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FORTRAN PROGRAM FOR LINEAR PREDICTIVE SPECTRAL ANALYSIS OF
UNIVARIATE COMPLEX DATA WITH DISJOINT EQUI-SIZED PIECES

INTRODUCTION

In reference 1, the theoretical basis for estimating spectra via
linear predictive techniques from univariate complex data with bad data
points was presented. Also, a program was given there for spectral
analysis of real data with gaps. Later, in reference 2, a program for
complex data with no bad data points was presented. However, neither
program is capable of handling complex data with gaps. This present
document remedies this situation for the case where the disjoint pieces
of complex data each have the same number of points.

Complex data can arise when a real process is complex-demodulated
to zero frequency and sampled at a low rate for purposes of ease of
processing and computation, Alternatively, if a real process is sub-
jected to Fourier transformation into the frequency domain, complex
coefficients result. Both of these examples are of frequent occurrences
in practical applications.

Data segments of equal length can occur, for example, when a
recording device is periodically taken off-line (for calibration purposes,
perhaps), or if large periodic bursts of noise occur, An important
frequency-domain application occurs for an equi-spaced line array of
limited extent. Then the number of elements in the array is the maximum
size of each disjoint piece of frequency coefficients. If, for a partic-
ular time segment of array outputs, we look at the Fourier coefficients
at one frequency, we can attempt linear prediction in space; averaging
the prediction error over time then yields the extrapolation effect
inherent in maximum entropy processing (see reference 3). This will
result in the array appearing to have a longer length than its true
length, and thereby yield improved angular resolution of plane-wave
arrivals. This approach is analogous to the improved frequency resolu-
tion obtainable from limited time data.

The input parameters to the program are fully explained in the
comment statements., For a single piece of data, the number of disjoint
pieces, ND, can be set equal to 1. A sample run is presented after the
program. For application to linear predictive beamforming, delete the
statement

X(I, J) = X(I, J) - AVE

in loop 3 of SUBROUTINE CXDISJ.
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LINEAR PREDICTIVE SPECTRAL ANALYSIS FOR UNIVARIATE
CUMPLEX DATA WITH DISJOINT EQUI=SIZED PIECES
EQUATION REFERENCES ARE TO NUTTALL,» NUSC TR 5303, 26 MARCH 1976
USER$ CHANGE LINES 26 ANp 400 AND REPLACE SUBROUTINE DATa
H = NUMBER OF COMPLEX TATA POINTS IN EACH PIECE: INTEGFER INPUT
HD = NUMBER OF DISJOINT pIECES; INTEGER INPUT
X(1r1)eaeX(Ne1)rego?tX(1oND)oooX(NoND) = COMPLEX INPUT DATAS
ALTERED ON OQUTPUT o
Pi1AX = MAXIMUM ORDER OF fILTER3 PMAX,LT,N3 INTEGER INPUT
F = SIZE OF FFT (MUST BE A POWER OF 2 TO USE MKLFFT)$ INTEGER INPUT
AVE = COMPLEX SAMPLE MEAM OF INPUT DATAs OUTPUT
PN = SAMPLE POWER OF INPUT DATAS OUTPUT

AIC = AKAIKE'S INFORMATIGN CRITERION3 OUTPUT

PHBEST = BEST ORDER OF FILTER?} INTEGER OUTPUT

SPBFST = (EQ H=7)/NF FOR P=PBEST} OUTPUT

SPMAX = (EQ H=7)/NF FOR P=PMAX} OUTPUT

A(1)reeerA(PBEST) = COVYPLEX PREDICTIVE FILTER COEFFICIENTS =

A(L1IPBEST)r.eerA(PRESTIPBEST)? OUTPUT

RHO(1) r4ee?RHO(PMAX) = CAMPLEX NORMALIZED CORRELATIONS: QUTPUT

XX(1)roee o XX(NF) = SCALEp SPECTRUM, WHOSE SUM = SAMPLE PoWER3 OUTPIT

COS1(1)reee?COST(NF/U4+1) = QUARTER COSINE TABLE FOR FFT PURPOSES

Y(NoNU) IS A REQUIRED COMPLEX AUXILIARY ARRAY

YY(NF) IS A REQUIRED AUXILIARY ARRAY

Qid OUTPUTy X(101)reeerX(PMAXe1) = A(13PMAX) 0 eeerA(PMAXIPMAX)

O OUTPUTy Y(1r1)reeerY(PMAX01) = A(131)0,00rA(PMAXIPMAX)
PARAMETER N = 1C, MND = 20y PMAX = 69 NF = 5129 NF41=NF/4+1
INTEGER PBESTP
REAL SPBEST,T1,T2
COMPLEX X(NeND)»Y(NoNC) A(PMAX) »RHO (PMAX) ¢t AVE G T
DIMENSION XX(NF)sYY(NF),COSTI(NF41),AIC(PMAX),AICO(2)
EQUIVALENCE (AIC(1)sA1C0(2)) A

PRINT OUT VALUES OF PARAMETERS
I=N

=ND
K=PMAX
LL=NF
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PRINT 1, I,J,KeL .
1 FORMAT(1H1,* N =*,I6010Xe"'ND ='0I6010X,)'"PMAX S'eI4,10X,"'NF =',15)
C COMPLEX INPUT DATA IN X(101)ee¢XCNr1)rooerX(1pND)oeoeX(NoND)
CALL DATA
PRINT 2
e FORMAT (/' COMPLEX IMPyT DATAS')
DO 3 J=1eND
PRINT 34, J
3n FORMAT(* PIECE NUMBER'»13)
3 PRINT 4» (X(Ied)e I=1,N)
4 FORMAT(4(E18,8/,E15,8))
C EVALUATE FILTER COEFFICIENTS
" " "CALL CXDISu
PRINT 5S¢ AVE
5 FOKMAT (/' COMPLEX MEAN OF INPUT DATA = ('+E13,8¢%,',E13,8,)")
PRINT 6» PO
o FORMAT(/' SAMPLE POVER OF INPUT DATA =',E13,8)
PRINT 7
7 FORMAT(/' AKAIKE INFORMATION CRITERION:'/9X,'P*9s11X,'AIC(P)?)
PRINT 8¢ (PyAIC(P)s» P=0,1A)
o FORMAT(110,E20,8)
PRINT 9, PBEST
9 FORMAT (/' PBEST =',13)
PRINT 19

ir FORMAT (/' PARTIAL CORRELATION COEFFICIENTS:t/
$9Xs» 'P'y9Xs 'RE A(PIP)',7Xe'IM A(PIP) ")
PRINT 11 (PoY(Ps1)» p=1+1IA)
11 FORMAT(110,E20,8)E1648)
IF(PBEST.EQ,n) GO TO 12
PRINT 13
13 FORMAT (/' PREDICTIVE FILTER COEFFICIENTS FOR PBEST:'/
$9XKs 'Ky TXe 'RE A(KIPREST)"e3Xe*IM A(KSPBEST)?)
- PRINT 11+ (PyA(P), P=1,PBEST)
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12 PRINT 14

14 FORMAT(/' NORMALIZED CORRELATIONS3'/

$7X0 *DELAY?,9X¢ 'RE RHO®y 10X, ?*IM RHO')
P=0

T=(1,00.)

PRINT 11, P,T

PRINT 11¢ (PyRHO(P)» P=1:1A)

C EVALUATE SPECTRAL ESTIMATE
CALL SPECT
PRINT 15

15 FORMAT (/' POWER SPECTRUMy STARTING FROM ZERO FREQUENCY (BIN 1):')
PRINT 16» (XX(I)e I=1,NF) ;

16 FORMAT (2X»10E13,8)

PRINT 17, SUM

17 FORMAT (/' SUM OF SPECTRUM VALUES =',E13,8)
PRINT 18+ PO

18 FORMAT (' SAMPLE POWER OF INPUT =1,E13,8)

C i
SUBROUTINE DATA '

C THIS SUBROUTINE GENERATES COMPLEX DATA
UEFINE IRAND=I#5%%15+((1=SIGN(1/,Ix5%%15))/2)%34359738367
DEFINE RAND=FLOAT(I)/34359738367.,
1=5281

P G:‘ 0650 .65)
0O 1 J=1/ND
T=(0. 00.) g
DO 2 K=1,200 @ WILL DISCARD THESE INITIAL POINTS
I=IRAND
T1=RAND=,5
I=IRAND
T2=RAND=,5 .

2 =GxT+CMPLX(T1,T2)

DO 3 K=1/N
I=IRAND
T1=RAND=,5
I=IRAND
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T=GxT+CMPLX(T1,T2)
X(KeJ)=T

CONTINUE

RETURN

SUBROUTINE CXxDISJ
THIS SUBROUTINE COMPUTES AIC» PBESTe ALL THE FILTER
COEFFICIENTSs AND THE NORMALIZED CORRELATIONS
COUBLE PRECISION SAReSAI»SB
I=N
K=PMAX
IA=N=1
IF(PMAX(GE,N) PRINT 1, Kel,IA
FORMAT (/' PMAX =*,I4y* IS TOO LARGE FOR NUMBER OF DATA'»
' POINTS N =*»I59'3 SEARCH LIMITED TO P =¢,14)
IASMIN(IA,PMAX)
FAC=4,/ (NxND) @ FACc=0, WOULD FORCE PBEST EQUAL TO IA
COMPUTE SAMPLE MEAN
AVE=(0,00,)
DO 2 J=1,ND
DO 2 I=1/N
AVE=AVE+X(I,J) .
AVE=CMPLX(REAL (AVE)/ (Nn%ND) » AIMAG(AVE) /7 (N%ND) )
SUBTRACT SAMPLE MEAN AND COMPUTE SAMPLE POWER
PO=9,
00O 3 J=1¢ND
0O 3 I=1sN
X(IeJ)=X(I,J)=AVE ® TO KEEP SAMPLE MEAN, DELETE THIS CARD
Y(IoJ)=X(IyJ)
PO=PO+REAL(X(I9J) ) x%x24AIMAG(X(I0J) ) %%2
PO=PO/ (N%ND)
BEGIN RECURSION
AIC(0)=LOG(PO)
AICMIN=AIC(0)
PBEST=0

e e e o e e

R S

3
i
£




TD 5831

SPMAX=PO/NF
SPBEST=SPMAX
DO 4 P=1,IA

C CALCULATE CROSS=GAIN} EQ 155
SAR=0.D0
SAI=n,D0
sB=0,D0
L=P+1
DO S J=1/ND
DO S5 I=LeN
TI=REAL(X(I,J))
T2=AIMAG(X(I,J))
T3=REAL(Y(I=1rJ))
T4=AIMAG(Y(I=1,pJ))
SAR=SAR+T1xT3+T2%T4
SAI=SAI+T2%T3=T1%T4

5 SB=SB+T1#*%2+T2%x%2+ T3 %2+ TUxx2
T1:2.¢SAR/SB

2=2,%SAI1/SB

G-CMDLX(TloTZ)

C CALCULATE FILTER COEFFICIENTS?) EQS 1608148, STORE IN X(1,1)ee X(Pr})
X(Ps1)=G
IF(P.,EQ.1) GO, TO 6
L=P/2
Do 7 I=1,L
T=X(I¢v1)=GxCONJG(X(P=1,1))
X(P=I¢1)=X(P=Iy1)=6%CONJG(X(I,1))

7 X(Ie1)=T
C CALCULATE NORMALIZED CORRELATont EQ 149
6 T=X(Prl)
IF(P,EQ,1) GO TO 8
L=P=1
CO 9 I=1,L
9 T=T+X(I+1)%RHO(P=1)
8 RHO(P)=T
6




C CALCULATE AKAIKE'S INFORMATION CRITERION
T1=1,00=4,D0% (SAR%*2+SAT%%2) /SBx%2
SPMAX=SPMAX*T1
AIC(P)=LOG(SPMAX)+FAC«P
IF(AIC(P) +«GE,AICMIN) GO TO 10
AICMIN=AIC(P)

PBEST=P
SPBEST=SPMAX
DO 11 I=1,P

11 ACI)=X(Ir1)

in IF(P,EQ,IA) GO TO 12

C UPDATE FORWARD AND BACKWARD SEQUENCESs FQ 153
L=P+1
DO 13 J=1/,ND
NO 13 I=NrLe~1
TEX(IeJ)=GxY(I=1yJ)
Y(IoJ)=Y(I=1,J)=CONJG(G)*X(Tr»J)

13 X(Ied)=T

4 Y(Ps1)=6

12 Y(IA»1)=6
IF (PBEST.EQ,IA) GO TO 14

C COMPUTE EXTRAPOLATED NORMALIZEpD CORRELATIOM

C COEFFICIENTS FROM PBEST+1 TO PMAX?} EQ 165
L=PBEST+1
DO 15 P=L/,IA
A(P)=(0,00,)

T=(00 '0.)
0O 16 I=1/,PBEST

16 T=T+A(I)%*RHO(P=I)

15 RHO(P)=T

14 RETURN

TD 5831
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SUBROUTINE SPECT

THIS SUBROUTINE COMPUTES THE POWER SPECTRUM FOR PBEST}) IT IS SCALEDR
SUCH THAT THE SUM 9F VALUES COMPUTED SHOULDP EQUAL THE SAMPLE POWER

XX(1)=1,

YY(1)=0,

IF (PBEST.EQ,0) GO TO

00 2 I=1,PBEST
XX(I+1)==REAL(A(I))
YY(I+1)==AIMAG(A(I))

L=PBEST+2

DO 3 I=L.NF

XX(I)=0,

YY(I)=0,

CALL QTRCOS(COSI/NF)
L=1,4427%LOG(NF)+,.5 ® LOG2(NF)
CALL MKLFFT(XXoYY,COSTIsLr=1)
SUM=Q.

DO 4 I=1,NF
XX(I)=SPBEST/(XX(I)**2+YY(1)#%#2)
SUM=SUM+XX (1)

RETURN

END

SUBROUTINE QTRCOS(CeN)
DIMENSION C(1)
N41=N/4+1
SCL=6,.,283185307/N

DO 1 I=1,Ny41
C(I)=COS((I=1)%SCL)
RETURN

END

T s e
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SUUROUTINE MKLFFT(XeY,CCoMpISN)
CLAENSION X(1)eY(1)eCc(1)rL¢12)
FQUIVALENCE (L12oL.(1))o (L12,L€2)),(LINWL(3)) o (LOyL (L))o (LByLI(K)Y»

L(L7oL(0)) o (LEPL(T)) o (1L5,L(8))» (LY4,L(9)) s (L3,L(10)) s (L2,L(11)),
2(L1L.C22))

:.:¢**M
S Ou=N/Y
- U4P1=ND4+]
l.u4P2=ND4P1+1
P UeP2=ND4+NDUP2
0 8 LO=1,M
LMX=2%% (M=|_0)
LIx=2*%LMX
1 ISCL=N/LIX
5 LO 3 LM=1,LLMX
: JARG=(LM=1)%ISCL+1
. 3 IF(IARG,LE,ND4P1) GO 1O &
==CC(ND2P2=1ARG)
S=ISN*CC(IARG=NDY)
GO TO 6
4 C=CC(IARG)
Sz [SN*CC (NDUP2=IARG)
6 [0 8 LIZLIX»NoLIX
J1ZLI=LIX+LM
¥ Je=Ji+LMX
Ti=X(J1)=X(J2)
T2=Y(J1) =Y (J2)
X(J1)=X(J1)+X (J2)
Y(J1)=Y(J1)+Y(J2)
X(J2)=CxT1=5xT2
Y(J2)=CxT2+SxT1
8 CONTINUE

bR s i T
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DO 40 J=1,12

L(J)=1

IF(J=M) 31,31,40

L(J)=2%%x (M+1=J)

CONTINUE

JN=1

DO Ji=1,L1

DO Jaz=Ji,L2,L1
J3=J2,L3sL2
JUSJ3pL4WL3
JS5=J4,LS)L4
J6=J5)LL6yL5
J7=J6sL 7916
J8=J7,L8,L7
J9=J8yLL9,L8
J10=U9,L10,L9
Jili=y1o0,L11,L10
JR=J11,L12,L11

IF(UN=UR) 51,51,52

=X (JN)

X(JN)=X(JR)

X(JR)=R

FIZY(JN)

Y(JN)=Y(JR)

Y(JR)=FI

JN=UN+1

CONTINUE

RETURN

END
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