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DEYONSTRATION OF FLEXIBLE SPACECRAFT CONTROL DESIGN
SOFTWARE AND TECHNIQUES - FINAL REPORT

SUMMARY

This report contains the result of a study conducted to demonstrate the
capabilities of the computer—-aided control system design package KEDDC. The
design problem concerns the robust control of flexible spacecraft wusing,
specifically, estimator-based compensation. The results from this study
demonstrate that it is possible to obtain a robust design of an estimator—based
compensator for either regulation or tracking purposes.

The report begins with verification results obtained for an optimal regulator
designed in a previous study for the MSAT model. The design is then further
iterated using KEDDC to arrive at a compensator which is robust in the presence
of all the residual modes of the evaluation model. This is done through a simple
technique which searches among a class of optimal compensator candidates until a
robust solution is obtained.

The same methodology is subsequently applied to a robust tracking problem which,
in addition to stability, also requires the output to follow a non-zero set
point in the presence of external disturbances and parametric uncertainties. The
success of the method is demonstrated with a compensator design for a model of
MSAT with 7 control inputs and outputs, 16 measurements and 15 disturbance
inputs. The design model is based on all 5 rigid body modes and 4 of the 11
elastic modes of the evaluation model. The properties of stabilization, steady
state tracking, disturbance rejection and robustness are all retained when the
compensator is applied to the evaluation model. In particular, results f{rom
sensitivity analysis indicate that the design performance is insensitive to the
numerical accuracy of the controller gains and variations in the estimator
parameters.

Finally, this report describes an attempt to adapt a recently developed
multivariable robustness theory to the design of flexible spacecraft control
systems. The theory provides singular value-based design criteria which
guarantee robustness with respect to a broad class of structured or unstructured
perturbation dynamics. It is found that the commonly-published robustness
criteria are not suitable for compensators with integral feedback such as the
type considered here. A modified robustness criterion is developed in this
report. The potential of this criterion as a design tool is partially
demonstrated with a single input—single output example extracted from the MSAT
model.
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1.0 INTRODUCTION

This is the final report on the study: "Installation and Demonstration of

Spacecraft Control Design Software and Techniques" conducted under Contract No:
DSS/06ST.36001-3-2484, Ser. 0ST83-00215.

The maiﬁ tasks of the study are the following:

(a) To transfer and adapt for execution on the CRC Honeywell CP-6 computer the

control design programs developed under an earlier contract
(158T-36100-1-0102).

(b) To evaluate selected design results from the previous study by making use
of a computer—aided control system design package (KEDDC) resident in the
CP-6 system,

(¢) To further iterate the previous design so as to obtain a compensator
capable ef stabilizing the MSAT evaluation model.

(d) To design a robust tracking compensator for the benchmark model provided in
Ref. [11]. '

(e) To develop a robustness design criterion for flexible spacecraft.

An  important emphasis throughout this study is to fully wutilize the
computational capabilities of the design package KEDDC (Ref. [2]).

Task a culminates in a users' guide (Ref. [3]) for the control design programs

documented in Ref. [4]. The results for Tasks b - e are discussed sequentially
in the remainder of this report.

1-1
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2.0 EVALUATION OF DESIGN RESULTS WITH KEDDC

This section describes the design results obtained with KEDDC for the data taken

from Ref. [4]. Specifically, the following three design cases have been
studied:*

(a) Discrete-time full-state feedback regulator with the quadratic cost
weighting matrices (& ,R) taken from the continuous-time model.

(b) Same as (a) but with discretized weighting matrix o
(¢) Continuous—time decoupled observer design with spillover suppression.

The above cases correspond to the design cases RICMATF, RICQF and DECMATS,
respectively, described in Appendix A of Ref., [4]. For ease of reference, Table
2-1 lists the locations in this report where these design results are to be
found.’

The model data used here has been extracted from the data base of Ref. [4]. The
design model consists of seven rigid body modes (2 translational and 5
rotational) together with modes 1,3,4 and 6 of the elastic modes. Appendix A
lists the system matrices (A, 8,,C.) for the continuous~time design model. Also
listed are their discretized version (E%,'ﬁc,EQ) obtained at 10 sec sampling
period with KEDDC.

Cases (a) and (b) consider the design of a full-state linear feedback regulator
for the discrete—time design model. The only difference between the two cases
lies in the state weighting matrix of the quadratic cost function. In Case (a),
the matrix is the Dynacon version (Ref. [9]) augmented with two additional
diagonal elements corresponding to the translational modes; in Case (b), this
matrix is discretized with KEDDC-supplied routines. The control input weighting
matrix remains the same in both cases.

*It 1is assumed henceforth that the reader 1is already familiar with the
theoretical background and notation of the control problem at hand. See Refs.
[4] and [5] for details.
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In the previous study, an integration (Euler's) method was used to compute the

steady state Riccati solution for the feedback gains, The KEDDC method adopted
here 1s based on a Schur vector method. Comparing the results from Appendices

B-1, B-2 and C-l1, C-2, we see that although the feedback gain matrix elements

are quite different, the closed-loop design system 1s asymptotically stable in
both cases. The apparent discrepancies in the controller gains could be
attributed to the relatively crude iterative method used in the previous study
in which the convergence error threshold was set at lE-5. On the other hand, the
KEDDC routine sets all error thresholds by default to lE-6. Thus, it is entirely
possible that the earlier Riccati solution may not have reached its steady state
prior to termination. ’

A true comparison is difficult to draw 1n Case (c) for the observer design. The
earlier results were based on a specific partitioning of the observer structure
into a 1l4-th order rigid body observer and an 8-th order observer for the
elastic modes. The rigid body observer was further decoupled into seven 2-nd
order systems. The structure that results is presented in Appendix B-3.
Unfortunately, KEDDC does not permit such flexibility in structural partitioning
by the user. Instead, it performs its own partitioning internally in the program
based on the observability indices so that each subsystem may be observed from a
single output. As a consequence, the design that results (Appendix C-3) 1s not
strictly comparable to the previous design even though the eigenvalues have
again been set at -0,27 % j 0,1308.

In conclusion, this exercise has fully demonstrated the potential cdpabilities

of KEDDC as a design tool. It should be noted that all the above design results
have been obtained at a fraction (easily 10 to 1 !) of the time 1t took to
produce the equivalent set of results in the previous study.

[
. ' . .
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3.0 DEMONSTRATION OF A ROBUST REGULATOR DESIGN WITH ESTIMATOR FEEDBACK

In this section, we continue the design iteration on the model studied in the
last section. In particular, we shall carry the regulator problem posed in Ref.
[5] to its logical conclusion by obtaining a compensator which remains stable
when applied to the evaluation model. The only departure made from the earlier
study is the use of the continuous—time model throughout the design. In the
process of doing so, we shall demonstrate a simple, yet effective, technique of
searching among the optimal compensator candidates for a robust solution,

3.1 PROBLEM FORMULATION

Let the evaluation model be described by the equations

34? = APR_S, =< EPM (3_1)
Y = SpXp
where®
[ 6oy, |
% 3 Eb
| ¢ . e | 92 . Y= 2b
KP‘“ VLV’ 2 M o= _%' ' # é
le £3
e 1a -y

Here, the state vector consists of 7 rigid body modes ("lv) and 11 elastic modes
(e ) together with their rates. The control inputs are composed of 2 gimbal
torques ( 9,, 9. ) and 8 thruster forces ( ¥i ). The outputs comprise the bus
translation ( @t ) and attitudes ( 8 ), the gimbal angles ( A ) as well as the
relative displacement ({'S ) and rotation ( o ) of the dish with respect to the
bus. The system matrices (A, 8p,Cp)for the evaluation model (3-1) are listed in
Appendix D,

As in Ref. [5], the design model is obtained by retaining only four of the
eleven elastic modes in Yg , resulting in the following equationms:

Xe = Acite s Bon (3-2)
Y = Ce¥Xe

The system matrices ( A., Be , €Ce¢ ) are also listed in Appendix D. Table 3-1
compares the open-loop eigenvalues of the evaluation and design models.

*The reader is referred to Ref., [5] for notatiom.
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The robust estimator—-feedback regulator problem is then to find a compensator of
the form

PR o Y

A% + B u + Kly-c2) o (3-3)

< e €

X>e
n

for the design .model (3-2) which also stabilizes all the states of the
evaluation model (3-1) in closed-loop. The term "estimator” is used here loosely
and refers to any dynamlc system of the form described in (3-3) regardless of
how 1its parameters are obtained. ObviOusly, either a Kalman filter or a
Luenberger observer Will be permitte_d.

As done previously, we continue to consider an optimal approach to computing the
feedback gain F of the controller by minimizing a quadratic cost function of
the form

J = I(":Q ¥ ot u' R "") At (3-4)
A ‘

" where & and R are appropriately selected weighting matrices. The feedback
gain is then obtained via the steady ‘state solution of an algebraic matrix
Riccati equation. Several options for this gsolution are available from KEDDC.

A pole assignment algorithm was used in Ref. [4] to compute the observer gain
K by setting all of its poles to a specific value. This unfortunately resulted
in a compensator design which was unstable when applied to the  evaluation
model. Hence, setting all the observer poles to the same value is clearly a poor
choice from the robustness standpoint.

Here we shall adopt an optimal approach (i.e., Kalman filter) to calculating the
estimator parameters. As it turns out, the solution is virtually identical to
the optimal control solution for the feedback gain described above. The
weighting matrices ( & , R ), however, must be replaced by the intensity
matrices of the random input disturbances and measurement noises, both of which
are assumed to be uncorrelated zero-mean white noise processes. The exact
procedures for the solutiOns to the optimal control and optimal estimator
problems are described in any standard textbook on modern control theory (see,
e.g., Ref. [6]). Only the design results are presented below.
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3.2 DESIGN RESULTS

For the optimal control problem, we select the same weighting matrices (& ,fg~)
from Appendix C-1, with the input weighting matrix, however, modified by a
multiplication factor, @ , which is a positive scalar constant. In the absence
of any information on the input disturbances or measurement noises, we
arbitrarily set the intensity matrices at

LQ‘= L
for the wmeasurement noise, where ,7 is the same scalar constant applied to the
control input weighting matrix.

for the disturbance input, and at

The design procedure is then to search among the steady state Riccati solutions
for the controller and the estimator over a range of values for g until a
compensator which stabilizes the evaluation model (3-1) is obtained. In doing
so, one relies upon the intuition that the effective system “bandwidth"
decreases as increases, which in turn reduces the spillover effects from
the high-frequency modes. Although brute—force in appearance, this search
approach has turned out to be very effective as the following results will show.

Table 3-2 1lists the evaluation model closed-loop eigenvalues for valuesef P
over the range - )
& 16° £ ¢ £ 10

It is seen that robustness to spillover is achieved for P2 '07 . Below this
value, the interaction from the residual modes of the evaluation model becomes
severe enough to destabilize the system. The compensator parameters for a
typical case (‘03;56 ) are listed in Appendix E.

(]

It 1s perhaps worthwhile to compare the estimator-feedback compensator obtained
here to the multivariate proportional-rate—integral controller described in
Ref. [7]. Judging from the closed~loop eigenvalues of the two designs (cf.
Table 5-1 in Ref. [7]), one concludes that the dominant time response of the
estimator—feedback compensated system is almost two orders of magnitude faster
than that of the proportional-rate—integral controlled system, There is of
course a price to be paid for fast transient responses: complexity; in this
case, 22 integrators are required for the estimator—feedback compensator.

The only control problem considered here is stabilization. Tracking of non—zero
set points and disturbance rejection -- problems studied in Ref. [7]-— in
general require additional dynamics in the compensator. These are the problems

_ we shall address in the remainder of this report.



TABLE 3-1 @pen—loop'sigenvaluég of ‘Evaluation and Design
Models for the Regulator Problem

EVALUATION : DESIGN
MODEL : MODEL.

| migID 2.0 f | -

:5MDDES i (repeated 14 times) (repeated 14 times)

CONTROLLED

-9. 230E~4 *i ©.1244 1 -9.230E-4 *i 0.1244
-1. 7@SE-3 i @.2395 f 1 -1.705E-3 *i 0.2395
-8.558E~-3 i 0.5563 ‘ 1 -B.5SBE-3 =*i ©.S563
-2, 1@9E~-2 +i @.7792 : 1  -B.1@9E-2 i ©.7792

1 ELASTIC

"'BDDY
| MODES 1 —1.17422  *i 13.803
-2.52431 ki 10.045
-5.275E~2 ti 3.9557
-2.BB2E~2 i 3.1373
~7.510E-2 i 1.5519
~5. 532E~3 +i 0.6902
~-8. 530E~4 *i @.1512
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TABLE 3-2 Closed—loop Eigenvalues of Evaluation Model with
Estimator—~Feedback Compensator

P = 1.@E-5 N P = 1.0E-6
~1.17423@ *i 13.8027 -1.17351@ i 13.8@27
-@. 524340 i 10.0432 -@. 523723 i 10.0448
RESIDUAL . ~5.285E-2 *i 3.95570 -4, 996E~2 *i 3.936&£6
MODES ~2. 8R1E-2 *i 3.13728 ~2. 872E-2 i 3. 13684
e | =7.377E-2 *i 1.55198 ~6. 6E6E-E *i 1.53527
-5. 32cE-3 xi 0.69187 -1.269E-2 i @.7003z
—2. 773E-3 *i @.14913 -1.243E-2 *i @. 15096
~6. BQ4E~-2 i @.781959 ~-@., 172946 *i @.8v63@2
~3. @73E-2 i @.779858 -8. 327E~2 %i @.776150
-9. 651E~2 *i @.357333 -@.274936 i ©@.585529
-1.513E-2 *i @.55676& -3. 916E~-2 *i @.562128
-8. 653E~2 *i 0.268773 —-@, 194502 *i @.297490
CONTROLLED ~1.683E~-2 i @.23993Q -@. 254308 i @.227855
MODES ~@. 130327 *i @.124818 -@. 210302 i @.215214
(including -@. 120781 i @. 122468 ~-3. 334E-2 *i ©2.845386
compensator)| -2.305E-2 i @. 129834 -9. 2206E~2 *i @. 168154
-3. 1828E-2 *i @.118811 -5. £@3E-2 *i @.168377
~3. 817E-2 *i @. 102327 -@. 112358 *i @. 126267
~7. 067E-2 i 7.&897E-& -3. 139E-2 *i @.113817
~=7. 73QE-2 %i 5.833E-2 -9. 367E~2 *i 9.733E-2
-5. 253E-2 *xi 8. 377E-2 —-9. 32RE~-& *xi 9.377E-2
-3. @68E-z *i 3.@63E-2 - =35. 464E-2 *i 5. 443E-2
-3. QRBE-2 *i 3.@13E-& ~-5. 336E-2 *i 5. 381E-2
~2. 883E~-2 *i 1.952E-2 ~5. 397E-2 *i 5. 381E-2
—-1. 8@9E-2 *i 1.9@QE-2 -3. @71E-2 *i 3.295E-2
~1.861E-2 *i 1.837E~2 ~3. 314E~-2 *i 3.a95E-&
~1.@26E-2 *i 1.0@027E-2 -1.8&3E-2 i 1.831E-2
-6. 688E-3 i 6.679E-3 —1. 192E~-2 *i 1. 186E-2
—6. SATE-3 Xi 6.4500E~3 -1. 157E-2 *i 1. lae6E-2
3-5




AT—
SPAR

A
TABLE 3-2 ———CONT INUED
£ = 1.@E-7 . p = 1.0E-8
1 =1.160960 *i 13.8045 ~1.@5562@0 +i 13.8246
-@.512689 +i 1@.2386 -@. 424581 *i 9.99995
. | —-3.66QE-2 i 3.96058. ~-0.1@32651 *i 3.89098
| RESIDUAL 1 -3.37SE-2 *i 32.18973 ~7.243E-3 *i 3.09791
| MODES —4, 184E-2 *i 1.55533 -@. 995449 i 1.597775
, 1 -2.460E-2 i B.707277 ~4.P21E-2 *i 12.698938
-1.376E-2 *i @.162513 -@. 179108 *i @.16990
-@. 472570 *i 1.018910 -1. 450610 *i 1.962600
~-@.503537 +i @.870568 -1. 159140 *i 1.747550
-Q. 4209186 ti ©.S89258 -1. 609500
-6. 373E-2 *i @.606179 @. 437787 *i 1.187690 .
-0.519329 *i @.408814 -0. 960471 *i @.263277
—@. 425919 *i Q. 489440 -@. 7408085 *ti 0.638645
~@. 361714 +i '@,282289 -5.963E-2 *i @.628967
| =@.114861 *i 0.301370 ° -@. 373359 *i 0.456378
- -Q. 178054 +i @.250389 - -Q. 268863 *i Q.2I95705
-@. 199333 +i @.235056 -@. 152685 *+i @.332400
CONTROLLED -0. 172496 +i @.178009 ~@. 12416@ +i @. 346497
MODES —-2.935E-2 +i 0.199799 -@. 265748
(including -2.757E-2 i @.133152 -@.179828 *i @.173361
compersator) | —3.811E-8 *i 9.674E-2 -1.593E-2 i @0.503438
-9. BEEE—-2 *i 9.759E-& -@. 143896 *i 0.11239
-5.666E-2 +i B8.175E-2 -1.0Q1E-2 *i @.164318
-8.737E-& -1.39€E~-2 *i Q. 14@567
~5.751E-2 *i S.287E-2 -@. 128839 *i B. 1QEEE1
-5. B59E-2 *i 6. 136E-2 -4, 795E-2 *i 8. 326E-&
-6.537E-2 -7.@45E-2 *i 1.531E-&
-3.223E-2 *i 3.828RE-2 -5.587E~-8 +i 5.793E-&
-2. 184E-2 +i B.W098E-2 -3.908E-2 +i 3. 7Q6E-3
-2.056E-2 +i 1.927E-2 -3.582E-2 *i 3.Q79E-2

#* UNSTAEBLE MODES

3-6
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4.0 DEMONSTRATION OF A ROBUST TRACKING COMPENSATOR DESIGN

In the same spirit as Ref. [7], we shall now consider the problem of tracking
non-zers set point in the presence of unknown constant disturbances. The
approach to the variable case 1is similar and is well documented in the
literature {(see, e.g., Ref., [6]).

It will be shown that the tracking compensator has the archlitecture of the
estimator-feadback compensator augmented by an additional integral-feedback loop
(Fig. 4~1). Indeed, as pointed out in Ref. [8], this partitioned configuration
also applies to a general class of robust servomechanisus.

To verify the design, we shall make use of the benchmark MSAT model data listed

in Ref. [1]., Furthermora, we shall continue to use the search tehnique described
in Section 3 to obtain the nominal design.

4,1 PROBLEM FORMULATION

Consider the following evaluation model taken from Ref.[l]:

.

= C, ¥
T 0, g
. whera 3, ?& 2@ .
1r 32 9a. 7 = 16 I
Xp=|Ye | ¢ R 5 w=|4f| €R ; ys| g j¢Rj U= | (4-2)
T , ;
VIC 'fs ﬁ [{-]

Hete the state vector Xp comprises 5 rotational rigid body modes (M) and 11

" elastic modes (¥e) as well as their rates. The control input vector consists of

2 gimbal Lorques (9,,9:) and 5 linearly independent equivalent thruster Fforces
({l fs ) derived from the original 8 thrusters described in Ref. [5]. The
xneaburable outputs in ¥ include the attitude angles and rates of the bus
( ®b, 86), the gimbal angles and rates ( 3 , &) and the displacement (£ 32 's ) and
orientation ( & ) of the dish relative to the bus. The disturbance inputs in
ara modeled by 3 reaction wheel torques ( §¢ ) in the bus and 2 gimbal torques
( 88 ) as well as 10 forces ( f «+.. 4o ) distributed on both the bus and the
dish. These forces are made wup of the original 8 thruster inputs plus the 2
additional thrusters described in Appendix ILII of Ref. (71.

_ Suppose the following outputs are to be controlled:

o~
|
—
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. QL . T | . L E
z= |2 ¢ R - e3)
which comprises the 3 bus attltude angles (_b), the 2 beam angles (ep) and the 2

gimbal angles ([5 ). The objective is to force these outputs to track with zero
‘steady state ‘errors a set of references

__Q.l, m{'
—-P \'o.{-
G’- ve{

2, =

],» we note thal. the beam angles (ép) are related to the spacecraft

From Ref. [9 .
variables (fb,fk & (3) via the expression:

' Thus, the output 2 is related to the meastrement ¥  by:

’ -
(4=t )%
o |

O -

u

SNEEICREN R S

i

The system matrices for the evaluation model (4 1) and (4 5) as derived from the '

data of Ref. [l], are listed in Appendix F.
The robust tracking beblem can now be defined as follows:
Given a design model R S
; Xem A+ B 4 By, iy “
Y = Gxe - (4-6)
F 3-'T'Y = DL %,
where Vi e KN ez

[ ' . .

Find a dynamic compensator of the form

*See Ref. [9] for definition of the flexibility coupling matrices.

sy
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with the Following properties (4-8):
(a) STABILITY - Stabilizes all the modes in the design model (4-6);

(b) STEADY STATE TRACKING ~ TForces the output (4-3) to track a constant,
possibly non-zero, set point with zero steady state errors;

(c¢) DISTURBANCE REJECTION - Properties (a) and (b) hold despite the presence of
constant, but unknown, disturbance input W, ;

(d) ROBUSTNESS - Properties (a) to (c¢) hold in the presence of

i) parametric variation in the controller (4-7) or the design wodel
(4-6), and

ii) unwmodeled residual dynamics when the controller (4-7) is applied to
the evaluation model (4~1).

4.2 DESIGN MODEL SELECTION

Before proceeding any further, an appropriate design model (4-6) must be
selected. In the past, a form of open-loop modal cost analysis (Ref. [9]) has
provided a reasonable means of ranking the elastic modes according to their
contributious toward a quadratic cost function such as

J

o

oo

21, R‘ a2 dt (4-9)

where R; 1is a suitably chosen weighting matrix. A similar approach will be
adopted here.

We choose to weight the outputs in the cost function (4-9) in inverse proportion
to the square of their maximally allowed tracking errors. Thus, we set

R, = olimj .{ W wﬁ (4-10)
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where w, = 185, we= (80" w={F]|
= ] > o ,"7': — ~
W, i Nb,‘t”’. Wg = ] ef’»l W-[ = ‘ ‘La‘
Wy = |8, |

. 4Y o
Here, |- 1 denotes the maximum tracking error for each output.

Table 4-1 lists the modal costs computed from the evaluation. model data of
Appendix F, and are based on the following bounds on the tracking errors:

~ 6.08° -~ 01’ ~ ), 3 (4-11)
l?_"] = o.oi" Pt lgrl = :‘:l'o ; [I/E[]: [:.:3”] . .

o"

From this modal ranking, we select the first 4 elastic modes (3,2,1 and 6)
together with all 5 rigid body modes to form the design model (4—6) The
corresponding system matrices are listed in Appendlx G.

4.3 COMPENSATOR DESIGN

The optimal solution to the robust tracking problem with properties (4-8) (a) -

(e), 1.e., stability, steady state tracking and disturbance rejection, is.well
known (see, e.g., Ref. [6]). The compensator is of the integral type given by
the following equations: ’

ﬁ = 2 -2, _ | (4-12a)
Rz AR+ Bu + K (y~-C R (4-12b)
w=~F%—-Fp + u, (4-12¢)

where UWp 1is an arbitrary constant bias which allows the output to track the
non-zero set point 2, . The integrals in (4-12a) perform the same role as in the
classical single input-single output case 1in rejecting constant input
disturbances. Figure 4-1 depicts the configuration of such a compensator.

hoh

i
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In closed-loop, the steady state values of the integrator outputs in (4-12a) are
determined by the bias term MW, , the set point 2, and the disturbance input
y o However, 1t can be shown that setting

~1
Uy = Ho(> 2, (4-13)

will remove their dependence on W, and 2, » Hera the matrix H.(e) denotes the
zaro-frequency gain of the closed-loop transfer function matrix

He(s) = Do (sI-A.~ BFY'B
of the design system (4-6). ¢ < “

We may combine the state variables in the compensator (4-12) to form

x

80 that Equatlons (4-12a~c) can be written in the compact form

;(l = A'x\ + %‘7 -t 60 29 (4__1/*)
w= -Dx +D2
where
-}
A-BF-Kc,  -BF, K B, H.lo)
Ay i By i Bei= -1
[ o 1
-\
D, = [F, FL'] ; D, 1= H.(o) .

The closad-loop system obtained when the compensator (4-14) is applied to the
evaluation model (4-1) and (4-5) is then described by the following equations

. (4-15)
-l 2 (2 -
KI $J>p /\l X, () o
¥ '
4-5
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Note that provided the system matrix in (4- 15) is asymptotically stable, it is -

guarant eed that
X ¢t L
) . 4 .
(t)

In otner words; by virtue of (4-12a), ° steady state tracking is achieved
Furthermore, this will occur despite the presence of the constant disturbance
input’ W4 and for any setting of the bias term Mo . Hence, we see that both

properties (4-8b) and (4-8c) automatically hold when the closed-loop evaluation '
system (4-15) is asymptotlcally stable. The robustness property (4~ 8d) will be

showin at a later stage.

It can be shown that necessary and sufficient conditions for the existence of

the control law (4~ 12c) are that

(a) the design model (4~6) has n6 unstable fixed modes, 1.e., it Tust be
stabilizable, and : '

(b) the open-=loop tranSfer function matrix of (4-6)

HC‘5> = Dc (s1~ A¢3‘5¢. -

contains no transmission zeros at the origin.
In the case of non-constant set point or dlsturbance, condition (b) is modified

to read "no transmission zeros at the frequencies of the tracking signal or
disturbance".

The control law parameters in (4-12¢c) may be determined by minimi7ing a cost
function of the form

T = LCETR,E + FTR.:P + pu Ru) dt, (4-16)

, : /
where Ry , R, and R, are suitably chosen weighting matrices; p is a
positive scalar constant which will be used later on as a search parameter
during design iteration.

4-6
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The first and the last terms in (4-16) are the standard output and input penalty
functions in optimal control. Indeed, the output weighting matrix could be taken
directly from the cost Ffunction (4~9) used in the modal cost analysis for the
design model. The second term in (4-16) regulates the transient responses at the
outputs of the feedback integrators. The control law (4-12c) is obtained from
the steady state solution of an algebraic matrix Riccati equation for which
several options are available in KEDDC.

As stated in (4-12b), the estimator may be either a Kalman filter or a
Luenberger observer. For the Kalman filter design, we need to recast the design
model (4-6) in the form '

;(e_ = Agxc_ + Bc_“ + BAc W, (4-17)

Y = Cexo 4+ WSy,

’

where Wy and Ww represent random input disturbance and measurement noise,
respectively. These may be assumed to be uncorrelated zero~mean white noise
processes with intensities of

Ut Vi @ (4-18)
a4
ww\ o e Vz_‘ .
The scalar constant here will be used later on to vary the estimator

parameters during design iteration. TFor any given set of intensities, the
estimator parameters are determined by the steady state solution of an algebraic
matrix Riccati equation.

4,4 ROBUSTNESS PROPERTIES

Before proceeding with the design, it is perhaps worthwhile to show that the
compensator proposed in (4-12) indeed possesses some of the robustness
properties of (4-8d). Specifically, we shall demonstrate robustness vis~a-vis
parametric uncertainties (4-8d-i); the spillover robustness property (4-8d-ii)
is much more difficult to show analytically, aud will be numerically verified at
the design stage.

Suppose the actual model for the design system is given by

%, = (A + 8A) Xe + (Bt 8B ) + Vit (4-19)
Y = (Cot+ BC)%e
2= Ty i= D+ 2De)xe
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where A() denotes the perturbatlon in the parameters ‘about their fominal
" values. The disturbance input terms have been grouped into the single vector U],
.By defining the state estimation ecror as ’;{c = Ke = ;(L ,

we can write the error dynamic equation from (4~12b) and (4~19) as

(A KE) X, #(6A-KbE)xs & sk, u + U |

Similarly, thé conttol law (4-12¢) becomes

W= -Fx ~-Fhp+F% + Hb 2,

The ciéééd*ibdp syshém whén the compensitor (4-12) ia abbiied to the perturbed
design model (4-19) is then given by

%e Ao BF + (sA-5BES —(Bas8)E. (Bt oBNE J[%e] (420
? = Cethce © = P
'7({‘ LA, - K ac. — bé‘F‘ PN Ak D},-"Aébﬁ %,
(B.+58.) - T .
~Hedo) H(o)2, -t o | Ve
2R, T

. (%
2 = [ILngT% P o ] ‘P )

. %‘Q

Clearly; provided the &system matrix ‘in“(Z&—IZO) is aéyﬁiﬁ.tbtiééliy stable, we still
get ' . v . : .
(%, P®), %)) —» 0, t->%;

i.e., steady state tracking is rnaintalned despite the presence of the constant
disturbance term V4 and parametric variations in the design model (4 6).
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It is well kuown that stability is a gemeric property (Ref. [10]): wherever a
matrix is asymptotically stable for a given set of parameters, it will remain
asymptotically stable for all variations of the parameters within a certain
neighbourhood of their nominal values. Therefore, we conclude that sufficiently
"small" perturbation in the parameters of the design model about their nominal
values will not destabilize the closed-loop system matrix of (4-20). This proves
the robustness property (4-8d-i). How "small"” these variations must be before
instability sets 1in, however, remains to be determined; this we shall do
numerically in a later sectilon.

4.5 DESIGN RESULTS

In order to obtain a nominal compensator design which will stabilize all the
modes in the evaluation model, we adopt the same search technique used earlier
in the regulator design problem. Its robustness properties will be demonstrated
with sensitivity analysis in the next section.

Table 4-2 lists the design values adopted for the weighting matrices in the cost
function (4-16) and rhe white noise Lutensities of (4-18). In the absence of any
guideline, we set the integrator output welghting Efactors ( R{ ) to be of the
same order of magnitude as the output weightilng factors ( €y ).

The intensity values ( Vl and Ve ) are derived from a standard wide—bandwidth
coloured noise assumptiou: when the bandwidth of a noise process is sufficiently
large compared to the bandwidth of the system to which it is applied, the noise
may be considered to be effectively white with intensity approximated by the
power spectral deusity of the coloursd noise at low frequencies.

Tn the case of Wy , we have assumed an rms value of 2.5 N-m for each disturbance
torque and 2.5 N (rms) for each disturbance Cforce; the power spectral densities
ara taken to be constant over *50 Hz and zero outside of thls range. For the
measurement noise Ww , we have assumed 0.001 deg (rms) for all angularv
measurements and 0.0001 deg/s (rms) for all rate measurements. Here the power
spectral densities are assumed to be coustaat over +100 Hz and zero elsewhere.

The open—loop eigenvalues for the design and evaluation models ave listed in
Table 4-3. Table 4-4 1lists the closed-loop evaluation system eigenvalues for
values of ranging from 100 to 1.0E5. It appears that stability (i.e.,
Property (4-8a)) is achieved for values of above 1.0E3. Below this value,
the spillover from the unmodeled modes bhecomes excessive and eventually

destabilizes the system. The compensator parameter for the nominal case ( L=
1.0E3) are listed in Appendix H.
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The steady state output response of the closed-loop systein (4-15) is given by

._i . » oo .
T Ay BpDd( ) BpDo| . . [Ba] .
2= [D” ° ;- - 1 2 4+ | ug
P ] “&pp —A| » Bb, 6 5 A

which may be rewritten as

2 = Hbab + Hy g . P
(4-21)

Tracking with zéro steady state error occurs only when the output response
matrices Mo .and Hy ate the identity and zeto matricés; respectively._These
matrices are listed in Tablé 4-5 for the nominal design.,It is clear that both
steady state tracking and disturbance reJection (i.e:;, properties (4 8b c)) have
been achieved. Furthermore, since these properties hold in the presence of all
the residual modes in the evaluation model, we have also demonstrated (4-8d-ii)
for the nominal compensator.

4.6 DEMONSTRATION OF ROBUSTNESS

We shall now demonstraté the robustness of the nominal compensator (Appendlx H)
to parametric uncertainties in the controller and the desian model (i.e,,

(4-8d-1)): For this, as pointed out in Section 4.4, it is only necessary to’

demonstrate stability of the closed—loop evaluation gystem (4-15) in the
presence of parametric perturbation.

A Ccommon source of errors in the conttollér 1is due to round—offs in the
controller gains during 1mp1ementation. To ..demonstrate robustness in thls
regard, the controller gains F, , FL and We® of (4- 12¢) are rounded off to
various degrees of accuracy; the case of 1 significant figure dccuracy is listed
in Table 4-6,

Errors in the design model parameters could seriously affect the performance of
the estimator (4-12b) since the latter typically embodies a copy of the nominal
deaign model in 1its intermal structure. To demonstrate ,sensitivity in this
regard, we multiply all the paramaters of the nomindl estimator (Appendix H) by
a constant factor representing variations of 1 to 20 pétcent from their nominal
values.

4-10
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The compensator with the modified controller gains and estimator parameters
is then applied to the evaluation model (4-1). Table 4-7 lists the number of
unstable closed-loop eigenvalues that result, Tt appears that the closed-loop
evaluation system is relatively insensitive to vround-off errors in the
controller gains. This 1is further demonstrated in Table 4-8 which lists the
closed-loop eigeavalues with various degrees of numerical accuracy in the
controller gains. '

The closed-loop system stability is relatively more seasitive to parametric
perturbation in the estimator however. This 1is demoanstrated by the eigenvalues
listed in Table 4-9., Nevertheless, for variations below 5 percent, the
closed-loop eigeuvalues remaln quite acceptable.

Hence, we conclude that the nominal compensator of Appendix H is highly robust
with regard to the numerical accuracy of the controller gains and moderately

‘robust in the presence of variations ia the estimator parameters.
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TABLE 4-1 Modal Costs of EBernchmark Maodel

MODE FREQUENCY MODAL
NO. (RAD/SELC) COSTS

3 @. 239522 Q. 22S54Q7E+E

e B, 151178 Q. 12958E+1

i Q. 124348 Q. 487Q66E @

6 Q. 779434 @Q.211837E @

9 1. 551440 Q. 183379E @

i1 13. 84108 Q. 154724E @

4 B, S56322 Q. 135429E @

i@ 10. 246000 @2.131883E @

S . 690179 Q. 6S7@74E~2

7 1. dE2720 Q. 42258B6E~-2

2} 1. 28734@ Q. 117715E~-&

4-13




TABLE 4-2

Mﬁ"fv X

1)
2)
3
4)
5)
6)
7)
8)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18
(19)
(20)
(21)
(22)
(23)
(24)

(25)

P N N e e e e

1)
3)
4)
5)
6)
7)
8)

A AN A~

~
g.
~

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17»
(18)
(19
(20)
(21)
(22)
(23)
(24)

2) .

Design Valuea of Quadratic Coat WEighting Matrices and

Noise Intensities for the Tracking Problem

DJEZJ%; o

o &

IXNO, 9

MATRIX .A FROM FILE DZMD » BLOCKND. 5» MATR
DIMENSION 25%25y SAMFLING TIME = +000
1) ¢ 2); -3 4 . .. (5,
30,1656  ~1.280065E~02-3,070631E~02~3,043099E-03 420,766
~1,280065E-02 39,9849 27 9971 -458,283 ~.178804
~3,070631E-02 27,9971 v 9204 -320,791 428339
~3,043099E~03 458,283 —390.791 6023,90. ,,—3 198634E-02
420,766. . -,178804 -.428339 ~3,198634E-02 .6700.75 .
5,474248E-03 6,51054 - 5,31940. , -125,773 7.163733E-02
~3,04528 ~5,400979E~ 0°~4.558394E 02 1,03325 -45,8044
~15,0565 1.939919E~02 2,825752E-02 ~,191570 ~247,471
-3.448858E-02 -16,4633 —11;3469 41,6997 ~,373792
0,00000 0.00000 0.00000 000000 0.00000
0.,00000 0.00000 0400000 0,00000 0400000
0,00000 0,00000 0.00000 0,00000 0,00000
0.00000 - 0.00000 0.00000 0.00000 0.00000
0,00000 0.00000 0,00000 0,00000 0.00000
0:00000 0.00000 0.00000 0.00000 0.00000
0400000 0.00000 0400000 0+00000 0.00000
0,00000 0.00000 0,00000 0.00000 0.00000
0, 00000 0.00000 0.00000 0,00000 0,00000
0,00000 0.00000 0.00000 0.00000 0,00000
0,00000 0.00000 0.00000 0.00000 0,00000
0.00000 0.00000 0.00000 0.00000 000000
0,00000 0.00000 0.00000 0.00000 0400000
0.00000 0400000 0.,00000 0.00000 0,00000
0,00000 0.00000 0.00000 0,00000 0+00000
0,00000 0,00000 0.00000 0,00000 0.00000
¢ &) 7 ¢ 8) « 9 . (10)
5,474248E-03 -3.04528. ~15,0565 -3.448858E-02 0.,00000
6451054 ~5,400979E-02 1 939919E-02 ~16.4633 0,00000
5:31940 ~4,558394E-02 2,825752E-02 ~11,3469 0400000
~125.773 1.03325 =.19157o 41,6997 0,00000
7.163733E-02 ~45.:8044  ~247,471  -.,373792 0.00000
4,94117 ~3.607387E-02 2.,784558E-02 4,43782 0,00000
~3,607387E~02 2.31682 8.54658 1,085328E-02 0.00000
2.784558E-02  8.54658 32.8982 . 1.,864031E-02 0,00000 .
4.43782 1.085328E-02 1.864031E-02 214,197 0.00000
0,00000 0.00000 0.00000 0,00000 o 00000
0.00000 0.00000 0,00000 0400000 +00000
0.00000 0.00000 0.00000 0.00000 o 00000
0.00000 0.00000 0.00000 0.00000 0.00000
0,00000 0.00000 0.00000 0.00000 0.,00000
0400000 0.00000 0,00000 0.00000 0,00000
0.00000 0,00000 0.00000 0,00000 0.00000
0,00000 0.00000 0400000 0400000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0,00000 0.00000 0,00000 0.00000 0,00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.,00000 o 00000
0.00000 0.00000 0, 00000 0.,00000 . 00000
0,00000 0.00000 0.00000 o 00000

(25)

0.,00000

fSFV\F(
i——
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TABLE 4-2 ~~— CONTINUED
7
D‘ z' DC ’
Maf’y"“ ’ (C@H 7’&4») .
) 1
(11) 12) (13) (14) (15)
¢ 1) 0,00000 0.00000 0,00000 0,00000 0.,00000
« 2) 0.00000 0,00000 0,00000 0.00000 0.00000
¢ 3) 0.00000 0.,00000 0.00000 0,00000 0.00000
¢ 4) 0.,00000 0.,00000 0.00000 0.,00000 0,00000
 5) 0.00000 0.00000 0.,00000 0,00000 0.00000
( 6) 0.,00000 0.00000 0., 00000 0.,00000 0.,00000
¢« 7 0.,00000 0.00000 0.00000 0.00000 0,00000
¢ 8) 0,00000 0.,00000 0, 00000 0, 00000 0.,00000
« 9 0.00000 0,00000 0., 00000 0,00000 0,00000
(10) 0,00000 0.00000 0.00000 0.00000 0,00000
(11) 0,00000 0.00000 0, 00000 0.,00000 0.00000
(12) 0.00000 0.00000 0,00000 0,00000 0.00000
(13) 0,00000 0.00000 0.00000 0,00000 0.00000
(14) 0.00000 0.00000 0,00000 0,00000 0.00000
(15) 0,00000 0,00000 0.00000 0,00000 0.00000
(16) 0.00000 0.00000 0, 00000 0.,00000 0.00000
(17) 0,00000 0.00000 0.00000 0,00000 0.00000
(18) 0.00000 0.00000 0.00000 0.00000 0.00000
(19) 0.00000 0.00000 0,00000 0,00000 0.00000
(20) 0,00000 0.00000 0.00000 0.,00000 0.,00000
(21) 0.00000 0.00000 0.00000 0.00000 0.00000
(22) 0.00000 0.00000 0.00000 0.00000 0.00000
(23) 0.00000 0,00000 0.00000 0,00000 0.00000
(24) 0,00000 0.00000 0.00000 0.,00000 0,00000
(25) 0.,00000 0.00000 0.,00000 0.00000 0.,00000
(16) (17) (18) (19) (20)
¢ 1) 0.00000 0.,00000 0.00000 0.00000 0,00000
( 2) 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 3 0.,00000 0.00000 0., 00000 0.,00000 0.00000
( 4) 0.,00000 0.,00000 0.00000 0,00000 0.,00000
¢ 5) 0.00000 0.,00000 0,00000 0.00000 0.00000
{ 6) 0,00000 0.00000 0.00000 0.00000 0.00000
< 7) 0.00000 0,00000 0.00000 0.00000 0,00000
¢ 8) 0.00000 0.,00000 0.,00000 0.00000 0.00000
¢« 9) 0,00000 0.,00000 0.,00000 0,00000 0.00000
(10) 0.00000 0.00000 0.00000 0.00000 0.,00000
(11) 0,00000 0.00000 0.,00000 0.00000 0.,00000
(12) 0,00000 0.,00000 0.00000 0,00000 0.,00000
(13) 0,00000 0,00000 0.00000 0.,00000 0.00000
(14) 0.00000 0,00000 0.00000 0,00000 0,00000
(15) 0, 00000 0,00000 0.00000 0,00000 0,00000
(16) 0.00000 0,00000 0,00000 0,00000 0,00000
(17) 0.00000 0.00000 0,00000 0.00000 ©.00000
(18) 0,00000 0,00000 0.,00000 0,00000 0.00000
(19) 0.00000 0,00000 0,00000 3.647400E+06 0.00000
(20) 0.,00000 0,00000 0.00000 0.00000 3.6474600E+06
(21) 0,00000 0,00000 0,00000 0,00000 0,00000
(22) 0.00000 0.00000 0,00000 0.,00000 0.00000
(23) 0,00000 0.00000 0.00000 0.00000 0,00000
(24) 0.00000 0.,00000 0.,00000 0.00000 0.00000
(25) 0.00000 0.00000 0.00000 0.00000 0.00000
4-15
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TABLE 4-2 —=—— CONTINUED
21) : 22) (23) (24) (25)
(1) 0.00000 0+,00000 0400000 0., 00000" 0, 00000
¢ 2) 0.00000 0.00000 0.,00000 0.00000 0.00000
¢ 3)  0.00000 0.,00000 0,00000 0.00000° 0.00000:
¢ 4y 0+00000 0+.00000 0,00000 0.00000 0.,00000
¢ 5) 0,00000 0,00000 0,00000 - 0.00000- 0400000
¢ &Y  0.00000 0+00000 0.00000 0% 00000 0,00000°
(. 7) 0.00000 0.00000 0400000 0.,00000° 0.00000
( 8) 0.,00000 0.00000- 0.00000 0, 00000’ 0,00000
¢ %)  0,00000 0,00000" 0.,00000 - 0.00000 0,00000",
(10)  0.00000 0.,00000" 0.,00000 0.00000 0+ 00000
(11>  0.00000 0400000 0.00000.. 0,00000" 0,00000:
12y  0,00000 0v00000" 0+00000 0400000~ 0+00000"
(13)  0,00000 000000 000000 0.00000. 0.00000:
(14) 0.,00000 0+00000 0400000 0,00000 0.,00000:
(15)  0+00000 0400000 0., 00000: 0.00000 0400000
(16  0.,00000 0+00000° 0+ 00000. 0+ 00000 0+.00000
(17)  0.00000 0.00000 0% 00000 0.00000: 0..00000:
18) 0400000 0+00000 0.,00000: 0%.00000: 0., 00000
(19)  0.00000 0+ 00000" 0.00000' 0+ 00000: 0+ 00000
(20)  0,00000 0400000 0.00000 0.00000: 0.00000
(21y 328280, 0400000 0.00000 0.,00000 0. 00000
(22)  0.00000 3.282800E+07  0'v00000 0.4 00000 0. 00000:
(23)  0,00000 0.00000 3,282800E+07 0400000 0.,00000
(24Y  0,00000 0.,00000 0.,00000 3,647600E+06 0.00000
(25)  0,00000 0.00000 0,00000 0400000 3.6447600E+06

Mdfri)( 22 :

MATRIX B FROM FILE DZMD s BLOCKNO, Sy MATRIXNO.10

DIMENSION 7% 7y SAMFLING TIME = +000

« 1 « 2y ¢ 3 « 4) ¢ 5)
(1)  1,00000 0,00000 0.00000 0400000 0.00000
( 2)  0.,00000 1.00000 0.,00000 0,00000 0.,00000
¢ 3> 0.00000 0,00000 1.,00000 0.00000 0+00000
¢ 4)  0,00000 0400000 0.,00000 1,00000 0.00000
( 5) 0.00000 0400000 0400000 0,00000 100000
( 6)  0,00000 0,00000 0.00000 0.00000 .0,00000
¢ 7)  0.,00000 0.,00000 0.00000 0,00000 0.00000

« & « 7
( 1) 0.00000 0.00000
. 2)  0.,00000 0,00000
¢ 3)  0.,00000 0,00000
( 4> 0.,00000 0.+00000
('§)  0.00000 0400000
' 6)  1.00000 10400000
( 7)  0.00000 1.00000

416
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TABLE 4-2 ————

ﬂ“ﬂf?&&

CONTINUED

BV, B,

MATRIX C FROM FILE DZMDI' » BLOCKNO. S5y MATRIXNO.11
DIMENSION 18%18s SAMFLING TIME +000

¢ 1) « 2 « 3 « 4) « S
¢ 1) 0.00000 0.00000 0.00000 0.00000 0.00000
« 2) 0.00000 0.00000 0.00000 0.00000 0.00000
( 3 0+00000 0.00000 0.00000 0,00000 0.00000
« 4) 0.00000 0.00000 0.00000 0.00000 0.00000
« 0.00000 0.00000 0.,00000 0.00000 0.00000
« &) 0.00000 0.00000 0.00000 0.,00000 0.00000
¢ 72 0.00000 0.00000 0.00000 0.00000 0.00000
« 8 0.00000 0.00000 0.00000 0.00000 0.00000
« 0.,00000 0.,00000 0.00000 0.00000 0.00000
(o 0.00000 0.00000 0.00000 0.00000 0.00000
(11 0.60000 0.,00000 0.00000 0.00000 0.00000
(12) 0.00000 0.,00000 0.00000 0.00000 0.00000
(13 000000 0.00000 0.00000 0.,00000 0.00000
(14) 0.00000 0.00000 0.00000 0.00000 0.00000
(15) 0.00000 0.00000 0.00000 0.00000 0.00000
(16> 0.00000 0.00000 0.00000 0,00000 0.00000
(17> 0.00000 0.00000 0.00000 0.00000 0.00000
18> 0.00000 0.00000 0.00000 0.00000 0.00000

¢ &) «7) (8 « 10)
¢ 0.00000 0.00000 0.00000 0.00000 0.00000
( 2) 0.00000 0.,00000 0,00000 0.00000 0.00000
« 3 0.00000 0.00000 0.00000 0.00000 0.00000
« 4 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 5 0.00000 0.00000 0.00000 0.00000 0.00000
« 6) 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 7 0.00000 0.00000 0.00000 0.00000 0.00000
« 8 0.00000 0.00000 0.00000 0.00000 0.00000
«? 0.00000 0.00000 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0.00000 0.00000 1.842745E-04
(11) 0.00000 0.00000 0.00000 0.00000 -5.467824E-08
(12) 0.00000 0.00000 0.00000 0.00000 ~8,304348E~08
(13 0.00000 0.00000 0.+00000 0.00000 ~1.043717E-08
(14) 0.00000 0.00000 0.00000 0.00000 ~7.223856E-06
(1% 0.00000 0.00000 0.00000 0.00000 3.740563E~07
(16) 0.00000 0.,00000 0.00000 0.00000 5.268962E~05
17> 0.00000 0.,00000 0.00000 0.00000 -6.015231E-05
18> 0.00000 0.00000 0.00000 0,00000 1.117428E-08

4-17




A——
SPAR
——

. Ty
‘ \ ‘ o

TABLE 4-2° —--— CONTINUED

Matrix  Bal, B::; (Cont:)

(11 12) (13) « (14) (15)°

¢ 1)  0.,00000 0,00000 0+00000 0.00000 0.00000
( 2)  0.00000 0.00000 0.00000 0.00000 0,00000
( 3) 0.00000 0400000 0,00000 0,00000 0400000
( 4)  0,00000 0.00000 0.00000 0.00000 0.00000
( 5)  0.00000 0400000 0,00000 0+00000 0.00000
( 6) 0.00000 0.:00000 6.00000 0.00000 0400000
¢ 7Y 0,00000 0.00000 0,00000 0.00000 0.00000
( 8) 0,00000 0,00000 0400000 0.00000 0400000
¢ 9)  0.00000 0,00000 0,00000 0.+00000" 0.,00000

(10) ~5,447B24E- 08-8,304348E-08-1,043717E-08~7, 223856E-04 3.740543E-07
(11> 7. 3"9006E -05~3,309283E~05 1,493306E~06 5.995790E-10 3‘991998E ~05
(12) ~3,309283E-05 3,207B49E~05 7.932499E~07 8,749021E~09-9,574449E-06
(13) 1.,493306E~06 7,932499E-07 3,53B459E-06 7.B25178E-10 1,077610E-06 -
(14) u.?? 790E-10 8,769021E-09 7.B25178E-10 3. 690944E-06~1,39311BE-08
15 +92199BE~05~9.574449E~06 1,077610E~06~1,393118E-08 2,610604E-05
(16) -~.318679E 07-3.5478B0E-08-1,214812E~08~2, 445818E~06~ 6.545907E-08
(17) 4,38701BE-08 6.033546E~08 7.097497E~09 7.047460E ~07~7, 829477E 08
(18) 1.574592E~05-7,363499E~-06 2,448564E-06~ 1.76878"E -09 1,018323E~ 05

S (i6) a7 (18)
¢ 1) 0.,00000 0.00000 0.00000
¢ 2) 0.,00000 0.00000 0.,00000
( 3) 0.,00000 0.00000 - 0.00000
¢ 4) 0.00000 0.00000 0., 00000
( 5) 0.,00000 0,00000 0,00000
¢ &)  0,00000 -~ 0,00000 0.00000
( 7) 0.00000 " 0.,00000 0,00000
( 8) 0.,00000 0.00000 0.,00000
¢ 9)  0,00000 0.00000 '0,00000

(10) 5,246B962E-05-6,015231E~-05 1,11742BE-08
(11) -2.31B679E-07 4.38701BE-08 1,574592E~05
(12) -3.5478BO0E-08 6,033544E-0B-7.3463499E~06
(13) -1.214B12E-08 7.097497E~09 2,448B564E-06
(14) -2,445B81BE-06 7,057440E-07-1,748782E~-09
(15) —6.545?Q7E—08-7.822477E—08 1,018323E-05
(16) +034335E-05 B,019212E~06~4,641651E~08
€17) B 019212E-06 1.46044670E-04 1,55397SE-08
(1B) -4,441651E-08 1,553975E-0B 9,363654E-06
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TABLE 4-2 —--—-— CGONTINUED
Matviv V, :
MATRIX A FROM FILE DZMD » BRLOCKNO. S» MATRIXNO.12
DIMENSION 16%16s SAMPLING TIME 000 -
¢ 1) ¢ 2 « 3 ¢ 4) ¢ 5
( 1) 1.,523087E-12 0,00000 0.00000 0.,00000 0.00000
« 0.00000 1.523087E-12 0.00000 0.00000 0.00000
« 3 0.,00000 0.00000 1.,523087E-12 0,00000 0.,00000
¢ 4 0.,00000 0,00000 0,00000 1.523087E-12 0.00000
¢ 5) 0.,00000 0. 00000 0.00000 0,00000 1.523087E-12
¢ &) 0.00000 0,00000 0,00000 0.,00000 0.00000
¢ 7) 0.00000 0,00000 0.,00000 0.00000 0.00000
« ) 0,00000 0.,00000 0.00000 0,00000 0.00000
(2 0.00000 0,00000 0,00000 0.00000 0.00000
(10) 0.,00000 0.,00000 0,00000 0.,00000 0.,00000
(1) 0.,00000 0,00000 0.00000 0.,00000 0.,00000
(12) 0.,00000 0,00000 0. 00000 0,00000 0.,00000
(13) 0.,00000 0,00000 0,00000 0.00000 0.00000
(14) 0.00000 0.,00000 0.,00000 0.,00000 0.,00000
(15) 0.,00000 0,00000 0.,00000 0,00000 0, 00000
(16) 0.00000 0.00000 0,00000 0,00000 0.,00000
¢ &) ¢« 7 « 8 ¢ 9 (10)
¢ 1) 0.,00000 0.,00000 0.,00000 0.,00000 0.00000
¢ 2) 0.,00000 0,00000 0.00000 0.,00000 0.00000
¢ 3 0.,00000 0.,00000 0.,00000 0,00000 0.00000
¢ 4) 0.,00000 0,00000 0.00000 0.00000 0.00000
¢ S) 0.00000 0,00000 0,00000 0.,00000 0,00000
( 6) 1.523087E-12 0,00000 0,00000 0.,00000 0.,00000
¢ 0,00000 1.523087E-12 0.00000 0,00000 0.00000
¢ 8) 0.00000 0.00000 1.,523087E-12 0.00000 0,00000
¢ M 0.,00000 0.00000 0.00000 1.523087E~12 0.00000
(10) 0.00000 0.,00000 0.,00000 0.00000 1.,523087E-12
(11) 0.,00000 0.00000 0,00000 0.00000 0.00000
(12) 0,00000 0,00000 0,00000 0.00000 0.,00000
(13) 0,00000 0.00000 0.,00000 0.,00000 0,00000
(14) 0.,00000 0.00000 0.,00000 0.00000 0.,00000
(15) 0.00000 0.,00000 0,00000 0,00000 0.00000
(16) 0,00000 0.00000 0,00000 0,00000 0.00000
88! (12) (13 (14) (15) (16)
¢ 1 0.,00000 0,00000 0,00000 0.,00000 0.00000 0.00000
¢ 2) 0.,00000 0.00000 0.00000 0.,00000 0.,00000 0.00000
¢ 3) 0,00000 0,00000 0,00000 0.00000 0.,00000 0.00000
¢ 4) 0,00000 0,00000 0,00000 0.,00000 0.,00000 0.00000
¢ 5) 0.,00000 0.,00000 0.00000 0.00000 0,00000 0.00000
¢ 6) 0.00000 0,00000 0,00000 0.,00000 0.00000 0.00000
¢ 7) 0.00000 0,00000 0.,00000 0.,00000 0,00000 0.,00000
« 8) 0.,00000 0.00000 0.00000 0.00000 0.00000 0.00000
« 9 0.,00000 0,00000 0,00000 0.00000 0.00000 0.,00000
(10) 0.00000 0.,00000 0.+00000 0.00000 0.00000 0,00000
(11) 1.523087E-12 0.,00000 0., 00000 0,00000 0.,00000 0,00000
(i2) 0.,00000 1.523087E-14 0,00000 0,00000 0.00000 0.00000
(13) 0.,00000 0,+00000 1.523087E-14 0,00000 0.,00000 0.00000
(14) 0.,00000 0.00000 0.00000 1.523087E~14 0.00000 0.00000
(15) 0.,00000 0,00000 0.,00000 0,00000 1.523087E-14 0.00000
(16) 0.,00000 0,00000 0.,00000 0.00000 0.00000 1.523087E-14
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TABLE 4—3 Open—-loop Eigenvalues for the Tracking Problem

EVALUATION ' DESIGN
MODEL. ' MODEL.
RIGID @.2 . 2.0
BODY - (repeated 10 times) a (repeated 12 times)
MODES . u
' -
-
o
@
& .
~2. 1BBE-2 *i @.779345 Z —Z2. 10BE~2 *i @.779345
-1.7@SE-3 *i 2.239518 o -1.7@5E-3 *i @.239518
-9. 230E-4 i @.124347 -9. 230E~4 *i @. 184347
-8.530E-4 +i ©.151178 ‘ -8.630E-4 *i @.151178
ELASTIC ~-1.1746@0 *i 13,8041 -
EODY -0. 523904 *i 10.0460 m
MODES ~7.5@5E~2 *i 1.5%5144 2
~6. B64E-3 *i 1.08734 2
-8.QP59E-3 *i 1.@22872 D
-5.531E-3 *i 2.690179 r
~-8.557E-3 +i @.5563&2




TABLE 4-4 Closed~loop Evaluation System Eigenvalues for
the Tracking Problem
f = 1.0E+S fJ = 1, QE+4
~1. 253860 i 14.11590@ —1. 492790 *i 135.50532
~@. 447271 i 1Q@. 1980& -, 299323 fi 1@. 598202
RESIDUAL -7.506E~2 *i 1.549120 -7. 238E~-2 *i 1.339381
MODES -6. A63E~-3 i 1.@8741@ ~6. A3BE-3 *i 1.@87740
-7. 944E~-3 i 1.024130@ -9. 672E~-3 *i 1.0E89160Q
~5. 409E-3 £i @. 692430Q —-9. 736E-3 *i @.71164G
-F. 829E-3 £i @. 566992 -8. 248E-3 *i B.611663
—2. 111E-2 ®i @.77942@ -8.793E-2 i Q.777184
-3. 633E~-2 *i @.778697 -2. 1A4E-2 *i @.779398
-4, S6S5E-3 i @. 239386 ~1.322E-2 i 0. 240226
~5. 488BE-2 i @. 233902 -@. 170520 *i @. 193135
-1.333E-3 x£i @.151112 -8. 783E~-& i @, 15853¢
—6. 784E~-3 i Q2. 15201@ -3.014E-3 *i @. 152567
-3. 59%9E-3 i @. 124508 -1.036E-2 i Q. 135176
—-2. 139E-2 i Bb. 1286577 ~5. 199E-2 *i @. 154047
CONTROLLED 6. 111E-E2 *i 2. 106194 -7. 6R3E~3 i Q. 126664
MODES -@, l2282a -%. TRIE~-2 *i @. 131843
(including -@. 132219 —@. 179065
compensator) ~5. 107E-2 *i 9. 843E-& -2, 173113
—3. 247E-2 *i 5. 492E-2 -4, BE1E-2 i 7.9435E~2
~1.732E-2 *i 3.86%9E-2 —&8. Q9RE~2 *i 5. 694E-&
-3, 114E-2 *i 4. 4G9E-~-E -, FABE~4
-4, TAZE-2 *i 3.915E-2 -4, B73E~4
-6. 276E-2 -@. 121506
-5. 936E-2 *i 8. 178E-3 -9. 677E-2 *i 5. Q35E-&
-3. 918E—-2 *i 3.3513E-2 -4, @79E~-2 *i 5. Q@7Q0E~-2
—&4, BEUE-E2 *i 3. 473E-2 -7. 761E~2 *i 5. 58QE-2
-3, BA3E—-2 *i 2. 864E-2 —6. 546E-2 *i 5. 755E-2
3. TQ4E-2 %i 2. 2935E-2 —8. 238E-2 *i 4. 357E-2
-1, S56BE-4 i 1.215E-6 -9. 143E-2
-8. 6BEE-E
-5. 361E~2 *i 1.929E-&
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P = 1.0E+3 P = 1,0e+2

-1. 885260 *i 20.8@360 ~2. 626500 i 34.8096@

~-Q. 1@647@ *i 11.@58902 ~7.553E-2 *i 11.26330
RESIDUAL -4, 749E-2 *i 1.5@1200 @. 147065 +i 1.39921@
MDDES -6.772E-3 *i 1.0@93150 -1.@87E-2 *i 1.07963@

~-2. 4@7E-2 *i 1.0@39420 =3.74CE~2 *i 1.00310@

-2, 2Q1E~2 *i @.779488 —2.464E-2 *i @.779871

~7.747E-3 *i @.656300 -5.885E-3 *i 0.662203

—0.948139 ~3. 12838@

~8.721E-2 *i Q.8B7757 " ~-1. S02090

~-@. 232469 *i @.798301 ~-@. 4@BBE7 *i 1.474480

~-@. 364507 —@. 687241 *i @. 6420

—-@. 122789 *i ©.231737 -@. 429995
CONTROLLED -3. 49BE-2 *i B.243471 -0. 166849 +i @.343024
MODES —-@. 271089 1.@74E-2 *i 0.313069
(including -2. 868E-2 i 0.233024 -P. 260080 *i @.197197
compensator) -0, 150244 *i @.133151 —0. 206846 *i @.244639

-0. 158051 *i ©.131145 ~7.424E-2 *i @.262900

~-9.297E~3 *i ©.157208 -0. 262054 *i 7.925E-2

~5.778E-3 +i @.148253 -9, 674E~2 *i R, 143424

-1.894E-2 *i Q. 136720 ~-5.771E-2 *i @.172578

-5.729E-2 *i 0. 140760 —-6. 671E~3 *i 0. 146587

-7.193E-2 *i @.111687 ~1.262E~2 *i Q. 156744

-@. 175142 i 4.864E-2 -1.Q93E-2 *i @. 155965

-2.632E-2 *i 7.77BE-2 -Q. 203952

~S5.641E-2 *i 6.923E-2 ~3.2Q9E—2 +i Q.1114@27

~1.564E-3 ' —8.98%E~-2 *i 9.457E-2

~1.451E-3 —4. 991E-3

~@. 135853 ~4, 351E-3

~7.340E~2 *i 2.046E-2 -@0. 105388 +i 2.777E-&

-@. 126331 -Q. 1287@57 '

~Q. 103870 -0, 120632

~@. 107568 -0. 100363

-Q. 109545 ~@. 102554

~-@. 106783 —-0. 100443

% UNSTAELE MODES
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TABLE 4-5 Steady State Output Matricesa £or the Nominal Tracking
Compensator Deaign

Matrixe H, :

DIMENSION 7% 7, SAMFLING TIME = +«000
¢ « 2 « 3 ¢ 4) ¢
1 1.,00000 74223570E-19-5.757741E-20-3.578825E-17-7,157720E-19
2) 1.069804E-18 1.00000 1,400211E-17-1,317013E-19-1,268188E~16
3) 2.371769E-20 3.276686E-16 1.00000 34+413336E-18-3,091838E-16
4) 1.154978E-16 4.0492099E-18-2.575951E~20 1,00000 -4,0029202E~-18

9) 7.68B0477E-18 S.00556%E~-16 1.212298E-17-6.181762E-18 1.,00000
6) 2.,599146E-18-1.163049E-16 1.8168B13E-18~2.076652E~18 1.206527E-16
7) 2,163441E-17-2.449042E-18-6,235565E-20-3,069375E~17 2.369140E-18

N e R e e e )

« &) «7)

1) -1,622449E-18 1.058575E-16
Q) -2.362082E~-16 2,233253E-18
3) -5.877398BE-16-3,703425E-18
4) =-7.707981E-18 2,070804E-1464
9) —2.37282R2E-16 1,478602E-17
6) 1.,00000 4.714397E~-18
7) 4.271041E-18 1.00000

e R e e e e

MaTrix Hd :

DIMENSION 7%15, SAMFLING TIME = + 000

« 1 ¢ 2 ¢ 3) «C 4) « 9
1) 1.,169683E-20-3,883165E-23~3,626728BE-23 2.788458E-23-1,114277E-20
2)  1.320579E-22 1,602358E-21 6.031915E-21 1,108203E-20 2,405997E-22
3) 1.899441E-22 3,168762E-20 2.,222166E-20 6.,067498E~20-1.,409834E-21
4) 2,638283E-20-2.287513E-22-2,990618E~-23 1.893476E-23-7.052080E-20
5) -2.514008E-22-3,294254E-20 8.046255E-21 1.698339E-20 8.705608E-23
6) ~8.,291879E-24-3,360910E-21 1.198693E-21-3,733751E-20 3,227276E-23
7)Y 6.,3972B4E-21 1.,487925E-23-2,423700E-23-8,513024E-23-6.,604%30E-20

A A~~~

¢ &) ¢ 7) ( 8) ¢ (1o
1) 5.014197E-21-5,107028E-21-5,337026E-21 5.,429769E-21-3,025617E~-21
2) 3.482587E-20-1.770260E-20 1,745073E-20-3.,454548E-20 4.921173E-20
3) 1.,801071E-19-1.3469088E-20 1,249203E-20-1,788130E-19-3.310288E-20
4) 1,6%4106E-20-1.708390E-20-1,721897E-20 1.736393E-20-1.388282E-20
S) S5.572719E-20-1.4346358E-20 1.410137E-20-5,538003E-20 3.534339E-20
6) 4.309276E-21-6.091781E-21 6,105450E-21-4,306472E-21 3.808347E-20
7) 7.009995E-21-7.270317E-21-7.224937E-21 7.,485009E~21 3.0R26564E-21

P e R e N e R e e

(1) i) (13) (14) (15)
1) 2.,71383BE-21 3.023617E-21-2,715858BE-21 2.230170E-20 6.929102E~-19
2) S5.104229E-20-4.,221173E-20-5,104229E-20 3.841682E-22 2,043055E-21
3) -2,353560E-20 3.310288E-20 2.353%560E-20 1.077350E~21 3.755733E~-21
4) 1.384672E-20 1.,388282E-20-1,384672E~20 2.,077638E-19 1.540848BE-18
5) 3.770875E-20-3,534339E-20-3,770875E-20-6,949205E-21~-4,858054E-20
6) 3.798916E-20~3,808347E~20-3.,798F16E-20~2,575699E~22-6,864325E-21
7) —3,232704E-21~3.,026564E-21 3.,232704E-21 S5,069501E-20 3.79284%5E-19

AN A A A A~
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TABLE 4~6y Nominal Controller Feedback Gaina Rounded to Ong
Significant Figure Accuracy ‘ : N

Malrix F

MATRIX A FROM. FILE DZMDS » BLOCKNO. 7» MATRIXNO. 1

DIMENSION 7%18sy SAMPLING TIME = 000
( 1) ¢ 2) ¢ 3) ¢ 4) ¢« 5
¢ 1) 3I.000000E-05 -1.00000 ~1,00000 20,0000 ~1,000000E-04
« 2) 1.00000 ~84000000E-04-2.000000E-03~3,000000E-04 20.0000
¢ 3) G5.000000E-05 - .800000 + 600000 2.00000 2,000000E~04
¢ 4) -.200000 2.000000E-03 3.,000000E~03 5,000000E~04 3,00000
¢ 5) 5.000000E-04 .600000 1.00000 +300000 2+000000E-03
( 6) -.800000 ~+200000 ~+300000 2.00000 2.,00000
«?7) +800000 - +900000 ~+300000 2.00000 2,00000
¢ 6) « ?7) « 8) « 9) (10)
¢ 1) ~-.,300000 2,000000E~-03-3,000000E~04 2,000000E~02~1,000000E~03
¢ 2) -1.000000E~04 -,100000 ~+200000 ~4,000000E-05 3.,00000
¢ 3) -7,000000E~02-4,000000E~04~8,000000E~05~4,000000E~02 1,000000E~02
( 4) -8,000000E-05-8,000000E~02 ,200000 3+000000E-04 -,700000
( 5) 8.,000000E-02-3,000000E-03 1,000000E-03 9.,000000E~03-3,000000E-03
( 6) ~.100000 ~+200000 +500000 ~74+000000E~03 -~6,00000.
¢ 7) =.100000 +200000 -+500000 ~7+000000E-03 6.00000
(11) (12) (13) - (14) ) S(15)
¢ 1) -4.00000 ~4,00000 70,0000 ~2,000000E~-03 ~2,00000
¢ 2) ~6,000000E~03-1.000000E~02 1,000000E~04 70,0000 3,000000E~04
« 3 8.,00000 64.00000 7+.00000 4,000000E-03 ~4,00000
( 4) 2,000000E-02 3,000000E-02~5,000000E-03 10,0000 7.000000E-03
« 5 6.,00000 11,0000 6,000000E~-02~1,000000E-02 —~,600000
¢ 6) -9.00000 ~2,00000 7.00000 ~6.,00000 3,00000
« 7)) ~9.00000 ~2.00000 7.00000 6.00000 3.00000
(16) (17) (18)
¢ 1) 1.,000000E-02-5,000000E~03 ,200000
¢ 2) -1.00000 -2.,00000 ~1.000000E-03
¢ 3) 4.000000E-02 1,000000E~02 -,B800000
¢ 4) 2.00000 2,00000 6,000000E~03
( §) -2,000000E-02-2,000000E~02 ,200000
¢ 6) —-.600000 ~+400000 ~¢200000
¢ 7) +500000 +500000 ~+200000




TABLE 4-6

MATRIX B FROM FILE

——— CONTINUED

DZMDS » BLOCKNO. 7y MATRIXNO. 2

DIMENSION 7% 7y SAMFLING TIME = 000

( 1) ( 2) ( 3) ( 4) « 9
( 1 3+000000E-02 -2.00000 -2,00000 -3.,000000E-02 -200,000
( 2) -4,00000 2,000000E~02~-8,000000E-03 200,000 -4.000000E-02
( 3) =+200000 60.0000 +400000 « 200000 -30.0000
( 4) -40.0000 -+ 200000 4,000000E-02 40,0000 « 200000
« 5 + 200000 10.0000 20,0000 ~+100000 10,0000
« 6) -30.0000 -10.0000 7.00000 -40,0000 -40.0000
« 7) 30.0000 ~-10,0000 7 .00000 40.0000 ~40.0000

( 6) « 7
« 1 20.0000 6+000000E-02
( 2) -8.000000E-02 20.0000
{ 3). =20.0000 -+ 300000
« 4 +S500000 ~-40,0000
« 95 30.0000 + 300000
¢ 6> =30,0000 30,0000
( 7) -30.0000 -30.0000

-t
Matrix Hc(b) :

MATRIX C FROM FILE DZMDS » BLOCKNO. 7» MATRIXNO., 3
DIMENSION 7% 7y SAMFLING TIME = + 000

« 1) « 2 ( 3 ( 4 « 5
« 1 7.00000 -2000.00 -50.,0000 -7.00000 300.000
( 29 4000.00 40,0000 -4+200000 ~3000.00 -40.0000
( 3> =30.0000 9000.00 20.0000 30.0000 ~-8000.00
( 4) -20000.0 -200.000 1.00000 20000.0 200,000
« 5) 90,0000 -4000.00 300,000 -20.0000 4000.,00
« 6 4000.00 4000.00 200,000 ~-5000.00 ~5000.00
( 7) ~4000.00 4000,00 200,000 - 5000,00 -5000,00

( &) « 7)
1) 3000.00 10.0000
( 2) ~70.0000 8000.00
( 3) =20000.0 ~70.0000
{ 4) 400.000 -50000.,0
¢« 9) 8000.00 200.000
( &) ~-92000.00 10000.0
( 7) -8000,00 ~10000.0
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TABLE 4-7 Number of Unstable Closed-loop Evaluation System
Eigenvalues due to Round-off Errors and
Parameter Perturbation
NUMBER OF SIGNIFICANT FIGURES
RETRINED IN CONTROLLER GRINS
NOMINAL -5 3 2 1
Z U
HE' .
-
W= NOMINAL @ @ _ @ @ @
&g
T & i Q2 @ @ @ '@
o
ul S Q2 @ @ 7] @
L <
e
EE ie 2 2 2 e =4
s
& 2e 4 4 4 4 4
W 0
a w




\‘- - -

TABLE 4-8 Sensitivity of Closed-loop Evaluation System
Eigerwvalues to Round-off Errors in Controller
Bains Alone
NUMBER OF SIGNIFICANT FIBURES RETAINED
NOMINAL 3

ﬁ ~1.885260 ti 20.80360 | ~1.885450 i 20.81200 | —1.872580 *i 20.79460
a -0, 106470 *i 11.05890 | —-0.106382 *i 11.05920 | —0.105653 i 11.0581@
E —4,749E-2 *i 1.501200 | —4.744E-2 *i 1.501170 | —4.707E-2 *i 1.497490
3 ~6.772E-3 *i 1.093150 | —6.803E-3 *i 1.093170 | -6.360E-3 ti 1.093650
5 —2.4Q07E-2 i 1.039420 | -2.410E-2 *i 1.039430 | —2.384E-2 ti 1.040030
a ~2.201E-2 #i ©.779488 | —-2.201E-2 *i 0.779488 | —-2.225E-2 *i @.779412
@ ~7.747E-3 i 0.656300 | -7.748E-3 ti 0.656328 | -7.662E-3 ti 0.6356428
(V4
~ -0. 948199 ‘ -0. 948211 ~0. 946249
5 -8.721E~2 *i ©.887757 | ~8.771E-2 *i 0.888301 | —-8.705E-2 *i @.888665
et ~Q. 232469 *i 0.798301 | —-0.232435 *i 0.798415 | —-0.238130 i 0.794513
. -0. 364507 -@. 364870 -0. 367380
H -0. 122789 +i 0.231737 | -0.122244 *i ©.231893 | -@.115397 *i 0.255193
g -3, 498E-2 i 0.243471 | —3.494E-2 *i 0.243445 | -5.007E-2 *i 0,243303
8 -0. 271089 -6.271833 -@. 290839
o -2.868E-2 +i 0.23302%4 | -2.867E-2 *i 0.233197 | ~1.815E-2 *i 0.240148
o ~0. 150244 *i 0.133151 | -0.150224 *i 0.133152 | -0.175518 *i 0. 142941
or -0. 158051 *i 0.131145 | -0.157931 *i @.132145 | -0, 145501 *i ©.131732
4 -9.297E-3 *i 0.157208 | -9.296E-3 *i 0.157206 | —7.016E-2 i O.165551
o -5, 772E-3 *i 0.148253 | -5.782E-3 *i 0. 148257 | —-9.177E-3 *i 0.157090
€ -1.294E-2 ti 0.136720 | -1,298E-2 *i ©,136721 | -1.322E-2 %i @.136203
= ~-5.729E-2 *i 0.140760 | -S.717E-2 *i 0.140782 | -6,359E-3 *i 0.147016

~7.193E-2 *i 0.111687 | -7.194E-2 *i ©.11153% | -5.946E-2 i 0. 144489
» -0.175142 i 4.864E-2 | -0.175299 *i 4.B815E-2 | ~0.18%877 i 3.656E-2
u -2.632E-2 *i 7.778E-2 | -2.6R3E-2 *i 7.76BE-2 | -2.321E-2 i 7.609E-2
a -5.641E-2 *i 6.923E-2 | -5.626E-2 *i 6.882E-2 | -4,981E-2 i 7.113E-2
E ~1.864E-3 -1.963E-3 -8.2%7E~-2 *i 3.278E-2
a -1.451E-3 -1. 449E-3 -7.3S3E-2
- -0. 135853 -@. 136056 -0. 122732
=] ~7. 34DE-2 i 2.046E-2 | —7.371E-2 £i 2.064E-2 | -0, 187702
& -0. 126331 -0. 125983 ~Q. 184441 +i 1. 448E-3
z -@. 103870 -0. 103871 -1.532E-3
0 -0. 107568 -@. 107368 -1, 308E-3

-0, 109545 -0. 109526 -0. 104710

-0. 186783 -@. 106827
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TABLE 4-9 Sensitivity of Closed—loop Evaluation System Eigenvalues
to Perturbation in Estimator Parameters Alone
PERCENTABE CHANBE IN ESTIMATOR PARAMETERS
NOMINAL 5.0 1e.0 :

i |-t.0e5260 %i 20.00360 | -1.908230 +i 21.11120 | -1.93117@ *i 21.41470
8 | -0.1¢6470 i 11.0589@ | -0.104528 *i 11.07040 | -0.102815 +i 11.08100
X | -4.749E-2 i 1.501200 | -4.589E-2 #i 1.49975@ | —4.437E-2 +i 1.498340
2 | ~6.772E~3 %i 1.093150 | -7.5@8E-3 +i 1.09379¢ | —8.462E-3 xi 1.094310
§ | -2.407e-2 i 1.039420 | -2.475E-2 *i 1.038230 | -2.487E-2 +i 1.036820
2 | —2.201E-2 *i ©.779488 | -2.205E-2 *i ©.776929 | -2.1@06E-2 i ©.774636
@ | ~7.747E-3 *i 0.656300 | -7.706E-3 *i 0.656949 | ~7.693E-3 i 0.657519
[+ 4

~0.948199 ~-1. 030920 -1. 110440
2 -8.721E-2 *i ©.887757 | -9.068E-2 *i 0.899155 | -0.260180 i 0.882642
G ~@. 232469 *i ©.798301 | -0.245937 +i 0, 841404 | —9.475E-2 i @.912267
% -0. 364507 -0. 422208 -0. 469872
g -0. 122789 *i 0.231737 | -0.173503 *i 0.226040 | -0.206396 i 0.267616
H ~3.498E-2 *i ©.243471 | -5.004E-2 *i 0.242070 | -6.371E-2 *i ©.243431
g | -e.271089 -0. 193923 -@.227707
9 -2. 868E-2 i 0.233024 | -3.076E-2 +i ©.2315%51 | —-3.274E-2 +i 0.230317

-0.150244 *i 0.133151 | -0.180626 *i @.156962 | -0.201637 *i O.177603
g | -0.158051 i ©.131145 | -0.117362 =i @.172011 | -1.333E-2 +i @.177727
z ~9.297E-3 i 0.1%57208 | -1.376E-2 %i 0.168149 | —-8.743E-2 i Q. 164375
3 ~%5.772E-3 i ©.148253 | -7.@67E-4 *i @.148%535 1.263E-3 *i 0. 149065
Iy -1.294E-2 *i ©.136720 | -5.963E-3 *i @.144879 | -1.329E-3 i Q. 149127
£ ~5.729E-2 *i 0.140760 | -7.129E-2 *i 0.132467 | —7.963E-2 i 0.131834
< -7.193E-2 *i 0.111687 | -7.606E-2 *i 0.108317 | -8.274E-2 %i o.100858

~0.175142 i 4.864E-2 | -2.269E-2 *i 7.466E-2 | —1.974E-2 +i 7.234E-2
| ~2.632E~-2 %i 7.778E-2 | —4.933E-2 i 7.296E-2 | —4.557E-2 i 7.333E-2
o -5.641E-2 *i 6.923E-2 | -0.114195 *i 3.543E-2 | -0, 109441 i 5. 300E-2
g | -1.564e-3 -1.%63E-3 -1.%563E-3
a -1.451E-3 ~1.451E~-3 ~1. 451E-3
w -0.135853 -0. 183215 ~0. 147607
4 | ~7.340E-2 i 2.046E-2 | -@.148711 *i 1.730E-2 | -0. 144876 +i 1.723E-2
O | -0.126331 -0.119124 -0.130184 *i 4.182E-2
£ | -e.103870 -8.674E-2 *i 1.8354E-2 | ~B8.923E-2 i 2.684E-2
& -0. 107568 -7.222E-2 : -6.238E-2.
O | -0.109545 -0. 1310878 &

-0. 106783 -

* UNSTABLE MODES
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5.0 A ROBUSTNESS DESIGN CRITERION FOR INTEGRAL FEEDBACK COMPENSATORS

A general theory of robustness Ffor multivariable feedback systems has evolved
over the recent years (Refs. [11]-[16]). This theory holds a special appeal to
designers of flexible spacecraft control systewms because it presents a unified
theoretical framework for dealing with such problems as dynamic spillover,
modeling uncertainties and seansor/actuator selection. Tndeed, a naumber of
application papers have already appeared 1in the recent literature (Refs
[17}1-[19]).

Following a brief outline of the theoretical background, it will be pointed out
that the commonly accepted robustness criteria may not he suitable for the class
of integral feedback compensators discussed in this report. A modified criterion
‘will be presented which will then be used as a design tool in an illustrative
example drawn from the benchmark model of Ref.[l].

5.1 THEORETICAL BACKGROUND

The theory as expounded in the literature generally deals with a unity feedback
multivariable system as shown 1in Fig. 5-1. The loop transfer Ffunction
typically coumprises the open-loop plant dynamlcs as well as any compensation in
the loop. Suppose, due to modeling errors or parametric uncertainties somewhere
in the loop, the actual transfer function matrix is given by g(s) . The
perturbation may be represented as either of the additive type

GG = GG+ 2G () (5-1)

or of the multiplicative type

a(ﬁ) = (X -+ AG(S)) GCS). (5-2)

The key question is that given the nominal closed-loop system is stable, under
what constraint on the perturbation dynanmics AG{s) 1s the perturbed uanity
feedback system still stable.

The robustness criteria may be derived from a generalization of the classical
Nyquist criterion to multi-input-multi-output systems, and is well documented in
the afore-mentioned 1literature. Ta short, the results are based on the
properties of the return difference matrix (T~ G($) and the ability to
continuously deform its Nyquist diagram into one corresponding to the perturbed
version (ya. @eey) without crossing the critical point (the origin).

Under the assumptions that
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(a) the open-loop transfer function matrices é,(s) and g(f) have the same number

of unstable poles;

v(b) the nominal closed- loop system (with zZero perturbation) is asymptotically i

stable; and

(c) the eigenvalues of a'(é) along the imaginary ax19 coincide w1th those of the

"nominal system &4(s),

then the perturbed. closed- loop system remains asymptotically stable if

T(AQ(jM}) < ['L + GG , wdo - :  (5-3) .
in the case of additive perturbation (541), and :_, ‘ i_l _ j | .
(a6 < T [T+ GGm, w5y
in the case of multiplicative perturbation (5—2). |
Here E;Cj) ’and A LD denote the maximum and minimum.-singular 'values,
respectively, of a matrix; they are defined ‘as follows: ‘ D -
6-"(:#\) 1 “":6"‘ WAx{l = ,ﬁnm elsuv«lue of p?“A (5—-5)
o (A) = ll":l\l.:‘l HAxY = ,fm-n eigenvalue of A*A . .' l.; B (7’5;'6)

where () denotes the conjugate transpose of - complex matrix. Note that the

maximum singular value of a matrix is in fact a standard matrlx norm.

Thus, the condition (5 3) or'(5 4) 'effectively imposes a frequency—dependent‘
upper bound on the norm of the perturbation matrix. Conversely, they also -
specify the minimum "gains" the return difference matrix should have -in order to -

ensure robustness.

Although these are only sufficient condition’s,' they are applicable to a broad

class of perturbation dynamics. Indeed, the latter need not assume any specific
structure at all in order for the theory to apply. This 1is a very useful feature
in the case of flexible spacecraft where the control system is invariably based
on a finite-dimensional model of an infinite dimensional system. Hence, the
specific order, and therefore, structure, of the residual dynamics is never
completely known. We shall explore this further in the next section.
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5.2 ROBUSTNESS CRITERIA FOR FLEXIBLE SPACECRAFT

A flexible - spacecraft control system has the general configuration showm in
Fig. 5-2 in which the residual dynamics may be represented as either additive
perturbation

P(s) = PG>+ P(s), E (5-7)

or as multiplicative perturbation
-1
Py = (T + Bl DRl (5-8)

provided the necessary Lnverse matrix exists. Since the invertibility of Pa is
generally not guaranteed, nor are the numbers of inputs and outputs typically
the same, the additive formulation (5-7) is usually the more appropriate one to
use.

Tn order to apply the robustness result of the last section, it is first
necessary to obtain the return difference matrix for an equivaleat wunity
feedback system as shown in Fig. 5-1. This is done classically by "breaking the
loop” at the appropriate point; the return difference matrix is then defined for
the particular node at which the loop is broken. Clearly, the robustness result
would then apply only to perturbation injected at this point in the loop.

Obviously, the form of the return difference wmatrix depends entirely on the
choice of the loop-breaking point; this in turn affects the outcome of the
robustness criteria (5-3) and (5-4). For instance, with the loop broken at point
1 at the output of the system of Fig. 5-2, the return difference matrix is given

by
T + PHG. (5-9)

On the other hand, the return difference matrix corresponding to break point 2
at the input to the system is

T H PG, (5-10)

In the equivalent unity feedback formulation, the loop transfer matrix for (5-9)
is G (&)= PHls),

but is given by
GG= HP(
for (5-10).

5-3
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fFor our demonstration, let us adopt (5-9), i.e., loop?break"pdint at the .

output. The perturbation dynamics due to the residual modes is then reprESentéd
3B Pal) H( . o “
Direct application of the robustness qriterioh (5-3) thus yields

& (Gl3dHGw) < o (1 + PG HGw] w0 - (5-11) |

A sufficient condition for the above inequaliﬁy is

T (R(e) < T[T+ BGOHGD]/T(HGw), W7o (5oqp)s

Furthermore, when the compensator is invertible, (5-12) becomes

T (RGN < T [HGm+ RG], wso . | (5-13)%

The ecriteria (5-11)-(5-13) have appeared frequently in the literature
(Refs. [16]-[19]) for the obvious reason of simplicity. Unfortunately, they are
not appropriate when the compensator contains integral feedback of the kind
described earlier in this report., The right-hand sides of (5-12) and (5-13)
could present numerical difficulties at very low frequencies. At the same time,
the left-hand side of (5-11) approaches infinity so that the bound bhecomes
meaningless.

An alternative formulation which does not rely on the invertibilityof H
would overcome: these problems at low frequencies. This is.obtained by defining

o
Wwy = HGe) [T+ BGuy @] @70, (5-14)

*In deriving (5-12) and (5-13), we have made use of the following properties of
singular values: :

(a) O (AB) ¢ T (A) 0°(B)
(b) & (A) (B)S Z(AB)
() T@") = 1/a()

SPAR-R.1185
ISSUE A . -
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The invertibility of the return difference function (Z+FH) is guaranteed .since,
by assumption, the closed-loop nominal system for the controlled modes 1is
asymptotically stable. Using a similar approach to Ref.[l4], we obtain the
following result:

THEOREM 5-1

Given that (I.H’cH)" exists and is asymptotically stable; assume ?@CS) is also
asymptotically stable. Then .

TCREDWGR) £ 1, w>o (5-15)

ensures that the closed-loop system with M (s) applied to the evaluation model
(5-7) is asymptotically stable.

The proof is outlined in Appendix 1. An interesting corollary is the following:
COROLLARY

A sufficient condition for (5-15) is
F(RG) < 1/ FWGw) , w>e. (5-16)

Note that conditions (5-15) and (5-16) hold whenever (5-11) and (5-12) hold,
respectively. However, due to pole-zero cancellations in the Fformulation of
Wes) in (5-14), the criterion (5-16) exhibits none of the afore-mentioned
numerical difficulties at low frequencies.

5.3 USE OF ROBUSTNESS CRITERION FOR COMPENSATOR DESIGN

In the early part of this report, we have presented a number of compensator
designs which are robust in the presence of residual dynamics and parametric
uncertainties. The approach taken there was by searching among the steady state
Ricecati solutions Ffor the optimal control and estimation problems. Though
brute-force in appearance, the method turned out to be very effective in the
design cases considered. Nevertheless, robustness of the nominal design must
still be verified independently via sensitivity analysis.

The robustness results presented in this section, however, has created a design
approach through which robustness is guaranteed for a broad class of (possibly

" unstructured) perturbation dynamies. Furthermore, the effects of perturbatlon

applied at various points in the system, such as sensor or actuator failures,
may be 1isolated and studied through appropriate selection of the loop-breaking
points. Consequently, the compensator design may be customized to handle
certain specific types of perturbation pertinent to the application at hand.

5-5



5/mc1891.30 S
| ' . SPAR-R.1185
‘ : o ISSUE A

The key here is to wvary the compensator parameters so as to enforce the
compliance of (5-15), (5-16) or any other robustness criterion obtained for the
corresponding loop—-breaking point. There are many ways in which the compensator
parameters could be varied, parameter optimization being the most common
approach (e.g., Ref.[17]). In the next section, we shall demonstrate how the
same search technique described earlier may be used in combination with the
robustness criterion (5-16) as a design tool.

5.4 A SINGLE INPUT-SINGLE OUTPUT EXAMPLE v

We present here a simple example to demonstrate the principle behind the use of
the robustness criterion (5-16) for design purposes. For the evaluation model,
we select modes 1 and 3 of the benchmark model from Ref.[1l] together with the
first components in «u and Y as input and output, respectively. The
system model may be written in the form

.

XP = Apx? -+ bpl& + bpud

y = CPTXP + W, : . (5-17)
where - q
. _ -
?(P =1 My ) = P( ’ Y = ‘GS(
:1!
g}

The disturbance input and measurement nolse are represented by Uy and Wp |,
respectively. The system matrices for this model are shown in Table 5-1(a).

For the design model, we arbitrarily choose the high frequency mode so as to
create a non—trivial situation with splllover from the low frequency mode. The
model is described by

.

e = A%, + b & b, uy
Y = &S % b .  (5-18)
h
where x ["ls]
13

The system matrices are listed in Table 5-1(b). For this example, ﬁhe transfer
functions for the controlled and residual dynamics are given by
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4.758 x 16'F
Fe5) = $? 4 (8.40g 1 18°)3 + B.13] w10 (5-19)
and
Q151 x 167
Po) = N B -
€4 (1gag x16%)s + [s46x16% (5-20)
respectively

As in (4-14), the tracking compensator for the design mcdel is given by
X o= A by + BoYe
e L v -
w = —=dx +d, Vs (5-21)

A 3
where the compensator state vector X, 1= I‘Nc} e R

consists of 2 estimated states for ¥, and the output of a single iantegrator for
disturbance rejection. For this demonstration, the control output reference
Yo may be set to zero without affecting our conclusioas on stability.

To compute Lthe controller gains (Alﬂ%), we choose to minimize the cost function

_ o
T=[ y'e p (i) ar, (522

The disturbance input and measurement noise are again assumed to be uncorrelated
zero—mean white noise processes with intensities of 1.0 and (10) f s
respectively. As before, the parameter will be used to search among the
steady state Riccati solutious of the control and estimation problems defined
above. However, in this case, instead of closed-loop eigenvalues, we shall use
condition (5-16) as the search criterion.

The design iteration proceeds as follows. For any value of £ the transfer
functlon of the corresponding compensator (5-21) is computed; this is easily
done using KEDDC commands. This then allows the function W(s) of (5-14) to be
computed, From this, the criterion (5-16) is then examined by comparing the
siagular value plots of the two sides of the inequality.

Figure 5-3 displays a typical case where the robustness criterion (5-16) is
violated at the frequency (0.12%4 rad/s) of the residual mode, indicating that
the spillover from this wode could cause instability problems. The compensator
parameter are then reiterated with a different value for P until the
criterion (5-16) is finally satisfied over all the frequencles of intevest.
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Figure 5-4 describes a typical iteration sequence for value of P ranging from
0.0001 to 0O.l. The corresponding transfer functions for the compensators are
listed in Table 5-2. It is clear that at values of P above 0.01, robustness
to spillover 1s assured. This is further confirmed by the evaluation system
closed-loop eigenvalues displayed in Table 5-3.

An interesting observation from this example is that, contrary to common belief,
the designs obtained from the robustness ecriterion (5-16) are. by no means
conservative. Indeed, by comparing the eilgenvalues listed in Table 5-3 to the
singular value plots of Fig. 5-4, one sees an almost one—to—one relationship
between stability and satisfaction of the criterion. However, whether this
relationship will hold in the multi-input-multi-output case is still a subject
for speculation.

5-8
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FIGURE 5-1

A Unity Feedback Syatem
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a)

(b)

TABLE S-1

EVALUATION MODEL

A Matrixs [ 0. 2 @. 3 1.@
B. @ 0. @ @.@
-1.54628E~-2 0.0
§ B. @ ~-5. 7372817E-2 2. @
-
B Matrixs @. @
g. @
-5. OG53E~-4
| —1.5QRE-6
.
C Mabtrixs -i.736E~3 -3. 172E-6 @. @

“

—-1. 846E~3

A
SPAR
ATy

Model Data for Robustrness Criterion Desipn Example

;IO

Q9E~-3

DESIGN MODEL
A Matrixe . @ i.@
-5. 737217E~-2 -3. 409E~-3
B Matvix: B. @
-1.S20E~-6
C Matrixs [~3=172E—6 0. @ ]
5-13
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TABLE S5-2 Compernsator Candidates for Robustrness Criterion
Design Example
P COMPENSATOR TRANSFER FUNCTION
. 2
5.737 + B.34@09s + 128s
0. 2001 H(s) o et e S et 2 e o st . s s e e e
2
s( 0.03737 + B.003439s + 5 )
e
1.814 + @.1@78s + 31.68s
0. 001 His) e e e e e e e e e e e e e e
2
s{ @.03737 + Q. 083417 + 5 . )
2
B.5737 + @.03403s + 10g
0. 31 H G ) 28 e e e e e e e o e e e e e st e o o
2
s( @.05737 + 0.003411s + g )
e
0.1814 + 0.01078s + 3. 168s
a.1 H{8) = e e e e e e e e e e e

s{ Q.05737 + 0.003410s + g )




TRBLE 5-3

Closed-loop Evaluation System Eigenvalues for
Robustrness Criterion Design Example

AR—
SPR

CONTROLLED MODES
(including compensator)

RESIDURAL MODES

2. 0a@1

-6. 295E-3
—1.719E-3 i ©.239519
-1. 705E-3 *i @.839019

2. 224E-3 i @. 124442

@. D@1

—1.994E-3
-1.7@08E-3 *i @.232519
-1.7Q5E-3 #i @.839519

7. 407E-5 i @. 124301

—6. 3BEE~-4
-1. 7@5E-3 *i @.239519
—-1.706E-3 xi @.23%3519

-6. @77E-4 *i @. 184345

Q.1

=1, 994E~4
~-1. 7@5E-3 i @.2339519
~1.7@5E~-3 *i @.239519

—8.233E-4 i Q. 124343

# UNSTABLE MODES
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Contrary to popular opinion, it has bheen demonstrated that an estimator-based
compensator could be designed to retain the robustness properties with regard to
parametric variation and spillover from unmodeled dynamics. This is accomplished
through a simpla search technique. The effectiveness of the method has bheen
amply demonstrated by the robust regulation and tracking compensator designs
presented here for the MSAT model.

On the theoretical front, a design criterion has been .established Efor
compensators with integral feedback which will guarantee robustness to withstand
spillover from unmodeled dynamics. The method could be used to study the
robustness effects of a broad class of (possibly wunstructured) perturbation
injected at virtually any point in the system. The single input-single output

_example presented hera indicates that the designs that result from the use of

this criterion are not overly conservative even through this has been a common
source of criticism of singular value-based robustness criteria, However, the
simple example studied here has by no means revealed the full potential (and, of
course, pitfalls) of the design criterion in question; further evaluation is

.Nacessary.

The capabilities of the design package KEDDC has heen amply demonstrated through
this study. Needless to say, there still exist areas in which improvements to
the current version would be desirable for future use. A case in point is the
lack of a capabllity to perform transfer function matrix algebra which would
greatly facilitate the utilization of the vobustness criteria discussed in
Section 5 as a design tool., On the whole, however, our experience indicates that
there has been a significant increase in design efficiency through the use of
KEDDC. Though not readily quantifiable, the productivity increase that results,
when compared to a similar design exercise undertaken in an earlier study, could
easily be a factor of tean or more.

There are several avenues along which fruitful follow-on activities may be pursued:

a) Verification of the tracking compensator design via digital simulation.

b) Verification of the robust design methodology with hardware in a proof-of-
concept experiment.

¢) Further investig ation of the singular value-based robustness design
criteria in a multi-input/multi-output setting.

d) VUpgrade the design capabilities of KEDDC particularly in regard to
transfer function matrix algebra.

The multivariable singular value—based robustness design theory certainly repre-
sents one of the more significant results developed in recent years. The full

potential of the method has barely been explored in this study. Further research

efforts even from the purely theoretical standpoint is necessary in order to
consolidate the various design concepts which have originated from this theory.

6-1
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6.0 CONCLUSIONS AND RECOMMENDATIONS

With regard to (a) and (b), there are currently plans proposed. for hardware
demonstration of flexible structure control technology in connection with either
third-generation spacecraft or the development of manipulators for space station
applications. The experience from this study will serve well towards laying the
groundwork for any activities in those areas.
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APPENDIX A
DESIGN MODEL DATA FROM REF. [4]
Listed in the following are the design system matrices for the continuous-time

model ( A., & , €) and their discretized version ( A,, B, , € ) obtained with
KEDDC.,



Matrize A

MATRIX A FROM FILE DZM

do

<

» BLOCKNO. 25 MATRIXND, 1

ST

SPA

LBy

DIMENSION 22%22y SAMFLING TIME «+000
« 1 « 2) « 3 « 4) « 5
« 1) 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 2) 0.00000 0.00000 0.00000 0.00000 0.00000
¢« 3 0.00000 0.00000 0.00000 0.00000 0.00000
« 4) 0.00000 0.00000 0.00000 0.00000 0.00000
« o 0.,00000 0.00000 0.00000 0.00000 0.00000
« &) 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 7 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 8) 0.00000 0.00000 0.00000 0.00000 0.00000
« N 0.00000 0.,00000 0.00000 0.00000 0.00000
(10) 0.00000 0.,00000 0.00000 0.00000 0.00000
(1 0.00000 0.00000 0.00000 0.00000 0.00000
(12) 0.00000 0,00000 0.00000 0.00000 0.,00000
(13) 0.00000 0.00000 0.00000 0.00000 0.00000
(14) 0.00000 0.00000 0.00000 0,00000 0.00000
(19 0.00000 0.00000 0.00000 0.00000 0,00000
(16) 0.00000 0.00000 0.00000 0.00000 0.00000
(17) 0.00000 0.00000 0.00000 0.00000 0.,00000
(18) 0.00000 0.00000 0.,00000 0.00000 0.00000
(19) 0.00000 0+00000 0.00000 0.,00000 0.00000
(20) 0.00000 0.00000 0.,00000 0.,00000 0.00000
21) 0.00000 0.00000 0.,00000 0.00000 0.00000
(22) 0.00000 0.,00000 0.00000 0.00000 0.00000
¢« &) «?2) « 8) « ?) (10)
¢ 1) 0.00000 0.00000 1.,00000 - 0.00000 0,00000
¢« 2) 0.00000 0.00000 0.00000 1,00000 0.00000
« 3 0.,00000 .0.00000 0.00000 0.00000 1.00000
« 4) 0.00000 0.00000 0.00000 0.00000 0,00000
« 5 0.00000 0.,00000 0.,00000 0.00000 0.00000
¢ &) 0.00000 0.00000 0.,00000 0,00000 0.,00000
« 7 0.00000 0.00000 0.00000 0.00000 0,00000
¢ 8) 0.00000 0.00000 0.00000 0.00000 0.00000
< 0.00000 0.00000 0.00000 0.00000 0.00000
1o 0.00000 0.00000 0.00000 0.00000 0,00000
(11) 0.00000 0.00000 0.00000 0.00000 0.00000
(12) 0.00000 0.00000 0.00000 0.00000 0.,00000
(13) 0.00000 0.00000 0.00000 0,00000 0.00000
14) 0.00000 0.,00000 0.00000 0.00000 0,00000
(15 0.00000 0.,00000 0.00000 0.00000 0.00000
(16) 0.00000 0.00000 0.00000 0.00000 0,00000
(17) 0.00000 0.00000 0.00000 0.00000 0.00000
(18) 0.00000 0.00000 0.00000 0.00000 0.00000
(19) 0.00000 0.00000 0.00000 0.00000 0.00000
(20) 0.00000 0.00000 0.00000 0.,00000 0.00000
21) 0.00000 0.00000 0.00000 0.00000 0.00000
(22) 0.00000 0.00000 0.00000 0.00000 0.,00000
A-1



P N W L L

Ma'ryix Ac. (Coh‘fg.)

D
3)
4)
S)
6)
7)

8)
?).

(10)

(11)

(12)
(13)
(14)

(15) .

(167

(17>

(18)
(19)

(20)
“(21)
(22

P e e et e e e

(

1)

2)

3) .

4)
5)
6)

7).

8)
?)

(10)
(11)

(12)

(13)
(14)
(13)
(16)
(17)
(18)
19
(20)
(21)

(

22)

2y

) (11) -
0.00000
0.00000
0.00000
1.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0,00000

- 0400000
0.00000
0.00000
0.00000
0+.00000

. 0.00000

(16)
0.00000
000000 .
0,00000
0+00000
0.,00000
0+00000
0.,00000
0+00000
0.00000
0.00000
0+00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
~9.737217E-02

0.,00000

0.,00000

a2
‘0400000
0.00000
0.00000

0.00000 .

'1,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000

0.00000 °

000000
0.,00000
0.00000
0:00000

0.00000
0.00000 -

0400000

S iy
0400000 :

0.00000

0.00000 "
0.00000
0.00000

0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0400000
0,00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0.00000
-+ 309465

0.00000

(13)
© 0,00000
0.00000

0.00000

0.00000
0.00000
1.00000
0.00000
0,00000

0400000

0.00000

0400000 - -
0,00000
© 0400000

0,00000
0.00000
0.00000

- 0.00000
0.,00000 )
0,00000
0.00000 -

.-0,00000
0,00000

(18)

- 0.00000

0.00000
0.,00000
0.00000
0.00000
" 0.00000
0.00000
0.,00000
‘0,00000
0,00000
0.00000
0,00000
0}00000
0.,00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
~+607833

P -

(14)
-0.,00000
0.00000

©0.00000

0,00000
0.,00000

0.00000

1.00000
0.00000
0.00000
0.,00000

- 0,00000 -
. 0.00000

0.00000

© 0.00000

. 0.00000
0.00000
0.00000
0:00000

. 0.00000
. 0+00000

0.00000

SN EL3)

1 0.00000 -
0.00000

0.00000
0.00000
0.00000

0400000 -

0.00000
0.00000
0,00000
0.00000
0.00000
0.,00000
0.00000
0,00000
1.00000
0.,00000
0.,00000
0.,00000

0,00000

(i5)

" 0,00000
. 0400000 -
. 0,00000

- 0.00000

"0,00000
0.00000 -
0.00000"
0,00000 .
0,00000 , -
0,00000"
.0.00000 .
0400000
0,00000
0.,00000

0,00000 - " -

“0.,00000
0.,00000

0.00000 .
=1.5462B81E-02

0:00000
0,00000
0,00000

(20) -

' 0,00000

0,00000 -~ -

0,00000
0.00000 .
0,00000
0,00000
0,00000
0.00000
0,00000
0.00000 -
0,00000
0.00000
0.00000
0,00000
0.,00000
1.00000
0.00000
0.00000

-1.846000E-03-2,519000E-06 .
~24519000E-06-3.409000E-03

1.,700000E-03 6.900000E-06
~3,255000E~03~-1,146000E-05

A—
SPAR




M adbse A}@ {Cmﬂf’éf.) B

e e ke o e e e
~

21)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0:00000
0.00000
0.00000
0.,00000
0.,00000
0.,00000
0.,00000
0,00000
0.00000
0,00000
1.00000
0.00000

1,700000E~03-3,255000E-03
6+900000E-06-1,146000E-05
~1+.711000E~-02 4,585000E~03
4,385000E-03-4.215000E~-02

(22)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
1.00000




MATRIX B FROM FILE DZM

DIMENSION 225109
« 1) (2

(1) 0.,00000 0.00000
( 2) 0.00000 0.00000
( 3 0.00000 0.00000
¢ 4)  0,00000 0.00000
( S)  0.,00000 0.,00000
( 6). 0.00000 0,00000
( 7)  0.,00000 0.00000
( 8) 0,00000 0.00000
(9  0.00000 0.00000
(10)  0.00000 0.00000 -
(11)  0,00000 0,00000 _
(12)  0,00000 0.00000
(13)  6.944000E-03 0.00000 .
(14)
(15)  0.00000 0.00000
(16)  0,00000 * 0.00000
(17)  0,00000 000000
(18)  0,00000 0.00000
(19)
(20) -1.500000E~06-2
(21)
(22)

‘ ( & «?
¢ 1)  0.,00000 0,00000
( 2)  0.00000 0.,00000
( 3) 0.00000 0.00000
( 4)  0.,00000 0,00000
( 5)  0,00000 0400000
¢ 6) 0.,00000 0.00000
¢ 7)  0.,00000 0.00000
-}
« 9
(10) 5.729000E~03~2,869000E~02
(11)
¢(12) ~1,027000E-02 9.2
(13)
(14) ‘
(15)  0.,00000 0.00000
(16)  0.00000 0400000
(17)  0.00000 0.00000
(18)  0.00000 0.00000
(19)
(20) ~3.,421000E-03 -,108700
(21) 2.499000E-02 5,095000E-02

Ibfttfii:c; Eic

S (22)

v+ BLOCKNOD.

SAMPLING TIME = +000

« 3
0.,00000
0.00000
0.00000
0.00000

0.00000"

0.,00000
0.00000

8.410000E~03 8.410000E~03-8,410000E-03

2y MATRIXNOD., 2

( 4) « S

0.00000 0.00000
0.00000 0.00000
0.00000 0,00000
0,00000 0.00000
0:,00000 - 0.00000
0,00000 0400000 - -
0.00000 0.00000

~1.457000E-02 1.,457000E-02 1,457000E~-02
54729000E~03~5,729000E-03-5,729000E~03
3+.806000E-03 3,811000E-03-3.806000E~03

. 1,022000E~02~7,07B000E-02 7,133000E-03

1,289000E~03 4.539000E-05-4,112000E-05
64791000E-08 6.921000E-03~8,075000E~04 B8.081000E-04 8,094000E-04

0.00000
0.00000
0.00000
0.00000

: 0,00000 0400000
0,00000 0.00000
 0,00000 - - 0,00000
© 0,00000 . 0,00000

=5.553000E~-04~-2,199000E~06 6.530000E- 03 3 47B8000E-03 3.4B88000E~03

+577000E~03~3,368000E-03 3,370000E~03 3,419000E-03

8+51B8000E~04 1,731000E-06=-2,485000E~02 2,639000E~02-2,653000E-02
4,838000E-03-2, 4220005 06-6 4750005-04 3.0140005 03 3.025000E-03

~8.410000E~03 8,410000E-03 B, 410000E—03 8 410000E-03-8.410000E~ 03'

(8
0+00000
0.00000

0.00000 -

0,00000
0.00000
0.00000
0,00000

« 9 (10)
0.00000 0400000
0.,00000 0.00000
© 0,00000 0,00000
-0,00000 0.,00000
© 0,00000 - 0,00000
 0,00000 0+00000

0,00000 0.00000

-1.457000E~02~1,457000E-02 1.,457000E-02 1.,457000E~02~-1,457000E~02
2,869000E-02 2.869000E~02-2,869000E-02

~3.811000E~03~1,906000E~-02~1,908000E~02 1,906000E~02 1.908000E-02
?9000E~03 9.284000E-03-9,299000E~03~-9,284000E~03

~1:293000E-03~2,675000E~04~2,702000E-04 2.675000E~-04 2,702000E~04
-8.100000E~04 9,735000E-04~9,725000E~-04~9,735000E~04 9.725000E-04

0.,00000
0.00000
0.00000
0.,00000

0,00000 0.00000
0.00000 0.00000
0,00000 0.,00000
0,00000 0.00000

~6+539000E~03-4,826000E-02-4,783000E~02 4,.826000E-02 4,783000E-02

6.+3GB8000E-04 ~,241800

+«108500

+108700 -+108500

5.079000E~02-5,095000E~02~5,079000E-02

-+241300

+241800 +241300

SPAR
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Matvix C.

MATRIX C FROM FILE

o
-

pZM  » BLOCKNO. 2+ MATRIXNO. 3

DRIMENSION 13%22y SAMFLING TIME +000
« 1) « 2) « 3 ( 4) ¢ 3
( 1) 1.68B2000E-02 0.,00000 0.,00000 7+617000E-03 3,139000E-03
«2) 0.00000 1.682000E-02-6,6153000E-03 2.807000E-04 3.172000E~05
« 3 0.00000 0.00000 ?.094000E-04-3,859000E-07-9.257000E-07
¢ 4 0.00000 0.00000 0.00000 1.047000E-03 7.331000E-04
¢ S 0,00000 0.00000 0.00000 0.00000 2.003000E-03
¢ &) 0.00000 0.00000 0.,00000 0,00000 0.00000
« 7). 0.00000 0.00000 0,00000 0.00000 0.00000
( 8) 0.+.00000 0.00000 0,00000 0.00000 0.00000
« ) 0.00000 0.00000 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0,00000 0.00000 0.00000
(1) 0+,00000 0.00000 0.00000 0.00000 0.,00000
(12) 0+00000 0.00000 0.00000 0.,00000 0.00000
(13) 0.00000 0.00000 0.00000 0,00000 0.00000
« 6) ¢ 7) « 8 « 9 (10)
¢ 1) 1,334000E-03 5,.777000E-07 0,00000 0.00000 0.,00000
¢ 2) 2,464000E-06 9.338000E-04 0.,00000 0.00000 0,00000
( 3) -92.174000E-08-4,708000E~-05 0,00000 0,00000 0+00000
¢ 4) 1.210000E-04 1,119000E~07 0.00000 0.,00000 0.00000
( 5) 1.441000E~04 2.213000E-07 0.00000 0.00000 0.00000
¢ 6) 6.944000E-03 6.,791000E-08 0.,00000 0.,00000 0, 00000
¢ 72 0.00000 64+921000E-03  0,00000 0.00000 0,00000
¢ 8) 0.00000 0.00000 0.00000 0.00000 0.00000
« 9 0,00000 0,00000 0,00000 0.00000 0,00000
(10) 0.00000 0.00000 0.00000 0.00000 0.,00000
(11) 0,00000 0.00000 0.00000 0.00000 0.00000
(12) 0,00000 0.00000 0.00000 0,00000 0.00000
(13) 0.00000 0.,00000 0.00000 0.00000 0.00000
(11) (12) (13) (i4) (15
« 1) 0.,00000 0,00000 0.00000 0.,00000 3.051000E~03
¢ 2) 0.00000 0.00000 0.00000 0.00000 5.323000E-06
« 3 0,00000 0,00000 0.00000 0.00000 -8.282000E~07
« 4) 0,00000 0,00000 0,00000 0.00000 -5.856000E-04
« 3 0.00000 0.,00000 0.00000 0.00000 1.157000E~03
¢ 6) 0,00000 0,00000 0.00000 0.00000 -3.,533000E-04
< 7) 0.00000 0.,00000 0.,00000 0.,00000 -2,192000E-046
S 82 .0.00000 0.,00000 0.00000 0,00000 =7:672000E-02
« 0.,00000 0,00000 0.00000 0.00000 ~1,057000E-04
(10) 0.00000 0.00000 0.00000 0.00000 ?.647000E-03
(11) 0,00000 0.00000 0.00000 0.00000 4,200000E-06
(12) 0.00000 0,00000 0,00000 0.00000 5.734000E-05
13 0.00000 0,00000 0.00000 0.00000 ,3¢335000E-03
A-5




Matvix C. (conld.) :

(16)

(17)

(18),

1.986000E-06 1.541000E~03-3.661000E-03
3+920000E~-03-8,289000E-05 6.760000E-06
~9.888000E-04 8.859000E-07-4.329000E-06
2.133000E-07-3,964000E-04-5.918000E~03
5.812000E~06-5,932000E~03 2,746000E-~04
~1.500000E-06 8.518000E-04 4.838000E~03
~2,377000E-03 1.731000E~06~2,422000E-06

~1.386000E~04

+121800

~+270900

~2+193000E~02~5.374000E~05~1.934000E~04
7+066000E~02-4,218000E-05 1.590000E-04
34425000E-03-2,497000E~06 6.796000E~06
1+776000E~06~1.050000E~-03~1,114000E-02
8.,002000E~-06-6.323000E~03~6.592000E~04

(21)
0.,00000
0.,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

(22)
0.,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0,00000
0,00000
0.,00000

(19>
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0.00000

20y

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000 -
0.,00000

0.,00000
0.00000
0.00000
0.00000

Am——
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a—
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MATRIX A FROM FILE IiZM » BLOCKNO. 35 MATRIXNO., 1
DIMENSION 22x%22y SAMFLING TIME = 10,000

« 1) « 2 ¢« 3) « 4 « 5
« 1 1,00000 0,00000 0.,00000 0.00000 0.,00000
« 2 0.00000 1.00000 0,00000 0.,00000 0,00000
( 3 0.00000 0,00000 1.00000 0.00000 0.00000
« 4 0.00000 0400000 0,00000 1.00000 0,00000
( 3 0.00000 0.00000 0.00000 0,00000 1.00000
¢ &) 0.00000 0.00000 0.00000 0.00000 0,00000
¢ ?72) 0,00000 0.00000 0.00000 0.00000 0.00000
« 8) 0.00000 0,00000 0.00000 0+00000 0.,00000
¢« 9 0.00000 0.00000 0,00000 0.,00000 0.00000
10) 0.00000 0.00000 0.00000 0.00000 0,00000
(11) 0.00000 0.00000 0.00000 0.00000 0.00000
(12) 0.00000 0.00000 0.00000 0,00000 0,00000
(13) 0.00000 0.00000 0:.00000 0.00000 0,00000
(14) 0.00000 0.00000 0.00000 0.00000 0.00000
(15) 0.00000 0.00000 0.00000 0.00000 0,00000
(148) 0.00000 0,00000 0.00000 0.00000 0.00000
(1?2) 0,00000 0,00000 0.00000 0.00000 0.00000
(18) 0.00000 0.00000 0.00000 0.00000 0.00000
(19) 0.,00000 0.00000 0.00000 0.00000 0,00000
(20) 0.00000 0.00000 0.00000 0.00000 0.,00000
(21) 0.00000 0.00000 0,00000 0.00000 0.00000
(22) 0.00000 0.00000 0.00000 0.00000 0.00000
« &) « 72 « 8) «? (10)
¢« 1 0.00000 0.00000 10.0000 0.00000 0.,00000
¢-2) 0.00000 0.00000 0.00000 10,0000 0.00000
¢« 3) 0400000 0,00000 0.00000 0.00000 10.0000
¢ 4) 0.00000 0.00000 0.00000 0.00000 0.00000
« 5 0.00000 0,00000 0.00000 0.00000 0.00000
« &) 1.00000 0.00000 0.00000 0.00000 0.00000
«?2) 0+00000 1.00000 0.00000 0.00000 0.00000
( 8) 0.00000 0.,00000 1.00000 0.,00000 0.00000
¢ 0.00000 0.00000 0.00000 1.00000 0.00000
10 0,00000 0.00000 0.00000 0.00000 1.00000
(11) 0.00000 0.00000 0.00000 0.00000 0.00000
(12) 0.00000 0.00000 0.00000 0.00000 0.00000
(13) 0.00000 0.00000 0.00000 0.00000 0,00000
(14) 0.00000 0.00000 0.00000 0.00000 0.,00000
(13) 0.00000 0.00000 0,00000 0.00000 0.00000
(16) 0.00000 0.00000 0.00000 0.00000 0.00000
(17) 0.00000 0.00000 0.00000 0.00000 0,00000
(18) 0.00000 0.,00000 0.00000 0.00000 0.00000
(19) 0.00000 0.00000 0.00000 0.00000 0.00000
(20) 0.00000 0.00000 0.00000 0.,00000 0.00000
(21) 0.00000 0.00000 0.00000 0,00000 0.00000
(22) 0.00000 0.00000 0+00000 0,00000 0.00000




A—
SPAR

Matlvix Xc_. | [t'anfk) :

11y (12> (13) SV (15) -

(1) 0.00000 0.00000 0.00000 ~ 0.00000 .. 0+00000 -

¢« 2) 0.,00000 0.00000 © 0.00000 0.00000 .. 0.,00000

« 3 0.00000 0.00000 0,00000 . "0.00000 - 0.00000.

« 4) 10.0000 0.00000 ' 0.00000 0.00000 - 0.00000

¢ 35) 0.00000 10.0000 0,00000 . 0400000 ~ 0.,00000 .-

¢ 6) 0.00000 0.00000 . 10.0000 - 0400000 0.00000

« 7) 0.00000 0.00000 0.00000 10.0000 0.00000

« 8) 0.00000 ' 0.,00000 0.00000 . - 0.00000 . 000000

«9) 0.00000 - 0.00000 - 0.00000 - .. 0,00000 . 0.00000 o

10) 0.00000 0.00000 : 0.,00000 = . 0.,00000 -~ 0400000 . .

(11) 1.00000 0.00000 . 0.00000 : .- 0.00000 000000 - ..

(12) 0.00000 1.00000° 0.00000 - . . 0,00000 0.00000.

(13 0,00000 0.00000 1,00000 - 0,00000 .. 0.00000 -

(14) 0.00000 0.00000 0.00000 . 1.,00000 0+00000

(15) 0.00000 0.,00000 . 0.00000 . - 0.00000 + 325515 s

(16) 0.00000 < 0400000 0.00000 - 0,00000 - 4.342479E~06 . .

(17) 0.00000 : 0.00000 0.00000 ~ 0.00000 ~-7.748331E~-04

(18) 0.00000 0.00000 0.00000 - .. 0,00000 5.520644E~04

(19) 0+00000 0.00000 0.00000 ®0.00000 = ~.116671

(20) 0.00000 0,00000 " 0.,00000 0.00000 - 9.611996E-07

(21) 0.00000 0+00000 0.00000 : 0,00000 3.063950E~-05

(22) 0.00000 0.00000 0.00000 : 0.00000 . 2.217990E-05 "~
(16) (17) (18) «(19) ] (20)

« L 0.,00000 0.00000 - 0,00000 0.00000 - 0,00000

¢ 2) 0,00000 0.00000 " 0.,00000 0.00000 " 0,00000

« 3 0:.00000 0.00000 0.,00000 . 0,00000 0.,00000

(¢ 4) 0.00000 0400000 0400000 © 0400000 0.00000

« 3 0,00000 0.00000 0,00000 0.00000 . 0400000

¢ &) 0,00000 0.00000 0,00000 . 0.00000 . 0.,00000

«7) 0.00000 0.00000 . 0.00000 . 0.00000 0.00000

( 8) 0.,00000 0.00000 0.00000 . 0.00000 . 0,00000

« 9 0.00000 0.00000 ~ 0,00000 T 0400000 - . 0,00000

(10) 0.00000 0.00000 0.00000 “0.00000 . 0400000

(11) 0.,00000 - 0400000 . . 0,00000 0.00000 0400000

12) 0,00000 0.00000° : 0.00000 » 0+00000 : 0.,00000

(13> 0.,00000 0+00000 0.00000 "0.00000 0:.00000

(14) 0.,00000 0.00000 0.00000 0.00000 . 0.00000 '

(15) 1.611205E- 0u-1.a50712E -02 2,170130E-02 7.54524 ~64216204E-05

(16) =.716977 ~3+355321E~05 2,286677E~05-6.,216204E~05 2.78695

(17) —-6,220484E-06 680451 2,0314146E-02-1,981497E~03~3.,781729E-05

(18) 2,158350E-06 1,034251E~02 7,101364E~02-1,434404E-03 1,607905E~-05

(19) 3.566372E~06 6,132033E-04 8,718777E~-04 ,311588 ~2,679734E-06

(20) -.,159894 1.170312E~05~9,773378E~06~2,679734E~06 —-.726478

(21) 2,169660E-06 337142 ~5+540125E~03-2,652882E~03~1,370812E~05

(22) =-9,224903E-07-2.820633E~03 - .630649 ~2,807082E-03-9.720508E-06




L e N N W

Meadeex ;{g ff&‘&f@i) <

1)
22
32
4)

9)

7)
82

(10>
(112
(122
(13)
(14)
(s
(16)
(173
18)
(1?)
20>
21)
22)

21
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

22)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000

~1.9281497E-03-1.,434404E-03
—3.781729E-05 1.607205E-05

-1.08943

?4+114553E-03

?.114553E-03 1.03757
-2.652882E-03-2.807082E-03
-1,370812E-05-2.720508E-06

+69292130

1.494138E~02

1,494138E-02 2,732654E-02

s
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“ MATRIX B FROM FILE
‘ ITMENSION. 22%10," SAHFLING TIME =

5)

6)

(B
« 2

(10) .-

(11)
©(12)
(13
(14)
(15
(16)
17)
(18)
(19
(20)

(21)

(22)

1)
2)
3)
4)
5)

6)

8)
?)

e e e e e e N e

~
(%Y
o
~

(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

1)
2) .
3
4y

7))

7)

1y
0.00000 -
0400000 "
0400000 - -
" 0,00000 - .
0.00000
« 347200
3.355500E-06
0.00000
- 0.00000 .
0.00000 .. -
0.00000 -
0.00000
6+944000E~02 "
64+791000E~07

~2,435214E-02-9,502308E~05
~4.,482421E-05-7.712189E-02 ~,100799

6+200419E-04
7 +385555E~-03~
~4,198499E~-03~

-4,100335E-06~
~-8.827836E-04~
5.,028323E-03~

( 6)
~+420500
-~ 728500
286450
-+1920550
~-.513500
~6+465000E~02~
-4 ,050000E~02
~8.,410000E~-02
~-+145700
S5.729000E~02 -
~3.811000E-02
-+102700
"'1‘
~8+.100000E~-03
-+284000
~+102376
2,545504E~02
3.701373E~04
~-4.938854E-02
-2.9534698E-03

~2,720608E~02-5,761084E~02~5,744104E-02 5.761084E-02 5,744104E-02 .

8.9267841E-04

293000E~02~-2.675000E-03~2,

s

DZM - BLdChNo},z. MﬁTRIXNO. 2\

10.000 )
¢ 2 3 4
0,00000 . .420500.‘ . +420500 .
".0,00000. : . -.728500 - .  ¢728500 .
-7 0,00000 L 4286450 . =,286450 -

. 0,00000 4190300 +190550° "
0,00000 . .511000 ~+353900 .
0.00000 - 6+445000E~02 2,269500E~03~
+346050 . =4,037S00E-02 4.,040500E-02

- 0,00000 8+410000E~02
0,00000 ~.145700 . v145700.
0.00000 54729000E~02-5 . 729000E~02~
0.00000. - . 3.,806000E-02 3,811000E~02-
0.00000 - +102200° . ~7,078000E~02
0,00000 "1.289000E-02

64921000E-02-8.075000E~03 8.081000E~03

+283616 . ~,150281
.100858

1+478754E-06~2,531128E~02
3.584077E-06-3,921213E-04-5 ,364395E~03
1.643170E~05 4,9232079E-02-2,622052E-~02
7+181981E~03~9,385938E~-03 2.391205E~03
1.,806074E~06 2,705373E~02-2,877088E-02

2,535498E-06~9,077439E~04-2,881659E~ 03
7 ¢ 8)" ( 9) o
+420500 +420500 ~ 420500 .~

~e728500- 4728500 4728500 .

~1.434so 1.43450 -1.43450 7.7

~ 953000 54000 « 953000
.464950 .464°oor ~ 1464950

1,337500E~02~-1,351000E~02 1.3375005 09
4.867500E-02-4,862500E~02~4+867500E~02
8,410000E-02 8.,410000E~02-8, 410000E-02

-+145700 +«145700 .145700
~+286%200 +286900 286200
~+1920600 ~0.120800 .190600

91299000E-02 9,284000E~02-9,299000E~02~
702000E~03 2,675000E-03

2?4+ 735000E~03-2,725000E~03~2,735000E-03

~2,09388 -2.07521 2,09388 . .

~3.25304 24711 3.25304

5.826130E-02 5.812448E-02 9. 826130E~02
=+ 3692533 ~.368787 + 369533

~+363881 -+ 360650 T +363881

=+ 302945 2302382 + 302245

-+ 250352 ~.249832 +250352

irA.7°ssoof~f<

B 410000E—0""8 410000E- Oﬁf
© 145700

4,539000E—-04-4:112000E~04

T ,102316
2,717676E~ oz—h.732045E 025

:;0420a00Q

S =1v43450,

~,464200

“;1908001‘

( 5) o

‘190300 ISR
2.ouéooos—ozq~~
4,047000E-02 -

5.729000E~02: ° -
3.806000E~02 :
7+ 133000E-02 -

8.094000E~ 031
+150708

5,385273E-03".
2,636581E~02
9.529431E~03 .
2,892323E-02".
2.891891E-03

(165
~i 728500
4954000,
1,351000E%02
4,862500E-02
8., 4100005-02;

~+ 145700 -
2869200

9.284000E~02 '
2,702000E~03 - .+
9+725000E~03 ~
2.07521 . .
~3.24711"
5.812448E~02 .
4368787
~.302382 .

+249832 " ©




SPAR

MaTrs ¢ E@ 2

HATRIX C FROM FILE DZH » BLOCKNO. 3y MATRIXNO. 3
DIMENSION 13%22, SAMFLING TIME = 10,000

« 1) « 2) « 3) « 4) ¢ 9)
¢ 1) 1.,682000E-02 0.00000 0.,00000 7.617000E-03 3.139000E-03
« 2) 0,00000 1.682000E-02-6.,615000E-03 2.807000E-06 3.172000E-05
« 3 0.00000 0.00000 9.094000E-04~3.859000E-07-9,.257000E-07
¢ 4 0.00000 0.00000 0.00000 1.047000E-03 7.331000E-04
« 5 0.00000 0.00000 0.00000 0.00000 2,003000E-03
¢ & 0.00000 0.00000 0.00000 0.00000 0.00000
« 7 0.00000 0.00000 0.00000 0.,00000 0.00000
« 8) 0.00000 0.00000 0.,00000 0.00000 0.00000
« 0.,00000 0.00000 0.00000 0.00000 0.00000
(10) 0.00000 0.,00000 0.00000 0.00000 0.00000
(11 0.00000 0.00000 0.00000 0.00000 0.,00000
(12) 0.00000 0.00000 0.,00000 0.,00000 0.00000
(13) 0.00000 0.00000 0.,00000 0.,00000 0.00000
¢ &) « 7) « 8) ¢ 9?) (10)
( 1) 1.,334000E-03 5.777000E-07 0.,00000 0.,00000 0,00000
¢ 2) 2.,464000E-06 9.338000E-04 0.,00000 0.00000 0.00000
( 3) —9.174000E~08-4.708000E~-05 0.00000 0.00000 0.00000
¢ 4 1.,210000E~-04 1.119000E-07 0.,00000 0.00000 0.00000
( §) 1.441000E-04 2.213000E~-07 0.00000 0.00000 0.00000
¢ &) 6.944000E~03 6.791000E-08 0.,00000 0.00000 0+.00000
«7) 0.00000 6.921000E~03 0.00000 0.00000 0.00000
« 8 0.00000 0.00000 0.00000 0,00000 0.00000
« 0.00000 0.00000 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0.00000 0.00000 0.00000
i1y 0.00000 0,00000 0.00000 0.00000 0.,00000 :
(12) 0.00000 0.00000 0.,00000 0.00000 0.00000 ‘
(13) 0.00000 0.00000 0.00000 0,00000 0.00000 |
(11) 12y (13) (14) (15) : |
1 0.00000 0.,00000 0.00000 0+.00000 3,051000E-03 i
« 2 0.00000 0.00000 0.00000 0:.00000 G.393000E-06
« 3 0.00000 0.00000 0.00000 0.00000 ~-8.282000E-07
¢ 4 0.00000 0.00000 0.00000 0,00000 ~5.856000E-04
« 9 0.00000 0.00000 0.,00000 0.00000 1+157000E~03
¢ 6) 0.,00000 0.00000 0.00000 000000 ~5.953000E-04
« 72 0.00000 0.00000 0,00000 0.00000 ~2.199000E~06
« 8 0.00000 0.00000 0.00000 0.00000 ~7+672000E-02
« 0.00000 0.00000 0.00000 0.00000 -1,057000E~04
(10) 0.00000 0.00000 0.00000 0.00000 ?+647000E-05
(11 0.00000 0.00000 0.00000 0.00000 4,200000E-06
(12) 0.00000 0.00000 0.00000 0.00000 F.736000E-0T
(13 0.00000 0.00000 0.00000 0.00000 3.335000E-03
A-11



0.00000
L0.00000
0.00000

.746000E 04
4*3390005 03

A'u00000E~06,
2,577000E-03
=1, 3eeoooe—oq,q

30000000
0400000
0.00000°
0,00000

1¢050009E~03"1'114000E“02 0000007
8, OOQOOOE—O6~6.323000€ 03—6.592000E 04 0. 00000-
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APPENDIX B
DESIGN RESULTS FROM REF,[4]
The following contains the weighting matrices ( A , B ), the compensator
parameters and the design system closed-loop eilgenvalues from the regulator

designs obtained in Ref.[4] for the following cases:

B-1: Discrete—time full-state feedback with ( & R 2 ) taken from the
continuous-time (Dynacon) version —— RICMATF

B-2: Same as above, but with Q discretized —- RICQF

B-3: Continuous-time decoupled observer with spillover suppression -— DECMATS
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1,90600000t =202,

Uo o
Id
o [J
o
‘o [)

1.,02200000802,
2§ ,02700000L=02,

aQ,2000nN006=0%,
0, [
00 -]
(U )

1.,28900000F08,
2§,29300000£-0%,
2,67500000t-04,
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SPAR
Matrix B, (contn)
- 00 [ 0o 0 0, 0
— Rny_]_g_ @o 0 0, 0 0, [
. ° ¢ 0, o 0, )
N 0, .
6G,79100000E08, 6.921006000E203, oB,07300000Ec04,
_____ B,001000008004, 8,090800000E204, aB8,30000000€08,
. Rew ly  9,73500000E008, 00,72500000£004, a9,735000008008,
- - 9.,725000D00E=08,
90 [ ©o 0 @u [
” ¢ 0, 0 0 0 0o [}
Row 15 0, 0 02 0 0o 0
- - 04 _ ¢ '
8(: 0 go ° go 4
[+] ] [ ¢ <] 3
Row 1b 0o 0 0, 0 0o 9
e .
o Ago 0 0o 0 0, ¢
0 0 0, ] 00 )
_ KDW ,7 Oo 0 oa ] 00 0
0, o
go [} gu 4 gn [4
[+] [4 [ 4 [} 0
-Kl.)w '-“~ 0, [ 0, v 0, ?
0y 0
—_ - ©5,355300000E<04, o2,19900000E=006, 6,530000008003,
Row 19 ©3,47000000E03, 3,60800000E703, 06 ,53900000Ea03,
- - ol,02600000E202, ol,78500000F=02, 4,82600000608,
0,78300000E002,
e al ,500000D00E2006, 02,57700000E203, a3,36800000€003,
Row J0 3.37000000E03, 3,81900000E203, 03,8281000008003,
- 0l ,08700000E0D, 2 ,00500000E=013, 1,08700000E0018,
, 21 ,00500000E00
—— 55 1800000E 0L §,73100000E0506,  ©2,80500000E002,
_ Rew 21 2,63900000£002, 02,693000006°02, 2,89900000£002,
5,09500000E202, 5,07900000EC002, 05,00500000€E<02,
o - 05,07900000E-02,
0,03000000E003, 0R,02200000E<06, b 87500000E008,
- Row 22- ©3:01800000E003, $,02500000£903, 6,35800000E=04,
o@,8§600000E204, e, 81300000E00%, 2,81600000E001,
e 2, 038300000E00% 5
B-17
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ISSUE A

APPENDIX C
KEDDC GENERATED DESIGN RESULTS

This appendix contains the KEDDC-generated results corresponding to the design
cases specified in Appendix B.
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Appendix C-1 SPAR
s £ T

State Weighting Matrix

Mﬁ‘ﬁ‘tra'x QK :

MATRIX A FROM FILE DZH s BLOCKNO. 2 MATRIXNO., S

DIMENSION 22%22¢ SAMFLING TIME = + 000
« 1 « 2) ( 3 { 4) « 5

(¢ 1) 1.010000E-06 0.,00000 0.00000 0.00000 0.00000
¢ 0,00000 1.,010000E-06 0,00000 0,00000 0.00000
.3 0.00000 0.00000 1.684000E~-06-7,019000E~10-1,684000E-09
¢ 4) 0.00000 0.00000 ~7.019000E-10 2,203000E~-06 1.535000E-06
¢ ) 0.00000 0.00000 -1.,684000E-09 1.8535000E-06 $5.9201000E-06
« &) 0,00000 0.00000 ~1.,66%000E~10-1.388000E~05~-9.374000E~06
« 7) 0.,00000 0,00000 1.281000E~05~5,342000E-0%9-1.244000E-08
¢ 8) 0.00000 0.00000 0,00000 0.00000 0.,00000

« 2 0.00000 0,00000 0,00000 0+00000 0.00000
(1¢) 0,00000 0.,00000 0.00000 0.00000 0.00000
(11) 0,00000 0.00000 0.00000 0.00000 0.00000
12) 000000 0.00000 0.00000 0.00000 0.00000
(13) 0.00000 0.00000 0.00000 0.00000 0.00000
(14) 0.00000 0,00000 0,00000 0.00000 0.00000
(13) 0.00000 0.00000 —4,923000E-10-3,452000E~07 2.33%000E-06
(16) 0.00000 0.00000 =1.,237000E-06 1.122000E~-09 1.565000E-08
(17) 0.00000 0.00000 ~3+737000E-10~7,123000E~-07-1,4746000E~-05
(i8) 0.00000 0.00000 ~4.531000E-09-6.014000E~-06~3.,550000E~06
(SR 0.00000 0,00000 0.00000 0,00000 0,00000
(20) 0.00000 0.,00000 0.00000 0.00000 0.00000
(21) 0.,00000 0,00000 0,00000 0.,00000 0.00000
(22) 0.00000 0.00000 0.00000 0.,00000 0,00000

( &) «7) « 8) ( ?) (10)

« L 0.00000 0.00000 0.00000 0.00000 0.,00000

¢« D 0.00000 0.00000 0,00000 0,00000 0.,00000

( 3) -1,669000E-10 1.281000E-05 0.00000 0.00000 0.00000

( 4) ~1.388000E~05-5.342000E-09 0.00000 0.,00000 0.,00000

¢ §) -92.374000E-06-1.244000E-08 0,00000 0.00000 0.,00000

( 6) 1.791100E-04~-9.,717000E-10 0.00000 0.00000 0.00000

( 7) =9.717000E-10 1.999100E-04 0.00000 0,00000 0.00000

( 8) 0,00000 0.00000 0.00000 0.,00000 0.00000

« 0400000 0.00000 0,00000 0,00000 0.00000
(10) 0400000 0,00000 0.00000 - 0.00000 0.,00000
(1i1) 0.00000 0.00000 0,00000 0,00000 0.00000
(12) 0.00000 0.00000 0.00000 0.00000 0.,00000
(13) 0+.00000 0+00000 - 0,00000 0.00000 0.00000
(14) 0.00000 0.00000 0.00000 0,00000 0.00000
(15) -3,295000E-06 4.331000E~-09 0.00000 0.00000 0.00000
(16) -3,4628000E-09-5,198000E-06 0.00000 0.,00000 0.00000
(17) 2.724000E-06-1.9992000E-08 0.00000 0.00000 0.00000
(18) -3.001000E-06-%.630000E~09 0.00000 0.00000 0.,00000
1?) 0.00000 0,00000 0.00000 0.00000 0.00000
(20) 0.,00000 0.00000 0.00000 0.00000 0.00000
(21) 0.00000 0.,00000 0,00000 0.00000 0,00000
(22) 0.00000 0.00000 0,00000 0.00000 0,00000

C-1




Matrix O (conted) :

. (11) (12> (13 (14) (15

« 1) 0.00000 0.00000 0.00000 0.00000 0.00000

¢ 2D 0.00000 0.,00000 0.00000 0.,00000 0.,00000

¢« 3 0.00000 0.00000 0.,00000 0.00000 -4,923000E-10
« 4) 0.00000 0.00000 0.00000 0.00000 ~3.,452000E-07
¢ 5 0.00000 0.00000 0.00000 0.00000 2,539000E-06
( 6) 0.,00000 0.00000 0.,00000 0.00000 ~3.295000E-06
« 7 0.,00000 0.00000 0.00000 0.00000 4,331000E~-09
« 8 0.00000 0.00000 0.00000 0.,00000 0.00000

« 0.00000 0.00000 0.00000 0.00000 0.00000
10) 0.00000 0.00000 0.00000 0.00000 0.,00000
1y 0.00000 0.00000 0.00000 0.00000 0.00000
12) 0.00000 0.00000 0.,00000 0.00000 0.00000
(13 0.00000 0.00000 0.,00000 0.00000 0.00000
(14) 0.,00000 0.00000 0.,00000 0.,00000 0.00000
(13) 0.00000 0.00000 0.00000 0.,00000 2.024000E-06
(16) 0.00000 0.00000 0.00000 0.00000 8,746000E~-09
(7 0.00000 0.,00000 0,00000 0.00000 ~8.075000E-06
(18 0.00000 0.00000 0.00000 0.00000 3.891000E-06
(19) 0.00000 0.00000 0.00000 0.00000 0.00000
(200 0.00000 0.00000 0.00000 0.00000 0.00000
21 0.00000 0.,00000 0.00000 0.00000 0.00000
(22) 0.00000 0.00000 0.00000 0,00000 0.00000

A (16) 17) (18) (19 (20)

¢ 1 0.00000 0.00000 0,00000 0.00000 0.00000

« 2 0.00000 0,00000 0.00000 0.00000 0.00000

¢ 3) -1,237000E-06-3,737000E-10-4,531000E~-09 0.00000 0,00000

¢ 4) 1.122000E-09~7.123000E-07-6.014000E-06 0,00000 0.00000

¢ 5) 1.565000E-08-1.476000E-05-3,550000E-06 0,00000 0.,00000

¢ 6) ~3.628000E-09 2,724000E-06-3.001000E-06 0.,00000 0.00000

¢ 7) ~-5.,198000E-06-1,999000E-08-9,630000E-09 0.00000 0.00000

« 8) 0.00000 0.00000 0.00000 0.00000 0,00000

« 0.,00000 0.00000 0.00000 0.,00000 0.,00000
(10) 0.,00000 0,00000 0,00000 0.00000 0.00000

(@ ) 0.00000 0.00000 0.00000 0.00000 0.00000
(12> 0.00000 0.00000 0.00000 0.00000 0.00000
(13) 0+00000 0.00000 0.,00000 0.00000 0.00000
(14) 0.00000 0.00000 0.00000 0.00000 0.00000
(15) 8.7446000E-09-8,075000E~-06 3,891000E~06 0,00000 0.00000
(16) 1.,125000E-06-4,195000E-08 S5.,237000E~-09 0.00000 0.00000
(17) -4,195000E-08 4.,248000E~05 3.,417000E~07 0,00000 0.00000
(18) 5.237000E-09 3.417000E-07 2,515000E-05 0,00000 0.00000
(19) 0.00000 0.00000 0.00000 0.00000 0+00000
(20) 0.00000 0.,00000 0+,00000 0.,00000 0.,00000
21) 0.00000 0.00000 0,00000 0.00000 0.00000
22> 0,00000 0.00000 0.00000 0.00000 0.00000

(21) (22)

« 1 0.00000 0,00000

«2) 0.00000 0.00000

« 3 0.00000 0.,00000

¢ 4) 0.00000 0.00000

« 5 0.00000 0.00000

¢ &) 0.00000 0.00000

« 73 0.00000 0.00000

« 8) 0.00000 0.00000

« 9 0.00000 0.00000

(109 0,00000 0.00000

(11) 0.00000 0.00000

(12) 0.00000 0,00000

(13) 0.00000 0.,00000

(14) 0.,00000 0.00000

(13) 0,00000 0.00000

(16) 0.,00000 0.00000

(17 0.00000 0.00000

(18) 0.00000 0.00000

(19) 0.00000 0,00000

(20) 0.00000 0.,00000

(21) 0.00000 0.00000

22) 0.00000 0.00000
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Input Welghting Matrix

oo

ﬁyﬂ&ﬂﬂzfizg ﬂ{l

MATRIX A FROM FILE DZM » BLOCKNO., 2» MATRIXNO. &
DIMENSION 10%10s SAMFLING TIME = + 000

« 1) « 2) ¢ 3) ¢ 4) ¢« 5)
(1) 1,047105E-06 4.384989E-11 2,332973E-11~1,11493BE~11 1.928980E-11
( 2) 4,384989E~11 1,000034E-06~2,061491E-12 2,279372E-12 2,210752E-12
¢ 3) 2,332973E-11-2,061491E-12 1,000209E-046~-2,045284E-10 1,592059E-10
¢ 4) -1,11493BE~11 2,279372E-12-2,0452B4E~10 1,000200E-06-1,544423E~-10
¢ 5) 1,92B980E-11 2,210752E-12 1.592059E-10-1,544423E-10 1.000207E-06
( 6) ~3.144652E~11~2,428639E-12-1,635731E-10 1.584435E~-10-2,114529E-10
¢ 7) —1.,115925E-06 4.,9244645E-10 6,951612E-10-9.908137E-10-3.,057874E-09
¢ B) -1,119510E~06-2,554640E-09~2,965676E~09 2,700253E-09 9.906418E-10
( 9) 1,115925E-06-4,9245645E-10-6.951612E~10 9,908137E-10 3.057B74E-09
€10) 1.119510E~06 2.554660E-09 2.965676E~09~2,7002G3E~09-9.90641BE-10

¢ &) « 7 ( B8) « 9 (10)
( 1) ~3,144652E-11-1,115925E-06~1,119510E-06 1.,115925E-06 1,119510E-06
( 2) —2,428639E~12 4,924445E~10~-2,554660E~09-4.9245645E-10 2.5544660E-09
C 3) —1,635731E-10 6.951612E-10~-2,965676E~09-6.951612E~10 2,9654676E-09
¢ 4) 1.584435E-10~9.908137E-10 2,700253E~09 9.90B137E~10-2,700253E~09
( 5) -2,114529E~10~3,057874E-09 9.,906418E~10 3.,057874E-09-92.9046418E~10
¢ &) 1.000216E~06 34352510E~09~7,262341E~10~-3,352510E-09 7.262341E-10
¢ 7) 3.,352510E-09 2,768B744E-05 2,627973E~05-2,668744E~05~2,627973E-05
¢ 8) —7.,262341E-10 2,627973E-05 2,785915E-05~2,627973E-05-2.,6B5915E-05
( 9) ~3.,352510E~09~2,668744E-05~-2,627973E-05 2,768744E-05 2.627973E-05
(10)  7.262341E~10-2,627973E-05~2,685915E-05 2,627973E-05 2,785915E-05
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ARORNET
Feedback Matrix SPAR
(TR
Matvisx F :
DIMENSION 10%22, SAMPLING TIME = 10,000
« 1) « 2> « 3 ¢ 4) « 3
( 1) ~3.0884681E~-02 7,54928B0E-06 4.267244E-05 -.1461888 ~+130192
( 2) 2.,472261E-06-3.,191892E-02 .149165 -8.901303E~05-2,728658E-04
« 3 137403 ~-+¢139165 64154056E-02 106614 " 290366
« 4) 196652 139129 -6+141070E-02 ,100143 —-.240229
( 5) -.196727 + 138294 -6.181112E-02~-9,.984979E-02 240771
( 6) —4,137438 ~+138257 64168212E-02 -,106597 ~.290787
( 7) 1,062000E-02~-92.143760E-03-2,411777E-02~1.820942E-02 5.,325847E~03
( 8) 1,063060E-02 9.1593469E-03 2.,415545E~-02-1.8246868E-02 5.350483E-03
( 9) —-1,0462000E-02 9,143760E-03 2,411777E~02 1.820942E-02-5,325847E-03
(10) -1.0630460E-02-2,.159369E-03-2,415345E~02 1.826868E-02-5,350483E-03
¢ 6) «C7) « 8) « N (10)
« 1) 2.04539 ~3.9298460E-05 —~.651041 3.987127E-04 1.,482678E-03
( 2) -1.984812E-05 2,09875 -3.7846841E-05 -.430010 1.87399
( 3) 643414671E-02-3,952171E-02 2,08556 -1.,92204 1,10511
( 4) 2,404660E-02 3,958551E-02 2,74267 1,92300 ~1.09854 -
( 5) -2.,397307E-02 3,958047E-02 -2.74351 1.90587 -1.,11549
( 6) —6,345647E-02-3,964410E-02 -2,08756 -1.90680 1,10895
( 7) 1,452607E-02 1,597609E-02 384114 -.235121 ~.634888
( 8) 1,455100E-02~-1,599340E-02 384050 + 235149 1634364
( 2) -1.452607E-02-1,597609E-02 ~-,384114 235121 + 634888
(10) -1.455100E-02 1,599540E-02 —-.384050 ~.235149 ~+634364
(11) (12) (13 (14) (13)
¢ 1) -1.61200 -1.53294 24,2264 —2.730260E-04-4,570013E-03
( 2) -9.565942E-04-2,722805E-03-2,675503E~04 24,5554 ~-5.833594E-05
¢ 3) 2,03834 3.72661 +511251 ~+289025 3,723438E-02
¢ 4) 3.04057 . ~2.94385 8,091137E~-02 .289078 2.645726E-02
( 8§ -3.,03826 2924771 ~8,054470E~02 ,290162 ~2.640565E-02
( 6) =-2.03423 -3.72780 -.511550 —-+290216 ~3.717417E-02
( 7) -—+814945 1,614568E-02 ,109918 9.434319E-02~1,077366E-02
( 8) -—.815047 1.584844E-02 110334 ~5+438250E-02-1.,061421E~02
¢ ) +814965 -1,614568E-02 ~,109918 ~5.434319E~02 1.,0775646E~-02
(10) +815047 -1,584844E~02 -,110334 5.438250E~02 1.061421E-02
(146) (17) (18) (1?9 (20)
1) 8.655782E-06 3.277730E-02-2,565098E-02 -.,230862 1,5646809E-04

2) 34631011E-02 1.610194E-04-7,319051E-05 6.397784E~05-8,604247E~02

(

4

¢ 3) 1.450493E-02 ~,403716 «122650 ' 773415 -1.,484834E-02

( 4) -1.,4493596E-02 .345304 8.509793E-02 —-1.03085 1.450806E-02

( 5) ~1.489701E-02 -.,346401 -8.483875E~02 1.03104 1,501992E-02

( 6) 1.,488831E~-02 .405038 ~+122524 ~4¢7745%90 -1.468100E-02

¢ 7) 1.2135310E-02 1.037636E-02-3,334874E~-03 -,100939 =+106062

( 8) -1.,218245E-02 1,037218E-02-3,427208E-03-9.957709E-02 +106011

¢ 9) ~1,215310E-02~1,057636E-02 3,334874E~-03 ,100939 + 106062

(10) 1,218245E-02-1,037218E-02 3,427208E-03 94957709E~02 -.106011
(21) (22)

¢ 1) =.106886 4,266375E-02

( 2) ~7.949852E~05-4,5224639E~05

« 3 +854571 -.254207

( 4) -1,06435 -8.995549E~-02

¢« 5 1,06525 8.884776E-02

( &) -.835728 + 254983

( 7) 4.696912E-02~7,287230E-02

( 8) 4.683974E-02-7,283328E-02

( 9) —4.696912E~-02 7.287230E~-02

(10) ~4.683974E~02 7,253328E-02
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L

e

SPAR
]

Eigenvaluea of <Ac_— 6@5;) N

REAL FART IMAGINARY FART AERS. VALUE
-+ 889177 0.00000 889177
265378 +B30902 B7R252
« 265378 ~+ 830902 LB722H2
715978 cHB2005 227120
s 715978 =, 82003 «P27120
4,130032E-02 cOHLR739 +614130
4. 130032E-02 —~ L2739 «614130
+ 603501 «144508 cA20061
+H03501 ~+144%08 620561
+220171 e 347227 «+ 411147
220171 = 347227 +411147
7. 074465E~02 + 3334628 « 341046
7.074465E-02 —-. 333628 341046
252841 «121781 280640
252841 =-.121781 280640
=~ 1186777 124464 + 228850
~e 114777 - 19464564 s 22BHBIO
-+ 3492346 0.00000 + 349346
-+ 337450 0.00000 337450
-2, 911202E-02 0.00000 ?.211202E-02
“h e HELHEFKE~0R 0.00000 b H62EP4E-02
~-4,8917247E-02 0.00000 4.891947E-02
C-5



: ATBTTH S
Appendix C-2 - SPAR
Vot i
Matrix & :
MATRIX A FROM FILE DZM s BLOCKNO. 5» MATRIXNO. 1
DIMENSION 22%22s SAMFLING TIME = +000
« L « 2) « 3) ( 4) « 35
( 1) 1,010000E-05 0,00000 0.00000 0.00000 0.00000
¢ 2)  0.,00000 1.010000E-05 0,00000 0.00000 0.00000
¢ 3) 0.00000 0.00000 1,664000E-05-7.,019000E~09~1,684000E~08
¢ 4  0,00000 0.00000 ~7.019000E~09 2,203000E~05 1,535000E~05
¢ 5 0.,00000 0,00000 -1,684000E-08 1,535000E-05 F5.9201000E~-05
¢ 6) 0.00000 0.00000 ~1.669000E~09~1+38B000E~04~9,374000E~-05
«7) 0.,00000 0,00000 1.281000E~04~5,342000E~08~1,244000E~07
( 8) 5.050000E-05 0,00000 0.,00000 0,00000 0,00000
« 9 0.00000 5.050000E-05 0.00000 0.,00000 0.,00000
(10) 0.00000 0.00000 8.320000E-05-3.509500E~-08-8,420000£~08
(11)  0,00000 0,00000 ~3.509500E~08 1,101500E-04 7.675000E~05
(12)  0.00000 0,00000 -8,420000E~08 7.,675000E-05 22,950500E-04
(13)  0.00000 0.,00000 ~-B84345000E-09~6,940000E~04-4 . 687000E-04
(14)  0.00000 0.00000 64+405000E-04~2,671000E-07~6,220000E-07
(15) 0,00000 0.00000 -3,783999E-09-2,650907E-06 1,940416E-05
(16)  0.00000 -+ 0,00000 ~3,573663E-06 3,055372E-09 4.587164E-08
(17)  0.00000 0.00000 7+293585E~10 7,797022E~07 1,562189E-05
(18)  0.00000 0.00000 ~5450324BE~09-6,677776E~06~3,606031E-06
(19)  0.00000 0,00000 ~2,098361E-08-1,487854E~05 1,101379E-04
(20)  0,00000 0,00000 —23.701971E~05 3,3B2406E-08 4,661778E~07
(21)  0.00000 0.00000 ~3.,932367E~10~5,518165E~07~1,499510£-05
(22)  0.00000 0.,00000 ~6+84B439E-09-9,1554B2E~06-5,023071E~06
( 6) ¢ 7) ( 8) « 9) (10)
(1) 0,00000 0.00000 5,050000E~05 0.00000 0,00000
¢ 2)  0,00000 0.00000 0,00000 5.050000E-05 0,00000
(.3) ~1.669000E-09 1,281000E-04 0.00000 0.,00000 8.320000E-05
( 4) -1.388000E-04-5,342000E~-08 0.,00000 0.,00000 -2.509500£-08
( 5) -9.374000E-05-1.,244000E-07 0,00000 0.00000 ~B.420000E-08
( 6) 1.,791100E-03-9.717000E-09 0,00000 0.00000 -8.:345000E~09
( 7) =9.717000E-09 1,999100E-03 0.,00000 0.00000 6+.405000E-04
¢ 8) 0.00000 0.00000 3.366667E-04 0,00000 0,00000
¢ 9> 0.00000 0.00000 0.00000 2.366667E~04 0.00000
(10) -B.345000E-09 6,405000E-04 0,00000 0.00000 5.546667E-04
(11) =6,940000E~04~2.671000£-07 0,00000 0,00000 ~2,339667E-07
(12) -4,687000E-04~6.220000E-07 0,00000 0.00000 ~5.613333E~07
(13) B8.959500E-03-4,858500E-08 0.00000 0.00000 ~54563333E-08
(14) -4.,85B500E-08 9,995500E-03 0, 00000 0.,00000 4,270000E~03
(15) -2.514704E-05 3,300287E-08 0, 00000 0.00000 ~1,614555E~08
(16) -1.085575E-08-1.,501689E-05 0.00000 0+00000 1.805752E-06
(17) —-2,676595E-06 2.233949£-08 0,00000 0.00000 6+450357E-09
(18) -3.756053E-06~1.192476E-08 0.00000 0.,00000 ~4,349300E~08
(19) -1.434837E~04 1.897194E-07 0,00000 0.00000 ~1,361753E~07
(20) -1,072416E~07-1.555606E~04 0,00000 0.00000 ~2,16B764E-04
(21) 2,747949E-06-2.066612E-08 0.00000 0.00000 1.050016E~08
(22) -4.560034E-06~1,400919E-08 0,00000 0.00000 ~2.994762E-09
C-6
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Mafrix Q@ (conT): SPAR
[
(11) (12) (13) (14) (1%)
' « 1 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 2) 0.,00000 0.00000 000000 0.00000 0.00000
( 3) ~3.509500E-08-8,420000E-08~6.345000E-09 &,405000E-04~3,783999E~09
¢ 4) 1,101500E-04 7.475000E~05-6,940000E-04-2,671000E~07~2,650907E~06
¢ 5) 7.67S000E-05 2.950500E-04-4.487000E-04-6.220000E~07 1.940416E~05
¢ 6) ~-6.940000E-04~4,487000E-04 8,955500E-03-4.858500E-08~2.514704E~05
( 7) -2.671000E~07-4.220000E-07-4,858500E-08 9.995500E~03 3.300287E-08
¢ 8) 0.00000 0.00000 0.00000 0.00000 0,00000
« 9 0.00000 0.00000 0.00000 0.00000 0.00000
(10) ~2,3394467E-07~5,613333E-07-5,543333E-08 4,270000E~03~-1.614555E-08
(11) 7.343333E-04 5.118687E-04-4,62646467E-03~1.7806467E-06-1.129201E~-05
(12) 5,116667E-04 1,967000E~03-3,1244467E~03~4.146667E-06 B.2446326E-00
(13) -4,626667E~03-3,124667E-03 5.970333E-02-3.239000E-07~1,067503E~-04
(14) —-1,7B06467E-04~4,146667E~-06~3,239000E-07 6.6636467E~02 1.39932BE-07
(15) -1.129201E-05 B, 246326E-05-1,0467503E-04 1,39932BE~07 1.,267531E-05
(16) -2.793203E~09-1,804792E~08 2,4627922E-09 7.587965E~06 2.953274E-08
(17) B8,294423E-06 1,806559E-04~3,.222387E-05 2,.523997E~07 4,6546841E-06
(18) -5,3B6340E-05-3,250391E-05-2,909411E-05~9.746649E~08 1.864934E~06
(19) -9,4697770E~05 7,142664E-04-9,302094E~04 1.230618E-06 5.833447E-00
(20) 1.959307E-07 2.,733520E-06-6,292699E~07~9.,1133469E~-04 1.861980E-07
(21) 2.001852E-05 3.774820E-04-6,919258E~05 '5.,114805E-07-2,484989E-00
(22) ~-3,.5993462E-06 2.240900E-06~2,407631E-06~1.,278734E-09 5.658726E-06
(16) 17) i) (19> (200
( 1) 0.00000 0.00000 0,00000 0.00000 0.00000
¢ 2) 0,00000 0.00000 0.00000 0.00000 0.00000
¢ 3) =3,573663E-06 7.2935B5E~10-5,503248E~09~2,098361E~08-3,701971E~05
¢ 4) 3,055372E~09 7.797022E~07-6.677776E-06~1.4878B34E-05 3,3B24046E-08
( S) 4,587164E-08 1.546218B%9E~095~3,606031E~06 1.101379E-04 4,661778E~07
{ 6) -1.0B5575E-08-2,676595E~06-3,756053E-06~1,434837E~04-1,072414E~07
¢ 7) -1,501489E-05 2,233949E-08-1,192476E-08 1.897194E-07-1.,5356046E-04
¢ 8) 0.00000 0.00000 0.00000 0.00000 0.00000
« 0.00000 0.00000 0.00000 0.00000 0.00000
(10) 1,B05752E-06 6.450357E-09-4,349300E~08~1.,361753E-07-2.1468744E-04
(11) -2,793203E~09 B.,294423E-06-5.3846340E~05-9,6%7770E-05 1.959307E-07
(12) -1.804792E-08 1,B8046559E-04-3,2503%91E~05 7.1426464E-04 2.733520E-06
(13) 2.627922E-09-3,2223B7E-05-2.909411E-05~9.302094E-04-6.29269FE-07
(14) 7.587965E-06 2.523997E-07-9.746649E-08 1.23061BE~06~7.1133469E~-04
(15) 2.953274E-08 4.4656841E-06 1.844934E-06 5.833447E-05 1.8B61980E-07
(18) 4.4224465E-06-2,752401E-08~-2,027811E-09 46.688201E-09 4.764391E-06
(17) -2.752401E-08 1,798022E-04 3.,337326E-06 9.243211E-05 3.,999351E-07
(18) -2,027811E-09 3.337326E~06 1.461892E-04 2,580084E-05 1.486405E-08
(19) 6.68BBR201E-09 9,243211E-05 2.585084E-05 4.830270E-04 1,318530E-06
(20) 4,764391E-06 3,999351E-07 1.484405E-08 1,318530E-06 1.,159827E-04
(21) -2.7952457E-07 3,656792E-05~7,149089E-06 1.4B46027E~04 1.671516E-07
(22)  6.8944B4E-09 3,344BP1E-06 2,874B3PE~00 8.,854974E-07-2.943877E-07
(21) (22)
¢ 1> 0.00000 0.00000
«2) 0.00000 0.,00000
( 3) -3.932367E-10~6,848439E-09
¢ 4) -5.5181463E~-07-9,155482E-064
€ 3) ~-1.,499510E-05~-5.023071E-06
( &) 2.747949E-06-4,.3560034E-06
( 7) —-2,0646612E-08~1,400917E-08
« 8) 0.00000 0.00000
« 0.00000 0.00000
(10) 1.0500146E-08-2.994762E-09
(11) 2.001852E-~05-3.599362E~06
(12) 3.774B20E~-04 2.240900E-06
(13) -6,91925BE~-05-2,4074632E~06
(14> $.,114805E-07-1.278735E-09
(13) —-2.486989E-05 5.4658726E-06
(186) ~2.,732457E-07 6.894484E-09
(17) 3.,656792E~05 3,364891E~06
(18) ~7.149089E-06 2.874839E-05
(19)  1.486027E~04 8.854976E~07
(20) 1.671516E-07~-2,9438B76E-09
(21) 6.817072E-04 7,218720E-06
(22) 7.218725E-06 2,338961E-04
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Feedback Matxriz

NN A A A A A, A e e la e lale o ala) SN AN A AN A A A A A

AA A AA AN A

A@@ﬁ%fx

1)
2)
3)
4)
5)
&)
7)
8)
?)
10)

1)
2)
3)
4)
)
6)
7)

8)

10)

1)
2)
3)
4)
5)
6)

8)
2
10)

1)

—
e
E A

MATRIX A FROM FILE @@M v
DIMENSION 10%22,

¢ 2)

RLOCKNO,
SAMPLING TIME =

10.000

« 3

69 MATRIXNO, 1

« 4)

~3,755822E-02 3,670387E-06 1.565783E-05 -.103766
~-B+589731E-06-3,494730E-02 9.333142E-02-3,079191E-05-1,421397E-04

+ 156574
+ 239983
~+240614
-+157165

~+¢130723
« 130710
+129881
-+129867

64365362E-02
~6+345957E~02
-6+ 369565E-02
6.350849E-02

116120
+147640
~+1462%6
~+114930

« 3

-9.,471437E-02

+ 240370
~-+190670
+191551
-+2394674

1,270726E~02-7.705726E~03~2,552452E-02~-2,594088E~-02 1,062887E-02

1+273361E-02 7.716245E-03 2,560249E-02~

~1,270726E~02 7,705726E~03 2,552452E~02
~1.275361E-02-7.716245E-03-2,560249E-02

¢ 6)
1,32924

-1,486393E~
7+328297E-03~4.3074652E-03

«7)

~1.3767465E~

05

1.33728

( 8)
06 -.755946
~-2.820651E-04
2.41687

~-1.299910E-02 4,345481E-03 3.50002
1.294557E-02 4.,345999E-03 -3.51547

~7+336649E-03-4,382374E-03
3.,077545E-03 3+566916E-03
3,093637E-03-3+610001E~03

-2.43346
+446485
447277

~3+077545E~-03-3,566916E-03 —.446485
~3+093637E-03 3,610001E-03 —~,447277

(13)
21.0137

-1.440605E-04~-2,056836E~03~2,420523E-04

(11) (12)
-1.31240 =1.45470
2.18669 3.920566
3.49254 ~3.22395
~3:.46274 3424408
~2.15512 -3.88681
-.9278098 +104218
=~ 979973 103119
978098 -+104218
979973 ~+103119

(16) (17)

2.606286E~-02

1,059306E~-02

2.594088E-02-1,062887E-02

2.606286E-02~

( ?)
2+619103E-04
-+564054
-2.03275

2.03404
2.,01759
”5001884
-.204761
+ 204637
+ 204761
- 0204637

(14)

~35.267182E-05

21,0908

1.,059306E~02

(10)
P+656976E-04
1.45401
1.,12984
-1,12165
-1,13485
1.12681
-+ 602295
+ 601864
« 602295
~-+601864

(15)
1.166552E-02
1,215025E-05

8.483404E-02-3,989380E~-02 1.416715E~02

-+158871
+157230

3.986701E-02
4,055027E-02

119294
-+118911

~B.59938B2E~02-4,052217E-02-1,333164E~-02
2,074472E-02-1,302216E~-02-1+460425E-02
2.103403E-02 1.2891446E~02-1.456164E~02
~2.074472E-02 1.,302216E-02 1,460425E~02
~2,103403E-02~1.289146E-02 1.456164E~-02

(18)

20747708BE~-05-2,916944E-02 2,561361E~02
34438513E~02~4,076979E~05~9 ,583304E~06

2,343236E~
~2,345445E-
~2,374225E-

02
02 ,218418

02 —-,223953

2.604503E~

02-1,6B0252E~02
5+843044E-02
~5+912490E-02

24.376463E~02-3,148936E~02 1,590097E~02
2,0533B4E-02 2,306229E-02~3,58B005E-02
~2,061593E-02 2,342332E-02~3.581291E-02
~2,0533B4E-02~-2,306229E-02 3.58B00SE~02
2,061593E-02~2,342332E-02 3.581291E~02

(21)

(22)

2.,915624E-02 6,539820E-02
6.954007E-05 1,249667E-05

4,957251E~

s 244296
~+271665

~7+619250E~

02 ~,141455

6+641698E~
-6.558521E-

02

+ 140638

02
o2

—-6+610915E-02-6.868231E~02
-6+618318BE-02-6,914983E~02
6,610913E~02 6.B4B231£-02
6+618318BE~02 6,914983E-02

(19)

3.,200981E-05
+A433761
-+9201250
+895436
~+436524
-.151697
~-+150555
+151697
+150555

(207

~-6,878743E-02 1,984173E~04

8.82475%E-02
+144529

~-.143882

~-+147%48
1146912

-64900778E-02

6+918425E-02
6+900778E-02

~6+.91B425E-02
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lfj‘“{}"”.’» I
SPAR

o.csess x5

Eligenvaluesa

REAL FART
V673798
c673798
L 212455
212455
~ s 519056
L A54243
L A%AR43
2, 375548E-02
2, 375548E-02
. 169498
169498
7.702811E-02
7.702811E-02
4,518098E-02
4,5 1BO9BE-0R
~1,626908E-02

IMAGINARY FART
fST76293
~ e G76293
+ 788442
-, 788442
0.00000
+ 191452
~+1921452
c 406542
-, 406542
220877
~ 220877
«130337
~-+130337
B8.160962E~02
~8.160962E~02
0.00000

ARS . VALUE
«BBLL33
886633
+B16546Y
+B1E54T
51920856
492940
+A92940
+A407236
LA07236
s 278417
« 278417
151397
151397

?.32BIH7E~02

Q. 3281857E~02

1.626908E~02

Ge6H10406E~02 1.341874E-02 G 768B646E-02

5.610406E-02 ~1.341874E-02 Ge768646E-02

5.313170E~-02 0.00000 5.313170E-02

H.856703E-02 0. 00000 G.836703E-02

1.649349E-02 0.,00000 1.649349E~02

1,8583798E~02 0.00000 1.583798E~02
Cc-9



Appendi

® C-3

Obaervey Syaten Matrix

MaTiix

A, 3

MATRIX A FROM FILE OBSV1 » BRLOCKNO. 3» MATRIXNO. 1
DIMENSION 22%225 &

1)
2)
3)
4)
g)
6)
7)
)
« ?)
(10)
(11)
(12)
(13)
(14)
(13)
(16)
(17)
(18)
19)
(20)
(21)
(22)

R e e e R e s

1)
2
3)
4)

6)
7)
8)
?)
(10)
(11)
(12
(13)
(14)
(15)
(16)
(17>
(18)
(19)
(20)
(21)
(22)

AAmAAAAA~A

~

5)°

1)
~+3540000
-92,000864E-02
0+00000
0+00000
0.+00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0,00000
0.00000
0+00000
0+00000
0+00000
0.00000
0+00000
0400000
0,00000
0.00000
0,00000

¢« 6)
0,00000
0.,00000
0,00000
0.,00000
1,00000
0.00000
0,00000
0+00000
0+00000
0+,00000
0.00000
0.00000
0.00000
0+00000
0,00000
0+,00000
0.00000
0.,00000
0,00000
0+,00000
0.,00000
0400000

AMFLING TIME

¢ 2)
1+00000
0.,00000
0.,00000
0400000
0+ 00000
0.00000
0.00000
0+00000
0400000
0.00000
0.00000
0400000
0+00000
0,00000
0.00000
0.00000
0.00000
0,00000
0+00000
0+00000
0400000
0400000

« 7
4,828088E~19
9,190308E~20
3.777451E~22

~2,767658E-23
7 e444626E-23

~8,240787E~23
-+ 540000
~9,000864E~02
~8,257462E-20
~6.795118E~21
0.00000
0.00000
0,00000
0.00000
0400000
0.00000
0,00000
0400000
0.00000
0.00000 _
0400006
0,00000

= +000

« 3)
0+00000
0+00000

~+ 540000
-2+.000864E~02
0.00000
0.00000
0+,00000
0.,00000
0,00000
0.,00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0+00000
0,00000
0.,00000
0.00000

« &
0400000
0.00000
0.,00000
0,00000
0.00000
0.00000
1,00000
0400000
0,00000
0+00000
0.00000
000000
0,00000
0,00000
0,00000
0,00000
0.,00000
0.00000
0+,00000
0+00000
0.00000
0.,00000

« 4

0400000
0,00000
1,00000
0400000
0.00000
0.00000
0400000
0,00000
0.,00000
0.00000
0.,00000
0.00000
0.,00000
0.+00000
0.00000
0.00000
0.00000
0400000
0.00000
0400000
0400000
0,00000

« 9
2,884147E-19
5,968935E-20
5,691003E-22

-1,108422E-22
2,101039E-22
1,636784E~22
7.271778E-19
1,096908E~19
~ 540000

~9,000864E-02

0.00000
0.00000
0,00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000

(5
0400000
0.00000

3,A51659E~19
6.056286E-20
-.540000
~9,000864E~02
0.00000
0.00000
0.00000
0.00000
0400000
0400000
0.00000
0.00000
0400000
0.,00000
0.00000
0.00000
0+00000
0+00000
0.+00000
-0+ 00000

(10)
0,00000
0,00000
0.00000
0,00000
0.,00000
0,00000
0,00000
0,00000
1,00000
0,00000
0,00000
0.00000
0,00000
0.00000
0.,00000
0.,00000
0.00000
0,00000
0.00000
0,00000
0,00000
0,00000




PR SR P R AN
~

Aﬂéﬂﬁv&:{ iﬂé
(11)

( 1) 7,3268B35E-20

( 2) 2,196992E-20

( 3) -2,145210E-23

( 4) -2,071395E-23

( 9) 3.625135-23

( &) 6.,262849E-24

( 7) —-1,270549E-20

( 8) -1.,829042E-20

( ?2) 1.240903E-19

(10) 1,725830E-20
(11) -,540000

(12) ~9,0008464E-02
(13) 0.00000
(14) 000000
(15) 0.,00000
(16) 0.00000
(17) 0.00000
(18) 0,00000
(19) 0.00000
(20) 0.00000
(21) 0.00000
(22) 0.00000

(16) (17)

0.00000 0.00000
0.00000 0.00000
32,1046 233,530
5.35129 38,9254
0.00000 593.798
0.00000 ?8B.92759
0.00000 0.00000
0.00000 0.00000
0.00000 0.,00000
0.,00000 0.00000
0.00000 0.,00000
0.00000 0.00000
0.,00000 0,00000
0.00000 0.00000
4,08393 -120.341
-+ 532449 - 122223
-2 2394469 24,5743
+ 440259 -12.4648
+ 2034696 —-6.,27581

-8.873964E-02 1,584843E-02
~2.¢957515 74,6448
s 492449 -14,3252

(?f@yfféﬁ) N

(12)
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
1.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

(18)
-233.564
-38.9310
1,439773E-06

« 218860 0194325
3.4648021E-02 3.239057E-02-2.2192815E-07
515,759 -188.768
85.92681 ~31.4644
7.884783E-17 269.5%96
6.4200B4E-18 44,9369
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
-606.730 1.00000
-.615870 0.,00000
127.618 0.00000
-63,5359 0.00000
~31.5212

377,250
=7243625

(13)
6,4B6476E-23
5.855014E-24
4,235165E-22
7.782115E-21
2,032879E-20
1,154082E-20
1.793948E-22
7.,651421E-24
1.273858E-22
1.77843BE~23
2,998530E-24
5.105255E~25
-:340000

-2.0008464E~02
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0,00000
0.,00000

(19)
35,1717
5.86202

-+ 400490

-1,846000E-03-2.519000E-046 1,700000E-03-3.255000E-03
8.020484E-02-2,519000E-06-3+409000E-03 6.200000E-06-1.146000E-05

1,700000E-03 6.200000E-06-1.711000E-02 4,585000E-03
-3.255000E-03-1,146000E-05 4.585000E-03-4,215000E-02

(14)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.:00000
0.,00000
0.00000
0.00000
0.00000
0400000
1.00000
0.00000
0400000
0.00000
0.00000
0+00000
0.00000
0.00000
0.00000
0.00000

(20)
-2,82757

-+471307

4,125519E-06
2,399852E-07-6.679474E~02 6.8746526E-07
~1,331761E-06

~5.06989
-+ 845064
~5.59457
-+ 32519
77,7650
12,9621
0.00000
0.00000
0.,00000
1.,00000
0.00000
0.00000

(T
SPAR
EXFENTT T
(15)
32,1046
5.35129
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0,00000 "
0.00000
0,00000
0.00000
37.3985
3.867695E-02
-7.41063
3.83166
1.94219
~4,868340E-03
~23,3345
4,48042
(21) (22)
~3,716940E~-07  0,00000
~6.195495E-08  0,00000
~2,74305 0.00000
-,457218 0,00000
4,03929 0.,00000
673280 0,00000
~2,253246E~03  0,00000
-3.755771E-04  0,00000
-B.565465E~03  0,00000
-1.,427714E-03  0.00000
~7+630429E-04  0.00000
-1,271860E~04 0.,00000
78,0234 0.,00000
13,0051 0.,00000
0.00000 0,00000
0.,00000 0.00000
1.00000 0,00000
0,00000 1,00000




Obaerver Galn Natrix

Mafvix K, :

MATRIX k FROM FILE

OESV1 »

RLOCKNO. 3»

MATRIXNO, 2

DIMENSION 22%13s SAMPLING TIME +000
« 1) « 2) « 3 « 4) ¢ 9)
« 1 32,1046 0.,00000 0,00000 -233.564 35,1717
«2) 5.35129 0.00000 0.00000 ~-38,9310 5.86252
« 3 0.,00000 32,1046 233,530 1,439773E~06 -.400490
« 4) 0.00000 535129 38.9254 2.399852E-07-6.675474E~02
« 5) 0.00000 0.,00000 593,798 «218860 194325
« &) 0.,00000 0,00000 ?8.9759 3,648021E-02 3,239057E-02
«7) 0.00000 0.00000 0.00000 515.759 -188,768
« 8) 0,00000 0.00000 0.,00000 85,9681 ~-31.4644
«C 0,00000 0.00000 0.00000 7.886783E-17 26%9.596
(10) 0.00000 0.00000 0,00000 6.490084E-18 44,9369
(11) 0.00000 0.00000 0+00000 0.,00000 0.,00000
(12) 0,00000 0.00000 0.00000 0.00000 0,00000
(13) 0,00000 0.00000 0.00000 0.00000 0.00000
(14) 0.00000 0.,00000 0.00000 0,00000 0,00000
(15) 0,00000 0.00000 0.00000 0:,00000 0,00000
(16) 0,00000 0.,00000 0.00000 0,00000 0.,00000
17) 0,00000 0400000 0,00000 0.00000 0.00000
(18) 0.,00000 0.00000 0.00000 0.00000 0.00000
19 0,00000 0+00000 0,00000 0+00000 0.,00000
(200 0,00000 0.00000 0,00000 0.00000 0.00000
(21) 0.,00000 0+.00000 0400000 0+00000 . 0,00000
(22) 0,00000 0.+00000 0+,00000 0.,00000 0.,00000
C 6) « 7 « 8) « (10)
(1) -2.82797 ~34716940E-07 0.,00000 0.00000 0.00000
¢ 2) ~+471307 ~6,195493E-08 0,00000 0.00000 0,00000
( 3) 4,125519E~06 ~2,74305 0.,00000 0.00000 0,00000
( 4) 6.876525E-07 -,457218 0.,00000 0.00000 0+,00000
( §) -1.331761E-06 4.03929 0.00000 0,00000 0.00000
¢ ) -2,32198185E-07 ,673280 0.00000 0400000 0.00000
« 7) -=-5.,06989 ~-2.253246E~03 0,00000 0,00000 0.00000
( 8) ~.845064 ~3.755771E~-04 0.00000 0+00000 0,00000
( 9) -~-5,59457 ~B8.565465E-03 0,00000 0.,00000 0,00000
(10) ~,932519 -1,427714E-03 0.00000 0.,00000 0,00000
(11) 77.7650 ~7.630429E-04 0.00000 0.,00000 0,00000
(12) 12,9621 ~1.271860E~04 0,00000 0+00000 0.00000
(13) 0.,00000 78,0234 0.00000 0.,00000 0,00000
(14) 0.,00000 13,0051 0.00000 0.00000 0.,00000
(15) 0.00000 0,00000 —2346417 ~58,9683 ~67.6119
(16) 0,00000 0.00000 - -2,55619 46,9842 294,389
(17> 0400000 0,00000 273.614 20,3698 63,2173
(18) 0,00000 0,00000 -204.837 ~7.44891 ~14.8922
(19> 0,00000 0,00000 -128,982 ~2,29120 1,29369
(20) 0,00000 0.,00000 « 283525 2.,71047 16,9254
(21) 0,00000 0,00000 1497 .90 - 39.6463 60,8541
22) 0,00000 0,00000 ~305.217 ~7.68846 ~-12,5784
C-12
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Faa g

Matriz K, (€ontet) s

(11) (12) (13)
« 1 0.00000 0.00000 0.00000
( 2) 0.00000 0.00000 0.00000
« 3) 0.00000 0.00000 0.00000
¢ 4) 0.00000 0+00000 0,00000
« 5 0.,00000 0.,00000 0,00000
« &) 0.00000 0.,00000 0.00000
« 7 0.00000 0.00000 0.,00000
¢ 8) 0.00000 0.,00000 0.00000
« 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0.00000
(11) 0.,00000 0.00000 0.,00000
(12 0.00000 0.,00000 0.00000
(13 0,00000 0.,00000 0.00000
(14) 0.00000 0,00000 0,00000
(15) -120,810 6453,40 -65297.1
(16) =-5617.07 11,0099 -70.,5430
(17) -910,378 4302.61 8442.,40
(18) 136,583 -375.7469 ~5854.62
(19) -97.9949 517,856 -3563.,07
(20) -322,676 ~+ 169975 7.98772
(21) -283.577 ~85019.24 41541.,4
(22) 72.9770 1477.49 -83%90.19
C-13



Obaerver Input Matrix

Matiix B, :

MATRIX C FROM FILE OESV1 » BELOCKNO. 3» MATRIXNO., 3
DIMENSION 22%10y SAMPLING TIME = «000
« 1) « 2 « 3 « 4 « 5)
( 1)  0.,00000 0.00000 0,00000 0,00000 0.,00000
( 2)  0.00000 0.00000 8.410000E~03 B,410000E-03-8,410000E~03
( 3) 0.,00000 0.00000 0.,00000 0.00000 0.00000
( 4)  0.00000 0.,00000 ~1.457000E-02 1,457000E-02 1,457000E~02
(5  0,00000 0.,00000 0.00000 0.00000 0.00000
( 6) 0.,00000 0.,00000 5.729000E-03-5,729000E~03-5,729000E-03
( 7)  0.00000 0.00000 0.00000 0.00000 0.00000
«8) 0.,00000 0.00000 3.806000E~03 3.811000E~03-3,806000E~03
( 9)  0,00000 0,00000 0.00000 0.00000 0.00000
(10)  0,00000 0.,00000 1,022000E~02~7,078000E-~03 7.133000E-03
(11)  0,00000 0.,00000 0.00000 0.00000 0.00000
(12)  6+944000E-03 0.,00000 1.,289000E~03 4.539000E-05-4,112000E~05
(13)  0.00000 0.00000 0.00000 0.00000 0.00000
(14) 6.791000E~-08 6.921000E-03~8,075000E~04 B8.,081000E-04 8.094000E-04
(15)  0,00000 0.00000 0.00000 0.00000 0.00000
(16)  0.00000 0.00000 0., 00000 0.00000 0.00000
(17)  0.,00000 0.00000 0.00000 0.00000 0.00000
(18)  0,00000 0.00000 0.00000 0.00000 0.00000
(19) -5,553000E-04-2,199000E-06 6.,530000E-03-3,478000E~-03 3,488000E-03
(20) —-1,500000E~06~2,577000E~-03~3 +368000E~03 3.,370000E-03 3,419000E-03
(21) 8,518000E-04 1,731000E-06-2,485000E-02 2,639000E~02-2, 653000E~02
(22) 4,838000E~03~2,422000E~-06—6+475000E-04-3,014000E~03 3,025000E~03
( &) « 7 « 8 « 9 (10)
(1)  0.,00000 0.,00000 0.00000 0.,00000 0.00000
( 2) -B8.,410000E-03 8,410000E-03 8.410000E-03~8,410000E-03-8,410000E~03
( 3) 0.,00000 0.00000 0.00000 0.00000 0.,00000
¢ 4) ~1,457000E~02-1,457000E-02 1,457000E-02 1.457000E-02-1 ,457000E~02
¢ S5)  0.00000 0.00000 0.00000 0.00000 0.00000
( &) 5.729000E-03-2,869000E~02 2,869000E-02 2.B49000E~02-2,869000E~02
C7)  0.00000 0,00000 0.00000 0,00000 0,00000
¢ 8) -3,811000E~03-1,906000E-02-1,908000E~02 1,906000E~02 1.,908000E-02
¢ 99  0.,00000 0.00000 0.00000 0.,00000 0.00000
(10) -1,027000E-02 9,299000E-03 9,284000E-03~9,299000E~03~9 ,284000E-03
(11)  0,00000 0,00000 0.00000 0.00000 0,00000
(12) -1,293000E-03-2.675000E~04-2,702000E~04 2,4675000E~04 2.,702000E~04
(13)  0.,00000 0,00000 0.,00000 0.,00000 0.00000
(14) -8,100000E-04 9,735000E~04-9,725000E~04-9,735000E-04 9,725000E~04
(15)  0.,00000 0.00000 0.00000 0.00000 0,00000
(16)  0.,00000 0,00000 0.00000 0,00000 0.00000
(17)  0.00000 0.00000 0.00000 0.00000 0.00000
(18)  0.,00000 0.,00000 0.00000 0.,00000 0.,00000
(19) ~6,539000E-03~4,B26000E~02-4,783000E-02 4,8246000E-02 4.783000E-02
(20) -3,421000E-03 -, 108700 +108500 108700 ~.108500 ,
(21) 2,499000E-02 5,095000E-02 5,079000E-02-5,095000E~02-5, 079000E-02
(22) 6.,358000E~04 -,241800 -.241300 +241800 +241300
C-14
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el

Eigenvaluea of

A@ (5;;,4}@-— K@Cﬁ) s

REAL FPaRT IMAGINARY FART ARS., VALUE
=+ 270000 + 130800 + 300014
-+ 270000 -,130800 + 300014
-4 270000 130800 + 300014
-+270000 -+ 130800 + 300014
~+270000 + 130800 + 300014
-+ 270000 -+130800 + 300014
~+270000 + 130800 + 300014
= 270000 -,130800 + 300014
~+ 270000 « 130800 « 300014
-y 270000 -,130800 + 300014
e 270000 + 130800 + 300014
-+ 270000 -+ 130800 + 300014
w e 270000 + 130800 + 300014
-4, 270000 -.130800 + 300014
=+ 270000 0.00000 + 270000
- 270000 0.,00000 + 270000
-, 270000 « 130800 + 300014
e 270000 ~4+ 130800 . 300014
~, 270000 + 130800 + 300014
~, 270000 -, 130800 + 300014
e 270000 «130800 + 300014
-, 270000 ~,130800 + 300014

C-15



5/mc1891.39
SPAR-R.1185

ISSUE A

APPENDIX D
EVALUATION AND DESIGN MODELS FOR REGULATOR PROBLEM
In the following are 1listed the continuous-time system matrices for the

evaluation model ( Ap, Bp, €p ) and the design model ( A., B., €. ) used in
Ref.[4]; the latter is also listed in Appendix A.




Materix AP :

MATRIX A FROM FILE ©DZH
DIMENSION 36%36y

e e e ke o Ra o kel

¢

1
2)
3)
4)
S)
&)
7)
8)
)

(10)
(11)
(12)
(13)
(14)
(15)
(148)
(17)
(18)
(19)
(20)

(2

1

(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)

« 1)
0.00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0,00000
0,00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0., 00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.00000

SAMFLING TIME =

« 2)
0.,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0.,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.,00000
0,00000
0,00000

000

« 3
0.,00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0+00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.,00000
0,00000
0,00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.,00000
0,00000
0,00000
0.00000
0, 00000
0.00000
0,00000
0.,00000

v BLOCKND. 1, MATRIXNO. 1

« 4)
0.00000
0,00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.,00000
0.00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0+00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0.,00000
0.00000
0.00000
0.,00000
0.00000
0.00000

¢ &)
0.,00000
0.00000
0,00000
0.00000
0,00000
0,00000
0,00000
0.00000
0,00000
0.00000
0,00000
0,00000
0,00000
0.00000
0.00000
0,00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0,00000
0.,00000
0.00000
0.00000
0.,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.00000




MaTvix f1’, (conitet) :

e e e ke e e
~

¢ &)
0400000
0400000
0+00000
0+00000

0400000

0.00000
0.00000
0+.00000
0.00000
0400000
0400000
0400000
0,00000
0400000
0400000
0400000
0400000
0,00000
0400000
0,00000
0,00000
0+00000
0400000
0.00000

© 0400000

0,00000
0.00000
0.00000
0.00000
0,00000
0.00000

0400000 -

0400000
0.,00000
0.00000
0+00000

¢ 7)
0400000
0.00000
0+00000
0.00000
0.00000
0+00000
0400000
0,00000
0.00000
0400000
0:00000
0.00000
0400000
0.00000
0400000
0.00000
0.00000
0.00000
0400000
0.00000
0.00000
0400000
0400000
0.00000

0400000 -

0400000
0.00000
0400000
0+00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000

!
1,00000
0.00000
0.00000
0,00000
0400000
0,00000
0400000
0,00000
0.00000
0400000
0400000
0.00000
0,00000
0400000
0400000
0.00000
0.,00000
0.00000
0400000
0400000
0400000
0,00000
0.00000
0400000
0.00000
0400000
0.00000
0.00000
0.00000
0400000
0.00000
0400000
0.00000
0.00000
0.00000
0,00000

<99
0+00000
1,00000
0400000
0,00000
0400000
0400000
0:00000
0.00000
0+.00000
0,00000
0400000
0400000
0:.00000
0+00000
0.00000
0.00000
0400000
0.00000
0.00000
0400000
0400000
0400000
0.00000
0,00000
0400000
0400000
0400000
0.00000
0.,00000
0.00000
0.00000
0+,00000
0.00000
0.00000
0+00000
0.,00000

(10)
0.00000
0+,00000
1.,00000
0.00000
0.00000
0.00000
0400000

0.00000 .

0.00000
0400000
0400000
0400000
0400000
0400000
0.00000
0+00000
0.00000
0,00000
0.00000
0.00000
0:00000
0400000
0400000
0400000
0400000
0,00000
0,00000
0400000
0.00000
0,00000
0+00000
0.00000

0.00000 "

0,00000

. 0400000

0400000




SPAR
MaTrix A&” ( comt#t) =
A (12) (13) (14) (15)
( 1) 0.00000 0,00000 0.,00000 0.00000 0,00000
( 2) 0.,00000 0,00000 0,00000 0.00000 0,00000
( 3) 0.00000 0.00000 0.00000 0.00000 0.00000
( 4) 1.,00000 0.,00000 0.,00000 0.,00000 0.00000
( 9 0,00000 1.00000 0.,00000 0.00000 0,00000
{ &) 0.,00000 0.,00000 1,00000 0,00000 0.00000
¢ 7  0.00000 0.00000 0.00000 1.00000 0.00000
({ 8) 0.00000 0.,00000 0.00000 0.,00000 0,00000
[D] 0.00000 0.00000 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0.,00000 0.00000 0.00000
(1i1) 0.00000 0.,00000 0,00000 0.00000 0.00000
(12) 0.00000 0.00000 0.,00000 0,00000 0.00000
(13) 0.00000 0,00000 0.00000 0.00000 0.,00000
(14) 0.00000 0.00000 0.00000 0.00000 0.00000
(15) 0,00000 0.00000 0.00000 0.00000 0.00000
(14) 0.00000 0.00000 0,00000 0.00000 0.00000
(17) 0,00000 0.00000 0.,00000 0.00000 0.00000
(18) 0.00000 0.00000 0.00000 0,00000 0.,00000
(19) 0.00000 0.00000 0.00000 0.00000 0.,00000
(20) 0.00000 0.00000 0,00000 0,00000 0.00000
(21) 0.00000 0.00000 0.00000 0.00000 0.00000
(22) 0.00000 0.00000 0.,00000 0.,00000 0.00000
(23) 0.00000 0.00000 0,00000 0.00000 0.00000
(24) 0.00000 0.00000 0.00000 0.00000 0.,00000
(25) 0.00000 0.00000 0.00000 0.00000 0.00000
(26)  0,00000 0.00000 0.00000 0.00000  ~1,544281E-02
(27) 0.00000 0.00000 0.00000 0.00000 0.00000
(28) 0.00000 0.,00000 0.,00000 0.00000 0.,00000
(29> 0.00000 0.00000 0.00000 0.00000 0.00000
(30> 0.00000 0.00000 0.00000 0.00000 0.00000
(31) 0.00000 0.00000 0,00000 0.00000 0.,00000
(32) 0.,00000 0.00000 0,00000 0.00000 0.00000
(33) 0.00000 0.00000 0,00000 0.00000 0.00000
(34) 0.00000 0.00000 0.,00000 0.00000 0.00000
(35) 0.00000 0.00000 0.00000 0.00000 0.00000
(34) 0,00000 0.00000 0.00000 0.00000 0.00000
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Mafrix A, (comtd): !

(16) (17) (18) (19) (20)
( 1) 0,00000 0.00000 0.00000 0.00000 0.00000
¢« 2) 0,00000 0.00000 0+00000 0,00000 0.00000
« 3 0.00000 0.00000 0.00000 0.00000 0.00000
( 4) 0.00000 0.,00000 0.00000 0.00000 0.00000
« 3 0+00000 0.,00000 0.00000 0.,00000 0,00000
( &) 0.00000 - 0.00000 0+,00000 0.00000 0.00000
¢ 7 0.00000 0,00000 0.,00000 0+00000 0.00000
( 8 0.00000 0,00000 0.00000 0400000 0.00000
« 9 0.00000 0.00000 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0+.00000 . 0.00000 0,00000
.(11) 0.,00000 0.00000 0.00000 0.00000 0.00000
(12) 0.00000 0.00000 0.00000 0.00000 0.00000
(13) 0.00000 0.00000 0+00000 0.00000 0,00000
(14) 0400000 0+00000 0+00000 0.00000 0.00000
(13) 0.00000 0.00000 0.00000 0.00000 0.00000
(16) 0400000 ’ 0.00000 0+00000 0,00000 0,00000
17> 0.00000 0.00000 0+00000 0,00000 0.00000
(18) 0.,00000 0.00000 0.00000 0.,00000 0.00000
(19) 0.00000 0,00000 04,00000 0.00000 0.,00000
(20) 0.00000 0.00000 0.00000 0.00000 0.,00000
(21) 0.00000 0.00000 0,00000 0.00000 0,00000
(22) 0.00000 0,00000 0.00000 0.00000 0.,00000
(23) 0.00000 0,00000 0.00000 0.00000 0.00000
(24) 0.00000 0.,00000 0.,00000 0.00000 0+00000
(25) 0.00000 0.,00000 0.,00000 0.00000 0.00000
(26) 0.00000 0,00000 0,00000 0.,00000 0.00000
(27) -2.,283538BE~-02 0.,00000 0.,00000 0,00000 0.00000
(28) 0.00000 ~3¢737217E-02 0.,00000 0.00000 0.,00000
(29) 0.00000 0.00000 -+309465 0.00000 0.00000
(30) 0.00000 0.00000 0.,00000 -.476378 0.00000
(31) 0:.00000 0,00000 0,00000 0.00000 -+607833
(32) 0.00000 0.,00000 0,00000 0.00000 0.00000
(33) 0,00000 0,00000 0.,00000 0.00000 0.00000
(34) 0:00000 0+00000 0.00000 0+00000 0.00000
(35> 0,00000 0+00000 0,00000 0,00000 0.00000
(36) 0.00000 0.00000 0,00000 0.00000 0.00000

n_/s
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SPAR

Matwv: = A}P (conTat) -

21) (22) (23) (24) (25)
« 1) 0.,00000 0.00000 0.00000 0.00000 0.00000
«2) 0.00000 0.,00000 0,00000 0.00000 0.00000
« 3 0.00000 0,00000 0,00000 0.00000 > 0.00000
¢ 4) 0.,00000 0.00000 0.00000 0.00000 0.00000
¢ 5) 0.00000 0.00000 0.00000 0.00000 0., 00000
( &) 0.00000 0.00000 0,00000 0.00000 0.,00000
«7) 0.00000 0.00000 0.00000 0.00000 0.00000
« 8) 0.00000 0.00000 0,00000 0.00000 0.00000
« 9) 0.,00000 0.00000 0.00000 0.00000 0.00000
10 Q.00000 0.00000 0.,00000 0.00000 0.00000
(11) 0,00000 0.00000 0.00000 0.00000 0.00000
12) 0.00000 0.00000 0.00000 0.00000 0.00000
(13) 0.00000 0.00000 0.00000 0.00000 0,00000
(14) 0.00000 0.00000 0,00000 0.00000 0.00000
(15) 0.00000 0.00000 0.00000 0.00000 0.00000
(16) 0.00000 0.00000 0,00000 0.00000 0.00000
17) 0.00000 0.00000 0.00000 0.,00000 0.00000
(18) 0.00000 0.00000 0.00000 0.00000 0.00000
(19 0.,00000 0.00000 0.,00000 0.00000 0.00000
(20) 0.00000 0.00000 0.00000 0.00000 0.000Q0
(21) 0.00000 0.00000 0.00000 0.00000 0.00000
22 0.00000 0.00000 0,00000 0.00000 0.00000
(23) 0.00000 0.00000 0.,00000 0.00000 0.,00000
(24) 0.00000 0.00000 0.,00000 0.00000 0.00000
(25) 0.00000 0.00000 0.00000 0.00000 Q.00000
(26) 0.00000 0.00000 0.00000 0.00000 0.00000
(27) 0.00000 0,00000 0.00000 0.00000 0.00000
(28) 0.00000 0.00000 0.00000 0.00000 0.00000
(29) 0.00000 0.,00000 - 0.00000 0.00000 0.00000
(30) Q.00000 0.,00000 0.,00000 0.00000 0.00000
(31) 0.00000 0.,00000 0.00000 0.00000 0.00000
(32) ~2,41268 0.00000 0,00000 0.00000 0.00000
(33) 0.00000 ~2.84003 0.00000 0.00000 0.00000
(34) 0.,00000 0.,00000 ~15,65895 0.00000 0.00000
(35) 0.00000 0.,00000 0.00000 -28.9811 0.00000
(36) 0.00000 0.00000 0.00000 0.00000 -196.233
D-5
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a3 i

Matri x AP ((contel) <

(26) (27) (28) 29) (30)
« 1) 0:.00000 0.,00000 0.00000 0.00000 0.00000
« 2) 0.00000 0.00000 0.00000 0.00000 0.00000
« 3 0.00000 0.00000 0:.00000 0.00000 0.00000
¢ 4) 0.00000 0.,00000 0.00000 000000 . 0+,00000
« 5 0:.00000 '0.,00000 0.00000 0.00000 0.00000
¢ 6) 0.00000 " 0400000 0.,00000 0.00000 0.00000
¢« 7) 0.00000 0.00000 0.00000 0,00000 0,00000
« 8 0.00000 0.00000 0.00000 0.00000 0.,00000
¢« 9 0.00000 0.,00000 0.00000 0.00000 0.00000
(10) 0.00000 0.00000 0.00000 0.00000 0.00000
(11) 0.00000 0.00000 . 0.00000 0.,00000 0,00000
(12) 0.00000 0.00000 0.00000 0.00000 0.00000
(13) 0.00000 0.00000 0.00000 0:00000 0.00000
(14) 0.00000 0.00000 - 0.00000 0.,00000 0.00000
15 1.00000 0.,00000 0.00000 0.00000 0.00000
(16) 0.00000 1.,00000 0.00000 0.00000 0.00000
(17) 0.00000 0.00000 1.00000 0.00000 0.00000
ais) 0.00000 0.00000 0.00000 1.00000 0.00000
(19) 0.,00000 0.00000 0.00000 0.,00000 1.00000
(20) 0.,00000 0.00000 | 0.00000 0.00000 0.00000
21) 0.00000 0.00000 0.00000 0:.00000 0.00000
(22 0.00000 0.00000 0.00000 0.00000 0.00000
(23) 0,00000 0.00000 0.00000 0,00000 0.00000
(24) 0.00000 0.00000 0.,00000 0.00000 0.,00000
(25) 0400000 0.00000 0:,00000 0.00000 0.00000

(26) -1,846000E-03 5.509000E-06-2,519000E~06 1,700000E~03~1.237000E-03
(27) S5.509000E-06-1.706000E~03~3,644000E~04~2,246000E~05 1,446000E~05
(28) ~-2,519000E~-06-3,644000E-04~3.409000E~03 6.,900000E~-06-5,243000E-06
(29) 1,700000E-03~-2,246000E-05 6,900000E-06-1,711000E~02 6,647000E-03
(30) ~-1,237000E-03 1,446000E-05~5,243000E~06 6.647000E-03~1,109000E-02
(31) ~3,255000E-03 2,771000E~05-1,146000E-05 4.585000E~-03-5,880000E-03
(32) ~4,718000E~05 3,210000E~03 8:921000E-03 2.764000E~05-7,18B000E~05
(33) -1,500000E-03 1.495000E-05~7,907000E~08 1,707000E~03-2,124000E-03
(34) -1,057000E-05-2,151000E~03~6.351000E~03 2.617000E-05-2,508000E-05
(35) 1,173000E-03-1.,330000E-05 7,460000E-06-4,837000E-03 2,4683000E~04
(36) 2,607000E-03-2,564000E~05 3.0846000E-05-8,077000E-03 1,308000E-03
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MaTvix A p (conta) =
(31) 32 (33) (34) (35) (36)
1) 0,00000 0.,00000 0.00000 0.00000 0.00000 0.00000
¢ 2) 0,00000 0. 00000 0.00000 0.00000 0.00000 0.00000
¢ 3) 0,00000 0.,00000 0.00000 0.,00000 0.00000 0.00000
¢ 4)  0,00000 0.00000 000000 0.00000 0.,00000 0.00000
¢ 5 0,00000 0.00000 0.,00000 0.00000 0.00000 0.,00000
¢ 6)  0.,00000 0.00000 0.00000 0.00000 0.00000 0.00000
C7)  0,00000 0. 00000 0.00000 0.,00000 0.00000 0.00000
¢ 8) 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000
9 0,00000 0.00000 0.00000 0.,00000 0.00000 0.00000
(10>  0,00000 0.00000 0.00000 0.00000 0.00000 0.00000
(11>  0,00000 0.00000 0.,00000 0.00000 0.,00000 0.00000
(12)  0,00000 0.00000 w* 0,00000 0.00000 0,00000 0.00000
(13)  0,00000 0,00000 0.00000 0.00000 0.00000 0.00000
(14)  0.00000 0.00000 0., 00000 0.00000 0.00000 0,00000
(15)  0.00000 0.,00000 0.00000 0.00000 0.00000 0.00000
(16)  0,00000 0.,00000 0.00000 0.00000 0.00000 0.,00000
(17)  0.00000 0,00000 0.00000 0.,00000 0,00000 0.00000
(18)  0,00000 0.,00000 0.,00000 0.00000 0.00000 0,00000
(19)  0,00000 0,00000 0.00000 0.+00000 0,00000 0.,00000
(20) 1.00000 0,00000 0.00000 0400000 0.,00000 0,00000
(21) 0400000 1,00000 0.,00000 0.00000 0.00000 0.00000
(22)  0,00000 0.,00000 1.00000 0.+00000 0,00000 0.00000
(23)  0.,00000 0,00000 0.,00000 1.00000 0+00000 0.00000
(24) - 0,00000 0.00000 0,00000 0.,00000 1.00000 0,00000
(25)  0,00000 0.,00000 0.00000 0.00000 0.00000 1.,00000
(26) =3,255000E-03-4,718000E~05~1,500000E-03-1,057000E-05 1,173000E-03 2,607000E-03
(27) 2,771000E-05 3,210000E~03 1.495000E~05~2,151000E-03~1,330000E~0%~2+3464000E~05
(28) ~1.1446000E~05 8,921000E~03~7.907000E~08~4,351000E~03 7,440000E-04 3.0846000E~03
(29) 4,585000E-03 2,764000E-05 1.,707000E~03 2,417000E~05~4,837000E~03-8,077000E~03
(30) ~5,880000E~03-7,188000E~05-2,124000E-03~2,508000E~05 2,4683000E-04 1,.308000E-03
(31) ~4.215000E-02~6,426000E~04~1,143000E~02-7,470000E~05~2, 760000E~02 -3, 694000E-02
(32) ~46,426000E-04 ~,150100 ~3,174000E-04 8.721000E~02-5,814000E-04 -4.131000E~04
(33) ~1,163000E~02-3,174000E~-04-5,4610000E-02 2,340000E-05 ,122900 » 189600
(34) ~7.,470000E-05 8.,721000E-02 2,340000E-05 -,105600 ~64325000E-05 1,322000E-04
(35) ~2,760000E-02-5,814000E-04 122900 -6.325000E~05 -1.,05500 ~1.,44600
(36) ~3,694000E~02-6,131000E~04 189600 1.322000E~04 ~1,444600 ~2,34200
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MATRIX B FROM FILE DZHM » BLOCKNO, 1s MATRIXNO. 2

DIMENSION 364105 SAMPLING TIME = +000

_ ¢ 1y () «H « 4 (5
(1) 0.00000 . 0.00000 0.00000 0.00000 0.00000

( 2)  0.,00000 . 0400000 0.00000 0.00000 0.,00000
S 3)  0.,00000 0.00000 0.00000 000000 000000

¢ 4)  0.00000 ~  0.,00000 0.,00000 0.00000 0.00000
(5  0,00000 . 0.00000 0.00000 0.00000 0.00000
T 6)  0.,00000 - 0,00000 0.,00000 0.00000 0.00000

C 7Y  0,00000 " 0.00000 0,00000 0.00000 0.00000
«8)  0.,00000 0.00000 8.410000E~-03 8,410000E~03-8,410000E~03
€ 9)  0.00000 0.00000 ~1,457000E~02 1.,457000E-02 1,457000E~02
(10)  0.,00000 0.00000 - 5,729000E~03~5,729000E~03~5.729000E~03
(11)  0.00000 0.,00000 3.806000E~03 3,811000E-03-3.806000E~03
(12)  0.00000 0.00000 1,022000E-02~7,078000E~03 7.133000E-03
(13)  6.944000E-03 0,00000 1.289000E-03 4,539000E-05-4,112000E-05
(14) 6,791000E-08 6,921000E-03~8,075000E~04 8,081000E-04 8.094000E~04
(15)  0.00000 0.,00000 - 000000 0.00000 0.00000
(16)  0.00000 0.00000 0.00000 0.00000 0.00000
(17)  0.00000 0.00000 0.00000 0.00000 0.00000
(18)  0.00000 0.00000 0.00000 0.00000 0.00000
(19)  0,00000 0.00000 0.00000 0.,00000 0400000
(20)  0.00000 0.00000 - 0.00000 0.00000 0,00000
(21)  0.00000 0.00000 0.00000 0.00000 0.00000
(22)  0.,00000 0, 00000 0.,00000 0.00000 0.00000
(23)  0.00000 0.00000 0.00000 0.,00000 0,00000
(24)  0.,00000 0.,00000 0,00000 0.00000 0.00000
(25)  0.,00000 0.,00000 0.00000 0,00000 0.00000

(26) ~5.553000E-04-2,199000E-06 6.530000E~03-3,478000E~03 3,488000E-03
(27) 5.403000E-06-6,851000E~04 1.044000E~03~1,055000E-03-1,175000E~03
(28) -1.500000E-06-2,577000E~03-3.368000E-03 3.370000E-03 3,419000E~03
- (29) B.51B000E-04. 1,731000E-06-2,485000E-02 2,639000E-02-2,653000E-02
(30) 1.688000E-05-8,184000E-07 1.358000E~02~1,328000E-02 1,335000E-02
(31)  4.83B000E-03-2,422000E~-06-6.475000E~04-3%,014000E~03 3,025000E~03
~(32) B,906000E-05-2,665000E-03 4.183000E-03-4.251000E-03~4,594000E-03
(33) ~1.641000E-02-3,707000E~06~-1,%505000E~03 ¢,903000E~04~1,007000E~03
(34) 9.890000E-06-5,304000E-03~1,833000E~03 1,826000E~03 2,062000E-03

(35) «119700 ~2+102000E~-07-5,342000E~-04 6.243000E-04-6,2B3000E-04
(36) +180300 2.,451000E-04 3.438000E-04~3,829000E-04 4,334000E-04
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MaTrix  Bp  (conta) :

¢ &) «7) « 8) « (10)
1) 0.,00000 0.00000 0.00000 0.00000 0.00000
¢ 2) 0.00000 0.00000 0.00000 0.00000 0,00000
« 3 0.,00000 0.00000 0.00000 0.00000 0.00000
« 4) 0.,00000 0.00000 0.00000 0.00000 0.00000
« 5) 0.,00000 0.00000 0,00000 0.00000 0:00000
¢ &) 0.00000 0:.00000 0.,00000 0.,00000 0.00000
«7) 0.,00000 0.00000 0.00000 0.,00000 0.00000
( 8) -B.410000E-03 8.410000E-03 8.410000E~03-8,410000E-03-8,410000E-03
( 9) —-1,457000E-02-1,457000E-02 1.457000E~02 1.,457000E-02~1.,457000E~02
(10)  5.729000E-03-2,B42000E~02 2.8469000E-02 2.8467000E-02-2,849000E-02
(11) -3.811000E-03-1,9046000E~02~1,708000E~-02 1,9206000E-02 1,908000E-02
(12) ~1,027000E-02 9,299000E-03 9.284000E~03~9,299000E~03~9,284000E~03
(13) -1,293000E~03-2,475000E~04-2,702000E-04 2,475000E-04 2.702000E—-Q4
(14) ~8.100000E-04 9.735000E-04~9,725000E-04-9.735000E~04 2.725000E~04
(13) 0.,00000 0.00000 0.,00000 0.,00000 0.00000
(16) 0.00000 0.00000 0.,00000 0.00000 0.00000
(17) 0.00000 0.00000 0.,00000 0.00000 0.00000
(18) 0.00000 0.00000 0:00000 0.00000 0.00000
(19) 0.,00000 0:00000 0.00000 0.,00000 0.00000
(20) 0.00000 0+00000 0.00000 0.00000 0,00000
(21) 0.00000 0.00000 0.00000 0.,00000 0.00000
(22 0.,00000 0:00000 0.00000 0.00000 0.00000
(23) 0.,00000 0.,00000 0.,00000 0.00000 0.00000
(24) 0.00000 0.00000 0,00000 0.00000 0.00000
(25) 0.00000 0.00000 0.00000 0,00000 0.00000
(264) =6.539000E-03-4,B26000E~02-4,783000E-02 4,826000E-02 4,783000E~02
(27) 1.,1B6000E-03~5,105000E~02 5.,178000E-02 5.105000E-02-5,178B000E~02
(28) ~-3,421000E-03 -,108700 + 108500 +108700 -.108500
(29) 2,499000E-02 5,095000E~02 5,07%2000E—~02-5,095000E~02-5,079000E~02
(30) ~1,365000E~02~4,925000E-02-4,209000E-02 4.,925000E-02 4,209000E~-02
(31) 4.,358000E~04 -.241800 ~+241300 +241800 +241300
(32)  4.,662000E-03 42463900 =+ 272400 -4 263900 +272400
(33) 1.,521000E-03 340300 + 340300 -+340300 -+340300
(34) ~2,055000E-03 ~.415400 +414400 +415400 -+414400
(35) 5.383000E~04 -2.86100 -2.,86200 2.86100 2.86200
(36) ~3,943000E-04 —4.25900 -4,27800 4.,25900 4.27800
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MATRIX C FROM FILE DZM v_BLdCKNDo 1y MATRIXNO. 3

DIMENSION 13%36y SAMPLING TIME =

A A A A A~

(

n
2)
3)
4)
9)
é)
7)
8)
?)

(10)
(11)
(12)
(13)

PN A A A A A~

1)
2)
3)
4)
9)
é6)
7)
8)
2?3

~
-
<
~

(11)
(12)
(13)

A AN A~

~

1)
2)
3)
4)
9)
6)
7)
8)
?)

(10)
(11)
(12)
(13)

AAAA AN A A

~

1)
2)

4)
9)
)
7)
8)
?2)

(10)
(11)
(12)
(13)

« 1)
1.682000E~02
0.,00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0400000
0.00000
0.,00000
0.,00000
0.00000

« 6)

« 2)
0.00000

0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.,00000
0.,00000
0.00000
0,00000
0.00000

« 7)

1,334000E~03 5,777000E-07

2.4649000E~06

-2+174000E~08~

1,210000E~04
1.441000E~04

?+338000E~04
4,708000E~05
1,119000E~07
2.213000E~07

6.944000E-03 6,791000E-08

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000

(11)
0400000
0,00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0,00000
0.,00000
0.00000

(16)

6.921000E-03
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000

(12>
0.,00000
0.,00000
0.00000
0.,00000
0.,00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.,00000
0.00000

(17)

+ 000

O U®
0.00000

( 4)
7.617000E~03

« 5
3.139000E~03
1,68B2000E-02~6+615000E~03 2,807000E~06 3+172000E~-05

9,094000E~04~3,859000E~07-9+257000E~07

0.00000
0.00000
0,00000
0.00000
0400000
0.,00000
0.,00000
0.00000
0.00000
0.00000

« 8)
0.00000
0,00000
0.,00000
0,00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0+00000

(13)
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0+,00000
0.,00000
0.,00000
0400000
0.00000
0.00000
0.,00000

(18)

1.,047000E-03
0.,00000
0,00000
0.,00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.00000

«?)
0,00000
0.,00000
0.00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000

(14)
0,00000
0,00000
0.00000
0.,00000
0.+00000
0,00000
0.,00000
0.,00000
0,00000
0+,00000
0.00000
0.,00000
0,00000

(19)

7 ¢331000E-04
2,003000E~03
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000

(10)
0.,00000
0.00000
0.,00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0,00000
0.,00000
0.00000
0.00000
0.00000

(15)
3,051000E-03
5.393000E-06

-8.,282000E-07

 ~5,856000E-04

1.157000E-03

~5+553000E~04

~2.199000E-06
~7+672000E~02
~1.,057000E-04
?+647000E~05
44200000E-06
5.736000E-05

" 3.335000E-03

(20)

~1,135000E~05 1,984000E~046 1.541000E-03 2.933000E~04-3,661000E-03
=1.287000E~03 3.920000E~03-8,289000E-05 4.152000E~05 &.,760000E~04
~34+4625000E-04-9.,888000E-04 8,859000E-07~-1.407000E~-06-4,329000E~06
24133000E-07-3.264000E~04~-3,743000E~-04~5,918000E-03
~1,515000E-05 5,812000E~-06-5,932000E~-03 3.110000E~03
9.403000E~06-1.500000E-06 8.518000E~04 1.488000E-05 4,838000E-03
-64851000E-04-2,577000E~-03 1,731000E-06~8+184000E~07-2,422000E~04

3.905000E~064

64574000E-04~

1.3846000E-04

+121800

-92.,070000E-02

2.,7446000E~04

- 270900

-2,416000E~02~2,193000E~02~5,374000E~05-2,032000E~05-1,934000E~04
2,728000E-02 7,0464000E~-02-4,218000E-05 4,595000E-05 1,590000E-04
1.211000E~03 3,425000E-03-2,497000E~06 2.,209000E-06 6,7946000E~06

~2+.287000E-06 1,776000E~06-1,050000E~03-5.249000E~04~1,114000E-02

-3,071000E-05 8,002000E~-06~6,323000E~-03 3,207000E~-03~6,592000E~-04




EPAR
- v
Matydx (jp» ( corrtel ) -

(21) (22) (23) (24) (25)
( 1) —6,865000E-05-5,147000E-04-7 , 681000E~06 %.009000E-05~3+916000E-05
¢ 2) -5,107000E-03~9,540000E-06 2,245000E-03-2,352000E~06 2,916000E-05
( 3) 9,650000E~03 3,582000E~06-6,085000E~03 1.,817000E~06-1,854000E-06
¢ 4) -1,270000E-04~2,459000E~03 2,712000E-06~5,308000E~04 3.178000E-04
( 5) -4.746000E-05-2,900000E~04 2,444000E-05-1,342000E~04 8.974000E-05
( 6) B.906000E~05-1,641000E~02 9,890000E-06 +119700 180300
( 7) ~2,665000E~03~3,707000E~06~5 ,304000E~03-9, 102000E~07 2,451000E~04
( 8) -4,318000E-03 ~.100B00 ~5.008000E-04~2,117000E~02 1.,470000E~02
¢ 9)  ,434100 1.553000E~-04 ~,265200 7 .903000E-05~1,073000E~05
(10) ~-.204600 -6,828000E-05 .133700  -3,800000E-05 &,4639000E~05
(i1) -7,090000E-03 9,175000E-08 1,134000E~02~8,927000E~07~2,431000E~04
(12) ~-2,104000E~04 1.367000E~02~B.302000E~0é ~,117800 -+ 1746900
(13) -3,270000E~05-3,466000E-03 2,847000E-05 2,352000E~02 3,307000E~02

(26) (27) (28) (29) (30)
¢ 1)  0.00000 0.,00000 0.,00000 0,00000 0.00000
¢ 2)  0.00000 0. 00000 0.00000 0,00000 0.,00000
¢ 3)  0,00000 0.00000 0,00000 0,00000 0,00000
( 4)  0.00000 0.,00000 0.,00000 0.00000 0.00000
( 5)  0.00000 0,00000 0.00000 0,00000 0,00000
( 6 0.,00000 0.00000 0,00000 0,00000 0+00000
¢ 7)  0.00000 0.,00000 0.00000 0, 00000 0.00000
( 8)  0,00000 0.00000 0.00000 0,00000 0.00000
¢ 9)  0.00000 0.00000 0,00000 0.,00000 0.,00000
(10)  0.00000 0.00000 0.00000 0,00000 0.,00000
(11)  0.00000 000000 0,00000 0,00000 0.00000
(12)  0.00000 0.00000 0,00000 0.00000 0,00000
(13) 0400000 0.00000 0.00000 0400000 0,00000

(31) (32) (33) (34) (35) (36)
( 1)  0.00000 0.,00000 0.00000 0,00000 0,00000 0,00000
( 2)  0,00000 0.,00000 0.00000 0.00000 0,00000 0.00000
( 3)  0,00000 0.00000 0.00000 0.,00000 0.00000 0.00000
¢ 4)  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
( 5)  0.00000 0.00000 0.00000 0.00000 0.,00000 0.00000
( 6 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000
¢ 7)  0.00000 0.00000 0,00000 0,00000 0.,00000 0.00000
«( 8  0.,00000 0.00000 0.,00000 0,00000 0,00000 0.00000
¢ 9)  0.00000 0.00000 =~ 0.00000 0.00000 0,00000 0.00000
(10)  0.00000 0,00000 0.,00000 0.00000 0.00000 0.00000
(11)  0.00000 0.00000 0,00000 0.00000 0.00000 0,00000
(12)  0,00000 0.00000 0.00000 0.,00000 0.00000 0.,00000
(13)  0.00000 0.00000 0.,00000 0.,00000 0.00000 0,00000
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" MATRIX A FROM FILE

DZM y BLOCKNO., 2y MATRIXND. 1

DIMENSION 22%22y SAMFLING TIME = 000
¢ 1) « 2) ¢ -3) « 4) « 5)
« 1 0.00000 0.00000 0,00000. 0.00000 0.,00000
« 2 0.00000 0,00000 0.,00000 0.00000 0.00000
« 3 0.00000 0.00000 0.00000 0,00000 0.00000
« M 0.00000 0.00000 0,00000 0,00000 0.,00000
« 95 0,00000 0.00000 0,00000 0.00000 0.00000
( 6) 0.,00000 0.,00000 0.00000 0,00000 0,00000
(7). 0.,00000 0,00000 0.,00000 '0.,00000 0.,00000
«8) 0.,00000 0.,00000 0,00000 0,00000 0.00000
« 0.00000 0.,00000 0,00000 0.00000 0.00000
S (10) 0.00000 0,00000 0.00000 0.00000 0.,00000
(11) 0.,00000 0.,00000 0.00000 0.00000 0.00000
€12) 0,00000 0.00000 0.00000 0.,00000 0.00000
7(13). |, 0.00000 . 0,00000 0,00000 0,00000 0,00000
<14) 0,00000 0.00000 0.00000 0.00000 0.00000
15) 0,00000 0,00000 0.00000 0.00000 0.00000
(16) 0.00000 0.00000 0,00000 0.00000 0.00000
17) 0,00000 0.00000 0,00000 0.00000 0,00000
(18) 0.,00000 0.00000 0,00000 0,00000 0.,00000
(19) 0.,00000 0.00000 0.,00000" 0.00000 0,00000
(20) 0,00000 0.,00000 0,00000 0.,00000 0.,00000
(21) 0.,00000 0.00000 0.,00000 - 0.,00000 0,00000
(22)- - 0,00000 0.00000 0.,00000 0.,00000 0.,00000
: ¢ &) « 7) « 8) « (10)
(1) 0.00000 0.,00000 1.,00000 0.00000 0,00000
«2) 0.00000 0,00000 -0,00000 1.00000 0.,00000
(-3  0.00000 0.00000. 0,00000 0.,00000 1,00000
« 4) 0.00000 0.00000 0,00000 0.00000 "~ 0,00000
¢ §) - 0.00000 0.00000 0,00000 0.00000 0.00000
S0 8) 0.,00000 0.00000 0,00000 0.00000 0.00000
«7) 0.00000 0.00000 0.00000 0.00000 0.,00000
o 8) 0,00000 0.00000 0.00000 0.00000 0,00000
N 0.00000 0.00000 0.,00000 0,00000 0.00000
(10) 0.00000 0.00000 0.00000 .0,00000 0.00000
(1) 0.,00000 0.00000 0.00000 0,00000 0.00000
(12) 0.00000 0.00000 0.00000 0.,00000 0.00000
(13) '0,00000 0.,00000 0+.00000 0.,00000 0.00000
(14) 0.00000 0.00000 '0,00000 0.,00000 0.00000
(15)°  0.00000 0.00000 0,00000 0.,00000 0.00000
(16) 0,00000 0,00000 0,00000. 0,00000 0,00000
(17) 0+.00000 © 0.00000 0.,00000 0.00000 0,00000
(18) 0+.00000 0.00000 0,00000 0.00000 0,00000
.(19) 0.00000 0.00000 0,00000 0,00000 0,00000
(20) 0,00000 0.00000 0,00000 0.00000 0.00000
(21) 0.00000 0,00000 0,00000 0,00000 0.00000
(22) 0,00000 0.00000 0,00000 0.00000 0.,00000
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Matvrix A. C(comta) s ixa )
(11) (12) (13) (14) (15)
( 1)  0.00000 0,00000 0,00000 0400000 0400000
( 2)  0.00000 0.,00000 0,00000 0.00000 0.00000
( 3) 0.,00000 0,00000 0,00000 0,00000 0.00000
( 4) 1,00000 0.00000 0.00000 0,00000 0,00000
( 5) 0.00000 1,00000 0.00000 0,00000 0.00000
( 6) 0.00000 0.00000 1.00000 0.,00000 0.00000
( 7) 0.00000 0.,00000 0.,00000 1,00000 0.00000
( 8) 0,00000 0.,00000 0,00000 0.00000 0.00000
( 9)  0.00000 0.00000 0,00000 0.00000 0,00000
(10)  0.00000 0.,00000 0.00000 0.00000 0.00000
(11)  0.00000 0.,00000 0,00000 0,00000 0,000Q0
(i2)  0.00000 0.00000 0.,00000 0.00000 0.00000
(13)  0,00000 0.00000 0.00000 0,00000 0.00000
(14)  0,00000 0.00000 0,00000 0.00000 0.00000
(15)  0.,00000 0,00000 0.00000 0.,00000 0.,00000
(16)  0.00000 0.00000 0.00000 0.00000 0.00000
(i7)  0.00000 0.00000 0,00000 0.00000 0.00000
(18)  0.,00000 0,00000 0,00000 0.00000 0400000
(19)  0.00000 0,00000 0,00000 0.00000 ~1,546281E-02
(20)  0.00000 0,00000 0,00000 0,00000 0.00000
(21)  0,00000 0.00000 0.,00000 0.00000 0.00000
(22>  0,00000 0.00000 0,00000 0,00000 0.,00000
(16) (17) (18) (19) (20)
( 1)  0.,00000 0,00000 0.,00000 0,00000 0,00000
( 2)  0,00000 0,00000 0,00000 0.00000 0.00000
( 3)  0.00000 0.00000 0,00000 0.,00000 0.00000
( 4)  0.00000 0,00000 0,00000 0,00000 0400000
( ) 0.00000 0,00000 0.,00000 0,00000 0+00000
¢ 6) 0.00000 0,00000 0.00000 0.00000 0,00000
( 7)  0,00000 0.,00000 0.,00000 0,00000 0.00000
¢ 8 0.00000 0,00000 0,00000 0.00000 0.90000
( 95  0,00000 0.,00000 0.00000 0.00000 0.00000
(10>  0,00000 0.00000 0.00000 0.00000 0.,00000
(11)  0.00000 0.00000 0,00000 0,00000 0,00000
(12)  0,00000 0,00000 0400000 0.00000 0.,00000
(13)  0.,00000 0.,00000 0.00000 0.00000 0,00000
(14)  0.00000 0.00000 0400000 0,00000 0.,00000
(15)  0.00000 0.00000 0.00000 1.00000 0,00000
(16)  0.,00000 0.,00000 0,00000 0.00000 1.,00000
(17)  0,00000 0,00000 0,00000 0.00000 0,00000
(18)  0,00000 0+00000 0,00000 0.00000 0.00000
(19)  0,00000 0,00000 0,00000 ~1.,846000E-03~2.519000E-06
(20) -5.,737217E-02 0,00000 0.00000 -2,519000E~06-3,409000E-03
(21)  0.00000 —+ 309465 0.00000 1.700000E-03 &6,900000E-06
(22)  0.00000 0.00000 -~ 607833 ~3,255000E~03-1+146000E~05
(21) (22)
(1)  0.00000 0.00000
¢ 2)  0,00000 0,00000
( 3)  0,00000 0,00000
( 4)  0,00000 0,00000
¢ 5)  0,00000 0,00000
¢ &)  0.00000 0.,00000
( 7Y  0,00000 -0,00000
( 8 0.00000 0,00000
( 9)  0.00000 0,00000
(10>  0.,00000 0,00000 ~
(11)  0,00000 0,00000
(12)  0.00000 0,00000
(13)  0.00000 0.,00000
(14)  0.,00000 0,00000
(15)  0,00000 0.00000
(16)  0.00000 0.00000
(17>  1,00000 0.,00000
(18)  0.00000 1.00000
(19)  1,700000E-03-3,255000E-03
(20)  6.900000E-06~-1,146000E-05
(21) -1,711000E-02 4,585000E-03
(22)  4,585000E~03-4,215000E-02

D-13




Y
SPAR
AT

;1 (13) =1,293000E~03~2,675000E~04~2,702000E~04 2,675000E-04 2.,702000E~04

Maﬁa’ ¥s BC 2

MATRIX B FROM FILE DZH » BLOCKNO. 2y MATRIXNO, 2

P I N e )

DIMENSION 22%10s SAMPLING TIHME = +000
« 1) « 2) « 3) ( 4) « 5)

1) 0.00000 0.,00000 0.,00000 0.00000 0,00000

2) 0.00000 0.,00000 0+,00000 0.00000 . 0,00000

3) 0.00000 0.,00000 0.,00000 0.00000 0.00000

4) 0.00000 0.00000 0.00000 0.00000 0.00000

9 0.00000 0.00000 0,00000 0.00000 " 0400000

é6) 0+,00000 0.00000 0.00000 0.,00000 0.00000

7) 0.00000 0.00000 0.00000 0,00000 0.00000

8) 0.,00000 0.00000 8:410000E-03 8,410000E-03-8:410000E-03
(9 0.00000 0.00000 ~1+457000E~02 1.,457000E-02 1,457000E~02
(10)° 0.00000 0.00000 5.729000E-03-5.,729000E~03-5,729000E-03
(1i1) 0,00000 0.,00000 3+.8046000E~03 3.811000E~03-3,806000E-03
(12) 0.00000 0.00000 1.022000E-02-7,078000E-03 7.133000E-03
(i3) 6.944000E-03 0.00000 1.289000E~-03 4,539000E~05~4,112000E~05
(14) 6.791000E-08 6.921000E-03-8,075000E-04 8.,081000E-04 B.094000E~04
(15 0.00000 0.00000 0.,00000 0.00000 0,00000
(16) 0.00000 0.00000 0.00000 0,00000 0.00000
(i7) 0:00000 0.00000 0.00000 0,00000 0.,00000
(18) 0.00000 0.00000 0.,00000 0,00000 | 0.00000

(19) ~-5.553000E-04-2,192000E-06 6.530000E-03~3,.478000E-03 3,488000E-03
(20) -1,500000E-06~2,577000E~03-3.,348000E~03 3,370000E~-03 3.,419000E-03
(21) 8.518000E~04 1.731000E~-06-2.485000E~02 2,639000E~02-2,653000E-02
(22) 4.83B000E-03-2.422000E~06—~6,475000E-04~3,014000E~-03 3,025000E-03

« &) « 7) ( 8). « (10)
L 0.00000 0.00000 0.00000 0,00000 0.00000
2) 0.,00000 0.00000 0.00000 0400000 0.00000
3 0.00000 0.,00000 0.00000 0.,00000 0.00000
4) 0.00000 0,00000 0,00000 0,00000 0.00000
9) 0.00000 0.00000 0.00000 0.,00000 0.00000
é) 0,00000 0.00000 0,00000 0.,00000 0.00000
7) 0.00000 0.,00000 0.,00000 0.00000 0.00000

8) -8,410000E~03 8.410000E~03 8.410000E~03-8.410000E~-03-8,410000E~03
?) ~14457000E-02-1,457000E~02 1.457000E~02 1,457000E~-02-1,457000E-02
(10) 5.729000E~03-2,869000E~02 2,B49000E-02 2,869000E~02~2,8469000E~02
(11) ~3.,811000E~03~1,906000E-02~1,908000E-02 1,9046000E-02 1,908000E-02
(12) -1,027000E-02 9.,299000E-03 9,284000E-03~9,299000E-03-9,284000E~03

o e kel e Rl o ko)

(14) -8,100000E-04 9.,735000E~04-9.,725000E~04~9,735000E~04 9,725000E~04

(15)  0.00000 0,00000 0,00000 0.,00000 0.,00000

- (16) 0.00000 0.00000 0.00000 0.00000 0:00000
(17> 0.00000 0.00000 0.00000 0.00000 0.00000
(1i8) 0.00000 0.00000 0.00000 . 0,00000 0.00000
(19) -6,5392000E-03-4,826000E~02~4,783000E~02 4,8246000E~02 4,783000E~02
(20) -3,421000E-03 ~,108700 +108500 +108700 ~.108500
(21) 2.,499000E-02 5,095000E-02 5,079000E~02~5,095000E~02~5,079000E-02

(22) 6,358000E~-04 ~,241800.." ~+241300 + 241800 + 241300
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1
2)

4)
5)
é)
7)
8)
9)
(10)
(11)
(12)
(13)

e e e e e ke e e

SPAR
rEXx C S
Mad < S
MATRIX C FROM FILE DZM » BLOCKND, 2» MATRIXNO, 3
DIMENSION 13%22, SAMFLING TIME = . 000
¢ 1) « 2 « 3 ¢ 4) 5)
¢ 1) 1,682000E-02 0,00000 0.,00000 7.617000E-03 3.139000E-03
€ 2) 0400000 1,4682000E-02-4,615000E-03 2,807000E~06 3,172000E-05
¢ 3)  0.00000 0.00000 9+ 094000E-04~3, B59000E-07-9 , 257000E-07
( 4)  0.00000 0,00000 0.,00000 1.047000E-03 7.331000E-04
(5) 0,00000 0400000 0,00000 0400000 2,003000E-03
( &)  0,00000 0.,00000 0.,00000 0,00000 0.00000
(7Y  0.00000 0,00000 0,00000 0,00000 000000
(8  0.00000 0.,00000 0400000 0.00000 0.00000
¢ 9)  0,00000 0400000 0.,00000 0,00000 0,00000
(10)  0.00000 0,00000 0.,00000 0400000 . 0,00000
(11)  0+00000 0.,00000 0.,00000 0.,00000 0. 00000
(12)  0,00000 0,00000 0,00000 0.00000 0.00000
(13)  0.00000 0,00000 0, 00000 0. 00000 0.,00000
« &) «7) « 8 ¢ 9 (10)
¢ 1) 1,334000E-~03 5,777000E-07 0.,00000 0. 00000 0, 00000
( 2) 2,464000E-06 9,338000E-04 0,00000 0,00000 0.,00000
( 3) -9,174000E-08-4,708000E-05 0,00000 0.00000 0.00000
( 4) 1,210000E-04 1,119000E-07 0.00000 0,00000 0,00000
( 5) 1,441000E-04 2,213000E—-07 0.00000 0400000 0.00000
( 6) 6.944000E-03 &,791000E-08 0,00000 0,00000 0.00000
¢ 7Y 0.00000 &.921000E-03  0,00000 0+00000 0,00000
(8  0.00000 0,00000 0.00000 0.,00000 0,00000
¢ 9 0,00000 0400000 0400000 0400000 0.00000 °
(10)  0,00000 0,00000 0,00000 0400000 0.00000
(11)  0,00000 0.00000 0,00000 0.00000 0, 00000
(12)  0.00000 0400000 0.00000 0,00000 0.00000
(13)  0.00000 0.00000 0.00000 0400000 0.,00000
(11) (12) (13) (14) (15)
¢ 1) 0.00000 0+00000 0.00000 0.00000 3,051000E-03
¢ 2)  0,00000 0400000 0,00000 0.00000 5,393000E~06
¢ 3 0.00000 0,00000 0.00000 0400000 ~8,282000E-07
¢ 4)  0.00000 0.00000 0.00000 0.,00000 -5,854000E-04
¢ S)  0.,00000 0,00000 0.00000 0400000 1,157000E-03
C &)  0,00000 0400000 0,00000 0.00000 -5,553000E~04
¢ 7)  0,00000 000000 000000 0.00000 -2,199000E~06
¢ 8)  0,00000 0400000 0.00000 0.00000 ~74.672000E-02
€ 9 0.,00000 0.00000 0.00000 0,00000 -1,057000E-04
(10)  0.00000 0400000 0,00000 0,00000 9,647000E-05
(11)  0.00000 0400000 0.00000 0.00000 4,200000E-06
(12)  0,00000 0,00000 0.,00000 0400000 5,736000E-05
(13)  0,00000 0,00000 000000 0+00000 3.335000E-03
(16) (17) (18) (19) (20) (21) (22)
1,986000E-06 1.541000E~03-3,661000E-03 0.00000 0.00000 0400000 000000
3,920000E-03-8+ 289000E~05 &,740000E~06 0,00000 04+00000 0400000 0,00000
-9,888000E-04 8:859000E~07-4,329000E~0é ©0,00000 0.00000 0.00000 0.00000
2,133000E~07-3 , 964000E~04~5 , 918000E~03 0400000 0.00000 0400000 000000
5, 812000E-06-5,932000E-03 2,746000E-04 0,00000 0.00000 0.00000 0,00000
-1,500000E~0é6 8.518000E-04 4.838000E-03 0,00000 0,00000 0.00000 0.00000
-2,577000E~03 1.731000E~06~2,422000E-06 0,00000 0.,00000 0.,00000 000000
-1,386000E-04 4121800 -+ 270900 0,00000 0,00000 000000 0.00000
-2,193000E~02~5, 374000E~05~1+ 934000E-04 0. 00000 0.00000 0,00000 000000
7+066000E-02~4, 21 8000E-05 1,590000E~04 ©0,00000 0.00000 0400000 0,00000
3:425000E~03-2, 497000E~06 &.796000E~06 0,00000 0.,00000 0.,00000 0,00000
1,776000E~06~1 + 0S0000E~03—1 ,114000E-02  0.,00000 0.00000 0.00000 0.,00000
8, 002000E~06~6 . 323000E-~03~6 , 592000E~04  0.00000 0.00000 000000 0.00000
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APPENDIX E
NOMINAL VALUES FOR ESTIMATOR-FEEDBACK REGULATOR PARAMETERS

This appendix lists the nominal values of the regulator parameters designed in
Section 3 for the case ezlo“'" .




Matrix (ﬂc“KC‘) :

MATRIX A FROM FILE ©LZH » BLOCKNO. By MATRIXNO. 1
DIMENSION 22%22y SAMFLING TIME = +000

e e R e e e o

¢

« D (2 (« 3 ¢ 4) ( 5)
1) ~?.293634E-02 1.321112E-05-6.095105E-06-3,.089583E-02-1,024187E-02
2) 1,293441E-05-9.573065E-02 2,B821862E~02~1.847408E~-06-1,141023E~04
3) ~5.8937468E-06 2.B678B78E-02-3,444202E-02 2.47046BE-06 4.597267E-05
4) -3,082040E~-02-1.696716E~06 2.361427E~06-3,801263E-02~6.,986856E-03
5) -1.029406E-02-1,143443E~04 4.593341E-05-7.027590E-03~3,8224611E~-02
6) ~3.103%205E~03-5,242722E~046 2.,0B8B227E~06-1.,475416E-03-7,240247E~04
7) ~B.325896E~-07-2.254360E-03 ?.137619E~04-7.,986007E~07~4,548513E~06 ~
8) -4.835099E~03 6.9727B7E-07-2.957732E-07-2,053411E~03-7.776337E-04
?) 6.8B12118E~07-4.972494E~03 1.857745E~03~-3.614254E~07-8.217476E-06

(10) -2.883B58E-07 1,B58359E~03-1.000243E~03 1.841341E~07 3.2468841E-06
(11) -2,052626E-03-3.541432E-07 1.B07029E~07-1.,2225586E-03~4.241055E-04
(12) =7.7B4922E-04-B.218570E-06 3.267814E~06-4,246735E~04~B.067795E-04
(13) ~2,73B8S6E~04-4,76753PE~07 1.BP1603E~07-1,276634E-04~464254074E-05
(14) -B.?75803E-08-1.,976104E~04 7.903131E-05~7,632363E~0B-3.921077E~07
(15) ~9,416549E-04~1,550921E-06 6.093742E-07~4,10251PE~04-2,264979E-04
(16) 7.435B75E-07~9.,48108B0E~-04 3.87956%4E-04 1.521911E~-07-1,810883E-06
(17) ~1.266434E-04 6.27447GE-06-2,470320E-06~5,413219E-05 3,333928E-05
(18) 9.765677E-05 2.B57585E~07-1.,074255E~07 S5.311494E-05 2,731370E-05
(19) -1.589359E-04 7.435204E-08B-3.,04B953E~-08-7,074567E-05-~3, 405529E~05
(20) -1,660187E~07-1.,479155E-04 5.926363E~05~9,82654PE-08~3,342845E~07
(21) 3,4605858E-05 ?.,111159E~07-3,.595936E-07 1.71707SE~05 1.,2352388E-005
(22) -2,9462B2E-06-6.219530E-07 2.461920E~07-7,001342E-07-46.239135E~-06

¢ &) « 7) ( 8) « (10)
( 1) -3.117985E~03-9.348414E-07 1.00000 0.00000 0.,00000
( 2) -5.,171723E-06~2,296889E-03 0.00000 1.,00000 0.00000
¢ 3) 2.08631B6E-046 9?.222594E~-04 0.00000 0.00000 1.00000
( 4) -1.4B1749E~-03-8,315121E-07 0.00000 0400000 0.00000
(¢ 5) ~7.9237059E~04-4,647821E-06 0,00000 0.,00000 0.00000
( 6) -6.650749E~-02~-4.859381E-07 0.00000 0.,00000 0.00000
( 7) -4,B68342E-07-6.629824E-02 0.00000 0.00000 0.00000
( B) -2,742540E~-04-9.276633E-08 0.00000 0.00000 0.00000
( ?) -4,743121E-07-1.986741E-04 0.00000 0.00000 0+ 00000
(10) 1.882177E-07 7.9346719E-05 0.00000 0.00000 0.00000
(11) -1,278B268BE-04-7.760843E-08 0,00000 0.00000 0.00000
(12) -4,2855535E-05-4.017737E-07 0.00000 0.00000 0.00000
(13) -2,215387E~-03~-4,2970546E-08 0.00000 0.,00000 0.00000
(14) -4,2964656E-08-2,198089E-03 0,00000 0.00000 0.00000
(15) 2.703499E-05-5.580542E-08 0.00000 0.,00000 0.00000
(16) —-2,075416E-08 2.307187E-04 0.00000 0400000 0.,00000
(17) -3.753491E~-05 3.019954E-07 0,00000 0.00000 0.,00000
(1B) -4,264311E-05 2,939175E-08 0.00000 0.00000 0.00000
(19) 1,333159E-07-2,2264628E-08 0.00000 0.00000 0.,00000
(20) -1,052128E~09 2.26618%E-05 0.00000 0.,00000 0.00000
(21) -1,022902E-05 2.537%01E-08 0.,00000 0.00000 0.00000
(22) 4.760232E-07-5.206489E-09 0.00000 0.00000 0.00000 ’
E-1




D
2)
3)
4)
5)
é6)
7)
8)
?)
- €100
- €11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

P e e e e e ey

-~

Matvrix
(11)
( 1)  0.,00000
( 2)  0.00000
¢ 3)  0.00000
( 4)  1.00000
( 5) 0,00000
( 60 0,00000
( 7>  0.00000
(8 0,00000
( 9)  0.,00000
(10)  0.00000
(11)  0.00000
(12)  0,00000
(13)  0,00000
(14)  0.00000
(15)  0.00000
(16)  0,00000
(17)  0.00000
(18)  0.00000
(19)  0.00000
. ¢20)  0.00000
(21)  0.00000
(22)  0.00000
(16) (17>

3.933968E-05~

2,907630E~

B84066767E-06-2,

(A—K <) |

12
0,00000
0.,00000
0,00000
0,00000
1,00000
0,00000
0.00000
0,00000
0.00000
0.00000
0,00000
0,00000
0.00000
0.,00000
0.00000
000000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.,00000

(18)

3,264784E-02 B.,753482E-03
~1,086155E~02 3,256584E-04-4,403821E~05

02~1,020224E~04 1.,9138B24E-04
935178E-02

+123841

~84144454E-05 B8,444582E-02 5.,378627E~02
~54379012E-07-2, 505455E-03~5,705263E~02

2,119040E~02-7,523364E-06

2,149350E-05

1,536872E-06-1,518426E~03 9 +453609E~03
~8.506519E-04 2.161180E-05-9,561130E-07
6+170144E-04~-8,232879E-06 2.,238500E-06
3,619707E-07-7.,447571E~04 2,583173E-03
~2,426326E~06 1,327707E-03 1,914712E~03
~4,854996E-08-1,129514E-04-1.788937E-03
64474258BE-04 3.834533E-07 5.829367E-07

~4,326207E-04

267836

-+593737

-9,550333E~02 B.219357E—05—3.695580E—04

7.626091E-05~

+478346E-05

1,701514E~05 ~.314660

6+164706E-02
-6 450478E-05 4.132508E-02-9.,2
1,862430E~02-4,126533E-02~1,846000E~03~-2,519000E~06 1,700000E~03~3,
-6.168701E~0” 64140790E-05-1,4333460E-04-2,519000E~06~-3,409000E~03 6+900000E-06~1.146000E-05
1,139842E~02 1,700000E~03 6,900000E~06~1+711000E-02 4.,585000E-03

+136180
314698E-02

~2+.741654E-05 1.,363637E-02 —-,638045

. (4

(Contit) 2

(13) (14)
0.00000 0.00000
0.00000 - 0.,00000
0.00000 0.00000
0.00000 0,00000
0,00000 0.,00000
1.,00000 0.,00000
0,00000 1,00000
0.,00000 0,00000
0,00000 0,00000
0.00000 0.,00000
0.,00000 0,00000
0.,00000 0,00000
0.,00000 0,00000
0.00000 0.,00000
0,00000 0,00000
0.00000 0.00000
0,00000 0.,00000
0.,00000 0.,00000
0.00000 0.00000
0,00000 0,00000
0.00000 0,00000
0.,00000 0.00000

(19) (20)
0,00000 0,00000
0.,00000 0.,00000
0.00000 0,00000
0.00000 0.,00000
0.00000 0,00000
0.,00000 0.00000
0,00000 0,00000
- 0,00000 0.,00000
0.,00000 0,00000
0.00000 0,00000
0.00000 0.,00000
0.00000 0.00000
0.,00000 0,00000.
0,00000 0+,00000
1,00000 0.00000
0.00000 - 1.,00000
0.00000 0,00000
0,00000 0.,00000

(15)
~9.653534E-03
3.,257804E-07
24,352238E-05
1.,020422E-02
~9+,155541E-03
1.,285744E-03
1,732578E-05
-341465733E-04
~4,425033E-07
4,266740E~07
5.115989E~07
~1.782893E~04
2.5996697E-05
4,732060E-07
~+v168796
~1.B76905E~04
3.870395E-02
~2.602974E-02
~2,722109E-02
~4,449521E-05
34269043E-03
-8,579124E-03

(21)
0.,00000
0,00000
0.00000
0.,00000
0.00000
0,00000
0.,00000
0,00000
0.,00000
0.00000
0.00000
0,00000
0.,00000
0,00000
0,00000
0.,00000
1.00000
0.00000

~3,255000E-03~1,146000E~-05 4,585000E~03-4.,

v

ool i
SPAR

(22)
0,00000
0.,00000
0.,00000
0,00000
0.,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.,00000
0,00000
0.00000
0.00000
1.00000

P

E-2

255000E~-03

215000E~02

]




Matrix K =

MATRIX B FROM FILE DZM vy BLOCKNO, 85 MATRIXNO. 2

DIMENSION 22%13, SAMFLING TIME = +000

« 1D « 2) « 3 « 4 « 5
« 1) 5.52563% ~7.854413E-04 9.8%0153E~04 ~10.4884 + 366191
( 2) ~7.4898B98E-04 5.49148 ?.22688 -4,241065E-03-2,.582080E~02
¢ 3) 3.504024E-04 ~1,70504 25,4708 ?+050393E-03 1.195945E-02
¢ 4) 1.83237 1,008749E-04-1.B42920E-03 22,9756 =7+792280
« 5 + 612013 6+798117E-03-1,0352821E-03 2,25%66 17,2982
¢ &) +184537 3+116957E-04-2,975533E-05 6.6664672E-02 8.2814638E-02
( 7) A4,949998E-05 ,134029 -2,9B4903E-02 3,.229479E-05 4.,814242E-05
( 8) 1287461 -4,145533E-05 2.3469277E-05 -.,130048 ~1.,465457E~-02
( 9) -4,050009E-05 294046 01104622 -1,130827E-04-4.2946903E-04
(10) 1.714541E-05 -.110485 1296244 1,047961E-04 1.,893825E-04
(11) +122035 2.,10548B9E-05-4,.5855182E-05 279863 -8,1942046E-02
(12) 4,628372E~02 4,BB461B9E-04-3,914631E-05 6.,889109E~02 ,305030
(13) 1.628333E-02 2.834446E-05-1.827255E~06 3.,470058E~03 4,434629E~03
(14) 5,336387E-06 1,174B54E-02-1.445730E-03 2.,044243E-06 3,422987E-06
(15) 5,598424E-02 9.220694E~05 46.319435E-07-1,545399E~02 3.099838E~02
(16) ~4,420853E-05 5,43678BPE-02-1,659975E-02 1,202078E-05 &.607744E-05
(17)  7.529334E-03-3,73034646E-04 2,950997E-06-3,0646579E~03~2,731598E-02 ~
(18) -5.805991E-03-1,698921E~05-5,452116E-06~8,471557E-03-1.,429358E-03
(19) 9,449223E-03-4,4204586E-06 1.,372567E-046~1,173873E-03 2,623510E~03
(20) 9,870318E-04 8.794027E-03-1.199847E-03-1,303313E-046 1,208178E~05
(21) -2,143792E-03-5,4146840E~-05 1,394609E-06~8B,035648E~-04~-2,597954E~03
(22) 1.,751654E-04 3,697699E-05-1,747582E-06-6.057354E-04 3.,06149BE-03

« &) ¢ 7 « 8) « M 10l
¢ 1) -~,433799 -4,807003E-035 ,183793 2,516512E-04-2,234295E-04
( 2) ~3.861763E~04 -.3468509 ~1,329212E~04 1.032554E~02~3,327063E-02
( 3) 1.,712033E-04 .270058 1.036432E-04~-1.39477PE-02 4,494154E-02
( 4y -.,377273 ~1.776941E-04-8,415427E-02~1,281054E-04 1.542948E-04
¢ §5) -.401616 -B.89464672E-04 .,151271 2,273943E~04-3.583999E-04
¢ &) ?.93936 ~8.4774622E~05~4,411856E~02-5,760388E-05 7.230G01E~05
( 7 1.110334E~035 9.56100 2,472081E-05~1.156707E-02 3,727030E~02
( 8) -1,315802E-02~-2,135875E~08 7.76584BE-03 1.,0146931E-05-7.512395E-04
( 9) -1,661410E-05-1.048482E~02 2,094820E-06 ?.094183E-04-2,930258E~03
(10)  &,9463222E-06 5.,454943E-03-1.948579E-07-4,919981E~04 1,585274E-03
(11) -8,211B81E-03-3,947685E-06 1,543440E-03 1.93861BE-06—1,139813E-06
(12) ~7.,413452E~03~-2,279850E~-05 3.,438019E-03 6.581472E-06-1,1468181E-05
(13) « 315756 ~2,28334BE-06—~1,256383E~03-1,5648B1PE-06 1.914577E-06
(14) 8.,678273E-07 314002 7.898884E~07-4.7744646E-04 1,538380E-03
(15) ~1.502263E-02-2.4640256E-06 -2,19287 -2,555355E-03 1.005127E-03
(16) =1,044186E-05-4,105426E-02~-3,709708E-04 -,380431 1.22578
(17)  4.579347E-03 &,966121E~-06 .503082 ~3,050694E-04~1,4600252E-04
(18) 7.,434014E-03-1,394924E-06 -.33946%94 ~2+,475974E~04 1.,716224E-04
(19) -1,84B8B459E-03 2,9876546E~06 ~.152507 ~141754645E-04~3.783314E-06
(20) ~5,107944E-06~4,489044E~03-4,B47226E-04~1,706148E-02 $.497183E-02
(21) 1.952847E~03 3.9046948BE~04 4.227307E-02 9,310945E-05~-1,2446330E-04
(22) ~1,591920E-04-4,248B704E~06 -.111540 ~7.983811E-05 1.4103B1E-04

E-3



P N N )

(

Ma fl’ix K {Cahﬁ( ) :

1)
2)
3)
4)
5)
é)
7)
8)
?)

(10>
(11)
(12)
(13)
(14)
(1%)
(146)
(17)
(18)
(19)
(20)
(21)

(2

2)

(11) (12) (13)
~9.4844673E-06-3,123349E-04-8,181101E-03
~1,612681E-03 1,444797E~04 7,199072E-06

2,178388E-03-6,581473E-07-5,055251E-06
64,973861E-06-5,730473E-04 2,961407E~03
-1,464644E-05 4.224763E-04~5,985141E-03
3,285434E-06 1,4618002E-04 2,057909E-03
1.806550E-03 2,711428E-07-7.4688481E~07
-3.149004E~07~2,362875E-05-3.571161E-04
~1,420343E-04 5,143573E-08-3.773543E-08
7.4684084E-05~-1,985562E-08~-1.,061414E~08
-4,531254E-08~-1.,551725E~-05-8,283728E-05
~5.477528E-07 2,400091E-046-1,5244631E-04
8.,675984E~-08 6,464703E-04 6,063617E-05
7+4567469E-05 2,101523E-08-7 .553041E-09
3,462071E~05 6,114993E-03 .100234
5,941557E-02 3,150009E-05 5,2B84445E~05
~1,013944E-05~7,245599E-03-2,9292546E~02
7.084907E-06—~1,654423E~02-3,645148E-03
~1,296190E~06 7,175923E~04 7.293400E-03
2.664567E-03 3.847803E-06 2.500995E-05
~5,702935E~06-2,602091E~03-4, 653924E~03
6.622374E-06 3,681957E~04 5.151916E-03

AR

SPAR
AT

E-4




MATRIX A FROM FILE DZH

DIMENSION 22%10»
« 1)
« 1 0.,00000
¢ 2) 0.00000
( 3) 0.00000
« 4 0,00000
¢« 9 0,00000
« 6) 0.,00000
¢ 7) 0.00000
( 8) 0,00000

(

M aTii s

?) 0.,00000

(10) 0.,00000
(11) 0,00000
() 0,00000

B, :

vy BLOCKNO. 2, MATRIXNO. 2

« 4)
0.00000
0,00000
0.,00000
0.00000
0.00000
0,00000
0.00000

¢« 5)
0.,00000
0.,00000
0.00000
0.00000
0,00000
0.00000
0,00000

8.410000E-03 8,410000E-03-8,410000E~-03
-1,457000E-02 1,457000E-02 1.457000E~-02
54729000E-03-5,7292000E~03-5,7292000E-03
3.806000E-03 3,811000E-03-3.806000E~03

SAMFLING TIME = +000
«2) « 3
0.00000 0.,00000
0.,00000 0.00000
0.00000 0.,00000
0.00000 0.00000
0,00000 0,00000
0.00000 0,00000
0.,00000 0.,00000
0,00000
0.00000
0.00000
0,00000
0.00000

(13) 6.,244000E-03 0,00000
(14)

(15) 0.,00000 0.,00000
(18) 0,00000 0.00000
17) 0.00000 0,00000
(18> 0.,00000 0.00000

1e)

20}

21)

(22)

¢ &)

(1) 0+00000
« 2 0,00000
« 3 0.,00000
« 4) 0,00000
« 5 0.00000
« 6) 0.00000
¢ 7) 0.00000
(

¢ 72
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.,00000

1,022000E-02-7,078B000E~03 7,133000E~03
1.,289000E-03 4,539000E~-05-4,112000E~05

0.00000
0,00000
. 0.00000
0,00000

( 8
0.00000
0.,00000
0,00000
0.00000
0,00000
0.00000
0,00000

0.00000
0400000
0.00000
0,00000

«
0.00000
0,00000
0,00000
0.00000
0,00000
0.,00000
0.,00000

6,721000E~08 6,921000E~03-8,075000E~04 8,081000E-04 8,024000E-04

0.,00000
0.,00000
0.,00000
0.00000

~-95+953000E-04~-2,1992000E~06 6.,530000E~03-3,478000E~03 3,488000E-03
~14,500000E~06-2,577000E~03-3,368000E~03 3,370000E-03 3,419000E~-03
8,518000E~04 1.731000E~-06-2,485000E-02 2,632000E-02-2,653000E-02
4,838000E-03-2,422000E~06-6,475000E~-04-3,014000E-03 3,025000E~03

(107
0,00000
0,00000
0,00000 "
0.00000
0,00000
0.,00000
0.,00000

8) -8.410000E-03 8,410000E~03 8,410000E~03-8,410000E~-03-8,410000E~-03
?) -1,457000E-02-1,457000E-02 1,457000E~-02 1.,457000E~-02~-1,457000E-02
2.862000E-02~2,8469000E-02

135) 0.00000
(16) 0.00000
(17) 0.00000
(18) 0,00000

5.729000E-03~2,869000E~
-3+,811000E-03-1,906000E~02~1,208000E~02 1,9046000E-02 1.,9208B000E-02
=1.,027000E-02 ?.292000E-03 9,284000E-03~9,292000E-03-9.284000E-03
~1,293000E-03~2,675000E~04-2,702000E~04 2.475000E-04
-8,100000E~-04 9,735000E~04~-%?.725000E-04~9,735000E~04 ?.,725000E~-04

0,00000
0.,00000
0.00000
0,00000

2 2.86%000E-02

0.,00000
0,00000
0.00000
0.00000

0.00000
0.00000
0,00000
0+,00000

2.702000E~-04

0.00000
0.00000
0,00000
0.00000

(1?) -6.,539000E~03-4,826000E~02~4,783000E~-02 4,826000E~02 4,783000E~-02
(20) -3.421000E~-03 ~-,108700 +108500 +108700 -+108%500
(21) 2.,49%000E-02 5.095000E-02 5,0792000E~-02-5,095000E~-02-5,0792000E~-02
(22) 6.358000E-04 -,241800 ~+241300 +241800 + 241300

E-5




DIMENSIDN 10>‘<;.~. ¥

(1)

SﬁMPLING TIME -_;,

("')

.000f:

(3)

: Ty
2,101564E~04" 3,852150E~04 ~1;08101

~4,771374E~02 . =4774833
1,.555301E-05-4,318245E-02 1,00104 ~4,959516E~04=1,175276E-03
+ 324396 -.447177 166953 +404037 "~ 1,30933
2519217 + 447070 -1166727 1103168 C-,951398
-.519406 . + 445034 . =+ 167779 -4102323 955217
~¢324367 ~4444927 0167553 ~,404508 ~1:31279 -
2,532142E-02 -,161756 P -,264668 ~5,333727E-02 1.088532E~03
: 2.275072E~02 1161524 264290 ~4,923320E-02 2,409685E~03
2,532142E-02 161756 1264668 5, 333727E-02-1, 088532E-03
&.&7do7°E 02 ~.161524  =e264290 4+923320E-02~2, 409685E-03
N O3 T G ) ' ( 8) : X2 S (10) R
13,3497 . -6.6B6BI1E-04 ~,560295 2,992590E-03 &. B30964E~05u
-8,167596E-05 14,0391  ~56,254493E-04-6,354393E-02 5,89402
4574953 ~1626097 T 2.15116 ~3,29031 2419754
4275755 + 626004 - 4,93289 3,29089 =2,18523
(=, 274709 . 1627560 ~-4,93354 3,26442 - -2,21261
— 875970 -.62746B . =2,1%357 ~3.,26500 1 2,20032°
+139480 + 386551 + 768518 ~2,19813 -5,05415
+134970 ~-4,385779 1688527 2,19415 © %5,04330
-;139480 ° -,386551 +,768518 2,19813 -~ 505415
-+134970" 4385779 .638527v =2,19415 ~5¢o4330
(11) o €12y _ (13) s -(14) i (is)
© =%5,43280 ~3.,67888 | . 61,7358 ~7i203709E-04 ~,246150
-2,951187E~04~5,997502E~-03~2,430845E-04 63,2871 5,526339E~-04
6,60411 6483688 2,188B65 ~1.,96361 +584863
3.10796 -4,53613 1462751 1,96469  =0402134
~3,10824 4,54543 | ~,459468 .1.,96180 3402794
-6.,59737 -6,84093 - ~2,19228 ~1,96289 ~.585426 o
~1+76129 ~5,503113E-02. ,465094 +243838 ~4,809033E-02 ..
-1.58639 . . -4,932574E-02 ,461544 ~¢ 242813 ~3,998548E-02 .’
1:,76129 5,503113E-02 ~,4565094 ~,243838 4,809033E-02
1,58634 4,932574E-02 -4 461544 +242813 . 3.998548E-02
e C (1) (17) (i8) .19y, 420y
S (1) 3,43793%E-04 4197378 -+433031 ~+747483 ~6.917538E-04
S0 2) =9,005361E~02 4,764543E-04~14664749E-03 2,001497E~03 =,9998463
¢ 3) . 9.657421E~03 ~1,92481 9.521877E-02 ,995786 =+190350°
( 4) -9.854474E~03 1.91%48 -,211964 ~1.89372 4190576
( 5) ~7,418191E-03 ~1.92764 ¢« 213350 1.,89555 4194874
¢ b)Y 7.614997E-03 1.93655 | ~9,663489E-02 -,998%59% “,195103
A7) - 355577 2,687974E~02" ~,134768 ~4,255447E-02 . .190440
B 354848 1,64174BE~02-840700%50E~02-4,489861E-02 -,189892
C € 9) 395577 ~2.6B7974E-02 ,134768 4,255447E-02 =,190440
(10) - ~,354848 . ~1,641748E-02 B,070050E-02.4,489861E~02 -~ 189892
. Coe2) (22)
€Y TA24750 0463109
2) 7,663621E-04~5,222126E-04
( 3) ~-4,31701 -~ 673052
€ 4)  4.64984 +144078
( 5)  ~4.67244 -0147465
( &)  4,33999 676275
( 7) 5.545774E-02 -,321284
( 8) 3,327133E-02 ~,2739466
( 9) ~5,545774E-02 ,321284
(10) -~3.,327133E~02 ,273966
E-6
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'APPENDIX F
EVALUATION MODEL SYSTEM MATRICES FOR TRACKING PROBLEM

Listed here are the system matrices for the evaluation model from Ref.[l] used
in the tracking problem of Section 4,
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Malrie Ap ¢ P

R

[
MATRIX A FROM FILE DZME s BLOCKNO. 1y MATRIXNO. 1
DINENSION 3232, SAMPLING TIHE =  .000
. \

¢ 1) ¢ 2) ¢ 3 ¢ 4 ¢ 5)
(1) 0,00000 0.00000 0.,00000 0.00000 0400000
( 2)  0.00000 0.00000 0,00000 0,00000 0.00000
¢ 3)  0.00000 0.00000 0,00000 0,00000 0.00000
¢ 4>  0,00000 0.00000 0.,00000 0.,00000 0,00000
¢ 5)  0.,00000 000000 0.00000 0.,00000 0,00000
€ 6)  0,00000 0.00000 0..00000 0,00000 0.00000
( 75 0.,00000 0.00000 0.00000 0,00000 0,00000
( B)  0,00000 0,00000 0,00000 0,00000 000000
( 93 0.00000 0,00000 0,00000 0.00000 0.00000
(10)  0,00000 0.00000 0.,00000 0,00000 0,00000
(11)  0.00000 0.00000 0.00000 0.00000 0.00000
(12)  0.00000 0,00000 0,00000 0,00000 0,00000
(13)  0.,00000 0,00000 0,00000 0.,00000 0.00000
(14)  0.00000 0.00000 0,00000 0.00000 0.00000
(15)  0.00000 0,00000 0,00000 0,00000 0,00000
(16> 0,00000 0.00000 0,00000 0.00000 0.00000
(17)  0.,00000 0.00000 0.00000 0.00000 0.00000
(18)  0.,00000 0.00000 0,00000 0,00000 0.00000
(19)  0.,00000 0.00000 000000 0,00000 0,00000
(20 0.,00000 0.00000 0,00000 0.00000 0.00000
(21)  0,00000 0,00000 0,00000 0,00000 0.00000
(22)  0.,00000 0.00000 0,00000 0,00000 0.00000
(23)  0.00000 0,00000 0,00000 0,00000 0,00000
(24)  0,00000 000000 0.00000 000000 0.00000
(25)  0,00000 0.00000 0,00000 0,00000 0.00000
(26)  0,00000 0,00000 0.00000 0,00000 0,00000
(27)  0.00000 0.00000 0,00000 0400000 - 0,00000
(28)  0.00000 0.00000 0,00000 0,00000 0.00000
(29)  0.00000 0.,00000 0.00000 0.00000 0.00000
(30)  0,00000 0.00000 0.00000 0.00000 0,00000
(31> 0.,00000 0.00000 000000 0,00000 0.00000
(32)  0.00000 0.00000 0.00000 0.,00000 0400000
¢ &) C7) € 8) ¢ 9 (10)
¢ 1) 0,00000 000000 0,00000 0,00000 0.00000
(2> 0.00000 0,00000 0,00000 0,00000 0.00000
¢ 3)  0.00000 000000 0,00000 0.00000 0,00000
( 4)  0.00000 N  0.00000 0.00000 0.00000 0,00000
( 55  0,00000 0.00000 0.00000 0,00000 0.00000
¢ 6)  0,00000 0.00000 000000 0,00000 0,00000
€ 7)  0.00000 0.00000 0.,00000 0,00000 0.00000
¢ 8 0,00000 0.00000 0.00000 0,00000 0,00000
( 93 0,00000 0400000 0.00000 0,00000 0400000
(10)  0,00000 0.00000 0,00000 0.00000 0,00000
(11> 0.00000 0.00000 0400000 0,00000 0,00000
(12)  0,00000 0.00000 0,00000 0,00000 0.00000
(13)  0.00000 0,00000 0.00000 0,00000 0,00000
(14)  0.00000 0.00000 0.00000 0,00000 0,00000
(15)  0,00000 0,00000 0,00000 000000 0,00000
(16)  0,00000 0.00000 0,00000 0.00000 0.00000
(17)  0.00000 0400000 0,00000 0+00000 0,00000
(18)  0,00000 0.00000 0,00000 0.00000 0400000
(19)  0,00000 0.00000 0,00000 0,00000 0,00000
(20)  0,00000 0,00000 0,00000 0.00000 0.00000
(21)  0,00000 0.00000 0.00000 0.,00000 0,00000
(22) ~1,546280E-02 0,00000 0.,00000 0,00000 0.00000
(23)  0,00000  -2,28553BE-02 0.00000 0,00000 0.00000
(24> 0.00000 0.00000  -5.,737217E-02 0.00000 0.00000
(25)  0.00000 0.00000 0400000 ~.309465 0.00000
(26)  0,00000 0,00000 0,00000 0,00000 .  -,476378
(27)  0,00000 000000 0,00000 0,00000 0400000
(28)  0.00000 0.00000 0.00000 0,00000 0.00000
(29)  0.00000 0.00000 0,00000 0.00000 0.00000
(30> 0.,00000 000000 0.00000 - 0,00000 0,00000
(31)  0.,00000 0.00000 0.00000 0.00000 0,00000
(32)  0.00000 0.00000 0,00000 0.00000 0.00000
F-1



Matrix Ap (contd):

1)

2)

3)
4)
5)
é6)
7)
8)
?)
(10)
(11)
(12)
(13)
(14)
{15)
(16)
{17)
(18)
{19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)

P N e el e e

-~

1)

3)
4)
5)
6)
7)
8)
?)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)

e e R e e R e R R

2)

(1)
0.00000
0,00000
0,00000
0,00000
0.00000
0,00000
0.00000
0,00000
0,00000
0.,00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.,00000
0.,00000
0,00000
0.00000
0.,00000
0.00000

—+607833
0.,00000
0.00000
0.00000
0,00000
0.00000

(16)
0.,00000
0,00000
0,00000
0.00000
0.00000
0.,00000
0. 00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.,00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000

-196.233

(12)
0+00000
0400000
0.00000
000000
000000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0+00000
0.00000
0.00000
0.00000
0.00000
0.00000
000000

-1.04648
0.00000
000000
0+00000
0.00000

(17)

1.00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.,00000
0.,00000
0+00000
000000
0.00000
0.00000
0.00000
0.00000

(13)
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000

0.00000

0.00000
0.00000
-1,18248
0.00000
0.00000
0,00000

(18)

0.,00000
1.00000
0,00000
0.00000
0.00000
0.,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0.00000
0.00000
0.,00000
0.00000
000000
0.00000
0.,00000
0,00000
0.00000
0,00000
0,00000
0.00000
0.00000
0,00000
0.00000
0,00000
0.,00000
0,00000
0.00000
0.00000

(14)
0.00000
0.00000
0.,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.,00000
0.00000
0.,00000
0.,00000
0.00000
0,00000
0.,00000
0,00000
0.00000
0,00000
0,00000
0,00000

~2.41268
0,00000
0.,00000

(19)
0.00000
0,00000
1.00000

- 0.00000
0.00000
0.00000
0.00000
000000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0,00000
0.00000
0.,00000
0.,00000
0,00000
0.00000
0,00000
0,00000
0.00000

(15)
0.00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.,00000
0.00000
0.,00000
0,00000
0.00000
0.,00000

0.00000 -
0.00000 -

0.00000
-98.9811
0,00000

(20)
0.00000
0,00000
0.00000
1.00000

0.00000

0.00000
0.,00000
0,00000
'0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0,00000
0.00000
0,00000
0,00000
0.,00000
0+00000
0.00000
0.,00000
0.00000
0.00000
0,00000
0.,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000




MaTrs « ﬂ'p (zﬂ@&v?’d}) :

L
2)
3)
4)
3
é6)
7)
8)
«
(10)
(i1)
2)
13
(14)
(1%)
(16)
a7z
(18)
(1)
(20)
(21)
22

(23)
(24)
(25
(26)
27)
(28)
29)
(30)
(31)
32)

NN AN

1)
2)
3)
49
5)
é)
7)
8)
?)
(10)
(i)
iz
(3
(14)
(13
(16)
(17)
(18)
a9
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
28)
(29)
302
(31)
(32)

AN S

-~

21)
0,00000
0.,00000
0.,00000
0.00000
1,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.,00000
0,00000
0.00000
0,00000
0.00000
0,00000

(26)
0.00000
0.00000
0,00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
1,00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0.,00000
0,00000
0.00000
0.,00000

22) (23) (24)
0.00000 0.,00000 0.00000
0,00000 0,00000 0.,00000
0,00000 0,00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
1.00000 0.,00000 0,00000
0.00000 1.00000 0,00000
0.00000 0.00000 1.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0,00000
0.00000 0.,00000 0,00000
0.00000 0.00000 0.00000
0.00000 0.00000 0,00000
0.,00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.,00000 0,00000
0.00000 0.00000 0.00000
0.,00000 0.00000 0.00000

-1,846000E-03 $5,509000E~06-2,:519000E-06

5.509000E-06-1,706000E-03-3,644000E~04~

-2.519000E~06~3.644000E-04-3,407000E~03

1+700000E~03-2,246000E~05 6.900000E~06—

~1,237000E-03 1,446000E~05-5,243000E-064
-3.255000E-03 2,771000E~-05-1.146000E~05
-1,147000E~03 4,763000E~-06~1,46B000E~05
-6.976000E-04 3,154000E~-04-1.303000E-05
~-4,718000E-05 3.,210000E~03 8,921000E-03

14173000E~03~1,330000E~-05 7.460000E~-06~
2,607000E-03-2,564000E~-05 3,086000E~05~

(27) (28) 29
0.00000 0.,00000 0.00000
0.00000 0.00000 0,00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0,00000
0.,00000 0.00000 0.00000
0.,00000 0.00000 0.00000
0:.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0,00000
1,00000 0.00000 0:00000
0.00000 1.00000 0.,00000
0.00000 0,00000 1.,00000
0,00000 0.00000 0.00000
0.00000 0.,00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.,00000 0,00000 0.,00000
0,00000 0.00000 0.,00000
0,00000 0.00000 0.,00000
0.00000 0,00000 0.00000

0.00000
0.,00000
0.00000
0.,00000
0,00000
0.00000
0,00000°
1.,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.,00000
0.00000
0.00000

1.700000E-03

2.246000E~05
6+900000E-06
1.711000E-02
6+647000E~03
4.585000E~03

2.881000E-04 -

2.368000E-03

‘24764000E-05

4,837000E-03
8.077000E-03

(30)
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0,00000
0,00000
0.00000
0,00000
0.00000
0.00000
0,00000
1,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0+.00000

-1,237000E-03~-3,255000E-03~1,147000E~03~6+%976000E~04~4,718000E~05
1,446000E-05 2,771000E~05 4,763000E-06 3,154000E-06 3.210000E~03
~5,4243000E-06~1,146000E-05~1,46B000E~05-1,303000E~0% 8,921000E~03
64647000E~-03 4.585000E-03 2,881000E-04 2.34B000E-03 2,764000E~05
-1.,109000E-02-5,880000E~03~1.589000E~03~-1,852000E~03~7,188000E~05
~5.880000E~03-4,215000E-02~1,4460000E~02~5,884000E~03~6,4246000E~-04
-1.,589000E~03-1.440000E~02~1,615000E~02-2,200000E~03-1,187000E-04
~1,852000E-03-5,884000E~03-2,200000E~03~1.,214000E~02 5.,1465000E-05
~7+18B000E-05-6,426000E~04~1,187000E~04 S5,1465000E~05 ~,150100
2.683000E-04-2,760000E-02 1,294000E-02~-9.994000E~04~-5,814000E~04
1.308000E-03~3,674000E-02 2,447000E~-02-3,922000E~04~4.131000E-04

F-3



Matcix Ap (conti) :

SPAR

PAVGT S5kR 2T )

1)
2)
3)
4)
5)
&)
7)
8)
(9
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)

P N )

(31
0.,00000
0.00000
0,00000
0.,00000
0400000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.,00000
0.00000
0.00000
0.00000
1.00000
0.00000
0.,00000
0.00000
0.00000
0.+00000
0.,00000

(32)
0.00000
0.00000
0.,00000
0.00000
0+,00000
0.00000
0.00000
0.00000
0400000
0.00000
0.,00000
0.00000
0.00000
0.,00000
0.00000
1.00000
0.00000
0.00000
0.00000
0.,00000
0.+00000

1,173000E-03 2,607000E-03
-1,330000E-05-2,564000E-05
7+.460000E-06 3.0B6000E-05
-4,.837000E~-03-8,077000E~03
2,683000E-04 1.308B000E-03
-2,760000E-02-3,694000E-02
1.294000E-02 2.447000E-02
~9.9924000E-04-3,922000E-04
~5+814000E~04~6,131000E~-04

-1.,05500
-1.,44600

~1.44600
-2.34200

'




. Lo B R ind

Matrix Bp < %

HATRIX R FROM FILE DZME + BLOCKNO, is MATRIXNO. 2

DIMENSION 32% 7y SAMFLING TIME = . 000

¢ 1) ( 2) (« 3 ( 4) ( 5)

« 1) 0.00000 0.00000 0,00000 0.00000 0.,00000

( 2) 0.00000 0.,00000 0.,00000 0,00000 0.00000

( 3) 0400000 0.00000 0,00000 0,00000 0,00000

( 4) 0.00000 0.00000 0,00000 0, 00000 0.00000

(5 0.00000 0.00000 0,00000 0,00000 0.00000

( 6) 0.,00000 0.00000 0, 00000 0.00000 0.00000

« 7 0.00000 0,.00000 0.00000 0.,00000 0.00000

( 8) 0,00000 0.00000 0.00000 0.00000 0.00000

( 9) 0,00000 0.+00000 0,00000 0,00000 0.,00000

(i0) 0,00000 0.00000 0.,00000 0.00000 0.00000

(i11) 0.,00000 0.00000 0.00000 0,00000 0.00000

(12) 0,00000 0,00000 0,00000 0.00000 0.00000

(13) 0,00000 0.00000 0.,00000 0.00000 0,00000

(14> 0.00000 0.,00000 0.00000 0.00000 0.00000

(15) 0.00000 0.00000 0.00000 0.00000 0.00000

(16) 0.00000 Q,00000 0.00000 0,00000 0.,00000

(17) 0,00000 0.00000 0.00000 -1.145800E-02 0.00000

Ng) 0.00000 0.00000 7.617000E-03 5.000009E-06 0.00000

(19 0.00000 0.00000 3.142000E-03 5.5000192E~05 1.,735300E-02

(20) 6.9244000E~03 0.00000 1,334390E-03 4.269999E-06 1.247880E-03

(21) 6.791000E-08 6.921000E~03 6.000046E~07 1.617500E-03 1.899985E-06

(22) =5,553000E-04-2,199000E-06 3.052000E~03 9.999989E~06 1,001800E~02

(23) 5.403000E~06~6,851000E~04-1,100000E~05~-2,230000E~03-1.,310000E~04

(24) -1.500000E~06-2.577000E-03 1,99998B46E-06 &.789000E-03 5.099998E-05

(25) B8.518000E-04 1.731000E~06 1 .540000E~03-1,400001E~04~5,138000E~02

(24) 1.5688000E~05~8.184000E~07 3.000000E-04 8.000014E-05 2.694000E~02

(27) 4.838000E~03-2,422000E~06~3.661500E~03 1,100003E~-05 20377500E—03

(28) -1.,9202000E-03 1.983000E~06~1.227000E~03~2,000015E~06-5,431000E~03

(29) 1.847000E~04 2.357000E~06~1.,670000E~03 1.700036E-05 6+9233000E-03

(30) B8.906000E~05-2,6465000E~03~64,800005E~05-8,845000E~03~4,110001E~04

(31) +119700 -9,102000E~07 9e010002E—05—4.000001E—0ﬁ—10162500E"03

(32) + 180300 2,451000E~04-3,910001E~05 5.050001E~05 7.772000E~04

’ ( 6) « 7)

( 1) 0.00000 0,00000

( 2) 0,00000 0.00000

( 3) 0.00000 '0,00000

¢ 4) 0,00000 0.00000

( 9) 0,00000 0,00000

( 6 0,00000 0.00000

« 7) 0.00000 0.00000

( B8) 0.00000 0.00000

() 0,00000 0.00000

(10) 0.00000 0.,00000

(i1) 0.00000 0.00000

(12) 0,00000 0.00000

(13) 0.00000 0.00000

(14) 0.00000 0.00000

(15) 0.00000 0,00000

(16) 0.00000 0,00000

(17) ~2.86%000E~02 2.842000E-02

(18) ~1,906000E~02-1,908000E~02

(19) 9.2992000E-03 9.284000E-03

(20) -2,675000E~04-2,702000E~04

(21) 9.735000E-04-9,725000E-04

(22) ~1,032000E-02-1.027000E~-02

(23) -6.580000E~03 4.626000E-03

(24) 1,806000E~02-1.806000E~02

(25) 4.,9226000E-06 2.497000E-05

(26) -1.654000E-04~1,487000E~04

(27) ~4.,750000E-03~4,745000E-03

(28) B8.1992000E-03 8.225000E-03

{(29)° "4.896000E-04 5.,119000E~04

(30) 6.010000E~03-5,971000E~03

(31) -5.333000E~04~5,333000E-04

(32) 1,487000E~-03 1.410000E~-03

F-5-




: ' . T
Matvix C:‘; ® c§§E?%£3
MATRIX C FROM FILE DZME » BLOCKNO. 1» MATRIXNO, 3
DIMENSION 16%32, SAMPLING TIME = +000
¢ 1) «2) (3 ¢ 4) ( 5)
( 1) 9,094000E-04-3,859000E-07~9+257000E~07-9,174000E-08~4,70B000E~05
¢ 2) " 0,00000 1.,047000E-03 7.331000E-04 1,210000E~04 1.,119000E~07
¢ 3)  0,00000 0.00000 2,003000E-03 1,441000E~04 2,213000E~07
¢ 4)  0.00000 0,00000 0,00000 0.00000 0,00000
( §) 0,00000 .  0.00000 0400000 0,00000 0.00000
¢ 6>  0.,00000 0,00000 - 0.,00000 0,00000 .  0,00000
¢ 7)  0.,00000 0,00000 0. 00000 0,00000 0.,00000
( 8) 0.00000 0.,00000 0,00000 0,00000 0,00000
¢ 9> 0.00000 0,00000 0400000 0,00000 0,00000
(10)  0.00000 0.,00000 0.,00000 6,944000E-03 6,791 000E~08
(11)  0.,00000 0.00000 0400000 0,00000 6,921000E~03
(12)  0.,00000 0,00000 0400000 0,00000 0,00000
(13)  0,00000 0400000 0400000 0,00000 0,00000
(14)  0,00000 0,00000 0,00000 0,00000 0.,00000
(15)  0,00000 0.00000 0.00000 0,00000 0.00000
(16)  0.00000 0400000 0,00000 0,00000 0,00000
(&) « 7) « 8) ¢ 9) (10)
( 1) -B8,282000E~07-3,625000E~04-9,B88B8000E~04 8,859000E~07~1,407000E-04
( 2) =5.,856000E~04 3,905000E~06 2,133000E~07~3,964000E~04~3+743000E~04
¢ 3) 1.157000E~03~1,515000E~05 5,812000E~06-5,932000E~03 3,110000E~03
( 4) ~1.,756000E~03 1,504000E~05~3,172000E~06 2,786000E~03-2,075000E-03
( 5) -2,418000E~06~5,987000E~04~5,019000E~04~1,230000E~06~4.,650000E-07
( 6) 2,20B000E-06 6.242000E~04 1,617000E-03~9,4652000E~07 1.052000E~06
( 7) A4,200000E~06 1,211000E~03 3.425000E~03-2,497000E~06 2,209000E-06
¢ B) 5,736000E~05-2,287000E-06 1,774000E~06~1,050000E~03~5,249000E~04
( ) 3.335000E~03-3,071000E~05 B8,002000E-06~6,323000E-03 3.207000E-03
(10) ~5.,553000E~04 5,403000E-06~-1,500000E~06 B8,518000E-04 1,688000E-05
(11) ~2,199000E~06~6+851000E~04~2,577000E-03 1,731000E~06-8,184000E~07
(12)  0.,00000 0.00000 0400000 0,00000 0,00000
(13)  0,00000 0.00000 0.00000 0,00000 0,00000
(14)  0.00000 0.00000 0.,00000 0.00000 0400000
(15)  0.00000 000000 0.00000 0,00000 0,00000
(16)  0.,00000 0,00000 0.,00000 0,00000 0400000
: « &) « 7) ¢ 8) « 9 (10)
( 1) -8,282000E~07~3,625000E~04-9,888000E-04 8,859000E~07-1,407000E~04
( 2) -5,856000E~04 3,905000E-06 2,133000E~07~3,9464000E~04~3,743000E~04
( 3) 1.157000E-03-1,515000E~05 5,812000E-06~5,932000E-03 3,110000E~03
( 4) -1,756000E~03 1.504000E-05~3,172000E~06 2,786000E-03~2,075000E-03
( 5) -2.418000E~06~5,987000E~04~5,019000E~04-1,230000E~04~4,650000E~07
( &) 2,20B000E-06 64242000E~04 1,617000E-03~9,652000E-07 1,052000E-04
€ 7) 4.200000E-06 1.211000E-03 3,425000E-03-2,497000E~06 2,209000E-064
( 8) 5.736000E~05-2,287000E~06 1.776000E~06-1,050000E~03~5,249000E~04
¢ 9) 3.335000E-03-3,071000E-05 B8,002000E~06~6,323000E~03 3,207000E-03
(10) ~5,553000E~04 5,403000E~06~1.500000E~06 8,518000E~04 1,488000E-05
(11) ~2,199000E~06-6+B51000E-04~2,577000E~03 1.731000E~06~8,184000E~07
(12)  0,00000 0,00000 0400000 0,00000 0,00000
(13)  0.00000 0,00000 0,00000 0,00000 0,00000
(14)  0.,00000 0,00000 0400000 0.,00000 0.00000
(15)  0.,00000 0,00000 0.00000 0.00000 0.,00000
(16)

0.00000 0.00000 0.00000 0,00000 0.,00000

|




FEEETT
a) < SPAR
Matyix Cp (Cowia) s SP
(11) 12) €13) (14> (s

1

~4+329000E-06~1.326000E-05-1,198000E~05 9.650000E-03 1.817000E~06
~-5.918000E-03-2,589000E-03~-8.,461000E~04~-1,270000E-04-5,.308000E-04
2.746000E-04~6,272000E-04 8.006000E~04~4.746000E~-05-1.342000E~-04
-6,200000E-03-1.845000E-03~1.,219000E-03-9,882000E~05-4,845000E~04
-4 ,426000E-06~1,.401000E-05-1,2346000E-05 9,933000E~-03 1,808000E-06
3.6380Q00E-06 7,070000E~-06 6.+100000E-06-4,682000E~03-8.696000E-07
6.796000E~-06 1,149000E-05 9.796000E~06~7,090000E-03-8,927000E~07
~1.114000E-02 &,338000E-05~1.017000E~03~2,104000E~-04 ~,117800
-6.9592000E-04 1.298000E-03 9.,520000E-04-3,270000E-05 2.,352000E-02
4,838000E-03-1,%02000E-03 1.847000E-04 8,706000E-05 ,119700
~2.422000E-06 1.983000E~06 2.357000E-06-2,665000E-03-9.,102000E-07

0.00000 0.,00000 0.00000 0,00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000. 0.00000
(16) (17) (18) (19> (20)
~-1.854000E~06 0.00000 0.00000 0.,00000 0.00000
3.178000E~-04 0,00000 0,00000 0.00000 0.00000
8,974000E-05 0.00000 0.00000 0.00000 0.00000
3,364000E~04 0,00000 0.00000 0.00000 0,00000
~24456000E-07 0.,00000 0.00000 0,00000 '0,00000
1,519000E~-06 0.00000 0,00000 0,00000 0.00000
~2,431000E-04 0.00000 0.00000 0,00000 0.00000
-.176900 0.00000 0,00000 0.00000 0.00000
3.307000E-02 0,00000 0.00000 0.,00000 0.,00000
+ 180300 0.00000 0.,00000 0.00000 0.00000
2.451000E-04 0,00000 0.00000 0,00000 0.,00000
0.00000 9+ 094000E-04~3 ,859000E~-07-9.257000E~07~-9+174000E-08
0.00000 0.00000 1,047000E~-03 7.331000E-04 1,210000E~04
0.00000 0.,00000 0.00000 2,003000E-03 1.441000E-04
0.00000 0.00000 0.,00000 0.00000 6.244000E~03
0.00000 0.00000 0.,00000 0.00000 0.00000
(21) (22) (23) (24) (25)
0.00000 0.00000 0,00000 0.00000 0.00000
0.,00000 0,00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.,00000 0.,00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.,00000 0.00000 0.,00000
0.00000 0.00000 0,00000 0.00000 0.,00000
0,00000 0.00000 0.00000 0.00000 0.00000
0.00000 0,00000 0,00000 0.00000 0.,00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000

~4,708000E-05~-8,282000E-07~3, 625000E~04-9,.888000E~04 8,859000E~07
1,119000E-07-5.856000E-04 3.905000E~06 2.133000E-07-3,964000E-04
2,213000E-07 1,157000E~03~1,515000E~05 5.812000E-06-5.932000E~03
6.791000E~-08~5.553000E~04 5,403000E-06-1,500000E~06 8.518000E~04
64921000E-03-2,199000E~06-4,851000E-04-2,577000E~-03 1.731000E-06




: s 2t )
Mateix C P (Cam‘f;l) 2 SPAR
~ EEE TR
(26) (27) (28) (29) (30)

(1) 0,00000 0.00000 0.00000 0.,00000 © 0,00000

¢ 2) 0,00000 0.00000 0,00000 0.00000 0,00000

¢ 3) 0,00000 0,00000 0,00000 0,00000 0.00000

¢ 4) 0,00000 0,00000 0,00000 0.00000 0,00000

(5 0,00000 0.00000 0.,00000 0.00000 0.00000

¢ & 0,00000 0.00000 0,00000 0.00000 0,00000

¢ 7)  0,00000 0.,00000 0,00000 0.,00000 0,00000

¢ 8 0,00000 0.00000 0,00000 0,00000 0,00000

( 95  0.00000 0,00000 0,00000 0,00000 0.00000

(10>  0.00000 0.00000 _.- 0,00000 0.00000 0,00000

(11>  0.,00000 0,00000 0,00000 . 0.,00000 0.,00000

(12) -1,407000E~06—4 ,329000E~06-1,326000E~-05~1,198000E-05 9,450000E~03

(13) -3,743000E-04-5,918000E~03-2,589000E-03~8, 461000E-04-1 ,270000E~04

(14) 3.110000E-03 2.746000E~04~6.272000E~04 8,0046000E~04-4,7446000E~05

(15) 1.488000E-05 4,838000E-03-1,902000E~03 1.847000E~04 8,906000E~05

(14) -8,1B4000E-07-2,422000E~06 1,983000E-~06 2,357000E-06-2,465000E~03

(31) (32)

¢ 1)  0,00000 0.00000

( 2)  0,00000 0.00000

( 3)  0,00000 0.,00000

( 4) 0.,00000 0,00000

¢ 5) 0,00000 0.00000

( 6) 0.,00000 0.00000

¢ 7)  0.00000 0.00000

( 8 0,00000 0.00000

( 9)  0,00000 0.00000

(10) 0.00000 0.00000

(11) 0.00000 0,00000

(12) 1,817000E~06-1.,854000E-04

(13) -5.,308000E-04 3.178000E--04

(14) ~-1,342000E~-04 8.974000E~05

(15) 1119700 »180300

(16) -9,102000E-07 2,451000E-04




Matrixz Dp 2 SAR

£egEEET

MATRIX B FROM FILE DZME o+ BLOCKNOD. i¢ MATRIXNO. S

DIMENSION 7%32y SAMFLING TIME = « 000
« 1 « 2) « 3 ( 4) ¢« 5

¢ 1) 9.094000E-04-3,839000E~07~2.257000E~07~9.174000E-08-4.,708000E~05

« 2) 0.00000 1.,047000E-03 7,331000E~04 1.210000E~04 1.1192000E-07

¢« 3) 0.00000 0,00000 2.,003000E~03 1.441000E-04 2.213000E-07

¢ 4) 9.094000E-04-3,8%92000E-07-9.257000E~07-9,174000E~08 1.409944E-02

¢ 5) 0.00000 1.,047000E-03 7.331000E~04~1,334689E-02-1,981145E-08

¢ &) 0.00000 0.,00000 0,00000 6, 244000E-03 6+791000E~-08

¢« 7 0,00000 0,00000 0.00000 0.00000 6+221000E-03
& « 7 ¢ 8) « 9 (10}

¢ 1) -8.282000E-07-3,425000E-04-7,888000E~-04 8.859000E-07-1.4207000E~04

( 2) -5.856000E-04 3,905000E-06 2.133000E-07-3,%464000E-04~3,743000E~04

¢ 3) 1.157000E-03-1.,515000E-05 $.812000E-06~5,932000E-03 3.110000E-03

( 4) 2.753920E-07-46.172822E-05-3.944734E-04-1.2463374E-06 5.800003E-07

( 5) 2.544874E-04-2,042872E~06 3.548181E-07-2,.841551E-04 1.271413E-04

¢ 6) =5,353000E-04 3.,403000E-046~1,500000E~06 8,518000E~04 1.4688000E-05

( 7) -2.,199000E~-046~6.851000E-04-2,.577000E-03 1,731000E-046-8.184000E-07
(11) (12) (13) (14) (135)

¢ 1) ~4,329000E-06-1,326000E-05-1.198000E-05 ?.450000E-03 1.817000E-04

¢ 2) -5,9218000E-03-2,589000E~03-8,461000E~04-1,270000E-04~5.,308000E~04

¢ 3) 2,746000E-04-6,272000E-04 8,006000E-04-4,746000E-05~1,342000E~04

{ 4) ~6.742440E-07-4,508080E-07-8,142807E~-08 1.297383E-05 1.,4846118E-08

¢ 5) 1.7857446E-04-1,631880E-04 5,7995935E-05 5.,5346383E~07 6,077598E~03

¢ 6) 4,838000E-03-1,902000E-03 1.847000E-04 8.9086000E~-05 +119700

( 7) =2,422000E~-06 1.,983000E-06 2,357000E-06-2,4645000E~03-9,102000E~07
(16) 17) (18) (19) (20)

( 1) -1,854000E-046 0.00000 0.00000 0,00000 0.,00000

( 2) 3.,178000E-04 (0.00000 0.,00000 0.00000 0,00000

( 3) 8.274000E-05 0.00000 0.00000 0.00000 0.00000

¢ 4) 1,3504631E-046 0.00000 0.00000 0.00000 0.00000

( 5) 92.152542E-03 0.00000 0+00000 0.00000 0.00000

¢ &) -+ 180300 0.00000 0.,00000 0.00000 0.00000

¢ 7) 2.451000E-04 0,00000 0.00000 0.00000 0.00000
(21) (22) (23) (24) (25)

¢ 1) 0.00000 0.00000 0.00000 0.00000 0.00000

« 2) 0,00000 0.00000 0.00000 0.,00000 0.00000

¢« 3 0.00000 0.,00000 - 0.00000 0.00000 0,00000

¢ 4) 0.,00000 0.00000 0.00000 0.00000 0,00000

¢ 5 0.,00000 - 0.00000 0.00000 0.00000 0,00000

t 6) 0.00000 0.,00000 0.,00000 0.00000 0.,00000

«7) 0,00000 0.00000 0,00000 0.00000 0,00000
(26) (27) . (28) (29) (30)

« 0400000 0.00000 0.00000 0.,00000 0.00000

¢ 2) 0.00000 0.00000 0.,00000 0.,00000 0,00000

« 3) 0.00000 0.00000 0.00000 0,00000 0,00000

¢ 4) 0.00000 0.,00000 0,00000 0.,00000 0.00000

¢ 95 0.00000 0,.00000 0.00000 0.00000 0,00000

¢ 6) 0,00000 0.,00000 0.00000 0.00000 0,00000

« 7 0.00000 0,00000 0.,00000 0,00000 0,00000
(31) (32)

.1 0.00000 0,00000

«2) 0.00000 0.,00000

« 3 0.00000 0.00000

¢ 4) 0.,00000 0,00000

5 0.00000 0.00000

¢ &) 0.00000 . 0.00000

¢ 7 0.00000 0.00000
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: ,
Matrix By . § S : _ ES_,E@@
: MATRIX € FROM FILE DZME » BLOCKNO. 1 MATRIXNO. 6
DIMENSION 32%15y SAHWPLING TIME = « 000 :
! (¢ 1) ( 2) ( 3 ( 4) ' ( 9)
( 1) 0,00000 0,00000 0.00000 0.00000 0,00000
( 27 0.00000 0.00000 0:00000 0,00000 0,00000
{ 3) 0,00000 0.,00000 0.00000 0.00000 0,00000
( 4) 0.00000 0.00000 0,00000 0,00000 0,00000
{ 9 0.00000 0.+00000 0.00000 0.,00000 0.,00000
( &) 0,00000 0.,00000 000000 0.00000 0.,00000
( 7) 0.00000 0,00000 0.00000 0.00000 . 0.00000
( 8) 0,00000 0.,00000 o 0,00000 0,00000 0.00000
( 9 0.00000 0.,00000 " 0,00000 0,00000 0,00000
(10) 0,00000 0.00000 0,00000 0,00000 0.00000
(11) 0.,00000 0.00000 . 0,00000 0.00000 0.00000
(12) 0,00000 - 0.00000 0.00000 0,00000 . 0.00000
(13) 0.00000 0.,00000 0.00000 0.,00000 0,00000
(14) 0.,00000 0.00000 0.00000 0.,00000 0,00000
(15) 0.,00000 0,00000 0.,00000 0,00000 0,00000
(16) 0.00000 0.00000 0,00000 0.,00000 0,00000 -
(17) 92.0924000E-04 0,00000 0.00000 0400000 0,00000
(18) ~-3.859000E-07 1.047000E-03 0.00000 0,00000 - 0.00000
(19) -2.257000E~07 7,331000E~-04 2,003000E-03 0,00000 0,:00000
(20) ~92,174000E-08 1.210000E~04 1,441000E~04 6.944000E-03 0,00000
(21) ~4,708000E~05 1.,119000E~07 2,213000E-07 6,.791000E~08 6.921000E~03
(22) -B.282000E-07-5,856000E-04 1,157000E~03-5,5953000E~04~2,1929000E-06
(23) ~3,625000E-04 3,905000E~06—-1+315000E-05F $.403000E-06-6.851000E-04
(24) ~9.888000E~04 2,133000E-07 S5,812000E~06~1.500000E~06-2,577000E~03
(25) B8.859000E~07~3,2464000E~04~5,932000E-03 8.518000E-04 1,731000E~064
(26) -1,407000E-06-3,743000E-04 3,110000E-03 1.488000E~05-8.184000E~07
(27) ~4,329000E~-06~-5,918000E~-03 2,7446000E~04 4,838000E~03-2,422000E-06
(28) —1,326000E~05-2,5892000E~03-6,272000E~04~1,202000E-03 1,983000E-06
(29) ~1,198000E-05-8,461000E-04 8,006000E~-04 1,847000E~04 2,357000E~04
(30) 9.650000E~03-1,270000E-04-4.746000E-05 8.9206000E~05-2,6465000E-~03
(31) 1.817000E-06-5.308000E~-04-1,342000E~04 ,119700 ~2+102000E-07
(32) -1,854000E-06 3.178000E-~04 8,974000E-05 180300 2.4531000E-04
{ &) (¢ 7 ( 8) ( ?2) (10)
( 1) 0,00000 0.00000 0,00000 0,00000 0.,00000
( 2) 0:00000 - 0,00000 0,00000 0,00000 0,00000
(¢ 3) 0,00000 0.,00000 0,00000 0,00000 0.,00000
{ 4) 0,00000 0.,00000 0.,00000 0.,00000 0,00000
¢ 89) 0.,00000 0.00000 0,00000 0,00000 0.00000

( &) 0,00000 0.00000 0,00000 0,00000 0.00000
¢ 7) 0,00000 0.,00000 0,00000 0,00000 0,00000
{ 8) 0.,00000 0,00000 0,00000 0.00000 0,00000 °
{ ?) 0.,00000 0,00000 0,00000 0.,00000 0,00000
{(10) 0.,00000 0.,00000 0.00000 0,00000 0,00000
(11) 0,00000 0,00000 0.00000 ) 0,00000 0,00000
(12) 0.,00000 0.00000 0,00000 0.,00000 0,00000
(13) 0.00000 0.00000 0,00000 0.00000 0.00000
(14) 0,00000 0,00000 0.,00000 0,00000 0.00000
(19) 0.00000 0,00000 0.00000 0,00000 0,00000
(16) 0,00000 0.00000 0,00000 0,00000 - 0,00000
(17) §,729000E~03~5,729000E-03-5,729000E~03 5,729000E~03~2,8469000E-02
(18) 3,804000E~03 3.811000E~03~3,806000E~03~3,811000E~03~1,9046000E~02
(19) 1,022000E-02-7,078000E-03 7,133000E~03-1,027000E-02 9,299000E-~03"
(20) 1.,282000E-03 4,539000E-05~4,112000E~05~1,293000E~03-2,475000E-04
(21) -8.075000E-04 8,081000E-04 8,094000E~04~8,100000E-04 9.,735000E-04
(22) 6.530000E~03~3,478000E-03 3,488000E~03~6,539000E~03-1,039000E~02
(23) 1,044000E-03~1,055000E~03~1,175000E~03 1,186000E~03~6,580000E~03
(24) ~3,368000E~03 3,370000E~03 3,419000E~03~3,421000E~03 1,8046000E-02
(25) ~2.485000E~02 2,439000E~02-2,453000E~02 2,499000E-02 4,926000E~06
(26) 1,358000E~02-1,328000E~02 1,334000E~02~1,345000E-02~1,654000E—04
(27) —6.,475000E-04-3,014000E~03 3,025000E~03 &.358000E-04-4,750000E~03
(28) -3,328000E~03 2,101000E~03-2,103000E~03 3,331000E-03 8, 199000E-03
(29) 2.623000E-03~4,293000E-03 4,310000E~03~2,641000E~03 4.8946000E~04
(30) 4.183000E-03~4,251000E~03~4,594000E~03 4.4662000E-03 6.010000E—-03
:gé; —5+342000E~04 6,243000E~04-4,283000E~04 5,383000E~04~5,333000E-04

3.438000E-04~2,829000E~04 4,334000E-04~3,943000E~04. 1,487000E-03
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(4
Matrix Bg (contd) s
(11) (12) (13) (14) (15)
( 1) 0,00000 0,00000 0.,00000 0,00000 0.00000
¢ 2) 0.00000 0.00000 0.,00000 0,00000 0.00000
( 3) 0,00000 0.00000 0.00000 0,00000 0,00000
( 4) 0.00000 0,00000 0,00000 0.00000 0.00000
( 5) 0,00000 0,00000 0.00000 0,00000 0,00000
¢ &)  ©0.00000 0.00000 0+00000 0.00000 000000
( 7) 0.00000 0,00000 0.,00000 0.00000 0,00000
( 8) 0.,00000 0,00000 0.00000 0.00000 0,00000
( 9) 0,00000 0,00000 0.00000 0,00000 0,00000
(10) 0.00000 0.,00000 0,00000 0,00000 0.00000
(11) 0,00000 0,00000 0,00000 0.00000 0.,00000
(12)  0,00000 0.00000 0.00000 0.00000 0.00000
(13) 0.00000 0,00000 0.00000 0,00000 0,00000
(14)  0.00000 0.00000 0,00000 0400000 0.00000
(15) 0.,00000 0,00000 0,00000 0,00000 0.00000
(16) 0,00000 0,00000 0,00000 0.,00000 0.00000

(17) 2.849000E-02 2,849000E-02-2,8869000E~02~9,261000E~04~2,0546000E-02
(18) -1.908000E-02 1,.904000E-02 1,908000E-02 1.348000E-05—-4,334000E-06
(19) 9.284000E~-03-9,299000E~-03-9,284000E~03 1,014000E~05 1.178000E-05
(20) -2,702000E-04 2.675000E-04 2.702000E-04 1,409000E~06 S5.650000E~07
(21) -9,725000E~04--9,735000E~04 9,725000E~04 2,0146000E-04 9,142000E~04
(22) -1,027000E~-02 1,039000E-02 1.,027000E~02~3,738000E~05~4,453000E~05
(23) &.696000E~03 &.580000E~03~6,696000E~03~5,527000E~-03~1.441000E-02
(24) -1.,806000E~02-1,8046000E~02 1,804000E~02~4,209000E~03~-4,400000E-02
(25) 2.497000E-05~-4,926000E-06-2,497000E~05 5,252000E-04 1.324000E-05
(26) -1.687000E-04 1.,454000E-04 1.4687000E~04-1,037000E~05~3.,187000E~-06
(27) —4,745000E-03 4.750000E-03 4+745000E~03~4.4946000E~05~7.288000E~07
(28) 8.225000E-03-8,1992000E~03-8.225000E~03~3,301000E~05 8.640000E-04
(29) S5.112000E~04-4,896000E-04-5.119000E~04-1,590000E-05 7.,127000E~04
(30) ~5.971000E~03-46,010000E-03 5.971000E-03 4,523000E~-04-3,700000E~-03
(31) -5.333000E-04 5.333000E~04 5.333000E~04-1,094000E-04-1,229000E~07
(32) 1.410000E-03~1.487000E-03~1:410000E~03~5,202000E~04-1.770000E-05
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APPENDIX G
DESIGN MODEL SYSTEM MATRICES FOR TRACKING PROBLEM

This appendix contains the data for the design model obtained from Appendix F by
truncating seven (4,5,7,8,9,10,11) of the eleven elastic modes.




[‘ﬂ@,fﬁ’ax A(ﬂ’ s

MATRIX & FROM FILE DiZMIX s BLOCKNO. S5» MATRIXNO. 1

DIMENSION 18%18s SAMFLING TIME = + 000
¢ 1) « 2 ¢« 3 ¢ 4) «
¢ 1) 0.00000 0.+00000 0.00000 0.00000 0.,00000
« 2 0.,00000 0.,00000 0,00000 0.,00000 0.00000
« 3 0+,00000 0.,00000 0.,00000 0,00000 0.,00000
¢ 4 0.00000 0400000 0.00000 0.00000 0,00000
¢ 5) 0.00000 0.,00000 -0,00000 0.,00000 0.00000
¢ &) 0.,00000 0.00000 0.,00000 0,00000 0.,00000
<7 0.,00000 0400000 0,00000 0.00000 0.00000
( 8) 0,00000 0,00000 0.00000 0.,00000 0.,00000
« 2 0,00000 0.,00000 0.00000 0,00000 0.00000
(10) 0400000 0.,00000 0.00000 0.00000 0400000
(11) 0.,00000 0.00000 0.+00000 0.00000 0,00000
(12) 0.,00000 0.00000 0,00000 0,00000 0.00000
13 0.00000 0.00000 0,00000 0.,00000 0.,00000
(14) 0400000 0.,00000 0.+00000 0.,00000 0.00000
(15 0.,00000 0.00000 0,00000 0.00000 0.00000
(16) 0,00000 0400000 0.00000 0.,00000 0.00000
(17) 0,00000 0.00000 0+00000 0.00000 0.+,00000
(a8 0,00000 0.00000 0400000 0.,00000 0,00000
¢ &) « 7 .08 « P (10)
« 1 0400000 0+,00000 0.00000 0.,00000 1.00000
¢ 2) 0.00000 0.,00000 0,00000 0.,00000 0.,00000
« 3) 0.00000 0.00000 0,00000 0.,00000 0.00000
« 4 0.,00000 0.00000 0.,00000 0,00000 0.,00000
« % 0,00000 0,00000 0,00000 0.,00000 0.,00000
¢ &) 0.,00000 0,00000 0.00000 0,00000 0.00000
¢ 7) 0,00000 0,00000 0,00000 0.00000 0.,00000
« &8 0.,00000 0.00000 0.,00000 0,00000 0.,00000
« ?) 0.00000 0.,00000 0,00000 0+00000 0.00000
(10) 0.00000 0,00000 0.00000 0.,00000 0.00000
(1) 0.00000 0,00000 0,00000 0.,00000 0.00000
(12) 0.,00000 0.00000 0,00000 0.,00000 0.,00000
(13) 0.,00000 0,00000 0.,00000 0.,00000 0.,00000
(14) 0.00000 0+,00000 0,00000 0400000 0.00000
(15) ~1.546280E-02 0,00000 0400000 0.00000 0.,00000
(16) 0.,00000 -2,285538E-02 0,00000 0.,00000 0.00000
(17) 0.00000 0.00000 ~85.737217E-02 0.00000 0,00000
(18) 0+00000 0.00000 0.00000 -+ 607833 0.00000
G-1



Matrix A, (contd) :

(11) 12) (13) (14) (15)
¢ 1) 0.00000 0.,00000 0,00000 0.,00000 0,00000
« 2) 1,00000 0.,00000 0,00000 0.00000 0,00000
« 3 0,00000 1.00000 0,00000 0+00000 0,00000
¢ 4) 0,00000 0.00000 1,00000 0+,00000 0,00000
¢« 5 0,00000 0.00000 0.,00000 1.,00000 0,00000
¢ &) 0.,00000 0.,00000 0,00000 0.,00000 1,00000
«7) 0,00000 0.00000 000000 0.00000 0.00000
«8) 0,00000 0+00000 0.00000 0.,00000 0400000
« 9 0.00000 0,00000 0+,00000 0400000 0.00000
(10) 0,00000 0.00000 0,00000 0.00000 0,00000
(11) 0,00000 0.00000 0,00000 0.00000 0,00000
(12) 0,00000 0.00000 0.,00000 0,00000 0+00000
(13) 0.,00000 0.00000 0,00000 0.,00000 - 0.,00000
(14) 0,00000 0,00000 0.,00000 0.,00000 0.00000
(15) 0.00000 0.00000 0.,00000 0.00000 ~1.8B46000E--03
(16) 0.,00000 0,00000 0.,00000 0.00000 S5.509000E~06
(17) 0.,00000 0.00000 0,00000 0.00000 -2.919000E~06
e 0+00000 0.00000 0.,00000 0,00000 ~3.255000E~03
(146) (173 (18)

O ) 0.,00000 0.00000 0.00000
« 2) 0.00000 0,00000 0.,00000
« 3 0.00000 0.00000 0+,00000
¢ 4) 0.00000 0.00000 0+,00000
« &) 0.,00000 0+00000 0.00000
¢ &) 0.,00000 0.00000 0.00000
« 7 1,00000 0.00000 0.00000
« 8) 0.,00000 1.00000 0,00000
« 0.00000 0.00000 1.00000
(10) 0.00000 0,00000 0.,00000
(11) 0.,00000 0.00000 0.00000
(12) 0.,00000 0.00000 0,00000
(13) 0.,00000 0+,00000 0,00000
(14) 0.,00000 0,00000 0.,00000

(153) 5,509000E-06~2,519000E~06~3,255000E~03
(16) ~1,706000E~03-3.644000E~04 2,771000E~05
(17) ~3,644000E-04-3,409000E~03-1,146000E~-05
(18) 2.771000E-05-1.,146000E~05-4,215000E~02

)
o




SPAR
Matviz B,_. :
. <
MATRIX B FROM FILE DZMD ¢ BRLOCKNO., S5y MATRIXNO. 2
DIMENSION 18% 7» SAMFLING TIME = « 000
¢ L ) ¢ 3) ¢ 4) ¢ 9)
¢ 1 0.00000 0,00000 0.00000 0.,00000 0.00000
¢ 2) 0.00000 0.00000 0,00000 0.00000 0.00000
« 3 0.00000 0.00000 0,00000 0,00000 0.00000
¢ 4) 0.00000 0.00000 0.00000 0.00000 0.00000
« 5 0.00000 0,00000 0,00000 0,00000 0.00000
¢ &) 0.,00000 0.,00000 _- 0.00000 0,00000 0.00000
«7) 0.00000 0,00000 7 0.00000 0,00000 0,00000
¢ 8) 0.00000 0.00000 0,00000 0.00000 0.00000
M 0,00000 0.00000 0.00000 0.,00000 0.00000
(10) 0.00000 0,00000 0.,00000 -1,145800E-02 0,00000
(11) 0,00000 0,00000 7.617000E~03 5,000009E~06 0,00000
(12) 0.00000 0,00000 3,142000E-03 5,500019E-05 1.,735300E-0R
(13)  6.,944000E-03 0,00000 1.,334390E~-03 4,249999E-06 1.247880E~03
(14) 4,791000E~08 6,921000E~03 &,0000446E~07 1,617500E-03 1,899985E~06
(15) -5.553000E-04~-2,199000E-046 3,052000E-03 9,99998%E-06 1.,001800E~-02
(16) S.403000E-06~6,851000E~04~1,100000E~05-2,230000E~03-1,310000E~04
(17) -1.500000E-046~2,577000E~03 1.9999B4E~06 6,78B9000E-03 5,099998E-05
(18) 4.838B000E-03-2,422000E-06~3,841500E~03 1,100003E-05 2,377500E~03
¢ &) 7
¢ 1) 0.00000 0.,00000
2 0.00000 0,00000
¢ 3) 0.00000 0.00000
¢ 4) 0.00000 0.00000
5 0.00000 0,00000
(&) 0.,00000 0.00000
<7 0,00000 0.,00000
« 8) 0.00000 0,00000
¢ 9) 0.00000 0,00000
(10) ~2.B469000E-02 2,869000E-02
(11) ~1,906000E~02~1,908000E-0R
(12) 9.299000E-03 9,284000E~03
(13) -2.4675000E~-04-2,702000E-04
(14) 9,735000E~04~9,725000E-04
(15) ~1,039000E-02-1,027000E-02
(18) ~6,580000E~-03 &.494000E-03
(17) 1.804000E-02~1.,B8B046000E-02
(18) ~4,750000E~03-4,745000E-03
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Ma fvix
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e S

MATRIX C FROM FILE DZMD' s BLOCKNO. &» MATRIXNO, 3

DIMENSION 16%18»

1)
2)
3)

4)
5)
6)
7)
8)
)
(10
(11)
12)
(13)
(14)
(15)
(16)

P N N e e e e

P e R e e el e e e
~

« 1

SAMPLING TIME = +000

( 2) (3 « ) )

?+.094000E~-04~3,859000E~07-9,257000E-07-9,174000E~08~4, 708000E~05

0,00000 1,047000E-03 7,331000E~04 1,210000E~04 1.,119000E~07
0.00000 0.00000 2,003000E-03 1,441000E-04 2,213000E-07
0.00000 0.,00000 0.,00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0,00000 0400000 0.,00000 0.00000
0.00000 0.00000 '0,00000 0+,00000 0,00000
0.,00000 0.00000 0.00000 0,00000 0.00000
0,00000 0.,00000 0.,00000 0.00000 0.00000
0,00000 0.,00000 0.00000 6.944000E~-03 6.791000E~-08
0.00000 0.00000 0.,00000 0.00000 6.221000E-03
0.00000 0.,00000 0,00000 0+.00000 0,00000
0.00000 0.00000 0,00000 0.00000 0.00000
0.00000 - 0.00000 0,00000 0.00000 0,00000
0,00000 0.00000 0.00000 0.00000 0.00000
0,00000 0.00000 0,00000 0.00000 000000
( 6) « 7) €« 8) « (10)
~B84282000E-07-3,425000E-04~9.88B000E-04-4,329000E-06 0,00000
~5+B56000E-04 3,905000E~06 2,133000E-07-5,918000E~03 0,00000
1,157000E-03-1,515000E-05 5.,B12000E-06 2,746000E~04 0.00000
~1+756000E-03 1,504000E~05~3,172000E~06~6,200000E~03 . 0,00000
~2+418000E-06~-5,987000E~04-5:.012000E~04--4,4246000E-04 0.00000
2+,208000E~06 6,242000E~04 1,617000E-03 3,638000E~04 0,00000
4,200000E~-06 1,211000E-03 3,42T000E-03 6,796000E~046 0,00000
54736000E~05~2,2B7000E~06 1.774000E~06~1,114000E~02 0.,00000
3:335000E~-03-3,071000E-05 B.,002000E~06-6,592000E~04 0,00000
~5+553000E-04 5,403000E~06-1,500000E-04 4,83B000E~03 0,00000
~2+199000E-06-6,851000E~04-2,577000E-03~2,422000E~06 0,00000
0.00000 0.00000 0.00000 0.00000 ?.094000E~04
0.,00000 0.00000 0.,00000 0.00000 0.00000
0,00000 0.,00000 + 0,00000 0,00000 0.00000
0.,00000 0.00000 0,00000 0,00000 0.00000
0,00000

0.00000 0.00000 0400000 0,00000




Matrin C,

CeonTel) =

(12)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

(13)
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000

(14) (15)
0.00000 0.,00000
0.00000 0.,00000
0.00000 0.00000
0.00000 0.00000
0,00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000

~-3,859000E~07~-9,257000E~-07~-%,174000E~-08~-4.708000E~05-8.282000E~07
1.047000E-03 7,331000E-04 1.210000E-04 1,1192000E-07~-5,856000E~04
2.,003000E~03 1.441000E-04

0.00000
0.00000

(17)
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

6.244000E-03
0.00000

(18)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000

~3+625000E-04-9,888000E-04-4.329000E-04
3,905000E-06 2.133000E~07-5,918000E-03

~-1.315000E~05 5.812000E-06

2,746000E-04

5+403000E-06-1.500000E-06 4.838000E-03
~6.851000E~-04-2,577000E~03~2,422000E-06

(11)
(1) 0.00000
¢ 2) 0,00000
¢ 3)  0.00000
¢ 4)  0.00000
( 5) 0.,00000
¢ 6) 0.,00000
¢ 7) 0,00000
( 8  0,00000
¢ 9) 0.,00000
(10)  0.00000
(11>  0,00000
(12)

(13)

(14)  0.00000
(15)  0,00000
(16)  0.00000

(16)

¢ 1)  0,00000
¢ 2)  0.00000
¢ 3) 0,00000
( 4)  0.,00000
( 5)  0.00000
¢ 6) 0,00000
¢ 7)  0.00000
¢ 8  0.,00000
¢ 9)  0.00000
(10)  0.00000
(11)  0.00000
(12)

(13)

(14)

(15)

(16)

2+213000E~07 1.157000E-03
6.7921000E-08~-5,5533000E~-04
64221000E-03-2.1929000E~06

PEETTT
SPAR
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Matvix D_ :

MATRIX A FROM FILE DZMIN » BLOCKNO. S5y MATRIXND. 4
DIMENSION 7%18, SAMPLING TIME = +000

« 1 « 2 « 3 ¢ 4) ¢« o
1) 9.094000E-04-3,859000E-07-9.257000E~-07-9.174000E-08~4,708000E-035

(

« 2) 0.00000 1,047000E-03 7,331000E-04 1,210000E~-04 1.119000E~07
¢ 3 0.,00000 0.00000 2,003000E~-03 1.441000E-04 2.213000E-07
( 4) 9.,094000E-04~3,859000E~07~9,257000E~07-9,174000E~08 1,409944E-02
« 5 0.00000 1.,047000E-03 7.,331000E-04-1,334689E~-02-1.,981145E-08
( &) 0,00000 0.00000 0.00000 6+944000E-03 6.791000E-08
« 7 0.00000 0.00000 0.00000 - 0,00000 6.221000E-03

( &) 7 « 8) ¢« 9 (10)

1) ~-8,282000E~07-3.,625000E~04~9,888000E~04-4.329000E~-06 0.00000
2) -5.,856000E-04 3,905000E-046 2.,133000E~07-5,918000E~03 0.00000
3) 1.157000E-03~1.,515000E~05 5.812000E-06 2,746000E-04 0.00000
4) - 2.753920E~07-64172822E-05~3,944734E-04~6.742440E-07 0.00000
5) 2,544876E~04-2,042872E~06 3,548181E-07 1,785746E~-04 0.00000
6) ~5.,553000E~04 5.,403000E-06~1.500000E~06 4,838000E~03 0,00000
7) -2,199000E~06~6,851000E~04-2,577000E-03~2,422000E~06 0.00000

e e e e e e e

(11) (12) (13) (14) (15)
¢ 1) 0400000 0,00000 0,00000 0.00000 0.00000
¢« 2 0,00000 0,00000 0.00000 0.00000 0.00000
« 3 000000 0.00000 0.00000 0.,00000 0.00000
« 4) 0.,00000 0,00000 000000 0.00000 0.00000
¢ 8) 0400000 000000 . 0.00000 0.00000 0.00000
¢ &) 0.00000 0,00000 0,00000 0,00000 0.00000
« 7) 0.00000 0,00000 0+00000 0.00000 0.00000
(16) (17) 18>
¢ 1) 0+00000 0,00000 0,00000
« 2) 0.,00000 0.00000 0,00000
¢ 3 0.00000 0.00000 0,00000
¢ 4) 0.00000 000000 0.00000
¢ 5 0,00000 0.00000 0.00000
¢ &) 0.00000 0,00000" 0.00000
¢ 7) 0.00000 0.00000 0,00000

G-0



Mateis B@.@@ 3

MATRIX B FROM FILE IZMI' » BLOCKNO. &y MATRIXNO. S

(18)

¢ 4)
0.00000
0.00000
0.00000
0,00000
0,00000
0.00000
0.,000C0
0.00000
0.00000
0.00000
0,00000

¢ 9
0,00000
0.,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.00000

~9,174000E~08 1.210000E~04 1,441000E~04 6.944000E~03 0,00000

~4,708000E~05 1,119000E~07 2,213000E-07 6.791000E~08 6,921000E~03
1.157000E-03-5,553000E~04-2,1992000E~06
-3,4625000E~04 3,905000E~06-1,515000E~-05 ©.403000E-046—~6,851000E-04
~9.,888000E-04 2,133000E-07 5,812000E~046-1,500000E-04~-2,577000E~03
~4,329000E-046-5+918000E~03 2.746000E-04 4,838000E~03~2,422000E~06

5,729000E~03~5, 729000E~03~5,729000E~03 5.729000E-03~-2,8469000E~02
3+.806000E~03 3,811000E-03~3,806000E~03-3,811000E~03~1,906000E~02
1.,022000E~02~7,+078000E~03 7.133000E~03~1,027000E~-02 9.299000E-03
1,289000E-03 4.539000E~-05-4,112000E-05-1,293000E-03~-2.675000E~04
~8,075000E-04 8,081000E-04 8.,094000E~04~8.100000E-04 2.73G000E-04
6.530000E-03~3,478000E-03 3,488000E~03~6.539000E~03-1+039000E~02
1,044000E~03~1,055000E~03~1,175000E~03 1,1846000E~03~6.580000E~03
~3+368000E-03 3,370000E~-03 3,419000E-03-3,421000E~03 1.8046000E-02
~6+475000E-04-3,014000E-03 3.025000E~03 6.358000E-04-4,750000E-03

2.,869000E~02 2.,869000E-02-2,869000E-02~9,961000E-04~2,0546000E-02
~1,908000E-02 1,906000E~02 1,%08000E~02 1,348000E~05~4,334000E~06
?24284000E~-03~9,299000E~03-9,284000E~03 1,014000E-05 1,178000E~05
~2,702000E-04 2,4675000E~04 2,702000E-04 1,609000E~06 5,450000E~07
=94725000E~04~-9,735000E-04 9,725000E~04 2,014000E-04 9,142000E~04
=1,027000E-02 1,037000E~-02 1,027000E~02-3,738000E~05~4,453000E~05
641696000E-03 6,580000E~03~6,696000E-03-5,527000E~03-1,.441000E~02
(17) -1,806000E-02-1,806000E~02 1.806000E-02-4,209000E~03~4,400000E~02
~4,745000E~03 4,750000E-03 4,745000E~03~6,494000E-05-7,288000E~07

¢ 9
0.00000
0.00000
0,00000
0.00000
0,00000
0,00000
0.00000
0,00000
0,00000

(14)
0,00000
0,00000
0,00000
0.00000
0,00000
0.00000
0.,00000
0,00000
0.00000

DIMENSION 18%15y SAMFLING TIME = « 000
¢ 1) 2 ¢ 3)
(1) 0,00000 0.00000 0,00000
¢ 2) 0,00000 0,00000 0,00000
¢ 3) 0.00000 0.00000 0,00000
¢ 4) 0,00000 0.00000 0,00000
¢ 5 0.00000 0,00000 0.00000
¢ &) 0,00000 0,00000 0.00000
¢ 7) 0.00000 0,.00000 0.,00000
¢ 8) 0.00000 0,00000 0.,00000
« 2 0.,00000 0.,00000 0.00000
(10) 9.,094000E-04 0.00000 0,00000
(11) -3,859000E-07 1,047000E~03 0,00000
(12) ~-9,257000E-07 7.331000E~04 2,003000E-03 0.00000
(13)
(14)
(15) -8,282000E-07-5.856000E-04
(16)
17}
(18)
( &) « 7y « 8)
¢ 1) 0,00000 0,00000 0,00000
¢ 2) 0.00000 0,00000 0.00000
¢« 3) 0,00000 0,00000 0.00000
¢ 4) 0.,00000 0.00000 0,00000
¢ 9 0,00000 0.,00000 0.,00000
« &) 0.00000 0.00000 0.00000
« 7 0.,00000 0.,00000 0.00000
¢ 8) 0,00000 0,00000 0,00000
¢ 92) 0.00000 0.000Q0 0.,00000
(10}
11
(12)
(13)
(14)
(1%)
(16)
(17>
(18)
(11) (12) (13)
1) 0.00000 0.00000 0.00000
¢ 2) 0,00000 0,00000 0,00000
¢ 3) 0,00000 0,00000 0,00000
¢ 4) 0,00000 0.00000 0,00000
¢ 5) 0,00000 0.00000 0,00000
¢ 6) 0.00000 0,00000 0.,00000
«C7) 0.00000 0,00000 0.,00000
¢ 8) 0.00000 0,00000 0.,00000
¢ 92 0,00000 0,00000 0.00000
(10)
(11)
(12)
(13)
(14)
(18)
(16)

(10)
0.00000
0,00000
0,00000
0,00000
0.00000
0.,00000
0,00000
0.00000
0.00000

(15)
0.00000
0,00000
0,00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0,00000

G~7
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ISSUE A

APPENDIX H
NOMINAL VALUES FOR TRACKING COMPENSATOR PARAMETERS

Listed below are the nominal values for the tracking compensator of Sec. 4 for
the case = 1.0E3."




Matrizx [,

<

MATRIX A& FROM FILE DZMDS s ELOCKNO. 3, MATRIXNO. 1

DIMENSION 7%18» SAMFLING TIME = + 000
¢ 1 « 2) « 3 « 4 « 5
¢ 1) 2,513905E~-05 ~1.34166 -1.03296 18.8461 -1.115160E-04
« 2) 1.,03254 ~8,391212E-04-1,6595P1E~03-2,949905E~-04 19,3221
¢ 3) 4.517376E-05 ,795870 . 588831 1.66487 2.367040E-04
( 4) ~.146601 1,522443E-03 2.967451E-03 5.126325E-04 2,55731
( 5) 5.090395E-04 556555 1.02105 + 251420 1.785934E-03
¢ 6) -.812261 -, 8357107 —277266 2.,08822 -2,13657
« 7 811689 ~.856906 = 277976 2.08820 2413745
¢ 6) « 72 « 8) « 9) (10)
(1) -,318203 2,378773E-03-2,725236E~04 1.992004E-02-1,248932E~03
( 2) ~1.266378E-04 ~,135671 ~+226548 =4,222363E~05 2,66990
¢ 3) ~7.069889E-02-4,173664E~04-7,665715E-05-3,883579E~02 1.219721E-02
¢ 4) =7.,476149E-05-8,159918E-02 ,160092 2,602836E-04 —-,689405
¢ 5) 8,128544E-02-3.230221E-03 1.218477E-03 9,093879E-03-3,318402E-03
¢ 6) =-.,101614 -+159463 +486183 ~6.887800E-03 ~-6.,23590
( 7) ~-9.967268E-02 .161689 -+ 485928 -6.:861843E-03 6.23453
(11) 12) (13} (14) (15)
€ 1) -4,21504 -4,02620 72,6678 ~1.482697E~03 -1.95378
¢ 2) ~6,050203E-03-9,501806E~03 1,302756E~-04 72,7364 2:.500650E~-04
« 3 7.98695 6.11167 6479420 4,066852E-03 -3.,84528
( 4) 1.,775918E-02 3.395981E-02-4,832052E~-03 11,6837 6.650348E~-03
¢ 5 566746 10,6639 5.763060E-02~9.664494E-03 ~.614237
( 6) -B.54059 -2,35978 6.53229 -6.,05072 2.967986
¢ 7) -8.334%0 ~2.36271 6,93014 6.,05944 2.96342
(16) (17) (18)
¢ 1) 1.,269152E~02-5,140363E~03 161574
( 2) ~.987286 ~2:27761 -1,15595%E-03
¢ 3> 3.857092E-02 1.,274023E-02 -,756161
¢ 4) 1.81469 2,25926 5:945229E-03
( §) ~1.694749E~02~1,582199E-02 ,182302
( 6) =.560326 — 427243 ~+177453
«7) 333195 446128 ~.175%964
H-1




Matrix Fp :

MATRIX B FROM FILE DZMDS s BLOCKNO, 3» MATRIXNO, 2

DIMENSION 7% 7» SAMPLING TIME = + 000
« 1) « 2) « 3 ( 4)
( 1) 3JI.03B505E-02 —~1,46801 -1.,92190
( 2) -4.,10308 2,462890E~02~8.167261E~-03 167.617
( 3) ~,159040 56.5398 377887 + 145983
( 4) -~41,1883 ~-+167453 4,234132E-02 41.7122
( 35) 1175642 10,2792 15,1635 ~+126986
( 6) ~31,1819 -13.0677 6.86915 -38.6068
« 7) 31.0149 -13.1241 6.87925 38,7562
¢ 6) « 7
( 1) 19.2298 S7659465E-02
( 2) ~7.772011E~02 22,5609
( 3) ~19.5393 —-+281574
( 4) s 4654468 -41,9229
( 5 31,0848 0296193
( 6) ~-31,1332 26,1270
( 7) -30.9882 -26.4251
. —4
Matrix H_ () :
‘MATRIX C FROM FILE NDZMDS » BLOCKNO. 3» MATRIXNO. 3
DIMENSION 7% 7» SAMPLING TIME = + 000
« 1) « 2) « 3 (« 4
(1) 6463525 -1560.18 -446,.7007 ~6,60761
( 2) 3885.53 376421 ~.163651 -2750.13
( 3) -33.,1437 8642.40 15.7612 33,1934
( 4) =-23027.9 -219.523 + 896545 2286647
( 5) 86,6556 ~-3786.,43 315,206 -86,0938
( &) 4035,91 3760.54 160,902 ~4929,09
( 7) =-4071.95 3679.52 161.062 4964.51
( &) « 7)
( 1) 3277495 13.4854
( 2) =73.7671 8420.80
( 3) -15061.,5 - —47.8278
( 4) 428,499 =46371.1
( S) 839%5,17 176,223
( 6) -8570.,30 9760.28
( 7) =-B411,52 -9832.54

« 9

-2,910393E-02 -170.,620

-3.814113E-02
~-24,6243
+ 236353
- 13,6551
-38.2694
-38.2020

« 5
278.753
~38.0251
=7882.26
220.918
4318.01
~4579.50
~4497.63

AR
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Matrisx (A, —KC) 3

MATRIX A FROM FILE DZMDS » BLOCKNO.12s MATRIXNG. 1

DIMENSION 18%18y SAMPLING TIME = + 000
« 1 « ) « 3 « 4 « 5)
( 1) -92.536979E-02 2,038538E-05 1.707523E-05-1,372627E-06 2,138375E-02
( 2) 7.442281E-06—-8.,267517E-02 8,7543468E-03-4,29033PE-03 4.507491E-06
( 3) -1.,800203E-05 3.,069713E-03-9.,384776E-02-2,418482E-03 1.062845E-06
( 4) 1.278326E~07-8.747267E-04~7.,620635E-04-9,643601E-02 5.305408E-08
( 5) B8.564010E-04 3.38486BE-07-4,201207E-06-1.217038E~-08~9,164195E~02
( 6) —6.8466BL1E-05-5,4046067E-03~4,513138E~-03 2.,461922E-03 1.042644E-04
( 7) —6.297046E-03-3,602120E~-05 3,920515E~-05 6.185298E-06 1.362083E-02
( 8) 3.969211E-03 1.475292E-05-1,819774E-05~1.694593E-06 1.430938E-02
( 9) 2,778946PE-07 5.,218815E-04 3.,614924E-04-1.,011383E-03 4.094718E-07
(10) -7.288974E-03 3,012734E-06 1,0616886E~05-3,556545E-06 4.927172E~-03
(11) 1.388033E-06~4,090085E-03 1.571138E-03~2,101828E-04-3,429073E-07
(12) -5.407172E~07 1,015488E-04-7,021071E~-03-6.,279823E-04-5.249071E-06
(13) 8,417843E-09~1,109785E-04~-1,364202E-04-7,534364E-03 8.088849E-08
©(14) 1,699925E-04 4.,770110E-09-1,4410511E~06 6.28%9355E~07-6,109340E-03
(15) -2.,4125G5E-06~1.,908790E~-04~5,840699E-04 4,545690E-04 2,788U946E~-06
(16) -4.359859E-05-4,150068E-06 1.918751E-05-1.,471672E~-05 1.387000E-03
(17) A4.573%21E-04 3.8%95270E-07~8.774409E~06 6.090912E-06 6.220664E-03
(18) 2.840278E-08 8,540108E-05 3.756483E-05-2,203357E-04 1.013981E-07
¢ 6) « 7) ¢ 8) « (10)
( 1) -2.,2568B01E-04-5,868235E-02 -.149051 -2,137942E-04 .278652
( 2) =-.232437 2,045523E-03-5.040433E-04 .174438 3:.167861E-04
( 3)  7.0572866E-02-4,66938PE-04 6.779B40E-05 7.551152E-02-6,.552106E-04
¢ 4) -6.028975E-03 S5.547906E-05-9.577287E~06-5.859864E-02 4.473612E-09
( S) -8.,063317E-05-2,212447E~02-4,900511E-02-5,146863E-05 2.,197108E~-02
¢ 6) -,229482 1.765391E-03~-1,130701E-03 ~.,142149 -1,687645E~-03
¢ 7) 8,933073E-04-5.,441432E-02 -.121816 -9.919700E-04 -.194931
( 8) -3.698296E-04~7.718293E-02 -.213487 1,409844E-04 122312
( ?) -5.460641E-03 4,203468%E-05-1,355534E-05-3,335348E-02-1.242323E~-05
(10) 3.,204372E-05-8,047146E-03-1.,998047E~02-1,124006E-04 -,302097
(11) ~5.871421E-02 S5.192344E-04-1.274462E-04~-5,493779E-02 1.042793E-04
(12) 1,732991E-02-1.317537E~04 4,541288E~05 2,704815E-02-4,6313462E~05
(13) -1,762864E-03 1.599614E-05-3,913655E-06~5,780187E-03 1.654138E-05
(14) -2,389990E~05-3,654167E-03-92,011830E-03-1,795900E~05 1,582120E-02
(15) -4.,819135E~02 2,.862532E-04~8,285777E~-05-4,075409E~02-5.949698E~04
(16) 3.751071E-04~2,632038E-02-8,833570E~03 2,7352746E~04~6.172927E-02
(17) -1,507001E~04-1.16%557E~-02-8,873053E-02-1,250329E-04 ,140401
(18) 4.103642E-04-4,287731E-06 2,390353E-07 -,4608872 3.356046E-05
H-3




Matvix (A~ KC:) Ceonted) *
(11) (12) (13 (14) (15)
( 1) 4.022544E-04-1,454753E-04 5.861465E-04 131316  —1,937614E-05
( 2) 265327 1105472 . 315163 2.214898E-03  ,740548
¢ 3)  ,143146 . 323895 -.121778 3.348292E-03 -,521906
( 4) -1.325943E-02-1,206046E~02 .203869  —1,051223E~04 6,933921E-02
( 5) -4.701507E-05 5.926209E-05-2.347579E-04 130672 3,581851E-04
( 6) =.250456 . -,106893 +126123 1,413661E-02 1.16763
( 7) 1.22033BE~03-3,959353E-03 4,229643E-03 1,38440  -4,111B56E-03
( 8) ~2.341827E-04 1.198530E-03-1.B33530E-03 - 403729 1.107077E-03
( 9) =9.749972E-03 1.571B0SE-04 4.914084E-02 6.416785E-05 5.507837E-03
(10)  3.004427E-04 1.696273E~03-4,122454E-04 168862 9.063351E-04
(11)  =,112436 6.110627E-02 6.557772E-02 4.23B437E-04 138180
(12) 1,8B0727E-02 -,239916  -B.607121E-02-1,521222E-04 —,151109
(13) ~5,984627E~03~1,223751E-02 -, 320682 8.199541E-06 2,42417BE-02
(14) =1,820814E-05-1,617026E-04 1,96B666E-05 ~.240036  ~1,402603E-05
(15) -4,485352E~02-6,297620E-02 5.421666E~02 9,255914E-04 7,352067E~05
(16) 1.364249E-04 1,B810169E-03-6,226979E-04 , 321608 9.245614E-04
(17) ~1,46B450E~04-1,612470E-03 4.729745E-04 1,64480  -1,467916E-03
(18) 5,701423E-02 3.608580E-02 —.293344 2,025702E-04~1,339601E-02
(16) (17) (18
(1) ,278246 V749337 3.125011E-03
( 2) -7,499891E-03 3.94521BE-04 4,48528
( 3) 6.267690E-03-2,753BBBE-03 -, 972997
( 4) -6.551576E-04 1,469468E-04 —.478905
( 5) 7,71B17BE-02 .299377 2,626945E-04
( &) ~2,054969E~03~3,287547E~03 1.,52967
¢ 7)  ,941707 0299780  -3.572546E-03
( 8) -9,430674E-03 1,01498  -5,408719E~04
( 9) -5,178255E-05-2,535B810E-06 . 1,09074
(10)  ,105244 1271426 © 1.987251E-04
(11) ~1,507341E-03 9.635726E-05 702427
(12)  1,961019E-03-64174294E-04 ~,189797
(13) ~2,179343E-04 2.13383BE-05 ~.189814
(14)  1,737424E-02 7,1B6B37E-02 7.716199E-05
(15) 2,728218E-04 1.94301BE-04 .288916
(16) ~8.,631774E-03-541799G7E~02-7 , 147 320E~04
(17) -,219855 ~0771212  -5,407610E-04
(18)  2,874465E-06-5.778617E~05 - 573716




SPAR
aEERevyy
MaTrisx £ 3
MATRIX B FROM FILE DZMD5 » BLOCKND.12s MATRIXNO. 2
DIMENSION 18%14: SAMPLING TIME 2000
« D ¢ « 3 ¢4 ¢ 5)
¢ 1 104,871 1.,918279E-02 3.292114E-02-1,547234E-03 ~15,2389
¢ 2) -8.,183727E-03 78,9439 ~-33,2715 ~-43,1510 ~-2,351612E-02
¢ 3) 1.,979551E-02 -2,93191 47,9267 17.3574 ~5,211349E-02
¢ 4) -1,405481E-04 .835440 7,4681786E-02 ~1,346579 2,064224E-03
( 3) -.941721 ~4.703886E-04 1.907598E-03 3.804121E-03 -3,12174
( &) 7.528789E-02 5.14342 + 343409 -30.0784 ~-,233267
¢ 7)  4.92440 3.695637E-02-2,989913E-02 7,555678E-02 -26.3056
¢ B) -4.36465 -1,549936E-02 1,281407E-02 1,574984E-02 -2,24517
( 9) -3.055827E-04 -,498454 1,959131E-03 -1.52578 -8,450749E~-04
€10) ~ B8.01515 7+6705946E~05~1,624301E-03 3,417999E-03 -2,55729
(11) =1,524317E-03 3,.90448 -2.22415 -9,25739 -3.566112E-03
(12) $5.945847E-04-9.699003E-02 3.54078 3,19651 ~7.332092E-04
(13) -9,256480E-06 .105997 2,941289E-02 -.289270 4,470178E-05
(14) -.184928 ~7+345340E-05 4.,401700E-04-8,739335E~04 ~.478317
(15) 2.652909E-03 .182311 2224873 -4,79926 -1,063977E-02
(16) 4,794215E-02 3.981441E-03~1,101444E-02 4,801784E-02 ~,792281
(17) =,5029460 ~5,574206E-04 4,352204E-03-1,282394E-02 -1,42348
(18) -3.123243E-05-8.,156740E~02 1,109945E-02 3,457795E~02~1,557505E-04
¢ &) «7? «8) «? (10)
(1) 27,6427 56.7233 -1,700099E-02-1,712013E-02 5,457328E-04
( 2) =2,592247E-03~1,219764E-02 -7,21607 72,4967 ~6.766539E-02
( 3) -1,007483E-03-1,650803E-02 1,42034 ~30.78464 ~-.595189
( 4) ~6,119201E-04-7.827673E-04 .B874887 3.50411 13,8716
(5) 9.11759 19,2321 7.014219E~03 1,246853E-03-3,859314E-05
( &) B.341095E-02 .119742 -2,12871 53.7142 -+452053
« 7 14,7586 25,2987 ~+107430 -, 249753 =8,2274694E-04
( 8) 22,3445 48,6155 S5.07933PE~-02 3,102944E-02 1.940229E~04
( 9) 6+381818E-04 1,172992E-03 ~1,84056 1803481 +154294
(10) 2.98277 5.87015 =8, 323540E-03-1,4653950E~02 6.504370E-04
(11) 1,462184E-04-6,435217E-04 -2,74830 14,2373 8.352413E-03
(i2) -1.848529E-03-4,271829E-03 1,07840 ~4,77415 1,844808E-02
(13) ~2.,454841E-05-4.203720E-05 2,328115E-02 .544545 1.08256
(14) 1.23405 2,58772 7.858424E-04 2,545285E-03-1,054618E-04
(15) 1.870430E-03 1.197621E-03 -1,53976 7.25494 ~7.330539E-02
(16) ¢ 950891 1.87768 3.319316E-03~8,4603872E-02 2,27914BE-03
(17)  3.18217 6.62064 4,858220E-04 2,446190E-02-9,643949E-04
(18) 9,736231E-05 1,718008E-04-4,7469089E-02 —-,114714 3.292134E-02
(11) (2) (13) (14) (15) (18)
( 1) -2,3763% 793.213 -9.183709E-02 .472830 ~8.214280E~02 ~13.5777
( 2) ~9,191247E-04 -,348346 701,493 - -309.477 -51.,1942 -+ 323343
( 3) ~1,498129E-03 .720487 -136.720 387.586 11,8764 ~.489185
( 4) ~1,406278E~04-4.919301E~02 12,6442 1.38407 114,401 1,3482664E-02
¢ 5) 13,2347 ~-24,1600 3.599975E-02-~5,392831E~02 3,397991E~-02  125.443
( &) ~1,464345E-02 1.85578 . 239,214 ~34,1855 -21.6218 -2,03251
( 7) =1,92094 214,351 7 -1,086455 2.47345 -, 638671 -198,570
« 8) =2,09722 ~134,497 + 174098 -.724244 0274244 $7.4190
¢ 9) ~5,475990E-05 1,3646091E-02 9,31230 -3.48678 ~7.16644 ~9.147295E-03
(10) =-.4657393 332,194 -.,164517 -.432628 7.975074E-02 —22.1387
(11) 4.703B17E-05 —=,114648 107,388 ~49.8116 -9.86434 ~6,142749E~02
(12) 6.5046397E-04 5,0927467E-02 -17.9430 126,353 10,0840 1,847754E-02
(13) -2,502689E~-05-1.818933E-02 5.71597 4,01753 45,9982 =1.9804B4E-03
€14) .881453 ~-17,3974 1,097849E-02 4.867172E-02-4,681243E-03  34.5640
(15) -3,942904E-04 454244 42,8403 15,7617 -8.88127 ~+1303%6
(146) ~-.200078 67.8791 -,105282 -, 833825 +109709 -46,0066
(17) =,90223%1 -154,389 8.334894E-02 ,703170 -8,619674E-02 ~238.704
(18) -1,422239E-05-3,490395E-02 —-54,4549 1.91464 43,1534 ~2,912418E-02
H-5




matvix B :

MATRIX C FROM FILE

DIMENSION 18% 7y SAMPLING TINME

1)
2)

P N N N N e e e e
~

« D)
0.00000 0.00000
0.00000 0,00000
0.00000 0400000
0.,00000 0.00000
0.00000 0.,00000
0.00000 0.00000
0.00000 0,00000
0.00000 0.00000
0.,00000 0.,00000
0.00000 0,00000
0.00000 0.00000
0.00000 0.00000

6+944000E-03 0.00000

¢ 6) «?
0.00000 0.00000
0.,00000 0.00000
0,00000 0400000
0.00000 0.00000
0,00000 0.00000
0.,00000 0.00000
0.,00000 . 0,00000
0.,00000 0.00000
0.,00000 0.00000

-2,869000E~-02 2.849000E~-02
=1+906000E-02~1.,9208000E-02
?+.299000E~03 9.284000E~03
-2,675000E~04~2,702000E-04
?.735000E~04~24725000E-04
~1,039000E-02~-1,027000E~02
~6+580000E-03 6,4626000E~03
1.,806000E-02~1.806000E-02
-4,750000E~03~4.,745000E-03

+ 000

« 3
0.00000
0,00000
0.00000
0.00000
0.00000
0+00000
0.00000
0.00000
0:.00000
0.00000

DZMDS » BLOCKND.12y MATRIXND. 3

« 4)
0.00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.,00000

-1.145800E-02

7+.617000E~-03 5.000009E~06

3.,142000E-03 5.500019E-0G 1.735300E-02
1.334390E-03 4.269999E~06 1.2478B0E-03
6.791000E-08 6.921000E-03 6,000046E~07 1,617500E~03 1,899985E-06
-5,553000E~04~2,199000E~06 3,032000E~03 9,.999989E~06 1.001800E-02
5,403000E-06-6,851000E~04~1,100000E~05~2,230000E~03~1,310000E~04
~1.500000E~06-2.577000E-03 1.99998B4E-06 6,789000E~03 5,0929998E-05
4.83B000E-03~-2,422000E-06-3.661500E~03 1.,100003E~-05 2.,377500E~03

¢ 85
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000

™ s
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APPENDIX I
PROOF OF THEOREM 5-1

It suffices to show that the return difference transfer function matrix for the
evaluation model closed-loop system ('J;-t-(f?t-ff’c,)H) is invertible and asymptotically

‘.. stable. We can write

: L=t ~t . ap o1 e
[+ (prP)H] = [T+BH] [m P W (24P HY | e

) ad
Since Cx+4 PeH ] exists and is asymptotically stable by assumption, the
left-hand side of (I-1) exists and is asymptotically stable if

ot o ! :
(1+ GH (14 RHY' J = (T + PeW ] (1-2)

exists and is asymptotically stable.

It is a well-known result in numerical analysis that 1f a matrix A is
invertible, then A + A A is invertible provided

s O ( BA) & LA

- Extension of this result to (I-2) in the same spirit as Ref,[20] then proves the. .

theorem,

I-1-
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