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ORAS : OPERATEUR RAPIDE D'ANALYSE SPECTRALE 

RESU'� 

L'interprétation des mesures géophysiques peut être réalisée avec effi- 

cacité au moyen d'un mini-ordinateur conversationnel associé à un périphérique 

spécialisé dans les opérations de traitement de signal : fonctions scalaires ou 

vectorielles, réelles ou complexes, calcul de spectres directs et croisés sur 

un nombre variable de signaux numériques. 

L'ORAS a été notamment conçu pour doter un calculateur HP 1000 F d'une 

capacité de calcul rapide des matrices spectrales relatives aux mesures d'ondes 

TBF à 9 composantes. Par exemple, le calcul d'une transformée de Fourier complexe 

avec accumulation sur 1024 échantillons s'effectue en 20 millisecondes. 

Le logiciel de l'ordinateur assure la gestion des opérations et des 

transferts de données qui s'effectuent au rythme maximum de 1 million de mots par 

seconde. L'utilisateur a la possibilité de définir son application de façon in- 

teractive sous la forme d'un macroprogramme. 

L'ORAS pourra être utilisé à différentes fins, telles que l'étude 

des bruits électromagnétiques et il pourra servir de prototype à un dispositif 

fonctionnant en temps réel. 

Ce texte a été présenté â la XXeme Assemblée Générale de l'U.R.S.I. 

à Washington le 11 Août 1981, au cours de la session C2 ("Télécommunications 

and digital signal processing"), sous le titre : "Fast processor for spectral 

analysis". 



II 

PROPOSED PAPER TO U.R.S.I., Luth GENERAL ASSEMBLY 

Washington, August 1981 

Commission C : Signais and Systems 

Author : P. GILLE, C.R.P.E. Orléans, France . 

Sub ject ; Fast Processor for Spectral Analysis 

Summary 

.Interprétation of geophysical measurements may be efficiently 

achieved with the held of an interactive mini computer coupled to a fast 

processor devoted to signal processing operations : linear/vectorial, 

real/complex functions, auto/cross-spectra of an adjustable number of - 

channels. The ORAS ("Operateur Rapide d'Analyse Spectrale") has been 

mainly designed to give a HP 1000 F computer the capability to quickly 

calculate and integrate the spectral matrices of VLF satellite data with 

9 (or less) components. For instance, the complex Fourier transform with 

summation takes 20 ms for 1024 samples. The computer software controls 

the sequence of opérations and the data transfers (up to 1 M w/s). It 

allows the user to interactively define his application as a macroprogram. 

The ORAS will be used for different purposes, such as electromagnetic noise 

analysis and could lead to a real time device. 
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WHAT ? 

1. meuniiig: ORAS = Operateur Rapide d'Analyse Spectrale 
= Fast Processor for Spectral Analysis 

2. definition: digital peripheral for a Mini-cOMputer 

Micro-prograMMed and Macro-prograaMMable 
dedicated to signal analysis opérations 

WHY ? 

3. purposes: 
- linear opérations with blocks (or vectors) 
- 

handling of both complexa real data 
- 

handling of Multi-corsponant digitized signais 
- fast Fourier transforM 

4. typical application: 6 coMponent �l�ctoMagnetic field 
telenetered froM Geos satellite 

- 
reorganization of data channels 

- 
weighted FFT with sliding window averaging 

- 
coMplex auto � cross-spectra 

- 
phase spin corrections 

HOW ': 

5. typi4�a1 performance 
- 

processing unit cycle tiMe: 200 ns 
- 

MeMOry access to complex data (2x24 bits): 1000 ns 
- FFT with square Mod. and summation; 20 ros for 1024 souples 
- FFT butterfly :5500 ns 
- data transfer : 16 M bits/sec 

6. present liMitations 
- 

memory core: 16 K coMplex data (2 x 24 bits) 
- vector size: 8 to 8096 ( 32 to 1024 for FFT) 
- nimber of vectors: i to 256 according to size 
- number of signal componen-ts: 1 to 16 

7, possible extensions 
- nez Macro-instructions ,e.g, correlation 
- amount of memory core 
- 

développent of reai-time or on-board version 

WHt7 7 . 
- 

(3. CRPE (CNET+CNRS): spécifications i acceptance 
software for in terf ac ing , test s � applications 

9. LETI I (Ci=i`!Gi : hardware design i f irwware e 

WHEN ? 

10. kick-off :sep 76 ,study ;î7-î3 de velopmen t : 78-80 

interface:May 80 ,delivery; jan 3i �extensions:aug 8i 
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î. Block handling 

- opérations perfarMed iteM to iteM ,data replaced by result 
-arithMetic Mode : floating point per block on 24 bit nantisse 

- autonatic norMalization after Most signif, bits in the block 

-autoMatic adjustMent of "block factor)" : 8 bit commori exponewt 

2. Fourier transforms � spectra 

options: real/coMplex , direct/re�erse , fft/spectruM 

3. ArithMetic vector operations 

:.3, Réal block h real block 
-- 

addition,subtraction,Multiplication,division 
- scalar product (Xk) = ( Xk * Yk ) ) 
- (coherence) (Xk) = ( Xk / Yk ) � 

- weight�d suMMation (Xk) = (Ul( Xk) + (Vk * Yk) + ... 

3.2 Real block pa real constant 
- 

inddir.Lati,subs�--iction,multiplica-tion 
- SUM of block items s = SE XI� 1 
- linear opérations »(Xk) = a * (Xk) + b * (Yk) + ... 
- Mul�tidiM�nsionnl rotation 
- 

translation,cewtering (Xk) = (Xk- rl ) * b 
3.3 Signal analysis 

- corrélation (Xk) = SE X(k) * X((k+j) 1 
- 

power,density a = S[ Xk * XI� 1 
- cross power a = SOL [ Xi� * Yk 1 

3.4 Stastitical moments 

- averrage a = S[ Xi 1 N 
- déviation d = Si (Xk - a ) * (Xk - a ) � 3 / N 

3.5 Smoo�hing,derivatives (Xk) = a * XCk-1J + b * XfkJ + c * X[k+i3 

4. Complex opérations 

4.1 CoMplex block complp-x block 
- 

addition,subtraction, direct «ult'n conjugale «oit'n 

- square Module (Xk, 0) = (Xk,Yk) * (Xi�,-Yk) 
- 2-diMsns. rotation correction (Xk,Yk) = (Xk�Yk) * (cosCa:kk7,sint�a*i�1) 

4.2 Complex block 4 real constant 

- Multiplication 
4.3 Conpiex block 4 comi3lex constant , 

_. 2-d.L liens, phase correction (Xk,Yk) = (:Xk,Yk) * (cos �:i , sin il ) 

4.4 Linear complet opérations : siMilar to real ones 
4.5 Processing 2 real vectors as one conpiex vector 

S. ��ia115't�r opérations 

SOMe data handling are perforMed via th� interface in both rrrans'n �� recep'n 
- 

Mul t i-c OMp onen reorganizatlon : exchange lines/rows (up to 16 rows) 

- coMaination off 2 real signals in one coMplex , � vice versa 
- binary ;J inversion of addresses (before fft) . - 

- data word Matching : 16/24/32 bits with 0 to 16 bits shifted 
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1. Signal analysais 

- BRIGHAM E.O. The Fat Fourier Transform ,Prentice Hall,1974 
- LEFEUVRE F.,STOREY L.R.O. :The analysis of 6-composent Measurements 

of a random elec:troMngnetic cave field in a mi:iqiie-ropli:isma,vol II 
Model idendification ,Note technique CRPE/41, 1977 

�- LIFERMAN J. :Theorie et application de la transforMee de Fourier 

rapide ,Masson i97î 

- MAX J. Méthodes et techniques de traitement du signal et 
' 

application aux mesures physiques casson 197� , 
- PELLANDINI Méthodes et structures specialisees pour le trn.iteMent 

digital des signaux journées d'electronique EPFL, Lausanne 1975 

- WELCH P.D. :The use of the fast Fourier transforM for the estimation 

of power spectra: a Method based on �ime averaging over short 

Modified periodograms , IEEE Trans. Audio Elec-troacous-t.,iS,70,i967 

2. Geophysical applications 

- BUCHALET LJ.,LEFEUVRE F.: One and two direction Models for VLF electro- 

Magnetic waves observed on-board GEOS.i i ,J.G.R, vol 86,no A4,19'ç'.3i 
' 

- LEFF_UVRE F. :Unresoived questions on power line radiation coupling 
to the ionosphere and Mngnetosphere ,URSI XXth General Assembly 
session EHi opening reMarks ,i98i 

- LEF1_UVRE F. effets dans la Magnetosphere des radiations élises par 
les lignes ElEctriques , Journées nationales sur la compatibilité 

électromagnétique , Lille 1931 
- LEFEUVRE F,)NEUBERT T.,PARROT M, :Wave norMal directions and wave 

distribution functions for ground based transmitter signals observes 

on GEOS.i , J,G�--opi-iys,Res,,i98i (to be publ.) 
LEFEUVRE F.,PARROT M,,DELANNOY C, : Wave distribution functions 

estimation of VLF electroMagnetic waves observed on-board GEC�'O',1 

J.Geophys.Res. vol 36, no A4,april 1981 
- SAMSON JC.,OLSON JV. :SoMe comments on the description of the 

polnriz�ation-5tntes of waves GGeophys.J.R, as�r Soc. 61,iiS,i98O 

3.Technical notes 

- CHABERT Is. :Operateur MlcroprograMMable pour le trniter,ent du signal, 
GRETSI 7eme colloque traitement de signal i applications)Nice)1979 

-- GILLE P.:Presentation de l'ORAS, doc. de tray, CRPE/1061 , 
Journées sur les Machines de traitement de signal en temps reel, 
Lannion 1980 

- PARROT tl.: Méthode numeriques d'analyse spectrale ,Note technique 
CRPE/35 ,1976 
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3 printed circuit boards 

i, Processino unit 

1.1 Arithmetic � logic processor 
- sliced Microprocessor (AD 2903) 
- interna registers �rafi): 2 x 16 words x 24 bits 
- I/0 registers : 24 bit input , 24 bit output 
- bus 24 bits 

1.2 Multiplier , special circuit . 
[ TRW MPY16HJ or �iPY241-iJ ??? 1 

1.3 FirMMare 
- 

MicroprograM roM ! i K x 64 bits [extension to 2 K] 
- 

Micropr ogrnr� sequencer (AMD 2910) � 
- Micro-instruction register 64 bits 
- instruction register: 24 bits 

2. WeMorv y 
- 

MeMOry core: 2 x 16 K words x 24 bits (dynaMlC memory) 
- interface registers (AMD 2907) :2 inpu�s�2 outputs,i address 
- 

processing registers ((AMD 2907) :2 inputs,2 output)1 address 
- 

special multiplexer for binary inversion of addresses 

:.3, QRA'3 interface to cowputer , . 

- 1/0 registers :24 bit input, 32 bit output 
- transfers code reg. ; 16 bits 
- 

MeMOr�, address reg, : s 24 bits 
- word counter: 16 bits . 
- status register: 6 bits 
- 

logic for command � interrupt s�ste� 

- 4. CoMputer connexion 
- interface HP12930 with direct memory access fncility (DCPC) 
- data output reg. :16 bits , result input reg. :i6 bits 
- control output reg. :6 bits , � status input reg.:16 bits 
- tranfer rnte: i 16 M bits/sec 
- c�ble � connectors :4x37 pins 

5. Electrical � Mechanical 
- standard rack 19" ., 3 U 
- 

power consuMption :90 wntts DC (19 AMps x 5 V) 
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i, Principales 

1.1 Différent areas 
- data � recuits (e,g. 30 I� words) [see belowl 
- 

special tables or "systeM area" (e.g, � K words) 
- block factors or exponents 
- cosines for FFT 
- variables � indexes 
- 

paraMeters for configuration � run 
- 

Macro-prograM 

1.2 F:Lexibi:Lity .i� reconfiguration 
- location � size of ail areas are described in "paraMeter" table 
- 

special tables (if needed) have to be reloaded froM COMputer 
at every boot-up 

- 
they May be checked or Modified during r�nl-tiMe opérations 

1.3 t�eMOry access . 
- word per word or direct MeMOry access 
- siMultaneous sharing by ORAS proclg unit � computer interface 

i.4 Word length 
- 24 bits in ORAS 
- 16 bits (integer) or 32=24+8 (floating point) in HP computer 
- 

Matching is assuMed by interface (Missing or extra byte) 

2, Data structure 

�.1 Block organ.ization 
- internai references inside ORAS are block nuMber counts 
- one block (or vector) is a data set with saMe exponent 
- all blocks at a given time have 'saMe length 

power of 2 from 8 to 8096 
- block length is imposed by a spécifie Macroinstruction 

at any time (e.g. block split in sub-blocks) 

2.2 Block exponent (or block factor) 

onze 8 bit byte is the binary exponent common for a wloole block 

- it is considered � updated by arithMetic opérations on block 
- thz block exponent area has a spec.ial geoMetry 
- nuMher of blocks � block expols is liMited to 2S6 

2.3 Data types � addressing [see figure]. 
- data are consid�d as "real" or "CUMpl�'x" according to thz �acroinst�n n 
- 

memory core is divided into 2 word sets: 
- first I-m1F �0-i6K) or euen partner real part of coMplex 
- second half (i6-32Ki or odd part,ou iMag, part of coMplex 

- tee current block length corresponds to a nunber of double words 
- 

"coMplex" (or double word) lay-out is the regulclr one 
- "real" type data are put alternat ively in both MeMOry haï vos 
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i. General las-out 

2. Data block types ExaMple with block size = 123 double words 

2.1 Real block 2.2 Complex block 2.3 Even block 2.4 Odd block 

3. Binarv inversion of adresses 
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V 

i , Transf�r code 

a 16 bit word specifying ail options for a transfer o-P data paraneten 
The same data block May be transfld differently in transmln or recep'n 

'�' � Word MrlnngeMent 

Optionsi-coMputer word length 16 b (.integer) ,32 b (Mantissa 24 + expo 8) 

-binary shift: 0 to 16 ,any to the left � in data transmission 

Examples: 

3. Block Management t [see ifieciory y lay-out] I 

Options: - addressing step in ORAS 
2=double word for real � complex (saMe tran5fer� type� 
1=siMple word for even � odd (according to first word adc:ireas) 

- bin ary inversion of addresses prior to fft 

4. Re orqan i zat i on of (nul t ic owp onen ts 
4.1 No r��organization if data already classified channel per channel 

e.g. ( XO,Xi,.�.XI27 ),( YO,Yi,...,Yi27 ), .., 
4.2 Needed reorganization :multi-channel time snMpïing 

LiMitation: 16 channels ,real or complex,with/without binary inversion 

Example: 3 channels (real or complex) � block size = 128 double words 

Real i Complex 
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i. Interruption Mann4uMent 
i MSYN send "synchronization" signal (status bit 4) to computer 
2 MCAL send "end of coMputation" signal (status bit 3) 

3 MEND send "end of cOMputation" and stop Macro-prograM 
4 MSEM wait for "end of group transfer" froM interface 

5 MSSY wait for "synchro, signal" froM compter 

2. Data block management 
b MITAI set current block length 
7 MBRA decrenentalion of variable � skip i�F négative 
8 MRAZ reset one block to zzro h proper factor to -i28 
9 MTRF transfers one bloc.k factor into another factor 

10 MEXF copy one block factor into following ones 

ii MTRA transfer one block (with factor) into another block 

opt O!direct copy , opt 2:copy with binary inversion of addresses 

opt 4�compress even part of 2 blocks into one "real" block 

3. Ari.thnetic opérations on blocks 
- 

opération iteM to iteM, result in the first block,factor updated 
12 MADD addition block to block 
13 MSUB subtraction 

14 MMUL real Multiplication 
15 MMLC complex Multiplication 
16 t�MCC coMplex conjugate Multiplication 
17 MDIV real division 

"4. Block .1.� scalnr opérations - 
18 MADC addition off real variable to block 

- 

19 MSUC subtraction of real variable to block 

20 MMUC Multiplication of block by real variable 

5. Fourier transforMs Isee special chapter] 
21 MFFT renl,direct, 22 MTFF r�al,reuzrse, 23 MMOD reai,d.Lr. � sqeare 
24 MCFT co'x,direct, 25 MCFF co)x)reverse) 26 MCMO co'x,dir. n square 

6. Mlscellaneous 1 * indicates new instructions] 
27 i�Ci-iV load integer or floating constant into one variable 

*28 MDEC shift words inside a real block 

options: left/right,open/close,shift number 
*29 MINT SUMMation of all block iteMs 

*30 MCCC Multiplication of coMplex block by complex variable 
*3i MT'JV (opt 0) transfer one variable into another one 

*31 MGSU (opt i) call to subroutine 
*3i MRET (opt 2) return froM subroutine 
*3i MB�� (opt 3) copy one block iteM into one real variable 

?, Pseudo-instructions 
( 4 �i ) (r i.l 1�'i coMMent t 

(45)VAL définition of constant 
" 

(46)EQU definition of symbolic label 1 

(47)ORG definition of initial address 

(48)FIP� end of coding 
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i. Principles 
:i . Resul t block k takes location of data block,with saMe length 

they May be "real" or "coMplex" or "even" or "odd" 

i,2 Real signal May be proc'd either as "real" or "even" block k 

according to related calculat.ions 

1.3 Direct and reverse FFT are per-Forfied with the same algorithM 
the results appear alwcys in natural order 

1.4 Direct auto-spectruM (FFT followed by square Module) May be perforMed in 

a single instruction .Result is even :coMplex with iMCginnry part null 

i , 3 Reverse FFT guets data 4� results in naturel ardar 

i,b Rdal FFT takes care of h�rMitinn symmetry 
2*N r�al data give N complex results for positive fr�quenci�s only 

imagin. part of initial salue (frequency zero) should be zero 

but it is replaced by real part of medium value (frequ�ncy N ) � 

1.7 Direct FFT needs a preliMincry pass for address inversion 
- eith er by interface during data transmln ,due to special tr. code 
- or by in�ernal transfzr perforMed by a Macroinstruction 

:i.3 LiMitatIons are due ta hnrdwir�d preliMinary binnry inversion 

typically 16 to 1024 complex (or 32-2048 reals) 

i.� Cosine-sine table has to be loaded FroM computer 
with maximum size (513 pairs for haït a periodiû-p.i) 

2. Spécial Macro-instructions 

Tl-m nuMber of souples corresponds to the saMZ block size "N" (double words) 
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i. Complex data ( YO,ZO,Yi,ZI, ...�Y127,�-i2/" ') 

z 

transfers: no inv/ \ in.v 

2.Real data 



O R fw S:5 � c:: o m p u t- k-2 r, : t o. ��� 1� cl r� g ex ri .i. �: o. t7 .i. m n 

1. Général principles 

- ORAS and HP1000 coMputer work siMultaneousIy y 
- 

synchoniza�tion is Mode by Means of interruptions and flags 
- all data exchanges are coMputer-directed 

2. Opération inside computer 

2.1 i Fore.ign relations 
- external data fianagenent ! :disc,tape,e�c 
- 

auxiliary compulations e.g. cnlibratinns 
- 

digital graphie display 
- interactive fonctions; start-up,brenk,mtc 

2.2 Préparation tasks 
- 

building up auxiliary tables 
- 

configuration paraMeters 
- trigon, tables:cosines,weic�hting 

- 
compilation nf syMbolic Macro-prograM 

- 
initinlizntions, ORAS reset 

2.3 Run time tasks 
- control o�f ail input/output opens 
- control off task activation � completion in OROS 

:3, Opérations inside ORAS processing unit 

- Macro-instruction decoding 
- Micro-ins�tr'n exécution, Management 4 arithMetic functions 
- 

update of para.fieters�variables�status,error flag, etc 
- (no I/O) 

4. Operat.ions perforMed by ORAS Interface 

4.1 Bidirectional I/O general tasks 
- data � result transfers ,as required by computer 
- eMission 4 echo of interruptions 

" 

-�.2 Special features due to data structure 
- 

complex or real (double or simple) data addressing 
- word format Matching :i6 or 32 bits in HP ,�4 bits in ORAS 
- 

réorganisation of up to i6 MulticoMponents per channel block 
- 

binary inversion of addresses (anticipation of next Pfft) . 
- word shift ,0 to i5 bits to tne left (in data transirn only) 
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1. Libraries . 

i, i EleMent�ary control of input/output 
- SOCOM command word output 
- ENSTA interface status word input 
- ENDAT/SODAT word per word i/o 
- DMAES direct MeMOry access i/o 

1.2 Protocol for data block exchange 
- ENSOB bidirectional bluffer transfer to a g.iven address 

according to data type structure 
- EXTIZA transfer of special tables; casines,p�araMeter�s,Mncroproy,,�tc 
- EXECO Management of commands � statuts for run-time control; 

«acr o-po in ter , err or f lag ; star t/st op , wai for synch.,etc 

1.3 Utilities 
- FAMAC Macro compilez des-asseMbler 
- FAPON build weighting for FFT 
- FABRI build synthetic data 4 transfer code : Dirac s.Lne , saw tooth,etc 
- FAVAR editing of any data or data set :decimal,octal,hexad, 
- GRADO graphic display according to data type (r/c multicomponent) 

2. Interactive general control (PORAS prograM) 

2,1 Purposes 
- activation of any function at any level 
- access to any data or pr�raM�ter 
- check-out test ;transfurs,interruptions,M�acro-inst'n 
- initializations � control of application pogrom 

� Opérations 
- 80 keywords covering the different functions or function sets 
- functions May be run step by step or linked or repeated 
- command keywords May be entered via: 

-either a terminal keyGorlrd 
- 

-or a syMbol.ic commaiid file 

3. Application prograM (e,g. POWEL) 

3.1 Double coding: two descriptions have to correspond: 
- COMMand file including nacroprograw i associntad functions (initial'n) 
- fortran sequence including CALLs to ORAS libraries for data f orna 1 1 in g 

,transfers � synchronizations 

3.2 Parallel work :flip-flop opérations are feasible with help of sync's 

typically;transfer of next buffer while current one is processed 

3.3 Auxiliary control: cOMputer ti�e-sharing enables to run s.Lmul-taneotis'y 
froM different terminais the Applic'n and the Interactive cont'l progrran 
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:1.. Purpose 

A contribution to s�tudy of power-line radiations after spectral analysis 
of VLF M�lgnetic field via eigen-values of spectral Matrices 

This is the first operational use of ORAS system although it needs some 
additional coMputations (eg eigen-values) 

2.. Characteristics of data 

- 
origin: GEDS.1 satellite ,"Survey Mode" ,recorde on Magnetic tape 

- total bandwidtin :9335 Hz sept in 31 steps with frequency overïrly 
- 

step bnndwidth :744 Hz ,of which 296.16 are undependant t 
- one "high speed forrsat"(hsf) - 128 souples with constant gain per antenna 
- one step = 688 Ms = 8 hsf = 1024 real data * 3 antennae 

3. Tank summ-ary 

3.1 Data selection 

sélect the 3 Magnetic cOMponents (Bx,By,Bz) from the tape 

- gain correction for the 8 hsf 
- 

averaging to zéro : suppression ouf DC cowponent 
- rotation correction on X and Y axis (Z has a fixed attitude) 

3.2 Spectral analysis (via ORAS) 
- 

sliding window per step for each of the 3 real channels ,.i�: 

split the 1024 in S segMents of 256 ,with overlay of 64 
- 

weighting of each data segMent (Parzen window) 
- 3 real direct fft per segment : 128 HsrMition coMplex 
- calculate 3 real auto-spectra and 3 coMplex cross-spectra 
- correction of antenna phase on 2 cross-spectra 
- accumulation of the 6 corrected spectra for the 5 segmentes 

3.3 Eigan-�m�lues 
- select useful bandwidth , Si of 128 frequency points 
- 

re-arrange the spectral Matrices in triangular real array (6*6/2) 
- 

compute eigen-values by pair ; 3 free Ex. per frequency 

s!.4 Grnphic display 
options: raw data�-Fft,spectra,eigen-�alues 

5. Performance 

-timing ; 360 ms per step of spectral analysis (sexe above 3.2) 

compatible with. the real-tiMe saMplir�g (638 ms) 
i,e, conversion of 3*1024 real data into 128 spectral matrices * 9 stems 
this includes Mainly 15 weighted FFT and spectrum cnlculations 

ail infvrMnt.ion transfer ORAS-coMputer 
the task synchronization is not optiMized (no pnra11z1isM:7 

4. Possible extensions � improvements 

- handle the 6 alzctroMagnatic components 
- accoMOdate the sliding window inside ORAS via block shirting 
- build a flip-flop processing :transfer parallel with compuTation 
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an example ouf sequential operations (no flip-flop) 

COMPUTER Ii�TERFACE ORAS 

i. General interactive control ! ! 

- 
initializations,reset t i connand ! - stand by 

- *ransfer system tables : : . 

cosines i 1 

parameters i : 

MacroprograM î ! 
- transMit nuxiliary data ! data ! 

weighting ! ! 

dessin n î i 

rephasing ! i 
- check data � status : resul.t i 

2. application prograM I ! 

2.i 1 '.En i -t ii:il 1 za� i on : 1 
- actiyate Macro-prograM (ACMA): coMMand 

1 ! - start Macr o-progra� 

2.2 Loop 1 1 
! 1 Ioop beginning 

- wait for "ready for data" : status *send d "ready for data"(MSYN) 
- -tr'ansm.L-r data segMent 1 data : 

! -reorg, i 

! -bin.1nv: 

i -shift 8 
- send synch "end of data"(AC3Y) ! COMMand: *wait for "end of data" 

! ! *coMputation sequence 
! i +internal transfers 
1 i +weighting 
: : +FFT,spectra 
i 1 +phase correction 
! 1 +accuMulation 

- wait for "end of coMputation" 
" : status 1 *send "end of coMputln"(P·iCAL_ 

- fetch résulta : result : � * junp to loop beginning 
! : - send "stop"(MEND) and stop 

2.3 Related computations ! ! 
- 

Eigen-values ! 1 
- 

graphie dispiay i ! 

3. General interactive control ! î 

- checkstatus (if needed) : statue 
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*�:* 4POWEL:OR:i2 oras-coMMand file 30.6.81 

TRFA,TRVA,TRPA reset parameter area 

TRFE boild 4c transfer weighting block (15) 

256,i, 15 

TRRO rephasing blocks (16,i?,iS) 

i2$,�, 16, 0, 186,3600 

, , 17,-450,2011, 
, , i8,-b75,5.825, 

FATA specify data block size (0 to 14) 

128,2, 0,15 
COMA compose Macro prograM 

ORG, 0 

MTAI,i2O,i28,2 block size 

MRAZ,3 rester before accuMulation 

MRAZ,4 
MRAZ,5 

MRAZ,6 

MRAZ,7 

MRAZ, 8 
MCHV,I,999,0 itération index 

COM loop beginning 
MSYN send sync signal ,ready for new data 
MSSY wait for ACSY ,data transferred 

MTRA�0�i2�0 internal data copy 

MTRA,i,i3,0 
MTRA,2,i4,0 

MMUL,i2,15 weighting 

MMUL,13,15 
' 

MMUL,i4,i5 

MFFT,i2 real fft 

MFFT,13 
MFFT,i4 

M-TRA,12,9,0 duplicate before spectra 

MTRA,13,iO,O 

MTRA,14�ii,O 

MMCC,9,i3 complex cross spectra 
MMCC)10)i4 

MMCC,ii,i2 

MMCC�i2�12 even auto spectra 

MMCC,13,i3 
MMCC,i4,14 

�tMCC,i3,i7 phase corr yz,zx 
M�CC.14,18 
MADD,3,i2 Sum 6 spectra 

MADD,4,13 

MADD,5,i4 

MADD,6,9 

MAiiD,7, 10 

MADD ,8,11 
Mal signal end of itération 

MBRA�i,-60 end of loop 
MEND signal end of oras processing 

FIN end of syMbolic Macropgfi 

TRMA,AC19A load 4 start Mac; opg�h 
TRIN end o-f command file 
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PROGRAM POWEL ( ), oras-power lines 30.6,81 

C process 3 cowponents of earth Magnetic field 

C 256 real data , 128 complex results 

C prerequisite: oras initialisation by PORAS prograM 
C with *POWEL coMMand file 

COMMON/CODIS/ LUCO(2),LIMG(8,3),TITR(24) 

COMMON/STOCK/ITABL(3200),MEIG(3,Si,3i) 
DIMENSION MAT5 f 2, 768), MAG(� ( 3, i Oa4 ) 
DIMENSION IFICH(ib),TETE(ib) ,IFABL(i6) 
EQUIVALENCE (ITAE�L(i�9),MATS,MAGN� 
DATA LU/i/,IMP/6/,ISEVR/i/ 
DATA LOBLO/iO24/,LOSEG/2S6/,LO()ER/64/,NCOMP/3/ 
DATA LOBUF/1024/,LOBUS/i28/,LOSPE/i281 
DATA NB13EG/'-D/ )NBLOS/3/,NBLOF/91 ,NELEM/6/ 
DATA �lUFR I/28/, t�UFRL/ 78/,NBFRQ/5i/,NSTEF/3il NTOTF/iS8i,/ 
DATA IFICH/2H#S,�HUR,�HV2,2H�tP/ 
DATA TETE/ i5* 4H ,4H0RAS/ 

C 
C 'ZERO' reset array for eigen-values 

DO 135 K=i,NSTEF 
DO i35 J=i)NBFRQ 
DO I35 I=i , NCOi'�fP 

a35 MEIG(I,J,K)=0 
C 

DO 2300 KSTE=I,NSTEF 
C ·''SURV' access to gzas.survey data 

CALL SURVA(LU�IFICH,ITABL,3200,IS4) 
�RITE(LU ,141) (ITABL(I), 1=1, 5) , (ITABL(I) ,1=126,128) 

C 'OPER' reset Macroprogn i accuMula-tors 
C transfer to oras (sliding window with overlay) 
C activation of MacroprogroM (ACSY) 

CALL GLIMA(IiMP,ISEVR,MAGN(i,i),NCOMP,LOSEG,LOBLO,LOt)ER) 
C IRSPEI wait for "end of coMputation" 

" (ACMA synch) 
C retrieve average spectral Matrices 
C overla� on raw data 

CALL RESPE( IMP , ISEVR , MATS ( 1 , i ) , IFABL( 1 ) ,LOSPE ,NBLOS , NELEM) 
C 'EIGN' caMputes Eigen-values in limited bandwidth 

CALL PEIGNEIMP,WEIG(1,1,IS4+1),W�TS,NUFR1,NUFR2) 
C 'PLGr�!' plot eigen-values for current frequency step 

CALL GRAGN(IMP,LUCO,MEIG(l,i,IS4+i),3,NBFRQ, IS4 ,i 
, ,LIMG,TITR,T.ETE) 

;?300 CONTINUE . 
C 

END 




