is  end ;‘ t ‘ a -  a l l  a S wh lob v s  - 5 - - I I owe- d in he il (Va anal \ s

~a r e -  n - - I I  - ~— s - in th e- ac ua 1 ;- r - - - -
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