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PROGRAMS FOR RECURSIVE IDENTIFICATION.

T. S&derstrdm

ABSTRACT.

In this report some programs for recursive identification
are described and listed.
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I. DESCRIPTION OF THE PROGRAMS.

The described program package uses the subroutines SIMUL,
NODI, PRB, PRBSTA, NSTAB, SL0OSS, RTLS (described in the
program library of the Division of Automatic Control),
PMPY (described in S8derstrdm (1973 b)), MERRO, VML, MyS
and PADD (described in S8derstrdm (1973 c)).

l. TRTID. This is a test program, which generates data,
manages the administration sand prints the results.

2. General description of the subroutines

RTGLS, RTIVM1l, RTIVM2 and RTMLE. The routines perform
one iteration of the actual recursive identification
method. They must be called once for each sampling in-
terval. The initial values of the parameter estimates
must be given in the calling program at the first call.
It is assumed generally that all signals for negative
times are zero. The initial value of the estimated co-

variance matrix (or the corresponding matrix) is put

100 + I in the routines. This means that the user is

urged to scale all signals to an amplitude of roughly
1.0.



RTGLS. The model used is

3.

1

Alg Ny (e) = Blg Hult) + —ie g(t) (1)
Clg ™)

i(q“l) = 1 + alq‘1 + ... + QNAq-NA

Bigh = qu'l + ooe. + BNBq"NB

Cig ™ty =1 + élq-l + + éNCq'NC

The algorithm is described in Harting-James-~Sage (1969).

Special pafameters.

JF - determines if the data are to be filtered or not,

JC -~ determines if the C-parameters are to be estima-

ted or not.

Rule of thumb. Put JF = 0 for the first 20 - 50 samples
and then put JF = 1. Put JC = 1 the whole time.

RTIVMl and RTIVM2. The model used is

Alghye) = Blg"hue) + e(t) (2)
A(q“l) =1 + glq_l + e + QNAq_NA
B(qg~L) = qu-l + .. + BNBq_NB

The basic algorithm is described in Wong-Polak (1367)
and Young (1870).



RTIVMi: The instrumental variables are chosen ags old

values of the input signal.

RTIVM2: The instrumental variables are chosen as the
input signal and the estimated deterministic output
signal.

Special parameter.

ND - the estimated deterministic output is computed
using the parameter estimates obtained ND samp-~
" ling intervals ago.

Rule of thumb. Choose ND roughly = NA. It is wise to
try some different values. '

RTMLE. The model used is

Alg™hye) = Big™Huce) + &g ett)

é(q-l) = 1 + élq'l 4+ oee. éNAq"NA
S DN | - -NB
cigh) =1+ élq"l + o 4 éNCq-NC

The algorithm is described in S8derstrdm (1973 a).

An estimated covariance matrix of the parameters esti-
mates can easily be computed by

P(I,J) = V*V TTIN(I,J)*2./FLOAT (ND)

where ND is the actual number of sampling intervals.



It is described in Sdderstrdm (1973 a) how to use re-
starts and processing the computations without upda-

ting the estimates (i.e. to put INEW = 1) in order to
improve the algorithm. Compare also the construction

in TRTID.

Rule of thumb. The variables described in S#derstr&m

(1973 a) may be chosen as

N1l
N2

100 ~ 300
25 - 100

h

NA + NB + NC
N1

VIEST = 1 + (2~3)

The subroutine VML evaluates the asymptotic normalized
loss function, see S&derstrdm (1973 c).

NB. It is necessary that 2NC + élch~1 + ...t éNéhas
all zeros inside the unit circle for the initial wvalues.
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ITT. LISTS OF THE PROGRAMS

FROGRAM TRTID
TEST OF REAL TIME IDENTIFICATION METHODS
AUTHOR TORSTEN SODERSTROM 1973-0u4=12

SUBROUTINE REQUIRED

G IMUL
PHROST
PR3
HODT

KRTGLS

RTIvML

RTIVii2

RTMILE

¥l

RTLS

DITMENSION Uin0ol«YC1000) v TS(30) TM30) o P (300 30)
UIMENSION Fi20) .
LIMENSION AL(11)eR1(11),CLOLLY»T1(30)

LOREAD 100 IMETH o NSA s NSB e NSC e NMA » NMB » NMC » M

10%

iT‘.

<7

i FORMATI1GIS)

AFUIMETHL.EG.0) aToR
NSZHSAS NS5

KEAD L0L(TG01Y izt oiNS) e AL
FORMATIEFL10,.5)
FFIIMETR.EQe Ly 2EAN 100eNC
IF{IMETH.SG,3) READ 100.ND
_;F(If%’iﬁ?kuﬁ{}.%) REAS lUGFNl!NZ
NMEHMAA+NMEpAC

U0 5 I=ienM

T1I{1)=0G.

TMelIzg.
YTESTZle+22F ) OATINM) /N1
LEONN=0

VEZALEEZ

IPRINT=ZY

PRIAT 200
FORMAT(IHL 10y, YREAL TIME YDENTIFICATION'
IF(IMETH.EG, 1) PRINT 201
IF(IMETH.EQ.2) PRINT 202
IF(IMETH.EQ.3) PRINT 203
IFC(IMETH.EQ.4) PRINT 204
IF(IMETH.EQ.5) PRINT 208

I FORMAT (/710X 'aTGLS 15 USED?®)

FORMAT (/10X YRTIVM] IS USEDY)
FORMAT(/ 10X "RTIVM2 IS USED?)

FORMAT (/10X "0 TMLE IS USED?)

FORMAT (/10X *RTLS IS USED')

PRINT 205

FORMAT(/L10X» * TRUE PARAMETER VALIES?)
PRINT 101,(TS(Y)eIz2eNS) AL

PRINT 200

FORMAT(/10Xs "INSA HEB NSC NMA NMBE NMC M©)
PRINT L00eNSAsNSSeNSCoNMA s NMBeNMC M
IF(IMETH.EQ.1) PRINT 100#NC
IF(IMETHLEQ.3) PRINT 100+ND
IF(IMETH.EQ,4) PRINT 100eMNLoN2

PRINT 207
FORMAT(/10Xe *TIME AND PARAMETER ESTIMATESY)

GENERATION OF DATA



{7

(90 BN O 3 O

[ RSN ]

Ty O

C

[ e

&y

209
.

10

20

40

41

43

L2

ST

51
52

53
54
55
56

€219
CALL SIMULIUPYeTSr1e0rALeMeNSANSEeNSCe1lr 7 IED

IDENTIFICATION LOOP

LISMSLEFT(OUM)

Ul 70 Kzlel

s KD

YYz=Y(K)

INIT=0

IF{KeEQGL1Y INTITZ=L

CHOOSE METHOD

GO TO (10¢20030040,50) 9 IMETH

LJCE0

IR {KGTeNC) JC=1

Call RT@LS(TM9P?YV'UU'RESrNMﬁPMMﬁpNMCc3001rdCoINIT)
&0 TO 60

CALL RTIVMI(TMyUUYYPRESeNMAPNMB, INIT)
L0 TO &0

CALL RTIVM2{TMyUU» YY rRES s NMA » MMy s D » INTT)
w0 TO 60

INEwz0

IF{ICOIIV.ER1Y 60 TO ul

MMZHMOD LK e NI4N2)

EF{MMLEGe {NI+1)Y INITZI

IF{MMaGE. {ML1+1)) INEW=1

CaLL RTMLE(TMDV!P'UU'YY'RESGNMA'NMBPNMC'INIT?INEW'BO)
IF{ICONYEQel) 60 TO 60

IF{MMNE.N1Y &0 TO 42

VEEST=V/ (MM

YUz O/ VEEST

LAl VML(TI'THrNSﬂvNSB!NSCvNMAoNMEvNMCOVUoI-O'IS'W)
GO B3 TaleNM

Ti(Iy=TM(T)

SF{wLE.VTEST) [CONVZ=L

FRINTY 209sWrVTEST

FORMATILOX» W AND VTEST92612.5)

CONTINUE

50 TO 60

IFCINITNESL) GO TO 52
GO S1 I=ieNM

00 511 JzleNM
?’ﬂﬁi’d?:!ﬂa

FCIeiizi00.

F{I)=0.

CALL RTLS(TMsreFrYYrNMe30r 1o rRES)
IF{HMA=1]) 56¢55,553

o0 54 IZhNMAe2,-1
F{Il=F{i=-1)

FLiy==YY

IF(NMB=1) 599,59:57



€32

€

€3

(@)

57
58
549
599
60
200
70

71

72
73

74
75

76
77

78
79

80
81

400

DO 58 I=fNMB,2s=1
FANMA+TISF (NMA+TI=1)
FONMA+L ) =UU
CONTINUE

IF (MOD(K»IPRIT) «ZQ.0) PRINT 300¢K» (TM(I),I=1¢NM)RES
FORMAT(I5¢5Xy10612.5)
CONTINUE

EVALUATION OF MOODELS

CALL MERRO(TSy TMe NSArNSD s NMA s NMRE s W 1)
IFUIMETH.EGs L)Y GO TO 71

CALL VML (TS r T o NSAPNSRBeNSC e NMAy MM sHMCr Lo Qp VE» IS e W2)
CALL MVS(TSo T NSEp NSB o NSC e iNMA g NME s NMC o VE » TS e W3)
GU TO 90

AL(Ly=1.

CLi1)=1.

IFINMALEQ.Q) D TO 73

00 72 I=le¢NMA

ALCTI+L)=THM(Y)

IF(NMBLLG.0) 60 To 75

00 T4 I=ieMNMA

ELCL)YZTHINMA+T)

IFCMC QD) =0 TO 77

O 76 Iz1eMC

CrlI+l)eTm{proenmM3+])

NAT=NMA+T

NCITNMC+HL

CALL PHMPY(T1s0NA» AL »NATCIeNCT)

NNASHNA=L

IF(NNALUe0O) 20 T 79

LD 78 Izl vNHA

T1(0)Y=T1(1+1)

CALL PMPY(F NaRyBLeNMBeCLeNCL)

iF(RNB.EQ.G) 50 T 81

G0 B0 I=1»NN3

TI(NNA+LII=F(T)

NNZ=NNA+RNNB

CALL VML (TSeT1oMGAsNSBINSCrRNNAINNRPOr 10 VEPISIW2)
CALL MVYS(TSsT1oNSAINSBINSCrNNAFNNByOrVESIS»W3)

PRINT 2100W1

FORMAT(//10X» *VARIANCE OF THE MODEL ERRORY,G12.5)
PRINT 211r,W2

FORMAT (10X s "VARIANCE OF THE RESIDUALSY'+#G12.5)
PRINT 212+W3

FORMAT(10X» "VARIANCE OF THE OUTPUT'+»G12,5)

K2=MSLEF T (DUM)
K=K1i=-K2
PRINT 400K

FORMAT(//10X» * TIME FOR THIS IDENTIFICATION WAS'eISe® MSY)

GO0 TO 1
END



OO GO0 OO0 OO0 OO O OO0 TIN5 5y

LA A0 N

AR R §

SUSROUTLNE RTGLS(ToPe Yo UrRESINAZNRINCo IBrJF o JCy INIT)

FERFORMS  ONE ITERATION OF THE RECURSIVE GLS METHOD
THE FOLLOGWING MOUEL IS5 USED )
E{QY#Cad Y {Tizp(0Y«C{Q)*U(TI+RES(T)
ACGIZI+ATLI*0k (=L )4 e e o +A(NA) %GEx (=NAY

I BlIY*Yxe{=1)te oo tB{NB) Q¥ (=NG)
CIGIzisClll ®xRQak{=1) 40,0 +C (NC)*Gxk (=NC)

ECT) WHITE wOIGE

AUTHOR TORSTE: SODERSTROM 1972-06-24
REVISED TORSTEM SUOHERSTROM 1973-04=10
REFERENCE REPORT 7312(C)

T=YECTOR OF OrRDER (NA+NB+NC) CONTAINING THE PARAMETER ESTIMATES
TS0 A(L) eaoC(NEC) )
PeMATRIX OF ORDER (NA+NBE+NC) % (NA+NI+NC)
CONTAINING AN ESTIMATED VARATIANCE MATRIX OF T
YzY(T)
U=
RESZRES(T)
NAeNEB P HC ORDER OF THE MODEL (MIN OsMAX 107
I8 DIMENSION DRARAMETER
JFE0 NO FILTERING
uF=1 FILTERTNG
JEZ1 C=PARAMETERS ARE ESTIMATED
JCz=0 C-PARAMETERS ARE NCOT ESTIMATED
INIT =IF INIT=1 © AND INTERWNAL VARIABLES ARE GIVEN STARTVALUES
P=100, * THE UNIT MATRIX
IT IS ASSUMED THAT ALL OLD U(T)Y AND Y(T) ARE 0.
ELSE THE &LGORITHM IS APPLIED STRAIGHTFORWARD

SUBROUTINE REAUIRED
RTLS

DIMENSION T(1)»PUIBe L)
GIMENSION F1(40).F2(20)oF3(10}»T1(10),P1(100,10)

NEZNAFNDG

NAZNZ2+NC
MASNA+NB+NC K2
IF(NAEQ.0) RETURN

INITIAL VALUES

IFUINITONESL) 6O To 1o
IF(HCER.0) Go TO 2
DO 1 I=1eNC
FAalli=0e
IF(N2.EQeQ) G0 TO 5
LO 3 IzienNg
Fell)=g.

DO 4 Isieong
Fitl)=0o,

L0 7 IZ1eN3

DO 6 JZLeN3
P(I'\J)ZGQ
PLI:1)=100,
CONTINUE

FILTER DATA

YF=Y



11
12

13
14

15

16
17

18
20

z1
22

23
24

25

26
30

31
32
33
34

35
36
37
38

IF(HNACEGD) 60 TO 12

UG 11 I=1sNa

Falli=rFicl)

IF(NBEGO) 60 TO L4

DO 13 1=1eNR

F2INA+LIZFL1(NA+NC+T)

CONTINUE

IF(UF 2003 G0 TO 20

IFI{NC«FEQ«0) GO TO 20

DO 15 I=1eMNC

YEFZYF=T(N2+L)xF1(1)

IF(MALERD) 6D TO 17

00 16 IZisNA

DO 16 J=1eNC
FRUOLI=F2(II+T(N2+d)*F1([+Jd)
IF{NB.EQD) GO TO 20

o0 18 I=LleNE

L0 18 JzieNC .
FZINA+IIZF2{NA+I) +T(N2+J) *F L (NAENCH+I+J)
CONTINUE

ESTIMATE A ANM B PARAMETERS

CALL RTLS(TePoF2rYFe2rIBrleRES)

COMPUTE RESIDUALS AND ESTIMATE THF C=-PARAMETERS

IECJCEa0) G0 TO 30
IF(NCeEG«T) G0 TO 30
= 4

IF(NAEG.D) GO TO 22
00 21 Izi.N4
E=E=-T(II*F1{I)
IF(NB«EGWs0} GO TO 24
DO 23 IzieNB
CRE=T(NA+TI*F1 (NA+MC+])
Lo 295 I=i.NC
T1UI) =T N2+

LO 25 L=1ed

Pi(IeJ)=PIN2+TIN2+I)
CALL RTLS(TLer1sF3)E»NCr1001.»RES)

0O 26 I=1¢NC
TIN2+I)=T1(I)

D0 26 J=1NC
PIN2+IN2+J)ZpY (10 J)
CONTINUL

UPDATE DATA VirCTORS

NINZNA+NC

IF(HN=1) 34,33.31
W0 32 I=NNr2y -1
FL(I)=F1(I-1)
FL(l)==Y

INNZNA+NEB

JFONN=1) 38+37+35
D0 36 I=NNr2e~-1
F1INA+NC+I)ZF 1 (NA+NC+I=1)
FLINA+NC+1)=U
CONTINUE



IFEJCEG.O) 6D TO %0
IF{NC=1) 50041439
39 00 B0 I=NCe2s-1
B0 F3(LIZFA(I-1)
41 F3(L) ==t
50 CONTINUE

RETURN
e ND
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SUBROUTINE RTYVML(TsUsY+RESNAvNBr INIT)

PERFORMS ONE TTERATION OF THE RECURSIVE INSTRUMENTAL VARIABLE METHOD
VERSION 1 .
THE INPUT LS USED AS INSTRUMENTAL VARIABLES

THE FOLLOWING MODEL IS USED
ACGEEY(TIZB () *U(TY+RES(T)

FOGIZI A LLY . ks (=1 4ey e ACNAY Q% (=NA)

B BUL)Y*Gex(=1)+s,oeB(NB) *Qkk (~NH)

VIT) INDEPENDENT OF U(T)e. THE SPECTRUM OF V(T) MAY BF ARBIBTRARY

AUTHOR TORSTEN SODERSTROM 1970=12-24
REVISED TORSTEN SODERSTROM 1973-g4-12
REFERENCE REPORT 7312(C)

1=VECTOR OF ORDER (NA+NB) CONTAINING TNE PARAMETER ESTIMATES
TE(ACL) se s ACNA) B(1)esoeB(NBI)
U=ULT
1=y (T}
RESTRES(T)
NAPNB MOGUEL ORDER (MIN 0¢MAX 10)
(NA+NB) «GT W0
INIT=IF INIT=1 INTFRNAL VARAIBLES ARE GIVEN STARTVALUES
IT IS ASSUMED THAT OLD U(T) AND Y(T) ARE ZERO
IT IS ASSUMED THAT U(T) AND Y(T) ARE OF MAGNITUDE 1.0
ELSE, THE AL.GORITHM IS APPLIED STRAIGHTFORWARD

SUBROUTINE REGUIRED
NONE

DIMENSION T(1)
DIMENSION P(20,20)F{20)92(20)rH1(20)eH2(20)

NIZMNA+NG
IFCINITNESY) GO TO 10
00 2 I=1ei
F{I)=0,
Z{1)=0,
00 1 Jz=isN
1 P{IrJd)}=0.
2 F{IeX)=000,

10 o 11 Ic
R1C(IY=0.
e {I¥I=0.
B0 11 J=1eN
FLOIISHL (I} P cde 1) %F (L)
11 n20I) =2 (D) +P (e ) %Z(J)
A=l
RES=Y
G 12 I=1eN
ASAFHI (LI %Z2(Y)
RESZ=RES=F(I)xT(1)
5O 13 Iz1»N
13 Ha(I)zHzil)/A

oo
e

DO lé iIzieN
TCLIZT(II+H2 (T Y *%RES
O 1k J=1eN

4 PlIeIZP()ed)=H2 (1Y %H1 (J) .

UPDATE F AND 2z



ey

IFiN.EGel) GO TO 22
L 21 ImNelpe-
Ah o fIimZ2{i-1)
& iz
IF A NA=1] 26,2%,23
22 00 A4 IZNAYZe -]
ForilzFiX=1)
Fi{ljz=Y
IFINB=1} A0.29,07
LG 28 IoNHeZewl
bOFANATIISFINA+RT=1)
O R (MARL ) 2U
20 CONTIMNUE

KETURN
ZHD



i"kﬂf')(“;f"3F&ﬁﬁﬁ(‘ﬁﬁﬁ(’li’?{‘}(’}(}ﬁﬂﬁﬁO(‘)ﬁﬂf‘iﬂﬁﬁﬁﬂﬁ

10

11

12
13

SUBROUTINE RTIVM2(TeUrYoRES/NA»RBIND s INIT)

FPERFORMS ONE TTERATION OF THE RECURSIVE INSTRUMENTAL VARIABLE METHOD
VERSION 2

THE INPUT AND THE ESTIMATED DETERMINISTIC OUTPUY ARE USED AS
INSTRUMENTAL vARIABLES

THE FOLILLOWING MODEL 1S USED

ALQI*Y(TIZB(Q) *xU{TI+RES(T)

ALQ)ZEHACL) % Qkk (=3 Yt oo o A(NA) #Qk% (~NA)

BIA)= Bl %Quk{=l)+es s B5INA)*Qh% (~NS)

VITY INDEPENDENT OF U(T). THE SPECTRUM OF vi(T) MAY BE ARBIBTRARY

AUTHOR TORSTEr SOOERSTROM 1970=12«24
REVISED TORSTEM SUDERSTROM 1973=0u=12
REFERENCE REPoORT 7312(C)

T=VeECTOR OF 00DER (NA+NB) CONTAINING TNE PARAMETER ESTIMATES
T=(ACL) v o A(MA) B(L1)e.oBINB))
V=l (T3
YEY (1)
RESZRES(T)
NAPNB MODEL OHDER (MIN 0eMAX 10)
(HA+MBI 46T N
WO =THE MODEL 1S DELAYED ND STEPS REFORE IT IS USED FOR COMPUTATION
OF THE ESTIMATED DETERMINISTIC OUTPUT (MIN OsMAX 10)
INIT=IF INITZ1 INTERWAL VARAIBLES ARE GIVEN STARTVALUES
: IT IS ASSUMED THAT OLD U(T) AND Y(T) ARE ZERO
IT 1S ASSUMED THAT U(T) AND Y(T) ARE OF MAGNITUDE 1.0
ELSE THE ALGORITHM IS APPLIED STRAIGHTFORWARD
SUBROUTINE REQUIRED
HNSTAB

CIMENSION T(1)
LIMENSION P(20,20)9F(20)02(20)¢H1(20)9H2(20)9D(20010)

NENAHNE
IF{INITWNES1) GU TO 10
00 2 Iz1lwenN
F{L)=0.
Z{I)=0,

L0 1 J2ieN
P{leJ)=0.
M=MAXO (LyND)
O 3 Jz=1oM
L I rJI)=0.
PF(Is1)=100,.

00 11 I=1eN

HL(I)=0.

FM2(I)=0.

30 11 JsieN
HICID)SHA(II+P (U 1) %F (J)
H2(IYSH2(I)+P(IsJd) %Z(J)
A=l

RESZY

U0 12 I=ioN
AZA+HI{L) *Z (1)
RESSRES=F(I)*T(I)

DO 13 I=1eN
H2{X)=H2(I) /A

O 14 I=1eN



Ao

OO0

14

31

32
33

35
36
37
38

23

24
25

26
27

28

30

T(IIST (LI +H2 (1) =R
00 14 J=1.N
P(1rd)zP(Ird)=H2{1)2H1 (Y2

COMPUTE YEST aND URDATE 3

IF(ND.GT.0) 60 Tq %2
YEST=0.

DO 31 I=1/N
YEST=YEST~T(I)%F (1)
G0 TO 36

GO 33 ISieN
YESTSYEST~0(1,1)%F (1)

IF(NAWEGQ.0) GO TO 34

1F INSTAB(T#NA} ,EQ.~1) GO TO 38
IF(ND.EQ.1) 60 JO 36

GO 35 I=2,ND -

DO 35 J=1N

U(deI=1)=0(Ja1q

DO 37 J=1,N

ULJeNDIZT (W)

CONTINUE

UPDATE F AND 2

IF(NA=1) 26025,23
DO 24 IZNAr2r-1
Z{1)1=2(d=1%
FI)=F(I=-1)
FLLY=—¥
Z(1)==YEST
IF(NB=1) 30:,29,27
DO 28 I=NBe2i=)
Z(NA+I)=ZZ(NA+I~1) °
FINA+I)SF(NA+I~1)
FINA+L)=U
Z(NA+L1)=Y
CONTINUE

RETURN
END
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OO0
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SUBROUT I NE RTMLE(TnV!VTTIN!UrYfRESoNA'NB'NC'INITI1NEW'TA)

REAL TIME MAXTIMUM LIKELINOOD ESTIMATION
THE FOLLOWING MODEL IS USED

ACQI=Y (T)=B () #U(TI+C(Q)*E(T)
A(Q)=1+A(1J*@**(-1)+..uA(NA)*G**(wNA)
glal= B(l)*@**(-i)+o--B(NB)*Q**(-NB)
c(@):1+C(1)*Q**(-1)+..-C(NC)*@**(-NC)
E(T) WHITE NOISE

AUTHOR TORSTEN SOGDERSTROM, 1973=02-21
REFERENCE REPORTS 73089 7312(C)

THE SUBROUTINE PERFORMS THE MODIFICATION OF THE ESTIMATES
FOR ONE SAMPLING INTERVAL AND A NEW CALL MUST BE DOQNE
FOR EVERY NEW SAMPLING EVENT.

T = VECTOR OF ORODER (NA+NB+NC) CONTAINING THE PARAMETER ESTIMATES
T = (A(l)'o.oﬁ(”A)'a(l)llllB(NB)'C(l)".-C(NC))

Vo= LOSS FUNCTION

VITIN = MATRIX OF ORDER (NA+NB4NC) #*. (NA+NR+NC) THE INVERSE OF
THE MATRIX OF THE SECOND ORDER DERIVATIVES

U = THE LAST INpUT

Y ~ THE LAST outPuT

RES =~ ThE LAST RESIDUAL (COMPUTED IN RTMLE)

NArNBeNC = NUMBER OF PARAMETERS (MIN 0sMAX 10)
THEY CAM BE CHOSEN INDEPENTLY OF EACH OTHER
(NA+NB+NC) .GT.0

INIT = IF INIT IS 1 VoVTTIN AND THE INTERNAL VARIABLFS ARE GIVEN
APPROPRIATE INITIAL VALUES
ELSE THE ALGORITHM IS APPLIED STRAIGHTFORWARD

INEW = IF INEw IS 1 T IS NOT UPPATED
ELSE THE ALGORITHM 15 APPLIED STRAIGHTFORWARD

Ia = DIMENSION PARAMETYER

SUBROUTINE REGUIRED
NSTAB

UIMENSTON TCOL) pVTITINC(IAL)
DIMENSION X(10) ¢ ZC303 »REST(30) ¢ TT(30),TC(10)

NEMAXO (NAPNB s 1C)
ININSNA+ND+NC

NeZN#*2

NIZHN%3

U0 1 I=1sN3
TT(I)=0.
IF(NAEQ.O) GO TO 3
D0 2 I=irNA
TTI)=T7(1)
IF{NB.EG.0) 60 TO 5
DO & I=z1sNB
TTOI+NIST(I+NA)
IF(HC.EQ.0) GO TO 7
U0 6 I=1,NC
TTCI+#NZ2) ST (I+nNA+NR)
CONTINUE

TEST OF INIT
IF(INIT.NE«1) 60 TO 20

Va0,
UOLD=0,



sNeNe!

00

OO0

i1
12
13

14
20

22
23
30

32
33

34

as
36

37
38

39
40

41
42

51

YOLD=0,
RESOLD=0.

DO 11 I=1sN
X{1)=0,

DO 13 I=1:,NN
GO 12 J=1eNN
VITIN(Ied) =0,
VITINCEeI)=10n,
UG 14 I=1eN3
Z{I)=0.
CONTINUE

COMPUTATION OF RES

FEY+TT (L) *YOLD=TT IN+1) *UOLD=TT (n2+1) %X (1)
IF(N.EQel) 60O TO 30

FF+ex (2}

IF(H.EG.2) 60 TO 23

U0 22 IS3eN

IMzI=-1
X(IM)SX(I)+TTfiM)*YOLD-TT(N+IM)*UOLD~TT(N2+IM)*X(1)
XINYZTTON) *YOLD=TT (N2) *UOLD~TT(N3) %X (1)

X(1y=F

RESTX(1)

COMPUTATION OF RESTs THE GRADIENT OF RES

Hiz=YOLD

R2==~L0LG

H3IT-RESOLD

PO 31 IsienN
HISHL=TT(M24+T1%2(])

DO 32 I=ieN
H2ZH2=TT (N2+ 1) »Z (M+1)
UO 33 I<ieN
HAZH3I-TT(N2+T)1%Z (I +N2)

IF(N~1) 36¢36,34
GO 35 Ixie2r=3
ZI1)=2(1~-1)
ZIN+I)=Z (N+I=1)
LINZ2+I)ZZ(NZ2+T=~1)
ZO1Y=H1
LIN+1)=H2
ZINZ2+1LIZH3

IF(NAWEGQ.C) 60 TO 38
DO 37 Y=1eNp
REST(I)=2(I)
IFINB.EQ.O) G0 TO 40
00 39 I=1eNr
RESTI(NA+I)=Z (N+I)
IF(NCW.EQ.D) GO TO 42
00 41 I=1,NC
RESTINA+NB+I)=Z (N2+1)
CONTINUE

COMPUATION OF v AND VTTIN
THE HELP VARIABLES TT ARE USED FOR NEW PURPOSES

00 51 I=1»NM

TT(I)=0.

DO S1 JzZleNN

TTD =TT (DI AYTTINII JY*REST (J)



IV. EXAMPLES
REAL TIME IDENTIFICATION

RTLS 1S USED

TRUE PARAMETER VALUES

=«50000 l1.00000 « 70000 l.00000
NSA NSB NSC NMA NMB NHMC M
1 1 1 1 1 0 1000
TIME AND PARAMETER ESTIMATES
25 -052196 091886 “066825
50 -.83561 83977 1.2158
75 =a83915 83501 =145295
100 --81305 l84543 175452
125 ~s 82491 80246 « 63829
150 - 82548 76115 1.5123
175 -~ 81637 86362 -e 50909
200 - 87116 « 91681 l.1722 -
225 =.87128 88836 =-2.3573
250 = 87215 86199 31607
275 -.86906 + 89381 =3,9147
300 -087343 087715 -014908-01
325 = 87174 90569 =1.59448
350 = 87540 092935 e 32646
375 ~.86997 «91316 24994
400 -036796 .93540 059500
425 -'86905 094283 -?9663
450 ~e87003 095261 1.0017
475 -086404 093257 + 85136
500 = 06065 « 93956 =-l.2451
525 - OBUTE « 95269 - 71441-01
550 - 86354 « 95504 1.8960
575 - 86366 « 95250 ~1.1308
600 - B64 35 « 95491 e 70440
625 - 86124 « 95768 - 1e 0846
650 “.86006 0 96836 '1.9974
675 = 85994 « 96233 =1.1091
700 -.85988 « 96453 «57874~01
725 -, 85824 «95510 =3+2733
750 -065589 -95456 —-60282
775 -.85545 .94955 “.1980?
800 ~e 85332 94279 87696
825 - 85382 « 95381 « 34205
850 ~.85282 ¢ 95189 =2+5588
875 —.&5419 195774 -91153-01
900 =~ 85488 + 96395 1.7011
925 -.85577 « 96952 -, 78278
950 -085502 .9?43“ *1.?521
975 ~e 85432 « 97404 -1.7898 °
1000 -.&567& 197658 - e 30294

VARIANCE OF THE MODEL ERROR $ 15527
VARIANCE OF THE RESIDUALS  1.4434
VARIANCE OF THE OUTPUT  1.3900

TIME FOR THIS IDENTIFICATION WAS 632 Mg



g Ee Ny}

(SN e Ne

b2

53

61

6e

63
64

65
70

AZl.

DO 52 I=i.nNN

ASA+TT (L) *REST(I)

VEVHRES*RES/A /2.

00 53 Iz1eNN

00 53 JU=ir}
VTTrN(IvJ)=VTTIN(I'J)-TT(I)*TT(J)/A
VITINGIr IISVTTINCI v J)

UPDATE T

IF(INEW.EQs1) GO TO 70

DO 61 I=1eNN

TT(L)=0.

U0 61 Jz=1sNN
TT(I)STT(I)+VTTIN(I:J)*REST(J)*RES
L0 62 I=1/NN

TOI=TCD) =TT ()

IFINCEQ.0) GO TO 70

5Z1.0

LO 64 Iz1yNC

TCOI)=T (WA+NB+T)
LFINSTAB(YCING) EGQ.0) GO T0 70
558/2.

0O 695 I=1snNN

TII=TOI)+S%TT(I)

60 TO 63

CONTINUL

UPDATE INTERNAL VARIABLES
uoLD=U

YOLD=Y

RESOLD=RES

RETURN
END



SW 06ET SYM NOTLIVIIHTANIOT SIML

2000°1 LOSIN0 38l

g00O*T SIHATISA 3Hd

rAI LR YA YA HOMYI TTI00W 32Hl
269GC - H2L0L° Ohl66°
66TT*T~ LLBOL" CLLB6"
6T65°T~ hheTLe 089286°
SeBGG” 0LetTL" S6186 ¢
0T 1 CehTL" 669L6"°
9,109 c8eTL hh896°
OThl*T=- ehelse L0996"°
D9ERT = cheTL® 96596
6hé96 * 062TL" 89096 *
06524 TS0TL® LI29A"
6ohgTe- 99G0 . * LLT96®
6T1EQ°Cw LOp0L" 0L096"
129486 % = L220L° 1H096°
hhlBO - Q6E20L° HE9G6 "
210G T- GTz0L® 16096
12196 9helL® 6EhGGe "
ks 1ol L 1004 HZ6G6H
hGEG? Te LLo0L" h 066"
LEBL T T1eG0.L" T6Lh6°
GIteo* HOOTL" LC2h6"
6E66The - DTLOL® 992¢6 *
GLEBL® 6heTLe L0Qe6"
LTggas gaceL higoe”
HGEHT e 1S0SL" LhSGe e
GeGHE " geHlLe CHGhE "
HAL6T g0YeL® 02.86°
28660 oo¢BL. 9CTGh"®
0926H° - poceL® C10%6"
10691 6T999" YORCe*
HE99°* T cS619° S6G26°
HEQZL %~ G0p2u® cesia"
1GL3L %~ cGehos CHoTe®
CIG6*T 18G669° 12026"
QCHIE 1129 QDhRY e
1668°1 0T1T9" ehiige
H10IC*= TL0Ta¢ entTaee
CROLG £G19G" 6929
HLTRD Y- 96gIG e LEhDR"
EGLTG FGhan YA

£euG®lw

BILEG®

SILVYWIL

000t

POOJWIN HAN VRN 35N S YO

000001

0000L°

NCGIJ

HOTEee
03 MTIIM

H T

seooncy

SIVIVA WL AIMY L I

Y2141 INF0T

b A Lin

DD

azsn St

NT264 "~
RCT6L °
RAZTA YRS
hihG -
TGCHL -
NATEL * =
2hT6 -
GIg6L %=
HGT6L "~
AZTHL e
dIC6) -
NCGHL -
hERE) O
L1866, =
BCheH) “-
ANCEL -
2066, °=-
26GH) C-
LENGL "™
CELEL -
T2067°=-
CCCHL -
GTT6L" -~
ORPPL -
RUCHY =
CONEL =
CLYEL " -
£GG6L " -
2266/, ° -
GEEHL -
LHanl -
QL06, *-
9T .
GLOG) *-
GLEL ) b
ARCG) * e
BLAES ) P -

6ITL -

HVd Oy

1 5

O0N05G 2=

= e
WL

HO4 HWYL

AONYTHY A
AINYIMYA
AONYINYA

SISy

A

anpt
2N 1
0945
CI6
SR
69e

e TRy
mha )}

g0
G4 L
0G4
GEL
QgL
G0

e R

5
£

LEQ
033
GLG
4G




REAL TIME IDENTIFICATION
RTIVME IS USED

TRUE PARAMETER VALUES

=2 80000 1.00000 « 70000 1,00000
NSA NSB RNSC NMA NMB NMC M
1 i 1 1 1 0 1000
TIME AND PARAMETER ESTIMATES
25 -« ¥0544 e B764Y ~¢55289
50 - 77277 « 85547 1.0866
75 - 85522 « 33321 =~1e5102
100 -~ 7357Y9 «BH8358 « 73633
125 ~o 70406 82294 ¢ L4895
150 ~s 65761 s 79971 1e6148
175 - 70139 « 59337 - 47183
200 - 75350 +95075 ¢ 75360
225 "t73799 -9138? ~-2.1104
258 -, 718386 2BT7656 « 37591
275 -4 73959 « 83897 «363109
:‘5‘3[’3 "5752%5 008108 "350“59
325 =~ 73944 « 90994 2o 1534
350 -, 76611 «92761 ~e639534=01
375 -+ 13426 « 91490 2:5676
409 - T430E e 93352 « 88526
s - 14957 0 23955 «53630=-01
450 =u 15050 WGH523 1.1627
475 =2 71450 92037 2 76017
STHY e 70108 293136 -e 70L4D
525 ~. 71898 «IU5T73 s 24682
550 -~ 12677 «SUB2E 1.8514
575 = 1225 s 561 -1.6638
&UQ -, 73999 dSU3E R = 49951
625 ~a 73065 « 94585 . «B7052
650 - P27 « 96021 ~1e9463
675 - 13776 « 95873 - H1694
700 -s 74213 295819 « 70299-01
72.5 “075035 » FLHE9G ~3 e 3099
750 ~. 74816 « 34978 - 56659
775 - T4T5E » GU378 »53131=01
8060 ~s 74908 2 93840 1.0089
825 ~a 75721 « 94959 36169
850 - 15677 sOUT7 14 ~2¢5757
G090 - 77346 «96175 18432
925 - 78039 97021 -~ 67850
950 -.79G0% 97469 “«1.8139
975 ~e 78934 T «97393 2. 0426
1000 ' -.80321 « 97569 ~«951048=01

VARIANCE OF THE MODEL ERROR + 104
VARIANCE OF THE RESIN:ALS l.4862
VARIANCE OF THE OUTPUT 1.4583

TIME FOR THIS IUENTIFICATION WAS

79«02

h08 Mg



REAL TIME IDENTIFICATION
RTIVMZ2 IS USED

TRUE PARAMETER VALUES
= 80000 1.00060G0 « 70000 1.20000

NSA NSB NSC NMA NMB MuC M
i 1 1 i 0 1000

O

TIME AND PARAMETER ESTIMATES

25 -.78143 « 93199 - 731347
54 - T8U427 85232 1.1523
75 -e 719620 84041 =1 U283
140 -o 70435 84710 o 4140
125 ~s 76912 «81184 « 41431
150 o THHH3 0779?2 15653
175 = 73795 88394 ~s H8U17
200 ~e81247 « 93371 « 96987
225 = 30764 « 30050 =2.2364
250 =~ 80326 e 68449 « 34308
275 - /9154 « 896851 =3 5480
340 -2 79761 « 87958 =, 19454
325 = 79650 « 90806 =~1.8970
350 ~e 30047 «92813 « 5899201
375 -e 79114 «2141y 245407
450 - 79168 «4TT76 1.1049
475 ~e T8379 « 928169 80188
500 “-??844 595532 “096861
525 =+ /8673 ¢ 94896 +98055-01
554 -o 784U S s J4G9y 1.8696
575 -, 78385 e IBHH -1oll2]
625 - 77958 295027 280952
656 “.?8067 -96282 “109619
675 - 18326 « 96005 . me TABLH
700 -o 8364 « 96041 56591001
725 -+ 78053 + 95066 =3.3265
750 -« 77803 v 95109 -, 57644
775 - 77532 e IUH2Y ~e11400~01
800 - 77306 « 93970 «FT7T 34
825 “0?7QUU 095031 135854
850 “077262 094790 “205?33
875 - 17578 95366 -e25076
900 - 77931 «96189 1.8298
925 ~.?826q 097017 “068094
950 -s 18242 29747 =1.8193
975 = 77855 e 37387 -2.0784
1000 -, 78254 e 97532 «45595=-01

VARIANCE OF THE MODEL ERROR 015722=01
VARIANCE OF THE RESIDUALS 1.5181
VARIANCE OF THE OUTPUT 1.4867

TIME FOR THIS IUENTIFICATION WAS 603 Mg



REAL TIME IDENTIFICATION
RTIVM2 IS USED

TRUE PARAMETER VALUES

~+ 30000 1.00000 « 76000 1.00000
. NSA HSB NSC NMA NMB Nue M
1 1 1 1 1 ¢ 1000
3
TIME AND PARAMETER ESTIMATES

50 ~e 6941 o BTUET » FU596
75 « 33986 298353 241529
100 = 49359 856948 06352
128 -1+ 3550 + 71335 3.2287
154 261619 s 45492 « H8BU49T
175 -, 81961 86279 - 51465
2yl =1 e3202 e 78750 2eRAl1Y
2 “1+571b « 75471 -3 4981
250 “le3879 e B1334 «11232
27% =Lle2W39 37924 «5. 4136
300 =7+8700 65334 204.36
&h =1e59851 88282 15106
3590 2e9435 e 36683 =7 8503
375 -2 e 38359 08943“ 106075
4040 =2 0835 295411 ~l.8211
425 =L LU4TY e 97825 12414
450 -, 24594 w9139@ 169248
475 =, Sl102 e FIHTY eH311
SO0 - 16729 093474 - 97680
52% -« L0886 « 91634 1.7299
550 L0634 + 83091 142173
575 10.091 -‘&».‘if:vbl "1&35719
560 ~2+70T3 1e1194 . «3,3839
625 -Ze 7418 1.128% 79612
650 ~1le 2456 099§23 “Re 1552
67h 1Leld4679 « 89324 14,525
700 « 15886-01 «91718 « 15075
725 ~. 26578 92128 =3,6243
750 « 10962 e G11US e 27893
775 «19419=-01 30256 20012
800 - 53766 + 93065 1.298%1
825 -e 72668 s FUB2S e 36893
850 ~e 71509 « 24505 -2 5785
875 = 35473 » 93174 ~1.9312
9go =2e1244 « 99853 - 43261
925 =~ 48484 « 97283 =-.27062
950 = 5924 « 37569 ~1:9718
975 -, 38666 « 37298 33732
1000 -+ 59052 « 97208 1.0043

VARIANCE OF THE MODEL ERROR » 54364
VARIANCE OF THE RESINDCGALS Z.2241
VARTARNCE OF THE OQUTPUT 1.8272

TIME FOR THIS ILENTIFICATION WAS 728 Mg



REAL TIM
RTMLE ig

TRUE PARA

- 80000 LeGDOU

204

50
75
100
125
150
175

200
225
285G
275
360
325
350
375
450
4.5

450
475
500
525
950
75
660
625
650
675
700
725
750
775
800
825
850
875
S00
925
9506
975
1000

NSA HNSB N
1 1
50

E IDENTIFICATION
USED

METER VALUES

0 « 70000 1.00000

5C NMA NMB NmMC M
1 1 1 10060

TIME ANU PARAMETER [STIMATES

- 78454
-1?5?35
'375926
“078290
~« 71253
_0?1255
‘571505
W OAND VTE
= 79455
= 7O4GH
~v 7969}
“s?7l2ﬂ
=~ 30024
=2 BUHEy
'agglGi
*a?9218
“o 856
-s 78709
WOAND VTE
- 7G4
"5?6255
o F5425
“0?707?
"-?6825
“~s 76875
~ T7014
-@76006
*o?élgi
= 76267
“-76281
‘075709
‘0?&368
“075411
-»73094
- 75299
“07“978
‘075362
-.759%&
“¢76595
’076492
--76370
-l76891

VARIANCE
VARIANCE
VARIANCE

TIME FOR

783218
«IB722
« 76905
e 77852
« 83919
284102
0244
ST 5.95842
95529
=« 95529
e 95496
« 94102
G490 7
10187
10334
1e.0215%
105325
Legugsn
5T 1.0273
10677
L0352
1.0372
1.06487
L.0u28
1.0528
1e0333
1.0393
Ld95i7
L.0358
1.0273
10104
1.0086
« 99705
» 99297
e Q475
« 98874
L0014
1.0041
10058
1.0023
39702
s 909949

s 28340 ~.82286
48573 212174
«50E9Y =. 98879
« 57390 <E8443
W OB708 12407
«H0503 1.8253
e HT6HS3 «656918=-01
1.0300
e 37172 15773
«SHT7172 =1.,2964
w56488 “334026
u583Q& “2:1987
+ 99239 1.4293
51002 -, 82821
« 03163 97714
37287 1.9833
« 58506 41246
«59351 eHURO1
1.0300
0207 » 16668
63972 « 90552
o&S?lg *33%071
s 6U66H + 66879
65920 1.5138
« 66034 =1+4B99
«BHTHE - 74995
«H7T808 «81905%
58182 =1 8752
«HB75815 “s67012
c@?gi? - 49524
068523 “2o7279
«6T8G2 =.19582
67094 «55389
66805 « 99550
«B6847 “niQQZQ
«BEE39 -1 ,789%
65956 « 42299
<6660 13350
66678 «51812
«OH682 =1.6765
67360 =1.2620
eH6T4SES - 332847

OF THE MODEL ERROR e 27723-01

OF THE RESIDUALS
OF THE OQUTPUT

THIS IODENTIFICAT

1.0064
1.0053

ION WAS 1318 Mg



