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ABSTRACT 
Since the successful hunch of the Japan Earth Re- 

sources Satellite1 ( J E R S I )  in February of 1892, it has 
h e n  sending back images of the earth for various stud- 
ies, including the investigation of earth resources, the 
preservation of environments, and the nhservation of 
coastal lines. 

Because images sent from the .JERS-1 have very high 
resolution, their analyses require the power of a high- 
speed image processor. For this purpse, (.he ERSDIS, a 
celluEnr array processor based system, llas been adopted. 
The cellular array processor con~ists nT 4096 processing 
~lements in a twwdirnensional array ant1 ii 's suital~le to 
process largescde image data at R high-speed. 

This paper describes the structure of the ERSDIS, 
and also the details of the cellular array processor unit 
used. 

INTRODUCTION 
JERS-I, a product of a joint project by the Ministry of 
International Trade and Industry (SILTI) and the Na- 
tional Space Dev~lo~men t  Agency nf Japan ( N ASDA), 
ht~s h e n  successfully Iaunchrrl in February of 1892. 

Two kinds of sensors are employed in the JERS- 
1, A conv~nt ion~l  ijpticaI sensor, the OPS, ~ n d  a mi- 
crowave sensor, the SAR. The SAR is capable of de- 
tecting rorests, deserts and seas at a spatial r~solution 
of 18m, while the observation width can he pxtpnded UP 
to f5krn. 

Images produced hy both the OPS and the SAR are 
processed at  the Earth R~sources Satellite Data Anal- 
ysis Center (ERSDAC). The processing s y s t ~ m  used 
is called the E ~ r t l t  Resources Satellite Data Infarma- 
tion System (EWDJS). CAP, rc cellular array processor 
serves ~s the main processor unit Far high-speed image 
processing in the ERSDIS. 

This paper describes t h p  ERSDIS's system configuta- 
tion, the CAP'S featurm and the SAR's image. 

ERSDIS SYSTEM 
The ERSDtS w%q drveloped to provide a JERS-1 d a t ~  

utilixation system for ~ffrctive applications drdiraterl to 
resources user. Figi~re 1 shows !he system's s t r t ~ c t ~ ~ r r ,  
which consists of t h r r ~  s~tbsysteins. 

I .  Data IErtricv~l fr. Distsihr~terl Suhsystr~1(EIlS- 
DRS) 

2. Data Processing k .4rchivirlg Su hsystem(El1S- 
PRS) 

3. Dxfa Analysis Suhsysteln(ERS-ALS) 

The suhsyst~ms are linked hy a high-speed L A N .  T l~ r  
functions of t h ~ "  E R S D R S  and the ERS-RI,S irrr also 
dmcribetl in Figure 1.  

To obtain informniion relating a satellitr irnaxr, a 
user first accesses thc ERS-DRS to place his clrder. 
While the processing and  o r ~ i p r ~ t t ~ n g  of images are ex- 

ecuted by the ERS-PRS, t h ~ i r  analyses arr carried nut  
by the EX-AI,S, 
The main f~atures of thr ERSDrS are a< follows. 

1. High-speed image processing 
A ceIlular array procescur (C'AP), w h ~ r l l  cntlcists nf 

4096 processing elements, can procpss Iargr sat++- 
lite image at x tri~h-speed. Detnils of 1 1 1 ~  C'AI''r; 
architecture are clescrih~d later. 

2. Wide variety of uspr interface 
A user can access ihc ERSDlS  sing remole termi- 
nal via telephone line. ln addition, many rn~d iu~n  
including M T ,  cmsrtte MT, floppy and paper are 
prepared for output sf image. 

3. Operator Saving 
Two automatic stnrage sysl pins are adoptccl I ( >  have 
operating o v c s h r d ~ .  

The next s ~ c t i o n  d~srr ihrs  t h p  ERS-PHS. 

ERS-PRS SUBSYSTEM 

The EM-PRS mainly consists nf Ihe following five d e  
vices. 

1. Automatic storag~. A tnpr which includ~c raw data 
is selected, and the raw data i s  r e d  from thr tape 



Figure 1: Structure of FRSDIS system 

mtnd sent to I he image processor CAP. The prc- .4s there are rnrrits in cellular array processor de- 
cmwd d~En is similarly treated in the VLDS Stor- scribed above, some research have been done [1][2]. 
Rge. No operator i s  needed to support this. On the contrary, however, there are dso some demer- 

its in the design: 
2. CAP: CAP processes image data at a high-speed. 

1. Though the processing speed is fast, data Erans- 
3. Controller(VAX): The VAX is a main controller in fer between the PEF and main memory have high 

the ERS-PRS subsystem. overhead. 

4. Or Photo Producin~:  The 2, As in SIMD wchi+,pctures, it lacks flexibility, 
i m ~ g e  data is produced by these photo prducing. 
Both color and gray photm are supported. 3. Data t ransf~r  between distant PIG also exerts high 

overhead. 
5. Quick Look Retrieving & Copying: A quick look 

data is tettieved and copied in this device. CAP r~salved tl~esc problems 13][1], so it is cdled an 
extended cellulat array procmsor. 

CAP SYSTEM System Configuration: Figure 2 illustrates the 
block d i a ~ r m  of the CAP system, which consists of 

Cellular Array Processor: In general, celluEar ar- 
ray processor consists of thousands of simple processing 
elernents(PE) in a two-dimensional array and i t  is  suit- 
able to procpss lttrge-scale image data A[ a high-speed. 
It has the following features: 

1. Image data is processed easily in parallel because 
the PEs are located in a two-dimensional array. 

the CAP,SM and CTLP. 
The CAP consists of a cellular array unit to perform 

p~raIlel processing, the PEs conlrdler ( PEs Cont. ) 
and the 110 controller ( I/O Conl. ). Thr CAP con- 
troller ( CAP Cont. ) controls the whole components 
of the CAP. 

The cellutar array unit consists of 4096 processing el- 
ements configured into n tw~dirnensiond array. Etach 

2. Shor(-]englh data of image i s  efficiently processed PE hm an bit ALU, register local memory* two 

in each PE h~cause  the PE is simply constructed. and 
A program of the CAP is stored i n  CAP Cont. Scalar 

3. It is easy to enhance the system because the PEs operations and program sequence controls are proceswd 
are located in x two-dimensional array. in CAP Cont. Array operations nre sent to PEs Cont. 



I CTLP I 

and process~d in  it. 110 operations are decoded i n  CAP 
Cont. and 110 commands are sent to EJO Cont. I/O 
Conk. controk high s p e d  data transfer between cellutar 
array unit and SXI Chrough high speed bus. 
Features: The CAP unit has the follawing features: 

I / F  1 CAP SM 
I 

High Speed Bus 
1 

- - - - - - - - - - - -  
I 

I 

a RIock pipeline 
Three controllers in  t he  CAP unit, t,hc CAP Cont., 
the PEs Cont. and {he  110 Cont., procws rarh 
oprr~t ion  independmtly. Tl~crefore the op~ratinns 
in  ench processor, the  scalar opcrxkion in CAP 
Cant., the array operation in PFx Cont. ~ n d  thp 
inp~lt/ouiput operation in I JO Cont., are processed 
simul txnpously. Using this method, wp realize high 
speed procesing. Namely, after dividing the image 
in SM into the hlocks which I lav~  the same number 
of pixrls ILS the I'E's, h~ lollowing process will be 
~xrcuteci in paralfe!. 

I 
I 

I 
I 

Seg. 
I 

1. t ransirr t in~ one hlock from t h p  c~lEular array 
u n i t  to SM, 

* 

SW- 

2. procrss next hlock in the ccllular array unit, 

Cont. j ~ o n t . -  cant. Array unit I P O I - l  r N l  
I I 

1 
I I 

1 

i -1- - - - J - - - - - - - - - - 
Shared Memory . 

System Bus 

F I ~ I I ~ P  2: Block Diagram OF C:A t' systpnl 

Cont. Each PE, however, can ~nodily the opera- 
tions using its own control rp~istpr and performs 
different operation respwtcliv~ly. For exarnplr, 

1. operation or no-operat ion, 

2, addition, subtraction or transfer citr. 

m hddrrsq Modifier 
All  PEs recpive thr same R L ~ I ~ C P S S P S  of f h ~ i r  r~g is -  
ter files as WPII a- the rlgrrniinns E ~ c h  PI; has nn 
address modifier and the  mldrpss of t h ~  rrgister file 
is rnodifird whenever npcessnry, such as t I I P  nor- 
malization i n  floatinK-point opesnticrn. As R result, 
the CAP executes floating-point operations nf high 
performance u w ~ l l  .as fixxd-point operations. 

Broadcaqt from PE to PE 
Each PF: is connected w i t h  t w o  to fonr npighhnr 
PEs. Ual~ally datn trnnskr h e t w ~ e n  PEs is done 
through neiglabor PEs. I n  addition, C'AI' h m  a 
b r o d c s l  Function h p t w w n  PRs anti it can rnahl~  
PEs to transfer data hy skipping neighbor I'Rs. 

3 transferring the next block From Sh4 to the Two-dimensionaIly accrssi h l ~  memory (SM ) 
c~llular array unit .  SM is a two-dimensionall?; accessil>lr trlrmt)ry. 

When we mcrss one r ~ r t a n g l ~  daf a i~ Skl, rrv only 
As t hc i m a g ~  data are divided into blocks which 

pjve the SM thrm pararnr t~rs  t h p  location arldrpss, 
arr procrss~d in pipeline s t y l ~ ,  WP CBII this method the row length xntl i l ~ p  colurnt~ length of 1 lie r ~ c t -  
"Rlnck Pipeline". 

angle data. After that, high .;peed data transfer 

a Operatinn Modifier of the rectahgle data is dnnr. CAP procewfis high 
All PEs r(rcpive itl~ntical operations from the PFs speed image processing using these featt~rrs. 



F I ~ I I ~ P  3: S A R  Reprocluccd Image 

SAR Reproduce Processing 
We r ~ p r ~ l t t c ~ d  S h  R(Synl1it-tic Apert lire Radar) i1nag.e. 
Figure 3 illustrates the r~prodl~ct ion i n l a p  from ihr 
hologram prmess~r l  by CAP. 11 is an area of SliimrJcit a 
Peninsilla in .lapan. 

In this paper, we d~srrihcd the ERSDIS'r; system con- 
figusaliarl, llw ERSPRS unit and the CAP unit .  CAP 
is an extend4  cellular army processor and i t ' s  used for 
high-speerl image processing. 

This architect r~re realizes s ~ v e r d  types of pnrnIlel 
pracessin~ s t ~ c h  nq block piprline, operation rnd~f irr ,  
ddr r s s  modifier, b r o a d c ~ t  from PE tn PE ant1 two- 
dimensionally accessihlc memory. 

Owing to these featur~s ,  irnag~s sent frnm t h ~  JERS- I 
can kp processed at a high-speed. 

A product distribution will he started in autumn of 
1992 at the E1iSDACis Datn C ~ n t e r ,  Japan. 
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