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APPENDI)( Tes5AYRE : C=TX/TP

Wi=1.0
. BESLPN ‘ - IF(COEFBS(MAXDBS) LT.0. 99999 OR. COEFBS(MAXDBS) GT. 1.00001)
Nyl OO IR . 7’4 /9)b74ll«5' DEHERD S, + Wi=1. 0/COEFBS(MAXDBS) ’ .
I8 0 : 7 4 A DOE (B c
M7 402 DR (WH) ‘ . . DO 20 J=0, MAXDBS-1 :
GN: 7 45 DIEREKR (H7) - : : WCOEF (MAXDBS-J) = coms(J)m
: 7 BHHRKRORICL S 20 CONTINUE
C o1t igres 2t -0 2?2 C----vm GET ROOTS OF POLYNAMIAL
F(z)= Gn"ﬁ. T CALL BAIHIT(MAXDBS WCOEF (1), ZROOT(1))
Il -zl a2z ¢
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IERR: # 0 D& & x5~ () S H(m,a) =2
) ‘ ' ©H(I%-2) =LL .
C====s=sszzesssszascasssans s=s==== © HQJ#4-1). = (2.0%SA2-2. 04CHC) #A
SUBROUTINE BESLPN. (H, M, GN, N, FPK, AP, DT, IERR) H( J#4 ) = (CHC+SA24C¥2. D¥SR)#A-
c - - 1 CONTINUE ’
c -BESSEL LOW PASS FILTER COEFFICIENT Cektt FOR ODD N 4+
C g : i - 1F( MOD (MAXDBS, 2). NE.0 ) THEN
C #+## ARGUMENTS#k¥k¥ . M=M+1
c(o) H : FILTER COEFFICIENTS o S SR=REAL (ZROOT (MAXDBS) )
C(0) M : ORDER OF FILTER (M=(N+1)/2) A= 1,0/(C-SR)
C(0) GN . : GAIN FACTOR . G = G¥A¥(-SR).
c(1) N : ORDER OF BESSEL FILTER FUNCTION . - A CH(M#4-3) =1
C (1) FPK  : PASS,BAND FREQUENCY .(DIMENSIONAL) ( HZ) - H(M4-2) = 0. -
c(1) ap : MAX. ATTENUATION IN PASS BAND . . H(M¥4=1) = (=C-SR)#A
c(1) DT : SAMPLING INTERVAL .. . HCME4 ) = 0,
c - ~= ENDIF, ’ RN
c A. KATSUMATA ( 1959/5/20 ) . GN =G
c - - 1ERR=0
; DIMENSION H(+) ' : RETURN -
DIMENSION COEFBS(0: 50) VICOEF(O 50) - - . R CH¥++  ERROR . #¥kk+%
COMPLEX ~ ZROOT(S50) . - E . 100 WRITE(6, 101) -FP
DATA 'P1/3.141593/,HP/1. 570796/ . 101 FORMAT(/1X,5(2"),”  (BESLPN)  INVALID INPUT FP =",
C k% ARGUMENTS ##k# ¥ IPE14.6. 3K, 5( 2")//)
FP = FPK # DT .- | : IERR=1 .
= ABS(FP)#PI o - RETURN
IF( ¥P.EQ.0.. . OR. WP.GE.HP ) GO TO 100 END
Cr¥kx DETERMINE C ttt{*t
= TAN(¥P)
PA = ABS(AP) . .. . BESHPN .
IF( PA.EQ.O. ) PA=0.5 - . . T ) IR /91v741b5’®f¥§k’&>kb5
C----- GET BESSEL FILTER POLYNOMIAL I W) : 7 4 vy DER (A
CALL GETBPL (N, COEFBS(0), MAXDBS, IFRROR) . . M: 7 05 DR (W)
IF(IERROR. NE. 0) GOTO .100 LGN 7 g v s DIEBEN (HH)

CALL DETBTX(PA, COEFBS(0), MAXDBS, TX, IERROR) S Za vy RBRERORIC L B
IF (IERROR. NE. 0) GOTO 100 . ‘ :
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F2)= Gn;fg 1*“:41-3)Z+H(4{-2>22
N 14] (q1-1> 2+ g1y 22
N:XoyeNT 40 ORY (ATD
FPX : BB IRORERABRYK (Hz) (A
AP : BRI OB/MRIBICEIT 505 £~ 5 (ATD)
: 38 0 B/ MR

1
(1+4p) 172
&5,

DT: % 7Y 7 [SEC] (AT
IERR #00E&x5— (HM)

C==z== ===
- SUBROUTINE BESHPN (H, M, GN, N, FPK, AP, DT, 1ERR)

BESSEL HIGH PASS FILTER CdEFFIClENT

4% ARGUMENTS##44¢

L] : FILTER COEFFICIENTS

M : ORDER OF FILTER (M=(N+1)/2)
G

N

=

: GAIN FACTOR

: ORDER OF BESSLE' FILTER FUNCTION

FPK : PASS BAND FREQUENCY (DIMENSIONAL) ( HZ )
AP : MAX. ATTENUATION IN PASS BAND -

DT : SAMPLING INTERVAL (SEC)

A.. KATSUMATA (1989/5/20)

OO0 O00O0O0

DIMENSTON 1 (%)

DIMENSION COEFBS(0:50), WCOEF (0:50)
COMPLEX  ZROOT(50)

DATA PI/3. 141593/, HP/1.570796/

C-—-=m- NON-DIMENSIONAL FREQUENCY
PP = FPK ¥ DT
= ABS(FP)#P!
IF( ¥P.EQ.0..0R. WP.GE.HP) GO TO 100
Ch¥ts DETERMINB (R L

= TAN(P)
PA = ABS(AP)
IF( PA.EQ.0: ) PA = 0.5
C----- GET BESSEL FILTER POLYNOMIAL

CALL GETBPL (N, COEFBS(0)., MAXDBS, 1ERROR)
IF (IERROR. NE. 0) GOTO. 100
CALL DETBTX(PA. COEFBS (0), MAXDBS; TX 1ERROR).
IF(IERROR NE. 0) GOTO 100
C = TX+TP .
C-—--= GET BESSEL FILTER POLYNOMIAL --------------------
CALL GETBPL(N, COBFBS(O) MAXDBS, 1ERROR) :
Wi=1.0
IF (COEFBS (MAXDBS): LT. 0. 99999. OR. COEFBS (MAXDBS). GT. 1. 00001)
T+ - W1=1. 0/COEFBS (MAXDBS)

DO 20 J=0, MAXDBS-1

WCOEF (MAXDBS-J) =COEFBS (J) #¥1
20 CONTINUE
Cmmmmmne GET ROOTS OF POLYNAMIAL
CALL BATHIT{(MAXDBS, ¥COEF (1), ZROOT(I))

c
M = MAXDBS/2
G =1

[
DO 1 J=1.M

SR = REAL(ZROOT(2#)-1))
SI = AIMAG(ZROOT(2%J-1))
SA2= SRESR+S1#S]
A = 1./(SA24C#C-C#2. 04SR)
G = G¥A¥SA2 .
H(J#4-3) = -2
H(J#4-2) = |,
H(J#4-1) =-(2.045A2-2. 04C4C) %A
H( J#4 ) = (CHC+SA24C#2. 0#SR)#A
CONTINUE .
IF( MOD(MAXDBS, 2). NE.0 ) THEN
C#4%% FOR ODD N  #¥¥#+ ,
M=M+ 1
SR=REAL (ZROOT (MAXDBS))
A = 1.0/(C-SR)
G. = G#A¥(-SR)
H(M$4-3) = -
H(M#4-2) = )
H(M#4-1)- --(-c-sn):A
H( M¥kd ) = 0.
ENDIF-
GN =G
IERR=0
RETURN
Costt ERROR - #4844
100 WRITE(6, 101) FP
101 FORMAT(/1X,5( ?°),"  (BESHPN)  INVALID INPUT FP =
¥ {PE14.6,3X,5(C?")//)
1ERR=1
RETURN
END

3. BESPSN ) .
Ry YRR F g CINT 4 VI DERERD S,
I8 K1) 2 7 4 M2 OEE (WD
M: 74 Vs ORE (K7D
GN: 7 4« Vo OERER (WM
TANIMBRIRORICL B
144 z+H A
F(Z) GN ?11 (41-3) {41-2

U4 qr -1y 240 g1y 22
N:oyrANT 2 M5 OERE (AT -
FLK : EAEOREREKYR (Hz] (A
S FHK: SEBROBRERKRK (Hz] (AM)
AP: TRIE D BMRE T 205 A — 5 (AT

92



—_ L Z -

BRI o BYMRE I
1
(1+4p2) 17
&5,

DT: % 7Y » Mk [SECT (AJD)
IERR: # 0D & &= 35— (K

SUBROUTINE BESPSN (H, M. GN, N, FLX, FHK, AP, DT, IERR)

BESSEL BAND PASS FILTER COEFFICIENT

¥

—_————— oo *

* ARGUMENTSk#+4#
AN : FILTER COEFFICIENTS
) M © ORDER OF FILTER (M=(N+1)/2).
) GN : GAIN FACTOR
) N : ORDER OF BESSEL FILTER FUNCTION
) FLK : LOW FREQUENCY CUT-OFF (DIMENSIONAL) { HZ
) FHK : HIGH FREQUENCY CUT-OFF (DIMENSIONAL) ( HZ
) AP : MAX. ATTENUATION-IN PASS BAND
) DT: : SAMPLING INTERVAL

)

A KATSUMATA (1989/5/22) -

OO0 OO0OOO0 OO
o~

Cisk

DIMENSION H(#)
DIMENS 10N COEFBS (0:50). WCOEF (0:50)
COMPLEX  ZROOT(50) )

+ . $10, S1C, ROZ, CR1, CRZ

DATA  P1/3. 141593/, HP/1.570796/
FL = FLK + DT

Fll = FHK - 4 DT

WL = AMIN1(ABS(FL), ABS{FH))#+P|
WH AMAX1 (ABS (FL), ABS(FH)) #P}
ABS( AP )

IF( PA.EQ.0. ) PA =0.5

IF( WL.LE.0. .OR. WL EO ¥H . OR. WH GE.HP ) GOTO 100

- GET BESSEL FILTER POLYNOMIAL e mm e
CALL GETBPL(N, COEFBS (0), MAXDBS, |ERROR)
IF (1ERROR. NE 0) GOTO 100

CALL DETBTX(PA, COEFBS(0), MAXDBS, TX, IERROR)
IF(1ERROR. NE. 0) GOTO 100
DETERMINE C ###¢#
C=TX/(TAN(¥H)-TAN(WL))
= TAN(WL) #TAN (WH)

20

Wi=1.0

lF(COBFBS(MAXDBS) LT. 0. 99999, OR. COEFBS (MAXDBS). GT. 1. 00001)

+ W1=1. 0/COEFBS (MAXDBS)
DO 20 J=0, MAXDBS-1

WCOEF (MAXDBS-J)=COEFBS (J) #¥1
CONTINUE

Crmmmmm GET RO
CALL BA1

0TS OF POLYNAMIAL
HIT(MAXDBS, WCOEF (1), ZROOT(1))

AX
*2

DBS/2

DO 2 J=
SI0 =
SIC =
1ABS =
RO2
-CR1
CR2

21
Al
A01

A22
Al2
A02

"o

H(J#8-
H{J*8-
H{J*8~

H(J*8

H(J#8-
H(J*8-
H(J#8-

H(J*8

) =G

2 CONTINUE
CH¥%x  FOR ODD
TF( MAXDI

M=M

¥B=C/!

u_mon

1K
ZROOT(J#2-1)
ZROOT(J#2)

SQRT(S10¥SIC)
CHPLX (WA, 0. 0) #CMPLX(C, 0. o)tCMPLx(c 0 0
(SI10 + CSQRT( SIO#SIO -4.0%R02)) / 2.0
(S10 - CSQRT( SI10#S10 -4.04R02)) / 2.0

)

C/ZABS+2. 0#REAL (CR1)/ZABS+CABS (CR1) #CABS (CR1) /C/ZABS
-2.0%C/ZABS+2, 0¥CABS(CR1) #CABS (CR1) /C/ZABS
C/ZABS-2. 0#REAL(CR1)/ZABS+CABS(CR1) #CABS (CR1) /C/ZABS

C/ZABS+2. 0#REAL (CR2)/ZABS+CABS (CR2) #CABS (CR2) /C/ZABS
~2. 0%C/ZABS+2. 0#CABS (CR2) #CABS (CR2) /C/ZABS
C/ZABS-2. 0#REAL (CR2) /ZABS+CABS (CR2) #CABS (CR2) /C/ZABS

1) =
6) =~
5) =
-4) =
3) =
2) =-1.
1) = Al2/A02
) = A22/A02
/(A01¢A02)

N *¥¥ek

BS. NE.M ) THEN

+ 1

REAL (ZROOT (MAXDBS) )

¥WO=-WA+¥B-WB+1. 0

¥Wi=-

2.0%(WA-1.0) #¥B

WW2=-WA+¥B-WB-1.0
G =G/ W¥o

H{M#
H(M%
. H(M#
H(M#
ENDIF
GN = G
TERR=0
RETURN
Ck#+x  ERROR
100 ¥RITE(S,
101 FORMAT(/
P
IERR=1

4-3) =
4-2) =
4-1) =
4 ) =

0

|
W¥1/W¥0
W¥Z/¥¥0

(222 3]
101) FL,FH
1X,5(?")."  (BESPSN)  INVALID INPUT FL =,

IPE14.6,3X,"FH =" E14.6,3X,5( 2")//)

L2
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RETURN
END

4. GETBPL
74»70aﬁ%ﬁifrﬁmﬁm§a&m6§ﬁ
Ax85.
SIE NN : R ()\71) )
cumum;gﬁﬁm%ﬁ,Nmmﬁ(zo)

< MAXBS.: BIHKIC BT 2 RAKRKY (HAH)
mm ¢om¢é:5—(&ﬁ)

C#*’#*%*#t#t*#*#*tt#tt#tttttt.itt“tttit‘ttt‘tt

C

- SUBROUTINE GETBPL(NNﬁCOEFBS.MAXBS,IERR)
c X - : ‘
C GET THE BESSEL FILTER POLYNOMIAL

C .

c NN-" : ORDER OF POLYNOMIAL

c COEFBS :* COEFFICIENT OF POLYNOMIAL

c MAXBS : MAXIMUM ORDER OF POLYNOMIAL
c 'IERR : L NE. 0 => ERROR

c
C*****t#t*#*#‘#t*t#*#t##ttttt‘tttt*#t#*#itti‘t‘
C

DIMENSION COEFBS(0:50)

COEFG : COEFFICIENT OF POLYNOMIAL ( FOR REAL PART )
COEFU : COEFFICIENT OF POLYNOMIAL ( FOR IMAGINARY PART )
DIMENSION COEFG(0:50), COEFU(O 50)

4
C
c

CLEAR OUTPUT BUFFE|
DO 10 1=0, 50
. COEFBS(1)=0.0
10 CONTINUE : '
CALL GETBGU(NN, COEFG(0), MAXDG cospu(o) MAXDU IBRROR)
IF(IERROR. NE. 0) THEN -
IERR=1ERROR
RETURN
B ENDIF
C------ REAL.PART OF. POLYNOMIAL
DO 20 1=0; MAXDG
IF(MOD(I, 4): EQ. 0) THEN
COEFBS (1) =COEFBS (1) +COEFG (1)
ELSEIF(MOD(I, 4).EQ. 2) THEN
COEFBS (1) =COEFBS (1)~COEFG(1)
ENDIF
20 CONTINUE
[ INAGINARY PART OF POLYNOMIAL
DO 30" 1=0, MAXDY
IF(MOD(I, 4).EQ. 1) THEN
COEFBS (1) =COEFBS (1) +COEFU(I)
ELSEIF (MOD(I, 4). EQ. 3) THEN
COEFBS(1)=COEFBS (1) -COEFU(I)

. EWDIF
30 CONTINUE

“ " MAXBS=MAXDG ‘
IF (MAXBS. LT. MAXDU) MAXBS=MAXDU

c

~ RETURN

END

5 . GETBGU

aa&%zrﬁ@muo%m BEROEHEREETLTH
R 5.
I NN :RE ()\71
“ COEFG(N) : RBMDOFZHARDEHEY, NIIKHE (20)
S 2
MAXDG : EE OB AKX DOBRKY (HH7)
COEFU(N) : O EHADRM, NRKEK (20)
¢ 7))
MAXDU': 2SR DB AR OBAKE (H71)
IERR: # 0D & & x 35— () :

C&#t**t**t*ttti#t#}*tt##*.tttttttttttti'tt‘*it*

¥

OO0 OO0

COoOOOOOO00

SUBROUTINE GETBGU(NN, COEFG, MAXDG, COEFU, MAXDU, 1ERR)
GET BESSEL FILTER POLYNOMIAL ( SEPARATLY ABOUT G,U )

NN : ORDER OF POLYNOMIAL

COEFG : COEFFICIENT OF POLYNOMIAL OF REAL PART (G)
MAXDG : MAXIMUM ORDER OF COEFG

COEFU : COEFFICIENT OF POLYNOMIAL OF IMAGINARY PART (u)-
MAXDU : MAXIMUM ORDER OF COEFU

IERR : .NE:0 ==> ERROR

#ttt#tttttttt#tt#t*tttt*t#btifil#tt##t‘#t*ti#t_

DIMENSION COEFG(0:50), COEFU(0:50)-
REAL#8 DCOEFG(O 50) DCOEFU(0:50)

MRKEXG MARK FOR™ NEXT, EXTENSION OF POLYNOMIAL ORDER  ( REAL PART )

MRKEXU ( IM. PART )
WCOEFG~ COEFFICIENT OF EACH TERM  ( REAL PART )

WCOEFU ’ ( IMAGINARY PART )

IDEGG - ORDER OF EACH TERM (_FOR REAL PART )

IDEGU  (_FOR IMAGINARY PART )

DlMBﬁSION MRKEXG(1000), MRKEXU(1000), IDEGG(1000), IDEGU(1000)
REAL#8 WCOEFG (1000), WCOEFU(1000)

===== CLEAR OUTPUT BUFFER =
DO 10 120,50 °
COEFG(1)=0.0
COEFU(1)=0. 0
DCOEFG (1)=0. 0DO
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DCOEFU (1) =0. ODO

10 CONTINUE
IERR=0
————— NN ILLEGAL ?
IF (NN, LE. 0. OR. NN.GT. 20) THEN
IERR=1 ‘
WRITE(6, " (/4X,40('"#*),""  GETBGU ERROR NN=""
+ 400C°%°))") NN
RETURN
----- NN=1

ELSEIF(NN. EQ. 1) THEN
COEFG(0)=1.0
COEFU(1)=1.0
MAXDG=0
MAXDU=1
RETURN

“ENDIF

== CLEAR WORK BUFFER =
D0 20 I=1, 1000
MRKEXG (1) =0
MRKEXU(1)=0
WCOEFG (1) =0. 0D0
HCOEFU(1)=0. 0D0
IDEGG(1) =0 :
1DEGU(1) =0
20 CONTINUE
MRKEXG(1)=1
WCOEFG(1)=1. 0DO
_IDEGG(1)=0
WCOEFU(1)=1. 0DO
. IDEGU(1)=1
..... NUMBER OF TERM
NTERMG=1
NTERMU=1

sszoazezzsassz

" NG=NTERMG

DO 40 J=1, NTERMG
------ NO EXTENSION TERM
IF (MRXEXG(J). EQ. 0) THEN

MRKEXG () =1
WCOEFG (J) WCOBFG(J)#DBLE(Z#I 1)

C-——-—- EXTENSION TERM

- ELSE
( CREATE 'NEW TERM )
NG=NG+HI -
WCOEFG (NG) ==¥COEFG (J) /DBLE (2¢1-3) | -
1DEGG (NG)-=1DEGG () +2 '

18, 3X,

MRKBXG(NG) 0

WCOEFG(J) WCOEFG(J)*DBLE(Z'I 1)
MRKEXG.(J).=1..
. ENDIF :
40 CONTINUE
NTERMG=NG . -

C======= |[MAGINARY PART ==s===z=z===szszzszzzsssssezes
NU=NTERMU
DO 50 J=1, NTERMU
[ NO EXTENSION TERM
IF (MRKEXU(J). EQ. 0) THEN
MRKEXU(J)=1
WCOEFU () =WCOEFU (J) #DBLE (2%1-1)

L= EXTENSION TERM

ELSE
C  ( CREATE NEW TERM )
NU=NU+1
WCOBFU (NU) =-¥COEFU (1) /DBLE (2#1- 3)
IDEGU (NU)=1DEGU(J)+2 .«
- MRKEXU(NU)=0
c -
WCOBFU(J) WCOEFU(J)tDBLE(ZOI 1)
MRKEXU(J)=1

ENDIF
50 CONTINUE
NTERMU=NU
C o
30 CONTINUE
4

(======ss=s==s=sssc=s=ss=ssszzzssssszszoss

4 GROUPING EACH ORDER '

C-=—- REAL PART
MAXDG=0
DO 60 I=1, NTERMG
) IF(IDEGG (1). GT. MAXDG) *MAXDG= IDBGG(I)
60  DCOEFG(IDEGG(I))= DCOEFG(IDEGG(I))+WCOEFG(I)
" DO 65 1=0, MAXDG
§5  COEFG(I)=DCOEFG(1)
[ IMAGINARY PART
MAXDU=0
DO 70 =1, NTERMU
IF(IDEGU(I). GT. MAXDU) MAXDU=1DEGU(I)
70 DCOEFU(IDEGU(I))=DCOEFU(IDEGU(1))+WCOEFU(!)
C--- REAL#3 ==> REAL#4
DO 75 1=0, MAXDU
75 COEFU(I)=DCOEFU(I)

RETURN
END
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6 , GETBTX

EREMOSEANEL SN A@E L L EDANAx 2RDS

B AP : BHAROMICMT S5 2 — 9
COEFFB(N) : ZIANOHM (AN
MAXDBS : §ﬁiusuaﬂkaﬁ(kn)
™: ROXEMET 5 (1)

1
MR oerrs(n) - (1Tx)™

(‘+(AP)2)1/2 Y
IERR: # 0 D& & x 5 — (HF)
C L3 *
C
" SUBROUTINE DETBTX(AP, COEFFB, MAXDBS, TX, JERR)
C
C DETERMINE BESSEL FILTER POLYNOMIAL X VALUE FOR GIVEN AP
C
C (1) AP : PASS BAND MAXIMUM ATTENATION
C (1) COEFFB : COEFFICIENTS OF POLYNOM!AL
c(r) MAXDBS : MAX. ORDER OF THE POLYNOMIAL
c(0) X" THE VALUE WHICH GIVES AP IN BESSEL POLYNOMIAL
€ (0.) IERR : ERROR FLAG
C
CHEEEEERRE R ER KRR R RRRRE R IR ERRRNERRRERERI IR ENS
c .
DIMENSION COEFBS(0:50), COEFFB(0:50)
C
C-mmn ATTENATION VALUE
BP=SQRT (1. G+AP#AP)
C

[ NORMALIZING OF POLYNOMIAL
W¥=COEFFB(0)
DO 20 J=0, MAXDBS
COEFBS (J) =COEFFB(J) /W¥
20 CONTINUE
C-=--- GET TX BY THE BISECTION METHOD
TX1=0.0
TX2=1.0
DO 30 J=1,50
CALL VALBPL(TX2, COEFBS(0), MAXDBS, VAL)
IF (VAL-BP.GT. 0.0) GOTO 40

TX2=TX2¢2.0
30 CONTINUE
40  CONTINUE

D0 50 J=1,150
TX=(TX1+TX2)/2. 0
CALL VALBPL(TX, COEFBS(0), MAXDBS, VAL)
IF(VAL-BP.GT.0.0) THEN
TX2=TX
ELSE
TX1=TX
ENDIF
IF(ABS(TX2-TX1) /ABS (TX2+TX1).LT. 1. 0E-5) GOTO 60
50 CONTINUE

coocooocoocoo0o

WRITE(6," ("* GETBSN ERROR NO CONVERGENCE OF X'')°)
GOTO 100

60 CONTINUE

IERR=0
RETURN
C---- ERROR
100 CONTINUE
1ERR=1
RETURN
END

7 . VALBPL
CREAMOZHERICSWTANExHEL S hicd
&OHNERD S,
Si% X: ANME (AN)
COEFF(1) : (2B D EHR OB RY (AF)
N: BENIC BT B/AKRE (AN
VAL : IFTORRTEESLE. (W)

Vau

e

oo

SUBROUTINE VALBPL(X. COEFF, N, VAL)
GET OUTPUT VALUE FOR BESSEL FILTER POLYNOMIAL FUNCTION
X : GIVEN VALUE FOR CALCURATION
COEFF : COEFFICIENTS OF POLYNOMIAL
N : THE ORDER OF THE POLYNOMIAL
VAL : OUTPUT
) VAL=ABS( SIGMA (COEFF(J)#(I1X)#+J) )
PR R R R I
DIMENSION COEFF(0:N)

REAL#8 VR, VI, XN

[ INITIALIZE
VR=0.0D0
V1=0.0D0
XN=1.0D0

¢
DO 10 1=0,N

C.... REAL PART
IF(MOD(I, 4). EQ. 0) THEN
VR=VR+DBLE (COEFF (1)) #XN
ELSETF (MOD(1, 4). EQ. 2) THEN
VR=VR-DBLE (COEFF (1)) #XN
C.... IMAGINARY PART
ELSEIF(MOD(1, 4).EQ. 1) THEN

0¢
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V1=VI+DBLE (COEFF (1)) *XN

ELSEIF(MOD(I, 4). EQ. 8) THEN
V1=VI-DBLE(COEFF (1)) #XN

ELSE
WRITE(6," (" VALBPL ERROR 1="",15)") I

ENDIF '

...... XN=X##(I)
XN=XN#DBLE (X)
10 CONTINUE

VAL=DSQRT(VRAVR+VI#VI)

RETURN
END

8 . BAIHIT

RTRMY-EF I 2 EIED, BAShERY

LEAORERD S,

c
c

COOOOOOOOOSO0 0

c
C
c
C

1% N: HFEXNOBRAKRY (A
A(D : HFEADEHOEH (N-1H%KE)

. (0 V2))
7: HFIEXOEHRR (1)
T T e e T
SUBROUTINE BAIHIT(N, A, 7)

CALCULATE ROOTS OF POLYNOMIAL BY BAIRSTOW-HITCHICOCK METHOD
( 1989/5/12 PROGRAMMED BY KATSUMATA )
( AFTER " SUUCHI-KENSAN-HOU' BY HAYATO TOGAWA
. CORONA PUBLISHING CO., LTD. 1981 )

N : ORDER OF POLYNOMIAL
A(1) : COEFFIENTS OF POLYNOMIAL
A(1) COEFFICIENT FOR N-1 POWERS OF X
COEFFIENT OF N POWERS OF X IS 1.0
Z(1) : COMPLEX ROOTS (I : 1 -> N )

FRRERRRE R R RE R R R R R R R R R R bR R R R k4

DIMENSION A(N)
COMPLEX Z(N)
P,Q : FACTOR POLYNOMIAL
PBUR(I): COEFFICIENT OF 1 POWER OF X
QBUF(1): COEFFICIENT OF 0 POWER OF X
I: INDEX FOR POLYNOMIAL
REAL#8  PBUF(20), QBUF (20)
REAL#8  AWRK(50), B(50), BWRK(50), C(50)
+ , P, Q, BN, BNM1
+ , CNML, CNM2, CNM3, AL1,A12,A21, A22,B1L, B2, DP, DQ, 1
+ L RA,SA,RB,SB -

------- PRE-CHECK FOR POLYNTMIAL DIVIDE
IF(N.EQ. 1) THEN

Z(1)=CMPLX(-A(1),0.0)
RETURN
ELSEIF(N.EQ. 2) THEN
NPQ=1
PBUF (NPQ)=A(1)
QBUF (NPQ)=A(2)
GOTo 20
ELSEIF(N.LT. 1) THEN
WRITE(E," ("* BAIHIT ORDER ERROR N="',13)') N

RETURN
ENDIF
c
C-—-mm NUMBER OF POLYNOMIALS WITH 2 POWERS
NPQ=0
Cm=mm ORDER OF REMAINED POLYNOMIAL
NA=N
C
DO 40 I=1,N
AWRK (1) =A(1)
40 CONTINUE
c
10 CONTINUE
(ezssszzzszcs .
c GET P & Q ( POLYNOMIAL COEFFICIENT OF 2 POWERS )
c BY ITERATION METHOD

30 CONTINUE
C--mmmm INITIAL SETTING OF P & Q )

TF(ABS(AWRK(NA)). GT. 1. 0E-2) THEN
P=(ABS (AWRK(NA))) ## (1. 0/REAL(NA))
Q=p
RJUGDE=P

ELSE-
P=1.0D0
Q=1.0D0
RIUGDE=P

ENDIF

DLIMIT=1.0E-12
100 CONTINUE
DO 50 KkK=1, 50
C-momomn DIVIDE BY (X$#2+P#X+Q)
CALL DDVPLN(AWRK (1), NA.B(1), P, Q, RA, SA)
Covvnnn END?
IF(ABS(RA) /RJUGDE. LT. DLIMIT. AND. ABS(SA) /RJUGDE. LT. DLIMIT)

NA=NA-2
NPQ=NPQ+!
PBUF (NPQ) =P
QBUF (NPQ) =Q

IF(NA.GE. 3) THEN
DO 80 I=1,NA
AWRK (1)=B(1)
80 CONTINUE

¢
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GOTO 30
ELSEIF (NA. EQ. 2) THEN
NPQ=NPQ+1
PBUF (NPQ) =B(1)
QBUF (NPQ) =B(2)
6OTO' 20
ELSEIF (NA.EQ. 1) THEN
2(4)-DCMPLX (~B(1), 0. 0D0)
GOTO 20
_ ENDIF
ENDIF

NEXT P& Q VALUE ====s== =
NB=NA-2 -

DO 70 1=1,NB

BWRK (1)=B(1)
BHRK (NB+1) =0. 0

CALL DDVPLN(BWRK(I) NB+1,C(1), P. Q, RB, SB)

BN=B(NB) -

IF(NB.EQ. 1) THEN

. BNNL=1.0

ELSE
BNM1=B(NB-1)

ENDIF

IF(NB.EQ. 1) THEN
CNMi=1.0
CNM2=0.0
CNM3=0. 0
ELSEIF (NB. EQ. 2) THEN
CNM1=C(NB~1)
_ CiMz=1.0
~ CNM3=0.0
ELSEIF (NB. EQ. 3) THEN
CNM1=C(NB~1) .
CNM2=C(NB~2)
CNM3=1. 0
ELSE
CNM1=C(NB~1)
CNM2=C (NB~2)
CNM3=C(NB-3)

ENDIF

A11=BN-CNM2¥Q-CNM1+#P
A12=BNMI-CNM3*Q-CNM2#P
A21=-CNM1#Q
A22=BN-CNM2#Q

B1=RA

. B2=SA

| DP=(BI#A22-A12¥B2)/(A11¥A22-A124A21)
© 0 DQ=(AL1¥B2-A214B1)/(A114A22-A124A21)

P=P+DP
Q=0+DQ

coocoooo

[ GOTO NEXT ITERATION

50 CONTINUE .
DLIMIT=DLIMIT#2.0

GOTO 100
c
C=======z= sz===zzzzsss sz
c CALCULATE ROOTS
Czs==== s=s=ssa===ws ===z
20 CONTINUE
DO 60 I=1,NPQ
H=PBUF (1) #PBUF(1)-4. 0#QBUF(1)
IF (K. GE. 0.0) THEN
"Z(2%1-1)=DCMPLX ( (~-PBUF (1) +DSQRT (1)) /2. 0, 0. 0D0)
2(241)  =DCMPLX((-PBUF (1)~ DSQRT(H))/2. 0, 0. 0D0)
ELSE |
2(241-1)=DCMPLX (-PBUF (1) /2.0, DSQRT(-H)/2.0D0)
7(2%1) . =DCMPLX(-PBUF (1)/2.0, -DSQRT(-H) /2. 0D0)
ENDIF i
60 CONTINUE
c
RETURN
END
9 . DDVPLN

2HRAEREA O 2&kAICERT B,
1% A(D : RE oMK E R B FHK (AT
A RN- 1RO D FH D
LN A OBRRYE (A
"B :BRHEoZEOSHEK (WAH)
- (B(1)idN-2- 1R DIRD (R 8
P.Q% A ZRRT 5 2 RE (X4PX+Q) DRE
(A
RS £ 0 OR (RXFS) (WA

Ci*t#t#*titti*ttttt#tttttt#tttttttttttt*ttttttttt
c
SUBROUTINE DDVPLN(A,N,B,P,Q.R,S)

DIVIDE POLYNOMIAL BY (X#X+PX+Q)
T (A¥X) = (XEX+PHX+Q)#(B#X) + (RX+S)
T AKX = XeaN 4 ALRX$E(N=1) + ...... + AN )

FEE R R F S R 4 LR22 2222

IMPLICIT REAL#8 (A-H,0-2)
DIMENSION A(N), B(N)

IF(N.EQ. 1) THEN
R=1.0.
S=A(1),
ELSEIF (N. EQ. 2) THEN
R=A(1)-P .
U s=A(2)-Q
ELSE

28



DO 10 1=1,N-2

IF(1.EQ. 1) THEN
B(I)=A(1)-P

ELSEIF(1.EQ. 2) THEN
B(1)=A(2)~P#B(1)-Q

ELSE
B(1)=A(1)-P#B(1-1)-Q#B(1-2)

ENDIF '

10 CONTINUE

AMART

IF(N.EQ. 3) THEN
R=A(2)-Q-P#B(1)
S=A(3)-Q#B(1)-

ELSE
R=A(N-1)-Q#B(N-3)-P+B(N-2)
S=A(N)-Q#B(N-2)

ENDIF

ENDIF

RETURN
END

10. TANDEM GREE(1978)) 12X 3.

OO0 OO0OOO0

HMHOREY « Ly DNEETS.
518 X ANF—2
. Y(D:Hh7—2
N7 — 58 (AT
HD:7 4 v OEH™ (AN
M:LERT BEAET 4 vy DY (ATD
GN: fERICBET 2R (AT
2B RRORIC L B,
Fl2)e G 14H (q1-3, Z+H (q1- 22
. : Ml 140 cq1-1> Z+H (a1> 22
NML: 7 ¢ v & SABBX T 5 Kl (AT
: >0 : EH DM
0: Bz LT A EICMET 3,

SUBROUTINE TANDEM(X, Y, N, H, M, GN, NML)

RECURSIVE FILTERING IN SERIES
(1) X ; INPUT TIME SERIES
(0 ) Y ; OUTPUT TIME SERIES (MAY BE EQUIVALENT TO X )
(1) N ; LENGTH OF X & Y
(1) H : FILTER COEFFICIENT
(1) M : ORDER OF FILTER
(1) GN: GAIN FACTOR .
(1) NML ; >0 : FOR NORMAL DIRECTION FILTERING

<0 : FOR REVERSE DIRECTION FILTERING

DIMENSION X(N), Y(N), H(#)
IF(N.LE.0.0R. M. LE.0) GO TO 2

==zs===z L z=ss===sz=

CALL RECFIL(X(1),Y(1), N. H(1),NML)
IF(M.GT. 1) THEN
C#%% 2-ND AND AFTER
DO I I=2,M
CALL RECFIL(Y (1), Y(1),N, H(1#4-3),NML)
1 CONTINUE
ENDIF
C-mom- MULTIPLY GAIN FACTOR
DO 20 I=1, N
Y(1)=GN#Y(1)
20 CONTINUE

4
RETURN
C#+% ERROR
2 ¥RITE(6, 3) N.M
3 FORMAT(//1X,5( ?"), 3K, (TANDEM)", 3X," INVALID INPUT", 38X, N=', 15,
$ 3K, M=",15,5( 2)//) )
RETURN
END

UL RECFIL (FNHE(1978)) K& 3.
BA7 45 ONEEITS
518 X(D:AHNF—2
Y():HWH7F—2
N:F— 28 (AA)
H(1):7 4 V2 DER (AHD)
ERIBRORICL B,
141 (1) 240 ¢y 22
Flz)2 ———————
14+l (3) z+H 4y 22
NML: 7 ¢ v 2 ABE T 3 R (AFD)
>0 : EE o0
<0 : B§fflico W T A RICMEES 3.

C=====sssss==sssssscss=szzs ses

" SUBROUTINE RECFIL(X, Y, N, H, NML)

RECURSIVE FILTERING
X : INPUT TIME SERIES
Y : OUTPUT TIME SERIES (MAY BE EQUIVALENT T0 X ) ) -
N ; LENGTH OF X & Y
i ; FILTER COEFFICIENT
NML : >0 : FOR NORMAL DIRECTION FILTERING
<0 : FOR REVERSE DIRECTION FILTERING

OO0 OO00

DIMENSION X(N), Y(N), H(¥)
IF(N.LE. 0) GO TO 4
IF (NML. GE. 0) then
Ci#+% NORMAL FILTERING
J=1
ID=1

else
C#+% REVERSE FILTERING
J=N

€€
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