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FRINT &09,NOREC
6079 FORMATC(/2X» "NUMBER OF SEGMENTS WILL RE USED IN *W0SA': '»I4)
€
CEHKERKERE KR L L AR KKK K LE KK AR EEKKEKEKKLRKH KK KL KK KK E KRNI KRKL ALK KKK
C

IF (IW-2) 610+620,630

U

410 FRINT 411

&1t FORMAT(/SXy ' TYFE OF WINDOW: RECTANGULAR")
GO TO 540

C

&20 FRINT 621

621 FORMAT(/9X: "TYFE OF WINDOW: TRIANGULAR')
GQ T2 4640

C

&30 FRINT 531

431 FORMAT(/SXy "TYFE OF WINDOW: HAMMING')

C

&40 FRINT A4l (NAMEQO(I},I=1,11)

541 FORMAT(/10X, QUTFUT FILE NAME! “,11Aa1)

C

C T

~T =

I -

Ea STOF
ENT

FROGRAM MEMSFT
(UAX VMG VERSION)

THIS FROGRAM ESTIMATES THE FSD FUNCTION
BY MEANS OF THE MAXIMUM ENTROFY HMETHOD
(MEM) OR THE AUTO REGRESIVE (AR) METHCD.

1. COHENsA., RIOMEDICAL SIGNAL FROCESSING
CRC FRESS: CHAFTER 8

2., BURG,J.F.» MAXIMUM ENTROFPY SFECTRAL ANALYSIS
FROC. 37TH ANN., INST., MEETING S50C. £€XFLOR.
GEOFH. »OKLAHOMA,1947

INFUT S
UNFORMATTED INTEGER DATA FILE
NQ. OF RECORDS AND SAMFLES DETERMIND
RY USER
QUTFUT? .
= - UNFORMATTED, INTEGER FILE WITH ONE RECORD

— STORING THE NORMALISEDN FSD ESTIMATIONS

LINKING?
NACOR DLFPC, XTERMRFILE,WFILE

OO OOO OO0 00000 OO00ocO 0o Os

INTEGER ISAMF(2048),1AUX(2048)
REAL SAMF(4096),yCOR(41),LFC(A41)»FAR(A1) »RHOC4L) yAUX (A
RYTE NAME(11),NAMEL1(11)

READ INFUT FILE

[N R Ee!

CALL RFILE(NAME:ISAMF,NTS,IAUX)
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Biomedical Signal Processing

DO 3 I=1sNTS

SAMF (1) =IGANMF(I)

TYFE 103

FORMAT (H$'GIVE ORDER OF AR MODELD 72
ACCEFT %' NAR

IF(NAR.LE.40) GO TO 888

TYPE 109

FORMAT (X' #AX. ORDER OF AR MODEL IS 40 t!7)
‘GO TO 887 .

TYFE 88s&

FORMAT (1H8 'GIVE ORDER OF SFECTRUM VECTOR: )
ACCEFT %517

CALCULATIONS OF CORRELATION

NCORF1=NAR+1
CALL NACOR(SAMFsNTSsCORsNCORF1/ENG)

ESTIMATIONS OF AR COEFFICIENTS -
CALL DLPC(NARyCORrLFCyPQR;AUX;ERR)

FSD ESTIMATION s
CALCULATE RHDO WITH AO=1

RHOO0=1.0
00 320 K=1sNAR
RHOO=RHOO+LFC(RY*LFC{K)

CALCULATE RHOI

00 360 I=1,NAR-1

RHOI=LFC(I)

00 340 J=1,NAR-I
RHOI=RHOI+(LFCCII YR (LFCOI+IN
RHO(I)=RHOI

CONTINUE

RHO(NAR)Y=LFC(NAR)

CALCULATE THE DISCRETE SFECTRUM

#I12=8,0%ATAN(L.0)
IT2=2%IT

00 400 K=1,1IT
SIGHA=0.

‘pQ 380 I=1,NAR
SIGHA=SIGHA+(RHOCI) Y XCOS(FI2XIX¥R/ITE)
CONTINUE
SAMF (K)=ERR/(RHOO+2%SIGMA)

CONTINUE

CHYXKXXxk¥k NORMALIZATION OF ESTIMATED FSD FUNCTION XREEXXEXEX

C

7
c

CALL XTERM(SAMF»ITsCHAX,CMIN?
ACMIN=ARS(CHIN)

IF(CHMAX LT, ACMIN) CHAX=ACHIN

ng 7 I=1s1I7 -
ISAﬁP(I)=INT((SAMP(I)/CMQf§*1024+O.5)

Cxxxkxkxxx QUTFUT FROCEDURES xxxgxx§#x

c

110

CALL WFILE(NAMELsISAMF+ITsNORX)
FRINT 110
FORMAT (20X RESULTS OF FROGRAM MEMSFT-" /25X

mmr‘;nomnnmnﬂnnﬁmmmnocmmr’:rxmomﬂmmno

oaon

10

10
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FROGRAM NOICAN
(UAX UMS VERSION?

THIS FROGRAM USES THE

MS ADAFTIVE COMBINER
TO REALIZE ADAFTIVE NOISE

CANCEILLING FILTER

INFUT?
1. UNFORMATTEDR INTEGER DATA FILE HOLDING
SIGNAL SAMFLES (FRIMARY INFUT)
7, UNFORMATTED INTEGER FILE HOLDING REFERENCE
SIGNAL SAMFLES.
QUTFUT:

1, UNFORMATTED INTEGER FILE HOLDING FILTERED
QUTFUT SAMFLES.

LINK;  LMSsWFILE,RFILE
SEFERENCES!
{. COHENsA. BRIOMEDICAL SIGNAL FROCESSING

CRC FRESSs CHAFTER 9.

2, WIDROW,E., ET AL, ADARTIVE NOISE CANCELLING
FRINCIFLES AND AFFLICATIONS FROC, IEEE,»63:1492,1973

r)("Jﬂ!‘7(‘1[—)OF)(’)("JOO(‘:I’){“J(”):’)(‘JFAL’)O(‘;f‘)(‘)r_}ﬂﬂ(‘)F‘)ﬁﬂf”}

DIMENSION ISI(10000)»ISR(10000),I80(10000),IAUXILICI4"
REAL MU»X(S0)sW(S0)

INTEGER QORD

BRYTE NAMEIC(11) ,NAMERCL1),NAMEQ(11)

C

C READ INFUT AND REFERENCE FILES

C
TYFE 1200

1000 FORMAT(//X'DATA INFUT FILE:D 7))
CALL RFILE(NAMEI»ISI/NSAMI,IAUX)
TYFE 1001

1001 FORMAT(//X'REFERENCE INPUT FILE! 7D
CALL RFILE (NAMER,ISRsNSAMR,IAUX?

c

C GET FILTER’S FARAMETERS

¥ ESTIMATION OF FSD BY THE MAX. ENTROFY ALGORITHN (AR) ")

FRINT 111y (NAME(I) I=1-11)

111 EORMAT (/10X INFUT FILE NAMED “11A1)
FRINT 112rNTS

112 FORMAT (10X /TOTAL NO. OF SAMFLES: ‘I4
FRINT 113:NAR

113 FORMAT (10X’ ORDER OF AR MODELD “I4)
ERINT 2145 (NAMEL(I)»I=1,11),1IT

114 FORMAT(/iOX’OQTPUT FILE NAME: “11na1/

« 10X’NO. fIF RECORDS: 1 NO. OF SAMFLES: "I4)

S3TOF

END
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TYFE S

FORMAT(/H$ GIVE FILTERS FARAMETERS: MUr ORDER AND GAIN:
ACCEPT %sMU,ORD/GAIN

[

c
c FREFARE REFERENCE VECTOR
¢
np 102 I=1s0RDU-1
102 X(I)=ISR(ORI~I)»XGAIN
C
C INITIATE WEIGHTING VECTOR & EPSI
C

ng 103 I=1,0RD
103 W(I)=0.
EFSI=ISI(ORD-1)%GAIN

INITIATE OQUTFUT VECTOR

e Ee!

Do 1046 I=1+0RD
104 1S0(I)=ISI(1)
C****XX***X**X****X#**X*X****X*XX#**X****XX**X**XXX**

I
i START FILTERING DATA
C .-
104 CONTINUE R
0o 105 J=0ORDsNSAMI ;
C
c UFTIATE REFERENCE VECTOR
C

Do 107 I=0RD,2sy-1
107 X{I)=X(I-1?
X(1)=ISR(JI¥GAIN

C
C GET NEW DESIRER OUTFUT SAMPLE
c .
p=ISI(JIXGAIN
CALL LMS(XrORD s Wy HUSEFSI Y IV
180()=INT(EFSI/GAIN+0.5)
1035 CONTINUE
C****#X*X*XX*X*X#****X**#***X*X******#*XX**********XX#
C .
c ) WRITE QUTFUT FILE
c
CaLL WEILE (NAMEQ IS0 NSAMINORD)
c
c FROGRAMS DETAILS
C
TYFE 201
201 FORMAT(//10X’ RESULTS OF ALFCAN FROGRAM’/)
TYFE 200 (NAMEI(I) I=1,11)
200 FORMAT(SX/INFUT FILE NAME! ‘11A1)
TYEE 202, (NAMER(I)yI=1-11)
202 FORMAT (/5X/REFERENCE FILE NAME: ‘11A1)
TYFE 2037 (NAMEQ(I) I=1,11) ’
203 FORMAT (/5X‘0UTFUT FILE NAME?: ‘11A1)
STOF
END

)

(]

OO OOn o0
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FROGRAM CONLIM
(VAXx UMS VERSION)

THIS FTOGRAM DETECTS WAVLETS BY MEANS OF THE CONTOUR LIMITING
HETHOD . THE FPROGRAM READRS THE TEMFLATE SIGNAL (ITEMF) FROM

A FILE.

UFFER anD LOWER CONTOURS ARE DEFINED

JFFPER CONTOURCID=ITEMF(IDH+((EFSIIXITEMF {I+CON)
LOWER CONTOUR(CID =ITEMRF(I)~((EFSIYXTTEMF (D) +COND

THE FROGRAM THEN READS THE ACTUAL NOISY WAVLETS SIGNALIS(I),
FROM ANOTHER FILE AND DETECTS THE FRESENCE 0OF THE WAVELETS.
DETECTION LAW:

WAVELET IS DETECTED {F FOR AT LEAST O.9%NOFT SAMFLES
(NOFT BREING THE NGO, 0OF SAMFLES IN THE TEMFPLATE) WE
HavE

.y W
LOWER COMTOURC(IDLLE.IS(I).LE.UFFER CONTQUR(I)

INFUT FILES?
1. UNFORMATTED INTEGER TEMFLATE FILE WITH
ONE RECORD AND NOFT SAMFLES.
2, UNFORMATTED INTEGER SIGNAL FILE WITH NREC
RECORIS AND NOFS SAMFLES FER RECORLD,

QUTFUT FILE:
1. UNFORMATTED INTEGER FILE WITH 3 RECORDS
AND NOFT SAMFLES FER RECORD, THE RECORDS:
1. THE TEMFLATE
2.UFPFER CONTOUR
J.LOWER CONTOUR
2VUNFORMATTEDR INTEGER FILE WITH NREC RECORDS:
NOFS SAMFLES PER RECORD. THE FILE CONTAINS
THE LOCATIONS OF DRETECTED WAVELETS (DETECTED
WAVELET IS DENOTEDR BY A FULSE OF AMPLITUDRE
0F 8123
REFERENCE?

COHEN,A, BIOMEDICAL SIGNAL FROCESSING
CRC FRESS: CHAFPTER 1

»

INTEGER ITEMF(2048),I5(4094):IF(4096)
BYTE NaMEL(11),NAME2(11)»NAMEI(11) yNAKE4 (11

READ TEMFPLATE FILE

TYFE 100 )

FORMAT(H$ "ENTER INFPUT TEMFLATE FILE NAME )
ACCEFT 119/NCHL1s(NAMEL(I)sI=1,11)
FORMAT(Qr11A1)

TYFE 101
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FORMAT(H$ "ENTER NO. OF SAMPLES IN TEMPLATE: )
CACCEFT %y NOPT

CALL ASSIGN (1,NAMEL1,11)

NOFT2=NOFT%2

DEFINE FILE 1(1yNOFT2,UsIVAR)

TYFE %, NO, OF SAMFLES IN TEMF= “,NOFT

READCI/ 1Y CITEMF(I)»I=1sNQFT)

CaLL CLOSEC(L)

READ SIGNAL’S SAMFLES FROM INFUT FILE

TYFE 102

FORMAT(HS$ "ENTER NAME OF SIGNAL FILE: )

ACCEFT 119 sNCH2y (NAME2(I)sI=1,11)

TYFE 103

FORMAT(H$ "ENTER NO, OF RECORDS AND SAMPLES FER RECORD! 7)
ACCEPT X,NREC,»NOFS

NOFS2=NOFSX2

FREFARE DUTFUT FILES

TYFE 104 -

FORMAT (H$ENTER CONTOURS OUTFUT FILE NAME! /)
ACCEPT 119sNCH3s (NAME3Z(I)sI=1,s11)

TYFE 105

FORMAT(H$ ENTER SIGNAL OUTFUT FILE NAME: ’)
ACCEFT 119sNCHA4s (NAME4(I)sI=1r11)

CALL ASSIGN(2:NAMEZ»11)

DEFINE FILE 2(NREC,NOFS2,UsIVAR)
CALL ASSIGN(4,NAME4»11)
DEFINE FILE 4(NREC,NOFS2sUsIVAR) !

TYFE 106

FORMAT(H$ "ENTER CONSTANT AND RELATIVE CONTOUR PARAMETERS! /)
ACCEFT XyCONSEFSI

LOOF ON ALL SIGNAL RECORDS

NOFTH=INT(NOFT/240.3)
NOFTL=INT(NOFPTX0,.9+0,35)
NHMODS=NOFPS+NOFT~-1 tNO. OF SAMPLES IN BUFFER

D0 2 K=1,NREC

TRANSFER REMAINDER OF FREVIOUS BUFFER TO CURRENT RUFFER

FIRST RECORD READ DIRECTLY (NO REMENANCE)
IF (K.LT.1) GO 70O 12

READ(271)(IS(J)» =1, NOFS)

G0 T0 13 -

g 3 J=1y(NOFT-1) > .
ISC1)=IS(NOPS~-NOFT+J+1) -~ -
READ(2/K)Y (IS(J) s J=NOFT NMODS)

00 4 J=1sNOFS

IF(I)=0

IC=0

D0 9§ JJ=1sNOPT !
CORF=ITEMF (JJUYXEFSI+CON . : =
H=ITEMF(JJ)+CORF

L=ITEMF(JJ)~-CORF

JMi=J+JJ-1

sieRy] wi

s

) 3¢y 0

10!

it

OO0

AR AAOOOO0ADE 000000000000 00000N0N0000

N
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IFILLLE ISOIML)Y WAND L ISCIML)Y W LE.H)Y IC=ICH+1
IFCIC.LT.NOPTL)GO TO 4

A WAVELET HAS BEEN DETECTED

IF(J)Y=512
CONTINUE
WRITEC(A'K)(IF(Y)Y s J=1NOFS)

CONTINUE
END DETECTION

CALL CLOSE(2)

CALL CLOSE(4»

CALL ASSIGN(Is/NAME3>11)

DEFINE FILE 3(3s,NOFT2,UsIVAR)
WRITE(3 1) (ITEMFP(I)>»I=1,NOFT)
DO 10 I=1sNOFT
ITEMP(I)=ITEMF(I)%(1,+EFSI)+CON

WRITE(372) (ITEMF(I)sI=1/,NOFT)
DO 11 I=1,NOPE X_
X=TTEMF(I)

ITEMP(I)=((X~-CON)/(1.+EFSI))%(1,~EFSI)~CON
WRITE(3 3) (ITEMF(I)sI=1,NOFT)
STOF

END

FROGRAHM COMFRS

(VAX UMS VERSION)

THIS FROGRAM COMFUTES A TRANSFORMATION MATRIX, TO REDUCE THE
FATTERN SFACE, BY THREE METHOIS: KARHUNEN LOEVE (KL)+ ENTROFY
HINIMIZATION (ENT) AND FISHER DRISCRIMINANT (FI).

THE TWO CLASS FROELEM IS CONSIDERED RY THE FROGRAM.
FPROBABILITIES OF CLASS AFFEARENCE HAS REEN ASSUMED

EQUAL T0O 0.5 FOR THE TWO CLASSES.

COMFRESSION IS FERFORMED TO FRESERVE SEFERABILITY OF

CLASSES ACCORDING TO THE VARIOUS CRITERIA OF THE THREE METHODS.

THE FIRST ANDN SECOND METHORS REDUCE THE N DIMENSIONAL FATTERN

Ed

SFACE TO0 AN M DIMENSIONAL FEATURE SFACE (M < N).

FISHER UDISCRIMINANT REDUCES THE DIMENSIONALITY TO HM=1,

INFUT:
1. A DATA FILE HOLDING A MATRIX OF L1 VECTORS

OF DIMENSION N, CORRESFONDING TO THE MEMBERS
OF THE FIRST CLUSTER.

2. A DATA FILE HOLDING A MATRIX OF L2 VECTORS
OF DIMENSION Ny CORRESFONDING TO THE MEMBERS
OF THE SECOND CLUSTER.
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QUTPRUT

1. A DATA FILE HOLDING M VECTORS OF DIMENSION N»y
CORRESFONDING TO THE TRANSFORMATION MATRIX
OF THE COMPRESSION., IN THE CASE OF FISHER

METHOD H=1.

REFERENCES:!

1. COMENsA,y BIOMEDICAL SIGNAL FROCESSING:

CRC FRESS, CHAFTER 12

2, TUDA,F.»0,7yAND HARTsF.sE.y FATTERN
CLAGSIFICATION AND SCENE ANALYSIS, WILEY

INTERSCIENCE, N.Y.» 1973

3, FUKUNAGAsK.s INTRODUCTION TO STATISTICAL
PATTERN RECOGNITION, ACADEMIC FRESS

M.Yor 1972

4, TOUsd,rTow saAND GONZALEZsR.rCos

FPATTERN

RECOGNITION FRINCIFLES: AIDISON-WESLEY

REALING s MB.91974

3

LINKING: EIGEN;RFILEM;NFILEM:NEAN:COUA;ADD:INVER:HULrSYHINU

DIMENSION X1(407500)7X2(407500)rXﬁ(40)1XM1(40)yXH2(40)
DIMENSION R2(40740)7R1(4014O);Cl(40140)r02(40x40)

DIMENSION CINV(40s40),COR(40740)5C0V(40,40)

DIMENSION HELTA(4O)7DEL(40:4O)vA(4Oy40)wa(4O)wa(40)

INTEGER TAUX(80)
RYTE NAME1(11)sNAMEZ2(11)

TYFEXy * FLEASE SELECT A REDUCTION METHODG!S
TYPEX :
TYFEX: ' K-L (FROM N-DIM. TO M DIM.)s..eo.s TYFE <13 AND <CR=
TYFEX, * ENT (FROM N~DIM. TO M DIM.)esv.... TYPE . AN <CR»
TYPE%s ' FIS (FROM N-DIM. TO 1 DIM.)vessees TYPE - AND <CR3
TYPEX
TYFEXy " FLEASE TYFPE THE METHOD CODE:! '’
ACCEFTX s ME
M=1
IF (ME.EQ.3) GO TO 807
TYFE %y GIVE DIMENSION OF REDUCED SFACE: 7
ACCEFT %9 M
CONTINUE

READ INFUT FILES

> .

TYFE 77721 S -

FORMAT (/3X’READ DATA FROM FILE OF CLASS NG, 3
CALL RFILEM(NAME1sX1,405500:L1sN)

TYFE 77742
CALL RFILEM(NAME2sX2,407500-L2yN)

MEAN CALCULATIONS

CALL HEAN(X1r40s500yNsyL1yXHM1)

‘12/)

Y

30

Lm0

- —
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CALL MEAN(X2:40:300sNsL2sXND)
COVARIANCE CALCULATION

CALL TOYA(X1r40r500,NsL1,XHL,CL)
CALL COVA(X2,40¢500 N L2 XH2,C2)

COMMON COVARIANCE

Fa=0.5

CALL ADDIC1,C2,C0V-40540yNsN» 1Y
00 48¢ I=1:N

Do 480 J=1sN
COV(I»)=FAXCOV (L2

INVERSE OF COMMON COVARIANCE

CaLL INVER(COV,40+,40,N-CINV) ICINV:INVERSE OF COMMON COVARIANCE
Ni=1

. -

FISHER METHOL
IF(ME.NE.3) GO 7O 80O
FREFARE MEAN DIFFERENCE

CALL ADD(XM1 XM2,DELTA»40,1yNsNLs-1) TRELTA IS
THE DIFFERENCE IN CLUSTEREZ MEANS.

CALCULATE FISHER VECTOR (CINUXDELTA)
CAaLL MUL(CINUs 40540 sHELTA,40,1>0EL,40,1 Ny NyNL)
NORMALIZE FISHER VECTOR

KXN=D .

0o 810 J=1sN

XAN=XXN+DEL(J» 1) XDELCJr 1D

XXN=GRRT (XXN)

00 811 J=1»N

ACJs1y=DEL{Jy 1) /XXN IFIRST ROW OF A HOLDS NORM. FISHER
GO TQO 778

CONTINUE

MINIMUM ENTROFY METHOD

IF(ME.NE.2Y GO TO 801
CALL EIGENCAQ/NsCOUsWR, WI Ay TERRIWO)

Go TO 778
CONTINUE

K-L METHOD
IF (ME.NES 17T60TO 77
COMMON CORRELATION

00 400 I=1i»N

XHMeId=0, PXM IS A NULL VECTOR DUMMY MEAN
CALL COVA(X1+405500sNsL1,XMsRL) IRL IS CLUSTER 1 CORRELATION
CALL COVA(X2:405500/NsL2yXMyR2) !'R2 IS CLUSTER 2 CORRELATION

CALL ADD(R1yRZ,COR,40,40,NyNs1)ICOR IS THE COMHMON CORRELATION
00 451 I=1+N

00 451 J=1+N

COR(CI- ) =CORCI» /2,

CONTINUE

Call EIGEN{(40sN,CORsWRWI A IERR WO
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CHANGE ORDER OF ROWS TO GET EIGENVECTORS
CORRESFONDING TO W LARGEST EIGENVALUES
(R1 IS HESTROYELD)

D0 808 I=1:N

D0 808 J=1+M
JJd=N-J+1
R1i{I,J)=aCIrJd)
00 809 I=1sN

[0 809 J=1+M
ACIsI)=R1ICI )
GO TO0 778

TYFEXs’” SORRY, SELECT A METHOD AGAIN (CODE 1-3)111)~

GO TO 803
CONTINUE

WRITE TRANSFORMATION ON OQUTFUT FILE

CALL WFILEM(NAMEL1+A»40+40sMsN)
ENI

SUBRDUTINES

SUBROUTINE LMS(XsyNsyWyMUsEFSIsYD

THIS SUEBROUTINE REALIZES THE ADAFTIVE LINEAR
COMEINER BY MEANS OF WIDROW'S ALGORITHHM

X- THE REFERENCE VECTOR

N- THE ORIER OF X

W- THE WEIGHTING VECTOR
SURROUTINE RECIEVES CURRENT WEIGHTES
ANDI' TRANSMITS FREDICTED WEIGHTES

MU- THE GRADIENT CONSTANT

EFSI- CURRENT OUTFUT,

FILTERED SIGNAL

Y~ ADAPTIVE LINEAR COMEINER’S OQUTFUT»
ESTIMATION OF NOISE

- FRIMARY INFUT SAMFLE
REFERENCE:

WIDROWsB. ET ALs ADAPTIVE NOISE CANCELLING
FRINCIFLES ANLII AFFLICATIONS,PROC. IEEEy
631169251973

GIMENSION W(1)»X(1)
REAL MUSEFSIsY D

F

CALCULATE CURRE&? COHBINER’S OUTFUT
Y=0.0

DO 2 I=1sN
Y=Y+W(I)XX(I?

CALCULATE CURRENT OUTFUT

EFSI=D-Y

e skalalsiriniainivisiaisle ot alaka el e i

[8]]

S
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JFDATE WEIGHTING VECTOR

CONS=2¥MUXEFSI

0o 1 I=tisN
W(I)=W (D) +CONSEX(I)
CONTINUE

RETURN

END

CSUBROUTINE NACOR(SsL,CORsNFL,ENG)

THIS SUBRROUTINE COMFUTES THE NORMALIZED
SEQUENCE (IN NORMAL USE, AS AN INFUT TO

THE L.P.C EXTRACTION SUBRROUTINE).

-7 %

R R R R R

.

+INFUT VECTOR
Levvreenvensrsnvrreeserss THE DIHENSION OF

AUTOCORRELATICN
‘DLFC*

Qn

'S

CORcrvervevransrsrnssesrs o VECTOR OF NORMALIZED AUTOCURRELATION

NFL v s eronrervesnon

++THE DIMENSION OF

*COR"+1

(CORRELATION COEFF, FROM ZERD TO0 N)
ENG.vvrrnnovvroassreassse THE ENERGY OF THE INFUT.

REAL S<(1),COR(1)
ENG=0

g s I=t,L
ENG=ENG+S{(I)x%xx%2
D0 10 I=Z,NF1
CORCII=0

Do 20 J=isL+1-1
CORCIV=CORCIN+S(IIXS(I+I~-1
COR(I»=COR(I)/ENG
COR(1)=1

RETURN

END
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SUBRROUTINE DLFC(P+COR:LFC,FPARsAUX,ERR)

THIS SUEBROQUTINE COMFUTES THE LFC»
THE FARCOR COEF. ANDI' THE TOTAL SQUARED ERROR
OF A SEQUENCE, 0UT OF THE AUTOCORRELATION SERQUENCE.

HESCRIFTION OF FARAMETERS

B et ever s nrarersesos DIMENSION OF *LFC®,*FAR® 3% "AUX",
CORvevrnnnnnoesveesersss ¥F+1 AUTD-CORR., COEF. VECTOR.

LEC v s sravesveavrssreess LFC COEF, VECTOR,

FAR s rrnnvsessvssrerass FARCOR COEF VECTOR.

AUX v evressahonreerres s WORKING AREA.

ERF v vnvovnonsnsesvseoess NORMALIZED FREDICTION ERROR.

REFERENCE?

1., MAKHOUL,J.s® LINEAR FREDICTION!A TUTORIAL
‘REVIEW® »FROC. IEEE 63556151975

4

LINK: NONE

ﬁﬁﬁ(‘)f’ll‘)r’)ﬂ(‘)(‘}(‘)Oﬁﬂonﬁnmﬁnﬂﬁ(’)ﬁﬁﬁﬁﬂ

REAL COR(1)sLFC(1)sPARCL)Y »AUX(1)
INTEGER F
FAR(L)=-COR(2)
LFC(1)=FAR(1)
ERR=(1-FAR (1) %%2)
ng 10 I=2,F
I11=1-1 s
TEMF=-COR(I+1)
DO 20 J=1,1I1

20 TEMF=TEMF-LFC(JY*COR(1+I-1)
FAR(I)=TEMF/ERR
LEC(IY=FARCI)
00 30 K=1rs11

30 AUX(K)=LFC(RK)+FAR(IIXLPC(I-KD
ng 40 L=1,1I1

40 LFC(L)Y=AUX(L)

10 ERR=ERRX(1-FAR(I)%X%x2)
RETURN
END
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SUBROUTINE DLFC20(CORsXMAT)

THIS SUBROUTINE COMFUTES THE LFC
AND THE TOTAL SQUARED ERROR FOR
ALL THE FREDNICTORS FROM ORDER 1 UF 70O 20.

DETAILS AND COMMENTS SEE SURRQUTINE DLFC

COR..evveswrvvessess2l AUTO-CORR, COEF., VECTOR

MAT o e v virssnevsess  MATRIX WHICH CONTAINS THE SOLUTION OF ALL
THE FREDICTORS.THE FIRST COLUMN CONTAINS
THE NORMALIZED ERROR.

REAL COR(21),XMAT(20,21)sFARC20)SLPC(20) Y (23)
FAR(1)=-COR(2)
LFCCL)Y=FAR(L) _
ERR=(1-PAR(I¥X%x2)
XMAT(1,1)=ERR
XHAT(L1,2)=LFC(1)

DO 40 1=2,20

I1=I-1

TEMF=-COR(I+1)

ng 20 J=1,11
TEMP=TEMF-LFC(UIXCOR(14I~1)
FAR(I)=TEHF/ERR
LFC(IY=FPARC(I)

g 30 K=1,I1
Y(R)=LFC(K)+FARCIIXLFC(I-K)
g 40 L=1,1I1

LPC(LI=Y (L)
ERR=ERRX(1-FAR(I)Y%x%x 2
XMAT(I,1)=ERR

DO 60 J=1,20

XMAT(I d+1)=LFPC(D

CONTINUE

00 70:I=1,20

TYFEX,I

TYFER s XHAT (I L)y 77w oomv~~ sy XMAT(I»2)
CONTINUE

RETURN
END
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SURROUTINE FTO1A (IT»INV,TR,TI)

THIS ROUTINE CALCULATES THE DISCRETE FOURIER TRANSFORM OF
THE SEQUENCE F(NY5 N=Qslsr...r7IT-1

THE DATA 1S TAKEN TO.BE FERIODIC NAMELY! FIN+IT) = FANY.
1T IS THE SEQUENCE DIMENSION AND MUST RE A FOWER OF 2.
THE FROGRAM CALCULATES THE [DIRECT TRANSFORM (INV=2)y

FOR WHICH:

G(M) = SUM OVER N=0s1,,.,s17-1 OF F(N)XEXF(2FIXSART(-1)XNXH/IT)
FOR M=0slys,0.rIT-1

IT ALSO CALCULATES THE INVERSE TRANSFORM (INV=1), FOR WHICH?

F(NY = (1,/IT)%(SUH OVER M=0sly..sIT-1 OF G(MYXEXF(-2FI%SQRT(-1)X
NXM/IT) FOR N =0r15.04r17-1

IF IT IS NOT A FOWER OF 2y INV IS SET TO -1 FOR ERROR RETURN.
THE SUERDUTINE ACCEFTS REAL AND IMAGINARY FARTS OF SEQUENCE

T0 EE TRANSFORMEDRl IN ARRAYS TR (REAL) ANDI TI (IMAGINARY).
TRANSFORMED RESULT IS RETURNED IN THESE TWO ARRAYS.

OOO("JOOOOOOUOOODOOOOOGO

NOTE THAT WHEN DIRECT,FET OF A REAL SIGNAL IS FERFORMED
SIGNAL SHOULD EE IN ARRAY TR AND ARRAY TI MUST RE ZEROELD,

REFERENCE?

1. GENTLEMAN ANI' SANIDE,
FROC. FALL JOINT COMFUTER CONFER. 1966

ITveeseesosasservss SERUENCE OIMENSION(MUST BE FOWER OF 2 Pl
TU.eoerrnnrseoserss 1 —= INVERSE TRANSFORM,
2 -~ DIRECT TRANSFORM.
TRuveeresoessrrsess REAL FART ARRAY.
Tloweeoveosrsorerss IMAGINARY FART ARRAY.

nnnnmmnr‘:ﬁnnomonmnnonm

DIMENSION TR(4)sTIC4)UR(15)ULI(1E)
- INTEGER KJUMF
KJUHMF=1

GO TO(1005200) KJUMF
100 UM=.5
ng so I=1,1%
UM=.5%UM
TH=6.,283185307178%UM
UR(I)Y=COS(TH)
50 UICI)=SIN(TH)
200 UHM=1.
G0 TO(1s2)sINV
UtH=-1.
10=2
ng 3 I=2,16 -
10=10+4+10 - -
IFCI0O~IT)Y37415
2 CONTINUE
c ERROR IN IT - SET INU=-1 ANDI RETURN
INV=-1
RETURN
€ IT= 2%%I - INITIALISE OUTER LQOF
4 10=1
I1=10
I1=17/2
I3=1

SIS

[&)
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c START MIDDLE LOOF
10 K=0
I2=I1+11
CALCULATE TWIDDLE FACTOR E(K/IZ2)
11 WR=1,
WI=0.
KK =K
J0=10
24 IF(KK)21,22,01
21 JO=J0-1
KK1=KX
KK=KK/2
IF(KK1-2%KK)23,21,23
23 WS=WRRUR(JO) -WIXUI(J0)
WI=WRRUI (JO) +WIXUR(JO)
WR=WS
G0 TO 24
22 WI=WIkUN
C START INNER LOOF
J=0
C DO 2%2 TRANSFORM
I1 L=J%I2+K oo
Li=L+11 -
IR=TROL+1I+TR(LLI+1)
ZI=TICL+IY+TICLLI+1)
Z=URX CTROL+1) ~TR(LI+1) ) -WIRC(TI(L+1)-TI(L1+1))
TICLI+1)=WRX(TI(LFL)~TI(LI+1) ) +WIRK(TR(L+1)-TR(LI+1))
TR(L+1)=2ZK
TR(L141)=Z
TI(L+1)=71
INDEX J LOOF
J=Jd+1
IF(J-I3)31,12,10
| c INDEX K LOOF

[ae]

[}

12 K=K+1
IF(K=TI1Y11,4+6
; C INDEX OUTER LOQOF
! 6 I13=I3+I3
; 10=10-1
I1=11/2
IF(I1YS1s51,10
C UNSCRAMELE
S1 Jd=1
UM=1,
GO TOi61,52), 1INV
51 UM=1./FLOAT(IT)
52 K=0
Ji=J
[0 S3 I=1,I1
J2=J1/s2
K=2%(K-J2) 401
53.J1=42
54 IF(K-J)64556555
56 TROJHID=TR(J+1) XUM
TICJ+1)=TICI+1)%UN
GO TO 664 s
. 55 ZR=TR(J+1) . -
ZI=TI(J+1) -
TROJ+H1Y=TROK+1) XUM
: TICJ+1=TI(K+1)%UN
; TROK+1)=ZR%UHN
TI(K+1)=ZI%UM
86 J=J+1
IF(U-IT+1)52,57,57
57 TRO1)=TR(1)%UM
TIC1)=TI(1)%XUHN
TROIT)=TROIT)%UM
TICIT)=TICIT)YXUM
RETURN
END
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SUBROUTINE XTERM(XsNyXMAXsXMIN)

i

THIS SUBROUTINE FINDS THE MAXIMAL AND MINIMAL
VALUES OF A GIVEN (REAL) VECTOR

et REAL VECTOR

N mm oo DIHENSIONS OF X
XMAX == m == o m e MAXIMAL VALUE OF X
XMIN==== = m e MINIMAL VALUE OF X

REAL X(1)

XHIN=99E+35

XHAX=-XMIN

Do 1 I=1sN

IF (X{I).6T.XMAX) XHAX=X(I)
IF (XCIY LT XMIN) XMIN=X(I)
RETURN

END

SURROUTINE ADDCASBFsN1sN2yNsHMyNCA)
SUB FOR MATRIX ALNITION OR SUBSTRACTION

AsrBrF.ovsveessA ANDD B ARE THE MATRICES TO
BE ADDED OR SURTRACTEDs THE
RESULT IS STORED IN F.

NiyN2....... . NO, OF ROWS AND COLUMNS OF
MATRICES As By AND F AS
NIMENSIONED IN MAIN FROGRAM.

NeMooovs oo »OIMENSIONS OF THE DATA IN MATRICES
NCA s e es s CA=T F=A+ER
Cha=-1 F=A~H

DIMENSION ACNLSN2)sB(ONIsN2Z)Y»F(N1,N2)
D0 101 I=1,sN

D0 101 J=1i,M

FCIv D) =ACT s J)+(NCAXR(I,J))

CONTINUE

FRETURN

EMD

[¥Re Ry

Crm MmO 0 O 6o
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SUKRKDOUTINE MUL(AYNAL/NAZ By NERL-NB2, U NDL,NDD,NLIN2YND)

SUR FOF MATRIX MULTIFLICATTION.®A® % "E' ARE [HE MATRICES

RE MULTIFLIED."D®
NATNAZ, »
NBUSNERZ. .,
NDLeNDZ,

MLeNT .,

M2ANT e

MLaNZ e

DIMENSION & (HALyNA
DO 35C I=1rN1

no 3sc t&=%N3

e NYy=n

O 40 w=1:N2

1¢ THE FPRODUCT.

Lea S DIMENSTIONS OF

e JOIMENSTONS OF

s JOIMENSTONS OF

..... NUO. OF #0WS AND
WITH DATA TO BE

LGNGO OF
WITH D&t

FOWS AND
Te RE

IN MAIN FPROGRAH
IN MAIN FROGRAM
IN MAIN FROGKAN

COLUMNS OF A
MULTIFLIED

COLUMNS OF &
MULTIFLIED

o

LW EART OF DOIN WHICH RESULT IS STOREDR

SCLeRY 0Ly R FACTY M) KB(H R

TONTINUE
RETUR®Y
£

SURROUTINE MEAN(XsNLyN2ZsNsL s XM

THIS SUBROUTINE

VECTORS

Aevvvrersaf
COLOUMNS ARE THE Ls
THE MEAN OF WHICH

Nlsovewan

N2..4sys0s» THE NGO,

.« THE NO.

DY BONBLSNRI) s HANDLyND2)

ESTIMATES THE MEAN OF A SET aF

HATRIX OF DIMENSION N¥L WHOSE
N DIMENSIONAL VECTORS

IS REQUERED.

0F ROWS OF X AS DIMENSIONED IN
THE MAIN FROGRAM

0F COLUMNS OF X A5 DIMENSIONED
IN THE MAIN FROGRAM

Nevvesoees THE DIMENSION OF THE VECTORS

-

..THE NUMEER OF VECTORS 70 BE AVERAGED

XMeovessss o THE N DIMENSIONAL MEAN VECTOR

DIMENSIONZX(NL1yN2) » XM(ONL)D

REAL XXM

po 79 J=1sN

0o 779 I=tsL

XM Oy =XM (D +X (I 1)
XH(Jy=xXMd) /L
RETURN

END

181
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SURROUTINE COVA(XsNL N2y NsLsXM,C2

THIS SURROUTINE ESTIMATES THE COVARINCE MATRIX
0F A CLUSTER OF VECTORS

Kessaseeers A HATRIX HOLDING Ls N DIMENSIONAL VECTORS
DIMENSIONED N1%N2 IN MAIN FROGRAM

MLeveossness NO, OF ROWS OF X AS DIMENSIONED IN
MAIN FROGRANM

N2 eossseesssNO, OF COLUMNS OF X AS DIMENSIONED
IN MAIN FROGRANM

mlﬁrﬁrzmrﬂﬂ(?’ﬂerOfin(ﬁn

Noasassere o JIMENSION OF THE VECTORS
Ltewaneness oNUMBER OF VECTORS

XMessvsesness AN N DIMENSIONAL MEAN VECTOR

il

Cvvevveees. THE NXN COVARIANCE HATRIX ESTIMATED
BY THE_SUEROUTINE. C HUST BE DIMENSIONED
IN RAIN-FROGRAM AS NI1XN1

on

wien

0IMENSION CONTyN2) s XHMINL) s CONL,NID
REAL X¢XMsC

00 5 I=1+N

Do S J=1t«N

CeIrdr=0.

g 2 K=irL

g 2 J=1sN

ng 2 I=1sN
C(IyJ)ZC(IrJ)+(X(IyK)—Xﬁ(I))*(X(J;K)—XM(J))
0g 3 J=1sN

g 3 I=1sN

C(Iy»=C(IsI/L

RETURN

END

ﬁmﬁmﬁmmhﬁﬁhﬁmmﬁﬁhﬁmﬁﬁﬁr’xr‘\r‘lr‘\f‘lr‘t(‘)ﬁr“l
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SUBRDUTEHE iNVER(CHATyNL7N2y¥RGNrCHRT1)

THIS SUBROUTINE COMFUTES THE INVERSE 0OF A
REAL MATRIX WITHOUT DESTROYING THE ORIGINAL ONE

UMAY.........REAL MaTRIX 1O RE INVERTED

leNE........DLMENSIDN OF MATRIX AS DIMENSIONED IN
HAIN FROGRAN

[RGN‘........ND. OF ROUWS AND coLUMNS OF oNaT
LEFINING THE PART 70 EBE [NVEZRTED

CNATl'....,..YHE MATRIX (N1%N1) IN WHICH THE
THE COMFUTED INVERSE 1S STOREDR

HIMENSTION CﬁAT(NLyNE)qCHAleleNZ)
po S00 JmlsIROW

ug =00 L=1 IROW
CNATL&I;J>=DMAT(I;J)

fALL SYMINU(CHAYlleyNQ:IROUyIER)
xsnst{wE31>aoro 5072

TYREYy NO {NVERSE FOUNDY

ng S01 Jel RO

po S01 [=1s1R0OY

cHATL(TrJY=10

goTC 504

TYPE %,  INVERSE FOUND

RETURN

END

SUBRDUTINE SYHINU(A:LvaNyIFAIL)

THIS SUEROUTINE COMPUTES THE INVERSE
¢ £TRIC FAR (NuMy OF A MATRIX. THE
£THOD WITH NORﬁﬁLiSATIDN quT wiTH NO
ROWS AND COLUMNS IS USETDH.

THE ORIGINAL MATRIX IS NOT SAVELD.
THE GURROUTINE 15 ADAFTED FROM CERN.

A............A TWO BIMENSTONAL MATRIX
L............THE NUMEER OF ROWS OF A
M............THE NUMEER OF COLUMNS OF A

N............THE NUMEBER OF ROWS (AND COLUMNS)
oF THE FORTION OF a TO EBE IMVERTED

[FﬁlLu......'....ERROR FLAG:
= - 0=INVERSE HAS REEN FOUND
{=ALL ELEMENTS ON [IAGONAL
ARE ZERO: OR THE SYSTEH
AFFEARS TO-EE DEFENDENT
NO INVERSE FQUND.

REFERENCES:
KOUrS.S.> NUMERICAL METHODS AND COMPUTERSY

DIMENSION A(Lyﬁ)yP(lOO)10(100)1R(1OO)
INTEGER R .
IFAIL=0



184

c

c

C
10
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C
31
32
37

C

C

C
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[

C
38

C

C

[
39
40
42
49
5
51
52
o9

C

C

C .
60
65

c

C

C
70
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EFSILN=1.,E-&
IF(L.LT.N) GO TO 995
IF(H.LT.NY GO TO 96
CONSTRUCT TRUTH TAEBLE

0o 10 I=1:N
R(IN=1

REGIN FROGRAMME

00 65 I=1sN

K=¢
SEARCH FOR FIVOT
BIG=0.
0g 37 Jd=1N
TEST=ABS(A(Jrd))

IF(TEST-EIG) 3753731
IF(R(J)Y)100+37,32

EIG=TEST

K= D
CONTINUE R

TEST FOR ZEROD MATRIX
IF(K>»1005,100,38
TEST FOR LINEARITY

IF(I.EQ.1) FIVOTI=A(K,K)
IF(ARSCA(KK)Y/FIVOTI)-EFSILN) 100:39,39

FREFARATION FOR ELIMINATION STEFI1

R(K)=0
QRI=1./A(KK)
F{KI=1.
A(KEI=0.0C
RFL=K+1

KM1i=k-1
IF(KM1:100:50540
oG 49 J=1,.KM1

FOD ALK

QD =ACIsKIXQIR)
IF(R{JII100,49542
QeEH=-QLH
A(JIPR2=0,
IF(K-N>S1+605s100
0o 59 J=KF1sN
FO)=A(Ks )

R =~A(Ks JIXQ{K)
IF(R(JOI100,52,59
F(Jy==F{J)
A(KsJI=0.0

ELIMINATION  FROFER

Do 4% J=1yN
D0 65 K=JsN
ACIYK)=A(TRIFF (I XRIRD

ELEMENTS OF LEFT DIAGONAL

Do 70 J=2sN
JHl=J-1

00 70 K=1,yJHM1
ACJrRKY=A(K D)
RETURN
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c FAILURE RETURN

9% FRINT 150,LsN
GO 7O 100
94 FRINT 1S51sMsN

100 TFAIL=1
RETURN
L350 FORMAT 4HIL =»I35:,4H N =,15,33
131 FORMAT(AHIN =+I5s4H N =,15,33
ENE

ULD BE LARGER OR EQUAL TO N
ULD BE LARGER OR ESQUAL TO N

o Q

SURBROUTINE REILE(NAME: ISAMFsNTS, IAUX)

°
o (UAX UMS VERSION)
L: -
C R
¢
c THIS SUBROUTINE READS A DATA VECTOR
L FROM AN UNFORMATTED INTEGER DATA FILE.
e
o MAME~ & BYTE ARRAY HOLDING THE NAME OF THE FILE
C
a [SAMF- INTEGER VECTOR WITH DIMENSIONS CORRESFONDING
C TO THE TOTAL NO. OF SAMFLES TO RE READ
¢
5 IAUX- AN AUXILIARY INTEGER VECTCR WITH DIMENSION
L CORRESFONDING TO THE NO. OF SAMFLES IN A RECORD
o
c NTS—- NO. OF SAMFLES READ INTO THE DaTA VECTOR
¢
C
e
INTZSER [SAMF(1),IAUX(1)
REAL AUX(1)
BYTE NAME (1)
TYFE 100
Lo FOR=AT (HS TYFE INFUT FILE NAME! )
ACTEFT 119 +NCHO, (NAME(I) sy I=1,112
11y FORMAT(Qr11A1)
CALL ASSIGN(1,NAME»11)
TYFE 101
11 FORMAT{1HS, 'GIVE NO, OF RECORDS & NO., OF SAMFLES/RECORD: *)
ACCEST %, NOR»NOSK
TYEE 104
104 FORMAT(1HS/GIVE NO, OF INITIAL RECORD & TOTAL NO. OF SAMFLES!’)
ACCEFT %,yNIRsNTS
NOSE2=NOSRX2
DEFINE FILE-1(NOR:NDSR2,UrIVAR)
NER=NTS/NOGRENIR-1
IF (NFR,LT,NIR) NFR=NIR
00 1 I=NIR,NFR
[I=¢1-NIR)XNOSR
1 REATICL’TF (ISAMF(II+J)sJ=1,NOSK)
¢
C KEADING THE REMAINING SAMFLES FROM LAST RECORD
C
NLAST=(NFK-NIR+1)%NOSR
NREM=NTS-NLAST
IF (NREM.LT.1) GO TO 3 I ALL [ATA READ NO REMENANCE IN
C NEXT RECORD
NFR1=NFR+1

READCLI/NFR1) (AUX(I)»I=1,NOSR)
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DO 2 I=1,NREM
ISAMP(NLAST+I)=AUX(I)
CONTINUE

cAaLL CLOSE (1)

RETURN

END

SURKOUTINE WFILE(NAME,ISAMP/NTS,NOR)

(VAX UMS VERSION)

THIS SUERQUTINE WRITES A DATA VECTOR
ON AN UNFORMATTED INTEGER DATA FILE.

NAME- A HYTE ARRAYHOLDING THE NAME OF THE FILE

ISAMF- INTEGER VECTOR WITH DIMENSIONS CORRESFONDING
TO THE TOTAL NO. OF SAMPLES TO RE WRITTEN

NOR- NO. OF RECORDS (CALCULATED BY SUBROUTINE)

NTS- NO. OF SAMFLES WRITTEN ON THE FILE

INTEGER ISaMF (1)
REAL AUX(1)
BYTE NAME(1)

TYFE 100

FORMAT(1H$ GIVE OUTRUT FILE NAMED! 7)
ACCEFT 119sNCHO» (NAME(I) s I=1+11)
FORHAT(Q,11A1)

CALL ASSIGN(1sNAME,11)

TYFE 101

FORMAT (1H$‘GIVE NO. OF SAMFLES/RECORD: ")
ACCEFT %sNOSKR

NOSR2=NOSR*2

CALCULATE NO. OF RECORDS

NOR=NTS/NOSK

IF (NOR.EQ.Q) NOR=1
NLAST=NORXNOSR

NREM=NTS-NLAST

DEFINE FILE 1(NDRyNOSR2,UsIVAR)
0 1 I=1sNOR

II1=(I-1)Y%NOSR

WRITECL1I) (ISAHP(II+J)LQ=1yNDSR)
IF (NREM.,LT.1> GO 7O 3 - °
NOR=NOR+1 oy
WRITE(1/NOR) (ISAMF(J+NLAST) »rJ=1,NREM)

CONTINUE

CAaLL CLOSE (1)
RETURN

ENT

—

o
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SUBROUTINE KETLEM(NAME A N1 N2y NOR,NOSK)D

(VAX UMS VERSION)

s e o o e = e s e 2

THIS SUEBROUTINE READS A DATA MATRIX
FEROM AN UNFORMATTED INTEGER DATA FILE,

NAME- & BYTE ARRAY HOLDING THE NAME OF THE FILE

A- REAL MATRIX WITH ODIMENSIONS NLXN2, SO
DIMENSIONEDR IN THE MAIN FROGRAM

NO. OF ROWS DF MATRIX A:r AS DIMENSIONED
IN THE MAIN FROGRAHR

N2- NO, OF COLUMNS OF MATRIX Ar AS DIMENSIONED
IN MAIN FROGRAM

NOR~ NUMEER OF ROWS IN THE MATRIX» THE NUMBER OF
RECORDS IN THE FILE

-3 ® yaSk- NUMEER OF COLUMNS IN THE MATRIX EQUALS THE
NUMEER OF SAMFLES/RECORLD

r}(_)(_'J(“J(‘)(‘ijﬂﬁﬁﬂﬂm(‘)ﬂr‘]ﬂﬁﬂmmﬁr‘lﬁ
pr-4
Jovs
i

REAL A(NLYN2)
BYTE NAME(L1)
TYFE 100
100 FORMAT(HS$ ‘TYPE INFUT FILE NARED 7))
ACCEET 119 ,NCHOs (NAME(TI)»I=1511)
119 FORMAT(Qs11A1)
CALL ASSIGN(LsNAME,11)
TYFE 101
101 FORMAT(1H$, ‘GIVE NO. OF RECOROS % NO. OF SAMFLES/RECORDY ")
ACCEFRT %sNORsNOSR
TYFE 104
104 FORMAT(LH$/GIVE INITIAL AND FINAL RECORDS TO READD 7
ACCEFRT %sNIRsNFR
NOSR2=NOSR*2
DEFINE FILE 1 (NORsNOSR2sUs IVAR)
IF (NFR.LT.NIR) NFR=NIR
00 1 I=NIRsINFR
II=I-NIR+L
1 READR(17ID) (A(JyIT),J=1yNOSR)
GALL CLOSE (12
RETURN
END
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SUEROUTINE WFILEM(NAME»AyN1,N2,NOR»NOSR)

(VAX UMS VERSION)

THIS SUBROUTINE WRITES A REAL DATA MATRIX
OF IDIMENSIONON NORXNOSR ON AN UNFORHATTED
REAL DATA FILE.

NAME- A RYTE ARRAY HOLDING THE NAME OF THE FILE

A~ A REAL MATRIX OF DIMENSION N1%XN2 SO DIMENSIONED
IN THE MAIN FROGRAM

Ni- NO. OF ROWS OF THE MATRIX AS DIMENSIONED
IN MAIN PROGRAM

NZ2- NO. OF COLUMNS OF THE MATRIX AS DIMENSIONED
IN MAIN FROGRAM '

OO OOMOoOO000O0 OO OmOn

NOR- NO. OF RECORDS IN FILE

NOSR-~ NO. OF SAHPﬁEé?BECORD

Qoo

UIMENSION A(NI/N2)
BYTE NAME(1)
TYFE 100
100 FORMAT(1H$'GIVE OUTPUT FILE NAME! )
ACCEFT 119yNCHOr» (NAME(I)sI=1s11)
119 FORMAT(Qs11A1)
CALL ASSIGN(1sNAME,11)
TYFE 101 -
101 FORMAT(1H$'GIVE NO. OF RECORDIS AND SAMFLES/RECORD: )
ACCEPT %,NORsNOSR
NOSR2=NOSR%2
OEFINE FILE 1(NORsNOSRZ2sUsIVAR)
00 1 J=1,NOR
TYFE %5(A(IsJ)»I=1,NOSR)
WRITECL'J) (A(I»J)»I=1,NOSR)
3 CONTINUE
CALL CLOSE (1>
RETURN
END

o

L .
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INDEX

A

Abnormal breath sounds, 128
Abnormal heurt sounds, 127
Acceptance by empiy store, 96
Acoustic stgnals. 126—130
Action potential. 1. 14,19, 35, 113—114
Actopic beat extrasysiole, 123
Adaptation, 26
Adaptive lilteripg. 124125
Adaptive wavelet detection, 9—16
correction of initial template, 12-—16
least squares estimate, 9
probubiiity distribution, 9-—10
QRS complexes. 13—16
template adaptation. [0—11
tracking slowly chaagingrwavelet, 12
Adventitious sounds. 128 o
AEP. see Auditory evoked potential: Average
evoked potential
Age specific failure rate, 23
Algorithms. 37. 124
wavelet detection. |—>5
Alignment. wavelet detection. 1, 5
Alpha range. 113
Alternative hypothesis. 39
Amphoric breath sound (AMP), 128
Amplitude zone tme epoch coding (AZTEC). 5
Anesthesia depth monitoring, 119
Apexcardiography (ACG), 130
Apnea monitor. 126 .
A priori knowledge. 1. 3. 5, 10, 37—38. 55
Arrhythmia, {22
Asmatic breath sound (AS), 128
Atrial fibrillation. 123
Atrio ventricular. see AV node
Auditory evoked potential (AEP), 118, 120—121
Auscultation, 127—128
Autocovariance of Poisson process, 30
Automata, 92
Automatic sleep staging, 119
Autoregressive analysis. 125
Autoregressive model
newborn’s cry. 46
point process model, 19
Autoregressive moving average model (ARMA). 37
Autoregressive predict’fon,-124
Average evoked potential YAEP), 118—119
AV node., 121
Axial vectorcardiograms, 124
AZTEC, see Amplitude zone time epoch coding

B

Ballistocardiography. 130
Bartlet window. |40—141, 144—145
Baseline shifts, 3—3%

Baves decision theory. 39—30
condittonal risk. +1—42
dectsion rule. 41, 47,49
decision threshold, 41
discrinunant function, $1—33, 1346
Euclidean distance, 44
false negative, 40
talse positive, 40
likelihood ratio. 41
Mahalanobis distance, 43. 47
minimum error rate, 42, 52
quadratic classifier. 50
training set. 44, 46
Beta range. 115
Between class scatter matrix, 64—66. 73,
Bhattacharyya distance. 76
Biochemical signals, 131—132, 134
Bioelectric signals, 113—125
action potential. 113—114
electrocardiography. 121—124
electrodermal response. 125
electroencephalogram, El14—118
electrogastrography . 124—125
electromyography. 119—122
electroneurogram, 113—114
electro-oculogram, 114
electroretinogram. t13—114
evoked potentials, 117—121
galvanic skin reflex. 125
Biofeedback. 125
Bioimpedance, 125—126
Biomagnetic signals. 13t
Blackman-Harris window. 145
Blood pressure measurements. 130
Bradycardia, 121
Brain damage. 46
Brainstem auditory evoked potentiais tBAEP), 118
Breath signal analysis. 1
Breath sounds, 38, 128
Bronchial breath sounds (BBS), 123
Broncho-vesicular breath sounds (BVBS). 123

Bl
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C

Cancer, 130

Canonical forms. point processes. 20, 22—24

Cardiac output, 130

Carotid artery. 104

Carotid blood pressure, syntactic analysis of, 104—
106

Carotid waveform classification, 37

Cavernous breath sound (CA), 128

Central limit theorem, 22

Chemoff bound, 76

Chromosomes, 87

Classical windows, see also specific types, 139—
151
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Classification of signals, 37—86
alternative hypothesis, 39
applications, 38
Bayes decision theory. 39—50
feature selection, 75—79
Fisher's linear discriminant, 63—66
Karhunen-Loeve expansions, 66—75
k-nearest neighbor, 50—53
linear discriminant functions, see also Linear dis-
criminant tunctions, 53—&63
null hypothesis. 39
statistical, 36—53
time warping. 79—384
Class separability. see Separability
Cluster-seeking algorithms, 38
Cogwheel breath sound (CO), 128
Color blindness, 118
Compression, 37. 60, 62, 66-—69, 71, 124
Compression ratio. 63
Computer programs. 153—188
Conditional density function, 23
Conditional intensity function, 23—24, 34 .
Conditional probability, 23 - ®
Conditional risk, 41—42
Context-free grammar, 90—92, 96, 98-—99
stochastic, 102103
Context-free languages, 95
Context-free push-down automata, 92, 95—100
Context-sensitive grammar, 90
Contour limiting
QRS detection. 6
wavelet detection, 5—6
Convergence properties, 73
Coordinate reduction time encoding system
(CORTES). 5
Cornea, 114
Corneal-retinal potential, 114
Correlation, 125
Correlation analysis. point process, 20
Correlation coefficients, renewal process, 27
Correlation function. spectral analysis, 24
CORTES, see Coordinate reduction time encoding
system
Cosine windows, 141, 143, 146—147
Counting canonical form, 22—24
Counting process. 20, 22—24
Counts autocovanance, 26
Counts PSD function, 26
Counts spectral analysis, 24—26
Cross correlator, 8
Cross covariance density, 34—35
Cross intensity function, 34 -
Cross spectral density function, 35
Cube vectorcardiograms, 124 -
Cumulative distribution function, 23
Weibull distribution, 31

D

=Data compression. see Compression

Data windows, see also specific types, 139—151

Decision rule, 41, 47, 49

Decision-theoretic approach. see also Classification
of signals. 37—86

wavelet detection, |

Decision threshold, 41

Delta range, 115

Depth recording, 115

Diastolic phase of heart, 104

Dicrotic notch, 104

Dirichlet window, 140, 142—143

Discriminant approach, 87

Discriminant functions, 38, 41—43, 45—46, 111

linear, see Linear discriminant functions

Divergence, 76, 78

Dolph-Chebyshev window, 145, 150—151

DP, see Dynamic programming topics

Dye dilution, 130

Dye dilution curves, 14

Dynamic biomedical signals, characteristics of, see
also specific topics, 113—137

Dynamic programming (DP) equation, 82—83

Dynamic programming (DP) methods, 77—79,
81—84

E

ECG, see Electro-cardiograms
EEG, see Electroencephalograms
EGG, see Electrogastrography
Eigenplanes, 70, 74
Eigenvalues, 61—62, 66, 69, 72—73
Eigenvectors, 61, 66, 69—73
Ejection clicks, 127
EKG, see Electrocardiograms; Electrocardiography
Electric control activity (ECA), 125
Electrocardiograms (ECG), 37
adaptive wavelet detection of QRS complexes,
13—16
analysis, 87—=89
finite transducer for, 100101
high-frequency, 124
point process, 19, 21
QRS complex, 1—5
signal, 121—124
finite state automata, 94—95
syntactic analysis of, 106—110
Electrocardiography (ECG), see aiso Electrocardi-
ograms, 1, 38, 121—124
inverse problem, 123
Electrocorticogram, 115
Electrodermal response (EDR), 125
Electroencephalograms (EEG), 37, 114—118
alpha range, 115
analysis, 37
aperiodic wavelets, 1, 3
beta range, 115
delta range, 115
depth recording, 115
k-nearest neighbor classification. 53




syntactic analysis, [10—111
theta range. 113

Electroencephalography, see also Electro-encephalo-

grams, 38

Electrogastrography (EGG). 124—125
Electroglottography. 126
Electromyography (EMG). 38, 119—122

point processes. 26
Electroneurogram (ENG), 113—114
Electro-oculogram (EOCG), 114
Electroretinogram (ERG), 113—114
Emotional state monitoring, 125
Emotional states, 129
ENG, see Electroneurogram
Entropy criteria methods, 60—63
EOG, see Electro-oculogram
EP, see Evoked potentials
Epilepsy, I, 115, 117—118..
Equivalent noise bandwidi (ENBW), 139
ER, see Evoked responses |
ERG, see Electroretinogram
Erlang (Gamma) distribution, 19, 29, 32
Estimation error, 71
Euclidean distance, 44, 58—59
Evoked potentials (EP), 115, 117—121
Evoked responses (ER), 117
Evoked response wavelets, 1
Exponential autoregressive moving average

(EARMA), 32

Exponential autoregressive (EAR) process, 32
Exponential moving average (EMA) process, 32
Extraction processes, 101
Eye position, 114

FA, see Factor analysis
Factor analysis (FA), 67
False negative, 40
wavelet detection, 6
Faise positive, 40
wavelet detection, 6
Fatigue, 26
Fatigue analysis, 121
Features extraction, 37—38
Features selection. 38—39, 75—79
Fetal ECG, 124
Fetal heart rate, 1
Fetal movements, 133  _
Fingerprints, 87 — -
Finite automaton. 92 )
Finite state automata, 92—95, 102
Finite state automaton, 100
Finite state grammar. 90—93
stochastic, 102
Finite transducer, 100—101 ;
Fisher's linear discriminant, 63—66
Flatness of spectrum, 27—28
Formal languages. §9—92
Fourier discriptors, 3
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Fourier transtorm
counts spectral analysis, 26
Poisson process, 30

Frank clectrode system, 124

G

Galvanic skin reflex (GSR), 125
Gamma distribution, see Erlang (Gamma)
distribution
Gamma function
Erlang (Gamma) distribution, 32
Weibull distribution, 31
Gastric electric control activity, 124—125
Gaussian distribution, 27
Gaussian process, 60
Generalized linear discriminant functions, 55—56
Gloual pulses, 19
Glottic hiss, 128
Glottis, 126, 129
Gradient descent procedures, 57
Grammar, 87, 89—92, 98, 107
Grammatical approach, 87
Grammatical inference, 89, 104
Grand mal seizure, 117

H

Hamming window, 143, 145, 148—149
Hanning window, 141, 143, 146—147
Hazard function, 23

Head injuries, 115

Heart activity, 121

Heart function, 121

Heart sounds, 1, 126—127

Heart surgery, 37

High-frequency electrocardiography. 124
His bundle, 121

His bundle electrogram (HBE), 124
Homogeneous Poisson process, 30
Hyperbilirubinemia, 46

Hyperplasia, 129

Hypoglycemia, 46

Il condition, 57
Impedance, 125—126
Impedance oculography (ZOG), 126
Impedance plethysmography, 126
Impedance pneumography. 126
Impulse cardiography, 130
Infant’s cry, 129
Inference algorithms, 104
Intensity function, 23

renewal process, 26
Interevent intervals, 24--25
Interval histogram, 23
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stochastic, 103—104
Push-down automaton, 92
P-wave. 1, 121

Q

QRS complex. see also Wavelet detection, 124
adaptive wavelet detection, 13—16
contour limiting, 6
ECG signal, 2—5
syntactic method of detection, 106—110
wavelet detection, 1—3

Quadratic classifier, 50

Quadratic window. 139

Q wave, 121

R
Random shuffling. 27
Random variables. 29 -~
Erlang (Gamma) distribution, 32

Markov, 32

point processes, 22-—24

wavelet detection, 1

Weibull distribution, 31
Rapid eye movement (REM), 116
Rayleigh quotient, 64
Recognition of signals, see Classification of signals
Reconstruction. 69
Rectangular window, 140, 142—143
Regular grammar, 90, 94
Relaxation procedures, 57
Renewal processes, 19, 26-—28
Retina, 113—114
Rheoencephalography (REG), 126
Ridge regression method, 57
R-R interval. 121, 124

point processes, 26
R wave, 2, 5. 19, 124

SA node, 121

Scattering diagrams, 24

Scatter matrix, 63—66, 75

Scene analysis. 87

Schwarz inequality, 7

Search algorithm, 81

Search window. 81, 83—384 >
Search without replacement, 77 o
Seizures, 117

Semialternating renewal (SAR) process, 33
Semi-Markov processes, 32—33

Sensory corex, 118

SEP. see Somatosensory evoked potential
Separability. 63. 75—76

Separability ¢riterion, 75,77

Serial correlation coefficients, 24—25

Serial correlogram, 25, 27
Side lobe level (SLL). 139
Signal compression, se¢ Compression
Signals, classification of, see Classification of
signals
Signal-to-noise ratio, 7—8, 11,19, 113
Single fiber electromyograph (SFEMG), 119—120
Singular planes, 70
Singular value decomposition (SVD). 67, 65—175,
119
Sino atria, see SA node
Sleep analysis, 115
Sleep disorders, 37, 115
Sleep research, 114
Sleep spindles, 1, 115, 119
Sleep state analysis, !
Slurs, 124
Smooth muscle fibers, 124
Somatosensory evoked potential (SEP. SSEP),
118—121
Speaker verification, 7719
Spectral analysis, 20, 24—26. 34
Spectral leakage, 139
Spectrum of Poisson process. 30
Speech analysis, 79
Speech processing, 87
Speech signal, 19, 21, 18, 87
Sphygmomanometer, 129
Spikes, see Action potentials
Spontaneous activity of brain. 115
SSEP, see Somatosensory evoked potential
State estimation, 124 ,
State transition diagram, 91, 93—94, 106—107
Stationarity, 20. 26
Statistical signal classification, see also Classifica-
tion of signals, 39—53
Stochastic finite automaton, 102
Stochastic languages, 101—104
Stochastic push-down automata. 103—104
Stochastic recognizers, 102—104°
Storage, 37, 69
Structural approach, 87
Subcortical SEP, 118
Supervised learning mode, 87
Surface electromyography (SEMG), 120—121
Survivor function, 23
Poisson process, 30
SVD, see Singular value decomposition
Synchronized averaging, 120, 124
Syntactic methods, 37, 87112
carotid blood pressure, 104106
ECG, 106—110
EEG, 110—!11
examples, 104—111
formal languages, 89--92
grammatical inference, 104
stochastic languages, 101—104
syntactic recognizers, 92101
syntax analysis, 101—104
wavelet detection, 1,3
Syntactic recognizers, 92—101




context-free push-down automata, 92, 95—100
finite state automata. 92—43
parsing, 92, {00101
syntax-directed transtation, 100
Syntax, 37. 89
Syntax analysis, 92, 101—104
Syntax-directed translation. 100
Systolic phase of heart, 104

T

Tachycardia. 122
Taper window, 139
TA wave, 121
Template, 1. 3. 3. 3—9, 38, 79
cormrection. 12—16
Template adaptation. wavelet detection. 10—11
Template matching. | Jow
Terminal symbols. 90—91 —° =
Tetrahedron vectorcardiograms, 124
Thermal dilution. 130—131
Theta range, 115
Time interval lengths (TIL), 30
Time series analvsis. 37, 119, 121
Time warping, [. 79—384
Time warping algorithms, 80
Time warping function. 80—383
Tracheal breath sounds {TBS), 128
Training set. 38, 4. 46. 51, 58, 89. 104, 107, 111
Transmission. 37
Tremors, 121
Trends. 20. 26
Triangle window. 140—141, 144—145
T wave, 121
Two-class discrimination, 69
Two-dimensional signals, {32
Two-state semi-Markov model (TSSM), 32—33

U

Univariate conditional intensity, 34
Univariate point process analysis, 19
Univariate point processes, 33—35
Unrestricted grammar. 90

Unrestricted stochastic grammar, 101—102
Unsupervised learning. 38

U wave, 121

Vectorcardiograms. 124
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Vector electrocardiography (VCGy. 124

Ventricular fibrillation, 123

VEP, see Visuul evoked potential

VER. see Visual evoked responses

Vesicular breath sounds (VBS). 128

Vestibulospinal potentials, 119

Vibrocardiography. 130

Visual acuity. 118

Visual evoked potential (VEP), 11N

Visual evoked responses (VER), overlapping wave-
lets detection, 14

Visual fieids deficits, 113

Vocal cord. 19. 126, 128

Vocal tract. 78, 129

Voice, 38. 128—129

V-waves, 115, 113

W

Wald-Wolfowitz run test, 30
Warping function. see Time warping function
Waveform, 37
Wavelet detection, 1—I18, 119120, 124
adaptive. see also Adaptive wavelet detection,
9—16
algorithms, 1—3
alignment, 1.3
amplitude zone time epoch coding. 3
baseline shifts, 3—4
contour limiting, 5—06
coordinate reduction time encoding system, 3
decision-theoretic, 1
Fourier discriptors, 3
jitters, 5
matched filtering, {. 63
multivariate point processes. 33
overlapping wavelets. see also Overlapping wave-
lets detection, [4—17
pattern recognition, 1
polygonal approximations. 3
probability density functions. |
QRS complex. [—3
random variables. 1
structural features, [—6
syntactic, 1. 3
template, 1, 3. 5, 8—9
template matching. !
time warping, |
Weiball distribution, 19, 31
Wheezes, 128
Windows, see specific types
Within-class scatter matrix, 64-—66. 75







