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REFERAT

Ett programpakets baserad p& GSIMNON {ett interaktivt
simuleringsprogram)s for rekursiv identifiering har tagits
fram. Programpaketet anvdnder en generell modell/system
beskrivning som visas ovan (eq. I)s dar As Fe Bs D och € ar
polynom i q-! (baklanges shiftoperator). Polynomernas
gradtal kan varieras vart for sig for att komma fram till
den modellstruktur som ger "bast" resultat. Detta
beskrivningssatt innebar att néagra av de vanligaste
identifieringsmetoderna t. ex. LSs ELS» ML och GLS kan visas
vara specialfall i en av tva metoder. Simuleringar har
gjorts pa data genererad av ett relativt komplext
system/process. Resultaten indikerar att anvdndandet av
detta beskrivhningssdtt kan rekommenderas eftersom storre
flexibilitet och samma eller hdgre nogrannhet kan uppnés med
farre antal parametrar Jamfort med de vanliga
identifieringsmetoderna fdr att uppna en bra approximativ
beskrivning.
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1  INTRODUCTION

The last decade has seen quite extensive developements in
the field of recursive identification. Most simulation and
theoretical studies of identification wmethods have been
concerned with their convergence and uniqueness to a systems
"true" parameters. More recently some attention has been
devoted to the concept of approximate identification i.e. to
finds under given experimental conditionss an approximate
description which contains the most relevant features of the
system under observation rather than to determine its "true"
parameters. This is in many cases the most realistic
approach since the system is often more complex than a
practical model would be. The sucess of adaptive regulators
based on too "simple" models seems to jJustify this point of
view. An application of a general model structures due to L.
Ljgungs is in this context of a special interest. The model
structure and the algorithms are described briefly in sec.
2. Note that many common recursive identification methodss
such as the L8y GLS: ELS and ML are included as special
cases in either of two approaches.

In order to gein some insight into the practical usefulness
of these ideas and other related oness a program package for
simulation studies of recursive identification methods has
been developed. The program is based on the interactive
program package SIMNON [15] and thus includes all the
facilities available there. It is assumed throughout that
the user is familiar with SIMNON and its application.

The program package iss in shorts best described by the
following block diagram (fig 1.1) where selectors are set

INPUT SYSTEM
#*Bystem Structure
*white noise Yamu e e adannd «n adun
. *Bystem parameters .
*PRBS powud -
. - *Aux. Parameters =
#*#Data file . . .
- - r S . 1 -
« e CONTROLLER J---+
. - 1.6 .
B . PARAMETER ESTIMATOR .
. . *Model Structure -
AUXILIARY I TRRE TRRE
. *I1D~Method .
PROGRAMS . .
" *Aux. Parameters .
+ +

Fig 1.1



and connections made between the subsystems according to the
intended use. Notice that SIMNON allows the user to
implement his own subsystems e.g. to expand this program to
include a regulator (see the dotted part of fig 1.1). Sec. 3
contains a description of the program structure followed by
information on program start-up in sec. 4. The subsystems
available are described in detail in sec. 5 along with some
examples.

The program package has been used to do a series of
identification experiments which are reported in sec. 6.
There a number of different model structures are tested
(using both of the above mentioned approaches/ methods) on
input-output sequences generated by a relatively complex
system("process"). The results are then compared to get the
"pest'" model structure for this particular system.

For the benefit of those who would like to implement other
identification methods into the program package or to use
parts of it for their own purposes: a complete listing of
all programs as well as some additional information is
available at the Department. Contact the program librarian.



2 IDENTIFICATION METHODS AND ALGORITHMS

The application of identification techniques implies that a
model is fitted to measured data udlld)......ulN)s of the
input sigrnal and y(1)..eewaY(N) of the output signal. It
seems reasonable to assume that the greater the versatility
of the model the greater the possibility of arriving ats in
some senses the best description. This has led to the use of
a general model/system structures due to L. Ljung [1]1 (see
sec. 2.1 and the application of two common identification
schemes to this model using two slightly different
approaches (sec. 2.2-2.43. In sec. 2.5 a short description
of the implemented Instrumental variables algorithm is given
and in sec. 2.6 an Extended HKalman Filter Identification
Algorithm. Finally sec. 2.7 contains notes on the loss
functions used for accuracy valuation.

2.1 & General Model Structure

Consider a system/model described by:

B(g™h 1+Ceg™h
(1+ACg D)y (t) = ———meme cuCt=-Td) + ——————m— ce(t) (22513
1+F g ® 1+D¢g™

where As Fv Bs D and ¢ are polynomials in g ' (the backward
shift operator) of orders ngs ngs nps ng and n. respectively
such that A(0)=0s F(0)=0 etec. that is:

A(qui) = a q—1 + a q_'2 + censnsed q—n ete.
1 2 n

Td is the time delay and the sequence e(t) is supposed to be
white noise.

In applications one or several of the polynomials may be
zero. It is interesting to note that:

= 0 gives the least sguares model
- the Astrom model
- the generalized least squares model
=0 = the model reference (output error) model

PTUTTM
hunu
aoOnoo
[ 1}
ooQ0On



Remark _2.1.1 In the sequel the estimates will be denoted by
a hat A above the letter. The subscript o is used to denote
the true parameters or the system. The capital letters As B
Fy C and D will throughout refer to the above defined

polynomials unless specified otherwise.

Introduce the quantities zgo(t) and vo (t) as:t

Bo (q—1)

Ty lh) ™ wmmememamee— « ult-Td) [2.1.2]
1+F°(q'h
1+Co(q'ﬁ

Vo () B seimtennse - e(t) [2.1.31
1+Do (g™

a vector of old signal values ¢, and the parameter vector

0, ast
-y (t=-1) ~  ag )
: } (py : } ey
-y (t—-n ) ana
-ZO(t—‘i) 9 F1 b
-Z2olt—n ) g
> r 0
uCt-Td-1) W by ©
(t) . e (t) - [2-‘1.5]/
o B . ° . [2.1.4]
ut-Td-n 4 b g J
—-vo (t=1) : d4 ~
-vo (t=n ) dng o
3 -
e(t-1) Pe cy ¢
[ ett-n ) | =T B

Thus the true system [2.1.1]1 can be written:

y(t) = OT-mo(t) + edt) [2.1.61



In a recursive identification situation where the 6, vector
is unknown the definition of ¢@(t) poses certain problems
because it depends on the knowledge of 0, and the sequence
e(t). To solve the problem of defining @(tdsy 8, can be
replaced by the current estimate § and e(t) by the residuals
g(t)s i.e. old estimates are assumed as given and then

p(t+1) defined recursively from @{t) as 3

g(t) = y(t) - €T-¢<t> (2.1.71

(1+F¢q 1 et) ) zCt) = Beg Tet) -ult-Td) [2.1.81

(1+Bcq it svery = ca+8cq it se ) [2.1.91

-y (t) ~

~y (t=~ng+1)
-z(ty

-z(t—;;+1)
uCt-Td)
plt+1) = : [2.1.101
u(t-%d—nb+1)

-v(t)

-v{t—-ng+1>
ge(t)

L £(t-ne+1) ]

Now the model can be written as:

yetsD) m B0 eqplesl) + m(E+1) [2.1.113



2.2 Algorithms

Most recursive or on-line identification methods are derived
by approximating some off-line method with a recursive
scheme (see e.g.[?]1) but it turns out that they can be
described by essentially the same algorithm (cf. [7]1) where
some of the quantities involved are defined in a slightly
different way depending on the method used. This algorithm
can be derived in a similar manner using the general model
structure described in the preceding section. The algorithm
is the following:®

Algorithm
B(t+1) = BCt) + PCE+1)-@Ct+1) -eCt+1) [2.2.11
PCE) sCt+1) =’ CE+1)-P(t)
PCt+1) = [P(t) - - = —]/ACt+1) [2.2.21]
ACE+1) 4T (£+1) «PCE) spCt+1)
ACE+1) = A eACE) + (=20 [2.2.3]
gC(t+1) = y(t+1) - 6T(t)-m(t+1) [2.2.4]

where ©6(t) is the parameter vectors P(t) the covariance
matrixs ACt) the forgetting profile and ¢(t) a vector of old
signal values. For exact definitions of @ and ¢ cof. sections
2.1 and 2.3-2.4.

In the notation of sec. 2.1:%

Let F = D = C = 0s with 8y ¢ and & defined accordinglys then
the algorithm corresponds to a recursive minimization of the
loss function L €2 viz. the LS-method.

The algorithm above can be simlified to yield a Stocastic
Approximation version given below. In this algorithm the
updating of the P-matrix is replaced by the updating of a
scalar p i.e. the equations [2.2.1] and [2.2.2]1 are replaced
by eq’s. [2.2.53]1 and [2.2.61].
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BCt+1) = BCt) + plt)-@lt+1) -e(t+1) [2.2.5]
;?%:Z; = k(t+1)-;%;; + pCE+1) c@(t+1) [2.2.6]
ACE+1) = AgeACED + (=R ) .2, %]
ECE+1) = y(E+1) — B () pCt+1) [2.2.4]

The choice of Ag= 1 results in A(t) = A(0). A choice of
ACDY € 1 is appropriate in applications with time varying
parameters. By choosing A< 1 and AWD) € 1 ACt) will start
in ACDY and tend to 1. This may improve the initial
convergence of the algorithm. See parameters WTO: Ay and
WTI: ACD) in sec. 5.3.40C.

Remark 2.2.2 - A _posteriori estimate of the residual.

The a posteriori estimate of the residual € i.e.
a(t+1)=y(t+1)—611t+1)-w(t+1) can be computed and used when
updating the g-vector. The a posteriori estimate usually
gives a slightly better result. See parameter IPRER in

sec.5.3.4d.

The residuals may be limited to a given values i.e. If
jlecty>|] » RLIM then g(t) is given the value
g(t)=sign(e(t))-RLIM. See parameter RLIM in sec. 5.3.4d

Remark_2.2.4 — Modification_in_the updating of P(t)

The computation of the diagonal elements of the covariance
matrix P(t) can be modified by adding the term:

[R = &P (£)I/ACt+1) [2.2.731
11 11

where R is the i-th element of a vector and & is a
constants both chosen by the user. The modification with R
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can be derived from the relation between least squares
estimation and a Kalman filter. It can be useful in
situations with time varying parameters to make sure that
the P-matrix does not tend to zero. The second term has been
suggested by L. Ljung [4]1 to prevent from difficulties that
may occur because of almost singular P-matrices. The
corresponding modification for the SA-version is:

1 1

ot = AR e 4 @lCt+1) spCt+1) + & [2.2.6al
pt+ p

See parameters DELTA:é and the parameter vector R1 in
sSeC.53.3.4C

B A B e L L L]

The initial value for P is P(0)=100-1 in the program but can
be set to any desired value by the parameter-vector PO. See
sec. 5.3.4e. The initial value for p(0) in algorithm 2 is
p¢0)»=100» which can be changed by the parameter PO1.

2.3 The LIP-Approach

The LIP-Approach to estimate 6 is to use the algorithm
[2.2.11-[2.2.41 as it stands (or the SA-version) with ©
defined as in eq. [2.1.5]1 and ¢ as in eq. [2.1.10]1. The loss
function in this case can be taken as:

V) = E [y(t)=8 -p(t) | = E €°Ct) [2.3.11

which can be minimized by solving:

52 V(g) = E m(t)-(y(t)~3T-m(t)) = E p(t)-e(t) = 0 [2.3.2]

This corresponds to an application of the model [2.1.111]
which appears to be Linear-In-the-Parameters. Hences the
name. This iss howevers not true. In the definition of @t
there are hidden dependencies on 9.



Notice that this approach is fort

F=D=20 known as the ELS-method

A=C=D=20 known as the parallel model reference method
F=C=D=20 known as the LS-method

The convergence of this method can be analysed by the use of
an associated differential equation as explained in [2+3+71].
Assume that 6(t) tends to some value © and consider the
sequence of vectors Pplts9) defined by equations
[2.1.71-[2.1.10]1 as t = =« with the constant model 0. Assume
that it has reached stationarity. Introduce in the same

manner the stationary process g(ts90) = y(t) - 6Tm<t,e> and

let:

F(O) = E pCt+0)-E(ts6) [2.3.31
- _T

G(O) = E p(ts9)-¢p (Ls02 [2.3.41]

with the expectation over (e(t)). Then the differential
equation becomes:®

iy |

8 = R «f(0) [2.3.5al

R = G(®) — R [Z2.3.5b]

where e.g. (cf.[71)

R e and Y(t) = =—emce—————— ioy(0) =1
PCt) ACtI+yC(t—1)

According to [21s then global stability of [2.3.5]1 implies
convergence of the algorithm and also that possible
convergence points of the algorithm correspond to stable
stationary points of the differential equation.

Provided that the model tried for the identification is the
same as that of the system then £(ts9) can be expressed as:
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[ 2305 5 tiad) 17
210 5.t
14Co 3
_ 1+Dg )
E(tr0) = — Py Cts0) | - (O - 8) + elt) [2.3.6]
(14Cq) C1+F, )
LI SR
g )
| 1+C, e .

and by using the results of [3] the convergence will be tied
to the positive realness of the transfer functions indicated
in equation [2.3.61. It iss howevers not clear what can be
said of the convergence properties when the system cannot be
described by the model structure chosen for the
identification.

2.4 The Criterion Minimization Approach

To account for the hidden dependencies on € in the
definition of ¢(t) the proper criterion to consider is:

V(o) = E [y(t)—OT-w(tqe)lz = E s(t,e>2 [2.4.11]

The residual can be expressed ast

C1+D) = (1+AD B-<(1+D)

g(ts0) = —————————— sy (t) & Smecmemmmn———— =u(t-Td) [2.4.2]
(1+C> (1+C) » (1+F)

r1+D ‘! , -
—;:E--m}tve) Wy(tse)
dei{t:8) 1+D
- ——53——- = z;:e;r;z:;;-m}tse) = |y, (ts8)) = p(ts02[2.4.3]
——1——-w(t19) Yy _(ts8)
[ 1+C ¢ ) M )
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Therefore the equation to be solved analogously to equation
[2.3.1] is:

- S; V(o) = E w(t10)-e(ts0) = O [2.4.4]

Similarly to the definition of gt (cf. equations
[2.1.71-[2.1.101) the vector Y(t) is defined recursively in
t as follows:

(1+6(q—1st))-w,(t) = (1+ﬁ(q—1st))-wy(t) [2.4.5]
A =1 aA =1 o =1
(14CCq Tat)) - (14FCq at)d e Ct) = 14DCg at) ). (t) [2.4.6]

(1+6(q-1yt))-w£(t) = (g (t) [2.4.7]

The Criterion Minimization Approach then is to use the
algorithm [2.2.11-[2.2.4]1 or the GSA-version where ¢(t) is
replaced by y(t) in equations [2.2.1] and [2.2.2] or [2.2.3]
and [2.2.6]1 but of course not in [2.2.4].

at:

gives the recursive ML-method

gives the generalized least squares method
gives the Extended Kalman Filter with no
process noise

LI I
oun
coaox

it
e}

The differential equation associated with this approach is
the same as in the preceding section except that now:

F(O) = E PCts0)-EC(t+0) [2.4.8]
G(®) = E $(t,9)-@(t;e)T [2.4.9]
1-5-

. -1 - _ -1 .

® = R «E P(ts0)-ECtsw) = R V() [2.4.10]
- - T

R=E PCt:0)-P (ts0) - R [2.4.11]
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Since R is a positive definite matrix and V() is positive
it follows from [2]1 that now 8(t) converges to a local
minimum of V(8)sy even if the true system cannot be described
within the chosen model structure. The uniqueness of the
local minima of V(8) will in general depend on the actual
structure of the model.

Remark 2.4.1 — Stability check

It is necessary that the filtering according to equations
[2.4.51-[2.4.7]1 is exponentially stable for this approach to
work. Therefore the stability of the F and C polynomials can
be checked and if unstable projected in such a way that the
polynomials have all roots inside the unit circle. See

Parameter ISTAR in sec. 5.3.4d.

To obtain a better initial convergence in the start-up of
this approach the filtering according to equations
[2.4.53]1-[2.4.7]1 can be omitted for IFIST number of steps.
See parameter IFIST in sec 5.3.4d.

2.5 The Instrumental Variables Algorithm

The IV-algorithm implemented in the program package is
basically the same as algorithm [2.2.11-[2.2.4] in sec. 2.2.
For a more extensive treatment cof. [7+12+131. It corresponds
to a model structure (cf. sec 2.1) where F = C =D = 0 that
is:

(1+A(q D .yt) = B(q—i)-u(t—Td) + e(t) [2.5.1]

Dit+1) = BCEt) + PCE+1)-z(t+1) s (t+1) [2.5.2]
P(t) sz (t+1) ' CE+1)-P (1)
PCt+1) = [Pct) - = b4 —]/xct+1) [2.5.3]
ACE+1)+@T Cb+1) «PCE) =z CE+1)
ACE+1) = ApsACE) + (1-A ) [2.5.4]
AT
ECt+1) = y(t+1) — 8 (t)-(Ct+1) [2.5.5]

where the vector z consists of the instrumental variables
and other quantities defined as before (cf.sec. 2.1-2.2).
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Notice also that Remarks 2.2.1 thru 2.2.5 apply here too.

Remark 2.35.1 - Different Instrumental Variables
The user can choose between using the old values of the
input signal as in eq. [2.5.6] or defining them according to

equations [2.5.71-[2.5.81.

Z(t) = (U(t"".l)!u(:t"‘z:)----....-...U(t"’na—’nb))T [2-5-6]
z(t) = (~x(t—1)s....—x(t—na)1u(t—1)....u(t—nb))T [2.5.71
where

T
x(t) = z(t) -0(L) [2.5.81

See Parameter INVAU in sec. 5.3.4d.

The algorithm can be started up by using the least squares
estimate for IFIST number of stepssy to obtain a better
initial convergence. See Parameter IFIST in sec. 5.3.4d.

2.6 An Extended Kalman Filter Algorithm

The EKF is a well known approach to the estimation of
parameters. In an extensive treatise by L. Ljung [4]1 the
properties of the common EKF are analysed and it is shown
there that with a modification of the algorithms global
convergence can be obtained for a general case.

Consider a single-input single-output model described by:

X(t+1) = ACOCEII X (EI+B(OCEI ) su(t~TdI+K(O (L)) (L) [2.6.11

y(tr = €CoCtII-X(t) + () [2.6.21

where X is the state vector and A2 By C and K are matrices
and/or vectors cf. below. The modified algorithm implemented
in the program package is based on the model above with the
particular parametrization:
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Aloltd) = F + (V+K)-9T(t)-H [2.6.31

B(a(t)) = B [2.6.4]

K(ad(t)) = K [2.6.5]
T

C(oCEd) = 6 (t)«H [2.6.61]

where Fs Vs Ky H and B are fixed and chosen as:

FyCt=1) F 07 1 0
Y " = 0 -
(é—n b 6 ‘ .
uce-1? 1| engt . .
x(t) = - B = - K = " v = -
ult-nyp . o 0
g(t-1) . 1 +hat+thptls | -1
L L 0 D
9 E(t'—nc) o \ U o \ D J L D o
1 DD----D 1 [ —'a4 1
10----0 "
0410...0 0 0 .
0...010 -a
00....0 bat
10....0 .
F = 0 010...0 0 0 = . H=1
0--.010 bﬂb
DD--..D C4
10--.-0 "
D 0 D'J.D---D "
\. Dn--DiD o - En¢.4

This corresponds to a model structure (cf. sec. Z.1) of the
form:

(1+A¢q 13) -y (k) = B(g 1r.uct-Td) + (1+CCq 1y -ect)

The algorithm is the same as equations (8.18) in [4]1 and has
the following form:
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X(t+1) = (F+(V+K)-8T(t))-X(t) + Beu(t-Td) + Keg(t) [2.6.71

ge(t) = y(t) - sT(t)-X(t) [2.6.81]

A ~

OCt+1) = 0(t) + L(tI)-g(t) [2.6.91]
T A

L(t) = [ Pz(t) ~0Ct) + PB(t)-X(t) ]/St [2.6.101

T T T A
St = X(t) -Pz(t)-X(t) + 2-[X(t) -Pz(t) -e(t)] + 1 [2.6.111]

T T
P (t+1) FeP () + V-[s(t) P (t) + X(t) P (T)] [2.6.12]
z 2 2 3

P_(t) - L(t)-8 -L(t)T - &P _(t)«P_(t) [2.6.13]
3 t 3 3

P_(t+1)
3

where 6§ is some small numbers an adjustment to improve the
stability and the convergence rate of the algorithm. See
Parameter DELTA in sec. 5.3.4C.

Remark _2.6.1 - Stability check

Theorem 6.1 in [4]1 requires that © is kept in a compact
subset of the set:

D = [9| the matrix A(O) —~ K(0)+-C(8) is exp. stable]
s

whichs with the parametrization used here equals the
requirement that the C parameters in € have their roots
inside the unit circle. It is therefore recommended that the
user sets the parameter ISTAB to 1. See sec. 5.3.4d.

2.7 Accuracy

As already stated the aim is to use the general model
structure (cf.sec. 2.1) to arrive at in some sense the
"best" approximate description of a fairly complex system.
In order to compare the results of identification
experimentss the following measures of accuracy can be
computed by the program. These are!
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1 2
—«L jelt:0C(t))| t = 1s..n [2.7.11
n

VE = V
1

9 1 [ s(ts0C(t)) ]2
2 " ACt) + m(t+1fr-P(t)-w(t+1)

E2.7l2]

The loss function V4 expresses the variance of the one
step prediction errors that will be obtained using the
actual models 0¢t). The same applies for the loss
function V, except that it is based on the weighted one
step prediction errors.

NB'! Note that V = n«V4, and WV = n-Vy are declared as
variables in the SIMNON sense and can therefore be
viewed by using the command PLOT (or SHOW).

For the computation of the loss functions given below it is
assumed that the first 100 pulse response coefficients
(deterministic (hyg) resp. noise (h,) parts) of the true
system are known. The input—output sequence used may in that
case have been generated as:

y(t) = £ hy(s)-ult-s) + £ h(s)-e(t-s)
or

B 1+C
y(t) = —————————— ult) + ——r———e——— e(t)

-

VRE = Vg = —————m V4 =L lhg = Ry |

refer to the deterministic part of the system or the A» B
and F polynomials and the accuracy is measured as the
difference in pulse responses between the true (hg? and the
identiiied (hy) system. Note that VRS equals V4 normalized
by £ hyg



20

The same applies for the loss functions:

Ve . 2
VRN = Vg = E—-'-;—'l'z V6 =L |hyg = hgp |
n

except that they refer to the noise part (the CsD and A
polynomials).

Remark _2.7.1 — Printout _of_ loss functions The loss functions

are computed and written on the line printer at the end of
every simulation if the parameter IHAT » O0s see sec. 5.3.49.

The pulse responses hgand h, of the identified system can be
placed on a file together with the true pulse responses hg
and h, and plotted by the 8HOW command. See parameter IFIGE
in sec. 5.3.4g and the global variable name FNIM sec. 5.3.1.

Remark_ _2.7.3 - When _making _several _runs with _the same
structure

When several runs are made (with the same model structure
and method) in order to identify a given systems then the
results can be placed on a file (FNST sec. 3.3.1)s if the
parameter IFIGE equals 2 or 3 see sec. 5.3.4g. The auxiliary
programs STAT and VSTAT (subsystem AUXIL) can then be used
to print and compute meanss standard deviation » etec. cof.

sec. 5.4.3 and 5.4.5.

Remark 2.7.4 - Series of identification experiments.

When a series of identification experiments have been made:»
it is possible to obtain a print-out of the loss functions
VE: VRS and VRN in a tabular form to compare different

structures or methods (prog. TAFLA sec. 5.4.6).
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3 BASIC PROGRAM STRUCTURE

The program package consists of four subsystems as the
reader already has seen in fig. 1. This section contains a
short presentation of these and some supplementary notes.

The first subsystems INPUTs can perform one of three
alternatives at a times namely:

1 Generate a sequence of independent random variables

2 Generate a pseudo random binary sequence

3 Read data from an IDPAC compatible data file cf. [165171]
The last alternative can for instance be of use when
performing recursive identification on data from a real
process.

The seconds 8SYSHG: simulates a single-input single-output
linear discrete time system on a difference equation form
(cf.sec. 2.1 and 5.2). This should suffice for most types of
simulation but the user can of course implement his owns
using the SIMNON simulation language: in case SYBHG is not
adequate. By setting a parameter the subsystem can compute
and create files with the pulse responses of the
deterministic and the noise parts of the system. The pulse
responses can then be used when evaluating the loss
functions given in sec.2.7.

The thirdsy IDHG: performs the identification and includes
all the algorithms described in section 2 as well as the
evaluation of the loss functions given in sec. 2.7. When
IDHG is used to do a series of identification experiments on
a system with known pulse responses but with different
input/noise characteristics each times the results can be
placed on a file. By using the subsystem AUXIL (below)
statistics of the results can then be computed.

The subsystem AUXIL is not a proper simulation subsytem but
has been implemented to facilitate the inclusion of some
programs which may come in handy from time to time in
connection with identification experiments. The function of
the programs is to:

1 Generate the pulse response of a transfer functions
given poles and zeroes.

2 Generate an output sequence of a systems given the input
sequences the deterministic and the noise pulse
responses and the signal to noise ratio.

3 Compute and print statistics on identification runs.

4 Convert a SIMNON data~file to an IDPAC compatible file.
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When using the program package the systems must be connected
together with a special CONNECTING SYSTEM as explained in
the SIMNON manual. A list of useful CONNECTING SYSTEMS as
well as a qguick reference program guide is given in
Appendix A.

The simulation subsystems are all implemented as discrete
time systems written in FORTRAN. The user can easily
implement his own subsystems either in the simulation
language (e.g. continuous and/or nonlinear) as described in
the SIMNON manuals or as a FORTRAN subsystem. In the latter
case the programs are implemented into the program package
by use of the utility programs CHAIN and ABS for the
computer (PDP-15). This way the user creates his own version
of the program package.
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4 PROGRAM START-UP

The program package is available on DEC-tape 37.9 for the
PDP-15 computer. The program is started up by the following
sequence of commandst

$PIP

>»T RK.DT1 SYSTEM XXX (D)
>T RK_DT1 SYSTEM XCT (B)
>T RKLRK <EXT» SIMNON XXX (D)
>T RKLRK <£EXT> SIMNON XCT (B)

%A RK 3:5+7/RK <EXT> 4/NON 15+16
SBUFFS &
$E SIMNON

Pecause of the program size the integration routine HAMPC,
normally used in SIMNONs is not implemented. This means that
whenever a continuous system is included in a SYST-command
the command

»ALGOR RK

must be given before the simulation is started. It may also
be necessary to decrease the error bound for the integration
routine or choose the maximal time increment in the SIMU
command appropriately of. [151.

The program package uses a special version of SIMNON,
designed to simplify the inclusion of FORTRAN subsystems and
provide more core memory for user programs. Howevers as a
drawback: Macros that include the commands SIMU and 8YST
cannot be included.
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5 DESCRIPTION OF SUBSYSTEMS

In this section a detailed description is given of the
subsystems availables: i.e. INPUTs SYBHGy IDHG and AUXIL»
which together with the simulation examples in the next
section should give a fairly good demonstration of how the
program package can be used. Note that efficient use of the
program package requires that the user is familiar with the
description of the model structure and the algorithms, given
in section 2.

There are eight global variables which are common to all
systemss more or lesss but as a rule need not be given any
values since they are given default values by the program.
The first five are concerned with print-out and the last
three with .dat slot usage.

Global variable Default value

IYEAR
MONTH
I1DAY
ISIMN
IDOC
LUN1
LUNZ
LUNG3

LNUMOOOoOOooO

If IDOC is set to one a documentation page will be written
at the end of every simulation with the simulation number
ISIMNs the given date and the values of all SIMNON declared
parameters. IDOC=2 will inhibit printout of loss functions
at the end of simulations. This is appropriate when doing
several identification runs where the results are written
onto files. Each time the command S8SIMU is given (without
—~CONT) one is added to ISIMN. I1f the ASSIGN command

$A RK 345+:7/RK <EXT> 4/NON 15+16

given at the start-up is changed it is necessary to give the
appropriate values to LUN1s LUN2Z and LUN3 or a terminal
error will result. In the examples given the computer
printout on the terminal will be underlined.
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5.1 SUBSYSTEM INPUT

The subsystem INPUT can perform one of three alternatives at
a time depending on the value of the parameter NTYP.

NTYP: 1 Generate a sequence of independent random variables
: 2 Generate a Pseudo Random Binary Sequence
t 3 Read one or two values from a data-file at each
sampling event.
5.1.1 GLOBAL VARIABLE
FILN This global variable defines the name of the data
file from which data is to be read and wmust be
set before the command 8SIMU is given if the
subsystem is to be used to read data files.
NB ! When the system INPUT is used to read data files

the command SIMU —-CONT cannot be used.

Example 5.1.1:

The command LET FILN.=FDATA (Max 5 characters) should be
given when the name of the data file to be read is
FDATA.BIN.

5.1.2 QUTPUTS

E Par NTYP = 1 gives E as a sequence of independent
random N(D:g) variables

PRBS Par NTYP=2 gives PRBS as a Pseudo Random Binary
Sequence

Ui Par NTYP=3 gives Ul as the value read from column

vz no. NC1 in the data file FILN and if NC2>0, U2 as

the value read from column no. NC2

NE ! The Outputs are zero except for the right value
of NTYP e.g. The output PRBS is zero for NTYP=3

Seled PARAMETERS

al To decide the type of active output

NTYP See above Default value :0
b Parameters that define the output E

I10DD Starting value for the random number generator.

An odd number must be chosen. Default value: 95
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SDig The standard deviation of the random variables.
Default value: 1.

c) Parameters defining the_ output PRES
IBP Basic period Default value: 1
NBIT Number of bits in the shift register. Range
(3172 Default value : 7
AMP The Amplitude of the PRBS output-signal.
Default value: 1.
KNEP : 1 FOA-Knep
s 2 No Knep (Default)
ISTAR Specifies a starting point in the sequence
12 29 39 4 Default value: 1
d) Parameters defining the outputs Ul and Uz
NC1 The column number in the data file from where the
output U1l is to be read. Default value: 1
NCZ2 The column number in the data file from where the
output U2 is to be read. Default value: O
NB! The output U2 is zero for NC2=0
e) The _sampling period
DT Default value: 1.

To generate a sequence of random variables N(0»2)s of length
1000 the following parameters are set:!

#PAR NTYP:1
>8D:2
>SIMU 0O 1000

Notice that all other parameters except NODD are redundant.
To get another sequence than the one given by the default
value for NODDs then NODD is set to some odd value e.g.

»PAR NODD:29
>SIMU

To generate a Pseudo Random Binary sequences length 2110
which is to be stored on file for later use in an
identification experiment the following parameters are set:
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>PAR NTYP:2

>PAR 1BP:i&

>PAR NBIT:10
YSTORE PRBS

3SIMU O 2110/PRBSU

in this case IBP is set to 4: which means that the shift
register with feedback used to generate the sequence is
clocked each 4:th sampling interval to obtain a more slowly
changing signal than the signal ocbtained by the default
value for IBP. NBIT which specifies the length of the shift
register is set to 10. That means that the output sequence
repeats itself after 21 -4 plock instants. Here after
(21-12.4 sampling events. To get another starting point in
the periodic sequence the parameter ISTART can be set to 2+3
or 4. When KNEP:1 then the output is complemented by a
fFlip—-flop if the original sequence Wwas negative. This gives
a sequence with a asymptoticelly zero mean values which the
standard PRBS-signal has not. The global variable IDGC was
set to 1 which gave the documentation below:

DOCUMENTATION SIMU. NO? 2
FHNEABEEERERD DATE : 1980~ 6-~11

SYSTEM INPUT:

- — g wm - -

NTYP = 2

NBIT = 10 NC1l = 1
joDD = 95 KNEP = 0 NC2 = 0
SD = 1,00090 ISTAR= 1 FILN =

IBP = 4
DT = 1.00000 AMP = 1,00000

Example 5.1.4
To read columns 1 and 4 of a data file named FDATA.BIN the
following commands are givent ‘

YLET FILN.=FDATA
>PAR NTYP:3
>sNC2:4

>SIMU

Notice that the default value for NC1 is used. U1 now get
the value read . from column no. 1 and Uz the value from
column No. 4.
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5.2 GSUBSYSTEM SYSHG

The subsystem SYSHG simulates a single-input, single—output
difference equation of a general structure (cof. sec. 2.1 as
well)

5 B(gh 1+C(q™h
(1+ACH I syt(t) = wmmcecmau(EeTd) + =mm—c—e ce(t) [5.2.11
1+F (g™ 1+D¢q~h

y(t) = y1ct) + ye [5.2.21

where As Fy By D and C are polynomials in g ' (the backward
shift operator) of orders nges hHys Npy Ng and ne
respectively. The polynomials are such that AQ)=0s F0)=0
etc. and e(t) is a sequence of independent random N(OsA)
variables. yc is a constant added to the output. As shown in
sec. 2.1 the system can also be written as:

y(t) = eT(t)-w(t) + @(t) + yo [5.2.31
5.2.1 GLOBAL VARIABLES

FNRS These global variables define the names of the
FNRN data files onto which the pulse responses of the

deterministic (FNRS) and the noise part (FNRN) of
the system are written. These variables must be
set before the command SIMU is given if the
parameter NIMR = 1. (cf. sec. 2.7 )

5.2.2 INPUT

Utu(t-Td) This is the input signal in the difference
equation [5.2.1]

5.2.3 OUTPUT

Yiy(t) This is the output signal from the difference
equation [5.2.21 / [5.2.3]1.



S5.2.4

al

NASIng
NFSing
NBS:in,
NDS2ng
NCSine
KDS:Td

NB !

b
YLEV:ye

THS1
THS2

THS30

NB !

c)
NODD

LAMB 2 A

NIMR

DT
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PARAMETERS

These are the orders of the As Fs Bs D and the C
polynomials respectively.

Default values: 0
The number of time delays Default value: O

The sum NPAR = NAS + NFS + NBS + NDS + NCS must
not exceed 30s i.e. NPAR £ 30.

A constant added to the output of the system.
Default value: 0.

The parameter vector & (cof. eqs. [2.1.31/[5.2.31)

Default values: 0O

When using the SIMNON commands SAVE and GET
observe that SIMNON stores PAR and INIT values on
source files in a manner that only the four most
significant digits are stored. This may cause a
stable system to become unstable if the THS para-
meters were given more accurate values.

Starting value for the number generators an odd
number must be chosen. Default value: 19

The standard deviation of the random variables
Default value: 1

To decide whether pulse responses are to be
computed or not.

NIMR=1 Computed

NIMR#+1 Not computed (Default)

The sampling period. Default value: 1.
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To simulate a system described by the following difference
equation:

q'-0.9q1

(1-q+0.5gH -y (t) = sult=1) + (1-g~+0.2q" -e(t)

1-1.6q+0.7q"

requires the following parameters to be set:

>PAR NAS:2 "order of A-polynomial
>INFS:2 e - F -
>sNBS:2 e - B -
>sNCS:2 R - C -
>sKD21 "the time delay
>3 THS1:-1.0 oAy,

>+ TH82:0.5 "a,

>3 THE3:~1.6 .

>+ THS4:0.7 "oF,

2+THE5:1.0 " by

>+ THS6:-0.9 b,

>sTHS7:-1.0 " oo

> THS8:0.2 " e,

28IMU

5.3 SUBSYSTEM IDHG

The subsystem IDHG performs recursive identification using
linear discrete time stocastic models. The user should refer
to sec. 2 for information on the identification methods and
algorithms. Implemented in the program are all the methods
described there and an algorithm (KJADMH) implemented by
I.Gustavsson not reviewed in this paper.

5.3.1 GL.OBAL VARIABLES
FNRS These global variables define the names of the
FNRN data files containing the reference system (FNRS)

pulse response and the reference noise (FNRN)
pulse response to which the program must have
access to in order to perform the accuracy
computations described in sec. 2.7.

NB ! These variables must be set before the command
SIMU is given if the parameters IHAT or IFIGE are
greater then zero. Cf. IHAT and IFIGE.



FNIM

NB!

FNST

NB !

5.3.3

TH1
TH2

TH10
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This global variable defines the name of a file
onto which the pulse responses of the reference
and the identified system/noise are written. The
pulse responses can be viewed by giving the
command SHOW RS IS RN IN/<file name?»» where RS:18
stand for reference resp. identified system or
deterministic part and RNs IN for reference resp.
identified noise part.

This variable must be set before the command SIMU
is given if the parameter IFIGE equals 1 or 3.

This global variable defines the name of a file
onto which the parameter estimates and the
accuracy results are written. If the named file
is not present on disc when the command SIMU is
given then a file with this name is created.

All necessary information concerning the
identification run is written at the top of the
file i.e. SIMNON parameterss the simulation times
the names of FNRS and FNRN. Then data for this
particular run i.e. the simulation numbers the
given date followed by the parameter estimates
and the values of the 1loss functions at the
sampling events decided by the parameters IHAT
and IHATN.

If the named file is present then the actual
SIMNON parameters etc. are compared against the
file head. When discrepancy occurs an error
message is given if not then the results from the
present run are added to the file.

This variable must be set before the command SIMU
is given if the parameter IFIGE equals 2 or 3.

INPUTS

The output of the system to be identified.
The input to the system to be identified.

QUTPUTS

The vector of parameter estimates.
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METOD

b2

NA: g
NF=I’L;
NB=ﬂb
ND:ng
NC:ing

KD:Td

c)
WTI:ACO)
WTOIA
DELTA:E

R1:R1i

d)
IPRER

RL.IM

IFIST
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PARAMETERS
Identification Method
H LIP-Approach SA-Version
: CMA-Approach SA-Version
: LIP-Approach
: CMA-Approach
: The Instrumental Variables Method
: The KJADMH-Algorithm
: The Extended Kalman Filter Algorithm
: Default

The order of the A-Polynomial cof. eq. [2.1.1]

E
- - - - B - -

D

c

Default values: 0O

The time delay Default value: 0O

The initial value for the forgetting profile
Default value: 1
The forgetting profile parameter.
Default value: 1
Anr adjustment to improve the stability of

algorithms. Default value: 0O
A vector containing the diagonal elements of the
parameter noise. Default values: O

Parameter to decide whether an a priori or an a
posteriori estimate of the residual is to be
used.

t 0 The a priori estimate {default)
: 1 The a posteriori estimate

parameter to decide whether the residuals are to
be limited or not

<0 No limitation (default)
8 R1 If |e|)R1 then g = sign(e)-Rl

a) if METOD: 2 or 4 Default value: O
The number of steps in the start—-up of the
CMA-Approach for which the filtering according
to equations [2.4.5]1-[2.4.7] is omitted.



ISTAB

INVAU

e)

THO:=20CO>

PO:PuCD)

£

IWRT

IWRT1

IWRTN

IWRTEZ0

=1
=2
=3
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by if METOD: 5
If IFIST » 0O then the algorithm is started up
by Using the least squares estimates for IFIST
number of steps.

Parameter to decide whether a stability check is

made of the F and C polynomials or not.cf.C[2.1.1]

0 No stability check (default)

=1 The stability of the F and C polynomials is
checked. If unstables the parameter vector
is adjusted halfway towards the last value
and stability checked again. This is
repeated until the polynomial has all zeros
ingide the unit circle.

2 The stability of the F and C polynomials is
checked. If unstables then the polynomial
is factored to give a polynomial with zeros
inside the unit circle by using a spectral
factorization subroutine.

Parameter to decide whether to use the old input
signals as the instrumental wvariables or to
define them as in equations [2.5.71-[2.5.81

£0 Defined as in [2.5.71-[2.5.81] (Default)
*>0 0ld input signals.

Initial Values

Vector of initial parameter estimates
Default values: 0.0

Vector containing the initial values of the
diagonal elements of the covariance matrix P
Default values: 100.0

s e Gl beres Soves Dt Wore e o ) Soame Geims 12t Sk vrven Gk semes S e oan e oo Seess Sense Shets s sues

Default value: -5
Default value: 0
Default value: 100

No print—out

A print out of the sampling time and the
parameter estimate (8-vector) is obtained on the
line printer for the IWRT1 first sampling events
and then every IWRTN:th sampling event thereafter
Same as for IWRT=1 plus the insignals U and Y
the residual € and the weighted residual we.

Cf. sec. 2.7

Same as for IWRT=2 plus the covariance matrix P



IWRT=6

gl
IHAT
IHATN

IHATLO
IHAT20

IFIGE
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Same as for IWRT=3 plus the ¢p-vectors the
y~vector (CMA)s the z-vector (IV).
Same as for IWRT=4 plus the S-matrix which
contains old signal values as follows:
'—'y(t-'l)’ "Y(t—z)--..----....-----......-"
_z(t—i), "Z(t"‘Z).....-..-..-..-..-----..
S= U(t""l)! U(t"2).--.....-...---....--...
"V(t""l)’ —v(t-z).llll.llll.llll..ll.llll
\ E(t_i)’ E(t"z)..-..-----..-.------....,
Same as for IWRT=5 plus the TEE-matrix which

contains old filtered signal values as follows:

[ Yy Ct=1)
Y lt—1)s
Pult=12»
P, (t=10

L Y lt-12,

Wy (E=BI covsonsavsnannsmsnownel
P (t=2) envennnnnnnnnannnnnnnn
W lt=2) cvsunenncnnnnnnannnnus
T C T J U
LS TN ——

TEE =

Parameters
functions

that control whether the loss
in section 2.7 are computed or not.

Not computed (Default)

The loss functions are computed for I1SAMP=IHAT
and every IHATN:th sampling event. The results
are printed on the line printer at the end of the
simulation except when IHAT=0 or when the global
variable IDOC=2

Controls which files are to be generated by IDHG.

No files generated (default)
A file with the name assigned to the global
variable FNIM is generated containing the
reference and the identified pulse responses.
Column 1: The reference system pulse response
- 21 - identified - - -
- 31 - reference noise - =
- 41 - identified e

The command SHOW RS I8 RN IN/< file name > plots
the pulse responses.

A file with the name assigned to the global
variable FNST is generated (or written onto if
present on disc) containing the sampling times
when accuracy computations were made (cf.sec.2.7)
the results of these as well as the actual
parameter estimates. The programs in the
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Subsystem AUXIL can then be used to compute
means and standard deviations for any number of
simulations.
=3 Same as for IFIGE=1 and IFIGE=2
NB! The global variables FNRS and FNRN wmust be set

before the command SIMU is given if IHAT20 or
or IFIGE»0Os the global varible FNIM if IFIGE eq.
1 or 3 and the global variable FNST if IFIGE eq.

2 or 3.
hl Sampling period/time
DT The sampling period (default value: 1.0
TS The sampling time
5.3.5 VARIABLES
RES:& The residual from the estimation algorithms.
WRES twe The weighted residual we=e/(A+@-P-g)
v The loss function V = £ g2
WV The loss function WV = I we®

The file SDATA.BIN contains an input sequence to a system—
process in column 1 and 10 different output sequences in
columns 2 - 11 (cf. sec. 5.4.1-5.4.2 and 6.1 on how SDATA
was generated). This systems pulse responses are available
on files SIMPU.BIN (deterministic) and NIMPU.BIN (noise).
The model structure to be used for the identification is:

B 1+C

y(t) = =——eu(t) + ———wg(t)
1+F 14D

where n =n =n =n =2 and the identification wmethod the CMA-
approach (cf. sec. 2.4) where the filtering according to
equations [2.4.51~[2.4.7] is to be omitted for the first 75
steps. The loss functions are to be evaluated for
ISAMP = 100, 500s 41000, 1500, 2000. The identified pulse
responses are to be plotted after the simulation.

This requires that the subsystem INPUT is used to read the
data file SDATA.BIN and connected to IDHG by using the
CONNECTING SYSTEM TENGZ2 (Appendix A). The sequence of
commands given below illustrate how this simulation was run.



>8YST INPUT IDHG TENGZ
>LET IDOC.=1
2>sFILN.=SDATA
>+FNRS.=81IMPU
2sFNRN.=NIMPU
#>sFNIM.=TIFIS
>PAR NTYP:3
>sNC2:7
>sMETOD:4
>aNF:2

>sNB:2

>sNDz22

>aNC:2

2>+ IPRER:1

> IFIST:75

> IETAB:1

>+ IHAT 2400

> IFIGE:1
>5IMU 1 2000

At the
mentation page
is shown below.
the commands:

28HOW RS IS/TIFIS
28HOW RN IN/TIFIS

end of the simulation the
and the values of the lass
The pulse
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Documentation page

Ref. determ. pulse response
- noise - -
Identified pulse responses

Column 7 in SDATA
The CMA-approach
Model

The a posteriori estimate of €
Filtering starts at ISAMP=75
Check stability of F and C pol.
Default IHATN is used.

Generate the file TIFIS (FNIM)

program prints a docu-
functions which

responses can then be viewed by
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DOCUMENTAT | ON SIMU., NO 1

EEBRBAERRA RN DATE : - 0~ 0

SYSTEM INPUT?

NTYP = 3

NBIT = 7 NC1 = i
10DD = 95 KNEP = 0 NC2 = 7
SD = 1.00000 ISTAR= i FILN = SDATA

IBP = 1
DT = 1,00000 AMP = 1,00000
SYSTEM |DHG:
IDENTIFICATION METHOD: 4 CMA
NA = 0 | PRER= 1 IWRT = -4
NF & 2 [FiST= 75 IWRT1= 0
NB =z 2 ISTAB= 1 'WRTN= 100
ND = 2 " INVAU= 0 IHAT = 100
NC = 2 IHATN= 500
KD % 0 NFST = 0 IFIGE= 1
WTI = 1,00000 PFST = 100.000 FNRS = 'SIMPU
WT0 = 1.00000 RKJ = 0,000000 FNRN = N |MPU
RLIM = =-1,00000 FNIM = TIFIS
DELTA= 0,000000 nT = 1,00000 FNST =
TH(1) = -1.59478 THO(1) = 0.009000 PO(1) = 100,000
TH(2) = 0,673481 THO(2) = 0.000000 PO(2) = 100,000
TH(3) = 0,762903E-01 THO(3) = 0,000000 PO(3) = 100,000
TH{4) = 0.372319E-01_  THO(4) = (G.,000000 PO(4) = 100,000
TH(5) = -1,40728 THO(5) = 0.000000 PO(5) = 100,000
TH(6) = (.,459908 THO(6) = 0.000000 PO(6) = 100,000
TH(7) =-0,809378 THO(7) = 0,000000 PO(7) = 100,000
TH(8) = 0,221173 THO(8) = 0.,000000 PO(8) = 100,000
R1(1) ~= 0.000000
R1(2) = 0,000000
R1(3) = 0,000000
R1(4) = 0,000000
R1(5) = 0,000000
R1(6) = 0,000000
R1(7) = 0,000000
R1(8) = 0,000000
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5.4 SUBSYSTEM AUXIL

The subsystem AUXIL is not a proper simulation subsystem in
the SIMNON sense but it has been implemented to facilitate
the inclusion of some programs which may come in handy from
time to time in connection with identification experiments.
It has but one paremeters to decide which program is to be
called. Common to all the programs is that they operate in
question and answer form via the Terminal.

isuB Parameter (default value: 0)
Call GENHG

- SIMHG

- STAT

FILCON

- VSTAT

- TAFLA

CUPSLN-
f

5.4.1 Program GENHG

By choosing poles and zeroes for a transfer function of the
forms

1 + b,g+ b,g%*......bq"
y(t) = il 2?;—— “q_ suCt=1+ITYP)
1+ F,g"% Ff,d..ee.f@™

the program computes the first 100 impulse response
coefficients and places them on a file. If ITYP=0 (TYP=ONE
BELOW) then the numerator is divided by the steady state
gain to get a transfer function with a steady state gain
equal to 1. The use of the program is best described by the
following example.

»SYST AUXIL
»PAR 1SUB:1

3SIMU O 1

PROGRAM_GENHG: GENERATION_OF IMPULSE_RESPONSES
TYP=STOP _: STOP

TYP=ONE ___: ONE_TIME_DELAY_ IN_THE_NUMERATOR
TYP=NO : NO_TIME_ DELAY

TYP=NO

READ_POLES
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I=8TOP_: NO_MORE_POLES
I=R t_A_REAL_POLE
I=C :_COMPLEX_POLES
1=R

REAL_POLE =0.92
I=R

REAL_POLE =0.75
I=C

REAL_PART =0.8
IMAGINARY PART_=0.2
T=8TOP

READ_ZEROS
T=8TOP_:_NO_MORE_ZEROS
=R :_A_REAL_ZERO
I=C : _COMPLEX_ZEROS
ISR

REAL_ZERO __ ___ =0.5
I=R

REAL_ZERQO =0.7
I=C

REAL_PART =0.75
IMAGINARY PART =0.1
I=8TOP

The program then gives a documentation page on the line
printer. The print—-out is given in sec. 6.1. The pulse
response can be plotted by giving the command SHOW ONE/<file
name®» ( NO/<file name?> if NO was given as an answer at the
start).

5.4.2 Program SIMHG

SIMHG is a program for simulation using impulse response
model i.e. given the system impulse response coefficients
hgr the noise impulse coefficients hqas an insignal u(t) (on
file)s an odd rnumber for the random number generator and SNR
the signal to noise ratios the program computes the output
of the equation given below and places it on a file.
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y(t) z hd(s)-u(t—s) + keI h (s)-e(t-s)

n

YS(t) + k=YN(t)

where k = W//' ¥prira; ‘
Var (YN) -SNR

The insignal file must contain at least 2101 data points.
The file generated by SIMHG is an IDPAC compatible data file
and contains 2001 data points with the insignal in column 1
and the output signal in column 2. If more then one odd
numbers is given the successive output signals are placed in
columns 2y 3s...8tc. Max 10 output signals are possible.

3SYST AUXIL
3PAR ISUB:2
3SIMU O 1

PROGRAM_SIMHG

PROGRAM_FOR_SIMULATION USING_ IMPULSE_ RESPONSE_ MODEL

FILE NAME_WITH_INPUT_DATA_=_UPRBS

OLUMN_NR._OF INPUT DATA_IN_UPRBS
coL_=

ODD_NUMBER_FOR_THE NOISE GENERATOR

ONE_NUMBER_FOR_EACH _SIMULATIONs AND_A_NEGATIVE_NUMBER

. The last 4 lines are repeated for
E KODD = 173 279 37y 473 57s &7 77+ 87+ 97

FILE _NAME_FOR_THE_ _GENERATED_DATA_=_SDATA
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This set of data was used in simulations reported in sec. 6
where the documentation printed by the program is given.

5.4.3 Program STAT

STAT computes the means and the standard deviations of the
parameter estimates and the loss functions which the
subsystem IDHG has placed on file FNST.

»SYST AUXIL
»PAR ISUB:3
*SIMU O 1

PROGRAM_STAT

IF_FILE NAME = GTOP : STOP

FEILE NAME = _M5311

The results are printed on the line printer and an example
is given in Appendix B.

5.4.4 Program FILCON

In order to make use of the powerful IDPAC program package a
program to convert SIMNON data files to IDPAC format is
included. The use is best illustrated by an example:?

In example 5.1.2 a PRBS sequence was generated to be used as
an input signal for simulation by 8IMHG. Here the file is
converted to IDPAC format:

»BYST AUXIL
»PAR ISUB:4
»>SIMU

PROGRAM_F ILCON
INPUT_FILE NAME = _STOP___: STOP
PRESS_RETURN
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INPUT_FILE_NAME_=_PRBSU

QUTPUT FILE NAME_=_UPRBS

SAMPLE _INTERVAL =_1.0

INPUT_FILE_HEAD:

100000 2 1 0 0 0 Q.0 ____ o____.1
VARIABLES IN_INPUT FILE ‘
PRES

NUMBER_OF DATA_RECORDS IN_INPUT FILE : 4221

DELETE_TIME_COLUMN_:_ YES

DO YOU WANT THE INPUT FILE DELETED & YES

INPUT FILE _NAME =_STOP

5.4.5 Program VSTAT

This program prints the results from identification
experimentss i.e. the means and standard deviations of the
loss functionss again best described by an example.

3SYST AUXIL
*PAR ISUB:S
3SIMU O 1

PROGRAM_VSTAT

IF_FILE_NAME = STOP___: STOP

FILE_NAME_ =_M5311

PRINT-QUT_FOR_ISAMP_=_IHATs IHATNs Nx*KH*IHATN
N = 1’2’.---_-_:_

EILE_NAME =_STOF

The results computed by VSTAT and a listing of the results
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from the simulation runs contained in the file M5311 is
given in Appendix B.

5.4.6 Program TAFLA

In order to compare different structures the program TAFLA
can be used to print the means standard deviations minimum
and maximum of the loss functions VEs VRS and VRN in a
tabular form.

28YST AUXIL
*PAR 1ISUB:6

3SIMU O 1
PROGRAM_TAFLA:

IF_FILE NAME = _STOP___: _ STOP

IF FILE NAME = ENDFI__: __ PRINT_TAFLA
IF_FILE NAME = NEWTS _: _ NEW_TSAMP

EILE_NAME_=_M1310

ISAMP _=_100

The result is given at the beginning of appendix C.
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6 SIMULATIONS

This section contains a report on a series of identification
experiments designed so as to test the assumption made in
section 2 that the general model structure would lead to a
"hetter" description than commonly used model structures.
This is of special interest when the system under
observation is of a complex nature and the goal is to
describe its most relevant features. The system used to
generate the input—-output sequences is described in sec.
b.1. A list of the model structures tried for the
identification is given in sec. 6.2 where the number of
parameters estimated is in all cases 8. This means that the
amount of computing work is roughly the same for all
structures. The results of the simulations are presented in
sec. 6.3.

6.1 The "process/system"”

The process/system that generated the data used for the
identification was of the form:

yit) = BLR 1) -ult) + KeHeg 1) -@(t)

£ hq(s)-ult-s) + k+«L h (s)-e(t-s)

YSCt) + k-YNCED

where u(t) was a Pseudo Random Binary Sequence generated as
in example 5.1.2 (cf. also 5.4.4). The noise e(t) was
generated by a random number generator giving a normally
distributed sequence with a mean of zero and variance of
one.

The functions G and H were chosen to be of a relatively
higher order than the models tried for the identification.
By choosing poles and zeroes for G and H the program GENHG
(sec. 5.4.1) was used to compute the transfer functions and
the pulse responses which in turn were used by the program
SIMHG (sec.5.4.2) to simulate the data. Ten different
sequences were generated where the input signal was the same
in all cases but with a different starting number for the
noise generator for each output sequence. The signal to
noise ratio was in all cases equal to 10s here defined as:
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VarcYS)
Var(k=-YN)

Below follows the documentation printed by thé
SIMHG and GENHG.

PROGRAM SIMHG
PROGRAM FOR SIMULATION USING IMPULSE RESPONSE MODEL

FILE NAME SYSTEM RESPONSE : SIMPU

FILE NAME NOISE RESPONSE ¢ NiIMPU

FILE NAME INPUT DATA t UPRBS

COLUMN NR. INPUT FILE ¢ 1

FILE NAME GENERATED DATA ¢ SDATA
CoL 13 INPUT S|GNAL
COL 23 OUTPUT SIGNAL KODD
COL $: OUTPUT SIGNAL KODD
COL 4: OUTPUT SIGNAL KODD
CoL 5% OUTPUT SIGNAL KODD
CoL 63 OUTPUT SIGNAL KODD
COL 7: QUTPUT SIGNAL KODD
COL B: OUTPUT SIGNAL KODD
COL 9: OUTPUT SIGNAL KGDD
COL 10: OUTPUT SIGNAL KODD
COL 113 OUTPUT SIGNAL KQDD

10,0000

VIR LI (O LU LU LI [ T T

programs

17
27
37
47
57
67
77
87
97
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*/ -
0/-

0.15000
0.25000

> f -
+/ -

0.,20000
0.,10000

63D+00
76D=-02

00D+01
16D+01

-0.186160E-01
-0.165102E-01
-0.,145944E-01
-0.128755E-01
-0,113497E-01
-0.100066E-01
-0.883161E-02
-0.780817E-02
-0.691921E-02
-0.614/99E-02
-0,547869E-02
-0.4896B4E-02
-0.438951E-02
-0.394533E-02
-0.355455E-02
~0,320889E-02
~0,290145E=02
-0.262652E~02
-0.237944E-02
-0.215643E=02
-0.195445E-02
-0,177101E-02
-0.160411E-02
-0.145209E-02
-0.,131358E-U2

PROGRAM GENHG?
ONE TIME DELAY
RcAL POLE = 0,40000
REAL POLE = 0.30000
REAL POLE = 0,90000
COMPLEX POLES = 0,80000
COMPLEX POLES = 0,70000
REAL ZERO =-0,50000
REAL ZERO = 0,95000
COMPLEX ZEROS = 0,60000
COMPLEX ZEROS = 0,70000
NUMERATOR POLYNOMIAL?
0.762501D~01 =0.2325
0.351513D-01 =0.7243
YENQM INATOR POLYNOMIALS
0.100000D+01 =0.5100
-0,429981D+01 0.1034
|MPULSE RESPONSE COEFFICIENTSS
0 0.000000 25
1 0.762501E-01 26
2 0.156313 27
3 0.196344 28
4 0,208449 29
5 0,200619 30
6 0.179376 31
7 0,150303 32
8 0.11799¢C 33
9 0.859282E-01 34
10 0,.565161E~01 35
11 0.311791€E-01 36
12 0.105080€E-01 37
13 =-0.544246£-02 38
14 -0.170443E-01 39
15 -0,248318E-01 40
16 -0.296298E-~01 41
.7 -0.319619E-01 42
18 -0.324934E-01 43
19 -0.317517E-01 44
20 -0.301661E-01 45
21 -0.280711E-01 46
12 -0.257166E-01 47
25 -0.232817E-01 48
24 -0.208886E-01 49
FILE NAME:|MPUS —=

T

\

SIMmpu

Filcon:

0.249719D+00

0,111550D+02
~0,105417D+0C0

50
51
62
53
54
55
56
27
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

-0,118738E-02
~-0.107248E-02
-0,967970€E-03
-0,873012€E-03
-0,786849E~-03
-0,708774€E-03
-0.638123E-03
-0.574273E-03
~0,516640E-03
-0,464675E-03
-0,417863E-03
-0.375729E-03
-0.,337829e-03
-0.,303754E-(3
-0.,2/3130€E-03
-0,245615E-03
-0,220894E-03
-0.,198686E-03
-0.,178733€E-03
-0.160804E-03
-0.,144692E-G3
-0,130209E-03
-0.,117187E-03
-0,105477E-03
-0,949437E-04

-0,828076D=01"

=0,135550D+02

75

76
77
78
79
80
81
82
g3
B4
85
86
87
88
89
9¢C
91
92
93
94
95
96
97
98
99

-0,383919D=01
0,987118D+01

-0,854672E-04
-0.769898E=04
-0.692650E-04
-0,623566E=04
-0,561375E-04
-0,505584E-04
~-0,454972E-04
-0,409583E-04
-0,368716E-04
~0,331922E-04
-0,298794E-04
-0.,268968E-04
-0,242117E-04
-0,217943E~04
-0,196181E~04
-0,176590E-04
-0,158953E-04
-0,143077E-04
-0,128785E=04
-0,115919€E-04
-0,104338E-04
-0,939126E~-05
-0,845280E=05
-0,760802E~05
-0,684760E-05
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PROGRAM GENHG:

NO TIME DELAY

REAL POLE = 0.92000

REAL POLE = 0,75000

COMPLEX POLES = 0.80000 +/- 0,20000
REAL ZERO = 0,50000

REAL ZERD = 0,70000

COMPLEX ZEROS 0,75000 +/- 0,10000

NUMERATOR POLYNOMIAL?

0.100000D+01 =0.270000D+01 0.272250D+01 ~-0,121200D+01

DENOMINATOR POLYNOMIALS

0.100000D+01 =-0,327000D+01 0,404200D+01 =0,223960D+01

IMPULSE RESPONSE COEFFICIENTS:

0 1.00000 25 0.,535218E-01 50 0.,653868E-02
1 0.570000 26 0.,496431E-01 51 0,601943€E-02
2 0.544400 27 0,458915E-01 52 0,554024E-02
3 0.503848 28 0.,422980E~-01 53 0,509818E-02
4 0,454865 29 0.388893E-01 54 0,469059E~-02
5 0.402650 30 0,356855E-01 55 0,431496E-02
6 0,351085 31 0.326993E-01 56 0,39689%9E-02
7 0.302849 32 0.299364E-01 57 0,365048E~02
8 0.,259581 33 0.273956E-01 58 0.335739E-02
9 0.,222081 34 0,250704E-01 59 0,308778E-02
10 g0.190512 35 0.229505E-01 60 0.,283985E-02
11 0.,164581 36 0.210223E-01 61 0,261191E-02
12 0,143710 37 0,192709E~01 62 0,240235E-02
13 0.,127163 38 0,176804E-01 63 0.,220972E=-02
14 0,114157 39 0.162353E-01 64 0,203264E-02
15 0,103931 40 0.149205E-01 65 0,186985€E-02

16 0.957967E-01 41 0.137223E~01 66 0,172018E-02
17 0,.891683E-01 42 0.,126279E-01 67 0,158255E~022
18 0.835709E~01 43 0,116264E-01 68 0,145578E-02
19 0.786406E-01 44 0.107078E-01 69 0,i33957E-02
20 0,741147E~-01 45 0,986370€E-02 70 0,12324%E-02
%1 0,698174E-01 46 0,.908683E-02 71 0,113398E-02
22 0.656432E-01 47 0.837092E-02 72 0.,104334E-02
23 0.615406E-01 48 0,771060E-02 73 0.,959949E-03
24 0.574962E-01 49 0,710121€E-02 74 0.883214E-03

cILE NAME:IMPUN —= NiMpy

T

ggL_COI\J

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

F 92

93
94
95
96
97
98
99

0,200375D+00

0,469200D+00

0,812604E-03
0,747631E~-03
0,687843E-03
0,632829E-03
0,582209E~03
0.535632E-03
0,492778E=~03
0,453350E-03
0,417075E=-03
0,383702E-09
0,352999E~03
0.324753E-03
0.298768E-03
0,274863E-03
0,252872E-03
0,232640E~03
0,214028E-03
0.,196905E-03
0,181153E~03
0,166661E-03
0,1533829E~-03
0,141063E-09
0,129779E-03
0,119397E=-03
0,109846E~03
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6.2 Model Structures and Simulations

The model structures tried for the identification are given
in Table 1 below. Note that structure no. 2 is the LS-models
no. 4 the ELS-ML-model and no. 7 the GLS-model so that a
comparison between these methods and the more general LIP
and CMA approaches for other structures can be obtained.

Ten simulation runs were made for each structure (the ten
sequences generated by SIMHG (6.1)) using:

a) The LIP-approach (sec. 2.3)
b) The CMA-approach (sec. 2.4) IFIST=0

) do. IFIST=50

The loss functions VEs VRS and VRN given in sec. 2.7 were
evaluated for these runs and their mean and standard
deviations computed. The results are given and commented
upon in the next section. The results as given by the
program TAFLA (cf. sec. 5.4.46) are listed in appendix C. A
more detailed listing of the results e.g. as given by the
programs STAT and VSTAT (cf. sec. 5.4.3 and 5.4.3) as well
as a complete listing of all results "logged" during the
simulations is available on request from the author.

The following SIMNON parameters (cf.sec 5 for their
function) had the same value for all runs as can be noted on
the documentation pages given in the appendices for each
FNST file name.

IPRER = 1 WTI = 1.0 R1¢i) = 0.0

ISTAE = 1 WTO = 1.0 THOC(i) = 0.0

IHAT = 100 RLIM = -1.0 POCi> = 100.0 i=1s..10
IHATN = 500 DELTA = 0.0

(The parameter ISTAB is redundant for structures 1+2 and 7.
ISTAB=0 for these runs.)
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Table 1.
Model Structures

1
y = Be.u + &
My =
2 7
1
(1+A) .y = Be.u + & (1+A) sy = Beu + ———sg
1+D
ng =4 Ny =4 ngy =3 Np=3 Nnyg=2
3 8
B B 1
= el o+ £ = e o e
YT 1 Y T A 14D
Ny =4 Ny =3
ng =4 ng =3 ng=2
H
“ 9
B 1+C
(1+A) sy = B«u + (14C)-g (14A) sy = ===y + ——=—sg
1+F 1+D
ng=3 Nng=3 ne =2 ny=2 Ny =2 ne =1
ne =2 ng=1
5 10
B 1+C =
Y B mmegyy b mewag (1+A) »y = —==wuy + (1+C) €
1+F 1+D 1+F
Ny =2 N =2 ng=2 Ny =2 Ne=2
5A 104
Np=3 ne =1 ny=3 Ny= ne=1
ng= ng=1 ne =2
& 11
1+C B 1
(1+A)»y = Beu + —=—=—rg (14A) sy = ==—ay + ———og
1+D 1+F 14D
ny=2 Ny = ne =2 n,=2 N, =2
Ng= ne=2 Ng =
6A 11A
Nny=3 ny= ne=1 ny=2 N, =2
ng =1 ne =3 ng=1
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6.3 Results

Fig 6.3.1 gives the value of the loss function VE at the
sampling times 100, 500s 2000. The length of the lines in
the diagram is twice the standard deviation. For all

structures it can
of the simulation

difficult to

criterions
structures 5A»
1 and 3 give the "worst"

8

be noted that VE decreases
which is
pinpoint the "best"

but slightly better results
in the said order.
results which can be explained by:

times

7 and 5

as a function

to be expected. It is
structure by use of this
are obtained for the
The structures

that no attempt is made there to model the noise.

Mt
VE

.06

OS5

)

O3 L

*,f

N
'

\

t

—_— ————

—_——

—_———s

e —

1 = 150, 500 , 2000

I Model Structure nr.
1 2 3 4 5 5 6 6A 7 8 9 10 10A 11 11A

Fig. 6.3.1 The loss function VE = 1/n fect)® for n=100s 500

and 2000 respectively for all model structures.

6.3.2 shows the loss functions VRS and VRN at the
sampling time ISAMP = 2000. Observe that VRS gives lower
values for all structures than VRN which is reportedly not
an uncommon phenomenon in identification experiments, i.e.
the modelling of the noise is more difficult and those
parameters converge more slowly.

Fig.
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.08 |

.06 |

.0%
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Model Structure nr.
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20L

R ' +++1L

04| +
+ + Model Structure nr.

B —

1 2 3 & 5 56 6 bA 7 a8 9 10 10A 11 11A
Fig 6.3.2 The loss functions VRS and VRN for all model
structures.

The "best" results are obtained for the structures no. 5A 5
and 8y i.e. they give relatively low values for both VRS and
VRN which indicates that a good "fit" iz obtained for the
system and the noise. 1t iss howevers not clear how to rank
the structures. As for VE the "worst” results are obtained
for structures 1 and 3. Considering the manner in which data
was generated (sec. 6.1) it is interesting to note that the
structures that most ‘"resemble" the "process'” give the
"hest' results.
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Table 2 below gives the mean values and the standard
deviations of the parameter estimates at the end of the
simulations (ISAMP = 2000). Now these estimates do not of
course represent any "true" values and therefore the values
themselves are of limited interest except as a source for
comparison between similar structures on one hand and
between the LIP and the CMA-approaches on the other.
Furthermore a large deviation could indicate that the
algorithm had tended to different local minima for some of
the runs or that convergence was slow.

Any really conclusive information is difficult to obtain but
some interesting observations can be made. For instance that
structures 5A and 8 where the deterministic part is modelled
in the same manner do give very similar results. The same
can be said to a degree of the structures 6A and 4 but now
the modelling of the noise influences the estimates of the
A-polynomial which becomes more apparent when compared with
7.

The rate of convergence is of course of interest in this
context. As can be noted in sec. 6.2 the SIMNON parameters
IHAT and IHATN had the values 100 and 500 respectively which
means that the parameter estimates were logged at the
sampling times 100, 500s 1000s 1500 and 2000. From this data
(not reviewed here) and notes made during some of the
simulations it was observed that the parameter estimates
for:

a) Structure 2 - the LS method - converged fast. The
estimates were close to their final values after ca. 100
samples and gave similar results for all runs.

by Structure 4 - the ELS method - converged fast to begin
with but after ca 100-200 the rate of convergence became
slower. The estimates either increased or decreased
almost linearly from 100 onwards. The resulting estimates
varied much more than for the LS method.

c) Structure 5 were in general fairly close after 100
samples. The "noise" parameters d and ¢ converged more
slowly and varied more than the "system' parameters f and
b.

d) Structure B5A were fairly close after 100-200 samples:
this time the f-parameters showed a slightly slower rate
of convergence.

@) Structure 8 were generally close to their final values
after ca. 100 samples. It did occur though that some
estimates converged more slowly.
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Simulations were also made with the SIMNON parameter ISTAB=0
i.e. no stability check of the F and € polynomials. On
average these runs gave results similar to the ones reported
above but some parameter estimates occasionally tended to
quite different values. However structures 3 and 11 gave
overall quite different results and the same can be said to
a degree of structures 5 i.e. the "noise" parameters d and
Ce

Fig. 6.3.3 gives the loss function VE at the sampling times
100y 500 and 2000 for the CMA—approach when IFIST=0. As
befores for the LIP-cases VE decreases as a function of the
simulation times but in this case VE gives higher values and
the deviation is consierably greater. This makes it very
difficult to pick out any "best" model structures.

L

[ M m )
VE - ‘

n=1760, 500, 2000 etc.

4 \
.!-5 e + -+

1 2 3 4 5 3A 6 A 7 a8 ? 10 10A 11 11A

Model Structure nr.

e e i -l & .
T +

Fig. 6.3.3 The loss function VE for n=100, 500 and 2000
CMA & IFIST=0
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Fig 6.3.4 gives VE as in fig 6.3.3 but now for the
simulation runs when IFIST=50s and here a significant

improvement is observed. The results obtained are very much

the same as for the LIP-approach i.e. structures 5s 8s: 54
and 7 seem to give slightly better results and again
structure 3 gives the "worst" results.

1 2 3 4 5 3A 6 bA 7 8 9 10 10A 11 11A
Fig. 6.3.4 The loss function VE for n=100s 500 and 2000
CMA @ IFIST=50

Fig 6.3.5 shows the loss funtions VRS and VRN for IFI1IST=0.
The relatively high deviation indicates that several local
minima were reached or that convergence was slow. It is
almost impossible to pick out any structure as the "best"
one. Fig 6.3.6 shows VRS and VRN for IFIST=50. Now again a
significant improvement is observed i.e. the loss functions
give lower values and the deviation decreases and as in the
LIP-case structures 5+ 8 and 5A give the "best" results.
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Fig. &6.3.5 The loss functions VRS and VRN for CMA : IFIST=0



.06

0%

02

.20

12

.04

58

VRS

Model Structure nr.

-
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L
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1 2 3 4 5 3A 6 bA 7 8 9 10 10A 11 11A

Model Structure nr.

& i i & : i
L T v T Y s T T A "t

1 2 3 4 5 3A b6 A 7 8 9 10 10A 11 114

Fig. 6.3.6 The loss functions VRS and VRN for CMA : IFIST=30

Table 3 gives the mean values and deviations of the
parameter estimates at ISAMP=2000 for the simulation runs
with IFIST=50. It is interesting to note that for most of
the structures the results are quite similar to those
obtained for the LIP-approach with a slightly higher
deviation though. &5till, the differences for structure 3»
bAs 9 and 114 should be noted.
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In order to get an idea of how the rate of convergence was

for

the CMA-approach it was observed that the parameter

estimates for:s

al

bl

c)

d)

e)

structure 4 - the ML method - behaved very much alike the
LIP approach (the ELS=method). The rate of convergence
became slower after ca. 100 samples and the estimates
either increased or decreased almost linearly from 100
onwards.

structure 5 again behaved similarly to the LIP approach.
Fairly close after ca. 100 samples with a slightly slower
rate of convergence for the noise parameters.

structure S5A converged somewhat slower than for the LIP
approachs but otherwise similar behavior. One run gave
parameter estimates that differed considerably.

structure 7 - the GLS method - were in general fairly
close after ca. 100 samples and gave similar results for
all runs.

structure 8 were generally close to their final values
after ca. 100 and as in the LIP case it did occur that
some estimates converged more slowly.
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7 CONCLUSIONS

To summarize the results of the simulations the following
conclusions can be drawn.

The model structures that give the "best'" approximate
description of the "process'" are structures no. 5y 5A
and 8.

The LIP-approach gives better results than the
CMA=approach (IFIST=0)s but when CMA is run with
IF1S8T=50 the results are roughly speaking the same.
Ergos the CMA is more susceptible to the initial
values used at the start-up and it can be recommended
that IFIST is set to some value greater than zeros say
50-100.

A comparison of the common identification methods i.e
the LSy ELSs ML and GLSs with model structures 5s 5A
and 8 gives that the use of the general model leads to
"hetter" results than the methods mentioned above. The
choice of a model structure has a far greater effect
on the accuracy than the choice of approach i.e. LIP
or CMA.

Now an important guestion in this context is how far can
these results be generalized for an arbitrary "process". The
results indicate that the use of the general model structure
is to be recommended since it allows a greater flexibility
and that the same or a higher degree of accuracy can be
achieved with fewer parameters compared to the common
identification wmethods. It iss howevers at this point
difficult to give any guidelines whether to use the LIP or
the CMA-approach. Theoretically it may be said that the
CMA-approach is to be preferred since it can be shown to be
globally convergent even though the system cannot be
described within the chosen model structures but with the
drawback that care must be taken at the start-up.

In order to confirm these results and possibly gain some
additional information more simulations on data generated by
different '"processes" are desirable. These should then
include experiments to test the influence of a lower signal
to noise ratios different starting values for the parameter
vector 6 and the covariance matrix Ps the use of the
forgetting profile as well as experiments to test the
SA-versions. In addition a test where the models were used
in connection with adaptive control could be made. Then the
models could be judged by the performance of the regulator.
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The EKF algorithm given in section 2.6 corresponds to a
model structure where the polynomials F=0 and D=0. The
algorithm is equivalent to the LS-method when C=0 which was
confirmed during test runs but when € was set to some value
greater than zero the parameters diverged and the algorithm
gave useless results. The reason for this was not discovered
and the problem is left to the interested reader to crack.

The aim has been to write the programs so as to make
maintainance easy i.e. to smooth the way for any changes
and/or improvements that may be needed. The program
structure was partly restricted by the core memory space
available. As mentioned in sec. 4 a special version of
SIMNON was used in order to provide the necessary core
memory space. The main shortcomings of this version is that
the use of MACROs is limiteds since they may not contain the
commands SIMU and SYST. On a "larger" computer this will of
course hnot cause any problems and therefore simulation
experiments as the ones reported here become less tedious.

On hindsight some improvements on the program structure and
facilities can be suggested.

The programs that evaluate and print the loss functions
should preferably be split from the subsystem IDHG into a
separate subsystem. This would make the programs more
applicable as building bricks for a prospective user and
implementation of amendments easier.

A facility to write the identification results onto a
"system file" (in a similar manner as in IDPAC) and the same
facility for the subsystem SYSHG to read such files. This
might be useful when validating identification results.

In addition further improvements are possible concerning the
use of data structures and conventions as e.g. outlined in
[171. This would make it easier to combine the use of the
present programs and IDPAC or other program packages if the
need arises.
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Appendix A

IYEAR ¢ H

MONTH (W )]

IDAY a»

ISIMN o Simulation nr.

=1 docum.page =2 no print loss func.

o
<
(9
la N aRaRaRaRalkal
Q
'
53 Sz us Sz 3= u% sw

LUN1 5) Logical unit nr. for RK
LUNZ2 7) "
LUN3 3) "

FILN ¢ t Data file name

Outputs:

E ¢ ) : White Noise Output (NTYP=1)

PRBS ¢« o : Pseudo Random Binary Sequence (NTYP=2)
U1l ¢« O) t OQutput from column NC1 in FILN

U2 ( 0:, H " 11] " NC2 "
Parameters:

NTYP ¢ ) : Type of active output

I0DD (25) : Start nr. for random number gen.

sD (1.0) : Standard deviation of E

NBIT « 7 : Nr. of bits in shift register

AMP 1.0)0 : Amplitude of PRBES

KNEP ¢« O) : (=0 No knep § =1 FOA-knep)

ISTAR ¢ 12 : Starting point in the seq. (1:2+3+4)
IBP ¢ 1 ¢ Basic Period

NC1 ¢ 1) : Column nr. for Ul

NC2 ¢ O : " "oouz

DT 1.0 : Sampling period

e 2 TN T S Sk e e o cones e e cmane veens soves s s

FNRS (G : (Det.) File name pulse responses
FNRN ¢ ¢ (Nopise) - - - -
Input:

U ¢ g

Qutput:

Y « H

Parameters:

NAS ¢ t Order of A-Polynomial

NFS ¢ ) : - - F =

NBS « : - - B =

NDS ¢ ) : - - D -

NCS ¢ ) H = - C o=

KDS ¢« : Time delay
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YLEV ¢ : Constant level added to output

THS1 ¢ o) ! The parameter vector of SYSHG

THS2 - - -

THE30 - - -

NODD 19> : Btarting value for random number gen.
LAMB ¢1.0) ¢ Standard deviation

NIMB ¢ ) : =1 Generate pulse resp. on files

DT ¢ ) : Sampling period

FNRS ¢« ) : File name ref. syst pulse resp.
FNRN ¢ : = - o noise - w
FNIM ¢ : - - gen. pulse responses
FNST ¢ H = - statistics file
Outputs:
TH1 (O | : Vector of parameter estimates
THZ ¢ | - - - -
TH10 ¢ 2 : - - - -
Inputs:
Y ¢« : Qutput signal from syst to be ident.
U ¢ : Input signal to syst to be identified
Parameters:
METOD « t Id. Method =1 SA-LIP: =2 SA~CMA.
: =3 LIPs =4 CMA, =5 1IV: =7 Ex-Kalman
NA « : Order of A-Polynomial
NF ¢ O s - - F -
NB ¢ : - - B =
ND « H - - D .
NC ¢ O : - - € -
KD ¢ : Time delay
WTI 1.0 t Initial value Forgetting profile
WTO 1.00 : Forgetting profile parameter
DELTA 0.0 : Adjustment to improve stability
R11 0.0) s -
R12 0.0) g -
R110 0.0 : -

IPRER « ¢t =0 a priori/=1 a posteriori est.res.
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RLIM (-1.00 t »0 if |€|>RLIM =» g=sign(e)*RLIM

: €0 no limitation.
IFIST ¢ 02 : Starting time for IV or filtering CMA
ISTAB ¢ ! Stability check =0 no check

8 =1 INPOL

: =2 SPFIN
INVAU ¢« O : IV £0 see sec.2.5s »0 old input sig.
THO1 <0.0) : Initial values - parameter estimates.
THOZ (0.02 s -
THO10 0.0 : -
PO1 (100.00 : Initial values for diagonal elements
PO2 (100.00 : in the covariance matrix.
PO10 C100.00 : -

£0 No print out

=1 ISAMPs TH for ISAMPL£IWRT1 and
every IWRTN:th sampling event
=2 (1) + UsYsRESsWRES

IWRT TT(=4)
IWRTY ¢ O)
IWRTN  ¢100)

1 =3 (2) + P
Po=4 (3) + @aPsl
=5 (4) + 8
: =6 (5) + TEE
IHAT (—-19) : €0 No loss function computed
: =N Loss functions computed for
H Isamp=N and every IHATN:th sampl-
IHATN (500) : ing event thereafter.
IFI1GE ¢ : =0 No file generated
: =1 FNIMs =2 FNSTs =3 FNIM+FNST
DT 1.0 ¢ Sampling period
Variables:
RES : The residual see sec.2 and 5.3.5
WRES : Weighted
v 1 V=T &
WV : W = E 0s
WT t The forgetting profile

isue « =1 GENHG: =2 SIMHG: =3 STAT

=4 FILCONs=5 VSTATs =6 TAFLA
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CONNECTING SYSTEM TENG1
TIME T
ULBYSHGI=PRBSLINPUT]
ULIDHGI=PRBSLINPUTI
YLIDHGI=YLSYSHG]

END

CONNECTING SYSTEM TENG3
TIME T
ULSYSHGI=ELINPUTI]
YLIDHGI=Y[SYSHG]
ULIDHGI=ELINPUT]

END

CONNECTING SYSTEM TENGS
TIME T
ULSYSHGI=PRBSLINPUT]
END

70

CONNECTING SYSTEM TENGZ
TIME T
ULIDHGI=U1[INPUT]
YLIDHGI=UZLINPUT]

END

CONNECTING SYSTEM TENG4
TIME T
ULSYSHGI=PRESLINPUT]
END

CONNECTING SYSTEM TENGé
TIME T
ULSYSHGI=U1L[INPUT]

END
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Appendix B

Examples of results written by
the programs STAT and VSTAT.
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SUBROUTINE STAT:

2 2 2
V=SUMIHR(I)=-HIC(1)] “VR=V/SUMIHR(1)] (1s1,100) VE=E[RES ]
2

VWE=E[WRES ] VS=V[SYS] VRS=VR[SYS] VN=V[NOISE) VRN=VR[NOISE]

STATISTICS OF THE FOLLOWING REALIZAT|ONS:

N SIMULATION NO, DATE FILE NAME : M5311
1 31 1980~ 6-24
2 32 1980~ 6-24
3 33 1980~ 6-24
4 34 1980~ 6-24
5 35 1980~ 6-24
6 36 1980~ 6-24
7 37 1980~ 6-24
8 38 1980~ 6-24
9 39 1980- 6-24
10 40 1980~ 6-24
TIME= 100
PAR/LOSSF. MEAN DEVIATION
F 1 -1,30733 0,197750
F 2 0.415983 0.,187965
8 1 0.509322E~01 (,304267E=01
B 2 0,113764 0,574948E=01
D 1 -1,20073 0,212940
D 2 0,283191 0,185388
C1 -0.358316 0,220122
cC 2 0,331164E-01 0,135719
VE 0,505060E-01 0,107565E=01
VWE 0,454062E~01 0,853462E~02
VS 0,255020E~01 0,1430525-01
VRS 0.105078 0.589429E=01
VN 0.823834 0,842092
VRN 0.297340 0,303930
TIME= 500 |
PAR/LOSSF. MEAN DEVIATION
F i -1.53628 0,863886E~01
F 2 0.,623347 0,813888E~01
B 1 0.,720632E-01 0,176585E-01
B 2 0.487745E-01 0,300331E~01
D 1 -1,17588 0,180391
D 2 0,249185 0.164146
C 1 ~0,461108 0.165532
C 2 0.570931E-01 0.941346E=01
VE 0.,382979E=01 0,397019E=02
VWE 0,372779E-01 0,350534E=02
VS 0.945862E-02 0,526059E=02
VRS 0.369731E~01 0,216757E=01
VN 0.255131 0,346676
VRN 0.920826E-01 0.125124
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STAT CONT.

TiME= 1000
PAR/LOSSF .
F

OO oW
NE NP

VE
VWE
VS
VRS
VN
VRN

TIME= 1500
PAR/LOSSF.

aOQOUoTEMM
NF R RNRNoR

VE
VWE
VS
VRS
VN
VRN

TIME= 2000
PAR/LOSSF.
F
F

OQUT O
N NN NN

VE
VWE
VS
VRS
VN
VRN

73

MEAN
-1,57780
0.661594
0,709215E~01
0.422132E~01
-1,11980
0.190718

-0,460455

0,571035E-01
0.356013E~01
0.350913E-01
0.643135E-02
0.264996E-01
0,139210

0.,502441E~01

MEAN
-1.59065
0,672433
0,705198E-01
0.,427313E-01
-1,08798
0.164420

-0,455173

0,584994E-01
0.345913E-01
0.342513E-01
0.559344E~02
0.,230471E-01
0.923021E-01
0,333139€E-01

MEAN
-1.59485
0.677206
0,713414E~01
0,401507€E~01
-1,05635
0.135608

~0.,438691

0.586794E~01
0,341690E-01
0.339140E~01
0.511946E-02
0.,210941E-01
0,710221E-01
0.256335€E-01

DEVIATION
0.704079E-01
0,644192E-01
0,719614E-02
0,202452E~01
0,233810
0.218149
0.218381
0,729977E=~01
0,283891E~02
0,264082E-02
0,289343E~02
0,119220E~-01
0,917792E-01
0,331252E-01

DEVIAT|ON
0,469183E-01
U.,428574E=01
0,530450E~02
0.138014E-01
0,243221
0.222304
0,216840
0.712548E-01
0,275184E~02
0.,262396E~02
0,194018E~=02
0.799430£~02
0,744701Fk~-01
v,26878UE~01

DEVIATION
0,347953E-01
0,316523E-01
0,533213E=-02
0,122907E-01
0,231711
0,211587
0,215219 :
0,710751E~01
0,28428BE~02

FILE NAME

0.,275433E~02

0.122242E~02
0,503682E-02

U,513904E-01

(,185480E-01

M5311
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Appendix B

SUBROUTINE VSTAT:

2 2
V = SUM{HR(ID)=HICI)] /SUMIHR(I)] 1=1,100

2
VE=E[RES ] VRS=V[SYS] VRN=V[NO|SE)

RESULTS OF THE FOLLOWING REALIZATIONS:

N SIMULATION NO.- DATE FILE NAME & M5311
1 31 1980~ 6-24
2 32 1980~ 6-24
3 33 1980~ 6-24
4 34 1980~ 6-24
5 35 1980~ 6-24
6 36 1980~ 6-24
7 37 1980- 6-24
8 38 1980~ 6-24
9 39 1980~ 6-24
10 40 1980~ 6-24

IDENTIFICATION METHOD: 3 LIP

NA = 0 |PRER= 1 |HAT = 100
NF = 2 |FIST= 0 |HATN= 500
NB = 2 ISTAB= 1 FNRS = SIMPU
ND = 2 INVAU= 0 FNRN = NIMPU
NC = 2 NFST = 0

KD = 0 DT = 1,00000
WTI = 1.00000 PFST = 100,000 RLIM = =1,00000
WT0 = 1,00000 RKJ = 0.000000 DELTA= 0,000000
R1(1) = 0,000000 THO(1) = 0,000000 PO(1) = 100,000
R1(2) = (0,000000 THO(2) = 0.,000000 PO(2) = 100,000
R1(3) = 0,000000 THO(S) = 0,000000 PO(3) = 100,000
R1(4) = 0,000000 THO(4) = 0.000000 PO(4) = 100,000
R1¢(5) = 0,000000 THO(5) = 0.,000000 PO(5) = 100,000
R1(6) = 0,000000 THO(6) = 0.000000 PO(6) = 100,000
R1(7) = (0.000000 THO(7) = 0.000000 PO(7) = 100.000
R1(8) = 0.,000000 THO(8) = 0.000000 PO(8) = 100,000



Appendix B

VSTAT CONT,

- - -

MEAN
DEvV,
MIN
MAX

2000

MEAN

DEV.,
CMIN

MAX

- — - - — o - - -

oo oo se se

e oo %o oe

0.379149E-01
0.398252E-01
0.577382E-01
0.,492936E-01
0.406987E-01
0.418780E-01
0.540512E-01
0.723748E-01
0.562466E-01
0.550382E~01

0.505060E-01
0.107565E-01
0.379149E-01
0.723748E-01

0,345671E-01
0,336682E-01
0.398239E-01
0.386905E-01
0.356160E-01
0.328852E-01
0.408277€-01
0.,443278E~-01
0.431458E-01
0.394267E-01

0.382979E-01
0.397019E-02
0.328852E-01
0,443278E-01

0.301492E-01
0.324563E-01
0.378375e-01
0.345862E-01
0.309058E-01
0,324246E-01
0.333129E-01
0.354600E-01
0.387924E-01
0.357647E-01

0.341690E-01
0.284288E~(02
0,301492E-01
0.387924E-01

73

0.885315E-01
0.,773847E-01
0,136031
0.848578E-01
0.378401E-01
0.353598E-01
0,188850
0.192105
0.154345
0.554751£-01

0,105078
0,589429E~-01
0.353598E-01
0.,192105

0,467546E-01
0,190453E~01
0,782396E-01
0.284312E~-01
0.,182066E-01
0.328523E-01
0.756825E-01
0.258524E~01
0.277929E-01
0.368738E-01

0,389731e-01
0.216757E-01
0.182066E-01
0,782396E-01

0,234013€~01
0.188764E-01
0,329322€-01
0,201473E-01
0.185628F=-01
0.18R8795E-01
0,199933E-01
0.159778E-01
0.166313E-01
0,255195€-01

0,210941E-01
0.503682E-02
0.159778E-01
0.,329022E-01

o o i o s i i i i i, e e i s s s e S i i el s i S ] S e i e S o) S S S S e et s i i o

FILE NAME

0.,227717
1,05037
0,362052E-01
0.349230
0,777729€E~01
0.,535841
0,238472
0.,219977
0.,190863
0,469529E~01

0,297340

0,303930

0,362052E-01
1.05037

0,520680E-01
0,394994E-01
0,3566754E-01
0,183273E-01
0,137009

0.,528769E-01
0.112774

0,429570

0,257980E~01%
0,162278E-01

0,920826E-01
G.125124
0.,162278BE-01
0,429570

0.672433E-01

0,220830E-01
0,351846E-01
0,138086E~01
0,218020E=01
0,175224E-01
0,100177E-01
0,446657E-01
0,638594E~-02
0.176214E~01

0.256335E-01
0.185480E~01
0.,638594E~02

0,672433E-01

M5311
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Appendix C
Results
al bl c)
Model LIP CMA CMA

nr. IFIST=0 IF1ST=50

1 M1310

2 M2310

3 M3311 M3411 M34Z1

& M4311 M4411 M&4Z1

2 M5311 M5411 M54Z1
5A M53X1 M54X1 X5471

6 M&6311 Mb411 M&4Z1
bA M&3X1 Mé64X1 X64Z1

7 M7310 M7410 M7420

8 M8311 M8411 M84Z1

? M9311 MP411 MP4Z1
10 MO311 MO411 MD4Z1
10A MO3X1 MO4X1 X042Z1
11 MA311 MA411 MA4Z1
11A MA3X1 MA4X1 XA4Z1
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Appendix C

1P

100

N

SUBROUTINE TAFLAG

- - - -

VE

INF
S . etttk et Rl bl el it bbbl

MODEL
FN

|
|

IST IF 1

IPR

MIN MAX

! DEV

MEAN

+—-----_--_-‘--——-_-—--—Q———-——--—--*—---—------Q

AFBDCKHM

|l|||.|!'-‘ll"‘ll‘l"lt‘.'l".lll'.l‘l'l'l"'l‘"|l||-.l|l||llv

."".‘l"lll‘l""ll"l‘"|a|||ll|"|"l'||‘l'||'|||!l|lll.'

M MO
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Appendix C

L1P

100

N

SUBROUTINE TAFLA:Z

VRS

INF,

MODEL

—————----—_-——+-—-—---——--‘-—---.—-—_——.‘.---——----_-‘———--—----_q‘

FN

IST 1F 1

IPR

DEV MIN MAX

MEAN
P e e R P P B Lttt el 4

AFBDCKM

e ‘l‘llll"llIll‘l.l.‘.ll"-l"l'l'l‘ll"l'll‘ll“'ll""l.

M1310 1 O

0080003
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Appendix C

L1P

100

N

SUBROUT INE TAFLA3

VRN

INF,
——-————-————————*————————-——*————————-—-—‘———————-——-—‘—-—————————"

MODEL

PR IST IF1I

AFBDCKM

FN

MIN MAX

DEV

|

MEAN
g S . b e L Tl Btttk b J
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Appendix C

LIP

500

N

SUBROUTINE TAFLA:

VE

|

INF .,
e e cm———f e ——————————jm—mmem————— e — e —m—fo— ===

MODEL

IPR IST IF I
AFBDCKM

FN

MAX

MIN

DEV

MEAN

DR G S itttk 4

- - ———— - - - — -

— — — —— ——— —— —— —— —— — —————— —
— i — — —— o — — — — —— — — o

"ll’lll"ll"llllll'"I'I‘I"'l'l!"lll'l’""ll —

".Il‘!l!.lll‘l'll""lll'l"I'l'lilll.-ll‘ll"l" — —_— — — — —

>
MM
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Appendix C.
LIP

500

N

SUBROUTINE TAFLA:

VRS

INF.

MODEL

+

D T SR PR itttk dhaladehdndsta

| |

IPR IST IFII

AFBDCKM

FN

DEV MIN MAX

+————--—---——6--—-—--———-‘----—---q—-‘

MEAN

- - —— - == - - ———

I|-|.|||I|Il"l||'l|lllc|Il.l""I"lll’l‘l’-’l‘l‘-l‘l""-".l.

|||||llll\ll.l||ll’l""""l"'llll|l|.||.|.9|l.|!|!|l'Il'l‘ll

o o
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Appendix C

LIP

500

N

SUBROUTINE TAFLA:

— 4+ —— 2
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] ]
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1 w o
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[ e [}
4V aml
w - |
= | e |
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Appendix C

LIP

2000

N

SUBROUTINE TAFLA?

IPR IST |F1II
AFBDCKM

FN

MAX

MIN
e ——— e —————— e ——-

MEAN

e ————— e —————————

"'lllll‘l'l"ll-lll"l‘l‘lll!lll.l!“‘l"l""l"“"“"l

||l.|||l|I'lllll.llll!l\l.l‘lll'.llllllllll.l‘lllcl!llln‘lll.l'"ll.ll“'||||.||.|l|'|||

=™

T N
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LIP

SUBROUTINE TAFLA:

- e o - e - e e = -

IST

FN IPR

IF1

AFBDCKM

- - - e - = -

MA311
2 22

MA3X1
2 3 2

T S S i N o O o

(o B

N

PN

R OKRBr OO P P T S I Y

[N

O

o

[@F )

NO

w o

[€) Jen]

0.216658
0.037914
0.028689
0.028354
0.021094
0.018378
0.026572
0.026638
0.024059
0.018169
0.034048
0.026153
0.02721}
0.043263

0.,068723

84

0.,014496

0,003391

0,006443

0,005560

0,005037

0,001609

0,006880

0.005205

0,002435

0.,001400

0.013438

0.005972

0.,005253

0,012773

0,015842

0,201383
0.,034509
0,018858
0,020777
0.015978
0,015530
0,018816
0,017691
0,019752
0,016085
0,020741
0.018137
0,019305
0.032083

0.051259

0.240266
0,645074
0.037416
0.036636
6,032902
0.050414
0.,042028
0,034360
0.,028096
0.,020010
0,064208
0,036623
0.034918
0,076615

0,097686
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Appendix C

LIP

2000

N

SUBROUT INE TAFLA:

VRN

INF,

MODEL

...-———--—.—--—_..——+——-—-——————¢,——-—-.—.._.-_--+--—------—-Q-—---—-_—--‘

FN

IST 1F I

IPR

MIN MAX

DEV
e m e f e ——————m— b m e ——————— e ——————————

MEAN

AFBDCKM

-—————— - - — - -

|lll'.|.|"|!-l:.l.'l.|l'|||llnl||l'|I'Ill'l"l"‘u"l"ll',l""||l|

M1310 1 0

0080003

< o
O
o9
Mo

= <

0

MA3X1 1 1

2321003
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SUBROUTINE TAFLA?Z
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CMA # IFIST =0
FN
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IPR

SUBROUTINE TAFLA:
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CMA # IFIST = O
FN
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Program Listings

Ref.: H. Gunnarsson:
Recursive ldentification using
a General Model Structure.
A Program Package and Simulations.



All programs are written in STANDARD FORTRAN with the
exceptions given below. The following remarks may be of use
for a prospective user.

The library subroutine FILES (PDP-15) turned out to exist in
more than one version so that the system routines FSTATs
SEEKs ENTERs CLOSE (and DLETEs RNAM) were used instead (cf.
the PDP-manuals). These may have to be changed for use on
other computers.

In the subsystem AUXIL the programs ask for input values. To
get the cursor to stop at the end of the type-out on the
terminal a special FORTRAN construction was used. May not
work on other computers.

The library subroutines RMOVE: SCAPROs POLMUs MCNODIs PRBE
and PRBSTA must be available or the programs must be changed
accordingly. The SIMNON/INTRAC routines IDENTs INPUT
OUTPUTs PARs PARVs TSAMP: FINTs DINTs FIDENT are assumed to
function in the same manner as on the PDP-15.

The figures below show the subroutine trees i.e. the program
structure. May be helpful when designing an overlay core
memory structure. Note that each subsystem is self contained
i.e. with its own error routine and does not have to be run
together with the other subsystems. No changes or only minor
ones are needed to run the subsystems with other SIMNON
subsystems written in FORTRAN viz. changes to avoid
conflicts with the other programs in the use of blank
COMMON.
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J1 C NAME: HGCOM NUMBER

ve c s e -

03 C

U4 C SUBTITLE: BLANK COMMON IN HGPAC

05 C  ==-=e-e=

a6 € A

a7 C LANGUAGE: STANDARD FORTRAN

J8 C - e

09 C

ic c AUTHOR AND

11 C IMPLEMENTOUR: HALLGRIMUR GUNNARSSON DATE: 197§'Qbf22

12 C emmmmmmm——- ———

13 v

14 o INSTITUTE:

15 c =mmm=——--

16 C DEPARTMENT OF AUTOMATIC CONTROL

17 c LUND INSTITUTE OF TECHNOLOGY, SWEDEN

18 c

19 C ACCEPTED: VERSION:

20 C  s=mowees eem—=—-

21 C

2 [ = o sriisii s aviiimios o f i v s el el o et g e g i
23 C

24 LOGICAL LSTOP,LDARK,MSTOP

25 LCGICAL SA,IV,LFILT,PRERE,STABC,LSPFZ

26 C .

27 COMMON/DESTIN/IDUM, [PART

28 COMMON/Z/TIME/T

29 COMMON/USER/LSTOP,LDARK

30 c -,

31 . COMMON LDK1,LDK2,KMESS,MSTOP, INHG, ISYSH, IDH,LINES, |DOC, | YEAR,
$2 * MONTH, IDAY, ISIMN,LDK3, |DM2, IDM3, | DM4

$3 C

S4 COMMON FNRS,FNRN,FNIM,FNST,FNAX:FNWY, IDM5, |DM6

35 C

36 COMMON TYP,RIODD,RNBIT,RKNEP,RISTA,RNC1,RNC2,BPD, |BP,

37 * IXBP,K2,TS1,DTI1,E|,SD,PRBS,UL,U2,~1(11),NC1,NC2,NTYP, |0DD,

58 * NBIT,LA,IX,AMP,YI1,FILN, ISTAR,KNEP, |DML3,|DM14

3G C

40 COMMON RNFS,RNAS,RNES,RNDS,RNCS,RNODD,RKDS,RIMR, D115, iDM16,
41 ¥ |DM17,N|MR,NPMAX,KDMAX, |DM18, 1DM19, |DM20, IDM21,US,YS,TSS,DTS,
42 # RLAMB,YLEV,THS(30),SPHI(30),0LDU(7),NFS,NAS,NBS,NDS,NCS,NST1,
43 # NST2,NST3,NST4,NST5,NPSL1,NPS2,NPAR,NP1,KDS,KDX,NODD,V1,21,ES,Y1,
44 ¥ | DM22, I DM23, 1DM24, IDM25, | DM26 .

45 c ' :

46 COMMON |DM27,1DM28,1DM29, IDM30,RMETO,RKD,RSTAB,RPRER,RF ST,
47 * FIGE,UINVA,RNFST,RWRT,RWRTL:;RWRTN,RHAT,RHATN,WT | ,RNF,RNA:;RNB,
48 % RND,RNC,PHST,THO(1u),P0(10),TH1I0(10),RP10(10),ISTAB, IPRER, |DM31,
49 # | DM32,1DMS83, IDMIS4,METOD, IWRT, IWRTL1, IKRTN, IHAT, IKATN,NSH(5),
50 # |CK, ISAMP, IFIST,SA, |V, LFILT,PRERE,STABC,LSPFZ,IDIMIL,

51 *  |DIM2,NF,NANB,ND,NC,KD,NPD M, IPDIM, |STL,18T2,1ST3,1ST4,1S75,
52 # |PS1,I1PS2,NPD1, INVAU, IDM35, IFIGE,NFST,WV,V,WTO,TS,DT,WRES,RLIM,
53 * DELTA,Y,WT,RES,U,RKJ,w01(6),R1(10),P(10,10),TH(10),S(5,20),
54 ¥ PHI(10),0LDTHCI0),Z2(10),WPSI(10),THL(L10),22(20),F1(C100),

55 # P1(i0,30),TK{(100,7TAC100,2),T8(100,2),E(2,2)

56 c '

57 COMMON RSUB

58 C

59 STOP

40 END
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OO0 000000000000000000000000000000000000000000000

NAME: SYSTS

NUMBER:

SUBTITLE: PROGRAM TO LINK HGPAC TO SIMNON

LANGUAGE : STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

IMPLEMENTOR: HALLGRIMUR GUNNARSSON

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED:

DATE: 1978-06-22

VERSION:

SUBROUTINES REQUIRED:

GL.OBV SYSHG IDHGZ IMRES STABB
COWRT SYSHG1 1DHG3 WRTHG EKF
NAMES SYSHG2 SHIFT DOCID KJADMH
INPUHG SYMESS HATFI1 IDMESS AUXIL
INPU1 DOCSYS HATFIZ STAWRT GENHG
INPUZ FIWR FISTAR GEALR POZEMU
INMESS IDHG HATCOM FILT SIMHG
DOCINP IDHG1 HATWR UPDATE SIMH

SPFIN INPOL RTS FASTZ INVZ

LIBRARY SUBROUTINES:

FIDENT FINT DINT RMOVE SCAPRO
NORM MCNODI PRE PRBSTA GET

STAT
FILCON
AUMESS

PMPY DPMPY

PUT
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c
c
C REF .
c H.GUNNARSSON: RECURSIVE IDENTIFICATION USING A
c GENERAL MODEL STRUCTURE. A PROGRAM
c PACKAGE AND SIMULATIONS.
c
c
C
C s st o s o 90 a4 S S S St S00 emn Smn S S90S 5%t S440 00 S S, RS G 400 St 4604 440 S04 G PS4 R FSD R e S GRS Gt S8 S0 S S e v P e S e S St Pt St
SUBROUTINE SYSTS
c
COMMON/DESTIN/ISYST s IPART
COMMON/NSYSTS/NSYST
COMMON/NBL.COM/ IBLC
€
COMMON IDM1(93).1YEAR
C
NB8YSET=3
IBLC=2305
c
c
IF(IPART.E@.1.0R.IPART.EQ.4) CALL GLOBV
IF(IYEAR.E@.-201) CALL COWRT
c
GO TO(1+29334:5)+18YST
c
1 CALL INPUHG
RETURN
C
2 CALL SYSHG
RETURN
c
3 CALL IDHG
RETURN
c
4 CALL AUXIL
RETURN
c
S CONTINUVE
RETURN
c

END
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NAME: GLOBV NUMBER :

SUBTITLE: TO GET VALUES OF GLOBAL VARIABLES

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

SUBROUTINES REQUIRED: FINT GET

- - — - e ot caves S So4wS G4USS SHASS SUUOH Sebeh Sesen SO0 SHGND SHeSS G0Sm Weds HeCe SAMS STRED et est

o000 O0CO00N0O00000000000000

SUBROUTINE GLOBV

LOGICAL LSTOPsMSTOP

a0

COMMON/USER/LSTOP
COMMON LUN1sLUNZ
COMMON KMESSsMSTOPsKDUM(4) s IDOC IYEARsMONTHs IDAY s ISIMAN S LUNJ

DATA RLU1sRLUZsRLU3/’LUN1’ s’ LUN2’ s’ LUN3’/

CALL FINT(S5HISIMNs5H s ISIMAN 2 IND1)
IFCIND1.LE.O) GO TO 10
ISIMAN=0

10 CALL FINT(SHIYEARsSH s IYEAR s IND1)
IF(IND1.LE.O> GO TO 20
IYEAR=QO

20 CALL FINT(5HMONTH5H s MONTHs IND1)
IFCIND1.LE.O) GO TO 30
MONTH=0

30 CALL FINTC(4HIDAYs4H s IDAY s IND1D



Main and Common Programs

IFCIND1.LE.O) GO TO 40
IDAY=0

40 CALL FINT(4HLUN1+4H sLUN1sIND1)
IFC(IND1.LE.O) GO TO 45
LUN1=5
GO TO 50

45 IF(LUN1.GE.1.AND.LUN1.LE.16) GO TO 50
WRITE(9,1000> RLU1
G0 TO 99

50 CALL FINTC(4HLUNZs4H sLUNZs IND1)
IFCIND1.LE.O) GO TO 535
LUNZ2=7
55 IFC(LUNZ.GE.1.AND.LUN2.LE.16.AND.LUN1.NE.LUN2Z) GO TO 60
WRITE(9:1000) RLUZ
GO TO 99

60 CALL FINTC(4HLUN34H sLUN3s IND1)
IFCIND1.LE.O) GO TO &5
LUN3=3
&5 IFC(LUN3.GE.1.AND.LUN3.LE.16.AND.LUN3.NE.LUN1.AND.LUN3.NE.LUNZ)}
* GO TO 70
WRITE(?:1000> RLU3
GO TO 99

70 CALL FINT(4HIDOCs4H s 1DOCs IND1)
IFCIND1.LE.OY GO TO &0
IDOC=0

1000 FORMAT(1X+A5,’ HAS BAD VALUE')

80 RETURN

99 LSTOP=.TRUE.
KMESS=100
RETURN
END
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NAME: IMRES

SUBTITLE:

LANGUAGE: STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED:

NUMBER:

DATE: 1978-06-22

VERSION:

PARAMETERS @
IMRESC(ITYPsNsNSTARTsTHsH)
TH - VECTOR OF PARAMETER ESTIMATES
(FsAsBsDsC> CF.MODEL BELOW
NC1)=NF NSTART (1)=1
N(2)=NA NSTART (2)=1+NF
NC(3)=NB NSTART (3)=1+NF+NA
N{4)=ND NSTART (4 ) =1+NF+NA+NB
N(5)=NC NSTART (5)=1+NF+NA+NB+ND
B 1+C
(1+F)%®Y(T)= *#J(TY + *BC(T?
1+A 1+D
ITYP=0 ITYP=1

0000000000O000000000000000000000000000000000000000000

omme samse e soeus semes seuss woame

GIVEN A PARAMETER VECTOR TH THE SUBROUTINE COMPUTES THE FIRST
100 IMPULSE RESPONSE COEFFICIENTS (VECTOR H) OF EITHER THE
DETERMINISTIC PART (ITYP=0) OR THE NOISE PART (ITYP=1)
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aoO0nn

SUBROUTINES REGUIRED: PMPY RMOVE

10

&0

70

80
70
100
110

SUBROUTINE IMRESC(ITYPsNsNSTARTsTHsH)

DIMENSION BC(30)sFAD(30)sUC130),Y (1307 2 W1(30) 5 X (30)
sNC1) sNSTART (1) s TH(1) s H(1)

K=2#%ITYP

NP=N(K+2)

NN=N(K+3)>

NST1=NSTART (K+2)

NSTZ=NSTART (K+3)

FAD(1)=1.

BC(1)=1.

CALL RMOVE(TH(NST1) +1:FAD(2) s 1sNP)
CALL RMOVE(TH(NST2) s 1+BC(2) s1sNN)

IFAD=NP+1
IBC=NN+1

IF(NC(1) .EQ.0) GO TO 60

Wicir=1.

NF=N(1)

CALL RMOVE(THC(1)21sW1(2) s 1sNF)
CALL PMPY(XsIXsFADsIFADsW1sNF+1)
IFAD=IX

NP=1FAD-1

DO 10 I=1,1X

FADC(I)=X(I)

INITIALIZATION
Do 70 I=1+130
Udly=0.
Y<(1)=0.
U{31)=1.

COMPUTATION OF THE FIRST 100 IMPULSE RESPONSE COEFFICIENTS

DO 110 I=31:130

IF(NP.LE.O) GO TO 90

DO 80 J=1sNP
YC(I)=YC(I)-FADC(J+1)*Y(I-J)

DO 100 J=1,1BC
YCI)=Y(I)+BCC(J+1-ITYP) #*U(I~-J+ITYP)
HC(I-30)=Y (L)

RETURN
END
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NAME: PMPY NUMBER:

SUBTITLE: MULTIPLIES TWO REAL POLYNOMIALS

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

e s oo S somns seves soase e o eun sosss s Gases e

SUBROUTINE PMPY(ZsIDIMZsX»IDIMXsYsIDIMY)

DIMENSION Z(1)sX(1)sYC(1D

) a0 OO000O000000000000N000000000

IFCIDIMX*IDIMY) 10+10+20
10 IDIMZ=0

G0 TO 50
c
20 IDIMZ=IDIMX+IDIMY-1
DO 30 I=1+1DIMZ
30 Z(I)=0.
c

DO 40 I=1s1DIMX
DO 40 J=1.1DIMY

K=1+J-1
40 ZCKI=XCI) %Y (J)I+Z (KD
50 RETURN

END
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Subsystem INPUT

OOO0000000000000000000000000000000000000GO0O00000GGO000000

NAME: INPUHG NUMBER:

LANGUAGE: STANDARD FORTRAN

o s ccrme o s v coce e

SIMNON STRUCTURED SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06~-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

TO GENERATEs OR READ FROM A FILEs INPUT SIGNALS TO
OTHER SIMNON PROGRAMS.

THE PROGRAM GIVES DIFFERENT OUTPUTSs DEPENDING ON THE
PARAMETER NTYP

NTYP=1 - GIVES OUTPUT E AS WHITE NOISE WITH STANDARD
DEVIATION §D.

NTYP=2 - GIVES OUTPUT PRBS AS PSEUDO RANDOM BINARY
SEQUENCE

NTYP=3 - GIVES OUTPUT U1 (AND UZ OPT.) BY READING FROM
A DATA FILE AT EVERY SAMPLING EVENT.

GLOBAL VARIABLES: (DEFAULT VALUES [ 1 )

LDK1 - [5]1 LOGICAL UNIT NO. (.DAT SLOT)

LDK2 - L73 DO.
IYEAR - [0O1
MONTH - [01
IDAY - [01
IDOC - [01 IF IDOC=1 A DOCUMENTATION PAGE IS8 PRINTED OQUT
AT THE END OF EVERY SIMULATION
NE. THESE VARIBLES ARE SET OUTSIDE INPUHG BY A CALL
TO THE SUBROUTINE GLOBV FROM SYSTS
FILN - THE NAME OF THE FILE TO BE READ
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00000000000OO00000000000O0000000000000000000000000000

14

QUTPUTS:
E ~ WHITE NOISE OQUTPUT
PRES - PSEUDO RANDOM BINARY SEQUENCE QUTPUT
U1l - QUTPUT READ FROM A DATA FILE COLNR.=NC1
vz - OUTPUT READ FROM A DATA FILE COLNR.=NC2
VALID ONLY IF NC23>0
SIMNON* PARAMETERS/PROGRAM VARIABLES DEFAULT VALUE: [ 1
NTYP#* - [0DJ1 TYPE OF OUTPUT (SEE ABOVE)
IODD* - [951 ODD NUMBER:STARTING VALUE FOR THE NOISE GENERATOR
SD* -~ [1.] STANDARD DEVIATION
IBP* - [11 BASIC PERIOD
NBIT* - [71 NUMBER OF BITS IN THE SHIFT REGISTER RANGE (3:17)
AMP* - [1.1 AMPLITUDE OF THE OUTPUT SIGNAL (PRBS)
KNEP#* - [01 1=FOA-KNEP 0O=NO KNEP
ISTAR* ~— [1]1 SPECIFIES A STARTING POINT IN THE SEQUENCE 1,2+314
LA -~ THE FEEDBACK POLYNOMIAL
IX - THE SHIFT REGISTER
Y - QUTPUT FROM PRB
NC1% - [11 COLUMN NUMBER IN DATA FILE FOR OUTPUT U1
NCzZ* - [01 COLUMN NUMBER IN DATA FILE FOR OQUTPUT UZ
FILN - THE NAME OF THE FILE TO BE READ
K2 - NUMBER OF COLUMNS IN FILE
DT* - [1.1 THE SAMPLING INTERVAL
TS* - TSAMP
Wi - WORK VECTOR SIZE(11)
CHARACTERISTICS:
SUBROUTINES REGUIRED: (LIBRARY)
INPU1 FIDENT
INPUZ DINT
INMESS MCNODI
DOCINP PRE
PRBSTA
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Subsystem INPUT

]

OO0 OO0

OOO00n

O

SUBROUTINE INPUHG

e e
SEommomommImmmIm I =

LOGICAL LSTOPsMSTOP

COMMON/DESTIN/IDUMs IPART
COMMON/TIME/T
COMMON/USER/LSTOP

COMMON LDK1:LDKZsKMESSsMSTOPyIDM1(4) s IDOCIDMZ(38)+IBPsIXBP K2
TS+DTSE+SDyPRESsU1sUZ25W1(11) sNC1sNCZsNTYPsIODDsNBITsLAsIXsAMPyY

GO TO(13191354+536+7+8) s IPART

CALL INPU1
RETURN

INITIAL

CALL INPUZ
RETURN

51

52

53

QUTPUT

GO TO (51:52+53)sNTYP

CALL MCNODICIODDSE)
E=8D*E
RETURN

IXBP=1XBP-1

IF(IXBP.GT.0> RETURN

CALL PRB(NBITsLAsIXsAMPsY)
PRBS=Y

IXBP=1BP

RETURN

READ (LDKZ+END=20) (W1C(I)sI=1+K2)
Ul=W1(NC1)

IF(NC2.GT.0) Uz2=W1(NC2)

RETURN

OO0
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b T8=T+DT
RETURN
C
C —— - - e sme oo e oo st e v 0 et S St S S v S R S R e e e S
7 RETURN
C o v -~ R P
C
C FINAL COMPUTATIONS
C P e Y P S
8 IF(NTYP.E®.3) CALL CLOSE(LDKZ)
IF(MSTOP) CALL INMESS
IF (KMESS.E®.1.AND.IDOC.E®@.1) CALL DOCINF
RETURN
c
oo S ————— S - [V
c
C
{0 KMESS=11
21 MSTOP=.TRUE.

LSTOP=.TRUE.
RETURN
END
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Subsystem INPUT

NAME: INPU1 NUMBER:

LANGUAGE: STANDARD FORTRAN

SIMNON STRUCTURED SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-0D6-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE ¢

TO PERFORM PARTS 1.2 AND 3 OF INPUHG
CF. COMMENTS TO INPUHG

OO0 0000000000000000000000000000

SUBROUTINE INPU1

C s=smamam sz
C
LOGICAL LSTOPsMSTOP
C
COMMON/DESTIN/IDUMs IPART
COMMON/USER/LSTOP
C
COMMON IDM1¢2) +KMESSsMSTOP s INHG ISYSHsIDHs IDMZ2(24) s TYPsRIODD»
% RNRITsRKNEPsRISTAsRNC1+sRNCZ:BPDsIBP:IXBPsKZsTSsDTHESDsPRBE
¥ UlsUZsIDMC(27)9LAsIXsAMPsY
C
C
C
Cc

GO TO(1:1213:99199:99:99:9%) 5 IPART

o - . oot o G Sores Ses4s S0 Seate SoewS Geses S0 SMSNS SaeD SHeS Seosd Gemve Sowen Saben Pesen SV Seed Abem S Soumn Seses Saees eet

)
|
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s N R

OO0

9]

OO0 0

IDENTIFICATION

ooean saoes caes cosms svise soves semsh mace Suves Sewp ewwes smowe Semee Sees
b

CALL IDENT(SHDISCRsSHINPUT)
INHG=0

18YSH=0

IDH=0

RETURN

DECLARATIONS

CALL OUTPUT(E 4HE )
CALL OUTPUT(PRBS:4HPRES)
CALL OUTPUT(U1:4HU1
CALL OUTPUT(UZ.4HUZ

CALL PARCTYPs4HNTYP)

CALL PAR(CRIODDs4HIODD)
CALL PAR(SDs4HED

CALL PAR(BPDs4HIBP O
CALL PAR(RNBIT»4HNBIT)
CALL PARCAMPs4HAMP O
CALL PAR(RKNEP»4HKNEP)
CALL PAR(RISTA.SHISTAR)

CALL PARCRNC13+4HNC1 O
CALL PAR(CRNCZy4HNCZ O

CALL PARCDTs4HDT
CALL TSAMP(TS.4HTS )

RETURN

R pE———————————EREEEE R 4 it

CONSTANT ASSIGNMENTS

MSTOP=.FALSE.
KMESS=1

RIODD=95.
SD=1.
E=0.

BPD=1.0
PRBS=0.
AMP=1.
RKNEP=0.



Subsystem INPUT

La=0
IX=0
Y=0.
RISTA=1.
RNBIT=7.

RNC1=1.
RNC2=0.
U1i=0.
u2=0.

DT=1.
INHG=1

RETURN

19

99

LSTOP=.TRUE.
MSTOP=.TRUE.
RETURN

END
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00000000000000000000000000000000000

o O OO0

OO0

NAME: INPUZ NUMBER:

LANGUAGE: STANDARD FORTRAN

AUTHOR AND

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

TO PERFORM PART 4 OF INPUHG
CF. COMMENTS TO INPUHG

* Xk

SUBROUTINE INPUZ

LOGICAL LSTOPsMETOP

DIMENSION FNAMCZ)

COMMON/USER/LSTOP

COMMON LDK1 s LDK2Z s KMESS sMSTOP » INHG » ISYSH s IDH» IDM1(5) » ISIMN>
IDM2(18);TYP;RIODD;RNBIT;RKNEP;RISTA,RNCisRNCZvBPDvIBPsIXBP;
K29IDM4(26);KOD(10);NCisNCEsNTYP'IODDsNBITyLAs1X5AMP5Y;FILN;

ISTARsKNEP

DATA FNAM(2)/' BIN'/
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C [ o~ e o s oo e o s o S S et S 450 4208 S0 . SR8 D S 44 RS e e S S5 R RS P S R S G S S S 8 S5 S S s S S S S e e S S S it

c

c INITIAL

C sEmamsmemsmme

C

& MSTOP=.FALSE.

KMESS=1
IXBP=1

C
NTYP=TYP+0.1
I0DD=RIODD+0.1

c
IBP=BPD+0.1
NEIT=RNBIT+0.1
KNEP=RKNEP+0.1
ISTAR=RISTA+0D.1

c
NC1=RNC1+0.1
NC2=RNCZ+0.1

C

C
IF(NTYP.LT.1.0R.NTYP.GT.3) KMESS=2
IF (MODCIODD+2) .EQ.0.0OR.I0DD.LT.1) KMESS=3
IF(NBIT.LT.3.0R.NBIT.GT.17) KMESS=4
IF(KNEP.LT.0.0R.KNEP.GT.1) KMES8S=5
IFCISTAR.LT.1.0R.ISTAR.GT.4) KMESS=6
IF(NC1.LT.1) KMESS=7
IF(KMESS.GT.1) GO TO 99

c

C
IF(NTYP.NE.3) GO TO 20
CALL FIDENTC(C'FILN' s4H +FILNsIND1)
IFC(IND1.E@.0) GO TO 5
KMESS=%
G0 TO 99

c

5 FNAM(1)=FILN

CALL FSTAT(LDKZsFNAM:J)
IF(J.EQ.O0) GO TO 91
CALL SEEK(LDKZ FNAM)
READ (LDKZ+END=20) (KOD(I)s:I=1+10)
K2=KOoD(2)
IFC(NC1.6T.11.0R.NCZ.GT.11.0R.NC1.GT.K2.0R.NC2.GT.K2) KMESS=10
IF(KMESS.GT.1) GO TO 99

C

C

20 IF(NTYP.E®@.2) CALL PRESTACNBITsLAsIXsAMPsYsISTARIKNEP)
IFC(IDH.E@.1.0R.ISYBH.E@.1) RETURN
ISIMN=ISIMN+1
CALL DINTC(’ ISIMN’ s4H s IGIMNs IND1D
IFCIND1.GT.0) GO TO 92
RETURN
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c i
c
20 KMESS=11
GO TO 99
91 KMESS8=12
GO TO 99
92 KMESS=8
99 MSTOP=.TRUE.
100 LSTOP=.TRUE.

RETURN
END
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Subsystem INPUT

SUBTITLE: ERROR MESSAGES

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

comn o 00 e st o e e o o e e

NAME: INMESS NUMBER:

AUTHOR AND

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22
INSTITUTE:

DEPARTMENT OF AUTOMATIC CONTROL

LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

SIMULATIONS HAVE TO BE STOPPED

GIVES ERROR MESSAGES FOR THE SYSTEM INPUT (INPUHG) WHEN

SUBROUTINE INMESS

LOGICAL MSTOP

O O OO0 00000000000000000000000000G0

COMMON IDM1(2) KMESS:MSTOP,IDMZ(93) sFILN

c
IF(KMESS.GE.13) RETURN
c
c
LU=%
MSTOP=.FALSE.
c
WRITE(LU.1000)
1000 FORMAT(’ SYSTEM INPUT’)
c

GO TO(11293434+53637 38193510+ 11+12) +KMESS



24

Subsystem INPUT

a0

OO0

=

WRITE(LU+101)

G0 TO 100
WRITE(LUs102)

G0 TO 100
WRITE(LU+103)

G0 TO 100
WRITE(LUs104)

G0 TO 100
WRITE(LUs105)

G0 TO 100
WRITE(LUs106)

G0 TO 100
WRITE(LU+107)

G0 TO 100
WRITE(LU»108)

G0 TO 100
WRITE(LU+109)

G0 TO 100
WRITE(LUs110) FILN
G0 TO 100

11 WRITEC(LUs111) FILN

G0 TO 100
12 WRITE(LUs112) FILN
G0 TO 100

100 RETURN

g »® N o U~ N

Y
O

101 FORMAT(’ HVERNIG TOKST DETTA%%% FEL I PROGRAM#*¥%')

102 FORMATC(’ PAR NTYP MUST BE 1:2 OR 3')

103 FORMAT¢(’' PAR IODD MUST BE AN ODD NUMBER IN THE RANGE 0-131072')

104 FORMAT(’ PAR NBIT MUST BE IN THE RANGE (3+17)’)

105 FORMAT(’ PAR KNEP MUST BE EQUAL TO ZERO OR 1°)

106 FORMAT¢’ PAR ISTAR MUST BE 1423 OR 4')

107 FORMAT(’ PAR NC1 MUST BE GREATER OR EQUAL TO ONE’)

108 FORMAT(’ THE DEPOSIT OF A NEW VALUE FOR THE GLOBAL
* VARIABLE ISIMN FAILED’)

109 FORMAT(’ FILN IS UNDEFINED'?

110 FORMAT ¢’ PAR NC1(OR NC2)>»11 OR NC1(OR NCZ)>» NUMBER OF COLUMNS IN
* THE INPUT FILE '+A3)

111 FORMAT(’ EOF END OF FILE ’sA3)

112 FORMAT(’ FILE '+A5s’ NOT FOUND’)D

END
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O OO0 000000000GO0O0000000

NAME: DOCINP NUMBER:

SUBTITLE: DOCUMENTATION FOR THE SYSTEM INPUT (INPUHG)

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

10

20

30

40

50

&0

70

SUBROUTINE DOCINP

COMMON IDM1¢7)sLINES:IDOCsIYEARsMONTHs IDAYsISIMNsIDMZ(20)sRIODDY
IDM3¢12) s IBPs IDMS(4) +DTIsEIsSDs IDM4(28) sNC1sNC2sNTYPs IODDsNEBIT
LAsIXsAMP:sYIsFILN:ISTARsKNEP

LODD=RIODD+0.1
WRITE(6:10) ISIMN

FORMAT (? 1DOCUMENTATION’ s35X s’ SIMU. NO:’ s111)
WRITE(&520) IYEARsMONTHsIDAY

FORMAT (* ##%#¥%%%%xx%%x’ 435X+’ DATE ISt~ 9120 = 912D
LINES=2

WRITE(6:30)

FORMAT(//’ SYSTEM INPUT:')

WRITE(6:40)

FORMAT(® - ')

WRITE(6:50) NTYP
FORMAT(’ NTYP =’',1%9)
WRITE(6:60) NBITINC1

FORMAT(25Xs’'NBIT =’3s193s9Xs'NC1 ='.+19)
WRITE(&s70) LODDsKNEPsNC2
FORMATC(’ I0DD =’ +19:9Xs’KNEP =’ 3s19+9Xs'NC2Z ='4+19)

WRITE(&6:80) SD+ISTARSFILN
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80 FORMAT(’ 8D =! yG13.635Xs’ ISTAR=' s19+9Xs'FILN =’ 14X1A5)
WRITE(6:85) IBP

85 FORMAT(25X+’ IBP ='4+19)
WRITE(6:90) DTI.AMP

90 FORMAT(’ DT =' 3yG13.635Xs' AMP =’ 1G13.6)

LINES=LINES+10

RETURN
END
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Subsystem SYSHG

O000000000000OO00O0000000O0000000000000000000000000OO

NAME: SYSHG NUMBER:

SUBTITLE:

conrn samms pomms 520 vemes benen scmme aeen

SIMULATION OF A SINGLE INPUT: SINGLE OUTPUT
SYSTEM OF A GENERAL STRUCTURE.

LANGUAGE: STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1979-02-18

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

PURPOSE ¢

TO COMPUTE THE QUTPUT FROM A SINGLE INPUT: SINGLE OUTPUT
SYSTEM OF A GENERAL STRUCTURE (GIVEN BELOW) .

THE SYSTEM STRUCTURE:

B 1+C

C1+F ) ¥Y1(T) = === #U(T-KD) + ——— *E(T) 1)
1+A 1+D

Y(T) = Y1(T) + YLEV €2

-1
WHERE FsAsBsD AND C ARE POLYNOMIALS IN @ (THE BACKWARDS SHIFT
OPERATOR) OF ORDERS NFSsNAS:NBS:NDS AND NCS RESPECTIVELY SUCH
THAT F(0)»=0, ACDX=0 ETC.
Y(T) 18 THE OUTPUTs UCT) 18 THE INPUT AND E(T) 1S5 A SEQUENCE OF
INDEPENDENT RANDOM NC(OsLAMB) VARIABLES. YLEV IS A CONSTANT AND
KD THE TIME DELAY.
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0000000000000000000O000000O00000000000000000000000000

INTRODUCE ¢
B
Z(T) = =—-
1+A
1+C
V(T) = ———
14D

*U(T~-KD) OR

*ECT) OR

28

Z2(T)

V{(T) ~D*V(T) +

THE OQUTPUT Y IS5 COMPUTED AS:

Y1<¢(T) = PHI(T) *THETA + E(T)

Y(T) = Y1(T) + YLEV

WHERE =

PHIC(T) =

Pt bt bt et bt b B B bt b b b b b B e b

GLOBAL VARIABLES:

-¥1¢(T=1)

~Y1(T-NFS)
-Z{T=1)

-Z(T-NAB)
UCT-KD~1)

UC(T-KD-NBES)
-V(T-12

-V (T-NDS)
ECT-1)

E(T-NCS)

LDK1 -
LDK2 -
IYEAR -
MONTH -
IDAY -

[51 LOGICAL UNIT NO.

L71
Lol
Lol
Lol

AND THETA =

Pt bt bt bt b i bl bt et b bt b et b B b b B B
bk bt bt b bt bl bt bl et Bt b bt B b B B B B B

(DEFAULT VALUES [ 1 2

(.DAT SBLOT)
Do.

C*E(T)

(¥ THE TRANSPOSED

Fid

F (NFS)
ACL)

3

A (NAS)
B(1)

B (NES)
DC1D

DINDS)
cCLd

C(NCS)

~A%Z(T) + B#U(T-KD)

(3

(4)

VECTOR) (3

e e il el o R N B o o o B

(6

(723(8)
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0000000O000000000OOOOOO000000000000000000000000000000

I1DOC - [01 IF 1IDOC=1 A DOCUMENTATION PAGE 1S5 PRINTED

AT THE END OF EVERY SIMULATION
NB & THESE VARIBLES ARE SET QUTSIDE SYSHG BY A CALL

TO THE SUBROUTINE GLOBV FROM SYSTS

FNRS - FILE NAMES FOR THE SYSTEM RESP. NOISE IMPULSE
FNRN RESPONSES. SEE PAR NIMR.
OUTPUT #
Y - THE OUTPUT OF THE SYSTEM CF.EQ.4
INPUT:
U - THE INPUT TO THE SYSTEM CF.EQ.4
PARAMETERS:
NFS - THE ORDER OF THE F-POLYNOMIAL
NAS - THE ORDER OF THE A-POLYNOMIAL
NBS - THE ORDER OF THE B-POLYNOMIAL
NDS —- THE ORDER OF THE D-POLYNOMIAL
NCS - THE ORDER OF THE C-POLYNOMIAL
KD - THE TIME DELAY NOTE: NPAR=NFS+NAS+NBS+NDS+NCS<{31
THS - VECTOR OF SYSTEM PARAMETERS (THETA) ©SEE E@.8

(FPAR+APAR:BPARsDPARs CPAR)

YLEV ~ CONSTANT ADDED TO THE OUTPUT OF THE SYSTEM

LAMB - STANDARD DEVIATION OF THE NOISE

NODD — STARTING VALUE FOR THE RANDOM NUMBER GENERATOR

DT - SAMPLING PERIOD

NIMR - PARAMETER TO DECIDE WHETHER THE IMPULSE RESPONSES

OF THE DETERMINISTIC AND THE NOISE PARTS OF THE SYST-
EM ARE TO BE COMPUTED AND PLACED ON FILES FNRSsFNRN

NIMR=0 NOT COMPUTED

NIMR=1 COMPUTED

STARTING POINTS OF THE SYSTEM PARAMETERS IN THETA
NET1=1

NST2=1+NFS

NST3=1+NFS+NAS
NST4=1+NFS+NAS+NBS
NSTS=1+NFS+NAS+NBS+NDS
NPS1=NAS+NBS
NPS2=NDS+NCS
NP1=NPAR-1

KDX=KD+1

OBSERVE THAT A CHANGE HAS BEEN MADE IN NOTATIONSs
CF. DECLARATIONS SEC.2 SYSHG1 AND THE SUBROUTINE DOCSYS.

THE MODEL AS THE USER SEES 1T, 18:
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O O OO0 0000000N00000O0000000

B 1+C
(1+A)I%Y1(T) = ——=— *U(T-KD) + ——— *E(T)

1+F 1+D
CHARACTERISTICS:
SUBROUTINES REQUIRED: (LIBRARY)
SYSHG1 SCAPROQ
SYBHGZ RMOVE
SYMESS MCNODI
DOCSYS DINT
FIWR FIDENT
IMRES
PMPY

oas soree v B - o e

SUBRQUTINE SYSHG

LOGICAL MSTOP

COMMON/DESTIN/IDUMs IPART
COMMON/TIME/T

C

COMMON IDMi(Z)1KMESS;MST0P!IDM2(4)sIDOCsIDMB(iZO)!U!Y!TS;DT;

* RLAMB!YLEV;THS(BD)1PHI(3D)50LDU(7)1NFS!NASJNBS!NDB’NCSvNSTis
* NSTZ;NSTS!NST4$NST5;NP515NPS2!NPAR1NP1vKDvKDXvNODDaViyZi;EsYi

C
C

GO TOC131913495:647:8) sIPART
C
c — - — - e e e e e e 5 5 s e
C
C IDENTIFICATION-DECLARATIONS-CONSTANT ASSIGNEMENTS
C ==========================————=——-——=u—-—-——-=========
C

1 CALL SYBHG1

RETURN
C
c - -
C
C INITIAL
C memsmmmmm
C

CALL SYSHGZ2
RETURN
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sNoRo N NN

CALL MCNODI(NODDsE)

E=RLAMB*E
Y1=8CAPRO(PHI(1)31sTHS(1) s 1sNPAR)+E
Y=Y1+YLEV

RETURN

aOOOOan0n

a0

DYNAMICS

emmms sasen smame st sourn soves ssmes shsmn
SN iR

IF(NAS.GT.0) Z1=8SCAPRO(PHI(NSTZ)1sTHS(NSTZ) s1:NPE1)
IF(NDS.GT.0) Vi=8CAPRO(PHI(NST4) s1sTHS(NST4) s 1:NPE2) +E

IF(NP1.GT.0> CALL RMOVE(PHI(NP1)s:-1sPHI(NPAR) s=1sNP1)
IF(KD.GT.0) CALL RMOVE (OLDUCKD) s~=150LDUCKDX) s—=13sKD)

OLDUC1Y=U

IF(NFS.GT.0) PHI(NST1)=-Y1
IF(NAS.GT.0) PHI(NST2)=-Z1
IF(NBS.GT.0) PHI(NST3)=0LDU(1+KD)
IF(NDE.GT.0) PHI(NST4)=-V1
IF(NCS.GT.0) PHI(NSTS)=E

TS=T+DT

RETURN

RETURN

OO0 n

FINAL COMPUTATIONS

IF(MSTOP) CALL SYMESS
IF(KMESS.E@.1.AND.IDOC.E®@.1) CALL DOCSYS
RETURN

END

msae cmsee soven cvane coven sumn Gumes Sases Souss emaas Feece SeeeS Se Seeee 2008 Seens Seowe GEetS Gemse Semee Sevie
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NAME: SYSHG1 NUMBER:

SUBTITLE:

SIMULATION OF A SINGLE INPUT: SINGLE OUTPUT
SYSTEM OF A GENERAL STRUCTURE.

LANGUAGE: STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1979-02-18

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

g @ o000 0000000000NN0N00O0000000N0000000000

[

SUBROUTINE SYSHG1
LOGICAL LSTOPsMSTOP
DIMENSION RN(3)

COMMON/DESTIN/IDUMs IPART
COMMON/USER/LSTOP

COMMON IDM1(3) sMSTOPs INHGs ISYSHs IDHs IDM2(96) s RNFSsRNASsRNES s
RNDS s RNCS s RNODD s RKD s RIMR s IDM3 (43 s NPMAX s KDMAX » IDM4 (42 sUs Y s TS

DTsRLAMB s YLEV THS(30)

EQUIVALENCE (RN(1)sRNFS?
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QOO0

KDMAX=6
NPMAX=30

GO TO(1:2:3:99:99:99:99:99) s IPART

IDENTIFICATION

OO0O0O00 (o

1 CALL IDENT(5HDISCRs3HSYSHG)
INHG=0
ISYSH=0
IDH=0
RETURN

oo csoes semen cnves seves doves Semme dmcen Semme So0es Semms Seons e

DECLARATIONS

OOOO0O0n

2 CALL INPUT (Us4HU b
CALL OUTPUT (Y s4HY

S’

CALL PAR(RNFS)4HNAS
CALL PAR(RNAS4HNFS
CALL PAR(CRNBS4HNBS
CALL PAR(CRNDSs4HNDS
CALL PAR(RNCS»4HNCS
CALL PAR(RKD:4HRKDS )

N et W W

CALL PARV(THS:NPMAX s 4HTHS )
CALL PARCYLEV4HYLEV)

CALL PARCRNODD4&HNODD)
CALL PAR(RLAMB4HLAMB)

CALL PARCRIMRs4HNIMR)

2]

CALL PAR(DTs4HDT
CALL TSAMP(TS+4HTS

RETURN

CONSTANT ASSIGNEMENTS

ssen romes v e s cocnd s e doves s
monmsmLmEn = —_——=

OO0 (o]
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3 DO 31 I=1s3
31 RN(I)=0.

DO 32 I=1:NPMAX
32 THS(1)=0.

RKD=0.
YLEV=0.
DT=1.
RNODD=19.
RLAMB=1.
RIMR=0.
ISYSH=1

o]

RETURN

OO0
I
i

99 LSTOP=.TRUE.
MSTOP=.TRUE.
RETURN
END
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@] OO0 000N000000000000000O0000000000000000

a0

NAME: BYSHGZ

SUBTITLE:

NUMBER:

SIMULATION OF A SINGLE INPUTs SINGLE OQUTPUT

SYSTEM OF A GENERAL STRUCTURE.

LANGUAGE : STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs: SWEDEN

ACCEPTED:

DATE: 1979-02-18

VERSION:

SUBROUTINE SYSHGZ2
LOGICAL LSTOPsMETOP
DIMENSION RN(5)sN(3)sNET(5) sFNAM(2)

COMMON/USER/L.STOP

COMMON LDK1sLDKZ+KMESSsMSTOP s INHG ISYSHs IDHs IDM1(5) s ISIMN:
IDMZ2<¢4) sFNRSsFNRNs IDM3(82) s RNFS s RNAS s RNES » RNDS s RNCS s RNODD s RKD »
RIMR3IDM4(3) sNIMRsNPMAX s KDMAX s IDM5 (16) » THS(30) s PHI (300 s OLDUC7 ) 4
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* NFSsNASsNESsNDSsNCSsNST4sNSTZsNST3NST4INSTSsNPS1 . NPSZ1NPAR
* NP1sKDsKDXsNODD
EQUIVALENCE (RN(1)sRNFS) s (NC1) sNFS) s (NST (1) 2NST1)

DATA FNAM(2)>/' BIN’/

INITIAL

OO0 O0O0 O [

4 MSTOP=.FALSE.
KMESS=1
EPS=0.1

DO 41 I=1.30
41 PHICI)=0.

DO 42 1I=147
42 OLDUCI)=0.

NPAR=0

NST1=1

DO 43 I=1s+3

NCI)=RN(I1)+EPS

IF(N(I).LT.0> GO TO 90

IFCI.GT.1) NSTCI)=NST(I-1)+N(I-1)
43 NPAR=NPAR+N (1)

NP1=NPAR-1
KD=RKD+EPS

NODD=RNODD+EPS
NIMR=RIMR+EPS

KDX=KD+1
NPS1=NAS+NBS
NPS2=NDS+NCS

IF (NPAR.GT .NPMAX .OR.NPAR.LT.1) KMESS5=16
IF(KD.LT.0.0R.KD.GT.KDMAX) KMESS=17

IF (MOD(NODD»2) .EQ.0.OR.NODD.LT.1) KMESE=18
IF(NIMR.LT.0.0R.NIMR.GT.1) KMESS5=19
IF(KMESS.G6T.1) GO TO 99

IF(NIMR.NE.1) GO TO 49

CALL FIDENT(’FNRS’ s4H +FNRSs IND1D
IFC(IND1.E®.0) GO TO 46

KMESS=23

G0 TO 99
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s NeNel

446

48

49

FNAM(1)=FNRS

CALL FSTAT(LDK1:FNAMsJ)
CALL CLOSE(LDK1)
IF(J.EQ.-1) GO TO 91

CALL FIDENTC(’FNRN’ s4H
IFC(IND1.E@.0) GO TO 48
KMESS=23

G0 TO 99

FNAM(1)=FNRN

CALL FSTAT(LDK1sFNAMsJ)
CALL CLOSE(LDK1)
IF(J.EQ.-1) GO TO 92
ITYP=0

37

sFNRNs IND1)

CALL FIWRCITYPsNsNST:THSsFNRS)

ITYP=1

CALL FIWRCITYPsN:sNSTsTHSsFNRN)

IF(IDH.E®@.1)> RETURN
ISIMN=ISIMN+1

CALL DINTC(’ ISIMN’ s4H
IFCIND1.GT.0) GO TO 93
RETURN

20
91
92
93

99
100

s ISIMNs IND1)

KMESS=20

GO TO 99
KMESS=21

GO TO 99
KMESS8=22

GO TO 99
KMESS=15
MSTOP=.TRUE.
LSTOP=.TRUE.
RETURN

END

P e



38

Subsystem SYSHG

NAME: FIWR NUMBER:

SUBTITLE:

LANGUAGE : STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

P e

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO GENERATE A FILE » FNs WITH THE IMPULSE RESPONSE
OF THE SYSTEM DEFINED BY ITYPsNsNSTsTHS)
CF. COMMENTS TO IMRES

SUBROUTINE FIWRCITYPsNsNSTsTHS:FN)
DIMENSION H(100) sNC¢1) sNST(1) s THE(1) sFI(2) sKOD (10D
COMMON LDK1:LDKZ

DATA FI(2)/’ BIN’/

O O O O OO0 0000000000000000

FI(1)=FN
DO 10 I=1+10
10 ROD(1>=0
KOD(1)=100
KOD(2)=1
KOD(4)=50
CALL ENTER(LDK1sF1)
WRITEC(LDK1) (KODC(I)sI=15100
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CALL IMRES(ITYPsNsNSTsTHSsH)

DO 20 1=1,100
20 WRITE(LDK1) H(ID

CALL CLOSE(LDK1)
RETURN
END
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NAME: SYMESS NUMBER:

SUBTITLE: ERROR MESSAGES

OO0O0O0

41

Subsystem SYSHG

ISMESS=KMESS-14

c
GO TO(153516517:18:19+20s21+22,23) s ISMESS
c
15 WRITE(LUs1135)
G0 TO 100
16 WRITE(LUs116)
G0 TO 100
17 WRITEC(LUs117)
G0 TO 100
18 WRITE(LU»118)
GO0 TO 100
19 WRITE(LUs119)
GO TO 100
20 WRITE(LU»120)
G0 TO 100
21 WRITE(LUs121) FNRS
G0 TO 100
22 WRITECLUs122) FNRN
GO TO 100
23 WRITEC(LUs123)
G0 TO 100
100 RETURN
C
L»
115 FORMAT(’ THE DEPOSIT OF A NEW VALUE FOR THE GLOBAL
# YARIABLE ISIMN FAILED’)
c
116 FORMAT (' NPAR=NAS+NFS+NBS+NDS+NCS MUST BE.GT.ZERO.AND.LE.30')
117 FORMATC(’ PAR KD MUST BE IN THE RANGE (Ds6)°)
118 FORMAT(’ PAR NODD MUST BE AN ODD NUMBER IN THE RANGE 0-131072')
119 FORMAT(’ PAR NIMR MUST BE EITHER O OR 1')
120 FORMAT(’' NFSiNASsNBSsNDSsNCS MUST ALL BE .GT.OR.E@. TO ZERO’ )
121 FORMAT(’ A FILE WITH THE NAME ’,A5:’ 15 PRESENT ON DISKs '’
# 5’ ASSIGN A NEW NAME TO FNRS’)
122 FORMAT(’ A FILE WITH THE NAME ’sA5.’ 1S5 PRESENT ON DISKs '
* *ASSIGN A NEW NAME TO FNRN’)
123 FORMAT(’ FNRS OR FNRN UNDEFINED’)
c

END
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c NAME: DOCSYS NUMBER:
c L e
C
c SUBTITLE: DOCUMENTATION FOR THE SYSTEM SYSHG
C  mee——
c
C LANGUAGE : STANDARD FORTRAN
W eeesmaseeme
c
C PROGRAM TYPE: SUBROUTINE
C  me————
C
c KEYWORDS®
C  eem——
C
C AUTHOR AND
c IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22
C ___________ e s s e
C
c INSTITUTE:
C _________
c DEPARTMENT OF AUTOMATIC CONTROL
c LUND INSTITUTE OF TECHNOLOGY SWEDEN
C
c ACCEPTED: VERSION:
B s e
c
C - e - - [PERER————E
C
SUBROUTINE DOCSYS
C
LOGICAL MSTOP
C
C

COMMON IDM1(4)-INHG;IDM2(23sLINESvIDOCsIYEARsMONTH;IDAYaISIMN,
* IDM3(4)5FNRS$FNRN110N4(92)1RNODDQIDM5(7)!NIMR!IDMb(iZ)!DT51
* RLAMB;YLEV;THS(EU);IDM7(74)sNFSsNASsNBS;NDSsNCS;IDMB(?)sNPAR

OO0

LNODD=RNODD+0.1

a0

IF(INHG.E@.1) GO TO 25
WRITE(6+10) ISIMN
10 FORMAT(’iDOCUMENTATION'sESXa’SIMU. NO:' 111D
WRITE(&:20) IYEARsMONTHsIDAY
20 FORMAT ¢ #%%%%xxxx¥*%x’ s 35X+’ DATE 10 9159’ = s 12s' =" 212D
LINES=2

25 WRITE(6:1100

110 FORMAT(//’' SYSTEM SYSHG:’)
WRITE(b:402

40 FORMATC(® - - ]
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120

130

140

150

160

161

162

163

WRITE(&:120) NFS:KDSsRLAMB

?2G13.6)

FORMATC(’ NAS =’ 3+19s9Xs'KDS =’:19:9Xs'LAMB ='3G13.6)
WRITE(&:130) NASsLNODD:YLEV

FORMATC(’ NFS =’ 3s19:9Xs’NODD =’ s19:9Xs’' YLEV =’ 3G13.6)
WRITE(&:140) NBSsNIMRsDTS

FORMAT(’ NBS =’319+9Xs’NIMR =':19:9Xs’DT
WRITE(&:150) NDS:FNRS

FORMAT(® NDS =’319s33Xs’FNRS =’ s4XsA5)

WRITE(&s160) NCSsFNRN

FORMAT(® NCS ='319+33Xs’FNRN =’ 34XsA5/)

K=MOD (NPAR s3>

KK=NPAR-K

WRITE(&:161) (IsTHSC(L) s I=1sKK)

FORMAT(3C(’ THS(’ 212+’ )=’ 12G13.64+2X))

KK=KK+1

IF(K.EQ.1) WRITE(&63162) KKsTHS(KK)

FORMAT(’ THS('+12s’')='3G13.6)

IF(K.EQ@.2) WRITE(&31163) (IsTHS(I) s I=KKsNPAR)
FORMAT(2(’ THS(' s12s’)=’1:G13.6+2X))
LINES=LINES+10+KK/3

IF(K.GT.0) LINES=LINES+1

RETURN
END
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[} 0000000000000000000000000000000000000

NAME: IDHG NUMBER:

SUBTITLE: RECURSIVE IDENTIFICATION

P ettt

onsan beses 40000 SHeA0 casun $0040 SOUD Gmsme SHOVE $SSSS e Sesse

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

ensen et Seans e cae soven SeSen e SOPND BeSeE SrCSS P i

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL

ACCEPTED: VERSION:

SUBROUTINES REQUIRED: LIBRARY

IDHG1 HATFIZ WRTHG FILT SPFZIN FIDENT NORM
IDHGZ FISTAR DOCID UPDATE INPOL DINT MCNODI
IDHG3 HATCOM 1DMESS STABB FASTZ INVZ PRB
SHIFT HATWRT STAWRT EKF RTS RMOVE PRBSTA
HATFI1 IMRES GEALR KJADMH PMPY SCAPRO

REF.: H. GUNNARSSON RECURSIVE IDENTIFICATION USING A GENERAL.
MODEL STRUCTURE. A PROGRAM PACKAGE AND

SIMULATIONS.

SUBROUTINE IDHG

LOGICAL MSTOP

COMMON/DESTIN/IDUM» IPART

COMMON 1DM1 (23 sKMESS sMSTOP » IDM2(4) s IDOC

GO TOC1:1113415:5:5:8) 4 1IPART

CALL IDHG1
RETURN

CALL IDHGZ
CALL HATFI1
RETURN
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5 CALL IDHG3
RETURN

8 IF(KMESS.6T.1) GO TO 90
IFCIDOC.E®@.1) CALL DOCID
CALL HATFI1Z2
CALL HATWRT
90 IF(MSTOP) CALL IDMESS
RETURN
END
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00000000O000000000000000000000000

g ]

NAME: IDHG1 NUMBER:

e P

SUBTITLE: RECURSIVE IDENTIFICATION

LANGUAGE : STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

oomen Gann Goese e ameos S40S GUIRG Goven SRS SVRGD SeeS ovaen wamms suren ssmen

DEPARTMENT OF AUTOMATIC CONTROL.
LUND INSTITUTE OF TECHNOLOGY» SWEDEN

ACCEPTED: VERSION:

o s ooy v ansns oses Gnms S osaes vases sunes sasen cunen SHeee S

- o sonss s - O bkl

conme sammn semsw seste e serme ey
mEmEmEEEsS

%k %k %k ¥ X

SUBROUTINE IDHG1
LOGICAL LSTOPsMSTOP
DIMENSION RN(3)

COMMON/DESTIN/IDUMs IPART
COMMON/USER/LSTOP

COMMON IDMi(B)vMSTOPsINHG;ISYSHsIDH;IDMZ(iD)sFDUM(b)uIDM3(280)7
RMETO!RKD!RSTAB!RPRER,RFIRST’FIGE!UINVA,RNFST!RWRT’RWRT1!RWRTN!
RHATiRHATNJNTI!RNFJRNA;RNB!RND!RNC1PFST;THO(10)5P0(1D)9TH10(1035
PiO(iO)oIDM#(Zb)1IDIM1;IDIM2,IDM5(7)yIPDIM,IDM6(12)5NV;V;NTO¢
TS!DTsNRESsRLIMsDELTA;Y!NTJRES,U,RKJsIDM7(12)sRi(iD)sIDMB(ZOD)s
THC10) s 1DMF (2807 s TH1 (10D

EQUIVALENCE (RNC(1)sRNF)
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DATA FX/’ r7
C
IDIM1=5
IDIMZ=20
IPDIM=10
C
C
GO TOC(1:2:13:99:99:99:99:99) 3 IPART
c
C—. [ oo mom oo S S S S S S 540 4ot S S S S e S S . S v 580 AT S S S0k AR e A PSR et S S S S 4R e Wt St S St v S
C
c IDENTIFICATION
C = s o e s
C
1 CALL IDENT(S5HDISCR+4HIDHG)
INHG=0
I8YSH=0
IDH=0
RETURN
C - — - e taaes cmes e seo aree . oo G0 Adme e e S G40 SS90 S e S
c
c DECLARATIONS
C ssmmscmssmenssenmmoRaRes
c
2 CALL INPUT(Us4HU p)
CALL INPUT (Y s4HY b
C
CALL OUTPUV(THsIPDIMs4HTH
CALL OQUTPUV(TH1sIPDIMs4HTF
Cc
CALL PAR(RMETO+5HMETOD)
C
CALL PAR(RNFs4HNA
CALL PAR(RNAs4HNF )
CALL PARCRNBs4HNB
CALL PAR(RNDs4HND )
CALL PAR(RNCs4HNC
CALL PAR(RNFST14HNFST)
CALL PAR(RKDs4HKD )
c
CALL PAR(WTIs4HWTI )
CALL PARCWTOs4HWTO )
CALL PAR(DELTASHDELTA)
CALL PARV(R1sIPDIMs:4HR1 )
c
CALL PAR(RPRER53HIPRER)
CALL PARCRLIMs4HRLIMD
CALL PAR(RSTABSHISTABR)
CALL PARC(RFIRST:SHIFIST)
CALL PARCUINVA:SHINVAU)
CALL PAR(RKJs4HKJ
c

CALL PARV(THOsIPDIMs4HTHO 2



48

Subsystem IDHG

OOO0OaO0

@]

CALL PARV(TH10:IPDIM:4HTFO )
CALL PARV(POsIPDIMs4HPO )
CALL PARV(P103sIPDIMs4HP10 )
CALL PAR(PFST4HPFST)

CALL PAR(RWRT»4HIWRT)
CALL PAR(RWRT13s5HIWRT1)
CALL PARCRWRTN3:SHIWRTND
CALL PAR(RHATSHIHAT )
CALL PAR(RHATN3:SHIHATN)
CALL PAR(FIGESHIFIGE)

CALL VAR(RES:4HRES )
CALL VAR(WRES s &4HWRES)
CALL VARV 4HV J
CALL VAR(WVs4HWYV )
CALL VARCWTs4HWT 2

CALL PAR(DTs4HDT
CALL TSAMP(TS:4HTS )
RETURN

310

320

CONSTANT ASSIGNMENTS

RMETO=0.0

DO 310 I=1.IDIM1
RNCI)=0.
RNFST=0.
RKD=0.0

WTI=1.
WTO=1.
DELTA=0.

RPRER=0.
RLIM=-1.
RSTAB=0.
RFIRST=0.
UINVA=0.
RKJ=0.

DO 320 1=1:1IPDIM
THOC(1)=0.
TH10(1)=0.
R1(1)=0.
POCI1»=100.
P10(1)=100.
PFST=100.

[ b
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O O

OO0

330

RWRT1=0.0
RWRT=~5.
RWRTN=100.

RHAT=-20.
RHATN=500.
FI1GE=0.

DO 330 I=1.6
FDUM(I)=FX
DT=1.

IDH=1

RETURN

49

99

LSTOP=.TRUE.
MSTOP=.TRUE.
RETURN

END
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NAME : IDHGZ NUMBER:

e ovoen ares sus woesn oowas oemes

SUBTITLE: RECURSIVE IDENTIFICATION

PROGRAM TYPE: SUBROUTINE

ot soeee e vt saane sesss e seeme

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY SWEDEN

ACCEPTED: VERSION:

o v P s — o e - P

SUBROUTINE IDHGZ
LOGICAL LSTOPsMSTOPsSA;IVvLFILT’STABCKsPRERESsLSPFZN
DIMENSION RN(S) sNCS) s RMOVO(984) sNSTART(35)

C

c

C

C

C

C

C

C

C

c

C

C

C

C

C

C

C

C

C

C

C  eee————

C

C

C

C

C

c

C

C

C

C

C

C

C

o

C

C

G

C

C
COMMON/USER/LSTOP

C

COMMON IDMi(Z)1KMESS$MST0P910M2(8)sISIMNsIDM3(296)1

RMETO;RKD!RSTAB;RPRERsRFIRBT!FIGE;UINVA;RNFST!

RWRT;RNRT1!RNRTN$RHAT!RHATNJNTI;RNFvRNA!RNB;RNDsRNCsPFSTs

THO(iD)sPO(iD)’TH10(10)’P10(1D)sISTAB'IPRER!

IDM4(4)sMETODsIWRT;INRTisIWRTNsIHAT;IHATN!NSH(5)5

ICK!ISAMP!IFIRST;SA;IVsLFILT!PRERES;STABCK;LSPFZNyIDIMi’

IDINZ;NFsNAaNBsND!NCJKﬂsNPDIMsIPDIM;NSTl1NST21NST31NST4sNST51

NPSisNPSZ!NPisINVAU’IDM5,IFIGEiNFSTiwv!VsNTOiTS;DT!NRESqRLIMJ

* % %k % ¥ % %
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*
*
*

OO0

51

DELTA;Y;WT;RESyUaRKJ5WOI(6);Ri(iﬂ)’P(iDsio)aTH(iD)15(552O)u
PHIC10) sOLDTHC10) s Z (100 sWPSI (107 s TH1(10) 2 Z22(203 sFI1 (1000 »
P1¢10:10) s TKC100) s TAC10052) s TB(100:2) sE(252)

EQUIVALENCE (RNC1)sRNF)
EQUIVALENCE (NC1) sNF) s (NSTART (1) sNST12» (P(1512 sRMOVO(1))

936 % ¥ N

GO0

410
c
c
CH ¥ X% ¥ %

c
C
CHEHH%H

420

INITIAL

RESET #%¥%%¥%*
EPS=0.1
KMESS=1
METOP=.FALSE.
SA=.FALSE.
IV=.FALSE.
LFILT=.FALSE.
PRERES=.FALSE.
STABCK=.FALSE.
LSPFZIN=.FALSE.
I1SAMP=0
NPDIM=0
NST1=1

DO 410 I=1.:984
RMOVO(1)=0.0

METHOD %%%%%%

METOD=RMETO+EPS

IF(METOD.LT.1.0R.METOD.GT.7) KMESS=24
IF(METOD.E®.1.0R.METOD.E®@.2) SA=.TRUE.
IF(METOD.E®.2.0R.METOD.E@.4) LFILT=.TRUE.
IF(METOD.E@.5) 1IV=.TRUE.

MODEL STRUCTURE #¥#¥%¥

KD=RKD+EPS

IF(KD.LT.D)KMESS=34

NFST=RNFST+EPS

DO 420 I=1.I1IDIM1

NCI)=RN(I)+EPS

IF(NCI).LT.0) KMESS=25

NPDIM=NPDIM+NC(I)

IF (NPDIM.GT.IPDIM)KMESS=27
IF(1.GT.1) NSTART(I)=NSTART(I-1)+N(I-1)
IF(KMESS.GT.1)G0 TO 99

CONT INUE
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421

4L22

423

425

430
c
c
CH¥HHW*

440

c
c
CH %X HH*

450

DO 421 I=1,1DIM1
NSH(I)=N(ID

IFC.NOT.LFILT) GO TO 423
DO 422 1=1.3
NSHC(I)=MAXOC1+NDsNCID)

NSH (32 =NSH (3) +KD

DO 425 1=1:1DIM1

IF(NSH(I) .GT.IDIMZ) KMESS=26
IF(KMESS.GT.1) GO TO 99
CONTINUE

NPS1=NA+NB
NPS2=ND+NC
NP1=NPDIM-1

IF(NA.E@.D.AND.ND.EQ@.0.AND.NC.EQ.O) LFILT=.FALSE.
IF¢.NOT.LFILT.AND.METOD.EQ@.2) METOD=1
IF(.NOT.LFILT.AND.METOD.EQ.4) METOD=3
IF(IV.AND.(NA.GT.D.OR.ND.GT.0.0R.NC.GT.D))KMESS=28
IF(METOD.EG.&.AND.NANB. ... ) KMESS=29
IF(METOD.E®.7.AND. (NA.GT.0.0R.ND.GT.0)) KMESS=30

IF(METOD.NE.&) GO TO 440
DO 430 I=1.5
NSH(1)=20

SPEC PAR ##%%¥%

IPRER=RPRER+EPS
IF¢(IPRER.LT.0.OR.IPRER.GT.1) KMESS=31
1F¢(1PRER.E®.0) PRERES=.TRUE.
I1STAR=RSTAB+EPS
IFC(ISTAB.LT.0.0R.ISTAB.GT.2) KMESS=32
1IF(ISTAB.EQ.1.0R.ISTAB.EQ@.2) STABRCK=.TRUE.
IFCISTAB.EQ.2) LSPFZIN=.TRUE.
IF(NA.EQ@.0.AND.NC.EQ.O) STABCK=.FALSE.

IFIRST=RFIRST+EPS
INVAU=UINVA+EPS

INITIAL VALUES #*¥%¥¥%¥
CALL RMOVE (THOC1)31sTH(1)21sNPDIM)
CALL RMOVE(TH10(123s1sTH1(1)s1sNPDIM)

DO 450 I=1:NPDIM
PCI+I2=POCI)
P1¢I1+12=P10C1)
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IF(METOD.LE.2) P(1s1)=1./P(1s1)
WT=WT1

v=0.0

Wwv=0.0

EC(1:1)=1./PFST

EC2+2)=1./PFST

C

Cr¥®rn®® PRINT~OUT #*¥¥kk*
IWRT=RWRT+EPS
IWRTN=RWRTN+EPS
IWRT1=RWRT1+EPS

C

Crxnd%% ACCURACY #x¥x¥%
IHAT=RHAT+EPS
IHATN=RHATN+EPS
IFI1GE=FIGE+EPS
IFCIFIGE.LT.0.0R.IFIGE.GT.3) KMESS=3%
IFC¢IFIGE.GT.0.AND.IFIGE.LT.4.AND.IHAT.LT.0) KMESS=33

c
IF(KMESS.G6T.1) GO TO 99
ISIMN=ISIMN+1
CALL DINTC’ ISIMN’ s4H s ISIMNs IND1)
IFCIND1.GT.0) GO TO 98
RETURN
c
c —_— - - e o o o s e e et e e
C

98 KMESS=29

99 MSTOP=.TRUE.
LSTOP=.TRUE.
RETURN
END
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NAME: IDHG3 NUMBER:

SUBTITLE: RECURSIVE IDENTIFICATION

oot canme cmume e somn eonen Goeen e

ootee oarss sesen coven cemse Seve® GSSSH SESSD Senee G000 Gaees S6St

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-0D6-22

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL.
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

o] 000000000000000000000000000000

SUBROUTINE IDHG3

LOGICAL LSTOP.MSTOP

G
COMMON/DESTIN/IDUMs IPART
COMMON/TIME/T
COMMON/USER/LSTOP
C
COMMON LDKi1LDK21KMESS$MST0P!IDM1(431)7
* METODsIWRT;INRTi!IWRTN;IHAT!IHATNsNSH(S)5ICK5
W ISAMPJIDM2(7)aIDIM15IDIMZ;NF’NA;NB1N09NC!KD;NPDIM’IPDIH;NSTiv
* NST25NST3!NST4$NST59NPSQsNPSZprialNVAUilDN3(3)5NV1VJ
* WTO;TS!DTsNRES!RLIM;DELTA!Y;NT!RES!U’IDM5(234)5
* TH(iO)aS(SsZD)!PHI(iO)50LDTH(1D)!Z(1D)1NPSI(10)yTH1(1D)
C
cle) T0(99199599999555657599)vIPART
I —_— - S~
C
€ QUTPUT
o4 mzmsmsmm
5 G0 TO(51551’51151151s52553)QMETOD
C

CALL GEALR

oo
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52

53

IF(ICK.E®.10) CALL STAWRTC(ISAMPsTH:OLDTHsNPDIM)
RETURN

INKA=1
CALL KJADMH(INKA)
RETURN

CALL EKF
RETURN

DOO0

600

601

602

61

62

620

DYNAMICS

WT=WTO*WT+1.-WTO
1SAMP=1SAMP+1
TS=T+DT
V=V+RES*RES
WV=WV+WRES*WRES

IF(IWRT.LE.O) GO TO 400
L=MOD(ISAMP » IWRTN)
IFCISAMP.GT.IWRT1.AND.L.NE.O) GO TO 400
IF(METOD.E®@.7) CALL WRERWF
IF(METOD.LE.&) CALL WRTHG

IFCIHAT.LT.0> GO TO 601

L=MOD(I5AMP » IHATN)

IFC(ISAMP.NE.IHAT.AND.L.NE.O) GO TO 601

WRITECLDK1) ISAMPsVsWVs (THC(I) sI=1sNPDIM) s (TH1C(J)sJ=1NPDIM)

CALL SHIFT(SsIDIM1sNSH)
S(1s1)=-Y

IF(METOD.E®@.6) GO TO 602
S(3+1)=U

8(5s1)=RES

GO TOCb1l:b1:61161162:63:64)METOD

IF(NA.GT.0) S(2s1)=-SCAPRO(PHI(NSTZ2) s 1y TH(NST2) s 1sNP51)
IF(ND.GT.0) S(4»1)=—SCAPRO(PHI(NST4)s1:TH(NST4) s 1+sNP8Z)-RES
RETURN

IF CINVAU.LE.D) Z1=SCAPRO(Z(1)31sTH(1)s1sNPDIMD
IF(NP1.GT.0> CALL RMOVE(Z(NP1)s—1sZ(NPDIM)s~1sNP1)
IFC(INVAU.GT.0) GO TO 620

Z(1)=-21

Z(NST31=5(3sKD+1)

RETURN

Z¢1)=8(3sKD+1)
RETURN
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63 INKA=Z
CALL KJADMHC(INKAD
RETURN

b4 RETURN

56

7 RETURN

e

a0 a0 o)

99 LSTOP=.TRUE.
MSTOP=.TRUE.
RETURN
END
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NAME: SHIFT NUMBER:

LANGUAGE : STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

st cmme caess 22008 emves Sumes Sunes e Conce esean conen s oosen et seeee

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO SHIFT A MATRIX S ALONG LINES

8 - THE MATRIX TO BE SHIFTED
18 - DECLARED FIRST DIMENSION OF S
NSHCIS) - VECTOR CONTAINING THE NUMBER OF

ELEMENTS TO BE SHIFTED IN EACH LINE

SUBROUTINE SHIFT(SsISsNSH)

DIMENSION S(ISs1)sNSH(1)

a0 9] COoOOOOa0O000000OC000000000000000000

DO 10 I=1+18

NS=NSH(1)

NS1=N&-1

IF(NS.LE.1) GO TO 10

CALL RMOVE(S(IsNS1)s~I8sS(IsNS)»~I5sNS1)
10 CONT INUE

RETURN
END
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0000000000000000000000000?000000000000000000000000000

NAME: GEALR NUMBER:

SUBTITLE: ONE STEP OF A GENERAL RECURSIVE
———————— IDENTIFICATION ALGORITHM

LANGUAGE: STANDARD FORTRAN

P ]

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-D&6-26

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

canse spome somme stse sases summe sveme
mEEsSEmE=

TO COMPUTE ONE STEP OF A GENERAL RECURSIVE IDENTIFICATION
ALGORITHM ACCORDING TO THE DESCRIPTION GIVEN BELOW.

THE MODEL USED FOR THE IDENTIFICATION 18t

B 1+C
(1+F)IY(T)= === # U(T=KD) + ——— % E(T)
1+A 1+D
-1 -1 -1 -1 -1 -1

WHERE F=F(G@ )3+ A=A(Q@ s B=B(@ ), D=D(@ »O: C=C(@ ) (@ 18
THE BACKWARD SHIFT OPERATOR) ARE POLYNOMIALS OF ORDERS
NFEsNAsNBsNDsNC RESPECTIVELY SUCH THAT F(D)=0» ACD)=0 ETC.

INTRODUCE :
B 1+C

2(T)= ——— % UCT-KD) AND V(T)= =——— % E(T)
1+A 1+D
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o000 0000000N0N0000000NNNNa000000000000000000000000

OLD SIGNAL VALUES ARE TO BE STORED IN THE S-MATRIX
AS FOLLOWS:

Y T=1)9=Y(T=2) s=Y¥(T=3)suuuucusnnnansnnnnnuncnannl
wZCT=1)9=ZCT=2)9=Z(T=3) 5uuenvennssnnnnnnnnnnnanal
UCT=1)sUCT=209UCT=3) 50 evanunanoancsnsnsnnnaennnsl
“CT=129=V(T=2) 13-V (T=3)5uvunvnnnnonsnnunsnennnal
ECT=1)3ECT=2)3E(T=3) 9ncuecnnoncnnanasnannnnnnansl

m
]
el o o

THE ALGORITHM:

T
RES=E(T)=Y(T)-PHI(T) *THETA(T-1)

THETA(TI)=THETA(T-1)+K(T)*E(T)

P(T—12%ZV(T)

K(T)=
WTH+WPSIC(T)Y #P(T=-12%ZV(T)
T

PCTY=LP(T-1)—-K(TI®WPSI(T) *#P(T—-121/WT

WHERE
I ~-Y<(T-12 1 I Fd1y 1
I B 5 § 1 : I
1 H I 1 E 1
I ~Y(T-NF) I I F(NFY I
1 -Z(T-1) I I ALY 1
1 : 1 1 : 8
I : 1 1 : 1
I -Z(T-NA2 1 I AC(NAY 1
I UCT-KD-13 1 I B¢l I
I H 1 I : 8

PHICTY = 1 H 1 AND THETA = 1 H 1
1 : 1 1 H I
I U(T-KD-NB) I I BINBY 1
I -V(T-1) 1 I DcC1y I
I : 1 I H I
I H I 1 : 1
I =V(T-ND) 1 I DCNDY I
I E(T-12 1 I Cc1y 1
I H 1 1 : : 8
I : 1 1 H 1
I EC(T-NC) I I C(NCY I

1)

(2

(3D

(4D
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REMARK 1.: Z(T) = WPSI(T) EXCEPT WHEN THE INSTRUMENTAL.
VARIABLES METHOD 1S USED. IN THAT CASE THE
ZU-VECTOR CONSISTS OF THE INSTRUMENTAL
VARIABLES.

REMARK 2.: WPSI(T)=PHI(T) WHEN THE SUBROUTINE FILT IS
NOT USED. WPSI(T)= OLD FILTERED SIGNAL
VALUES WHEN THE SUBROUTINE FILT IS USED.
CF. COMMENTS TO FILT.

REMARK 3.: ADJUSTMENTS TO IMPROVE THE STABILITY OF

THE ALGORITHM ARE IMPLEMENTED IN THE UPDATING
SUBROUTINE UPDATE (R1sDELTA). FOR

FURTHER REFERENCE SEE COMMENTS TO UPDATE.

STOCHASTIC APPROXIMATION VERSION

T

RES=Y(T)~PHI(T) *THETA(T-1) (1)
T

P1¢TI)=WT*P1(T-1)+WPSI(T) *WPSI(T) (P1=PL1,11) (b)

THETA(T)=THETA(T-1)+RES*WPSI(T)/P1(T) 73

GEALRI(S!ISDIMi!PsNPDIMJIPDIMsTHETAsPHIvaTEEvKDvN»NSTARTsRiaYv
* NT!RES!ISAMPsIFIRST,RLIMsSAsIVvLFILTsPRERES!STABCK!LSPFZN!OLDTHs

C

c

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

c ARGUMENTS®
C

C

C

C

C * HPSIsWi:N21W3vDELTA!WRES!ICK!PX!RX)
C
C
C
€
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

S - MATRIX CONTAINING OLD SIGNAL VALUES CF. DESCRIPT- (ID
ION GIVEN ABOVE. DIMENSIONED(ISDIM1s1)
ISDIM1 - DECLARED FIRST DIMENSION OF S AND TEE. I
P ~ THE COVARIANCE MATRIX (L/70)
SIZEC(NPDIMsNPDIM) s DIMENSIONED(IPDIMs1)
NPDIM - ACTUAL DIMENSION OF Ps ACTUAL NUMBER OF PARAMETERS (1)
IPDIM - DECLARED FIRST DIMENSION OF P ()
THETA - VECTOR OF PARAMETER ESTIMATES. SIZE(NPDIM) (1700
PHI - VECTOR CONTAINING OLD SIGNAL VALUES CORRESPONDING (0D
TO THE PARAMETERS. SIZE(NPDIM)
Z - VECTOR CONTAINING OLD SIGNAL VALUES E.G. THE ()
INSTRUMENTAL VARIABLES SIZE(NPDIM)
TEE - MATRIX CONTAINING OLD FILTERED SIGNAL VALUES (1/0
SIZECISDIM1s1)s DIMENSIONED(ISDIM1s1)
KD - TIME DELAY ()
N - VECTOR DEFINING THE MODEL STRUCTURE CF. MODEL ()
GIVEN ABOVE. SIZEC(ISDIM1D
N(13=NF
N(2)=NA
N(3)=NB
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NSTART

NET1

NSTZ

NST3

NET4

NSTS
R1

Y

WT

RES
ISAMP
IFIRST
RLIM

SA

IV

LFILT

PRERES

STABCK

LSPFIN

OLDTH
WPSI

OO0 O0000O000000000000000000000000000000000000000000000

61

N{4)=ND

N(5)r=NC

VECTOR CONTAINING THE STARTING POINTS OF THE €L
PARAMETERS IN THETA. SIZECISDIML)

NSTART(1)=1

NSTART (2)=1+NF

NSTART (3) =1+NF+NA

NSTART (4)=1+NF+NA+NE

NSTART (5)=1+NF +NA+NB+ND

VECTOR CONTAINING THE DIAGONAL ELEMENTS FROM THE ()
COVARIANCE MATRIX OF THE PARAMETER NOISE SIZE(NPDIM)

LAST OQUTPUT VALUE €1
WEIGHTING PARAMETER (FORGETTING PROFILE)D (N
RESIDUAL (0)
SAMPLING TIME €I
STARTING TIME €I
A) LFILT=.TRUE. FOR FILTERING OLD SIGNAL VALUES

B> IV=.TRUE. FOR INSTRUMENTAL VAR. TO BE USED

LIMITATION ON THE ABSOLUTE VALUE OF THE RESIDUALS:s (I)
IF NEGATIVE NO LIMITATION.
LOGICAL PARAMETER (G D)
SA=.FALSE. THE PARAMETER VECTOR AND THE COVARIANCE
MATRIX ARE UPDATED BY USE OF E@. (1)-(4)
SA=.TRUE. STOCHASTIC APPROXIMATION EG@. (5)-(7)
LOGICAL PARAMETER (I
IV=.FALSE. ZV=WPSI IN E@. (1)-(4)
IV=.TRUE. THE INSTRUMENTAL VARIABLES METHOD
CAN BE STARTED-UP BY USING THE LS-METHOD
FOR IFIRST NUMBER OF STEPS.
ZV= THE INSTRUMENTAL VARIABLES
LOGICAL PARAMETER (D
LFILT=.FALSE. LIP APPROACH,SUBROUTINE FILT NOT USED
LFILT=.TRUE. CMA APPROACH:SUBROUTINE FILT USED
LOGICAL PARAMETER DEFINING HOW THE RESIDUAL 18 1)
TO BE COMPUTED.
PRERES=.FALSE. THE RESIDUAL COMPUTATION IS BASED
ON THE UPDATED PARAMETER ESTIMATE.
PRERES=.TRUE. THE RESIDUAL COMPUTATION 1S BASED
ON THE PREVIOUS PARAMETER ESTIMATE.
LOGICAL PARAMETER (STABILITY CHECK) ()
STARCK=.FALSE. NO STABILITY CHECK
STABCK=.TRUE. THE STABILITY OF THE A AND € POLY-
NOMIALS (CF.MODEL)> 1S CHECKED. IF
UNSTABLE THE PARAMETER VECTOR 18 ADJUSTED HALFWAY
TOWARDS THE LAST VALUE AND STABILITY CHECKED
AGAIN. THIS 1S REPEATED UNTIL THE POLYNOMIAL HAS
ALL ZEROES INSIDE THE UNIT CIRCLE. IF THE LOGICAL
PARAMETER LSPFZIN=.TRUE. THEN THE POLYNOMIAL IS
FACTORED TO GIVE A POLYNOMIAL WITH ZEROS INSIDE
THE UNIT CIRCLE BY USING THE SUBROUTINE SPFIN.
LOGICAL PARAMETER (SEE STABCK) ()
VECTOR OF OLD PARAMETER ESTIMATES SIZE(NPDIM) (170D
VECTOR CONTAINING OLD (FILTERED) SIGNAL VALUES
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CORRESPONDING TO THE PARAMETERS SIZEC(NPDIM)

Wi - WORK VECTOR SIZE(NPDIM)

W2 - WORK VECTOR SIZE(NPDIM)

W3 - WORK VECTOR SIZE(NPDIM)

PX - WORK MATRIX SIZE (NPDIMsNPDIM)

RX - WORK MATRIX SIZE(NPDIMsNPDIM)

DELTA - ADJUSTMENT TO IMPROVE THE STABILITY OF THE I

ALGORITHM.

WRES - WEIGHTED RESIDUAL (O
ICK - CONTROL PARAMETER STABILITY CHECK €O

IF THE SUBROUTINE STABBR HAS FAILED TO ADJUST THE
THETA-VECTOR TO STABILITY ICK AND THETA ARE
RETURNED: ICK=10

THETA=0LDTH

CHARACTERISTICS:
SUBROUTINES REQUIRED: (LIBRARY)
FILY SCAPRO
UPDATE RMOVE
STABB POLMU
INPOL
SPFZN
REF. H. GUNNARSSON: RECURSIVE IDENTIFICATION USING A

GENERAL MODEL. STRUCTURE. A PROGRAM
PACKAGE AND SIMULATIONS.

o ot i - o P

SUBROUTINE GEALRI(SsISDIM1sPsNPDIMsIPDIMs THETAsPHI+Z s TEEsKDsN»
* NSTART;RiaY,NTsRES,ISAMPaIFIRSTsRLIM;SA;IVsLFILT;PRERESsSTABCKs
% LSPFZNsOLDTHIWPSIsW1sW2sW3sDELTASWRES Y ICKsPXsRXD

LOGICAL SA»IVsLFILT»PRERES:STABCK
DIMENSION S(ISDIM1:1) s PCIPDIMs1) s TEECISDIM151) s THETA(1) sR1C1)

* N(i);NSTART(i)52(1)sPHI(i)50LDTH(1)aNPSI(i);Ni(i)vNZ(i)1N3(1)1
% PXCIPDIMs1)sRXCIPDIMs1)

SUBROUTINE GEALR

O OO000000000000000000000000000000000000000000000000

LOGICAL SAsIVyILFILT:PRERESSTABCKsLSPFIN
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OaOOn

OO0

10
20

* %k k %k %k Xk

DIMENSION W1C10) sW2(10) sW3C10) s TEE(S5510) sN(5) sNSTART (5 »
PX(10+10) s RX(10+100

COMMON KDUM1 €435 sMETOD s IWRT s IWRT1 s IWRTN s IHAT » IHATN s NSH(5) »
ICK!ISAMP!IFIRST!SA;IVsLFILTsPRERESJSTABCK!LSPFZN!ISDIMi!
ISDIM21NFsNAsNBsND’NC’KﬂiNPDIMaIPDIM’NSTi!NSTZ;NSTBsNST41NST51
NPS1!NPSZ!NP1!INVAU!IDM35!IFIGE’NFST!“V!V!WTO’TS!DT!NRES!RLIM!
DELTA!Y;NT;RES!U;RKJsWOI(b)!Ri(iD)sP(iDaiD)sTH(iD)sS(S;ZD)1
PHI(1D)sOLDTH(iD);Z(iO)sWPSI(iD)5TH1(10)5ZZ(20)sFI(iDD)s
P1¢10+:10) « TKC100)

EQUIVALENCE (TH1C¢1) sW1C¢12)9CZ2¢1)sW2(13)9(Z2(11) W3 (1))
EQUIVALENCE (FIC1)sTEEC1342) s C(PXC131)9P1¢1512)3(RX(1213,TK(1))
EQUIVALENCE (NC1)sNF) s (NSTART (1) sNST1)

FORM PHI (FROM 8)

J1=0

po 20 1=1,1SDIM1
K1=0

N1=N(1)
IF(N1.LE.O) GO TO 20
IFC(I1.EQ.3) Ki=KD
DO 10 J=1sN1
Ji=J1+1

K2=K1+J
PHI(J1)=8(1:K2)
WPSI(J1)=PHI(J1)
CONTINUE

COMPUTE RESIDUAL

RES=Y~SCAPROCPHI(1)+1sTH(1) s 1sNPDIM)
IF(RLIM.GT.0.AND.ABS(RES) .GT.RLIM) RES=SIGN(RLIMsRES)

IFCLFILT.AND.ISAMP.GT.IFIRST) CALL FILT(SsTEE:THsNsWPSI:KD:
NSTART s ISDIM1sW1sWZsW3)

IF(STABCK) CALL RMOVE(TH(1)s1sO0LDTH(1)+1sNPDIM)

CALL UPDATE(PvNPDIMsIPDIM!NPSI,ZaTH7RE55R1sDELTAsWTaSAsIVsNis
W2 W3+ WRES s ISAMP+ IFIRET)

IF(STABCK) CALL STABR (THsOLDTHsNsNSTARTsNPDIMsLSPFZNsZ s W1
WZsW3sICKs IPDIMsPX s RX)

IF(PRERES) GO TO 30
RES=Y~-SCAPRO(PHI(12+1:TH(1)»1sNPDIM)
IFC(RLIM.GT.0.AND.ABS(RES) .GT.RLIM) RES=SIGN(RLIMsRES)
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30 RETURN
END

b4
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NAME: FILT NUMBER =

rees esnen remes o cot5s cmmen creen cvees seste caces

SUBTITLE: FILTERING OF OLD SIGNAL VALUES FOR
———————— RECURSIVE IDENTIFICATION ALGORITHMS

LANGUAGE: STANDARD FORTRAN

KEYWORDS: RECURSIVE IDENTIFICATION

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

e sos e s e o——— e soves s Sotnn Seven b Se  Sanws basth seses Sses TR

PURPOSE: TO FILTER OLD SIGNAL VALUES» CORRESPONDING TO THE
======= PARAMETERS: TO GET A VECTOR PSI. PS1 IS USED TO
UPDATE THE COVARIANCE MATRIX IN THE CRITERION

MINIMIZATION APPROACH TO RECURSIVE IDENTIFICATION ALGORITHMS.

THE MODEL USED FOR THE IDENTIFICATION IS:

B 1+C
(1+F)Y(T)= ——=%kU(T—-KD) +——=%E(T)
1+4 1+D
=31 =4 -1 | -1 -1

WHERE F=F(@ )s A=ACQ@ )y B=RB(@ s D=D(@ ), C=C(@ ) (@ 18
THE BACKWARD SHIFT OPERATOR) ARE POLYNOMIALS OF ORDERS NFiNA»
NBsNDsNC AND F(0)=0,A(0)=0 ETC.

THE OLD SIGNAL VALUES ARE TO BE STORED AS FOLLOWS:

[=YC(T=121=Y(T=2) suunennsnnunansunanuanl
[=ZCT=1)3=ZCT=2) cveunonsvnnnsnnnnnnnel
§ = [ UCT-10y UCT=1) s vunnnncnnnannnnnnnsl
[~VET=1)3=V(T=2) ssevannsnnnssnnunasunal
[ ECT=1)9 E(T=2)sucnvncnnnssanunannnal

00000000000000000000000000000000000000000000000000000
|
|
i
I
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THE PSI-VECTOR 15 DEFINED RECURSIVELY AS:

(1+CI*YPSIL(TI)=C1+D)*YPHI(T)
C1+CI* C1+AI ¥ ZPSI(TI=(1+D) *ZPHI(T)
(1+Cr# C1+A) *UPSI(TI=(1+D) *UPHI(T)
(1+CI*VPSI(THI=VPHI(T)
(1+CI*EPSI(T)=EPHI(T)

YPSIC(T)=L[YW(T~1)...YW(T-NF21 AND YPHIC(TI=L[-Y(T=1)...-Y(T=NFil
ETC. YPSIsZPSI ETC. FORM THE PSI VECTOR WHICH CORRESPONDS TO THE
PHI-VECTOR (WHICH IT REPLACES WHEN UPDATING THE COVARIANCE
MATRIX) AND THE PARAMETER VECTOR THETA I.E.

I YW(T-1) 1 1 -Y(T-1> 1 1 F(1y 1
I | 1 I : I 1 : I
I YW(T—-NF> 1 I ~Y(T-NF3 I I F(NF) I
I ZW(T-1> 1 I -Z¢T-12 1 I AC1y 1
I H 1 I H I I : I
I ZW(T=-NAY I I -Z(T-NA) 1 I A(NAY I
I UW(T-1) I I uU(T=-1) I I BC1y I
PSI(TI=1 : I PHICT)I=I : I THETA=I1 - I
I UWCT=-NE)Y I I U(T-NB)Y I I BCNBY I
I VW(T-1) 1 I -V(T-1) I I DC1y» I
I : I 1 : I I : I
I VW(T—-ND)Y I I -V(T-ND) 1 I DCNDY I
I EWCT=-1) 1 I E(T-1> 1 I C¢1y» I
I : I I : I X : I
I EWC(T-NC) I I E(T-NC) I I CI(NCY I

THE OLD FILTERED SIGNAL VALUES ARE STORED IN THE TEE-MATRIX
IN THE FOLLOWING MANNERS:

000000000000O0000000000000000000000000000000000000000

I YWCT=1)sYWCT=2) vnnnunnnnnnnnan I
I ZWCT=1) 9ZWCT=2) vnunnunnnnnnnns 1
TEE = I UWCT=1)sUWCT=2) canvcnnnnunnuans I
I VWCT=1)sVWCT=2) s nuvennnonnsns=s 1
I EWCT=1)9EWC(T=1) suevnnnnnnnnnan I
ARGUMENTS*
s - MATRIX CONTAINING OLD SIGNAL VALUES CF. THE MODEL ¢I?
GIVEN ABOVEs SIZE (ISDIMs
TEE ~ MATRIX CONTAINING OLD FILTRATED SIGNAL VALUES (L7702
SI1ZE (ISDIMs )
THETA - VECTOR OF PARAMETER ESTIMATES SIZE (NF+NA+NB+ND+NC) (I)
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N - VECTOR CONTAINING NUMBER OF PARAMETERS (G
N(1)=NF
N2 =NA
N{33=NB
N(43=ND
N(53=NC
PS1 - VECTOR OF OLD FILTERED SIGNAL VALUES CORRESPONDING (0D
TO THE PARAMETERS SIZE (NF+NA+NB+ND+NC)
KD - TIME DELAY (]
NSTART VECTOR CONTAINING THE STARTING POINTS OF THE (N
PARAMETERS IN THETA
NSTART (1)=1
NSTART (2)=1+NF
NSTART (3)=1+NF +NA
NSTART (4)=1+NF+NA+NB
NSTART (53 =1+NF +NA+NB+ND

ISDIM - DECLARED FIRST DIMENSION OF & AND TEE ()
Wi - WORK VECTOR
Wz - WORK VECTOR
W3 - WORK VECTOR

LIBRARY SUBROUTINES REQUIRED: RMOVE POLMU SCAPRO

REF.: H. GUNNARSSONs RECURSIVE IDENTIFICATION USING & GENERAL
MODEL STRUCTURE. A PROGRAM PACKAGE AND
SIMULATIONS.

o agu e B B s swon o ouse suane soves smann

OO0 O0000000000000000000000000

SUBROUTINE FILT(SsTEEsTHETA:NsPSIsKDsNSTART s ISDIMsW1 1 WZsW3)

C
DIMENSION SCISDIM»1):TEECISDIMs1) s THETAC1)sN(1)PSIC1)
DIMENSION NSTART (1) sW1(1)aW2(1)sW3C1)
C
C
J1=0
c
NA=N(2)
ND=N (4}
NC=N(5)
c
NAST=NSTART (2)
NDST=NSTART (4)
NCST=NSTART(3)
c
NU=NA+NC
NU1=NU-1
C

NK=MAXO (ND s NA+NCsNC1) s N(3))
NK1=NK-1
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c
c
c
10
c
c
20
30
40
c
¢
50
&0

IF(NA.LE.O.OR.NC.LE.0) GO TO 10
NWi=NA-1

NW2=NC-1

CALL RMOVE (THETA(NAST) s1sW1(13+1sNA)
CALL RMOVE (THETA(NCST) s1sW2(1)»1sNC)
CALL POLMUC(W11W2sNW1sNW2sW3D

DO 60 I=1s18DIM
N1=N(I1)

K1=0

IF(N1.LE.O) GO TO &0
IF(I1.EQ.3) Ki=KD
W=8(IsK1+1)

GO TOC30+s20+20:40+40051

IFC(NA.GT.0) W=W-SCAPROC(TEE(I»1)3sISDIMyTHETA(NAST) »1sNAD
IF(NA.GT.D.AND.NC.GT.D)N=N~SCAPR0(TEE(I92)!ISDIM;NB(i)vi,NU1)
IF(ND.GT.O) W=W+SCAPRO(S(I sK1+2) s ISDIMs THETACNDST) v 19NDD
IF(NC.GT.O) W=W-SCAPROC(TEE(I+1) 2 ISDIMs THETACNCST) » 15NC)

CALL RMOVE (TEECIsNK1) »—-ISDIMs TEE(IsNK) +=ISDIMyNK1)

TEE(Is1)=W

DO 50 J=1sN1
Ji=J1+1
PSIC(J1I=TEEC(IJ)
CONTINUE

RETURN

END
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OO0 O000000000000000000000000000000000000000000000000

NAME: UPDATE NUMBER:

SUBTITLE:

COVARIANCE MATRIX AND PARAMETER VECTOR UPDATING
FOR RECURSIVE IDENTIFICATION ALGORITHMS.

LANGUAGE : STANDARD FORTRAN

KEYWORDS: RECURSIVE IDENTIFICATION

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-03-17

B saenn e shase coase

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY» SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO UPDATE THE COVARIANCE MATRIX P AND THE PARAMETER
——————— VECTOR THETA ACCORDING TO THE EQUATIONS GIVEN BELOW.

¥
L PCTI*Z(TH1L)¥PHIC(T+1) #P(T)1]

P(T+1) = [P(T) = ==—————————— J/WT 1
L WT+PHI (T+12%P(TI*Z(T+1) 1]

WHERE MEANS THE TRANSPOSED MATRIX

THE DIAGONAL ELEMENTS OF P CAN BE ADJUSTED BY

PLT+11C¢IoI0=PLT+11¢IsI)+IRCID-DELTA*PLTI(IsI)%%21/WT 2D
THETAC(T+1)=THETA(T)I+RK(T+11*RES (3
WHERE =
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c

C PCTY)*Z(T+1)

c RK(T+1) = === - &)
C WT+PHI (T+1)*#P(TI*®Z(T+1)

C

c

C REMARK: Z = PHI EXCEPT WHEN IV = .TRUE.

C

c T

C WRES = RES/LWT+PHI(T+1) *P(T)*Z(T+1)1 (5
c

C

C STOCHASTIC APPROXIMATION EQUATIONS:

C -

c T

C PL1s11¢T+1)=WT*PL1s11(TI+PHI(T+1) *PHI(T+1) + DELTA 4-%
C

C THETA(T+1)=THETA(T)+RES*PHI(T+1) /PL[1+11(T+1) 7
c T

C WRES = RES/[WT+PHI(T+1) #*PHI(T+1)/P(1.,1)1] 8>
c

C

c

C

C ARGUMENTS =

C = ——me————

C

c UPDATE(P;NPDIM»IPDIM;PHI;ZJTHETA;RESsRvDELTA$WT18A1IVsRKaNEa

c W3+ WRES s ISAMP» IFIRST)

c

C P ~ THE COVARIANCE MATRIXs SIZE (NPDIM*NPDIM) . C(L/0)
C DIMENSIONED C(IPDIMs

c NPDIM - ACTUAL DIMENSION OF Ps ACTUAL NUMBER OF PARAMETERS (1D
C IPDIM - DECLARED FIRST DIMENSION OF P €L
c PHI - VECTOR CONTAINING OLD SIGNAL VALUES CORRESPONDING CI
C TO THE PARAMETERS SIZE (NPDIMD

c Z - VECTOR CONTAINING OLD SIGNAL VALUES FOR THE L
c INSTRUMENTAL VARIABLES SIZE (NPDIM)

c THETA - VECTOR OF PARAMETER ESTIMATES SIZE (NPDIM) CL/0)
c RES - RESIDUAL €I
C R - VECTOR CONTAINING THE DIAGONAL ELEMENTS FROM THE €I
C COVARIANCE MATRIX OF THE PARAMETER NOISE SIZE CNPDIMD
c DELTA - ADJUSTMENT TO IMPROVE STABILITY OF THE ALGORITHM (G
C WT -~ WEIGHTING PARAMETER ()
C SA - LOGICAL VARIABLE STOCHASTIC APPROXIMATION €¢I
C SA=.FALSE. THE PARAMETER VECTOR AND THE COVARIANCE

C MATRIX ARE UPDATED BY USE OF EQUATIONS

C (1)-C4)

C SA=.TRUE THE PARAMETER VECTOR AND THE COVARIANCE

c MATRIX ARE UPDATED BY THE METHOD OF

C STOCHASTIC APPROXIMATION.

C v - LOGICAL VARIABLE INSTRUMENTAL VARIABLES METHOD @
C IV=.FALSE. Z=PHI IN EQUATIONS (1)-(4)
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IV=.TRUE. P AND THETA ARE UPDATED BY USE OF Z
THE INSTRUMENTAL VARIABLES METHOD CAN BE
STARTED-UP BY USING THE LS-METHOD FOR
IFIRST NUMBER OF STEPS.

RK - WORK VECTOR SEE EQ.(3> SIZE (NPDIM)

Wz ~ WORK VECTOR S8IZE (NPDIM)

W3 - WORK VECTOR SIZE (NPDIM)

WRES - WEIGHTED RESIDUAL €0)
1SAMP - SAMPLING TIME (I
IFIRST -~ STARTING TIME FOR THE IV~-METHOD ¢L

CHARACTERISTICS:

LIBRARY SUBROUTINES REQUIRED:
SCAPRO

COO0ONOO0O0000000000000000
i
1
1
I
|
i
I
|
i
i
I
|
|
!
i
i
I

SUBROUTINE UPDATE(PsNPDIM:IPDIMsPHIsZsTHETA:RESsR1yDELTAsWT 15A
* IVsRKsW2sW3sWRESs ISAMP s IFIRST)

C
LOGICAL SAs1IV
DIMENSION PCIPDIMs1)sPHIC1)sZ (1) sTHETACL1) sR1C1) sRKC1) s W2(1) s
* W3
C
IF(8A) GO TO 120
c

Ce#x%%% THE DELTA ADJUSTMENT COMPUTATION: **¥¥%¥
IF(DELTA.LE.O0.0) GO TO 20
DO 10 I=1sNPDIM
10 W3CI)=DELTA*P(Is1)**2/WT
C
Cxxxx%%x UPDATE P-MATRIX *¥#¥*%
20 DO 30 I=1sNPDIM
30 W2C(I)=SCAPRO(PHI(1)s1+sP(1+1)+1sNPDIM)
C
IFC(IV.AND.IFIRST.LT.ISAMP) GO TO 50
c
Cxxx¥%% THE SYMMETRIC CABE *¥¥%%%
GAMMA=WT+SCAPRO(W2(1)>91sPHI(1) s 1sNPDIM)
DO 40 I=1sNPDIM
RK(I)=W2(1)/GAMMA
DO 40 J=1s1
PCIsJo=(P(IlsJ)—RKC(I)*W2C(JII/WT
40 PC(J:I10=P(1lsJ)
G0 TO 70
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CHe 33 3% %
50

460

C

C

CH¥XXH%
70
a0

C

CH ¥4 %

20

C

C

CH %X %%
100
110

c

C
CH®XH¥ %

120

130

THE UNSYMMETRIC CABE #¥%¥%%
GAMMA=WT+SCAPROCWZ (1) +1sZ (1) »1sNPDIM)

DO &0 I=1+NPDIM
RK(I)=8CAPRO(P(I+1)sIPDIMsZ(1)s1sNPDIM)/GAMMA
DO 60 J=1:NPDIM
PCIsJ)=(P(IlsJ)—RKC(II®W2C(JII/WT

THE R1-ADJUSTMENT TO P #¥%x¥¥%
DO 80 I=1.NPDIM
PCIsId)=P(IlsI0+R1C(1I/NWT

THE DELTA-ADJUSTMENT TO P #¥¥#%*
IF(DELTA.LE.O0.0) GO TO 100

DO 90 I=1sNPDIM
PCI+I0=PCIls1)~W3C(1)

UPDATE PARAMETER ESTIMATES #*¥¥¥X¥%
DO 110 I=1:NPDIM
THETA(I)=THETA(L)+RES*RK (1)
WRES=RES/GAMMA

RETURN

STOCHASTIC APPROXIMATION VERSION *¥¥¥%%
VN=SCAPRO(PHI (1) s1sPHI(1)+1sNPDIM)
PC1s1)=WT*P(1,1)+VN+DELTA

DO 130 I=1.NPDIM
THETACI)=THETACI)»+RES*PHI(I)/P(1:1)
WRES=RES/ (WT+VN/P(1+1))

RETURN

END
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000OOO00000000000000000000OO0000000000000000000000000

NAME: STABB NUMBER:

SUBTITLE: STABILITY CHECK

LANGUAGE: STANDARD FORTRAN

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO CHECK THE STABILITY OF THE A AND C POLYNOMIALS
======= (CF. THE MODEL GIVEN BELOW) FOR USE IN RECURSIVE
IDENTIFICATION ALGORITHMS. IF EITHER POLYNOMIAL 1S UNSTABLE
THE PROGRAM REACTS IN ONE OF TWO WAYS:

A) LSPFZIN=.FALSE. THE PARAMETER VECTOR IS ADJUSTED HALFWAY
TOWARDS THE LAST VALUE (OLDTH) AND STABILITY
CHECKED AGAIN. THIS IS REPEATED UNTIL ALL
ZEROES LIE INSIDE THE UNIT CIRCLE.

B) LSPFIN=.TRUE. THE POLYNOMIAL IS FACTORED TO GIVE A

POLYNOMIAL WITH ZEROES INSIDE THE UNIT
CIRCLE BY USING THE SUBROUTINE SPFZIN

THE MODEL USED FOR THE IDENTIFICATION IS:

B 1+C
(1+F I *Y (T) =—m=#U (T—KD) +———%E (T
1+A 14D
-1 -1 -1 -1 -1 -1

WHERE F=F(@ )y A=A(Q s B=B(@ ) D=D(@ )y C=C(@ I (@ 15
THE BACKWARD SHIFT OPERATOR) ARE POLYNOMIALS OF ORDERS NFsNAsNE.
NDsNC AND F(O)=0., ACO)=0 ETC.
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c ARGUMENTS:

C @ —eee————

C STABB(THETAsOLDTHsNsNSTART sNPDIMsLSPFZNyDIFFsW1sW2sW3+sICKs IPDIM:
c * PXsRX)

c

C THETA - VECTOR OF PARAMETER ESTIMATES SIZE(NPDIM) (L/70)
c OLDTH - VECTOR OF OLD PARAMETER ESTIMATES SIZE(NPDIMD (N
c N - VECTOR CONTAINING NUMBER OF PARAMETERS €I
c NC1)=NF

c N{Z2I=NA

c N{3)=NB

C N(4)=ND

c N{5)=NC

c NSTART - VECTOR CONTAINING THE STARTING POINTS OF THE €I
c PARAMETERS IN THETA

c NSTART(1)=1

C NSTART(2)=1+NF

c NSTART (3)=1+NF+NA

c NSTART (4)=1+NF+NA+NB

c NSTART (5)=1+NF+NA+NB+ND

c IPDIM - DECLARED FIRST DIMENSION OF PX AND RX €I
c NPDIM - ACTUAL NUMBER OF PARAMETERS (=DIM. COVM) €1
c LSPFZN - LOGICAL VARIABLE (L)
c DIFF - WORK VECTOR SIZE C(NPDIM)

c W1 - WORK VECTOR SIZE (NPDIM)

C Wz - WORK VECTOR SIZE C(NPDIM)

c W3 - WORK VECTOR SI1ZE (NPDIM)

c PX - WORK MATRIX SIZE C(NPDIM*NPDIM)

c RX - WORK MATRIX SIZE (NPDIM*NPDIM)

c ICK - CONTROL PARAMETER €O
c ICK IS RETURNED ICK=10 IF THE SUBROUTINE HAS

c FAILED TO ADJUST THE THETA VECTOR TO STABILITY.

c IN THAT CASE THETA 1S RETURNED THETA=0LDTH.

c

c - - s - i i et i e e s s s
C

c LIBRARY SUBROUTINES REQUIRED:

c -

C RMOVE INPOL

c NORM SPFIN

c

C— —— - e e e e e e e e e s e e e o e e s e e s o e s e e e e e
c

SUBROUTINE STABB(THETAsOLDTHsNsNSTART
* W2sW3+ICKyIPDIMsPXsRXD

c
LOGICAL LSPFZNsINPOL
C
DIMENSION THETAC1)sOLDTHC(1) sNC1) sNST
DIMENSION W3¢(1)+PXC(IPDIMs1) sRXCIPDIP
c

RMIN=RMACONC1)
TEST=100.%RMIN
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c
10
c
c
c
c
C
c
CHEXHW*
20
30
c
40
c
c
CEREHHH%
50
c
C
&0
C
c
70

ICK=0
S1=1.

DO 10 I=1sNPDIM
DIFFCL)=THETACI)~-OLDTH(ID

DO &0 J=245+3

IF(NCIY LLE.O) GO TO &0
NPAR=N(J)
NST=NSTART (J)
K=NST+NPAR-1

IF(LSPFZN) GO TO 30

ALTERNATIVE A SEE ABOVE #*¥#*¥¥
Wic1ii=1.

CALL RMOVE (THETA(NST)»1:W1(2)s1sNPAR)
IF CINPOL (W1sNPAR3s1.:W2sW3)) GO TO 60
S1=AMAX1(81/2.,TEST)

DO 30 I=1sNPDIM
THETACLI)=THETA(I)~-S1*DIFF (1)

DMAX=0.0

DO 40 I=NSTsK
XX=81%DIFF (1) /THETA(L)
X=ABS (XX

IF(X.GT.DMAX) DMAX=X
CONTINUE

IF(DMAX.LT.TEST) GO TO 70
G0 TO 20

ALTERNATIVE B SEE ABOVE ®*¥%¥%¥#*

Wi(1)=1.

CALL RMOVE (THETA(NSTY »1sW1(2) s 1sNPAR)

IF CINPOL (W1sNPAR»1.sW2sW3)) GO TO 60

CALL SPFZN(W1:W23sCOsNPARSsTEST»ICKs IPDIMsPXsRX)
IF(ICK.E®@.1) GO TO 70

CALL RMOVE (W2(1)s1sTHETA(NST) s 1sNPAR)

CONTINUE
RETURN

CALL RMOVE (OLDTH(1) s1s THETAC1) »1sNPDIM)
ICK=10

RETURN

END
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SUBROUTINE POLMU(P1+P2:NP1sNPZsP)

MULTIPLIES TWO REAL POLYNOMIALS

P1¢1)%S*¥NP1 + P1(2)%#S*%(NP1-1) + ... + P1(NP1+1)
P2 (1) #*5*¥NP2 + P2(2)%S*#(NP2-1) + ... + PZ(NP2+1)

TO FORM THE PRODUCT

PC1)%S%¥NP + P(2)%S*%(NP-1) + ... + P(NP+1) s WHERE NP=NP1+NP2

Pi -
Pz -

NP1
NP2 v

VECTOR CONTAINING COEFFICIENTS FOR POLYNOMIAL %1
SIZE NP1+1s (ID

VECTOR CONTAINING COEFFICIENTS FOR POLYNOMIAL %2,
SIZE NP2+1s (1D

DEGREE OF POLYNOMIAL #1s (I)

DEGREE OF POLYNOMIAL *2s (I)

VECTOR RETURNED CONTAINIG COEFFICIENTS FOR THE
RESULTING POLYNOMIAL» SIZE (NP1+NP2+1)s (0D

SUBROUTINES REGQUIRED:
SCAPRO

AUTHORS ULF BORISSON AND JAN HOLST 1971-03-09
REVISED CLAES KALLSTROM 1972-05-17
REVISED JAN STERNBY 1975-02-17

DIMENSION

NP11=NP1+1
NP12=NP1+2
NP21=NP2+1

P1¢1)sP2C1)sP (1)

NPTVA=NP12+NPZ
NMIN=MINOCNP1sNP2Z)

IF(NMIN.E@.O0> GO TO 150

DO 100 I=1sNMIN
P(1)=8SCAPROC(P1(1)31sP2¢1)s-1+12
P(NPTVA-1)=8CAPRO(P1(NP12~1)»1sP2(NP21)s—-1s1)

CONTINUE

IF(NMIN.E®@.NP1) GO TO 300

DO 200 I=NP21.NP11
PCI)=SCAPRO(P1C(I-NP2)s1sPZ(NPZ1) s—1sNP21)

CONTINUE

RETURN

DO 400 I=NP11.NP21
PCI)=SCAPROCP1(12+1sP2(1)s~1sNP11)

CONTINUE
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RETURN
END

77
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o000 00000000N00000N000000000

@]

10

20

LOGICAL FUNCTION INPOL(AsNsRs WisW2)

TESTS IF ALL ZEROES OF THE REAL POLYNOMIAL
AC1)%Sx*¥N + AC2) *S** (N=-1)+. . . +AN+1D
LIE INSIDE A CIRCLE WITH RADIUS R

AUTHORS® ULF BORISSON AND JAN HOLST 1971-03-09
REVISED TOMAS SCHONTHAL 1976-07-29

REFERENCE: K.J. ASTROM : INTRODUCTION TO STOCHASTIC
CONTROL THEORYs: CHAP.5

INPOL - RETURNED .TRUE. IF ALL ZEROES LIE INSIDE THE
CIRCLE
RETURNED .FALSE. IF AT LEAST ONE ZERO LIES
OUTSIDE OR ON THE CIRCLE

A - VECTOR CONTAINING THE COEFFICIENTS OF THE
POLYNOMIAL SIZE (N+1)

N - DEGREE PF THE POLYNOMIAL

R - RADIUS OF THE CIRCLE

W1 - WORK VECTORs SIZE (N+1)

Wz - WORK VECTORs SIZE (N+1)

NOTE: A ZERO ON THE CIRCLE MAY UNDER SOME CIRCUMSTANCES
CAUSE INPOL TO BE .TRUE. DUE TO THE BINARY REPRESENTATION

SUBROUTINES REQUIRED:
RMOVE

DIMENSION AC1)s W1(1)sW2(1)

NA=N

NN=NA+1

CALL RMOVE(As1s Wils1s NND
RR=R

IF(W1¢1).GE. 0.0) GOTO 5

RR=-RR
W1 (NND=-W1 (NN

DO 10 I=1sNA
J=NN-1I
W1(Jr=W1(J)*RR
RR=RR¥R
CONTINUE

S=W1(NN) /W1(1)
W2(11=W1(1)-5*W1(NND
IF(W2(1) .LE. 0.0) GOTO 70

IF(NA.LE.1) GOTO &0
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DO 50 I=2ZsNA
W2CI)=W1(1)-S*W1{NN-I+1)

50 CONT INUE

c
CALL RMOVE(WZs1s Wis1s NA)
NN=NA
NA=NA-1
GO TO 20

c

60 INPOL=.TRUE.
RETURN

c

70 INPOL=.FALSE.
RETURN

END



80

Subsystem IDHG

O0O00000000000N000000000000000

10

11

NOOO

21

22

SUBROUTINE SPFZIN(BsCsCOsN+EPSsINDsIWsPsR)
THIS SUBROUTINE DETERMINES A POLYNOMIAL
C(Z)= CO*(Z#%N+C(1)%Z#¥%¥(N-1)+...+CCNI)
WITH ZEROES INSIDE THE UNIT CIRCLE SUCH THAT
C(Z)%ClZH)=B(Z)*B{Z)
WHERE
BCZ)=Z%*¥N+B (1) %Z¥* (N-1)+...+B(N)

AND B DENOTES THE RECIPROCIAL POLYNOMIAL
REFERENCE K.J. ASTROM Vv SPECTRAL FACTORIZATION ALGORITHM
AUTHOR K.J. ASTROM 1971-12-29

B - VECTOR CONTAINING COEFFICIENTS OF POLYNOMIAL
TO BE FACTORED. 1T IS ASSUMED THAT LEADING
COEFFICIENT OF B 15 1.

C - VECTOR CONTAINING COEFFICIENTS OF THE FACTORED
POLYNOMIAL AS GIVEN ABOVE. NOTICE THAT
THE COEFFICIENTS ARE NORMALIZED BY CO

CO - COEFFICIENT OF LEADING TERM OF POLYNOMIAL C

N - DEGREE OF POLYNOMIALS B AND C (MAX 13)

EPS~ TEST QUANTITY TO STOP ITERATION OF RICCATI EQUATION

IND- INDICATOR RETURNED AS 1 IF THE ITERATION
DOES NOT CONVERGE RETURNED AS —-NLOOP OTHERWISE

SUBROUTINES REQUIRED
NORM

DIMENSION B(1)+CC(1)
DIMENSION P(IWs1)sR(IWs1D

NLOP=1000
NP1=N+1

DO 10 I=1:NP1
DO 10 J=1sNP1
R(I+»J3=0.0
P(IsJ42=0.0

DO 11 I=1sN
P(Isld=1.
NLOOP=0

MAIN LOOP COMPUTE SOLUTION OF RICCATI EQUATION

RI=1./¢1.+P(121))

NLOOP=NLOOP+1

DO 21 I=1sN

DO 21 J=1sN

R(I+JO)=P(1lsJ)

DO 22 I=1sN

DO 22 J=1sN
PCIsJ)=BCI)*BCJI+R(I+1sJ+1)—(RCI+1,10+B (1) I % (RCJ+141)+B (I I*RI
DO 25 I=1sN
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24

23
28

29

30

DO 25 J=1sN
RCI+JI=P(IsJ)—-RCI+JD

TEST FOR STEADY STATE

CALL NORMCR3sNs IWsRNORM)

CALL NORMCP3sN»IWsPNORM)

IF (RNORM-EPS#PNORM) 24124423
IND=-NLOOP

GO TO 29

IF (NLOOP-NLOP) 20:20,28
IND=1

COMPUTE C

T=1.+P(1s1)

RI=1./T

DO 30 I=1sN
CCI)=(P(I+1s1)+B(1))*RI
CO=8QRT(T)

RETURN

END
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SUBROUTINE NORM(AsNsIA:S)

THE SUBROUTINE COMPUTES THE MINIMAXNORM OF A WHERE
=N*N-MATRIX.
AUTHOR»y K.MORTENSSON 1967-07-31.

A— MATRIX OF ORDER N#*N.

N- ORDER OF THE MATRIX A (NO MAXs MIN 1).
IA- DIMENSION PARAMETER.

S— RESULTING NORM.

SUBROUTINE REQUIRED
NONE

DIMENSION AC1s1)

S=0.

S1=0.

DO 20 J=1.N

R=0.

DO 10 I=1sN
R=R+ABS(A(ILsJ))
CONTINUE

IF(R-81) 20s:20+15
81=R

CONTINUE

51 NOW CONTAINS MAX OVER THE COLUMNS.

DO 40 I=1sN

R=0.

DO 30 J=1sN
R=R+ARS(ACL+J3)
CONTINUE

IF(R-8) 40:40,35
S=R

CONTINUE

S NOW CONTAINS MAX OVER THE ROWS.

IF(5-81) 60:460+:50
8=51

RETURN

END
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NAME: EKF NUMBER:

SUBTITLE: ONE STEP OF A RECURSIVE EKF
———————— IDENTIFICATION ALGORITHM

LANGUAGE: STANDARD FORTRAN

KEYWORDS: RECURSIVE EKF

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-10-12

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO PERFORM ONE STEP OF THE RECURSIVE EKF IDENTIFICATION
======= ALGORITHM ACCORDING TO THE EQUATIONS GIVEN BELOW.

CONSIDER A SINGLE-INPUT: SINGLE-OUTPUT SYSTEM DESCRIBED BY:
X(T+1) = A(TH(T)) * X(T) + B(TH(T)) % UCT=-KD) + K(TH(T)>» * E(T)
YCT) = CCTH(TY) % X(T) + E(T)

WITH THE PARTICULAR PARAMETRIZATION:

ACTH(T)) = FF + (V+K)*TH(T)&H
B(TH(TY) = B

KC(TH(T)) = K

CCTHCTY) = TH(TY& H

WHERE DENOTES THE TRANSPOSED MATRIX AND FFs Vs Ks H AND B
ARE FIXED AND CHOSEN AS :



84

Subsystem I1DHG

I Y(T-1) 1 101 111 101
I H 1 I :1I 101 I =1
1 H 1 I :1 I : 1 I = I
I Y(T-NF) I 101 I =1 I+ 1
I U¢T=-12 1 I 11 <NF+1 1 =1 I =1
I : 1 101 I = 1 I s I
X(T) = 1 H 1 B=1 : 1 K=1 ¢ 1 V=1 & I

1 H 1 1 :1 I : 1 I :1I
I UCT-NBY I 1 =1 101 101
I E(T-1) 1 1 1 I 11 < NF+NR+1 > I-1 1
1 H I I :1 101 101
I H 1 I 1 I =1 I =1
I E(T-NC) 1 101 101 101

I Ossas.0 I I -F(12

I 10....0 I I :

10 H (] u} I NF ROWS I :

1 = H I I H

I 0...010 I I ~F(NF)

b & Ouesas X I B

1 10. w0+ «0 I I H

FF= 1 0 n} H n} I NB ROWS THCTY = 1 H

I : H ) 4 1 H

X n} 010 I I B(NBE)

1 Duweaa0 I I Cd1)

1 10....0 I 1 H

1 0 0 0 : I NC ROWS I H

1 H s 1 1 s

1 0...010 I I  CINC)

H =

-

THIS RESULTS IN THE FOLLOWING ALGORITHM DERIVED FROM THE
MODEL (&.1) AND EQUATIONS (8.18) IN REF. 1.

X(T+1)=(FF+(V+K)*TH(T)}*X(T)+B*U(T—KD)+K*E(T)
ECTY=Y(TI=TH(TI&X(T)

THCT+1)=TH(TI+L(TI*E(T)
LCTI=C[P2(TI&TH(T)+P3(T)*X(T)1/8T
ST=X(T)LPB(T)*XCT)+2*[X(T)LP2(T)LTH(T)3+1
P2(T+i)=FF*P2(T)+V*ETH(T)LP2(T)+X(T)LPB(T)J
P3(T+1)=P3(T)—L(T)*ST*L(T)iDELTA*PB(T)*PB(T)

CF=

C
C
C
c
c
C
C
c
C
c
c
c
c
C
C
c
C
c
c
c
c
c
C
c
C
C
c
c
C
c
C
C
c
c
c
c
c
C
C
c
c
C
C
C
c
C
c
c
c
C
c
c
c Y(T)+F(1)*Y(T—1)+...+F(NF)*Y(T—NF)=B(1)*U(T-1)+...+B(NB)*U(T—NB)
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FECTI+CCAI*ECT=10+. . .+C(NCI*EC(T-NCD

c

C

C ARGUMENTS ®

C _________

c EKF(THsPZsP3sIPDIM;NPDIM;X;YaUsRESsDELTA;N;NSTART!RL;NPBXsNPETHs
c * WL!PX!S!ISDIM!KD’STABCK!LSPFZN’ICK’OLDTH!ND!NZ’NB!N4!RX)

C TH - VECTOR OF PARAMETER ESTIMATES SIZE(NPDIM) (1700
c P2 - COVARIANCE MATRIXs SIZEC(NPDIMsNPDIM) (L/700
C DIMENSIONED (IPDIMs1)

C P3 - COVARIANCE MATRIX» SIZE(NPDIMsNPDIM) (L/0)
C DIMENSIONED (IPDIMs1)

C IPDIM - DECLARED FIRST DIMENSION OF P ()
C NPDIM - ACTUAL DIMENSION OF Ps ACTUAL NUMBER OF €I
C PARAMETERS

C X - STATE VECTOR SIZE(NPDIM) CL/0)
C Y - LAST OUTPUT CF. MODEL 1)
c Y - LAST INPUT CF. MODEL 1)
C RES - RESIDUAL

c DELTA - ADJUSTMENT TO IMPROVE THE STABILITY AND THE (N
C CONVERGENCE RATE OF THE ALGORITHM

C N - VECTOR WITH MODEL/PARAMETER INFORMATION (D
C NSTART - VECTOR WITH PARAMETER INFORMATION (G
C N(1)=NF NSTART (1)=NST1=1

C NC2) NSTART(2) NOT USED

c N(3)=NB NSTART (3)=NST3=1+NF

C N{4) NSTART(4) NOT USED

C N(531=NC NSTART (5)=NST5=1+NF+NB

c 8 - MATRIX CONTAINING OLD SIGNAL VALUES

C 8<{19=) oLD -Y

c S(2+-) NOT USED

c S5(3+-) oLD U

c Slb4a—) NOT USED

C S5(5.,-0 OLD RES

c ISDIM - DECLARED FIRST DIMENSION OF 8 (=35) 1)
C KD

c STABCK
c

C

C

C

c

c

C

c

c

c

c

C

c

C

C

c

c

THE TIME DELAY I

LOGICAL PARAMETER (STABILITY CHECK? 1

.FALSE. NO STABILITY CHECK

. TRUE. THE STABILITY OF THE C-POLYNOMIAL 18
CHECKED. THIS 1S EQUIVALENT TO A

STABILITY CHECK OF THE MATRIX ACTHY-K(TH)*C(TH).

IF THE POLYNOMIAL 1S UNSTABLE THEN THE PARAMETER

VECTOR 18 ADJUSTED HALFWAY TOWARDS THE LAST

VALUE AND STABILITY CHECKED AGAIN.THIS IS REPEATED

UNTIL THE POLYNOMIAL HAS ALL ZEROES INSIDE THE UNIT

CIRCLE. IF THE LOGICAL PARAMETER LSPFZN 1S5 .TRUE.

THEN THE POLYNOMIAL 1S FACTORED TO GIVE A POLYNOMIAL

WITH ZEROES INSIDE THE UNIT CIRCLE BY USING THE

SUBROUTINE SPFZIN.

LSPFZN ~- LOGICAL PARAMETER (SEE STABCK) ()

ICK - CONTROL PARAMETER STABILITY CHECK €O

IF THE SUBROUTINE STABB HAS FAILED TO ADJUST THE

TH-VECTOR TO STABILITY THEN ICK AND TH ARE

RETURNED ¢ ICK=10
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TH=0LDTH

PX - WORK MATRIX SIZE(NPDIMsNPDIM)
RX = DO. DO.
RL - WORK VECTOR SIZE(NPDIMD
WL - DO. DO.
WP3X - DO. DO.
WPZ2TH s DO DO.
OLDTH - DO. DO.
WD - DO. DO.
Wz - DO. DO.
W3 - DO. DO.
W4 - DO. DO.

SUBROUTINES REQUIRED: STABE SCAPRO RMOVE INPOL
—— SPFZIN NORM

REFERENCES :

1. L.LJUNG THE EXTENDED KALMAN FILTER AS A PARAMETER ESTI-
MATOR FOR LINEAR SYSTEMS.REPORT LITH-18Y-I-0134

2. L.LJUNG CONVERGENCE OF AN ADAPTIVE FILTER ALGORITHM

REPORT LITH-18Y-1-0120 }

+ DEPARTMENT OF ELECTRICAL ENGINEERING
LINKOPING UNIVERSITY

R oo s soome B e e e T

SUBROUTINE EKF(TH:P2:P3+IPDIMsNPDIM:sXsYsUsRESsDELTAsNsNSTARTsRL»
% WP3XsWPZTHsWLIPX1SsISDIMsKDsSTABCKsLSPFZNsICKyOLDTH WD s W29 W3 s
* W4aRX)D

OO0 00000000000O0000000000000

DIMENSION TH(1)sPZC(IPDIMs1)+P3C(IPDIMs1) X (1) sNSTARTC(1)sNC1D
DIMENSION RLC1) sWP3X (1) sWP2TH(1) sWL (1) s PXC(IPDIM:1)s8C(ISDIM» 1)
DIMENSION OLDTHC1) sWDC1) sW2C1) s W3C(1) s W4 (1) +sRXCIPDIMs 1)

NP1=NPDIM-1

GOOOO0O0O0

SUBROUTINE EKF

O

LOGICAL SA»IVHLFILTsPRERES:STABCKsLEPFIN

DIMENSION WP3X(10) sWP2TH(10) sWL (102 sNETART(5) sN(5) +RX(10+100
DIMENSION P2¢10+10)sP3(10+,10) X (100 sRLC100+PX(10+10) sW2C102
DIMENSION W3(10)sWD(10) +W4 (10D

COMMON KDUM1 (4353 sMETODs IWRT s IWRT1 s IWRTN s IHAT s IHATNsNSH (52 »
ICKy»ISAMPs IFISTsSA+IVsLFILT s PRERESSTABCKsLSPFZNs ISDIM1 s
ISDIMZIsNF sNASNEBsNDsNCsKDsNPDIM: IPDIMsNST1sNSTZsNSTIsNET4sNSTS
NPS1sNPSZ2s NP1y INVAUSs IANT s IFIGEsNFSTsWV Vs WTO: TS DTsWRES s RLIM»
DELTAsYsWTsRES UsRKJ+SIGMAC(H) sR1C(102 P (104100 + TH(10) »5(5+200 »
PHIC10) sOLDTHC102 sZ (103 sWPSI (100 s TH1( 103 .Z2(20) sFIC100) »

* %k %k k ok
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* Pi(iOsiD)'TK(100),TA(100;2)sTB(1DD;2)1E(2s2)

c
EQUIVALENCE (THi(i),NPBX(i))s(22(1)5NP2TH(1));(ZZ(ii)sNL(i))
EQUIVALENCE (PE(isi),TK(i))v(P3(111}sPi(isi))s(X(i)sPHI(i))
EQUIVALENCE (RL(i)sWPSI(i))9(PX(1!1);F1(1))s(N(i)aNF)
EQUIVALENCE (RXCisi);TA(iyi))9(WZ(i)sTB(ivi)),(w3(1);TB(1v2))
EQUIVALENCE (WDCi)!Z(i))!(W4(1)!TB(ii!l))!(NSTART(i)sNSTi)

c

c

Cxxxx%% COMPUTE RESIDUAL *¥¥¥¥¥
RES=Y~-SCAPRO(TH(12 21X (1) s 1sNPDIM)
IFC(RLIM.GT.0.AND.ABS(RES) .GT.RLIM) RES=S1GN(RLIM,RES)

c
C
Cx¥xx%% P3 SYMMETRIC THEREFORE X&P3 = X&LP3 = (P3%X) *¥%kk%
CH¥* COMPUTE P3%X * ¥
DO 10 I=1.NPDIM

10 NPBX(I)=SCAPRO(P3(Ia1)sIPDIMaX(i)!isNPDIM)
c
c

Crxxk®% COMPUTE PZLTH *¥#E¥x
DO 20 I=1+NPDIM
20 NP2TH(I)=SCAPRO(P2(1;I)511TH(1),1sNPDIM)
C
G
Ceex%%¥% COMPUTE ST AND L(T) *¥¥¥k¥
ST=SCAPRO(WP3X(1)si;X(i)gisNPDIM)+2*SCAPRO(X(1)sisWPZTH(i),1a
*NPDIM)+1
DO 30 I=1.NPDIM
WLCI)=WP2TH(I)+WP3X (1)
30 RLCIV=WLC(L)/ST
C
62
Cex¥x%% COMPUTE TH #x¥¥¥¥
IF(STABRCK) CaALL RMOVE(TH(i)si,OLDTH(i)’1aNPDIM)

C
DO 40 I=1sNPDIM
40 THC¢I)=TH(I)+RL (1) *RES
IF(STABCK) CALL STABB(TH,OLDTHsN,NSTARTvNPDIMvLSPFZN;ND;N#qNE
%3W3sICKs IPDIMsPXsRX)
C
c

Crxxx#% COMPUTE NEW STATE VECTOR X ¥#¥¥¥¥
CALL RMOVE (X (NP1)s=13X(NPDIM)»—~1sNP1)
X(1)=Y
X(NST3)=U
IF(KD.GT.0) X(NST3)=6(3sKD)
X (NST5)=RES
c
c
Ce¥¥x%% UPDATE P2 #¥k#¥¥*
Co¥%® MULTIPLICATION BY F MEANS THAT ALL ROWS ARE MOVED * ¥
Cw¥¥ ONE STEP DOWNWARDS AND ROWS 1sNF+1sNF+NB+1 BECOME ZERO. e
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45

50
CHH XK ¥ ¥
CH%*

&0
c
CH %% %% %
Cx**

70
CHHHeH ¥ %

a0
C
CHI ¥ ¥4 %

90

DO 45 I=1sNP1

KDIM=NPDIM-I+1

DO 45 J=1+NPDIM

PZ(KDIMsJ)=P2(KDIM~14+J)

DO 50 I=1sNPDIM

P2¢1.,1)=0.0

P2Z(NST3+1)=0.0

P2(NST5:1)=0.0

THE MULTIPLICATION V*[TH&PZ + X&P31 = 0 EVERYWHERE %*%%%%#
EXCEPT ROW NF+NB+1 WHICH EQUALS -WL COMPUTED ABOVE * R ¥
DO 60 I=1sNPDIM

PZ(NSTSs1)=—WL(I)

UPDATE P3 #*%%%%¥

COMPUTE DELTA®*P3%P3 * ¥

DO 70 I=1,.NPDIM

DO 70 J=1s1
PX(IsJ)=DELTA*SCAPRO(P3(Is1)aIPDIMsPZ(isJ)siiNPDIM)
PX(Js12=PX(1sJ)

LCT) * ST % LCT)» = WL * RL COMPUTED ABOVE %% %%%%
DO 80 I=1.NPDIM

DO 80 J=1.1

P3C(LsJ)=P3(IsJ)~WL(I)*RL(JI=PXCIsJ)
P3(J+10=P3(1sJ)

COMPUTE A POSTERIORI RESIDUAL #¥%¥¥%¥%

1IF(PRERES) GO TO 90
RES=Y-SCAPROCTH(1)+1:X (1) 2 1sNPDIM)
IFCRLIM.GT.0.AND.ABS(RES) .GT.RLIM) RES=51GN(RLIMsRES)
X (NST5)=RES

RETURN
END
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NAME: KJADMH NUMBER®
SUBTITLE:

KEYWORDS*

AUTHOR: IVAR GUSTAFSSON

REVISED: HALLGRIMUR GUNNARSSON

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-0&6-22
INSTITUTE:

s ssen bet Gms0s eenen 000 Grmse conte e

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

OO000000O000000000000000000000000

SUBROUTINE KJADMH(INKA)

c
c
DIMENSION W1(10) W2(10)sW3¢102 N3
C
COMMON/TIME/T
COMMON KDUM1(455)11801”15ISDIMZ’NFvNAsNB;ND;NC;KD;NPDIMs
% IPDIMsKDUMZ(11) sNFSTsKDUM3C(14)
* DELTA!Y!NT!RES!U!RKJaWOI(b)5R1(1D)sP(iD!iD)vTH(iﬂ),S(Sszﬂ)7
* PHI(iO)sOLDTH(iD)1Z(1D)5NPSI(1D)sTHi(iD);ZE(ZD)sFI(iDD);
* Pi(iD!iU)1TK(1DU)1TA(1DD$2)$TB(1DD!2)!E(252)
c
c
EQUIVALENCE (DLDTH(i)vNi(i))s(Z(i)aWZ(i))’(NPSI(ibsN3(1))
EQUIVALENCE (NC1)sNF)
C
GO TOC(10+210)+ INKA
c

10 TTS=T+1.
CALL FéSTZ(TA!TBsFI!TK!E;NFST’UJYQRES!TTS5NT)



90

Subsystem IDHG

J1=0
DO 30 I=1+3
K1=0
IF(I1.E@.2) Ki=KD
N1=N(I1>
IF(N1.LE.O) GO TO 30
DO 20 J=1sN1
Ji=J1+1
K2=Ki+J
20 PHIC(J1)=8(1:K2)
30 CONTINUE

WOI (4)=Y-SCAPROCPHI(1)s1sTH(1)s1sNPDIM)
IFC(RKJ.LT.0.5) WOI(4)=WOI(4)—-RES

CaLL RTS(PHIiNOI(#)sNT;Ri’DELTAsTHyPsNPDIMsIPDIM;NisWZsNBD

NAB=N(1)+N(2)
NCK=N(3)
IF(NCK.LE.D> RETURN

NOI(1)=Y+SCAPRO(TH(NAB+1)uisS(#;i)sISDIMi’NCK)
NOI(2)=U—SCAPROCTH(NAB+1)qisS(Svi);ISDIMisNCK)
WOI3=SCAPROCTH(NAB+1) s 15Z2(1) s1sNCK)
WOI(3)=RES-WOI3

J1=0
DO 60 1I=4+5
K1=0
IF(1.E@.5) Ki=KD
N1=N(I-3)
IF(N1.LE.O) GO TO &0
DO 50 J=1sN1
Ji=J1+1
K2=K1i+J
50 PHI1(J1)=8(1:K2)
60 CONTINUE

DO 70 I=1sNCK

Ji=J1+1
70 PHI(J4)=22(1)

RE83=NOI(1)—SCAPRO(PHI(1)siaTHi(i)sisNPDIM)+N013
IF(RKJ.LT.0.5) RES3=RES3—-RES

CALL RTS(PHIaRESBsNT;RiaDELTAsTHiyPisNPDIMsIPDIMansWBsWB)

OO0

RETURN
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c

c

c

210 S5(2+1)=U

S(3+1)=RES

c
IF(N¢3).LE.O> RETURN
CALL RMOVE(ZZ2(19)s=1:Z2(20)+-1+1)

C
S(431)=—WOL(1)
S(5+11=W0L (2
Z2¢1)=W01 (3

c

C

C
RETURN

c

END
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OO0 00O000000000

110

SUBROUTINE FASTZ(TA;TBsFIvTKsEsN;UUsYYsRESi1TTK1NT)

PERFORMS EXTENDED LEAST SQUARES IDENTIFICATION OF THE
PARAMETERS OF THE MODEL
Y(T)+A(1)*Y(T—1)+...+A(N)*Y(T—N)=B(1)*U(T-1)+...+

+B (NI *U(T-NI+EC(T)

USING A FAST VERSION.

REF.: MORF:LJUNG: FAST ALGORITHMS FOR RECURSIVE IDENTI-
FICATION

N IS THE ORDER OF THE MODEL /MAX=50/
UU I8 THE LAST INPUT

YY IS THE LAST OUTPUT

RES1: RESIDUAL COMPUTED

TTK 18 THE TIME NORMALIZING FACTOR

SUBROUTINES REQUIRED
INVZ

DIMENSION TA(10012)sTB(iODsZ);FICiDD)sTK(iDD);E(ZvZ)
DIMENSION TC(1002) s TKBAR(102) s RES (2) 2ETA(Z)
DIMENSION EIC2:2)sTEMP(2+2) s TEMPI(252)

N2=2%N
N2ZM=N2-2
NZP=NZ+2

SL=YY

DO 110 I=1sN2Z
SL=SL+TA(Ls1)*FI1 (1)
RES(1)=85L

RES1=8L

SL=-UU

DO 120 I=1.N2
SL=8L+TA(Ls2)*FI1(1)
RES(2)=8L

DO 130 I=1.NZ
DO 130 J=1.2
TACLsJ)=TAC(LsJ)-TK(I)*RES(J)

G=1.
DO 135 I=1sN2
G=G-FLC(I)*TK(I)

DO 140 I=1.2

DO 140 J=1.:2
E(IsJ)=E(IsJ)+(G*RES(I)*RES(J)—E(IaJ))/(TTK+1.)
CALL INVZ(ESEI)

DO 160 I=1+2
SL=0.
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150
160

170
180

185

275

280
285

190

200

210

220

230

240

250

260
270

DO 150 J=1.+2
SL=BL+G*EL(I+J)*RES(J)
TKBAR(I)=8SL/(TTK+1.2

DO 180 I=3:N2ZP
SL=TK(I-2)

DO 170 J=1.:2
SL=SL+TA(I-2:J)*TKBARCJ)
TKBAR(I)=5L

DO 185 I=1.2
ETACIL)=FI(NZM+1)

IF(N2M) 285,285,275

DO 280 I=1sN2ZM
FI(NZ+1-1)=FI(N2-1-1)
FI1{1)=YY

F1(2)=-UU

DO 190 I=1.2

DO 190 J=1sN2
ETACII=ETACI)+TB(J 1I*F1(J)

DO 200 I=1.2

DO 200 J=1.2
TEMP(1+J)=-TKBAR(NZ+1)*ETA(J)
DO 210 I=1.2
TEMP(I+1)=1.+TEMP(Is1)

CALL INVZ(TEMP,TEMPI)

DO 220 I=1sN2

DO 220 J=1.2
TRC(IsJ)=TB(I1+J)~-TKBARCII*ETA(J)

DO 240 I=1.N2

DO 240 J=1.:2

SL=0.

DO 230 K=1,2

SL=SL+TB(I K)*TEMPI(KsJ)

TC(I:J)=8L

DO 250 I=1:N2

DO 250 J=1.2

TBC(IsJI=TC(IsJ)

DO 270 I=14N2

SL=TKBARCI)

DO 260 J=1:2
SL=SL~-TB(IsJ)*TKBAR(NZ2+J)
TK(I)=6L

RETURN
END
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SUBROUTINE INVZ(ESEL)

INVERTS A SECOND ORDER MATRIX

OO0

DIMENSION E(24+2)EI(2+2)

DET=E(1s1)%E(2+2)-E(1+2)*%E(251)
EIC(1:1)=E(2+2)/DET
EIC2:2)=E(1s1)/DET
EIC1:2)=-E(1+s2)/DET
EI(251)=~E(2+1)/DET

RETURN
END
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NAME: RTS NUMBER:

SUBTITLE:

UPDATING ONE STEP OF THE PARAMETER VECTOR AND THE COVARIANCE MA-
TRIX FOR RECURSIVE IDENTIFICATION ALGORITHMS

LANGUAGE: FORTRAN 1V

RECURSIVE IDENTIFICATION

AUTHOR: IVAR GUSTAVSSON
REVISED: H. GUNNARSSON
IMPLEMENTOR: H. GUNNARSSON DATE:1979-12-15

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs: SWEDEN

ACCEPTED: VERSION:

THE COVARIANCE MATRIX UPDATING FORMULA IS
T T 2
PC(N+1)=[P(NI~K(N+1)%FI (N+1)*P(N)+R1 *I-DELTA® (P(NI*1) 1/WT

WHERE

T
KCN+12=P(N)*F I (N+1) / LWT+FI(N+1) *#P(N)*#FIL(N+101
K(N+1)=P(N)*F L (N+1)/ LWT+FI(N+1) *P (NI *FL(N+1D1
AND I IS A UNIT DIAGONAL MATRIX.
THE PARAMETER ESTIMATES ARE UPDATED AS
TN+12=T (NI +K(N+1) *RES

PROGRAM TYPE: SUBROUTINE

P e ]

RTS(FIsRESsWTsR1sDELTAsTsPsNPsIPsW1sW21W3)

0000000000000000000000000000OO00000000000000000000000
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F1 - VECTOR CONTAINING OLD SIGNAL VALUES CORRESFONDING TO
THE PARAMETERSs SIZE (NP)s (I

RES RESIDUALs (I

R1 - VECTOR CONTAINING THE DIAGONAL ELEMENTS OF THE COVARI-
ANCE MATRIX OF THE PARAMETER NOISEs SIZE (NP)s (IO

DELTA - ADJUSTMENT TO IMPROVE THE STABILITY OF THE ALGORITHM.
€I

T - VECTOR OF PARAMETER ESTIMATES: SIZE (NP)» (I1/0D

P - COVARIANCE MATRIXs SIZE (NPsNP)s DIMENSIONED (IPs 2.
(1702

NP - ACTUAL NUMBER OF PARAMETERS. (ID

IP - DECLARED FIRST DIMENSION OF Ps (ID

W1 - WORK VECTORs SIZE (NP)

Wz - WORK VECTORs SIZE (NP)

W3 - WORK VECTORs SIZE (NP)

CHARACTERISTICS:

[} OO0 000000O000000000

C
c
CHH 3% %

10
c
C
CHREHHH%

20

30

40
50

ot saans sosmn souee o sumen - — v e o - cneas 4o s4vts semsn some

SUBROUTINE RTS(FIsRESsWTsR1sDELTAsTsPyNPsIPsW1sW2Z1W3D

DIMENSION FI(1)sR1C¢1)sTC(1)sP(IPs1D
DIMENSION W1(1)2W2(1)sW3(1)

THE DELTA COMPUTATION #*#¥%¥%%
IF(DELTA.LE.O0) GO TO 20

DO 10 I=1sNP
W3CI1)=DELTA*P(I+1)%%2/WT

UPDATING OF THE P-MATRIX #*%¥¥%%
DO 30 I=1sNP
SL=SCAPRO(P(I+1)+IPsFI{1)+1sNP)
W1(I)=6L

W2 (I1)=6L

SL=WT+SCAPROCFIC1)s1sW1(1)s1sNP)

DO 50 I=1sNP

W1CIo=W1C(1) /5L

DO 40 J=1+1
PCIaJi=(PCIlsJ)=W1CI)*W2CIII/WT
P(Js10=P(1sJ)
PCI+1)=P(lsI)+R1CII/WT
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Cxx%*#%x THE DELTA ADJUSTMENT TO P #¥¥exx
IF¢(DELTA.LE.O.) GO TO 70
DO 60 I=13sNP
&0 PCIsI0=PC(ls10—-W3C(L)
C
Cx¥%%%% UPDATING OF THE PARAMETER VECTOR #*#¥¥¥¥
70 DO 80 I=1sNP
80 TCI)=TC(I)+RES*W1(1)

RETURN
END
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0000000O000000000000000000000000000

L]

OO0

NAME: HATFI1 NUMBER:

SUBTITLE:

PROGRAM TYPE: SUBROUTINE

AUTHOR AND

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-D6-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO GET FILE NAMES
TEST THE NAMED FILES FOR PRESENCE ON DISK

p—— — o oo v oo same o soese oos S40us G40 SOS Sooen PGS SEPOS S4PS GHISD SESSS FOSSE 00800 Shie OAISD GOSED GHUTE MRS e Geesn SERSY 0SS e0 Semes Sde

SUBROUTINE HATFI1
LOGICAL LSTOPyMSTOP
DIMENSION FNAMCZ)

COMMON/USER/LSTOP

COMMON LDK1 s LDKZ s KMESS sMSTOP » IDM1(8) s ISIMNs IDM2(4) s FNRS»FNRN»

FNIMsFNST s FNWX s FNWY s IDM3(410) s IHAT s IDM4 (35) s IFIGE

DATA FNAMC(2)/’' BIN'/

IF(IHAT.LT.0.AND.IFIGE.NE.1) RETURN

FILE NAME REF. SYSTEM
CALL FIDENT{’FNRS’ s4H sFNRSs IND1)
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OO0

OO0

10

20

30

40

50

60

70

80

IFC(IND1.E@.O0) GO TO 10
KMESS=40

GO TO 99

FNAM(1)=FNRS

CALL FSTAT(LDK1:FNAMsJ)
IF(J.EQ.-1) GO TO 20
KMESS=35

GO TO 99

FILE NAME REF. NOISE

CALL FIDENT(’FNRN’ s4H s FNRNs IND1)
IFCIND1.E@.0) GO TO 30

KMESS=41

GO0 TO 99

FNAM(1)=FNRN

CALL FSTAT(LDK1sFNAMsJ)
IF¢J.EQ.-1) GO TO 40
KMESS=36

GO TO 99

IF(IFIGE.NE.1.AND.IFIGE.NE.3) GO TO 60

FILE NAME REF/IDENTIFIED SYSTEM/NOISE

CALL FIDENTC’FNIM’ s4H sFNIMs IND1D
IFCIND1.EQ@.O) GO TO 50

KMESS=42

GO TO 99

FNAM(1)=FNIM

CALL FSTAT(LDK1sFNAM:J)
IF(J.E@.0) GO TO 60
KMESS=37

G0 TO 99

IPO=3
IF(IFIGE.LT.2.0R.IFIGE.GT.3) GO TO &0

FILE NAME STATISTCS FILE

IPO=1

CALL FIDENTC(’FNST’ +4H s FNST» IND1D
IFCIND1.E€.O0) GO TO 70

KMESS=43

GO TO 99

FNAM(1)=FNST
CALL FSTAT(LDK1sFNAMsJ)
IF(J.EQ.~1) IPO=2

IFCIHAT.GE.DY CALL FISTARCIPO)
IF(KMESS.GT.1) GO TO 99
RETURN
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OO0

99
100

MSTOP=.TRUE.

LSTOP=.TRUE.

ISIMN=ISIMN-1

CALL DINTC(' ISIMN’ »24H s ISIMNs IND1D
RETURN

END
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c NAME: FISTAR NUMBER:
C e e
C
c LANGUAGE : STANDARD FORTRAN
C  —e——
C
C PROGRAM TYPE: SUBROUTINE
c
c
c AUTHOR AND
C IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22
C  meme————— R
c
c INSTITUTE:
C  meme————
c DEPARTMENT OF AUTOMATIC CONTROL
c LUND INSTITUTE OF TECHNOLOGY SWEDEN
C
c ACCEPTED: VERSION:
B e e
c
c
c - S e e e o e e e e e e e i e
C
C PURPOSE: TO INITIATE WORK FILE
C TO INITIATE STATISTICS FILEs IF NOT PRESENTs OR TO
C TEST ACTUAL PARAMETERS AGAINST PARAMETER LIST IN FILE
C HEAD.
c
c
c coom s sare s I e———— Lttt
C
SUBROUTINE FISTARCIPO)
c
LOGICAL MSTOP
C
DIMENSION FNAM(E)!KOD(iD)aRPAR(Sq)’SPAR(SQD;IPAR(17)sKPAR(i?)
c
COMMON/SIMARG/T14T2
c
c
COMMON LDKiaLDKE;KMESSsMSTOPsIDMi(8)sISIMNsIDMZ(#);FNRS;FNRNs
* FNIM;FNST!FNNX1FNNY;IDM3(306)sHTIsIDM4(1O),PFST,TH0(1D)sPO(iO)s
* THiO(iD)sPiO(iD)’ISTABilPRERvIDMSCQ)’METODaIDMb(B);IHAT;IHATN!
* IDM7(7);IFISTvIDMB(B)vNFsNAsNBqNDsNCsKDvNPDIMsIDM?(?)sINVAUs
* 10”10(2)!NFST!IDM11(4)!NTO!TS!DT!”RES!RLIM’DELTA’Y!NT’RES!U!
* RKJ:WOI(&) R1C1DD
C
DATA FNAM(2)/' BIN‘/sFNUiX/'XHGX'/,FNUZX/’YHGY’/
C
FNWX=FNU1X
FNWY=FNUZX
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10

80

20

IF(IPO.E®.3) GO TO 100

IPAR(1)=(T2-T1)+0.1
IPAR(Z)=NPDIM
IPAR(3)=NPDIM+11
IPAR(4)=METOD
IPAR(5)=NF
IPAR(&6)=NA
IPAR(7)=NB
IPAR(8)=ND
IPAR(?)=NC
IPARC10)=NFST
IPAR(11)=KD
IPAR(12)=IPRER
IPAR(13)=15TAB
IPAR(14)=1IF18T
IPAR(15)=1INVAU
IPAR(16)=1HAT
IPAR(17)=IHATN

RPAR(1)=WTI
RPAR(Z)=WTO
RPAR(3)=DELTA
RPAR(4)=RLIM
RPAR(5)=RKJ
RPAR(6)=PFST
RPAR(7)=DT
RPAR(8)=FNRS
RPAR(?)=FNRN

DO 10 1I=10:19
RPAR(I11=R1(I1-%)
RPARCI+10)=THO(I1-9)
RPAR(I+20)=TH10(1-9)
RPAR(I+30)=PO(I-9)
RPAR(1+40)=P10(1-9)

FNAM(1)=FNGT
IF(IPO.EQ.2) GO TO 80

CALL ENTER(LDK1sFNAM)

WRITECLDK1) (IPARCI)sI=1:17)3(RPAR(J) +J=1459)
CALL CLOSE(LDK1)

G0 TO 100

CALL SEEK(LDK1:FNAM)
READ(LDK1) (KPARCI)sI=1s17)3 (SPAR(J)+J=14359)
cALL CLOSE(LDK1)

DO 90 1I=1.17
IFC(IPARCI) .NE.KPARCI)) GO TO 998
CONT INUE
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95

100

998

EPS=1.E~6

DO 95 I=1:59
IF(RPAR(1)-SPARCI).GT.EPS) GO TO 998
CONTINUE

INITIATE WORK FILE
FNAM (1) =FNWX

KOD(11=-9999%9
KOD(2)=3+2¥NPDIM
KOD(3)=NPDIM

CALL DLETE(LDK1sFNAMsJ)
CALL ENTER(LDK1:FNAM)
WRITEC(LDK1) (KOD(I)sI=1510)
RETURN

KMESS=38
RETURN
END
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NAME: HATF1Z NUMBER®

LANGUAGE: STANDARD FORTRAN

e oo o Goans vmae entes aemes et

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

ot casee o auten senen Geeee € Sesed e GVROS Ment conae oceen sores mone

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY» SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO PERFORM ACCURACY COMPUTATIONS FOR IDHG AND PLACE
THE RESULTS ON FILE (YHGY)
GENERATE A FILE WITH THE IDENTIFIED SYSTEM'S IMPULLSE
RESPONSE

SUBROUTINE HATFI1Z

o) 00000000000000000000000000000

LOGICAL LSTOPsMSTOP

c
DIMENSION F1¢2) 1 F2(2) 1KODC10) s THS (102 » TH1S(10) sRNA(4)
C
COMMON/USER/LSTOP
COMMON/IMPRES/HSR(iDD)9HNR(1DD)1HSI(1DD)sHNl(iDD)
c
COMMON LDKisLDKE’KMESSuMSTOP;IDMi(iB)1FNRS;FNRN’FNIM;FNST»FNWXa
* FNNY;IDM2(410)1IHAT510M3(7)9ISAMP;IDM4(9)1N(5)sKDsNPDIMaIPDIM’
* NSTART(S)sIDM5(5)sIFIGE’NFSTaNVsV;IDM6(254);TH(iO)sIDM7(280)s
*  TH1C1O)
C
DATA F1(2)/’ BIN’/sF2(2)/' BIN’/sBLANK/’ t/
DATA RNA(i}sRNA(Z)iRNA(B)!RNA(4)/'RS’s'IS's’RN’i'IN’/
c
IF (IHAT.LT.0.AND.IFIGE.NE.1)> RETURN
cAaLL CLOSE(LDK1?
C
C
Cxxx#¥% READ REF. IMPULSE RESPONSES ¥*%#¥¥%¥

F1(1)=FNRS
F2{1)=FNRN
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CALL SEEK(LDK1:F1)
READ(LDK1) (KODC(I)sI=1+10)
CALL SEEK(LDKZ.:F2)
READ(LDK2) (KOD(I)s1I=1+10)
DO 10 I=1.100
READ (LDK1,END=%0) HSR(I1)
READ (LDKZ2sEND=50) HNRC(I)
10 CONT INUE

CALL CLOSE(LDK1)
CcALL CLOSE (LDKZ2)

c
IFC(IHAT.LT.0Y GO TO 45

C

Cxxx*%% COMPUTE LOSS FUNCTIONS AND PLACE ON FILE FNWY=YHGY ¥#¥¥¥¥
F1(1)=FNWX
F2(13=FNWY
CALL SEEK(LDK1:F1)
READ(LDK1) (KODC(I):1=15100
CALL DLETE(LDKZsFZsJ)
CALL. ENTER(LDKZsF2)
KOD(Z)=NPDIM+7
KOD(32=NPDIM
WRITE(LDKZ) (KOD(I)sI=1s100

20 READ (LDK1 s END=30) NSAMP!VS!NVS!(THS(I)s1=1!NPDIM)s(THiS(J)vJ=17
* NPDIM)
CALL HATCOM(NsNSTARTsTHS;HSR;HNR;HSIsHNIaVi;VZ;V3sV4)
VS=VS/FLOAT (NSAMP)
WVS=WVES/FLOAT (NSAMP)
WRITE(LDKZ) NSAMP;VS;WVS;(THS(I)sI=1,NPDIM)sV15V2yV31V4
GO TO 20

30 IF (NSAMP.GE.I1SAMP) GO TO 40

CALL HATCOM(N!NSTARTJTH!HSR’HNR!HSI!HN19V1!V2’V31V4)

V8=V /FLOAT (18AMP)

WVS=WV/FLOAT (ISAMP)

WRITE (LDK2) ISAMPsVSsNVSs(TH(I);1=11NPDIM);V1sV2;V3sV4
40 CALL CLOSE(LDK1)

CALL CLOSE (LDKZ2)

CALL DLETE(LDK1:F1sJ)

435 IF(.NOT.(IFIGE.EQ.i.OR.IFIGE.E@.3)) GO TO &0

a0 OO0

x%x%%% GENERATE A FILE CONTAINING REF. AND IDENTIFIED PULSE RESPONSES *
F1¢12=FNIM
CALL ENTER(LDK1:F1)
DO 46 1=1,.10
44 KOD(1)=0
KOD(12=100000
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OO0 [g]

KOD(2)=5
KOD(3)1=1
KOD(10) =4

WRITEC(LDK1) (KOD(I)sI=1,10)

DO 47 I=1:4

106
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47 WRITEC(LDK1) RNACI) sBLANK
CALL HATCOMC(NsNSTART s THsHSRsHNRsHSI sHNIsV1sV2Z3V3sV4)
RT=0.0
Do 50 I=1,100
RT=RT+1.0
50 WRITEC(LDK1) RTsHSR(I)sHSICI) sHNR(I) sHNICL)
CALL CLOSE(LDK1)
&0 RETURN
70 KMESS=40
99 MSTOP=.TRUE.

LSTOP=.TRUE.
RETURN
END
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NAME: HATCOM NUMBER:

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED:® VERSION:

OO0 0000000000000000000

SUBROUT INE HATCOMCNsNSTART s THaHUsHE s HS 1 HNa V1 V24 V39 V4)

c
c NsNSTARTsTH SEE COMMENTS TO IMRES
C HU s HE REFERENCE SYSTEMsNOISE IMPULSE RESPONSES
C HS s HN ACTUAL (TH) SYSTEMsNOISE IMPULSE RESPONSES
c V1sV2sV3sV4 LOSS FUNCTIONS (SEE USER’S GUIDE HGPAC)
c
C
c
DIMENSION HS(1) sHN(1) sHUC1) sHE (1) sNC1) s NSTART (1) s TH(1D
C
C
C
10 ITYP=0
CALL IMRESC(ITYPsNsNSTARTsTHsHS)
ITYP=1
CALL IMRESCITYPsNsNSTARTsTHsHN)
SIGMU=0.
EHUZ2=0.
SIGME=0.
EHEZ2=0.
c

DO 15 I=1.100
SIGU=HS(I)-HUCI)
SIGMU=SIGMU+S1GU**2
EHU2=EHUZ2+HU (L) *#2
SIGE=HN(I)-HEC(I)
SIGME=S1GME+S1GE*#2



108

Subsystem IDHG

15

EHEZ=EHEZ2+HE (1) #%2

Vv1=81GMU
V2=81GMU/EHUZ
V3=81GME
V4=81GME/EHEZ

RETURN
END
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NAME: HATWRT NUMBER:

LANGUAGE: STANDARD FORTRAN

AUTOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

PURPOSE: TO PRINT THE RESULTS OF THE ACCURACY COMPUTATIONS
AND IF IF1GE E®.2 OR 3 PLACE THE RESULTS ON
FILE FNST

AOOO000O0000N00000000000000000000

SUBROUTINE HATWRT

c
LOGICAL MSTOP
c
DIMENSION F1(2)3sF2(2)1KOD(10) sRDUM(1&) s THS(10) » IPARC17) s RPAR(SF)
DIMENSION IX(5)
c
COMMON LDK1sLDKZ s KMESS sMSTOP s IDM1(4) » IDOCs IYEARsMONTH» IDAY
% ISIMN»IDMZ(4)2FNRSsFNRNsFNIMsFNSTsFNWXsFNWY s IDM3 (4100 2 IHAT s
%* IDM4(23) sNPDIM»IDM5(11)sIFIGE
c
DATA F1(2)/’ BIN’/:F2(2)/' BIN’/
c
c
K99=-95999
NPD&=NPDIM+&
IF(IHAT.LT.0) RETURN
IF(IHAT.E®@.0) GO TO 125
IF(IDOC.EQ.2) GO TO 125
c

WRITE(&6310) IYEARsMONTHsIDAY s ISIMN
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10
*

20

30

40
*

50

&0

FORMAT(’iACCURACY'a34XaI4s'-'712,'—’,12534Xa’SIMULATION NO:’ 4
15:5X:' 1%

WRITE(&:20)

FORMAT (11X 5’ #¥%%% k%%’ )

WRITE(6:30)

FORMATC(/ /21X’ 2" 921X+°2°)

WRITE(6+40)

FORMAT(1Xs’V = SUMLHR(IX-HICI>1’ +5Xs’VN = V/SUMIHRC(I)1’ +6X

' I=1,100")

WRITE (62300

FORMATC(//17Xs' 2" 915X+’ 27D

WRITE(6:60)

FORMAT(1X s’ ISAMP’ s6X s’ ELRES 1’ 48X+ ELWRES 17 39X’ VISYS1’ s 10Xy’ VN

*#[SYS1’ 28X+’ VINOISE]' 18X+’ VNINOISEL’ )

70
*

100

110

120

125

130

150

160

WRITE(6370)

FORMAT (1X s’ o e e e e e o
+ + - N - —t )

F1(1)=FNWY

CALL SEEK(LDK1+F1)
READ(LDK1) (KODCI)sI=1,10)

READ (LDK1,END=120) NSAMP,VSvNVSs(THS(I)vI=1sNPDIM)sVivV25V3aV4
WRITE(63110) NSAMPsVSiWVE:V1sV2sV3sV4

FORMAT(1Xs15+6¢’ I *3G13.629° 1°D

G0 TO 100

CaLL CLOSE (LDK1)

IFCIFIGE.LT.2.0R.IFIGE.GT.3) GO TO 200

F2(1)=FNWX

F1(1)=FNST

CALL SEEK(LDKZ:F1)

READ (LDK2) C(IPARCI)sI=1:17)3(RPAR(J)1J=1+39)
CALL ENTERC(LDK1+F2)

WRITE(LDK1) (IPARCI) sI=1317) s (RPARC(J) +J=1+39)

READ(LDKZ+END=150) (IXCI) »I=145) s (RDUMCJ) s J=1yNPDE)
WRITE(LDK1) CIXCI) sI=135) s (RDUMCJ) 9 J=11NPD&D
GO TO 130

CALL CLOSE (LDK2)

CALL DLETE(LDKZsF1sJ2

F1C(1)=FNWY

CALL SEEK(LDKZ:F1)

READ (LDK2) (KODCI)»I=1+10)

WRITEC(LDK1) K??aISIMNaIYEAR’MONTHvIDAYv(RDUM(I)!I=15NP06)

READ (LDK2 s END=180) NSAMP sV WV s CTHS (1) » I=1sNPDIM) s V14V2 V3 V4
WRITE (LDK1) NSAMP;(IX(J);J=15435(THS(I);I=1;NPDIM)’szVaV1$V2»

*V3:V4
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180

190

200

GO TO 160
CALL CLOSE (LDK1)
CALL CLOSE (LDK2)

F1(1)=FNST

CALL RENAM(LDK1:F2sF1sJ)
IF(J.EQ.-1) GO TO 200
KMESS=40

MSTOP=.TRUE.

RETURN

F2(1)=FNWY

CALL DLETE(LDK1»FZsJ)
IF¢J.EQ.0) GO TO 190
RETURN

END
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NAME: STAWRT MUMBER:

SUBTITLE:

ooron somee sasee smten aseee sones e dmn

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

coene asmen sem0e Saten aumme Seeet Sonen Sume S s e W3ene

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY» SWEDEN

ACCEPTED: VERSION:

o000 000000000000000

SUBROUTINE STAWRT(ISAMPsTHsOLDTH:NPDIM)
DIMENSION THC(1).0LDTH(1)
WRITE(&6:10) I1SAMP
10 FORMAT¢' STAWRT I1SAMP=’sl6s’ F OR C POL NOT STABLEsOLDTH USED' )
RETURN
END
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NAME : WRTHG NUMBER:

SUBTITLE: PRINT-OUT DURING SIMULATION

PROGRAM TYPE: SUBROUTINE

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL

————————— LUND INSTITUTE OF TECHNOLOGY» SWEDEN

ACCEPTED: VERSION:

Q 000000000000000000000000

C
*
*
*
*
*
*
c
C
c
CHHH K ¥ %
10
20
25
C
C
CHREHH K%
30

1978-06~22

SUBROUTINE WRTHG

LOGICAL SAsIVsLFILTsPRERES:STABCKsLSPFIN
DIMENSION TEE(5»10)sN(3)

COMMON KDUM1(435)sMETOD;INRT!INRTi!INRTN!IHAT!IHATN!NSH(S)!

ICK;ISAMPsIFIST,SA,IV;LFILTsPRERES;STABCKsLSPFZNqISDIMia

ISDIMZ!NFINA1NB!ND!NC!KDJNPDIM9IPDIM’NSTi!NSTE!NST31N8T4!NST57

NPSi!NPSE’NPi!INVAU’IDM359IFIGE!NFSTJWV!V!NT01T55

DTsWRESsRLIM:

DELTA!YQWT!RES!U!RKJ!NOI(b],Rifiﬂ)!P(iDsiU)’TH(10)75(5!ZD)i

PHI(iO)sOLDTHCiD)12(10);NPSI(10);TH1(1D)sZZ(?D)sFI(iDD)s

P1¢10+10) s TKC100) » TAC100+2) s TB (10052 sE(292)

EQUIVALENCE (FIC1)sTEE(1512) s (NFsNC1))

WRITE ISAMP — TH — (TH1) ¥*¥¥¥¥¥

WRITE(&:10) ISAMP

FORMAT(//' O1SAMP:’ +15)

WRITE(6+20) (THC(I)s»I=1:NPDIM)

FORMAT (' TH:' /(1X+8G14.6))

IF(METOD.E®.&) WRITE(&125) (TH1(I)sI=1sNPDIMD
FORMAT(’ TF:'/(1Xs8G14.6))

IFCIWRT.E®.1) RETURN

WRITE Y — U — RES — WRES — WT  #¥¥¥x¥
WRITE(L»30) YsUsRESIWRESsWT

FORMAT (3H Y:s614.6v5X92HU=sGi4.615Xs4HRES=;Gi4.6sSXv5HNRES

HEECR L.
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*#5X s ZHWT 1 G146

c

C

CHHede e % %
40
50
70
71

c
72

C
73

c
74
75

c

c

CHHe W XX
&80

c
20

c
100

c
102
105

c

c

CHX e %
110
130

c

IFC(IWRT.E®@.2) RETURN

WRITE P - ( P1 - TA — E ) #¥¥&¥¥k*
WRITE(&:40)

FORMAT (10H P-MATRIX:)

DO 70 I=1+NPDIM

WRITE(6+530) (P(LsK)sK=1sNPDIM)
FORMAT(1X+8G14.6)

CONTINUE

IF(METOD.NE.&Y GO TO 75
WRITE(&s71)

FORMAT(11H P1-MATRIX:)

DO 72 I=1sNPDIM
WRITE(&950) (P1(IsK)sK=1sNPDIM)
CONTINUE

WRITE(&373)

FORMAT (' TA:')

NZ2=2#NFST

WRITE(&H950) (TA(2%#I-1:1)sI=1.NFET)
WRITE(6:50) (TA(Z2%I1:1)sI=1sNFST)

WRITE(A174) EC(131)9EC1s2)sE(291)E(242)
FORMAT(’ E:’/1X12G14.6/1X12G14.6)
IF(IWRT.E®.3) RETURN

WRITE PHI — WPSI — Z — (FI) #*%¥¥*%
WRITE(&:80) (PHICI)sI=1sNPDIM)
FORMAT(’ PHI:'/(1X:8G14.6))

WRITE(6:90) (WPSICI):I=1sNPDIM)
FORMAT(’ PSI:'/(1X:8G14.46))

WRITE(&:100) (Z(I1)»I=1sNPDIM)
FORMAT(’ Z:'/(1X:8G14.6))

IF(METOD.NE.&) GO TO 105
WRITEC(&Ls102) (FICI)aI=1sN2)
FORMAT(’' FI:’/(1X»8G14.6))
IF(IWRT.EQ@.4) RETURN

WRITE 8 — (Z2) *¥%¥¥*
WRITE(6:1102

FORMAT(’ S-MATRIX:')

DO 130 I=1,15DIM1
WRITE(6:50) (8C(IsJ)sd=1+20)
CONTINUVE
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c
c

C¥% 3 3% % % %

c

132
135

140

160

170

IF(METOD.NE.&) GO TO 135
WRITE(&:132) (Z2(I1)s1=1+20)
FORMAT(’ Z2:'/(1X:8G14.6))
IF(IWRT.E®.5) RETURN

WRITE TEE = (TK) #¥¥¥¥%¥
WRITE(&s1400

FORMAT(’ TEE-MATRIX:’)

DO 160 I=1.18DIM1

WRITE(6+50) (TEE(IsK) sK=1+10)
CONTINUE

IF(METOD.NE.&}) RETURN
WRITE(6:170) (TKC(I)»I=1sN2)
FORMAT ¢’ TK:’/(1X:18G14.6))
RETURN

END
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OO0 00000000NaO0000O000

O

a0

NAME : WREKF NUMBER:

SUBTITLE: PRINT-OUT DURING SIMULATION

LANGUAGE: STANDARD FORTRAN

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06~22

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

10
20

* %k k %k %k %k

SUBROUTINE WREKF

LOGICAL SAsIVsLFILT:PRERES 18TABCKLSPFIN
DIMENSION NC(53 sNSTART(5) sWP3X (100 sWP2THC100 »WL €102
DIMENSION P2(10:10)sP3¢10:10)sX(10)sRLC10)4PX (105100

COMMON KDUM1(435) yMETOD s IWRT s IWRT 13 IWRTN s IHAT s IHATN s NSH(3) »
ICKs ISAMPs IFISTs8A IVsLFILTsPRERES sSTABCKsLBPFZNsISDIM1»
ISDIMZ s NF sNANBsNDsNCyKDsNPDIM: IPDIMsNST1sNETZINSTIsNST4INSTS +
NPS1sNPSZs NP1 INVAU» IDM353 IFIGE sNFSTsWV Vi WTOs TSs DT WRES s RLIM»
DELTA:YsWTsRESsUsRKJsWOI (&) sR1C10) sPC10+100 s TH(10) 185,200 »
PHIC10) sOLDTHCL0) 9 Z (100 sWPSI (1025 TH1¢10),Z22(20)-FIC100)»
P1¢10+10) » TKC100) s TAC100+2) s TB (1004 2) s E(2+2)

EQUIVALENCE (TH1¢1) sWP3XC(1))3¢(Z2¢1) sWP2TH(1)) s (Z2¢11)sWL (1))
EQUIVALENCE (P2(1+1) s TK(1)) s (P3(191)sP1(141)) s (X(1)sPHIC1))
EQUIVALENCE (RLC12sWPSIC(1))s(PX(1s124FIC12)

EQUIVALENCE (NC1)sNF) s (NSTART(1)sNET1)

DATA A1:AZ:A3+A4/' ISAMP’ 5’ TH:' o' P3-MA' +' P2-MA' /
DATA AS:A&LIA71AB/' PX-MA’ 5’8 —-MA’ s’ TRIX:' ' X3’/
DATA A9:A105A11+A12/7° WP3X 2’ s ' WP2TH’ s’ WLz’ s’ RLE'/
DATA A13:A14+A15/°Ys’ s’ UL’ ' REB:’/

FORMAT(//1XsA5:13)
FORMAT(1XsA5/ (1X18G14.6))
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30
40
50
c
c
¢
CHHNE®
-
c
C ¥ % 3% 9% % ¥
c
c
C 3% 3% %% %
55
60
c
c
C w334 % %%
¢
c
C ¥ %% H%%
70
c
c
C %3634 % % %
80

FORMAT (1X s 2A35)
FORMAT (1X+8G14.6)
FORMAT(1X13(AS4X+G14.6))

WRITE ISAMP — TH ##*%¥¥%¥
WRITE(&:10) A1l:ISAMP

WRITE(6:20) A2y (TH(I)»I=1+NPDIM)
IF(IWRT.EQ@.12> RETURN

WRITE Y — U — RES #*¥%¥%¥¥
WRITE(6+50) A13:Y3A14:UsA15RES
IFC(IWRT.E®@.2) RETURN

WRITE P3 — P2 #%¥¥¥¥
WRITE(&:30) A3+:A7

DO 55 I=1sNPDIM

WRITE(L:40) (P3(IsK) +K=1sNPDIM)
WRITE(6:30) A41A7

DO 60 I=1+NPDIM

WRITE(bs40) (P2Z(I1+K)sK=1sNPDIM)
IFCIWRT.E®.3) RETURN

WRITE X — RL #¥¥¥¥%

WRITEC(L120) A8: (X(I)sI=1sNPDIM)
WRITE(L:20) A1Zs (RLCI)sI=1sNPDIM)
IFCIWRT.EGQ.4) RETURN

WRITE & %*%%%%#*

WRITE(6:30) A&1AT7

Do 70 I=1.1SDIM1
WRITE(L140) (8C(I1sJ)J=1:20)
IF(IWRT.E®@.5) RETURN

WRITE WP3X — WP2TH — WL — PX ®*#%¥%%
WRITE(6s20) APy (WP3X(I)sI=1sNPDIM)
WRITE(b6320) A10s (WP2TH(I) s I=1sNPDIM)
WRITE(H:20) A11s (WLCI) s I=1sNPDIM
WRITE(&6:30) AS+A7

DO 80 I=1sNPDIM

WRITE(b340) (PX(IsK)sK=1sNPDIM)
RETURN

END
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NAME: DOCID NUMBER:

eonee sonne Gason seaee s ssen smo s st s

SUBTITLE: DOCUMENTATION OF PARAMETERS
———————— FOR THE SUBSYSTEM IDHG

LANGUAGE ¢ STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-D6-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

OO0O000000000000000000000000

SUBROUTINE DOCID

o)

LOGICAL MSTOP:SA»IVLFILTsPRERESSTABCKsLSPFZIN
DIMENSION A(7)

COMMON IDM1(2) +KMESSsMSTOP s INHG» ISYSH» IDHsLINESs IDOCs IYEAR
MONTHs IDAY s ISIMN» IDM2¢4) sFNRSsFNRNsFNIMsFNST s IDM3 (3107 s WTI»
IDM4¢10) s PFST s THOC10) s POC10) s TH10(10) s P10(10) s ISTAB s IPRER
IDMS(4) sMETOD» IWRT s IWRT1 s IWRTNs IHAT s IHATN s NSH(3) »

ICKs ISAMPs IFIST18A» IV LFILTsPRERESsSTABCK:LEPFZNsISDIM1»
ISDIM2sNF sNAsNBsNDsNC1KDsNPDIMy IPDIMsNSTLsNSTZINSTIINST4INETS
NPS1sNPS2sNP1s INVAU IDM35+ IFIGE sNFSTsWVs Vs WTO» TS DT WRES s RLIM»
DELTAsYsWTsRES UsRKJsWOI (&) sR1¢10)sP 105100 s TH(10) +8(54+200 »
PHI(10) sOLDTHC10) 9 ZC10) sWPSI (100 s TH1C10) 2 Z2(20) sFI (1000 »
P1¢10+10) s TK(100) s TAC100+2) s TEBC(100+2) »E(Z52)

¥ %k %k %k % %k %k %k ¥k

DATA AC1)/'LIP' /73AC2)/'CMA’ /1AC3) /' LIP' /1AC4) /' CMA’ /4ACS) /7 IV /
DATA ACA)/'KJADM’ /sAC7)/EKF' /1B1/°8A’ /4B2/' '/

B=B2
IF(METOD.LE.2) B=B1
IFC(INHG.E®.1.0R.ISYSH.EQ@.1) GO TO 115
WRITE(6:10) ISIMN
10 FORMAT ¢’ 1DOCUMENTATION’ s35Xs’ SIMU. NO:’'»111D
WRITE(&6s20) IYEARIsMONTHsIDAY
20 FORMAT ¢ ®*x%%¥%%¥%%%%%’ +35X+’ DATE ISt =t 912y =0 912D
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115
180

40

190

200

210

220

230

240

250

260

270

280

290

300

310
320

325

3246

330

340

LINES=2

WRITE(6:180)

FORMAT(//' SYSTEM IDHG:')

WRITE(&:40)

FORMAT(? ~=timmmmmmm e .

WRITE(6s190) METODsA(METOD) »B

FORMAT (' IDENTIFICATION METHOD:’' sI1Zs2X1A5:2X3A5)
WRITE(&»200) NF»IPRERsIWRT

FORMATC(/’ NA =! y19+9Xs? IPRER=’ 319:9X s’ IWRT ='+1%)
WRITE(&:210) NA:IFIST»IWRT1

FORMAT(’ NF = 319s9Xs’ IFIST=’ 1 199X+’ IWRT 1=’ +19)
WRITE(&6:220) NBsISTABs IWRTN

FORMAT(’ NB =! 3 19y9X s’ ISTAB=' 1 199X+’ IWRTN="'+19)
WRITE(&6:230) ND»INVAUs IHAT

FORMAT(’ ND =' 3 19+9X s’ INVAU=' s 19:9X ' IHAT ='+19)
WRITE(&5240) NCsIHATN

FORMAT (' NC =’ 319+33Xs’ IHATN="' 219

WRITE(6:250) KDsNFSTsIFIGE

FORMATC(’ KD =' y19+9X s’ NFET =’ 119+9Xs’ IFIGE=' 419
WRITE(&:260) WTIsPFSTsFNRS

FORMAT(/’ WTI ='3G13.6:5Xs’' PFBT =’ 3G13.615Xs'FNRS =! 94X3A5)
WRITE(6:270) WTOsRKJsFNRN

FORMAT (' WTO =’ :G13.6s5Xs’'RKJ ='1G13.615Xs’FNRN =’ 14X +A5)

WRITE(6+280) RLIMsFNIM

FORMAT(’ RLIM =’ 3G13.6+29Xs’'FNIM =’ 34X1A35)

WRITE(&:290> DELTAsDTsFNST

FORMAT(’ DELTA='1G13.633X+’'DT =! 3G13.635X1 ' FNST =’ 44X1A5/)

DO 320 I=1.NPDIM

IFCI.LT.10) WRITE(6:300) IsTHC(I)sIsTHOCI)sIsPOCL)

FORMATC’ TH(' +I1s’) ='+G13.693Xs’ THOC 21147) = 3G13.623Xs’ POC’
I1+7) ='3613.&)

IFC(I.GE.10) WRITE(6:310) IsTHC(I)sI,THOC(IYsI»POCL)

FORMATC' THC’ 112970 =’ 3G13.693Xs’ THOC 5125’ )="1G13.693Xs’ POL" s
I24) ='3G13.6)

CONTINUE

WRITE(&6:323)

FORMAT (1XD

LINES=LINES+18+NPDIM+1

IF(METOD.NE.&) GO TO 360

IF (64—-LINES.GT.NPDIM) GO TO 326

WRITE(&6:10) ISIMN

WRITE(&:370)

LINES=1

DO 350 I=1,NPDIM

IFCI.LT.10) WRITE(6:330) IsTH1(I)sIsTH10(I2sIsP10CI)

FORMATC’ TH1C(' 2I14’) =’ 3G13.633Xs’ TFOC' s11+7) = 3G13.613Xs’' P10’
s11+7) =’ +G13.6)

IF(I.GE.10) WRITE(6:340) IsTH1(I>sIsTH10C(I)sIsP10CI)

FORMATC(’ TH1(’' 212+’ )=' 4G13.633Xs’ TFOC(' +12s' =! 3G13.693Xs’ P10OC" »
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350

360

370
380
320

400
410

I12s' 0=’ 4G13.6)
CONTINUE
WRITE(&+325)
LINES=LINES+NPDIM+1

IF (b64~L.INES.GT.NPDIM) GO TO 380
WRITE(6:10) ISIMN

WRITE(&65370)

FORMAT ¢’ +’ s15X+’ (CONT)* /)

DO 410 I=1.NPDIM

IFCI.LT.10) WRITE(6:390) IsR1(ID
FORMATC(’ R1(’ 119’3 ='3G13.6)
IF(I.GE.10) WRITE(6:400) I-R1C(ID
FORMAT(’ R1(’+12+') ='1G13.6)
CONTINUE

RETURN
END
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NAME: IDMESS NUMBER:

SUBTITLE: ERROR MESSAGES WHEN SIMULATIONS HAVE TO BE STOPPED

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

oanen sosen cmase Gnwte souse wonse Seass oosse Gsee

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY» SWEDEN

ACCEPTED: VERSION:

o conen cosee raee qases souie G000s saase conen men mees cneen besee sasen s

00000000000000000000000000000

SUBROUTINE IDMESS

c
LOGICAL MSTOP
c
COMMON IDM1(2) yKMESSsMSTOPs IDM2(13) sFNRSsFNRNsFNIMsFNST
g
DATA FN1sFNZsFN3sFN4/’ FNRS’ s/ FNRN’ 5/ FNIM’ 5’ FNST’ /
c
c
IF (KMESS.LE.23.0R.KMESS.GT.43) RETURN
c
c
LU=9
MSTOP=.FALSE.
c
WRITE (LU»3000)
3000 FORMAT(’ SYSTEM IDHG’)
¢
IDMES=KMESS-22
c
c

Go TO (1s24!25126127s28!29530531s32;33934!35;36!37038!39540541s
* 42+43) 3 1DMES
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C
1 WRITE(LU-101)
G0 TO 100
24 WRITE(LUs124)
G0 TO 100
25 WRITE(LUs125)
G0 TO 100
26 WRITEC(LUs126)
G0 TO 100
27 WRITEC(LUs127)
GO TO 100
28 WRITE(LU»128)
G0 TO 100
29 WRITEC(LU+129)
G0 TO 100
30 WRITE(LUs1300
G0 TO 100
31 WRITEC(LUs131)
G0 TO 100
32 WRITEC(LU»132)
G0 TO 100
33 WRITE(LU»133)
GO TO 100
34 WRITE(LUs134)
GO0 TO 100
35 WRITE(LU+135) FNRS
G0 TO 100
3é6 WRITE(LUs135) FNRN
GO TO 100
37 WRITE(LU»137) FNIM
GO TO 100
38 WRITE(LUs138) FNST
G0 TO 100
39 WRITEC(LU»139)
G0 TO 100
40 WRITE(LUs140) FN1
G0 TO 100
41 WRITE(LUs140) FN2
G0 TO 100
42 WRITE(LUs140) FN3
G0 TO 100
43 WRITE(LUs140) FN4
GO TO 100
100 RETURN
C
c
101 FORMAT(¢’' HVERNIG TOKST DETTA%-% FEL I PROGRAM#-%*')
c
C

124 FORMAT(’ PAR METOD MUST BE IN THE RANGE (1+7)')
125 FORMAT ¢’ NAsNFsNBsNDsNC MUST ALL BE GREATER OR EQUAL TO ZEROQ’)
126 FORMAT(’ PARAMETERS NB+KD MUST BE LESS THAN 20’')
127 FORMAT ¢’ NPDIM=NA+NF+NB+ND+NC TOO LARGE:MUST BE LESS THAN 10’7
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128
*
129
130
*
131
132
133
134
135
137
*
138

FORMAT ('’

IV IDENTIFIES ONLY THE A AND B POLYNOMIALS. THEREFORE

MUST NF=ND=NC=0')

FORMAT (’
FORMAT C’
' NF AND
FORMAT ¢’
FORMATC’
FORMAT ¢’
FORMAT (¢’
FORMAT ¢’
FORMAT ('

THE DEPOSIT OF THE GLOBAL VARIABLE ISIMN FAILED’?
EKF IDENTIFIES ONLY THE A.B AND C POLYNOMIALS’/

ND MUST BE ZERO’)

IPRER MUST BE EQUAL TO ZERO OR 1')

PAR ISTAB MUST BE EQUAL TO ZERO s1 OR 2')

1F PAR IFIGE .GT. 1 THEN PAR IHAT MUST BE .GE.O')
PAR KD NEG.MUST BE GREATER OR EQUAL TO ZERO')

FILE '1A5s’ NOT FOUND’?D

THE FILE ’+ASs’ IS PRESENT ON DISK’/’ DELETEd CHANGE'

s' THE NAME OR ASSIGN A NEW NAME TO FNIM’)

FORMAT ('’

THE FILE ’3AS%:’ REFERS TO SIMULATIONS WITH OTHER

* PARAMETERS THAN THOSE PRESENT’/' ASSIGN A NEW NAME TO #NST OR
* CHANGE PARAMETERS’)

139
140

FORMAT ('’

PAR IFIGE MUST BE 0s1.,2 OR 3')

FORMAT(1XsA5s' IS UNDEFINED’)

END
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NAME: AUXIL NUMBER:

SUBTITLE: AUXILIARY SUBSYSTEM TO INCLUDE THE SUBROUTINES
———————— GENHG»SIMHGsFILCON AND STAT IN HGPAC

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:®

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

SUBROUTINES REQUIRED: GENHG POZEMU DPMPY SIMHG WRRESU
SIMH FILCON STAT AUMESS
LIBRARY: MCNODI ‘

REF. H. GUNNARSSON: RECURSIVE IDENTIFICATION USING A GENERAL
MODEL STRUCTURE. A PROGRAM PACKAGE AND
SIMULATIONS.

0000000000000000000000000000000000000000

SUBROUTINE AUXIL

c
LOGICAL LSTOP MBTOP
COMMON/DESTIN/IDUMs IPART
COMMON/USER/LSTOP
c
COMMON IDM1¢2) sKMESS sMSTOP s INHG s ISYSH» IDH» IDM2(2483) »
* KODD(11) sR5UB
c
GO TO (1123314354617 28) s IPART
c

Cowxux® IDENTIFICATION *¥¥¥¥
1 CALL IDENT(SHDISCRsSHAUXIL)
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INHG=0
ISYSH=0
IDH=0
RETURN
C
c

Crxxu%% DECLARATIONS *¥¥¥¥k¥
2 CALL PAR(CRSUB4HIBUB)
CALL PARCDTs4HDT
CALL TSAMP(TS:4HTS

RETURN
CH*¥%%% CONSTANT ASSIGNMENT **%¥%¥
3 RSUB=0.
DT=1.0
RETURN
c
C

Cxuddd® INITIAL #¥xxx®
& KMESS8=1
MSTOP=.FALSE.
IF C(INHG.E®.1.0R.ISYSH.EQ@.1.0R.IDH.EQ@. 1) GO TO 99
ISUB=RSUB+0.1
IFC(ISUR.LT.1.0R.ISUB.GT.5) GO TO 98

C
c
GO TOC(41342:43144:45) 418U
C
41 CALL GENHG
GO TO 49
C
42 CALL SIMHG(KODD»SNRsFNINsFNUT3sNCOL)
IF(NCOL.LT.0) GO TO 49
CALL SIMH(KODD:SNRsFNINsFNUTsNCOL)
IF(KMESS.GT.1) GO TO 100
GO TO 49
c
43 CALL STAT
GO TO 49
C
b4 CALL FILCON
GO TO 49
C
45 CALL WRRESU
GO TO 49
C
49 LSTOP=.TRUE.
RETURN
C
c
3 LSTOP=.TRUE.
RETURN
c

& TS=T+DT
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RETURN
c
7 RETURN
c
c
8 IF(MSTOP) CALL AUMESS
RETURN
c

98 KMESS=54
G0 TO 100
99 KMESS=53
100 MSTOP=.TRUE.
LSTOP=.TRUE.
RETURN
END
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NAME : GENHG NUMBER:

SUBTITLE: PROGRAM FOR GENERATION OF IMPULSE
———————— RESPONSES TO BE USED FOR SIMULATION.

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY»s SWEDEN

ACCEPTED: VERSION:

SUBROUTINES REGQUIRED: POZEMU DPMPY

00000000000000000000000000000000000000

a0

*
C
CH3 %33 %
C¥*
Cx¥*
c
c

SUBROUTINE GENHG

LOGICAL MSTOP
DOUBLE PRECISION AsBsCsEsGs51+52
DIMENSION FNAM(2)

COMMON LDKisLDKZ;KMESSmMSTOPaIDMi(531)sA(3)9B(30)vC(3U)sE(BU)s

UC130) s Y (1300 2 IFIH(10) 1G+51+52

THE PROGRAM USES A PART OF THE BLANK COMMON AREA IN HGPAC #®%3%¥&¥%)
THE VECTOR A STARTS IN THE FIRST CELL USED BY THE COVARIANCE %3

MATRIX P IN SUBSYSTEM IDHG. SEE HGCOM.

%4
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c

C 3% 9% % 3% 3% %

Ce%

c

c

c

€3 3 3% 3% % %

10
20

30

40

CH®
CH¥*
Cx¥

c

c
c

CH %% %% ¥

50

&0

70

&80

90
100

105

* %k %k %

DATA FNAM(2)/' BIN '/sTYPO/'ONE '/sTYP1/’'NO ' /+8T/'STOP '/
DATA TEX1/’'POLE '/sTEX2/'ZERO '/s1ALTM/ 764000/

DATA YES/'Y */3sRNO/’N '/ +BLANK/'’ t/

READ TYP=ONE OR NO j TYP=ONE MEANS ONE TIME DELAY IN THE %*#%¥¥xx
NUMERATORs TYP=NO MEANS NO DELAY3: IF TYP=STOP i STOP *k
IMAX=30

WRITE(?:20) IALTM

FORMAT(//’ PROGRAM GENHG: GENERATION OF IMPULSE RESPONSES'//
' TYP=8TOP ¢ STOP'/

' TYP=ONE : ONE TIME DELAY IN THE NUMERATOR’/

POTYP=NO : NO TIME DELAY'//

tOTYP= ' 5A1)

ITYP=-99

READ(8,30) TYP

FORMAT (A4)
IF(TYP.EQ.TYPO) ITYP=0
IF(TYP.EQ.TYP1) 1ITYP=1
IF(TYP.E®@.8T) GO TO 310
IFC(ITYP.EQ.-99) GO TO 10

WRITE(&:40) TYP
FORMAT ¢’ 1PROGRAM GENHG:’ 164X+’ 1’ //1XsA4’ TIME DELAY')

CALL POZEMU(BsAsCyIB»IMAXsTEX1)
CALL POZEMU(EsA3sCsIEs IMAXsTEXZ)

DENOMINATOR AND NUMERATOR POLYNOMIALS ARE NOW COMPUTED. *¥¥x¥¥
IF TYP=ONE COMPUTE STEADY STATE GAIN G AND DIVIDE THE * %
NUMERATOR COEFFICIENTS BY G TO GET A TRANSFER FUNCTION WITH ¥**
STEADY STATE GAIN EQUAL TO 1. * %

IFC(ITYP.E@.1) GO TO <0
S1=0.

DO &0 I=1s1BE
S1=81+B (1>

s2=0.

DO 70 I=1s1E
82=82+E(1)

G=82/81

DO 80 I=i1s1E
EC(I)=ECI)/G

WRITE DENOMINATOR AND NUMERATOR POLYNOMIALS #¥¥¥¥¥%
WRITE(6»100)

FORMAT(/’ NUMERATOR POLYNOMIAL:’)

WRITE(&6:105) (EC(I)I=1+1E)

FORMAT(5D15.6)
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WRITE(6+110)
110 FORMAT(/’ DENOMINATOR POLYNOMIAL:')
WRITE(6:105) (BC(I)»I=1,+1IB)
c
Crxxxd® INITIALIZATION *#k¥¥¥
Do 120 I=1,130
Uclo=0.
120 Y{I)>=0.
U(31r=1.
C
Cxxxkx® COMPUTATION OF THE FIRST 100 IMPULSE RESPONSE COEFFICIENTS. %*¥¥%
C
IBM1=1B~-1
DO 150 I=31,130
Y(I)>=0.
DO 130 J=1,1BM1
130 YCII)=YC(I)~B(J+1)*Y (I-J)
DO 140 J=141E
140 YCI)=YC(I)+ECJ3#UCI-J+ITYP)
150 CONTINUE

C
c
Cxxx¥x%% WRITE THE COEFFICIENTS *¥%¥¥¥
WRITE(6:1602
160 FORMAT(/’ IMPULSE RESPONSE COEFFICIENTS:')
DO 180 I=0+24
K=1+75
WRITE(L+170) (JsY(J+31)sJ=1:K+25)
170 FORMATC(4(1XsI12+1XsG14.6+1XD)
180 CONTINUE
c
c

Cxxxx%% GET FILE NAME AND WRITE THE COEFF. ONTO THE FILE #%%%%%
190 WRITE(%,200) IALTM
200 FORMAT(//’' FILE NAME FOR COEFFICIENTS OF IMPULSE RESPONSE:' /
%' IF FILE NAME=STOP THEN NO FILE 1S GENERATED'//’ FILE NAME='s+A1)
210 READ(8+220) FN
220 FORMAT (A3
IF(FN.E@.5T) GO TO 10
po 215 I=1,10
215 IFIH(I)=0
IFIH(1)=100000
IFIH(2)=2
IFIH(3)=1
IFIH(10) =1
FNAM(1)=FN
CALL FSTAT(LDK1:FNAMsJ)
IF(J.E@.~-1) GO TO 260
230 WRITE(6:240) FN
240 FORMAT(/’ FILE NAME:'sA5/)
CALL ENTER(LDK1sFNAMD
WRITECLDK1) C(IFIHC(I)»I=14+10)
WRITE(LDK1) TYPsBLANK



130

Subsystem AUXIL

RT=0.0

DO 250 I=31,130

RT=RT+1.0

WRITECLDK1) RTsY (L)
250 CONTINUE

c

CALL CLOSE(LDK1)
c

G0 TO 10
C

260 WRITE(9:270) FNsIALTM
270 FORMATC(’ A FILE NAMED ’:ASs’ I8 PRESENT ON DISK '/
% * DO YOU WANT IT DELETED #-%Q TYPE Y OR N (YES OR NO) ‘A1)
READ(8,280) YN
280 FORMAT (A1)
IF(YN.EQ.YES) GO TO 230
IF(YN.E@.RNO) GO TO 290
G0 TO 260
290 WRITE(9:300) IALTM
300 FORMAT(’ CHOOSE ANOTHER NAME ='sA1)
G0 TO 210

310 RETURN
END
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NAME: POZEMU NUMBER =

B amsos aaes oume smass oo swsne

SUBTITLE: READS AND MULTIPLIES ROOTS (POLES OR
———————— ZEROCES) TO GIVE THE POLYNOMIAL.

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

- e oo ans. e s s o oo s S dut oosen Somes o Gate Sesee S SH0SS ot e Seten Smed

SUBROUTINES REQUIRED: DPMPY

OO0 O000000000000N0N000000000000000000

SUBROUTINE POZEMU(XsYsZsIXsIMAXsTEX)

c

DOUBLE PRECISION XsYsZ
C

DIMENSION X(1),Y(1)+Z(1)
C

DATA ST/’'STOP '/sRR/’R '/+CC/'C "/ IALTM/ 764000/
c
c

IX=1

Y(ly=1.

X(1)=1.

sNeReR e

*%#%%% READ TYPE OF POLE OR ZEROQO #¥¥¥¥¥%
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10
20
*

30
40

50

c
C
CHed3 %% %

&0
70

&80

90

C
c
CH¥HH* %

100
110

120

130

c
c
CHEXR* %

140

150

160
170

WRITE(?:20) TEXsTEXsTEXsTEX

FORMAT(//' READ '+A4s’'G2’ /' T=8TOP & NO MORE ’'+A4+'8'/

' T=R : A REAL 'sA4/° T=C : COMPLEX ' sA4+°G'/)

WRITE(?:40) IALTM
FORMATC(/’ T= ':A1)
READ(8:50) T

FORMAT (A4)

K=0

IF(T.EQ.ST) RETURN
IF(T.EQ.RR) GO TO &0
IF(T.E®.CC) GO TO 100
GO TO 10

REAL POLE OR ZERQ #*¥%%¥¥¥
WRITE(?,70) TEXsIALTM

FORMAT(’ REAL ' A4’ = '3A1)
READ(8.,80) Y2

FORMAT(F10.6)

Y(2)=-Y2

WRITE(6:90) TEXsYZ2

FORMAT(’ REAL '1A4:5Xs’=’F8.5)
K=1

GO TO 140

COMPLEX POLES OR ZEROES #¥¥¥¥¥
WRITE(?:110) IALTM

FORMAT(’ REAL PART = '3A1)
READ(8,80) Y2

WRITE(?,120) IALTM

FORMAT(’ IMAGINARY PART = ’'sA1)

READ(8,80) Y3

Y(2)=—2.%Y2

Y(3)=Y2*Y2+YI*Y3

WRITE(6:130) TEXsY2:Y3

FORMAT(® COMPLEX ’'3A4+’'8S ='3F8.5+' +/—'3F8.5)
K=2

MULTIPLICATION *#¥%#¥*%

CALL DPMPY(Z+IZsYsK+19XsIX)
IX=1Z

DO 150 I=1.1Z

XCI)=ZC(1)

IFC(IX.EQ.IMAX) GO TO 160
GO TO 30

WRITE(?:170) TEX

FORMAT (’ ARRAY LIMITS REACHEDs NO MORE '+A4+’S POSSIBLE’)

RETURN
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END
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NAME: DPMPY NUMBER:

SUBTITLE: MULTIPLIES TWO REAL POLYNOMIALS
———————— IN DOUBLE PRECISION.

LANGUAGE: STANDARD FORTRAN

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

OO0 000000000000000000000

a0 0

O

10

20

30

40
50

SUBROUTINE DPMPY(ZsIDIMZsXsIDIMXsYsIDIMYD

DOUBLE PRECISION ZsXsY

DIMENSION Z(1)+X(1)sY (1)

IFCIDIMX*IDIMY) 10:10+20
IDIMZ=0
GO TO 50

IDIMZ=IDIMX+1IDIMY-1
DO 30 I=1.1IDIMZ
Z(I)=0.

DO 40 I=1+1IDIMX

DO 40 J=1+IDIMY
K=I+J-1
ZCKO=XC(I1)*¥Y (JI+Z (KD
RETURN

END
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NAME: SIMHG NUMBER:

SUBTITLE: SIMULATION USING IMPULSE RESPONSE MODEL

LANGUAGE: STANDARD FORTRAN

oo s omntn st sumen beeen Seven S0VSD Sumen Semes St Sewe

DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

P vt s senss seves Sesen 40008 s www SHese Suren Sesee P — o oo an soses susme oo etsse saves

SUBROUTINE SIMHG(KODDsSNRsFNINsFNUTsNCOL)

] 000000000000000000000000000000
-
=
o
r
m
=
m
zZ
—
o
s
I
P>
T
r
n!
e
-
=
<
b o)
Gl
C
=
4
>
pe)
13}
]
O
=z

LOGICAL MSTOP

]

DIMENSION FNAM(2)sKODDC(11)

COMMON LDK1sLDKZ;KMESS;MSTOPsIDMi(531)sZU(iDD),ZE(ion)sKODciﬂ)1
* ZC(4)

DATA FNAM(2)>/' BIN’/3sIALTM/ 764000/

WRITE(Z.10)
10 FORMAT(’ PROGRAM SIMHG’//’ PROGRAM FOR SIMULATION’ »
* ! USING IMPULSE RESPONSE MODEL’ /)
C
c
Cxx¥¥%% READ FILE NAME FOR COEFFICIENTS OF SYSTEM IMPULSE RESPONGSE . ¥¥%#¥%
Cxx*x%% READ COEFFICIENTS %*¥¥¥¥¥
20 WRITE(9.:30) IALTM
30 FORMAT¢(’® FILE NAME FOR COEFFICIENTS OF SYSTEM IMPULSE RESPONSE'/
# * FILE NAME = '1A1)
READ(8+40) F1
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40

50

C 33 3% %% %
C6 3% 3% 3% % 3%

60
*

70

c
C
CH¥H %% %

&80

c
c
CH®®N¥%

90
100

110

120

c
CHHH %% %
125
130

FORMAT (AS)

FNAM(1)=F1

CALL FSTAT(LDK1sFNAMsJ)

IF(J.EQ.0) GO TO 290

CALL SEEK(LDK1,FNAM)

READ (LDK1sEND=310) (KOD(I)s+I=1+10)
DO 50 I=1+100

READ (LDK1+END=310) Z (1)

ZUCIy=Z (1)

CALL CLOSE(LDK1)

READ FILE NAME FOR COEFFICIENTS OF NOISE IMPULSE RESPONSE . %%%%%%
READ COEFFICIENTS %*¥%¥%¥%%%
WRITE(9:60) IALTM

FORMAT(/’ FILE NAME FOR COEFFICIENTS OF NOISE IMPULSE RESPONSE'/
' FILE NAME = 'sA1)

READ(8+40) F2

FNAM(1)=F2

CALL FSTAT(LDK1sFNAMsJ)

IF(J.EQ.O) GO TO 290

CALL SEEK(LDK1sFNAM)

READ (LDK1sEND=310) (ROD(I)+I=1,10)
DO 70 1I=1+100

READ (LDK1sEND=310) Z (1)

ZECI)=Z (1)

CALL CLOSE(LDK1)

READ FILE NAME WITH THE INPUT DATA #*x¥x¥%*%
WRITE(?:80) IALTM

FORMATC(/' FILE NAME WITH INPUT DATA = 'sAl)
READ(8s40) FNIN

FNAM(1)=FNIN

CALL FSTAT(LDK1sFNAMsJ)

IF(J.EQ.O) GO TO 290

CALL SEEK(LDK1:FNAM)

READ(LDR1) (KODCI)sI=1,10)
IF(KOD(1).LT.2101) GO TO 310

CALL CLOSE(L.DK1)

READ NCOL INPUT #*%%%¥%

WRITE(?:100) FNINsIALTM

FORMAT(/’ COLUMN NR. OF INPUT DATA IN’' A&/’ NCOL= ’'s41)
READ(8+110) NCOL

FORMAT(IZ)

IF(NCOL.LE.KODC2) .AND.NCOL.GT.0) GO TO 123
WRITE(9s120)

FORMAT (' BAD VALUE FOR NCOL’)

G0 TO 90

READ STARTING VALUE(S) FOR THE NOISE GENERATOR %*%¥%¥¥
IK=1
WRITE(9s140) IALTM
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140 FORMAT(/’ ODD NUMBER FOR THE NOISE GENERATOR:'/
% ' ONE NUMBER FOR EACH SIMULATION: AND A NEGATIVE NUMBER '
* ' TO STOP'// KODD = 'sAl)
READ(8,150) KODDI
150 FORMAT (IS
KODD (IK)=KODDI
IF(KODDI.LE.O) GO TO 180
IFCMODCKODDI2) .EQ.1) GO TO 170
WRITE(?+1602
160 FORMAT ¢’ KODD MUST BE AN ODD NUMBER’)
G0 TO 130
170 IK=1IK+1
IFCIK.LT.11) GO TO 130
KODD(11)=-1
C
C
Crxax%% READ SIGNAL TO NOISE RATIO ¥*¥¥¥¥*
180 WRITE(9:190) IALTM
190 FORMAT(/’ DESIRED SIGNAL TO NOISE RATIO’/’ SNR= ’+A1)
READ(8,200) SNR
200 FORMAT(F10.4&)
IF(SNR.LE.O> GO TO 180
Cxx¥¥%% READ FILE NAME FOR THE GENERATED DATA *¥¥¥#*
210 WRITE(9s220) IALTHM
220 FORMAT (/' FILE NAME FOR THE GENERATED DATA = ’'31A1)
READ(8:40) FNUT
C
C
Co¥%¥%%® PRINT-OUT #¥%%¥%¥%
WRITE(&510)
WRITE(6s230) F1lsF2
230 FORMAT(’ FILE NAME SYSTEM RESPONSE : '1A5/
* * FILE NAME NOISE RESPONSE @ ' sAD)

c
WRITE(&6:240) FNINsNCOL
240 FORMAT(¢’® FILE NAME INPUT DATA i ' 9AS/
* * COLUMN NR. INPUT FILE LI B A~
c

WRITE(&6:250) FNUT
250 FORMAT(/’ FILE NAME GENERATED DATA : 'sA5/
* 21Xs°COL  1: INPUT SIGNAL’')

IK=2
260 WRITE(&:270) IKsKODDCIK-1)
270 FORMAT (21X s’ COL *+1I2:' % QUTPUT SIGNAL’ +5Xs'KODD ='+16)

IK=IK+1
IF(KODDC(IK-1).LE.O) GO TO 275
G0 TO 260
C
275 WRITE(6:280) SNR
280 FORMAT(’ SIGNAL TO NOISE RATIO t 'aF8.4)
RETURN
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C
Crxxxk¥ ERROR MESSAGES #*#%#%%
290 WRITE(?:300) FNAM(1)
300 FORMATC(’ FILE '+A3s’ NOT FOUND’)
NCOL=-%
RETURN

310 CALL CLOSE (LDK1)
WRITE(9:320) FNAM(1)

320 FORMATC(’ FILE '+A3s’ WRONG SIZE’)
NCOL=-%
RETURN

END
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NAME: SIMH NUMBER:

SUBTITLE: SIMULATION USING IMPULSE RESPONSE MODEL.
———————— CF. PROGRAM SIMHG.

LANGUAGE : STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

o conen cenen wbes sontm enes e GHees Ganen SHOOD oven S8eRS

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE: 1978-06-22

DEPARTMENT OF AUTOMATIC CONTROL
LUND INSTITUTE OF TECHNOLOGY: SWEDEN

ACCEPTED: VERSION:

SUBROUTINE SIMHC(KODDsSNRsFNINsFNUTsNCOL)

(9 OO0 00000N00N00000000000000

LOGICAL MSTOP
DIMENSION FINCEZ) sFUT(2) sFW1(2) s FWZ(2) yFW3(2) sKODD (11D

COMMON LDKisLDKZsKMESS;MSTOP;IDM1(9);LDKB!IDMZ(SZi);ZU(iDD)s
* ZE(iUD)!KOD(iD)92(4)5EA(110)!UA(iiD)!21(4)!N(30)

DATA FINCZ) sFUT(2) sFW1(2) sFWZ(2) sFW3(2) /5%’ BIN’/
DATA FWi(i)/’XHGX'/vFNZ(i)/'YHGY‘/st3(1)/'ZHGZ’/

FINC1)=FNIN
FUT(1)=FNUT
IK=1
10 IKODD=KODD (IK)
IFC(IKODD.LE.O) RETURN
CALL SEEK(LDK1,FIN)
READ (LDK1sEND=200) (KOD(I)sI=1+10)
KOD(1)=2001
KOD(2)=3
KOD(4)=50
CALL ENTER(LDKZsFW1)
WRITE(LDKZ) (KODCI)»I=1+10)
C
Cr¥kxe¥x SIMULATION LOOP *¥¥¥¥¥
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SUMY=0.
SUMYZ2=0.
SUME=0.
SUMEZ=0.

DO 40 I=1,2101

CALL MCNODIC(IKODDED

READ (L.DK1+END=200) (Z(J1)+J1=1sNCOLD
EA(1)=E

UAC1=Z (NCOLD

IFC(I.LE.100) GO TO 30
YU=SCAPROC(ZU(1) s1,UAC(1)s1+100)0
YE=SCAPRO(ZE(1)s1sEA(1) 51,1000

30 CALL RMOVE (UA(?9):-1:UAC100) »~1499)
CALL RMOVE(EA(99)3s-1:EA(100) +-1+99)

IFC(I.LE.100) GO TO 40
Z(1)=UAC(1)
Z2(2)=YU
Z2(3)=YE
SUMY=8UMY+YU
SUMY2Z=8UMY2+YU%*Z
SUME=SUME+YE
SUMEZ=8SUMEZ+YE**2
WRITEC(LDKZ) (Z(J2)sJ2=1+3)
40 CONTINUE

CALL CLOSE(LDK1)
CALL CLOSE(LDKZ)

Cc

c

Cexxkux COMPUTE SKHAL %¥#3%%%%
VARY=8UMY2/2000-8UMY#*%2/2001/2000
VARE=SUMEZ/2000-SUME*%*2/2001/2000
SKAL=5QRT (VARY/VARE/SNR)

c

c

Cx%*%%% COMPUTE OUTPUT SIGNAL»s PLACE ON FILE FWz *¥¥x¥¥
CALL SEEK(LDK1+FW1)
READ (LLDK1sEND=200) (KOD(I)+I=1,100
ROD(1>=2001
KOD(2)=2
KOD(4)=50
CALL ENTER(LDKZsFW2)
WRITEC(LDKZ) (KOD(I1)s:I=1+10)

45 READ(LDK1+END=50) (Z(J4)sJb=143)
Z1C¢12=2Z (1)
Z1(2)=2(2)+5KAL*Z (3)
WRITECLDKZ) (Z1(J3):J3=1+2)
GO TO 45
50 CONTINUE
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CALL CLOSE(LDK1)
CALL CLOSE(L.DKZ)
CALL DLETE(LDK1sFW1+J)
c
c
Cx%x%*%%% TRANSFER OUTPUT SIGNAL TO FUT *¥%¥%%
IFC(IK.GT.1) GO TO &0
CALL RENAMCLDK1sFWZ FUTsJ)
GO TO 80

&0 CALL SEEK(LDK1+FUT)
READ(L.DK1) (KODC(I)sI=1,10)
K=KOD(2)

Ki=K+1

KOD(2) =K1

CALL SEEK(LDKZ FW2)

READ (L.DKZ)

CALL ENTER(LDK3sFW3)
WRITECLDK3) (KODCI) s I=1+100

&5 READ (LDK1+END=70) (W{J)sJ=1+K)
READ(LDK2) RINsRUT
W{K1)=RUT
WRITEC(LDK3) (W(J)sJ=1+K1)
GO TO 65

70 CALL CLOSE(LDK1)
CALL CLOSE(L.DKZ)
CALL CLOSE(LDK3)

CALL DLETEC(LDK1sFW2Z2sJ)
CALL DLETE(LDK1+FUTsJ)
CALL RENAM(LDK1+FW3:FUTsJ)

80 IK=IK+1
GO TO 10

700 KMESS=51
MSTOP=.TRUE.
CALL CLOSE (L.DK1)
CALL CLOSE (LDKZ)
CALL CLOSE (LDK3)
RETURN
END
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NAME: FILCON NUMBER®

SUBTITLE: CONVERSION OF SIMNON-GENERATED DATA
———————— FILES TO IDPAC COMPATIBLE FILES.

LANGUAGE ¢ STANDARD FORTRAN

D

IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

OOO000000000000000000000000000

C
c
c
c
c
c
CHH R NN %
10
*
20
c
CHH% % % %
30
40

SUBROUTINE FILCON
DIMENSION FNINCZ) sFNUTC(2) sFNW(2)
COMMON LDK1sLDKZsIDMC1293) 1T CL10) s UNAMCZ) s RTDAT (500 s WTDAT (500

DATA STANZsFNINCZ)Y sFNUT(2) sFNW(2) s IALTM/* STOP’ +3%' BIN’ » 764000/
DATA RJA/’YES' /sFNW({1)/’ GHGR’ /

START ®*%#¥%¥%

EPS=1.E~-6

WRITE(9+10)

FORMAT(//’ PROGRAM FILCON:’/

* INPUT FILE NAME=STOP = STOP’/’ PRESS RETURN’)
READ (8, 20)

FORMAT (1X)

INPUT FILE-NAME ¥*%%%%%
WRITE(?+40) IALTM

FORMAT (/’ INPUT FILE NAME='31A1)
READ(8+50) FNINC1)
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50 FORMAT (A3)
IF(FNINC1) .EQ.STANZ) RETURN
CALL FSTAT(LDK1+FNINsJ)
IF(J.EQ.—-1) GO TO 70
WRITE(?:60) FNINC1)

&0 FORMAT(’ FILE ’'+ASs’ NOT FOUND’)
G0 TO 30

70 CALL SEEK(LDK1sFNIND
READCLDK1)Y (ITCJ)sJ=1+100
Cre*¥®® QUTPUT FILE NAME *®%¥¥%¥
WRITE(?:80) IALTM
80 FORMATC(/’ OUTPUT FILE NAME=’ A1)
READ(8:50) FNUT(1)
C
Coxx¥¥®% SAMPLE INTERVAL #¥%¥#¥%
WRITE(?+920) IALTM
20 FORMAT(/’ SAMPLE INTERVAL=’3sA1)
READ(8,100) DT
100 FORMAT(F10. &>
C
Cxxx%%% WRITE FILE HEAD AND VARIABLES IN INPUT-FILE #*¥#¥%¥
WRITE(Zs120) IT
120 FORMAT ¢/’ INPUT FILE HEAD:'/1X.1016&)

I=ITC10)
NVAR=I1+1
c
WRITE(?,130)
130 FORMAT (' VARIABLES IN INPUT FILE:')
DO 150 J=1+1
READ(LDK1)> VNAMC1) s VNAM(Z)
WRITE(9s1402 VNAM(1) s VNAM(2Z)
140 FORMATC(1X1A5312X31A3)
150 CONTINUE
c
Cx%x¥%% COUNT DATA RECORDS» GET START TIME *¥%*¥%
NV=0
READ(LDK1sEND=170) (RTDAT(J) sJ=1sNVAR)
NV=1
T1=RTDAT (1)
160 READ (LDK1+sEND=170)
NV=NV+1
GO TO 160
C
170 CALL CLOSE (LDK1)
WRITE(9:180) NV
180 FORMATC’ NUMBER OF DATA RECORDS IN INPUT FILE:’s16)
c

Cex%%%% DELETE TIME COLUMN OR NOT #*¥#¥&#x
WRITE(9:185) IALTM
185 FORMAT(/’ DELETE TIME COLUMN *-%0 ’sA1)
K&V=1
READ(8:50) SVAR
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IF (S8VAR.EQ.RJA) KBV=2
NUVAR=NVAR-KSV+1

c
c
c
Crxxx%x CONVERSION TO IDPAC FORMAT #*%%#¥*
CALL SEEK(LDK1+FNIN)
READ(LDK1)

DO 190 J=1,1
190 READ (LLDK1)

ITC1)=NV

ITC10)=0

IT(2)=NUVAR

DX=DT/0.02

ITC(4)=IF1IXCDX)

CALL ENTER(LDKZsFNUT)
WRITE(LDKZ2) (IT(KK) sKK=1510)

NE=0

Crexdx® FIND T (=RTDATC(1)) = T4 *exkxx*
200 IF(ABS(T1-RTDAT(122.LT.EPS) GO TO 210
READ(LDK1+END=220) (RTDAT(J) sJ=1sNVAR)
G0 TO 200
c
Cex¥xx® FIND LAST T = T1 AND THEN WRITE WTDAT ONTO OUTPUT FILE *%%¥%%
210 CALL RMOVE(RTDAT(1)251sWTDAT (1) 51 3NVAR)
READ(LDK1sEND=215) (RTDAT(J) sJ=1sNVAR)
IFCABS(T1-RTDAT (1)) .LT.EPS) GO TO 210
WRITECLDKZ) (WTDATC(J) + J=KSVsNVAR)

T1=T1+DT
NS=NS+1
GO TO 200
c
215 WRITEC(LDKZ) (WTDATC(J) ¢+ J=KEViNVAR)
NS=NS+1
c

220 CALL CLOSE(LDK1)
CALL CLOSE(LDKZ)

c
c
CALL SEEK(LDK1+FNUT)
READC(LDK1) (ITC(J)sJ=1:10)
ITC12=NS
CALL ENTER(LDKZsFNW)
WRITEC(LDKZ) (ITCJ)sJ=14+10)
C

230 READ(LDR1sEND=240) (RTDAT(J)+J=1sNUVAR)
WRITEC(LDKZ) (RTDAT(J)sJ=1+NUVAR)
GO TO 230

240 CALL CLOSE (LDK1)
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CALL CLOSE (LDK2)
CALL DLETE(LDK1+sFNUTsJ)
CALL RENAMCLDK1sFNWsFNUTsJ)

WRITE(9:250) IALTM
250 FORMAT (/' DO YOU WANT THE INPUT-FILE DELETED *-% : 'sA1)
READ(8:50) SVAR
IF(SVAR.EQ@.RJA) CALL DLETECLDK1sFNINsJ)
GO TO 30

END
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NAME: STAT NUMBER:

SUBTITLE:

COMPUTATION OF MEANS AND STANDARD DEVIATIONS
OF IDENTIFICATION RESULTS FROM IDHG.

LANGUAGE : STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

REYWORDS:

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

OOOO0O0O00000000O00000000O000000000000g00000

SUBROUTINE STAT

c
DIMENSION LPOL(5)sFNAM{Z2) sN(5) sKVF (&)
c
COMMON LDK1:LDKZsIDMC1293) s THC10) 2+ SUMC16) s BUMKV (161 s8T (160 5
* RMEAN(16)sRDEV(16) s IPAR(17) sRPAR(S59)
c
EQUIVALENCE (IPAR(3)sN(1))
c
DATA FNAM(2)/' BIN’ /+1ALTM/ 764000/ +STANZ/’STOP * /sLPOL(5)/°C"/
DATA LPOL (1) sLPOLC2) sLPOL(3)sLPOLC(4LY/ A s’F?5’B?s° D’/
DATA KVF (1) sKVF (2)sRKVF (3D sKVF(4)/'E ' 2'WE’ 3’8 * 4’ REB’/
DATA KVF(5) sKVF(&1/’'N *s’RN’/
c
c
c
Crxd¥x¥® STARTs GET FILE NAME *%%¥%¥%

10 WRITE(7:20)
20 FORMAT(//’ PROGRAM STAT:’//' IF FILE NAME = STOP : 8TOP '/
* ' PRESS RETURN')



147

Subsystem AUXIL

READ (8, 30)
30 FORMAT (1X)
40 WRITE(9:50) IALTM
30 FORMAT(//’ FILE NAME = ’'+A1)
READ(8:60) FNAMC1)
&0 FORMAT (AS)
IF(FNAM(1) .EQ.STANZ> RETURN
CALL FSTAT(LDK1sFNAMsJ)
IF(J.E@.~-1) GO TOQ 80
WRITE(?:70) FNAMC(1)
70 FORMAT(’ FILE ’'+A5s’ NOT FOUND’)
GO TO 40
c
Cxxxd¥e WRITE OUTPUT PAGE HEAD *%%%%%
&80 WRITE(6:20)

{0 FORMAT ¢’ 1SUBROUTINE STAT:’ +35Xs’1'/' == —— e
WRITE(6.100)

100 FORMAT (19X s’ 2’ 119X’ 2" 326X+'2’)
WRITE(62110)

110 FORMAT¢? V=SUMILHRC(ID)~HICI)1’ s5X+*VR=V/BUMIHR(III’ +3Xs’ (I=1
*9100) 7 +5X ¢+’ VE=E[LRES 1°’)
WRITE (651200
120 FORMATC(/11Xs° 2"
WRITE (651300
130 FORMAT(’ VWE=ELWRES 1 VS=VI5YS5] VRS8=VRIBYEG]
#YN=VINOISE] VRN=VRINOISEl’)
WRITE(&s1400
140 FORMAT(/® =————= - e e s e e e e e o e i
* e

C

c

Cxxx%%% PRINT DATA ON REALIZATIONS *¥%%%%
WRITE(65150) FNAMC(1)

150 FORMAT(’ STATISTICS OF THE FOLLOWING REALIZATIONS:'//
* * N SIMULATION NO. DATE’ +23Xs'FILE NAME : ’3+AD3)

CALL SEEK(LDK1sFNAM)
READC(LDK1) (IPARCI)+I=1:17)+(RPARC(J) +J=14+59)
NPDIM=IPAR(Z)
NPS=NPDIM+&
KANT=0
KPOINT=0

160 READ(L.DK1sEND=120) KsNSIMsIYEARsMONTHs IDAY
IF(K.NE.-99999) GO TO 180
KANT=KANT+1
WRITE(6:170) KANTsNSIMs IYEAR:MONTH IDAY
170 FORMAT(1X312+5X11448Xs14s"' =" 9124 =" 512D

GO TO 160
C
180 KPOINT=KPOINT+1
G0 TO 160
c

190 CALL CLOSE(LDK1)
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c
C

Cxxxx%%x START STATISTICS COMPUTATIONS #¥¥%¥%%%

C

CHW®NH% %

200

210

220

230

240

250

260

270

280

290

300

IF(MOD(KPOINT+KANT) .NE.O)> GO TO 390
KPOINT=KPOINT/KANT

RK=FLOAT (KANT)

LINES=KANT+14

DO 340 NX=1sKPOINT

DO 200 I=1:16
SUMCI)=0.
SUMKV(1)>=0.

CALL SEEK(LDK1s+FNAM)

READ (LLDK1)

J=NPS+4

LINES=LINES+J

IF(64~-LINES.GE.O) GO TO 220

WRITE(6:210) FNAMC(1)

FORMAT(’ 1STAT CONT.’ s39Xs’'FILE NAME : ' +AD5)
LINES=1+J

CONTINUE

DO 230 I=1.NX
READ(LDK1 s END=350)

READ (LDK1+sEND=370) ISAMPsK1sKZsK31K4: (8T(1) s I=1sNPS)
DO 250 I=1:NPS

SUM(I)=8UM(L)+ET (1)

SUMKV (I1)=8UMKV (1) +8T (1) *%2

DO 260 I=1sKPOINT
READ (LDK1sEND=270)
GO TO 240

CALL CLOSE(LDK1)

DO 280 I=1:NPS

RMEAN(I)=8UM(I1)/RK
RDEV(1)=(SUMKV(I1)-8UMCI)**2/RK)/ (RK~1.)
IF(RDEV(I) .LE.O) RDEV(1I»=0.0
RDEV(I1)=8QRT(RDEV(I))

PRINT RESULTS #¥¥¥%¥%*

WRITE(6:290) ISAMP

FORMAT(//’ TIME='s13)

WRITE (63000

FORMAT (5Xs’ PAR/LOSSF.’ s&6Xs’MEAN’ 212X+’ DEVIATION’)
KPS=N(1)

KPOL=1

KPAR=1

DO 320 I=1sNPDIM
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302 IF(I.LE.KPS.AND.KPS.NE.O) GO TO 305
KPOL=KPOL+1
KPS=KPB+N (KPOL)
KPAR=1
G0 TO 302
305 WRITE(6:310) LPOL(KPOL) sKPARsRMEANCL) s RDEV(I)
310 FORMAT (10X 1A1+12+5X1G14.6+4X1G14.6)
KPAR=KPAR+1
320 CONTINUE

K=NPDIM+1
DO 340 I=KiNPS
LL=I-NPDIM
WRITE (63307 KVF(LL) sRMEANCI)sRDEV (L)
330 FORMAT (10X s’ V' 1AZ+5XsG14.614X1G14.6)
340 CONTINUE
GO TO 40
c
c
Cxxx%%% ERROR MESSAGES *##¥¥%
350 WRITE (93602
360 FORMAT(' FEL OUT 230')

RETURN
C
370 WRITE(9:380)
380 FORMAT(’ FEL OUT 240°')
RETURN
C

390 WRITE(9:400)

400 FORMAT(* FEL OUT 190+')
RETURN
END
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NAME: VSTAT NUMBER:

SUBTITLE: PRINT RESULTS OF SIMULATIONS

LANGUAGE: STANDARD FORTRAN

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGY. SWEDEN

ACCEPTED: VERSION:

SUBROUTINE VSTAT

DIMENSION FNAMCZ2)sA(7)

9] O OO0 0000000000000000000

COMMON LDK1sLDKZ2:IDM(1293) s THE(10) sR1C10) s POC10) s THO (10D »
*  X1(100sX2¢102s8UM(3) s QBUM(3) s VMIN(3) s VMAX (3) s RMEAN(3) s DEV(3) »

* VW3
C
DATA FNAM(2)/' BIN’/sI1ALTM/ 764000/ :8TANZ/® STOP */
DATA ACL)/LIP' /+AC2)/° CMA’ /sAC3D/ LIP' /3AC4) /P CMA’ /A(50 /7 IV /
DATA AC&L)/KJADM? /+ACT7)/ERKF’ /B1/'8A' /B2/’° t/
DATA RM/’MEAN:’'/:DE/’DEV.2’ /sVMI/'MIN 2’ /sVMA/'MAX 2°/
C
c

Cxxxx%% STARTs GET FILE NAME *¥¥#x%
10 WRITE(?s20)
20 FORMAT(//' PROGRAM VSTAT:'//’ IF FILE NAME = STOP = §&TOP */
* ' PRESS RETURN’)

READ (8,300

30 FORMAT (1X)

40 WRITE(9s50) IALTM

50 FORMAT(//’ FILE NAME = ’sA1)
READ(8+60) FNAM(1)

&0 FORMAT (AS)
IF(FNAM(1) .EQ.STANZ) RETURN
CALL FSTAT(LDK1:FNAMsJ)
IF(J.E@.-1) GO TO 80
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c

€396 3% % % %

c
C

CHW%%¥#%

OO0

70

80
75

76

20

100

110

120

130

150

160

170

180

190

*

*

* %k ok

WRITE(9:70) FNAM(1)
FORMAT (' FILE '+A5s’ NOT FOUND’)
GO TO 40

WRITE(9:75) IALTM

FORMAT(/’ PRINT-OUT FOR ISAMP = IHATs IHATN: N*KH*IHATN’»
P N=132..... '/’ KH = ’sA1)

READ(8+746) KH

FORMAT (15)

WRITE OUTPUT PAGE HEAD #*¥%¥¥¥%%

WRITE (6200

FORMAT ¢’ 1SUBROUTINE VSTAT:’ +33Xs’ 1’7/’ /)
WRITE(6:100)

FORMAT (21X’ 2’ 212X’ 2" )

WRITE(6.110)

FORMAT(’ V = SUMILHR(I)-HI(I>1 /SUMLHR(I)1’ +6Xs’ 1=1.100")
WRITE(&» 1200

FORMAT (/99X 2"

WRITE(&130)

FORMAT(’ VE=ELRES 1 VRE=VLEYE] VRN=VINOISE1’ )

PRINT DATA ON REALIZATIONS #*##%¥%%

WRITE(6:1502 FNAMC(1)

FORMAT(///* RESULTS OF THE FOLLOWING REALIZATIONS:'//
' N SIMULATION NO. DATE’ s23X+'FILE NAME : ’sAD)

CALL SEEK(LDK1sFNAM)

READ (LDK1) ISTsNPDIMsIX1:sMETODsNFsNAsNBsNDsNCsNFSTKDsIPRER
ISTAB: IFIST s INVAUs IHAT s IHATNsWTLsWTCOs DELTAsRLIMsRKJ s PFST DT
FNRSsFNRNs (R1¢I)»I=135107 s (THOC(J) s J=1510) s (X1(I1)s1I=1+100>
(POCJJ) o dd=1410) s (X2(IJIs1J=14+10)

KANT=0
KPOINT=0

READ (LDK1+END=190) KsNSIMs:IYEARsMONTH1IDAY
IF(K.NE.~-99999) GO TO 180

KANT=KANT+1

WRITE(635170) KANT3sNSIM:IYEARsMONTHsIDAY
FORMAT(1X3sI2+s5X114+8X914s’ ~" 912+’ ' 412)

G0 TO 160

KPOINT=KPOINT+1
GO TO 1460

CALL CLOSE(LDK1)
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C
c

195

200

210

220

230

240

250

260

300

310

320

CH93% %% %

c

335

345

*#1’

IF(METOD.LE.2) B=B1

WRITE(6:195) METODsA(METOD) B

FORMATC(////’ IDENTIFICATION METHOD:’ s12+2X3A5+2X3A5)
WRITE(&:200) NF s IPRERs IHAT

FORMAT(/’ NA =’ 31939Xs’ IPRER="' s 199X’ IHAT =’ 4+19)
WRITE(6:210) NA:IFISTsIHATN

FORMAT(’ NF =! 9 1999X s IFIST=' s 199Xy’ IHATN=' s 19)
WRITE(6:220) NB»ISTAB:FNRS

FORMAT (' NB =!31999X+? ISTAB=' s 193s9Xs'FNRE =' 34X +A5)
WRITEC(6230) NDs INVAUsFNRN

FORMAT(’ ND =' 9 1P99Xs? INVAU=’ 3 129X’ FNRN =’ 14X +A5)
WRITE(6s240) NCINFST

FORMAT(’ NC =! 3 IF39Xs ' NFET =’ 19

WRITE(6:250) KDsDT

FORMAT(’ KD ='319:33Xs° DT =’ 3G13.6)

WRITE(62260) WTI:PFSTsRLIM

FORMATC(//’ WTI ='3G13.6s5Xs’PFST =’3G13.6+5Xs’RLIM =’ +G13.6&)
WRITE(62270) WTOsRKJsDELTA

FORMAT (' WTO ='4+G13.6:5X+’RKJ =’'3G13.6:5X+’DELTA=’ 2G13.6//)

DO 320 I=1+NPDIM
IFCIL.LT.10) WRITE(&4:300) IsR1C(IDsIsTHOCL)sI1sPOCI)

FORMAT(’ R1(? 114’0 ='3Q13.63Xs’THOC s114’) =’ 4G13.633Xs'POC'
I1+) =!43G13.6)

IF(I.GE.10) WRITE(&63s310) I+R1C(IDsI+THOCI)sIsPOCI)

FORMATC(’ RA1C’ 112470 =’ 3G13.6+3Xs’ THOC 5127 0=! 3G13.693Xs’ PO’ »
I2+’) =?4G13.6)

CONTINUE

WRITE(6+350) FNAMC(1)

START PRINT-QUT #%x¥%

IF(MOD(KPOINTsKANT) LNE.O) GO TO 4460
RPOINT=KPOINT/KANT

WRITE(&:335)

FORMAT (/' ISAMP I’ +7Xs’VE' s7Xs’ 1’ 36Xs'VRE’ s7Xs’ 1’ 96Xs’ VRN’ 57X’
/! m————— et e e +1)
WRITE(63340)

LINES=4

DO 410 NX=1sKPOINT
ISWR=0

DO 345 1=1,.3
SUM(I>=0.0
@8UMCI)=0.0
VMINC(I)=9.999%E+70
VMAX (1) =-9,9999E+70
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CALL SEEK(LDK1s:FNAM)
READ (L.DK1)
LINES=LINES+RANT+7
IF(64—-LINES.GE.O) GO TO 360
WRITE(6+3502 FNAMC1)
350 FORMAT (’ 1VSTAT CONT.’ +38Xs’'FILE NAME : ' +A3)
WRITE(64+335)
WRITE (633400
LINES=KANT+11
360 CONTINUE

340 FORMAT(8Xs’ 1’ »3(16Xs°1°2)

DO 370 I=1sNX
370 READ (LDK1sEND=420)

380 READ(LDK1sEND=440) ISAMPsK1sKZsK3sK4s (THE(1) s I=1sNPDIMI»
* YV sWVEsV1aVV (2D s V3 WV (3D

IF(ISAMP.E@.IHAT.OR.ISAMP.E®.IHATN) GO TO 381
KHH=KH*IHATN
IF(MODC(ISAMPsKHH) .E@.O0) GO TO 381
CALL CLOSE(LDK1)
LINES=LINES~KANT-7
GO0 TO 410

381 DO 382 I=1.3
SUMCI)=8UMCI)+VWW (1)
QASUM(I)=QSUMCI)I+VV{I) *%2
IFC(UWIL) LLTLVMINCID ) VMINCID=VV (D)
IFCUWVCI) LGT.VMAX (1)) VMAX(I)=VV(I)
382 CONTINUE

WRITE(L+385) (VW{(I)sI=1s3)

385 FORMAT(7Xs3¢’ I ’3G14.60s' 1')
IF(ISWR.E®.1) GO TO 388
WRITE(6:387) ISAMP

387 FORMAT(’+’ s 15)

ISWR=1

388 DO 390 I=1:KPOINT

390 READ (LLDK1sEND=400)
GO TO 380

400 CALL CLOSE(LDK1)
WRITE (63400
RK=FLOAT (KANT?
DO 402 I=1.3
RMEAN(I)=8UM(1) /RK
DEV(I)=(QSUM(I)-SUMCL) #%¥2/RK)/ (RK-1.)
IF(VMINCI) .EQ.VMAXC(I)) DEV(I)=0.0
IF(DEV(I>.LT.0) DEV(I)=0.0

402 DEV(I)=8QRT(DEV(I))
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c
c

CH6 96 3% 3% 96 %

c

c

403

410

420

430

440
450

460
470

WRITE(6+403) RMs (RMEANCI) s I=1+3)
FORMAT(5X1A53sG14.6+:2C0° 1 '1G14.6)°
WRITE(&+403) DEs (DEV(I)s1I=1+3)
WRITE(6+403) VMIs (VMINCI) sI=143)
WRITE(&+403) VMAS (VMAX(I) sI=1:3)
WRITE (63400

WRITE (623400

CONTINUE
GO TO 40

ERROR MESSAGES *¥#%%%
WRITE(9:430)

FORMAT(’ FEL oOUT 400’)
RETURN

WRITE(?:450)
FORMATC(’ FEL OQUT 380°%)
RETURN

WRITE(?+470)

FORMAT(’ FEL OUT 330+’)
RETURN

END

I
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NAME: TAFLA NUMBER:

SUBTITLE: PRINT RESULTS OF SIMULATIONS

LANGUAGE: STANDARD FORTRAN

PROGRAM TYPE: SUBROUTINE

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

OO0 00000000000000O0000000

SUBROUTINE TAFLA

c
DIMENSION FNAM(2)sFNUT (2 sVKJ (3)
c
COMMON LDK1sLDK2sIDM(1293) s THSC(10) sR1¢10) s PO (102 s THO(10)
*  X1¢10)5X2€10) sSUM(3) s@SUM(3) s VMINC3) » VMAX ¢3) s RMEAN (3) s DEV(3)
% WV(3) sRME(3) s DE(3) 2 XMI (3D 1 XMA(3)
c
DATA FNAMC2)/' BIN’/sIALTM/ 764000/:STANZ/’STOP '/
DATA RNOF/’ENDFI’/sFNUT(4)/’ XIBHX' /sFNUT(Z)/’ BIN’/sNTS/’NEWTS’ /
DATA VKJ (1) /°VE’ /3VKJ(2) /' VRS’ /sVKJ(3) /' VRN’ /
c
5  ISTAR=-999
LET=-99
c
c

Cxxxxk® STARTs GET FILE NAME *#%%%%
10 WRITE(?:20)
20 FORMAT(//' PROGRAM TAFLA:’'//' IF FILE NAME = STOP : 8TOP '/
# ' IF FILE NAME = ENDFI ¢ PRINT TAFLA'/

# ' IF FILE NAME = NEWTS & NEW ISAMP’/
%* ' PRESS RETURN')
READ (8.30)

30 FORMAT (1X)

40 WRITE(?:50) IALTM

50 FORMAT(//' FILE NAME = ’sA1)
READ(8,460) FNAMC(1)
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&0

&3
&5
70

80
75

76

20

160

180

190

200

* %k

FORMAT (AS)

IF(FNAMC(1) .EQ.STANZ) RETURN

IF(FNAM(1) .EQ.RNOF) GO TO 500

IF(FNAM(1) .EQ.NTS) GO TO 80

IF(LST.EQ@.-99) GO TO 80

CALL FSTAT(LDK1sFNAMaJ)

IF(J.EQ@.-1) GO TO 20

WRITE(9:70) FNAM(1)

FORMAT(’ FILE '3sA5s’ NOT FOUND OR WRONG TYPE’)
GO TO 40

WRITE(?:73) IALTM
FORMAT(/’ ISAMP = 'sAl)
ISTAR=-999

READ(8:76) KSAMP
FORMAT(15)
IF(LST.EQ.~-99) GO TO 63
GO TO 40

L8T=0

CALL SEEK(LDK1sFNAM)

READ(LLDK1) ISTaNPDIMsIX1sMETODsNFsNAsNEsNDsNCsNFSETsKDysIPRERS
ISTABS IFIST s INVAUs IHAT s IHATNSWTI s WTOs DELTAsRLIMsRKJ s PFET DT »
FNRSsFNRNs (R1(I2sI=1+100s (THO(J) sJ=1510) s (X1C(II)+I1I=14+100+
(POCJI) sdJ=1510) 2 (X2(1J) s 1J=1+10D

KANT=0
KPOINT=0

READ (LDK1sEND=190) KsNSIMs:IYEARsMONTH» IDAY
IF(K.NE.-9999%) GO TO 180

KANT=KANT+1

GO TO 160

KPOINT=KPOINT+1
GO TO 160

CALL CLOSE (LDK1)

IF({ISTAR.NE.-29%) GO TO 200
CALL ENTER(LDKZFNUT)
ISTAR=0

IF(MOD(KPOINT +KANT) .NE.O) GO TO &5
KPOINT=KPOINT/KANT

DO 345 1=1.3
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345

380

381

382

390

400

402

410

500

a0 a0

C
CHEHH* %

520

540

SUM(I)=0.0
@sSUM(IN=0.0
VMIN(I)=9.9999E+70
VMAX (1)=-9,.9999E+70

CALL SEEK(LDK1sFNAM)
READ(LDK1)

READ (LDK1+END=65) ISAMPsK1+1K2sK3sK4 s (THE(I1) s I=1sNPDIM) 5

VW1 sWVE s V1V (2) s V3 VWV (3D

IF(ISAMP.EQ@.KSAMP) GO TO 381

G0 TO 380

DO 382 I=14+3

SUMCI)=8UMCI)+VV (1)
QSUMCII=QSUM(I)I+VV(I) *%2

IFC(UVCIY LLTLVYMINCI)) VMINCI)=VV(ID
IF(VVCL) .GT.VMAX (I ) VMAX(I)=VW(I)
CONTINUE

DO 390 I=1:KPOINT
READ (L.LDK1 s END=400)
G0 TO 380

CALL CLOSE (LDK1)

RK=FLOAT (KANT)

DO 402 I=1+3

RMEAN(I1)=8UM(I1)/RK
DEV(I)=(QSUM(I)~SUMC(I) *#%¥2/RK)/ (RK-1.)
IF(VMINCI) .EQ.VMAX (L)) DEV(I)=0.0
IF(DEV(I).LT.0) DEV(I)=0.0
DEV(I)=8@QRT{(DEV(I))

CONT INUE

WRITEC(LDKZ) FNAM(1) sMETODsNF sNAsNBsNDsNCsKDs IPRERs ISTAB»

IFISTs (RMEANCI) sDEV(I) sVMINCI) sVMAX (L) s I=14+3)
GO TO 40

CALL CLOSE (L.DKZ)

DO 650 RI=1:3
CALL SEEK(LDKZsFNUT)

WRITE OQUTPUT PAGE HEAD ¥¥¥%¥%¥%

WRITE(&+520)

FORMAT (* 1SUBROUTINE TAFLAZ’ 533Xy’ 1’ /' =——mmm——————eee
WRITE(&6:540) VKJ(KJD

FORMAT(’ MODEL INF. I° 422X4A3+22Xs' 170

WRITE (625500
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550 FORMAT(® - - + s e e e e
*—tr - )
WRITE(6:555)
555 FORMATC(’ FN IPR IST IFII’s4(11Xs’1°’))
WRITE(6:55646)
554 FORMAT(’ A F B D CKMI®s4(11Xs?1’))
WRITE(6+560)
5&60 FORMAT(’ +’ 514X+’ 1 MEAN I DEV 1 MIN I MAX? 4
* ? 1)
WRITE(6+550)
C
C
5465 READC(LLDKZ+END=600) FNsMETsIF+IAsIBsIDsICsKD+IPRsISTASIFL
# (RMECI)sDECI)sXMICI)sXMACI)sI=143)
C
WRITE(&+570)
570 FORMAT (15X s’ 1’ 94(11Xs° 1% 1)
WRITE(&6+580) FNsIPRsISTASIFIL
580 FORMATC(1X1AS+ 2124144’ 1’ 44C11Xs° 1’00
WRITE(63s590) IF+IAsIBsIDsICsKDIMETsRMEC(KJ)I sDECKI) s XMI(KJ ) »
*  XMACKJI)
590 FORMAT(7124' I '34(FQ.6s* 1 ')
GO TO 5465
C
600 CALL CLOSE(L.DK2)
C
650 CONTINUE
s
GO TO 5
C

END
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Subsystem AUXIL

NAME: AUMESS NUMBER:

omen covne oo e onine auet sammn smmne eones sonen

SUBTITLE: ERROR MESSAGES FOR THE SUBSYSTEM AUXIL

LANGUAGE : STANDARD FORTRAN

e e o

AUTHOR AND
IMPLEMENTOR: HALLGRIMUR GUNNARSSON DATE:

soncs svnes cemes e aencs sescs semms serme senre Semen et oo oo e et

INSTITUTE: DEPARTMENT OF AUTOMATIC CONTROL
————————— LUND INSTITUTE OF TECHNOLOGYs SWEDEN

ACCEPTED: VERSION:

9] 9] o) O OO0 O00O00000000000000G0000

4000

Y

S R~ B

100

SUBROUTINE AUMESS

LOGICAL MSTOP

COMMON IDM1(2) KMESSsMSTOP
IF(KMESS.LT.51.0R.KMESS.GT.54) RETURN

LU=9
MSTOP=.FALSE.
IAMESS=KMESS-50

WRITE(L.Us4000)
FORMAT(’ SYSTEM AUXIL’)

GO TO(1:2+354) 3+ IAMESS

WRITE(LU:151)
GO TO 100
WRITE(LUs152)
GO TO 100
WRITE(LUs153)
GO TO 100
WRITE(LUs154)
GO TO 100

RETURN
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153 FORMAT(’ SYSTEM AUXIL I8 NOT TO BE USED TOGETHER WITH OTHER '’
* 'BYSTEMS’)

154 FORMAT(’ PAR ISUB MUST BE .GE.1.AND.LE.53’)

1514 FORMAT(’ END OF FILE (INPUT TO SIMHG)')

152 FORMAT(’ HVERNIG TOKST THETTA #-% FEL I PROGRAM %*-% ')

RETURN
END



