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

SlUIRIAltY 

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 using, 
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 from 

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 main 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 
(15ST-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. 

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

(d) To design a robust tracking compensator for the benchmark model provided in 
Ref. [1]. 

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

An important emphasis throughout this study is to fully utilize 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. 
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2.0 EVALUATION OF DESIGN RESULTS MTH 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 (61,g) taken from the continuous-time model. 

(h) Same as (a) but with discretized weighting matrix 

(c) 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 (i,47a ) for the continuous-time design model. Also 
listed are their discretized version ( 21; , e„) obtained at 10 sec sampling 
period with KEDDC. 

Cases (a) and (h) 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 is assumed henceforth that the reader is 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 is based on a Schur vector method. Comparing the results from Appendices 
B-1, B-2 and C-1, C-2, we see that although the feedback gain matrix elements 
are quite different, the closed-loop design system is 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 wus set at 1E-5. On the other hand, the 
KEDDC routine sets all error thresholds by default to 1E-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 in Case (c) for the observer design. The 
earlier results were based  on a specific partitioning of the observer structure 
into a 14-th order rigid body observer and an 8-'th order observer for thé 
elastic modes. The rigid body observer was further decdupled 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 awn 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) is 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 capabilities 
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 0 of the time it took to 
produce the equivalent set of results in the previous study. 
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TABLE 2-1 Location Re£erence £or Design Comparison 

DESIGN PARAMETERS 	APPENDIX REFERENCE 

	

KEDDC RESULTS 	PREVIOUS RESULTS 

Case a) 

State Weighting Matrix 	Appendix C-1 	Appendix B-1 
Feedback Matrix 	 P P 	 p y 

Design Model Closed-loop 
Eignevalues 	 PP 	 PP 

Case h) 

State Weighting Matrix 	Appendix C-2 	Appendix B-2 
Feedback Matrix 	 PP 	 •• 
Design Model Clodes-loop 
Eigenva  lues 	 p y 	 P P 

Case c) 

Observer System Matrix 	Appendix C-3 	Appendix B-3 
Gain Matrix 	 PP 	 PP 

Input Matrix 	 P P 	 1P 

Observer Eigenvalues 	PP 	 PP 

2-3 
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3 0 0 DEMONSTRATION OF A ROiUST 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 

.1- ta. 8a p 	PP 	P 
y 	Xp 

where* 

(3-1) 

Here, the state vector consists of 7 rigid body modes ( lir) and 11 elastic modes 
( le ) together with their rates. The control inputs are composed of 2 gimbal 
torques ( 9 1  , ge. ) and 8 thruster forces ( ). The outputs comprise the bus 
translation ( krb) and attitudes ( 	), the gimbal angles ( 	) as well as the 
relative displacement (f'S ) and rotation ( ) of the dish with respect to the 
bus. The system matrices (Ar,Op,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 qe  , resulting in the following equations: 

Aecc...* (3-2) 

The system matrices (  A.  , 	, Cc. ) 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 notation. 
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The robust estimator-feedback regulator problem is then to find a compensator of 
the form 

for the design model (3-2) whiCh alào stabilizes all the states Of the 
evaluation model (3"1) in closed-loop. The term "eStimator" is used -here loosely 
and -refers to any dynamic system of the forM described in (3-3) regardles s  of  
hew its -paremetérg  are  obtained. Obviously, either à kaitàn niter Or a 
Luenberger observer will be permitted. 

As done previously, we continue to consider an optimal approach to computing the 
feedback gain F of the controller by minimizing a'quàdratic cost fünction ei› 
the form 

a 
Ii 

where a and R are appropriately selected weighting matrices: The feedback 
gain is then obtained via the steady 'state solution of an algebraic matrik 
Riccati equation. Several options for this Solution are available from KEDDO. 

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 idéntiCal to 
the optimal control solution for the feedback gain desCribed àboye. The 
weighting matrices ( , FC ), however, must be replaeed by the intensity 
matrices of the random input disturbances  and MéasUreffient 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 (sée, 
e.g., Ref. [6]). Only the design results are presented belew. 

3-2 
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3.2 DESIGN RESULTS 

For the optimal control problem, we select the same weighting matrices ( Q  4a) 
from Appendix C-1, with the input weighting matrix, however, modified by a 
multiplication factor, p , 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 

V, =. z 
e 

for the measurement noise, where re is the same scalar constant applied to the 

control input weighting matrix. 

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 r  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 p 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 lists the evaluation model closed-loop eigenvalues for valuesd r 
over the range 	 -E 

lb < e 
It is seen that robustness to spillover is achieved for (02. 10 	. 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 ( (>=166  ) are listed in Appendix E. 

It is 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. 

for the disturbance input, and at 
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TABLE 3-1 Open-loop Eigenvelues ofÉve11.1eticin end tfeeign 
Models :for  the 'RegufàftorProbleM 

	

, 	 , 
- 	 -EVALUATION 	, 	 TESlON 	 , 
' 	 MODEL ' 	 MODEL 
. 	 . 
, 	 , 
. 	 - 	. 

	

. 	. 
, 	 . 	, 	 . 
. 	 ' 	 . 

	

. 	 , t11.1b RISID 	 -0.0 	, 
.e0Y 	 . 	• 
MODES 	: 	(repeeted 14 times) 	:n ; 	(-redéeted 14 •tiffieS) 	. , : 

	

: 	J 	. 	 . 

, 	 0 

	

- 	Ar 	: 

	

: 	h-: 	 , 

-9.230E-4 	±i 0.1244 	:CD ' 	-9.230E-4 	±i '0.1244 	, . 	... 
' 	-1.705E-3 	±i -0..2395 	 : 	-1.705E-3 	±1 d1:1;2395 	

, 

' 	-8.558E-3 	±i 0-5563 	' 	 -43;558E-3 	± • 	0;5563 	. 
-2.109E-2 	±1 1 0.7792 	' 	: 	-2.109E-2 	±1 .0.7792 

ELASTIC 	 , , 
BODY 	 ' 
MODES 	: 	-1.17422 	±i 	13.803 	

. 
m -0.52431 	±i 	10.045 	n 	 ; 

-5;275E-2 	±i 3.9557 
 

' 	-2. -802E2 	±i 	3.1373 	t3 	' 

	

- 	C -7.510E-2 	±i 	1.5519 	D 	 ' 
-5.532E-3 	±i e.6902 	r 

: 	-8.530E-4 	±I 0.1512 

A 
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TABLE 3-2 Closed-loop Eigenvalues of Evaluation Model with 
Estimator-Feedback Compensator 

P 	1.0E-5 	f 	= 1.0E-6 

-1.174230 ±i 	13.8027 	-1.173510 ±i 	13.8027 
-0.524340 ± 1  10.0452 	-0.523723 ±i 10.0448 

RESIDUAL 	-5.285E-2 ±i 3.95570 	-4.996E-2 ±i 3.95626 
MODES 	-2.801E-2 ±i 3.13728 	-2.872E-2 ±i 3.13684 

. 	. . 	. -7577E-2 ±i 1.55198 	-6.626E-2 ±i 1.55527 
-5.522E-3 ±i 0.69187 	-1.269E-2 ±i 0.70032 
-2.773E-3 ± 1  0.14913 	-1.243E-2 ±i 0.15096 

-6.004E-2 ±i 0.781959 	-0.172946 ±i 0.806302 
-3.075E-2 ±i 0.779058 	-8.327E-2 ± 1  0.776150 
-9.651E-2 ±i 0.557533 	-0.274936 ±i 0.585529 
-1.515E-2 ± 1  0.556762 	-3.916E-2 ±i 0.562128 
-8.653E-2 ±i 0.262773 	-0.194502 ±i 0.297490 

CONTROLLED 	-1.623E-2 ±i 0.239990 	-0.254308 ±i 0.227255 
MODES 	-0.130327 ±i 0.124818 	-0.210302 ±i 0.215214 
(including 	-0.120781 ±i 0.122468 	-5.534E-2 ±i 0.245386 
compensator) 	-2.505E-2 ±i 0.129034 	-9.206E-2 ±i 0.168154 

-3.122E-2 ±i 0.118811 	-5.405E-2 ±i 0.168377 
-5.817E-2 ±i 0.100927 	-0.112358 ±i 0.126267 
-7.067E-2 ± 1  7.297E-2 	-3.139E-2 ±i 0.113817 
-7.730E-2 ±i 5.833E-2 	-9.367E-2 ±i 9.753E-2 
-5.253E-2 ±i 5.377E72 	-9.320E-2 . ±i 9.377E-2 
-3..068E-2 ±i 3.063E-2 	-5.464E-2 ±i 5.443E-2 
-3.008E-2 ±i 3.013E-2 	-5.336E-2 ±i 5.381E-2 
-2.883E-2 ±i 1.952E2 	-5.357E-2 ±i 5.381E-2 
-1.809E-2 ±i 1.900E-2 	-3.071E-2 ±i 3.295E-2 
-1.861E-2 ±i 	1.857E-2 	-3.314E-2 ±i 3.295E-2 
-1.026E-2 ±i 	1.027E-2 	-1.823E-2 ±i 	1.831E-2 
-6.688E-3 ±i 6.679E-3 	-1.190E-2 ±i 	1.186E-2 
-6.505E-3 ±i 6.450E-3 	-1.157E-2 ±i 	1.126E-2 
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TABLE 3-2 	--CONTINUED 

p 	= 1.0E-7 	p 	. 1.0E-8 

• 
-1.160960 ±i 	13.8045 	-1.055620 ±i 	13.8246 
-0.512889 ±i 	10.0386 	-0.424581 ± 1  9.99995 
-3.660E-2±i  3.96058 	-0.103651 ±i 3.89098 

RESIDUAL 	-3.375E-2 ±i 3.12973 	' 	-7.243E-3 ±i 3.09791 
' MODES 	-4.184E-2 ±i 	1.55533 	-0.995449 ±i 1.57775 

-2.460E-2 ±i 0.707277 	-4.021E-2 ±i 0.698938 
-1.376E-2 ±i 0.162513 	-0.179108 ±i 0.16990 
	 ... 

-0.472570 ±i 	1.018910 	-1.450610 ±i 	1.962800 
-0.503537 ±i 0.870568 	, 	-1.159140 ± 1 	1.77550 
-0.420918 ±i 0.589258 	-1.609500 

, 	-6.373E-2 ±i 0.606179 	0.437787 ±i  1.187690*  
-0.519329 ± 1  0.408814 	-0.960471 ± 1  0.263277 
-0.425919 ±i 0.489440 	' 	-0.740885 ± 1  0.638645 
-0.361714 ±i 0.282289 	-5.963E-2 ±i 0.628967 
-0.114861 ± 1  0.301370 	-0.373359 ±i 0.456378 
-0.178054 ±i 0.250389 	-0.268863 ± 1  0.295705 
-0.199333 ±i 0.235056 	-0.152625 ±i 0.332400 

CONTROLLED 	-0.172496 ±i 0.178009 	-0.124160 ±i 0.346497 
MODES 	-2.935E-2 ±i 0.199799 	-0.265748 
(including 	-2.757E-2 ±i 0.133152 	-0.179828 ±i 0.173361 
compensator) 	-9.811E-2 ±i 9.674E-2 	-1.593E-2 ±i 0.203438 

-9.822E-2 ±i 9.759E-2 	-0.143296 ±i 0.112392 
-5.666E-2 ±i 8.175E-2 	-1.001E-2 ±i 0.164318 	

, 

-8.737E-2 	-1.396E-2 ±i 0.140567 
-5.751E-2 ±i 5.287E-2 	-0.108839 ±i 0.106621 
-5.859E-2 ±i 6.136E-2 	-4.795E-2 ±i 8.326E-2 
-6.537E-2 	-7.045E-2 ±i 	1.531E-2 
-3.223E-2 ±i 3.282E-2 	-5.587E-2 ±i 5.793E-2 
-2.124E-2 ±i 2.098E-2 	-3.908E-2 ±i 3.706E-3 
-2.056E-2 ±i 1.927E-2 	-3.582E-2 ±i 3.079E-2 

.* uNsTnBLE elopEs 

3-6 1 
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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-zero set point in the presence of unknown constant disturbances. The 

approach to the variable case is similar and is well documented in the 

literature (see, e.g., Ref. [6]). 

Et  will be shown that the tracking compensator has the architecture of the 

estimator-feedback 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 servomechanisms. 

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

in Ref. [1]. Furthermore, 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.[1]: 

Xp 	A i, x i, 1-  8 p (4  + (4-1) 

Y = , 

where  
f S 	4 	le 

	

[ Ir 

	32. 	 92. 	 16 

	

X p = le 	e  R ; LA. ::. ir 	e fg ; y . 	1 e q), ; tA,t  LI 	t' 	e 5` 
ék 

kto 	

(4-2) 

• 

Here the state vector  Y. 	comprises 5 rotational rigid body modes (ir) and 11 

elastic modes (vie) as well as their rates. The control input vector consists of 

2 gimbal torques (@ 1 ,J0 and 5 linearly independent equivalent thruster forces 
(f ie ... 11. ) derived from the original 8 thrusters described in Ref. [5]. The 
measurable outputs in y include the attitude angles and rates of ,

the bus - 
( eb, éb), the gimbal angles and rates ( e , à ) and the displacement (4- Z ) and 
orientation ( e ) of the dish relative to the bus. The disturbance inputs in 44.  

ara modeled by 3 reaction wheel torques ( ge ) in the bus and 2 gimbal torques 
( 4 ) as well as 10 forces ( fi ..•• i i, ) distributed on both the bus and the 

dish. These forces are made up of the original 8 thruster inputs plus the 2 
additional thrusters described in Appendix III of Ref. [7]. 

Suppose the following outputs are to be controlled: 



•

[21:1 
• (4-3 

FrOM Ref. 
Variables 

[9],. we note that  the  beam_angles 
vià thé  expression:  

are related to the spacecraft 
) 

-5) 
..D e  
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Whf.dn comprises  ..the 3,bus attitude angles (e), .the,.2.beam angles .(ep) and the 2 
gimbal anee's,UL ). The  objective  is to force these outputs to tràck With zero 
'Steady State errors a Set of references 

i .115-444' e - --, P ref 
it '1, "e'4 

(

„ 
ei 

(4-4)* 

.Thila; the OntPUt 	is related tO the measûrement 

e 	y = Cp  

The system  matrices for  the evaluation model : (4-1) and (4- 5 )  as  deriVed frOM the'« 
data  of Ref. [1], are listed in ApPendiX F. 

The rciivité tbad'cing problei can now be defined as follows: 

Given à design  Model 
13, IA ÷ Bet' 

Y e c424c. 

În y := 

(4-6) 

where xc  e e , 	< 32' • 

Find a dynamic compensator of the form 

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



tAt 	t ) (4-7) 
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with the following properties (4-8): 

(a) STABILITY - Stabilizes all the modes in the design model (4-6); 

(h) STEADY STATE TRACKING - Forces the output (4-3) to tradk a constant, 
possibly non-zero, set point with zero steady state errors; 

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

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

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

ii) unmodeled 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 
contributions toward a quadratic cost function such as 

ea, 
jR a et 	 (4-9) 

Jo  

where R i  is 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 

(4-10) 



• 

r 	0  
Leye  :ee l  I °  

(4-11) [I 'è.1 p l,  
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where „ 

vv,, = 	ebifL  
we 	'ekr 3  

A, 
W4, = 	emi t 

Ws- = I  8er2S7.-  IL &  I 

(...1  Here, 	1 denotes the maximum tracking error for each output. 

Table 4-1 
Appendix F 

lists the modal cOsts computed from the evaluation model data of 
, and are based on the following bounds on the tracking errors: 

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 Appendix G. 

4.3 COMPENSATOR DESIGN 

The optimal solution to the robust tracking problem with properties (4-8) (a) - 
(c), i.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: 

- ete 
A AA 	+ (y 

— ;(—  F' 4 (A, 

where U0  is an arbitrary constant bias which allows the output to track the 
non-zero set point ED  . The integrals in (4-12a) perform the same role as in the 
classical single input-single output case in rejecting constant input 
disturbances. Figure 4-1 depicts the configuration of such a compensator. 

trt = 

(4-12a) 

(4-12b) 

(4-12c) 



-r 
— 	 (b) a ô 	e 	o (4-13) 

[F1 
	?:2

] 

tqc_(0) 
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In closed-loop, the steady state values of the integrator outputs in (4-12a) are 
determined by the bias  terni  Mo  , the set point 20  and the disturbance input 

. However, it can be shown that setting 

will remove their dependence on Mo and 0  . Here the matrix Hc.(0) denotes the 

zero-frequency  gain  of the closed-loop transfer function matrix 

FL(%) = Dc 	SJ1 5.( 54,. 
of the design system (4-6). 

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

N' t  

so that Equations (4-12a-c) can be written in the compact form 

A t x % 	e l y -t 	zo 

-1› 1 14 1 	Do  20  
(4-14) 

where 

A . 	f 
P% 

	Eja  . j 
8  

o 	
; 	t 	; 136 •— 	-I 

H-2(0)1 

The closed-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) 
[ 	 Ap 	1 NP1 	fe,pDol 	f 

1 	1 6.,J)p 	A, .1 P, 	t B. 	0 



I  te 	 , (4-16) 
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Note that provided the system matrix in (4-15) is asymptotically stable, it is 
guaranteed that 

I, 
	o 

L 	(t)J 

In other words; by virtue of (4-12à), - steady state tracking is achieved. 
Furthermore; this will occur despite the presenée Of the constant disturhance 
input tAot  and for any setting of the bias term t/te,' . Hence, we See that,hoth 
Iii..oPérÉies (4-8h) and (4-8c) aùtomatically hold when the Closed-loop eyalUatiOn 
systeM (4-15) is asymptotically stable. Thé robustness property (4-80 Will be 
shoWn at a later 'stage. 

It can be shown that necessary and sufficient conditions for the  existence Of 
the control laW (4-42d) are that 

(a) the  design  model (4-6) has no unstable fixed Modes, 	it MUSt be 
stabiliZable, and 

(15) the openloop transfer function matrix of (4-6) 

H() 	Dc 	Ac) 

contains no transmission zeroS at thé origin. 

In the case of non-constant set point or disturbance; condition (b) is MOdified 
to'read "no transmission  zeros at the frequencies of the tracking signal or 
disturbance". 

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

co . 

where e, , 	and RI: are suitably chosen weighting matricés;, p 	is a 
positive scalar constant which Will be used .  later on as a seardh paraffieter 
during design itération.  
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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 function (4-9) used in the modal cost analysis for the 

design model. The second terni 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 
• X e. =-. At„?(,, 	6cp,- 	&Uect (4-17) 

y = 	 Ism  , 

where tee and ewl  represent random input disturbance and measurement noise, 

respectively. These may be assumed to be uncorrelated zeromean white noise 

processes with intensities of 

[ tewl 	

v, 	1 
e v, (4-18) 

The scalar constant p 	here will be used later on to vary the estimator 

parameters during design iteration. For 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-1--vis 

parametric uncertainties (4-8d-i); the spillover robustness property (4-8d-ii) 

is much more difficult to show analytically, and will be numerically verified at 
the design stage. 

Suppose the actual model for the design system is given by 

x. c.= 

 

(At.  -I. jee  Ae«) )4C + 	«Ae,.)u. 	tret 

= T 	: (3), 

(4-19) 

4-7 



By defining the state estimation error as 

1 (e),.....tag,•  e, 	- ')Q. 	'(4-20) 

C 	P 
Akre De:4- 48,Ft 	, S'<e..  

- (gitÀ(3e )F, 

0 
i + 	1c) lee. 
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Where .4(*) 
values. The 

We càn write 

denotes the perturbation in thé- paraméterà rabout  'their  nominal 
disturbance input terms have been drouped into the Single veétor ilk. 

,:. ;\ 
x:: ')e.'" 

the error dyhamic equation from (4-12b) and (4-19)  as 

• 
leCe. 	(et c— K C e ) X e_ 	( 	K e.C.e) 	-t 4S, u 	Irk . 

Similarly, the control law (4-12c) becomes 

t;t• 	.`Ye- -e, 4. .H7,1  

„ 
The clOSedlocip system when the cOMpénSator (412) iè applied to the perturbed 
design modei (4-19) is then given by 

é 
Ae.- 8,Fi  + (A &.- 4È.E, 3  { 

e, 4- .il. c e. 

dbA e.-  K i 	-P1  

r( le ÷e8e) 1 
[ HiciÔ) 

h ebb e  0 	øJ  

-1 

x, 

Clearly, provided the system matrix in ( 4-20) is asymptotically stable, we  stil l 
get 

( ,;(c.ft),I;(t) , ';ac,(t ) ) 

i.e., steady state tracking is itaititàined despite the preSence of the Constant 
disturbanée term tik and  parametric variations in the design model (4-6). 
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It is well known that stability is a generic property (Ref. [10]): wherever a 
matrix is asymptotically stable for a given set of parameters, it wilt 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 in, however, remains to be determined; thts we shall do 

numerically in a later section. 

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 the white noise intensities of (4-18). In the absence of any 
guideline, we set the integrator output weighting factors ( 1Z ) to be of the 
same order of magnitude as the output weighting factors ( gt ). 

The intensity values ( \4 and V12. ) are derived from a standard wide-bandwidth 
coloured noise assumption: when the bandwLdth 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 density of the coloured noise at low frequencies. 

In the case of ea , we have assumed an rms value of 2.5 N-m for each disturbance 
torque and 2.5 N (rms) for each disturbance force; the power spectral densities 

are taken to be constant over +50 Hz and zero outside of this range. For the 
measurement noise Lem , we have assumed 0.001 deg (rms) for all angular 

measurements and 0.0001 deg/s (rms) for all rate measurements. Here the power 
spectral densities are assumed to be constant over +100 Hz and zero elsewhere. 

The open-loop eigenvalues for the design and evaluation models are listed in 

Table 4-3. Table 4-4 lists 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 F 	above 1.0E3. Below this value, 
the spillover from the unmodeled modes becomes excessive and eventually 

destabtlizes the system. The compensator parameter for the nominal case ( = 
1.0E3) are listed in Appendix H. 

4-9 
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Which may be rewritten as 

tr"..' 	+ 	H 	ttà., . 
(4-21) 

ï'racking with zero Steady State éttor ocCuta OnlY When thé blitPUt, teSpônse 
matrices 	and Ha are  the  idéntitY and  zero matrices,  teSPectiVelY..Thésé 
matrices  are  listed in Table 4-5, fot thé nominal  design. It iS Cleat that berth , 	. 
steadY state traCking and distUrbance rejéctien 	 (4-8hic)) have . 	. 
been achieved. FUrtherMote, Since these proPetties hold in the iirèsence of all 
thé residual modes in thé evaluaticin dedel, We haVé aiSO déMonStrated 
for the nominal compenaator. 

4.6 bEMONSTRÂTION  OF  ROBUàTNESS 

We Shall now deMonètrate the tôbustriesS  of  the noMinal coMpenSatdr (Appéndik 
to parametric UncertaintieS in the Contr011et and the  design  MOdel 
(4-8d-i)): For  this, as .pointed Out in Section 4.4, it iS onlY necessary . tO 
deMonstrate stability of the cloSed-iOop evaluation asteM (4-1 5 ) in thé 
ptedence of paraMettid Perturbation. 

A ComMon source of errors in thé conttollet is due tO round-offs in the 
controller gains during imPlementation. To,:.idemonsttaté robustneSS in  this 
regard, thé conttoller gaina Ft  , e2. and Vicffl of (4-12c)  are  roünded off to 
Various degrééS of accUracy; the case of 1 significant  figure  accilracy is listed 
in Table 4-6. 

Errors in the design model paraMetera cotild seriously affect the performance of 
the estimator (4-12b) since the latter tyPiCaIly embodieS à copy  of  the  nominal  
design môdel in its internal: structure. To demons.trate.sensitivity in this _ 	, 
regard,  We Multiply all the patamaters Of thé nOkihe éStlMator . ( ei.tipendix .4) .  by 
à Constant factor rePreSenting .  variations Of 1 tdi 20 pétcérit from their nOMinal 
values. 
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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. It appears that the closed-loop 

evaluation system is relatively insensitive to round-off errors in the 

controller gains. This is further demonstrated in Table 4-8 which lists the 

closed-loop eigenvalues with various degrees oE numerical accuracy in the 

controller gains. 

The closed-loop system stability is relatively more sensitive to parametric 

perturbation in the estimator however. This is demonstrated by the eigenvalues 

listed in Table 4-9. Nevertheless, for variations below 5 percent, the 

closed-loop eigenvalues remain 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 in the estimator parameters. 
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TABLE 4-1 	Modal Costs of Benchmark Model 

MODE 	FREQUENCY 	MODAL 
NO. 	(RAD/SEC) 	COSTS 

3 	0.239522 	0.205407E+2 
a 	0.151178 	0.129580E+1 
1 	0.124348 	0.487066E 0 
6 	0.779434 	0.211837E 0 
9 	1.551440 	0.183379E 0 

11 	13.804100 	0.154724E 0 
4 	0.556322 	0.135429E 0 
10 	10.046000 	0.131883E 0 

5 	0.690179 	0.657074E-2 
7 	1.022720 	0.402586E-2 
a 	1.087340 	0.117715E-2 

1 
4-13 
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TABLE  4-2 Design Values of OuadratiC Cost Weighting' Naitx"ièéa and 
Noise Intensities for the Tracking ProbleM 

0 	k' 

De et .1)c. 	° Pier ig 	
[ 

MATRIX A FROM FILE DZMD y BLOCKNO. 5, MATRIXNO. 9 
DIMENSION 25*25, SAMPLING TIME = 	•000 

( 1) 	(  2. 	3) 	( 4) 	( 5)• 
( 1) 30.1656 	•-1.280065E-02-3.070631E-02-3.043099E-03 420.766 
( 2) -1.280065E-02 39.9849 	27.9971 	-458.283 	-.178804 
( 3) -3.070631E-02 27.9971 	20.9204 	-320.791 	-.428339 
( 4) -3.043099E-03 -458.283 	-320 , 791 	6023.90 	-3.198634E-02 
( 5) 420.766 	-.178804 	-.428339 	-3.198634E-02 16700.75 
( 6) 5.474248E-03 6.51054 	5.31940 	-125.773 	7.163733E-02 
( 7) -3.04528 	-5.400979E-02-4.558394E-02 1.03325 	-45.8044 
( 8) -15.0565 	1.939919E-02 2.825752E-02 -.191570 	-247.471 
( 9) -3.448858E-02 -16.4633 	-11.3469 	41.6997 	-.373792 
(10) 0.00000 	0.00000 	0. 00000 	0.00000 	0•00000 
(11) 0.00000 	0.00000 	0.00000 	"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 	0000000 
(25) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) 5.474248E-03 -3.04528 	-15.0565 	-3.448858E-02 0•00000 
( 2) 6.51054 	-5.400979E-02 1.939919E-02 -16.4633 	0.00000 
( 3) 5.31940 	-4.558394E-02 2.825752E-02 -11.3469 	0.00000 
( 4) -125.773 	1.03325 	-.191570 	41.6997 	0.00000 
( 5) 7.163733E-02 -45.8044 	•  -247.471 	• 	-.373792 	0.00000 
( 6) 4.94117 	-3.607387E-02 2.784558E-02 4.43782 	0.00000 
( 7) -3.607387E-02 2.31682 	8.54658 	1.085328E-02 0.00000 
( 8) 2.784558E-02 8.54658 	32.8982 	1.864031E-02 0.00000 
( 9) 4.43782 	1.085328E-02 1.864031E-02 214.197 	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 

KI  



SPAR 
	 migammw 

TABLE 4-2 --- CONTINUED 

Matri 
[ 

:tc 	 (cem râ.) 

(11) 	(12) 	(13) 	(14) 

( 1) 0.00000 	0.00000 	0.00000 	0.00000 

( 2) 0.00000 	0.00000 	0.00000 	0.00000 

( 3) 0.00000 	0.00000 	0.00000 	0.00000 

( 4) 0.00000 	0.00000 	0.00000 	0.00000 

( 5) 0.00000 	0.00000 	0.00000 	0.00000 

( 6) 0.00000 	0.00000 	0.00000 	0.00000 

( 7) 0.00000 	0.00000 	0.00000 	0.00000 

( 8) 0.00000 	0.00000 	0.00000 	0.00000 

( 9) 0.00000 	0.00000 	0.00000 	0.00000 

(10) 0.00000 	0.00000 	0.00000 	0.00000 

(11) 0.00000 	0.00000 	0.00000 	0.00000 

(12) 0.00000 	0.00000 	0.00000 	0.00000 

(13) 0.00000 	0.00000 	0.00000 	0.00000 

(14) 0.00000 	0.00000 	0.00000 	0.00000 

(15) 0.00000 	0.00000 	0.00000 	0.00000 

(16) 0.00000 	0.00000 	0.00000 	0.00000 

(17) 0.00000 	0.00000 	0.00000 	0.00000 

(18) 0.00000 	0.00000 	0.00000 	0.00000 

(19) 0.00000 	0.00000 	0.00000 	0.00000 

(20) 0.00000 	0.00000 	0.00000 	0.00000 

(21) 0.00000 	0.00000 	0.00000 	0.00000 

(22) 0.00000 	0.00000 	0.00000 	0.00000 

(23) 0.00000 	0.00000 	0.00000 	0.00000 

(24) 0.00000 	0.00000 	0.00000 	0.00000 

(25) 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 

(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 	0.00000 

(18) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 

(19) 0.00000 	0.00000 	0.00000 	3.647600E+06 0.00000 

(20) 0.00000 	0.00000 	0.00000 	0.00000 	3.647600E+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 



( 3) 
0. 00000  
0.00000 

1.00000 
0.00000 

0.00000 
0.00000 
0.00000 

( 4) 
0.00000 

0.00000 
0.00000 

1.00000 

0.00000 
0.00000 

0.00000 

( 5) 

0.00000 

0.00000 
0.00000 

0.00000 

1.00000 

0.00000 

o.00000 

Amomme„. 
SPAW 

AmiOiem0' 

TABLE 4-2 --- CONTINUED 

(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 	o.00000 	0.00000 	o.00000 	0,00000 : 

( 4) o.00000 	0,00000 	0.00000 	o.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) o.00000 	0.00000 	0,00000 	offl000 	0.00000 
( 8) 0.00000 	0.0000 	0.00000 	o.00000 	0.00000 
( 9) offl000 	o.00000 	0.00000 	0.00000 	0.00.000 , 

(10) 	0.00000 	o.00000 	0.00000 	0.00000 	0.00000. 

cm 	o.00000 	o.00000 	o.00000 	0.00000 	o.00000 
(12) 0.00000 	0.00000 	o.00000 	o.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 	o.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) o.00000 	0.00000 	o.00000 	0. 000.00 	0.00000 

(19) 0.00000 	o.00000 	o.00000 	0.00000 	0.00000  

(20) o.00000 	o.00000 	o.00000 	o.00000 	0.00000  
(21) 328280. 	0.00000 	0.00000 	0.00000 	0.00000 

(22) 0.00000 	3.282800E+07 0.00000 	0.00000 	0.00000 

(23) 0.00000 	0.00000 	3.282800E+07 0.00000 	0 . 00000  

(24) 0,00000 	o.00000 	o.00000 	3.647600E+06 0.00000 
(25) 0.00000 	o.00000 	0.00000 	0.00000 	3.647600E+06 

mahhe 122  : 

MTRIX B F'ROM FILE iUMP 	BLOCKNO. 50 MATRIXN0.10 
DIMENSION 7* 7 ,  SAMPLING' TIME = 	.000 

( 1) 	( 2) 
( 1) 1.00000 	o•00000 
( 2) 0.00000 	1.00000 
( 3) 0.00000 	0.00000 
( 4) 0.00000 	0.00000 
( 5) 0.00000 	0.00000 
( 6) 0.00000 	o.00000 
( 7) 0.00000 	o.00000 

( 6) 	( 7) 
( 1) o.00000 	0.00000  
( 2) o.00000 	0.00000  
( 3) 0.00000 	0.00000 
( 4) 0.00000 	0.00000  
( 5) 0.00000 	0.00000 
( 6) 1.00000 	0.00000  
( 7) 0.00000 	1.00000 



Mdfrin 
7 

6‘le tti 8de 

( 5) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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 
1.862745E-04 

-5.467824E.-08 
-8.304348E-08 
-1.043717E-08 
-7.223856E-06 
3.740563E-07 
5.268962E-05 

-6.015231E-05 
1.117428E-08 

TABLE 4-2 --- CONTINUED 

MATRIX C FROM FILE DZMD  y  BLOCKNO. 5, MATRIXN0.11 
DIMENSION 18*18y SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 	0.00000 	0.00000 
( 4) 0.00000 	0.00000 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 

	

,( 6) 	0.00000 	0.00000 	0.00000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0.00000 
(15) 0.00000 	0.00000 	0.00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000 	0.00000 
(17) 0.00000 	0.00000 	0.00000 	0.00000 
(18) 0.00000 	0.00000 	0.00000 	0,00000 

( 6) 	( 7) 	( 8) 	( 9) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 	0.00000 	0.00000 
( 4) 0.00000 	0.00000 	0.00000 	0.00000' 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 
( 6) 0.00000 	0.00000 	0.00000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0.00000 
(15) 0.00000 	0.00000 	0.00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000 	0.00000 
(17) 0.00000 	0.00000 	0.00000 	0.00000 
(18) 0.00000 	0.00000 	0.00000 	0.00000 
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TABLE 4-2 . -7- CONTINUED 

-r 
Ma tri K 	v, swe, centk) : 

• ... 

	

(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) -5.467824E -08 -8.304348E-08-1.043717E-08-7.223856E-06 3.740563E-07 
(11) 7.329006E-05-3.309283E-05 1.493306E-06 5.995790E-10 3.921998E-05 
(12) -3.309283E-05 3.207849E-05 7.932499E-07 8.769021E-09-9.574449E-06 
(13) 1.493306E-06 7.932499E-07 3.538659E-06 7.825178E-10 1.077610E-06 
(14) 5.995790E-10 8.769021E-09 7.825178E-10 3.690944E-06-1.393118E-08 
(15) 3.921998E-05-9.574449E-06 1.077610E-06-1.393118E- 08 2.610604E-05 
(16) -2.318679E -07-3.547880E-08-1.214812E-08-2.445818E-06-6.545907E-08 
(17) 4.387018E-08 6.033546E-08 7.097497E-09 7.057460E-07-7.822477E-08 
(18) 1.574592E-05-7.363499E-06 2.448564E-06-1.768782E-09 1.018323E-05 

	

(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 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 
( 6) 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) 5.268962E-05-6.015231E-05 1.117428E-08 
(11) -2.318679E-07 4.387018E-08 1.574592E-05 
(12) -3.547880E-08 6.033546E-08-7.363499E-06 
(13) -1.214812E-08 7.097497E-09 2.448564E-06 
(14) -2.445818E-06 7.057460E-07-1.768782E-09 
(15) -6.545907E-08-7.822477E-08 1.018323E-05 
(16) 2.034335E-05 8.019212E-06-4.641651E-08 
(17) 8.019212E-06 1.604670E-04 1.553975E-08 
(18) -4.641651E-08 1.553975E-08 9.363654E-06 
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1 

1 
1 
1 
1 

1 
1 

1 

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  

( 6)  

( 7)  
( 8)  

( 9)  

(10)  
(11)  
(12)  

(13)  
(14)  

(15)  
(16)  

( 1)  

( 2)  
( 3)  

( 4)  
( 5)  

( 6)  

( 7)  

( 8)  
( 9)  

(10)  

(11)  
(12)  

(13)  
(14)  
(15)  
(16)  

(11) 
0.00000 

0.00000 

0.00000 

0.00000 

0.00000 
0.00000 

0.00000 
0.00000 
0.00000 

0.00000 

1.523087E-12 
0.00000 

0.00000 
0600000 
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 

(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 

	

1.523087E-14 0.00000 	0.00000 

	

0.00000 	1.523087E-14 0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	1.523087E-14 0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	1.523087E-14 0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 	1.523087E-14 

( 1)  

( 2)  

( 3)  

( 4)  

( 5)  

( . 6) 

( 7)  
( 8)  
( 9)  

(10)  

(11)  
(12)  

(13)  
(14)  
(15)  

(16)  

(12) 
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 

(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 

TABLE 4-2 --- CONTINUED 

M a 11-; 	 14,  • 

MATRIX A FROM FILE DZMD r BLOM°.  5,  MATRIXN0.12 
DIMENSION 16*16y SAMPLING TIME = 	.000 " 

( 1) 	( 2) 	( 3) 	( 4) 

	

1.523087E-12 0.00000 	0.00000 	0.00000 

	

1.523087E-12 0.00000 	0.00000 

	

0.00000 	1.523087E-12 0.00000 

	

0.00000 	0.00000 	1.523087E-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 
0.00000 
0.00000 

0.00000 
0.00000 

0.00000 

0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

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

0.00000 
0.00000 

0.00000 

0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

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

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) 

0.00000 
0.00000 
0.00000 

0.00000 
0.00000 

0.00000 

0.00000 

( 5) 

0.00000 
0.00000 
0.00000 
0.00000 
1.523087E-12 
0.00000 

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 

( 6) 	 ( 7) 	 ( 8) 

	

0.00000 	0.00000 	0600000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

1.523087E-12 0.00000 	0.00000 

	

0.00000 	1.523087E-12 0.00000 

	

1.523087E-12 0.00000 	0.00000 

	

0.00000 	1.523087E-12 0.00000 

	

0.00000 	0.00000 	1.523087E-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 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 
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TABLE 4-3 Open-loop Eigenvalues for the Trapki,ng Problem 

EVALUATION 	DESIGN 	' 
MODEL 	 MODEL 

RIGID 	0.0 	 0.0 
BODY 	(repeated 10 times) 	( rePeated 10  times) in 
MODES 	 w 

J 
J 

	  0 	  
CC 
I-- 

-2.108E-2 ±i 0.779345 	z 0 	-2.108E-2 ±i 0.779345 
-1.705E-3 ±i 0.239518 	u 	-1 . 705E-3 ± 1 0 . 239518  
-9.230E-4 ±i 0.124347 	-9.230E-4 ±i 0.124347 
-8.530E-4 ± 1  0.151178 	-8.530E-4 ±i 0.151178 

ELASTIC 	-1.17460 	±i 13.8041 	m 
BODY 	-0.523904 ±i 10.0460 	m 
MODES 	-7.505E-2 ±i 1.55144 	co 

-6.064E-3 ±i 	1.08734 	CI 
c 

-8.059E-3 ±i 1.02272 	D 

-5.531E-3 ±i 0.690179 	r 
-8.557E-3 ±i 0.556322 
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TABLE 4-4 	Closed-loop Evaluation System Eigenvalues for 
the Tracking Problem 

e 	. 1.0E+5 	f 	= 1.0E+4 

-1.253860 ±i 	14.11590 	-1.492790 ±i 	15.50530 
-0.447271 ±i 	10.19800 	-0.259323 ±i 	10.59820 

RESIDUAL 	-7.506E-2 ±i 1.549120 	-7.238E-2 ±i 1.539380 
MODES 	-6.063E-3 ±i 1.087410 	-6.038E-3 ±i 1.087740 

-7.944E-3 ±i 	1.024130 	-9.672E-3 ±i 	1.029160 
-5.409E-3 ±i 0.692430 	-9.736E-3 ±i 0.711640 
-5.829E-3 ±i 0.566992 	-8.248E-3 ±i 0.611663 

-2.111E-2 ±i 0.779420 	-8.793E-2 ±i 0.777104 
-3.653E-2 ±i 0.778697 	-2.104E-2 ±i 0.779398 
-4.565E-3 ± 1  0.239586 	-1.322E-2 ±i 0.240226 
-5.488E-2 ±i 0.235902 	-0.170520 ±i 0.193135 
-1.333E-3 ±i 0.151112 	-8.783E-2 ±i 0.158532 
-6.724E-3 ±i 0.152010 	-3.014E-3 ±i 0.150567 
-3.599E-3 ±i 0.124508 	-1.036E-2 ±i 0.155176 
-2.139E-2 ±i 0.126577 	-5.199E-2 ±i 0.154047 	, 

CONTROLLED 	-6.111E-2 ±i 0.106194 	-7.603E-3 ±i 0.126664 
MODES 	-0.122220 	-4.701E-2 ±i 0.131843 
(including 	-0.132219 	-0.179065 
compensator) 	-5.107E-2 ±i 9.849E-2 	-0.173113 

-3.247E-2 ±i 5.492E-2 	-4.821E-2 ±i 7.945E-2 
-1.732E-2 ±i 3.869E-2 	-2.092E-2 ±i 5.694E-2 
-3.114E-2 ±i 4.409E-2 	-4.908E-4 
-4.702E-2 ±i 3.915E-2 	-4.873E-4 
-6.276E-2 	-0.121506 
-5.536E-2 ±i 8.178E-3 	-9.677E-2 ±i 5.035E-2 
-3.918E-2 ±i 3.513E-2 	-4.079E-2 ±i 5.070E-2 
-4.560E-2 ±i 3.473E-2 	-7.761E-2 ±i 5.580E-2 
-3.203E-2 ±i 2.864E-2 	-6.546E-2 ±i 5.755E-2 
-3.704E-2 ±i 2.295E-2 	-8.239E-2 ±i 4.357E-2 
-1.560E-4 ±i 	1.215E-6 	-9.143E-2 

-8.606E-2 
-5.361E-2 ±i 	1.909E-2 
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TABLE 4-4 --CONTINUED 

_ 
p . 1.0E+3 	e = 1.0E+2 

-1.885260 ± 1  20.80360 	-2.626500 ±i 34.80960 
-0.106470 ±i 	11.05890 	-7.553E-2 ±i 	11.26330 

RESIDUAL 	-4.749E-2 ±i 	1.501200 	0.147065 ±i 	1.399210 * 
MODES 	-6.772E-3 ±i 1.093150 	-1.087E-2 ±i 1.079630 

-2.407E-2 ±i 	1.039420 	-3. 742E-2  ±i 	1 . 003100  
-2.201E-2 ±i 0.779488 	-2.464E-2 ± 1  0.779871 
-7.747E-3 ±i 0.656300 	-5 885E-3  +1 0 662209 

-0.948199 	-3.1 28380  
-8.721E-2 ±i 0.887757 	-1.502090 
-0.232469 ±i 0.798301 	-0. 408867 ±i 1 . 474480  
-0.364507 	-0.687241 ±i 0.926420 

-0. 122789  ±i 0 . 231737 	-0.429995  
CONTROLLED 	-3.498E-2 ±i 0.243471 	-0.166849 ±i 0 . 343024 
MODES 	-0.271089 	 1 .074E-2 ±i 0 . 313069  * 
(including 	-2.868E-2 ±i 0.233024 	-0.260080 ±i 0.197197 
c°mPensator ) 	-0.150244 ±i 0.133151 	-0.206246 ± 1  0.244639 

-0.158051 ±i 0.131145 	-7.424E-2 ±i 0.262900 
-9.297E-3 ±i 0.157208 	-0.262054 ±i 7.925E-2 
-5.772E-3 ±i 0.148253 	-9.674E-2 ±i 0.143424 
-1.294E-2 ±i 0.136720 	-5.771E-2 ±i 0.172578 
-5.729E-2 ±i 0.140760 	-6.671E-3 ±1 0.146587 
-7.193E-2 ±i 0.111687 	-1.262E-2 ± 1  0.156744 
-0.175142 ±i 4.864E-2 	-1.093E-2 ±i 0.155965 
-2.632E-2 ±i 7.778E-2 	-0.203952 
-5.641E-2 ±i 6.923E-2 	-3.209E-2 ±i 0.111407 
-1.564E-3 	-8.989E-2 ±i 9.457E-2 
-1.451E-3 	-4.991E-3 
-0.135853 	-4.351E-3 
-7.340E-2 ±i 2.046E-2 	-0.105388 ±i 2.777E-2 
-0.126331 	-0.127057 
-0.103870 	-0.100630 
-0.107568 	-0.100363 
-0.109545 	-0.102554 
-0.106783 	-0.100443 

UNSTfLE  mongs 
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TABLE 4-5 Steady State Output Matrices for the Nominal 
Tracking 

Compensator Design 

a tri«  le Fie  

DIMENSION 7* 7, SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) 1.00000 	7.222570E - 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 	3.413336E-18-3.091838E-16 
( 4) 1.154978E-16 4.049099E-18-2.575951E-20 1.00000 	-4.052902E-18 
( 5) 7.680477E-18 5.005569E-16 1.212298E-17-6.181762E-18 1.00000 
( 6) 2.599146E-18-1.163049E-16 1.816813E-18-2.076652E-18 1.206527E-16 
( 7) 2.163441E- 17-2.449042E-18-6,235565E-20-3.069375E-17 2.369140E-18 

( 6) 	( 7) 
( 1) -1.622449E-18 1.058575E-16 
( 2) -2.362052E-16 2.233253E-18 
( 3) -5.877398E-16-3.703425E-18 
( 4) -7.707981E-18 2.070804E-16 
( 5) -9.372822E-16 1.478602E-17 
( 6) 1.00000 	4.714397E-18 
( 7) 4.271041E-18 1.00000 

Mafil 

DIMENSION 7*15, SAMPLING TIME = 	.000 

( 1) 	 ( 2) 	( 3) 	( 4) 	( 5) 
( 1) 1.169683E-20-3.883165E-23-3.626728E-23 2.788458E-23-1.114277E-20 
( 2) 1.320579E-22 1.602558E-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) 6.397284E-21 1.487525E-23-2.423700E-23-8.513024E-23-6.604930E-20 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 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-19-1.369088E-20 1.249203E-20-1.788130E-19-3.310288E-20 
( 4) 1.694106E-20-1.708590E-20-1.721897E-20 1.736393E-20-1.388282E-20 
( 5) 5.572719E-20-1.436558E-20 1.410157E-20-5.538003E-20 3.534339E-20 
( 6) 4.309276E-21-6.091781E-21 6.105650E-21-4.306472E-21 3.808347E-20 
( 7) 7.009995E-21-7.270317E-21-7.224937E-21 7.485009E-21 3.026564E-21 

(11) 	(12) 	(13) 	(14) 	(15) 
( 1) 2.715858E-21 3.025617E-21-2.715858E-21 9.230170E-20 6.929102E-19 
( 2) 5.104229E-20-4.921173E-20-5.104229E-20 3.841682E-22 2.043055E-21 
( 3) -2.553560E-20 3.310288E-20 2.553560E-20 1.077350E-21 3.755733E-21 
( 4) 1.384672E-20 1.388282E-20-1.384672E-20 2.077638E-19 1.540848E-18 
( 5) 3.770875E-20-3.534339E-20-3.770875E-20-6.949205E-21-4.858054E-20 
( 6) 3.798916E-20-3.808347E-20-3.798916E-20-9,575699E-22-6.864325E-21 
( 7) -3.232704E-21-3.026564E-21 3.232704E-21 5.069501E-20 3.792845E-19 

4-23 
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TABLE 4-6 Nominal Controller Feedback Gains Rounded to One 

Significant Figure Accuracy 

Meer; x 

MATRIX A FROM FILE DZMD5 r DLOCKNO.  7,  MATRIXNO. 1 
DIMENSION 7*18, SAMPLING TIME = 	.000 

( 1) 	 ( 2) 	( 3) 	( 4) 	( 5) 
( 1) 3.000000E-05 -1.00000 	-1.00000 	20.0000 	-1.000000E-04 
( 2) 1.00000 	-8.000000E-04-2.000000E-03-3.000000E-04 20.0000 
( 3) 5.000000E-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 	-.900000 	-.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 	-7.000000E-03 -6.00000 
( 7) -.100000 	.200000 	-.500000 	-7.000000E-03 6.00000 

(11) 	(12) 	(13) 	(14) 	(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 	6.00000 	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 -.800000 
( 4) 2.00000 	2.00000 	6.000000E-03 
( 5) -2.000000E-02-2.000000E-02 .200000 
( 6) -.600000 	-.400000 	-.200000 
( 7) .500000 	.500000 	-.200000 
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TABLE 4-6 --- CONTINUED 

A461 -trig. Fn.  : 

MATRIX D FROM FILE DZMD5 	BLOCKNO, 7r MATRIXNO, 2 

DIMENSION 7* 7r SAMPLING TIME = 	.000 

( 1)  
( 2)  
( 3)  

( 4)  

( 5)  

( 6)  

( 7)  

( 1) 	( 2) 	( 3) 

	

3.000000E-02 -2.00000 	-2.00000 

-4.00000 	3.000000E-02-8.000000E-03 

	

-.200000 	60.0000 	.400000 

	

-40.0000 	-.200000 	4.000000E-02 

	

.200000 	10.0000 	20.0000 

-30.0000 	-10.0000 	7.00000 

	

30.0000 	-10.0000 	7.00000  

( 4> 	( 5) 

-3.000000E-02 -200.000 

	

200.000 	-4.000000E-02 

	

.200000 	-30.0000 

	

40.0000 	.200000 

	

-.100000 	10.0000 

	

-40.0000 	-40.0000 

	

40.0000 	-40.0000 

( 6) 	( 7) 

( 1) 20.0000 	6.000000E-02 

( 2) -8.000000E-02 20.0000 
( 3) -20.0000 	-.300000 

( 4) .500000 	-40.0000 
( 5) 30.0000 	.300000 
( 6) -30.0000 	30.0000 

( 7) -30.0000 	-30.0000 

Wicurrix He, (0) 

MATRIX C FROM FILE DZMD5 	BLOCKNO, 7 ,  MATRIXNO. 3 
DIMENSION 7* 7, SAMPLING TIME = 	.000 

( 3) 	( 4) 	( 5) 

	

-50.0000 	-7.00000 	300.000 

	

-.200000 	-3000.00 	-40.0000 

	

20.0000 	30.0000 	-8000.00 

	

1.00000 	20000.0 	200.000 

	

300.000 	-90.0000 	4000.00 

	

200.000 	-5000.00 	-5000.00 

	

200.000 	• 5000.00 	-5000.00 

( 1) 	( 2) 

( 1) 7.00000 	-2000.00 

( 2) 4000.00 	40.0000 

( 3) -30.0000 	9000.00 
( 4) -20000.0 	-200.000 
( 5) 90.0000 	-4000.00 
( 6) 4000.00 	4000.00 
( 7) -4000.00 	4000.00 

( 6) 	( 7) 
( 1) 3000.00 	10.0000 
( 2) -70.0000 	8000.00 

( 3) -20000.0 	-70.0000 

( 4) 400.000 	-50000.0 

( 5) 8000.00 	200.000 

( 6) -9000.00 	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 
RETAINED IN CONTROLLER GAINS 
	, 	  

NOMINAL 	5 	 3 , 	 2 	 1 

z (r) . ce 
W  

wi- 	NOMINAL 	0 	0 	0 	0 	0 co w z E 
a a 	1 	 0 	 0 	 0 	 0 	 0 i a 
OŒ 

a 
W 	5 	0 	 0 	0 	 0 	 0 
CD Cr 
ŒO  
F- F-  10  2 a a e e z a 
W E 
0 .-4 
Cr F- 	20 	 4 	 4 	 4 	 4 	 4 
w u) 
a ILI 

, 

1 
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TABLE 4-8 Sensitivity of Closed-loop Evaluation System 

Eigenvalues to Round-off Errors in Controller 
Sains Alone 

NUMBER OF SIGNIFICANT FIGURES RETAINED 

NOMINAL 1 3 

-1.885260 ±i 20.80360 
0.106470 ±i 11.05890 

-4.749E-2 ±1 1.501200 
-6.772E-3 ±i 1.093150 
-2.407E-2 ±1 1.039420 
-2.201E-2 .±1 0.779488 
-7.747E-3 ±1 0.656300 

-1.885450 ±1 20.81200 
-0.106382 ±i 11.05920 
-4.744E-2 ±i 1.501170 
-6.803E-3 ti 1.093170 
-2.410E-2 ±i 1.039430 
-2.201E-2 ±i 0.779488 
-7.748E-3 ti 0.656328 

-1.872580 ti 20.79460 
-0.105653 ± 1  11.05810 
-4.707E-2 ±1 1.497490 
-6.360E-3 ±i 1.093650 
-2.384E-2 ±1 1.040030 
-2.225E-2 ±1 0.779412 
-7.662E-3 ±i 0.656428 

R
E
S
I
D
U
R
L
 M
O
D
E
S
 

-0.948199 
-8.721E-2 ±i 0.887757 
-0.232469 ±i 0.798301 
-0.364507 
-0.122789 ± 1  0.231737 
-3.498E-2 ±1 0.243471 
-0.271089 
-2.868E-2 ±1 0.233024 
-0.150244 ± 1  0.133151 
-0.158051 ±i 0.131145 
-9.297E-3 ±1 0.157208 
-5.772E-3 ±i 0.148253 
- 1.294E-2 ±i 0.136720 
-5.729E-2 ±i 0.140760 
-7.193E-2 ±1 0.111687 
-0.175142 ±i 4.864E-2 
-2.632E-2 ±i 7.778E-2 
-5.641E-2 ±i 6.923E-2 
-1.564E-3 
-1.451E-3 
-0.135853 
-7.340E-2 ±1 2.046E-2 
-0.126331 
-0.103870 
-0.107568 
-0.109545 
-@.106783 

-0.948211 
-8.771E-2 ti 0.888301 
-0.232435 ±1 0.798415 
-0.364870 
-0.122244 ±i 0.231893 
3.494E-2 ±i 0.243445 
-0.271833 
-2.867E-2 ±i 0.233197 
-0.150224 ± 1  0.133152 
-0.157931 ±1 0.132145 
-9.296E-3 ±i 0.157206 
-5.782E-3 ±i 0.148257 
-1.298E-2 ±1 0.136721 
-5.717E-2 ±i 0.140782 
-7.194E-2 ti 0.111535 
-0.175299 ±i 4.815E-2 
-2.623E-2 ±1 7.768E-2 
-5.626E-2 ±i 6.882E-2 
-1.563E-3 
-1.449E-3 
-0.136056 
-7.371E-2 ±1 2.064E-2 
-0.125983 
-0.103871 
-0.107568 
-0.109526 
-0.106827 

-0.946249 
-8.705E-2 ±1 0.888665 
-0.238130 ti 0.794513 
-0.367380 
-0.115397 ± 1  0.255193 
5.007E-2 2:1 0.243303 
-0.290839 
-1.815E-2 ±1 0.240148 
0.175518 ±1 0.142941 

-0.145501 ±i 0.131732 
-7.016E-2 ±1 0.165551 
-9.177E-3 ±i 0.157090 
-1.322E-2 ±1 0.136203 
-6.359E-3 ±i 0.147016 
-5.946E-2 ±i 0.144489 
-0.185877 ±i 3.656E-2 
-2.321E-2 ±i 7.609E-2 
-4.981E-2 ±1 7.113E-2 
-8.257E-2 ±i 3.278E-2 
-7.355E-2 
-0.122732 
-0.107702 
-0.104441 ±i 1.448E-3 
-1.532E-3 
-1.308E-3 
-0.104710 



NOMINAL 5.0 10. 0 

PERCENTAGE CHANSE IN ESTIMATOR PARAMETERS 

-1.885260 
-0.106470 
-4.749E-2 
-6.772E-3 
-2.407E-2 
-2.201E-2 
-7.747E-3 

20.80360 
11.05890 
1.501200 
1.093150 
1.039420 
0.779488 
0.656300 

-1.908230 
-0.104528 
-4.589E-2 
-7.508E-3 
-2.475E-2 
-2.205E-2 
-7.706E-3 

21.11120 
11.07040 
1.499750 
1.093790 
1.038230 
0.776929 
0.656949 

-1.931170 ±i 21.41470 
0.102815 ± 1  11.08100 
-4.437E-2 ±i 1.498340 
-8.462E-3 ±1 1.094310 
-2.487E-2 ±1 1.036820 
-2.106E-2 ±i 0.774636 
-7.693E-3 ±i 0.657519 

R
E
S
ID
U
A
L
 M
O
D
E
S
 

± i 
+1 
+1 
+1 
+1 
+1 

-0.948199 
-8.721E-2 ±i 0.887757 
-0.232469 ± 1  0.798301 
-0.364507 
-0.122789 ± 1  0.231737 
-3.498E-2 ±i 0.243471 
-0.271089 
-2.868E-2 ±1 0.233024 
-0.150244 ±i 0.133151 
-0.158051 ± 1  0.131145 
-9.297E-3 ±i 0.157208 
-5.772E-3 ±1 0.148253 
-1.294E-2 ±i 0.136720 
-5.729E-2 ±i 0.140760 
-7.193E-2 ±i 0.111687 
-0.175142 ±1 4.864E-2 
-2.632E-2 ±i 7.778E-2 
-5.641E-2 ±1 6.923E-2 
-1.564E-3 
-1.451E-3 
-0.135853 
-7.340E-2 ±i 2.046E-2 
-0.126331 
-0.103870 
-0.107568 
-0.109545 
-0.106783 

-1.030920 
-9.068E-2 ±i 0.899155 
-0.245937 ±i 0.841404 
-0.422208 
-0.173503 ± 1  0.226040 
-5.004E-2 ±i 0.242070 
-0.193923 
-3.076E-2  ±i 0.231551 
-0.180626 ±1 0.156962 
-0.117362 ±1 0.172011 
-1.376E-2 ±i 0.168149 
-7.067E-4 -±1 0.148535 
-5.963E-3 -±1 0.144879 
-7.129E-2 ±i 0.132467 
-7.606E-2 ±i 0.108317 
-2.269E-2 ±1 7.466E-2 
-4.933E-2 ±1 7.296E-2 
-0.114195 ±1 3.543E-2 
-1.563E-3 
-1.451E-3 
-0.183215 
-0.148711 ±J. 1.730E-2 
-0.119124 
-8.674E-2 ±1 1.854E-2 
-7.222E-2 
-0.131078 

-1.110440 
-0.260180 ±i 0.882642 
-9.475E-2 ±1 0.912267 
-0.469872 
-0.206396 ±i 0.267616 
-6.371E-2 ±i 0.243431 
-0.227707 
-3.274E-2 ±i 0.230317 
-0.201637 ±i 0.177603 
-1.333E-2 ±i 0.177727 
-8.743E-2 ±i 0.164375 
1.263E-3 ±i 0.149065 * 

-1.329E-3 .±1 0.149127 
-7.963E-2 ±i 0.131834 
-8.274E-2 ±1 0.100858 
-1.974E-2 ±1 7.234E-2 
-4.557E-2 ±1 7.333E-2 
-0.109441 ±i 5.300E-2 
-1.563E-3 
-1.451E-3 
-0.147607 
-0.144876 ±i 1.723E-2 
-0.130184 ±1 4.182E-2 
-8.923E-2 ±i 2.684E-2 
-6.238E-2_ 
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TABLE 4-9 Sensitivity of Closed-loop Evaluation System Eigenvalues 

to Perturbation in Estimator Parameters Alone 
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or of the multiplicative type 

a'Ce) = (s 	d16,c5) c%) • (5-2) 

1 

1 

1 

1 

1 

5.0 A ROBUSTNESS DESIGN CRITERION FOR INTEGRAL FEEDBACK COMPENSATORS 

A general theory of robustness for multivariable feedback systems has evolved 

' over the recent years (Refs. [11]-[16]). This theory holds a special appeal to 
designers of flexible spacecraft control systems because it presents a unified 
theoretical framework for dealing with such problems as dynamic spillover, 
modeling uncertainties and sensor/actuaor selection. Indeed, a number of 
application papers have already appeared in the recent literature (Refs 
[17]-[19]). 

Following a brief outline of the theoretical background, it will be pointed out 
that the commonly accepted robustness criteria may not be 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.[1]. 

5.1 THEORETICAL BACKGROUND 

The theory as expounded in the literature generally deals with a unity feedback 
multivariable system as shown in Fig. 5-1. The loop transfer function 
typically comprises the open-loop plant dynamics 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 '4e (s) The 
perturbation may be represented as either  of the additive type 

4C5) 	6A) 	($) (5-1) 

The key question is that given the nominal closed-loop system is stable, under 
what constraint on the perturbation dynamics 4SelCs) is the perturbed unity 
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 literature. In short, the results are based on the 
properties of the return difference matrix (i-t ce>) and the ability to 
continuously deform its Nyquist diagram into one corresponding to the perturbed 
version (.1 .1.(e)) without crossing the critical point (the origin). 

Under the assumptions that 

5-1 
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(a) the open-loop transfer function matrices ee) and em  have the 'same nuMber 
of unstable poles; 

(b) the nominal cloéed-loop system (with zero perturbation).is asymptotically . 
stable; and 

(c) the eigenvalues of 	along the imaginary axis -coincide with those of thé: 
nominal systeme(s),. 

then the perturbed closed-loop system remains asymptotically stable if 

	

< _g:  [i+  (.543)3 	> 

in the case of additive perturbation (5-1), and 

(aeb(je%))) 	 4- fes.)3 	 (5-4) 

in the case of multiplicative perturbation (5-2). 
- 

Here 	5; (') and 	27: (') 	denote the maximum and minimum  singular values, 
respectively, of a matrix; they are defined as follows: . 

El(A) := men I‘Ax(t = 111Vtele eie.v.eiAt oe ea. 

 r (A) 1:= tt^ ."4 ti Anti = *dye ei5emv4lue 	AleA 

where (.)* denotes the conjugate transpose of , complex matrix. Note that the 
maximum singular value of a matrix is in fact a standard matrix 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 e.4ffIcient 	conditions, 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 is 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. 

(S-3) 

0-6) 



by 

+ 	P 1-1 (5-9) 
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5.2 ROBUSTNESS CRITERIA FOR FLEXIBLE SPACECRAFT 

A flexible spacecraft control system has the general configuration shown in 

Fig. 5-2 in which the residual dynamics may be represented as either additive 

perturbation 

p(5) = Ve) 	Pa» Cs) , 	 (5-7) 

or as multiplicative perturbation 

p(5) 	?e, 	) 

provided the necessary inverse matrix exists. Since the invertibility of ?«. 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. 

In order to apply the robustness result of the last section, it is first 

necessary to obtain the return difference matrix for an equivalent unity 

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 matrix 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 

(5-8) 

On the other hand, the return difference matrix corresponding to break point 2 

at the input to the system is 

+ 	HP C). 	 (5-10) 

In the equivalent unity feedback formulation, the loop transfer matrix for (5-9) 

is 

but is given by 

for (5-10). 

H (e) 

Cl(e)t= HP(S) 



:= g + PeCji4) 	te>e) (5-14) W to) 
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For our demonstration, let us adopt (5-9), i.e., loop-break point at the 

output. The perturbation dynamics due to the residual modes is then represented 

as  PR. (e) t-i (e) . 

Direct application of the robustness criterion (5-3) thus yields 

Pefjo) Cps)) 	 i  Vi63) Cit.))) 	. 	 (5-11) 

A sufficient condition for the above inequality is 

"1"-e•-•  Pg. CY)) <. 	+ Vio) Ft (543/ Fr (14(j 6,0) W 

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

( PK () ee)) 4 	[ (j€J) + Pe (j 1")) 3 / (").>° • 

The criteria (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 becomes 

meaningless. 

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

(5-12)* 

(5-13)* 

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

singular values: 

(a) (AB) 	Fr(B) 
(b) e (A) 10"(B )  g(AB) 
(c) (A')  = 1/ cr(A) 

/. 
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The invertibility of the return difference function (X.,4Pe M) is guaranteed , since, 
by assumption, the closed-loop nominal system for the controlled modes is 
asymptotically stable. Using a similar approach to Ref.[14], we obtain the 
following result: 

THEOREM 5-1 

Given that (ti-PJ-1)1 exists and is asymptotically stable; assume Vs) is alsO 
asymptotically stable. Then 

-ciz> Pa(ibi) W w),) 4 	tA) 0 

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

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

COROLLARY 

A sufficient condition for (5-15) is 

Pg(j 0)) <  I / 	g 	(A) 
(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 formulation of 
W60 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 oE Uhis 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 
Riccati solutions for 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 dynamics. Furthermore, the effects of perturbation 
applied at various points in the system, such as sensor or actuator failures, 
may be isolated 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. 

(5-15) 



where f 

1 1  
15 	I 

. :1 5 

(4 	/ y :re 
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The key here is to vary 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 mos.t 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 

We present here a simple example to demonstrate the principle 
the robustness criterion (5-16) for design purposes. For the 
we select modes 1 and 3 of the benchmark model from Ref.[1] 
first components in Li. and as input and output, 
system model may be written in the form 

kp = A p xr  + b p  t" + be  (4 et  

y re. Cpl.  X p 	tern  , 

behind the use of 
evaluation model, 
together with the 
respectively. The 

(5-17) 

The disturbance input and measurement noise are represented by Ue and (eel  , 
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 spillover from the low frequency mode. The 
model is described by 

"kc e Ac 	bc 	-I` 1>cmd. 
(5718) y 	c X e 	bsel„t  

where 

113 J 
The system matrices are listed in Table 5-1(b). For this example, the transfer 
functions for the controlled and residual dynamics are given by 



(s) 

and 

9.7e, x 161  

S 2" 	( 84-4 x 10 3 ) 
	

62-  
rg (s) 

(5-20) 

where the compensator state vector X 1 •= 
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4.7e6 

+ 	e 	o et es t6a  ) 5 -I- 5.737 e 10-2- 	 (5-19) 

respectively 

As in (4-14), the tracking compensator for the design model is given by 

Xi = A i x t  bl y + 

u 	 terla  (5-21) 

consists of 2 estimated states for Xe_ and the output of a single integrator for 

disturbance rejection. For this demonstration, the control output reference 

Ye may be set to zero without affecting our conclusions on stability. 

To compute the controller gains (a1 ,4), we choose to minimize the cost function 

› 

= 	
2_ 	2_ 

y +  r  (tom) at 
(5-22) 

The disturbance input and measurement noise are again assumed to be uncorrelated 

zero-mean white noise processes with intensities of 1.0 and (10) C 
respectively. As before, the parameter p 	will be used to search among the 

steady state Riccati solutions 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 ID 	, the transfer 

function 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 

singular 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 (0.124 rad/s) of the residual mode, indicating that 

the spillover From this mode 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 frequencies of interest. 
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Figure 5-4 describes a typical iteration sequence for value of e ranging from 
0.0001 to 0.1. 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 is 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 criterion (5-16) are.by no means 
conservative. Indeed, by comparing the eigenvalues listed in Table 5-3 to the 
singular value plots of Fig. 5-4, one sees an almost one-to7one 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. 
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FIGURE 5-1 	A Unity Feedback System 
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TABLE 5-1 	Model Data for Robustness Criterion Design Example 

(a) 	EVALUATION MODEL 

A Matrix: 

	

0.0 	0.0 

	

0.0 	0.0 
-1.54628E-2 0.0 

	

0.0 	-5.737217E-2  

1.0 
0.0 
-1.846E-3 
0.0 

0.0 
1.0 
0.0 
-3.409E-3 

B Matrix:  0.0 
0.0 

-5.553E-4i 
-1.500E-6 

C Matrix: 756E-3 -3.172E-6 0. 0 	 0. 0 

(b) 	DESIGN MODEL 

A Matrix: 	[ 0 0 0 
-5.737217E-2 

1.0 
-3.409E-3 ] 

B Matrix:  [ 0.0 
-1.500E-6 

[-3.172E-6 	0.0 ] C Matrix: 
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TABLE 5-2 Compensator Candidates for Robustness Criterion 
Design Example 

P 	COMPENSATOR TRANSFER FUNCTION 

2 
5.737 + 0.34095 + 100s 

0.0001 	H(s) 	= 	  
a 

	

s( 0.05737 + 0.003439s + s 	) 

2 
1.814 + 0.1078s + 31.62s 

0.001 	H(s) 	= 	  
2 

	

s( 0.05737 + 0.003417s + s 	) 

2 
0.5737 + 0.03409s + lOs 

0.01 	H(s) 	= 	  
2 

	

s( 0.05737 + 0.003411s 4. s 	) 

	 -- 

2 
0.1814 + 0.01078s + 3.162s 

0.1 	H(s) 	= 	  
2 

	

s( 0.05737 + 0.003410s + s 	) 
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TABLE 5-3 	Closed-loop Evaluation System Eigenvalues for 
Robustness Criterion Design Example 

CONTROLLED MODES 	RESIDUAL MODES 
(including compensator) 

p . 0.0001 	-6.295E-3 	2.224E-3 ±i 0.124442 * 

-1.719E-3 ±i 0.239519 

-1.705E-3 ±i 0.239519 

	

-1.994E-3 	7.407E-5 ±i 0.124351 * 

-1.708E-3 ±i 0.239519 

-1.705E-3 ±i 0.239519 

p = 0.01 	-6.306E-4 	-6.077E-4 ±i 0.124345 

-1.705E-3 ±i 0.239519 

-1.706E-3 ±i 0.239519 

F  . 0.1 	-1.994E-4 	-8.233E-4 ±i 0.124345 

-1.705E-3 ±i 0.239519 

-1.705E-3 ±i 0.239519 

* UNSTABLE MODES 

I  

5-15 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

Contrary to popular opinion, it has been 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 simple search technique. The effectiveness of the method has been 

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 for 
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 unstructured) perturbation 

injected at virtually any point in the system. The single input-single output 
example presented here 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 
necessary. 

The capabilities of the design package KEDDC  ha  s been 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 Ls the 
lack of a capability to perform transfer function matrix algebra which would 
greatly facilitate the utilization of the robustness 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 ten 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. 

c) Further investig ation of the singular value-based robustness design 

criteria in a multi-input/multi-output setting. 

d) Upgrade 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 (6), 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. 

I 

6-2 1 
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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, , ee.) and their discretized version ( 71‘, Ez.,) obtained with 
KEDDC. 
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SPAR 

exemair 

Mate 74" ,4 

, 	. 
MATRIX A FROM FILE DZM 	P BLOCKNO. 24 MATRIXN04 1 
DIMENSION 22*22 ,  SAMPLING TIME = 	4000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 

( 1) 0.00000 	0.00000 	0400000 	0400000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
< 3) 	0.00000 	0400000 	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) 	o.00doo 	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 	0400000 
( 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) 0400000 	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 

( 6) 	 ( 7) 	 ( 8) 	 ( 9) 	 (10) 
( 1) 0400000 	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 
( 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 	0400000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0.00000 	0400000 	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 	0400000 	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 

c 



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

. (22) 

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

Matrix A (Colee.) :•  

(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 
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 
0.00000 
0.00000 
0.00000 
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 
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 

(17) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 ' 
0.00000 . 
0,00000 
0.00000 
0.00600 
0.00000 • - 
0.00000 
0.00060 
0.00000 . 
0.00000 ' 
0.00000 ' 
0.00000 ' 
.0.00000 
• .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 
6.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-.607833 

(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 
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 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 

ootbabôo 

(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 

-5.737217E-02 0.00000 

	

0.00000 	-.309465 

	

0.00000 	0.00000 

' 
. 0.00000 
.0.00000 •  
. 0.00000 
"0.00000 
0.00000 
0.00000'' 
0.00000 
0.00000' 
0.00000" 
•0.00000' 
0.00000 
0.00000 
0.00000 
.0.00000 • 
0.00000 ' 
6.00000 
0.00000 

-1.546281E-02 
()00000 •' 
0.00000 
0.00000 " 

-1.8460003-2.519000E-06 
-2,519000E-06-3.409000E-03 
1.700000E-03 6.900000E-06 

-3.255000E-03-1.146000E-05 



11,4teurle dgc, iteeeMee- ) 

(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 
( 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) 	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 



( 2) 	' 
0.00000 • 
0.00000 
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 
0000000 
0,00000 • 

( 5) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

	

0.00000 	0.00000 	0.00000 -  

	

0.00000 	0+00000 	0.00000 

	 mamma, 

Matrix. 8 

SPAR 

MATRIX D FROM FILE DZM 	P DLOCKNO. 2, MATRIXNO. 2 - 
DIMENSION 22*10Y SAMPLING TIME = 	.000 

( 1) 
( 1) 0.00000 
( 2) 0.00000 
( 3) 0.00000 
C 4) 	0.00000 
( 5) 	0.00000 
( 6)• 	0.00000 
( 7) 	0.00000 
C 8) 	6.00000 	0.00000 ' 	8.410000E-03 84410000E-03-84410000E-03 
( 9) 	0.00000 	0.00000 	-1.457000E-02 1.457000E-02 1.457000E-02 
(10) 0.00000 	0.00000 	5.729000E-0›..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-43 0.00000 . . 1.289000E-03. 4.539000E-05-4.112000E-05 
(14) 6.791000E-08 6.921000E703-8.075000E04 86081000E-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 	.• 0600000 
(19) -5.553000E-04-2.199000E-06 6.530000E-03-36478000E-.03 3.488000E-03 
(20) -16500000E-06-2.577000E-03-3,368000E-03 3.370000E-03 3.419000E-03 
(21) 8.518000E-04 1.731000E 4.06-2.485000E-02 26639000E-02-2.653000E-02 
(22) 4.838000E-03-2.422000E06-6,475000E-04-3.014000E03 3.025000E-03 

( 6) 	 e 7 ) 	 ( 8) 	( 9) 
( 1) 0.00000 	0600000 	0.00000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 	0.00000 	0,00000 
( 4) 0.00000 	0.00000 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 
( 6) 0.00000 	0.00000 	0.00000 	0.00000 
( 7) 0,00000 	0.00000 	0.00000 	0,00000  
( 8) -8.410000E-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) 5.729000É-03-2.869000E-02 2.869000E-02 2.869000E-02-2.869000E-02 
(11) -3.811000E-03-1.906000E-02-1.908000E-02 1.906000E- 02 1.908000E-02 
(. 12) -1.027000E-02 9,299000E-03 9.284000E-03-9.299000E-03-9.284000E-03 
(13) -1,292000E-03-2.675000E-04-2.702000E-04 2.675000E-04 2.702000E-04 
(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 	0600000 	0.00000 
(19) -6.539000E-03-4.826000E-02-4.783000É-02 4.826000E-02 4.783000E-02 
(20) -3.421000E-03 -.108700 	.108500 	,108700 	-.106500 • 
(21) 2.499000E-02 5.095000E-02 5.079000E-02-56095000E-02-5.079000E-02 
(22) 6.358000E-04 -.241800 	-.241300 	.241800 	.241300 .  

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



0.00000 	0.00000 1.047000E-03 7.331000E-04 

Medo-he 

MATRIX C FROM FILE DZM 	P BLOCKNO. 2P MATRIXNO. 3 
DIMENSION 13*22P SAMPLING TIME = 	.000 

( 1) 	 ( 2) 	( 3) 	( 4) 	( 5) 
( 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-04 3.172000E-05 
( 3) 0.00000 	0.00000 	9.094000E-04-3.859000E-07-9.257000E-07 
( 4)  
( 5)  
( 6)  
( 7), 
( 8)  
( 9)  
(10)  
(11)  
(12)  
(13)  

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  
( 6)  
( 7)  
( 8)  
( 9)  
(10) 
(11> 
(12)  
(13)  

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

0.00000 
0600000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0 .00000 
0.00000 
0.00000 
0.00000 
0 .00 000 
0.00000 
0.00 000 
0.00000 
0.00000 

(1 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 
0600000 

( 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 
0.00000 

(14) 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000  

2.003000E-03 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(10) 
0600000 
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 
16157000E-03 

-5.553000E-04 
-2,199000E-06 
-7,672000U.-02 
-1.057000U-04 
9.647000E-05 
4.200000E-06 
5.736000E-05 
,3.335000E-03 

(11) 	(12) 
0.00000 	0.00000 
0600000 	0,00000 
0.00000 	0.00000 
0,00000 	0.00000 
0.00000 	0,00000 
0.00000 	0600000 
0.00000 	0,00000 
.0600000 	0.00000 
0.00000 	0.00000 
0.00000 	0.00000 
0.00000 	0.00000 
0,00000 	0.00000 
0,00000 	0.00000 

( 6) 	( 7) 	( 8) 
( 1) 1.334000E-03 5.777000E-07 0.00000 
( 2) 2.464000E-06 9.338000E-04 0.00000 
( 3) •••9.174000E-08-4,708000E-05 0.00000 
( 4) 1.210000E-04 1,119000E-07 0.00000 
( 5) 1.441000E-04 2.213000E-07 0.00000 
( 6) 6.944000E-03 6.791000E-08 0.00000 
( 7) 0.00000 	6.921000E-03 0.00000 
( 8) 0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 
(11) 0600000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	0.00000 
(13) 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 

SPAR 

Ma tri x CG  (coed.) 

(16) 	. 	(17) 	(18), 	(19) 
( 1) 1.986000E-06 1.541000E-03-3.661000E-03 0.00000 

( 2) 3.920000E-03-8.289000E-05 6.760000E-06 0.00000 

( .3) -9.888000E-04 8.859000E-07-4.329000E-06 0.00000 
( 4) 2.133000E-07-3.964000E-04-5.918000E-03 0.00000 

( 5) 5.812000E-06-5.932000E-03 2.746000E-04 0.00000 

( 6) -1.500000E-06 8.518000E-04 4.838000E-03 0.00000 
( 7) -2.577000E-03 1.731000E-06-2.422000E-06 0.00000 

( 8) -1.386000E-04 .121800 	-.270900 	0.00000 
( 9) -2.193000E-02-5.374000E-05-1.934000E-04 0.00000 
(10) 7.066000E-02-4.218000E-05 1.590000E-04 0.00000 

(11) 3.425000E-03-2.497000E-06 6.796000E-06 0.00000 
(12) 1.776000E-06-1.050000E-03-1.114000E-02 0.00000 
(13) 8.002000E-06-6.323000E-03-6.592000E-04 0.00(500 

(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 

( 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) 0.00000 	0.00000 

1 

1 

A-6 
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MATRIX A FROM FILE DZM 	y BLOCKNO. 3y . MATRIXMO, 1 
DIMENSION 22*229 SAMPLING TIME = 10.000 

( 1) 	 ( 2) 	 ( 3) 	 ( 4) 	 ( 5) 
( 1) 1.00000 	0,00000 	0.00000 	0400000 	0.00000 
( 2) 0.00000 	1.00000 	0.00000 	0400000 	0,00000 
( 3) 0400000 	0.00000 	1.00000 	0600000 	0.00000 
( 4) 0.00000 	0,00000 	0.00000 	1400000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0400000 	1.00000 
( 6) 0.00000 	0.00000 	0.00000 	0400000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
( 8) 0400000 	0400000 	0.00000 	0600000 	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 	0400000 	0.00000 	0.00000 	0600000 
(12) 0.00000 	0.00000 	0.00000 	0.00000 	0400000 

(13) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 

(15) 0400000 	0.00000 	0.00000 	0.00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(17) 0.00000 	0.00000 	0400000 	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 	0400000 	0.00000 	0.00000 	0,00000 
(21) 0.00000 	0.00000 	0.00000 	0400000 	0400000 
(22) 0.00000 	0.00000 	0.00000 	0600000 	0.00000 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 

( 1) 	0.00000 	0600000 	10,0000 	0600000 	0.00000 

( -2) 	0.00000 	0.00000 	0.00000 	10.0000 	0.00000 

( 3) 0.00000 	0.00000 	0.00000 	0.00000 	10.0000 
( 4) 0.00000 	0400000 	0.00000 	0.00000 	0.00000 
( 5) 0.00000 	0,00000 	0.00000 	0.00000 	0.00000 
( 6) 1.00000 	0.00000 	0.00000 	0600000 	0.00000 
( 7) 0.00000 	1.00000 	0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0400000 	1.00000 	0.00000 	0.00000 
( 9) 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 	0400000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0600000 	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) 0400000 	0.00000 	0.00000 	0400000 	0.00000 
(19) 0.00000 	0.00000 	0.00000 	0,00000 	0600000 
(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 



SPAR 

mate;x X, (edentit) 

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

(11) 
0.00000 
0.00000 
0.00000 
10.0000 
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 

(12) - 
 0.00000 

0.00000 
0.00000 
0.00000 
10.0000 , 
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 

(13) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
10.0000 
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 

(14) 
0.00000 
0.00000 
'0.00000 
0.00000 
0.00000 
0.00000 
10.0000 
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  

(15) 
0.00000 
0.00000 
0.00000 
0.00000 ' 
0.00000" 
0.00000 
0.00000 
0:00000' 
o.00000 
0.00000„ 
Oà)0000'• 
0.00000- 
0.00000 
0,00000  
.325515 

- 4.342479E-06 
-7.748331E-04 
5.520644E-04 
.-e116671 

"• 9.611996E-07 
3.063950E-05 
2.217990E-05 

(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) 1.611205E-05-1.550712E-02 2.170130E-02 7.54524 	-6.216204E-05 
(16) -.716977 	-3.355321E-405 2.286677E-05-6.216204E-05 2.78695 
(17) -6.220484E-06 .680451 	2.031416E-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 -.630669 	-2.807082E-03-9.720508E-06 



Mee i 	Ce7212  ) 

(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 
( 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) 0.00000 	0.00000 
(14) 0.00000 	0.00000 
(15) -1.981497E-03-1.434404E-03 
(16) -3.781729E-05 1.607905E-05 
(17) -1.08943 	9.114553E-03 
(18) 9.114553E-03 1.03757 
(19) -2.652882E-03-2.807082E-03 
(20) -1.370812E-05-9.720508E-06 
(21) .699130 	1.494138E-02 
(22) 1:494138E-02 2.732654E-02 



1 

- 
.MedRiX'B - FFIOW FILE DZM • , BLDCKNO.-3,:.MATRUNO. 
DIMENSION. : 22*10, SAMPLING TIME = • 10.000 

1) 

0.00000: 
0.00000• 

(  4) 	0,00000  
( 5)  
( 6)  
( 7)' 

(3) 

( 9) 

( 2 ) 	. 	 3 ). 	' 	( 4) 	'• 	( É) 

	

0.00000 	.420500 	0420500 	.420500 

	

: 0.00000 	_.728500, 	728500 	.728500•
0.00000 	•286450 	.286450 	• 	. 286450•
0.00000 	190300 	• 190550 • 	-.190300

•0.00000 	.511000 	-.353900 	.356650' •.•
6.445000E-02 2.269500E-03-2.056000E -03 
-4.037500E-02 4.040500E-02 4.047000E-702 
8.410000E0218.4 1 0000E-027-8.410000E792 
-.145700 .145700 .145700 

0.00000 
.347200 0.00000 

3.395500E-06' .346050 
0.00000 	0.00000 
0.00000. 	0000000 

(10) . 0.00000 . _ • 	0.00000 • 5.729000E-02-5.729000E- ,025.729000E-02: - 
(11) 0.00000 	0.00000 .. 3.806000E-02 3.811000E-023.806000E-02 
(12) 0.00000 	'• 0.00000 -  • 	.102200 	-7.078000E-02  7.133000E-Ô2- 
(13) 6.944000Er-02. 0.00000 	1.289000E-02 4.539000É-04-4: - 112000E-04 
(14) 6.791000E-07 6.921000E-02-8.075000E-03 8.081000Er-03 8.094000E703' 
(15) -2.435214E^02-9.502308E-05 .283616. 	.-.150281 
(16) -4.482421E05-7.712189E".02 -.100799 ' 	.100858 	. 
(17) 6.900419E-04 1•478754E-06-2.531128E-02 2.717676E-02.-2.732045E-62 s' 
(18) 7•385555E-03-3.584077E-0673.921213E-.04-5.364395E-03 5.385273E--4)3 . . 
(19) -4.198499E-03-1.643175E-05 4.932079E-02-2.629952E702 2.636581E-02. 
(20) -4.100335E-06-7.181981E-03-9.385938E-03 9.391205E-03 9.529431E.-..03: 
(21) -8.827836E-04-1.806074E-06 2.705373E".02-2.877088E-02 2.892323E02.. 
(22) 5.028323E-03-2.535498E-06-9.077439E-04-2.881659E-403 2.891891E-9 3.._ 

( 6) 	. 	• 	( 7) 	( iw. 	• •.(• 9) - 	. • _.: - (10)- . : 
( 1) -.420500 • 	.420500 	.420500 	-, -.420500 -:-• - " ..420500 
( 2) -.728500 	.-..728500- - 	- .728500 	728500 	.-'.728500

•( 3) 	.286450 	̂1.43450 ' 	' 1.43450 , - •16434.90 . :. - 1.43450: 
( 4) -.190550 	-.953000 . 	-.954000 	.953000 - 	.954090. 
( 5) -.513500 	.464950 	.464200» • -.464950 -:...: - :-.464200• 
( 6) -6.465000E-02-1.337500E02-1.351000E-02 1.337500E021.351000E.' ,02':: 
( 7). -4.050000E-02 4.867500E-02-4.862500E-02-4.867500E-02 .4.862500E02 
( 8) -8.410000E-02 8.410000E-02 8.410000E-02-8.410000E-02-.8.410000Ér,02:, 
( 9) -.145700 	-.145700 	.145700 . • 	.145700 .'. - . - .4145700 
(10) 5.729000E-02 . -6286900 . 	•286900 	- .286900 	• 7.286900 
(11) -3.811000E-02 -.190600 	-.190800 	.190600 . • :190800. 
,(12) -.102700 	9299000E-02 9.284000E-02-9,299000E"029.284000E 4-02 . :-, -. 
(13) -1.293000E-02-2.675000E-03-2.702000E-03 2.67500(5E-03 .  2.702000Er-03 •' 
(14) -8.100000E-03 9.735000E-03-9.725000E-03-9.735000E-03 9.725000E-93 - 
(15) -.284000 	-2.09388 	-2.07521 	. 2.09388 .: • 2.07521 .: 
(16) -.102376 	-3.25304 	3.24711 	3.25304 :. , -3.24711 - • 
(17) 2.545504E-02 5.826130E-02 5.812448E-02-5.826130E-'02.75.812448E1-02

•(18) 3.701373E-04 -.369533 	.-0368787 	.369533 . - 	468787 
(19) -4.938854E-02 -.363881 	-.360650 	•363881 	, • - .460650. 
(20) -9.534698E-03 .-.302945 	.302382 	.302945 	-.302382 
(21) -2.720608E-02-5.761084E-02-5.744104E-02 5.761084E-02 5.744104E702.; 
(22) 8.967841E-04 -.250352 	-.249832 	•250352 • 	• .249832" 

1 CI 



'Weer; Is Cc  

MATRIX C FROM FILE DZM 	DLOCKNO. 3, MATRIXNO. 3 
DIMENSION 13*22, SAMPLING TIME = 10.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) 1.682000E-02 0.00000 	0.00000 	7.617000E-03 3.139000E-03 

1.682000E-02-6.615000E-03 2.807000E-06 3.172000E-05 
9.094000E-04-3.859000E-07-9.257000E-07 

	

0.00000 	1.047000E-03 7.331000E-04' 

	

0.00000 	0.00000 	2.003000E-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 

tà, 

( 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) 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 

( 6) 	( 7) 
( 1) 1.334000E-03 5.777000E-07 
( 2) 2.464000E-06 9.338000E-04 
( 3) -9.174000E-08-4.708000E-05 
( 4) 1.210000E-04 1.119000E-07 

( 5) 1.441000E-04 2.213000E-07 
( 6) 6.944000E-03 6.791000E-08 

( 7) 0.00000 	6.921000E-03 

( 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 

(11) 	(12) 
( 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) 0.00000 	0.00000 
(13) 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 
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 
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 

(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 
9.647000E-05 
4.200000E-06 
5 .736000E-05 
3.335000E-03 



("H 1l.,..K. 1 4 9136046,E......66 '4;541000É-03...,3. 1446 100()E03 ():00()00 
e 	• â .920ocioE-0.78 .-‘2890 .00E—Ôt 	 k:o .060456,.. 

3) — 9.880000E-04 8.859000E -07 -4.329000E06 0.00000 
91 8000E+;63 ,,; . 040.0000'.... 

.:1392000E-,; 04--5.':',932006E,-03 ;.?‘ 	 00000' 
6) -1.500000E-06 8.518000E-04 4 i 838000E-03-i 0 :00000 

tq'7.e.42.'.57,000E403 - 1 i>31000E0e,24422000É--004900065::, 
G) -1.386000E-04 .121800,-.270900 	0.00000 

.4374000ÈÔ5 -1. i9,34000É0qi..0•10000e:-7:: ,  , 	. 
(10 ) 7.066000E-02-4, 218000E-.05 	590000E+04 0 ..00000 - y 

3. 425000E -03-2. 497000E-06  ;i'e••:'7 96000E-0(.5  0. 00000  : 
<4:2::'.,':., 1 ... 776000E+06 -,1'.é05 .0000É - 03-.1. 14000E,702-:..,',.0. 00000 •;'• 
(13) 0.002000E-06-6.323000E-03-6.592000E-04 0.00000 

; 	• 	• •• ••J; ;: -- :; - • 	 ; 

00000 
2 ) 	0. 00000 .: 

	

3Y". 0.00000 	0.00000 	 . 

	

0,00000 	0ê00000 	 . 

( 

.000005:' 

	

00000 	0.00000 	 . 

0. 4é0é00 
0.0000(Y 

	

0.00000 	é 

	

.0.00000 	0.00000 

	

0.00000 	0.00000 
0.00000 .  , . . 

0400000 

•

0400000 
0400000 
0400000 
0600000 

: 0,000O0 
 0400000 

00000 
0 00000 - 

 0400000 
0 4 00000 
0400000 
0 .00000 

I 



), the compensator 
from the regulator 

) taken from the 

5/mc1891.37 
SPAR-R.1185 
ISSUE A 

APPENDIX B 

DESIGN RESULTS FROM REF.[4] 

The following contains the weighting matrices ( dl , 
parameters and the design system closed-loop eigenvalues 
designs obtained in Ref.[41 for the following cases: 

B-1: Discrete-time full-state feedback with ( & , g 
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 



Appendix B-1 SPAR 
aseayza5, 

Meer i 

woman oc 	o DO OV 90 

8 	8 00000800D Oo 	00 	Oo 
Op 	90 	D0 	00 

• 1 

00 	Oo 	Oo 	00 

00 	00 	OD 	OD 
00 	6 .0. 	00 	00 	00 	00 	Oo 	00 

00 	0 0 	00 	00 	00 	00 	OD 	00 

Op 	0 0 	Go 	Go 	Op 	00 

1 	00 	800000E0OG Go 	Op 	Oo 	Oo 	OD 	Do 
Op 	Op 	00 	00 	Do 	00 	Op 	Oo 

Op 	0 0 	00 	00 	00 	Go 	Oo 	Oo 

0 0 	00 	Go 	00 „ 	Op 	Go 	Go 	00 

00 	00 	00 	00 	00 	Oo 
5 	• 00 	00 	Oo 	00 	Go 	Go 	OD 	Go 

00 	00 	0 0 	op 	Os 	00 	0 0 	00. 

00 	0 0 	OD 	00 	00 	Do 	Go 	Go  

0 0 	Go 	Go 	00 	00 	00 	00 	00 

Op 	0 0 	Go 	Oo 	Op 	Go 
O 0 0 	00 	Go 	8 0G5G0E006 .9 0 0860E080 et o6O60E009 0106090E010 80E010E00S 

0 0 	00 	Go 	OD 	0 0 	Go 	00 	00 

06 0 6610E010 0306E00E00V .80E170E006 0309f0E080 07 0 1630E010 08 05310E004 0 07080E00f) 5 0 1000E009 

m5 0 64601006 8 06660E000 0p 9 0460E010 0 0 	00 	00 	0/1 	Go 
Op 	00 	0 0 	0 0 	00 	Ge  

U 0, 	00 	Go 	07 00800E080 0 0 8030E006 8053%6E006 0803600E.0% 05 0 0u0E0op 

O. 	0 0 	Go 	0 0 	00 	Go 	oc 	pc  
mg e aummov 8.090Ep0o o 0 s000Eu0o 0703610E009 0E 05600E007 0690100E00G 0183600E009 01 0 5260E006 

7 0 16608000 500630E006 800100E001  Go 	O. 	Go 	00 	00 

Op 	00 	00 	00 	00 	00 

6 - 	0 0 	OD 	00 	Ot0b0a0K00% 8 0 5150E006 506080E006 •6o/740E 006 010E000E 00G 

0 0 	Oo 	Do 	O. 	0 0 	Do 	00 	00 

6 • 15601006 01 9 46/0E.04 8 0 %610E000 01 04960E00% 7 08630E006 0305500E 006 •608570E009 0301700E006 

7 0 6690E006 D.8660E006 706660E006 00 	00 	Go 	00 	Os 

0 0 	oo 	00 	00 	0, 	00 

7 	0 0 	00 	Go 	08 •6660E080 .8 0 1660E00% e0.3740E.06 80010E004 060170E010 

0 0 	00 	00 	0. 	00 	00 	00 	0. 
sE,GOSOgraxa 2 05e0E008 03 06660E00, 9.1640E006 .8 0 1,70E006 03 9 0010E006  •391150E00G 8 0 8660E00S 

4 0 4610E0,00 00.1640E005 0806090E004  Go 	G. 	00 	Oo 	Do 
0 0 	Go 	Do 	Oo 	Om 	00 

O 0 , 	O. 	0. 	ge010E005 .5 0 6660E006 m8 0E440E006 06 0 7170E080 8 06660E00G 

G. 	0 0 	Go 	00 	00 	Oo 	Go 	op 
0 0 3110E000 07 0 9736E009 05.1600E006 m1 0 4990E006 G 0E000E006 *606%00E00Q 03.8160E007 06 0 4060E00G 

0800060E006 gocuomens 1100v0to0o 00 	0o 	o0 	no 	o. 

o. 	00 	oc 	oc 	00 	OD 
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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. 



Appendix C-1 SPAR 

State Weighting Natrix 

MatLri c 

MATRIX A FROM FILE D2M 	9 BLOCNNO, 29 MATRIXNO. 5 
DIMENSION 22*22. SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 

( 1) 1.010000E-06 0.00000 	0.00000 	0.00000 	0.00000 

( 2) 0.00000 	1.010000E-06 0.00000 	0.00000 	0.00000 

( 3) 0.00000 	0.00000 	1.664000E-06-7.019000E-10-1.684000E-09 

( 4) 0.00000 	0.00000 	-7.019000E-10 2.203000E-06 1.535000E-06 

( 5) 0.00000 	0.00000 	-1.684000E-09 1.535000E-06 5.901000E-06 
( 6) 0 t 00000 	0.00000 	-1.669000E-10-1.388000E-05-9.374000E-06 
( 7) 0.00000 	0.00000 	1.281000E-05-5.342000E-09-1.244000E-08 

( 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 	-4.923000E-10-3.452000E-07 2.539000E-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-07-1.476000E-05 

(18) 0.00000 	0.00000 	-4.531000E-09-6.014000E-06-3.550000E-06 
(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 

( 6) 	( 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) -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 

( 5) -9.374000E-06-1.244000E-08 0.00000 	0.00000 	0.00000 

( 6) 1.791100E-04-9.717000E-10 0 000000 	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 

( 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) -3.295000E-06 4.331000E-09 0.00000 	0.00000 	0.00000 

(16) -3.628000E-09-5.198000E-06 0.00000 	0.00000 	0.00000 

(17) 2.724000E-06-1.999000E-08 0.00000 	0.00000 	0.00000 

(18) -3.001000E-06-9.630000E-09 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 



SPA 
ausmrtiv matrix a (rogi-K() z 

(19)  

(20)  

(21)  
(22)  

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  

( 6)  
( 73 

( 8)  

( 9)  

(10)  

(11)  

(12)  
(13)  

(14)  
(15)  
(16)  

(17)  
(18)  

(19)  
(20)  

(21)  
(22)  

	

(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 
( 7) 0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 
( 9) 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) 0.00000 	0.00000 	0.00000 

(16) 0.00000 	0.00000 	0.00000 

(17) 0.00000 	0.00000 	0.00000 

(18) 0.00000 	0.00000 	0.00000 

(19) 0.00000 	0.00000 	0.00000 

(20) 0.00000 	0.00000 	0.00000 
(21) 0.00000 	0.00000 	0.00000 
(22) 0.00000 	0.00000 	0.00000 

% 	(16) 	(17) 	(18) 	(19) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) -1.237000E-06-3.737000E-10-4.531000E-09 0.00000 
( 4) 1.122000E-09-7.123000E-07-6.014000E-06 0.00000 
( 5) 1.565000E-08-1.476000E-05-3.550000E-06 0.00000 
( 6) -3.628000E-09 2.724000E-06-3.001000E-06 0.00000 
( 7) -5.198000E-06-1.999000E-08-9.630000E-09 0.00000 

( 8) 0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0.00000 
(15) 8.746000E-09-8.075000E-06 3.891000E-06 0.00000 
(16) 1.125000E-06-4.195000E-08 5.237000E-09 0.00000 
(17) -4.195000E-08 4.248000E-05 3.417000E-07 0.00000 
(18) 5.237000E-09 3.417000E-07 3.515000E-05 0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 
(21) 	(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 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

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 	0.00000 

(15) 
0.00000 
0.00000 

-4.923000E-10 
-3.452000E-07 

2.539000E-06 
-3.295000E-06 
4.331000E-09 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 

2.024000E-06 

8.746000E-09 
-8.075000E-06 

3.891000E-06 

0.00000 

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 
0.00000 

0.00000 

0.00000 
0.00000 

0.00000 

0.00000 
0.00000 

C- 2 
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Input Weighting Natriu 

Mn-tri zr  g 

MATRIX A FROM FILE DZM 	BLOCKNO. 2. MATRIXNO. 6 
DIMENSION 10*10 ,  SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) 1.047105E-06 4.384989E-11 2.332973E-11-1.114938E-11 1.928980E-11 
( 2) 4.384989E-11 1.000036E-06-2.061491E-12 2.279372E-12 2.210752E-12 
( 3) 2.332973E-11-2.061491E-12 1.000209E-06-2.045284E-10 1,592059E-10 
( 4) -1,114938E-11 2,279372E-12-2.045284E-10 1.000200E-06-1.544423E-10 
( 5) 1.928980E-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 4.924645E-10 6.951612E-10-9.908137E-10-3.057874E -09 
( 8) -1.119510E-06-2.554660E-09-2.965676E -09 2.700253E-09 9.906418E-10 
( 9) 1.115925E-06-4.924645E-10-6.951612E - 10 9.908137E-10 3.057874E-09 
(10) 1.119510E-06 2.554660E-09 2.965676E-09-2.700253E-09-9.906418E - 10 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) -3.144652E-11-1.115925E-06-1.119510E -06 1.115925E-06 1.119510E-06 
( 2) -2.428639E-12 4.924645E-10-2.554660E-09-4.924645E-10 2.554660E-09 
( 3) -1.635731E-10 6.951612E-10-2.965676E-09-6.951612E-10 2.965676E-09 
( 4) 1.584435E-10-9.908137E-10 2.700253E-09 9.908137E-10-2,700253E-09 
( 5) -2.114529E-10-3.057874E-09 9.906418E-10 3.057874E-09-9.906418E-10 
( 6) 1.000216E-06 3.352510E-09-7.262341E-10-3.352510E -09 7.262341E-10 
( 7) 3.352510E-09 2.768744E-05 2.627973E-05-2.668744E-05-2.627973E - 05 
( 8) -7.262341E-10 2.627973E-05 2.785915E-05-2.627973E-05-2.685915E-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 



ieek-191,14,E7 

SPAR Feedback Matrix 

I 

, 

Matvhe F 

DIMENSION 10*22. SAMPLING TIME = 10.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) -3.088681E-02 7.569280E-06 4.267244E-05 -.161888 	**130192 
( 2) 2.472261E-06-3.191892E-02 .149165 	-8.901303E-05-2.728658E-04 
( 3) .137403 	̂•.139165 	6.154056E-02 .106616 	'&290366 
( 4) .196652 	.139129 	-6.141070E-02 .100143 	-.240229 
( 5) -.196727 	.138294 	-6.181112E-02-9.986979E-02 .240771 
( 6) -.137438 	-.138257 	6.168212E-02 -.106597 	-.290787 
( 7) 1.062000E-02-9.143760E-03-2.411777E-02-1.820942E-02 5+325847E-03 
( 8) 1.063060E-02 9.159369E-03 2.415545E-02-1.826868E-02 5.350483E-03 
( 9) -1.062000E-02 9,143760E-03 2.411777E-02 1.820942E-02-5.325847E-03 
(10) -1.063060E-02-9.159369E-03-2.415545E-02 1.826868E-02-5.350483E-03 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1). 2.04539 	-3.929860E-05 -.651041 	3.987127E-04 1.482678E-03 
( 2) -1.984812E-05 2.09875 	-3.786841E-05 -.430010 	1.87399 
( 3) 6.341671E-02-3.952171E-02 2.08556 	-1.92206 	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-02-1.599540E-02 .384050 	.235149 	+634364 
( 9) -1.452607E-02-1.597609E-02 -.384114 	e235121 	.634888 
(10) -1.455100E-02 1.599540E-02 -.384050 	-.235149 	-.634364 

(11) 	(12) 	(13) 	(14) 	(15) 
( 1) -1.61200 	-1.53294 	24.2264 	-2.730260E-04-4.570013E-03 
( 2) -9.565942E-04-2.722805E-0372.675503E--04 24.5554 	-5.533594E-05 
( 3) 2.03834 	3.72661 	.511251 	--.289025 	3.723438E-02 
( 4) 3.04057 	-2.94385 	8.091137E-02 .289078 	2.645726E-02 
( 5) -3.03826 	2.94771 	-8.054470E*02 .290162 	-2.640565E-02 
( 6) -2.03423 	-3.72780 	-.511550 	-.290216 	-3.717417E-02' 
( 7) -.814965 	1.614568E-02 .109918 	5.434319E--02-1.077566E-02 
( 8) -.815047 	1.584844E-02 .110334 	-5 .438250E-02-1.061421E-02 
( 9) .814965 	-1.614568E-02 -..109918 	-.5.434319E-02 1.077566E-02 
(10) 	.815047 	-1,584844E-02 ..-.110334 	5.438250E-02 1.061421E-02 

(16) 	(17) 	(18) 	(19) 	(20) 
( 1) 8.655782E-06 3.277730E-02-2.565098E-02 -.230862 	1.566809E-04 
( 2) 3.631011E-02 1.610194E-04-7.319051E-05 6.397784E-05-8.604247E-02 
( 3) 1.450493E-02 -.403916 	.122650 	.773415 	-1.484834E-02 
( 4) -1.449596E-02 .345304 	8.509793E-02 -1.03085 	1.450806E-02 
( 5) -1.489701E-02 -.346401 	-8.483875E-02 1.03106 	1.501992E-02 
( 6) 1.488831E-02 .405038 	-.122524 	-.774590 	-1.468100E-02 
( 7) 1.215310E-02 1.057636E-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 9.957709E-02 -.106011 

(21) 	(22) 
( 1) -.106886 	4.266375E-02 
( 2) -7.949852E-05-4.522659E-05 • 
( 3) .854571 	-.254207 
( 4) -.1.06435 	-8.995549E-02 
( 5) 1.06525 	8.884776E-02 
( 6) -.855728 	.254983 
( 7) 4.696912E-02-7.287230E-02 
( 8) 4.683974E-02-7.253328E-02 
( 9) -4.696912E-02 7.287230E-02 
(10) -4.683974E-02 7.253328E-02 

C-4 
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Eigenvalues of 	 e2c..  F 

REAL. PART 
- 889177 

265378 
265378 
715978 

4715970 
4 .130032E-02 
4 .130032E-02 

603501 
603501 
220171 
220171 

7 • 074465E-02 
7.074465E-02 

252841 
252841 

-.116777 
-.116777 
- .34946 
- 337450 

-90911202E-02 
-6.662694E-02 
-4 • 891947E-02 

IMAGINARY PART 
04 00000 
* 830902 

'0830902 
0589005 
589005 

• 612739 
- .612739 

* 144508 
e 144508 
347227 
347227 
333628 
333628 

+121781 
-. 0121781 

• 196464 
-.196464 
0.00000 
0. 00000  
0.00000 
0000000 
0000000 

An* VALUE 
.889177 
872252 

e 872252 
0927120 
f 9 2 7 1 2 0 
. 61.4130 
.614130 
.620561 
0620561 
411147 

.411147 

. 341046 
341046 

+ 280640 
e 280640 
*228550 
6228550 
.349346 
0337450 

9 • 911202E-02 
60662694E-02 
4. 891947E-02 



Appendin C-2 • SPA 
iii“G§ore 

Merrix- G2 

MATRIX A FROM FILE DZM 	BLOCKNO.' 5, MATRIXNO. 1 
DIMENSION 22*22, SAMPLING TIME = 	.000 

( 1) 	 ( 2) 	( 3) - 	( '4) 	• 	( 5) 

	

1.010000E-05 0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	1.010000E-05 0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	1.664000E-05-7.019000E-09-1.684000E-08 

	

0.00000 	0.00000 	-7.019000E-09 2.203000E-05 1.535000E-05 

	

0.00000 	0.00000 	-1.684000E-08 1,535000E-05 5.901000E-05 

	

0.00000 	0.00000 	-1.669000E-09-1.388000E-04-9.374000E-05 

	

0.00000 	0.00000 	1.281000E-04-5.342000E-08-1.244000E-07 

	

5.050000E-05 0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	5.050000E-05 0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	8.320000E-05-3.509500E-08-8.420000E-08 

	

0.00000 	0.00000 	-3.509500E-08 1.101500E-04 7.675000E-05 

	

0.00000 	0.00000 	-8.420000E-08 7.675000E-05 2.950500E-04 

	

0.00000 	0.00000 	-8.345000E-09-6.940000E-04-4.687000E-04 

	

0.00000 	0.00000 	6.405000E-04-2.671000E-07-6.220000E-07 

	

0.00000 	0.00000 	-3.783999E-09-2.650907E-06 1.940416E-05 

	

0.00000 	0.00000 	-3.573663E-06 3.055372E-09 4.587164E-08 

	

0.00000 	0.00000 	7.293585E-10 7.797022E-07 1.562189E-05 

	

0.00000 	0.00000 	-5.503248E-09-6.677776E-06-3.606031E-06 

	

0.00000 	0.00000 	-2.098361E-08-1.487854E-05 1.101379E-04 

	

0.00000 	0.00000 	-3.701971E-05 3.382406E-08 4.661778E-07 

	

0.00000 	0.00000 	-3.932367E-10-5.518165E-07-1.499510E-05 

	

0.00000 	0.00000 	-6.848439E-09-9.155482E-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 	-3.509500E-08 
( 5) -9.374000E-05-1,244000E-07 0.00000 	0.00000 	-8.420000E-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 	3.366667E-04 0.00000 
(10) -8.345000E-09 6.405000E-04 0,00000 	0.00000 	5.546667E-04 

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

(11) -6.940000E-04-2.671000E-07 0.00000 
(12) -4.687000E-04-6.220000E-07 0.00000 
(13) 8.955500E-03-4.858500E-08 0.00000 
(14) -4.858500E-08 9.995500E-03 0.00000 
(15) -2.514704E-05 3.300287E-08 0.00000 
(16) -1.085575E-08-1.501689E-05 0.00000 
(17) -2.676595E-06 2.233949E-08 0.00000 
(18) -3.756053E-06-1.192476E-08 0.00000 
(19) -1.434837E-04 1.897194E-07 0.00000 
(20) -1.072416E-07-1.555606E-04 0.00000 
(21) 2.747949E-06-2.066612E-08 0.00000 
(22) -4.560034E-06-1.400919E-08 0.00000  

0 . 0000 0 
0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0 .00000 
0 .00000 

-2.339667E-07 
-5.613333E-07 
-5.563333E-08 
4.270000E-03 
-1.614555E-08 
1.805752E-06 
6.450357E-09 

-4.349300E-08 
-1.361753E-07 
-2.168764E-04 
1.050016E-08 ' 

-2.994762É-09 



Matv 	ecewek e SPA5  

	

(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) -3.509500E-08-8.420000E-08 -8.345000E-09 6.405000E-04-3.783999E -09 

( 4) 1.101500E-04 7.675000E-05-6.940000E-04 -2.671000E-07-2.650907E-06  

( 5) 7.675000E-05 2.950500E-04-4.687000E -04 -6.220000E-07 1.940416E-05 

( 6) -6.940000E-04-4.687000E -04 8.955500E-03-4.858500E-08 -2.514704E- 05  

( 7) -2.671000E-07-6.220000E -07-4.858500E -08  9.995500E-03 3.300287E-08 

( 	0.00000 	0.00000 	0.00000 	0.00000 	0.00000 

( 9) 	0.00000 	0.00000 	0.00000 	0.00000 	0.00000 

(10) -2.339667E-07-5.613333E-07 -5.563333E -08 4.270000E-03-1.614555E-08 

(11) 7.343333E-04 5.116667E-04-4.626667E-03-1.780667E -06 - 1,129201 E-05  

(12) 5.116667E-04 1.967000E-03-3.124667E-03 -4.146667E -06 8.246326E-05 

(13) -4.626667E-03-3.124667E-03 5.970333E-02-3.239000E-07- 1.067503E-04, 

(14) -1.780667E-06-4.146667E-06-3.239000E-07 6.663667E-02 1.399328E-07 

(15) -1.129201E-05 8.246326E-05-1.067503E-04 1.399328E-07 1.267531E-05 
(16) -2.793203E-09-1.804792E-08 2.627922E-09 7.587965E-06 2.953274E-08 

(17) 8 .294423E-06 1.806559E-04-3.222387E-05 2.523997E-07 4.656841E-06 
(18) -5.386340E-05-3.250391E-05-2.909411E -05- 9. 74664 9E-08  1.864934E-06 

(19) -9.697770E-05 7.142664E-04-9.302094E-04 1.230618E-06 5.833447E-05 

(20) 1.959307E-07 2.733520E-06-6.292699E-07-9.113369E -04 1.861980E-07 

(21) 2.001852E-05 3.774820E-04-6.919258E -05 - 5.114805E-07-2.486989E -05 

(22) -3.599362E-06 2.240900E-06-2.407631E-06 -1.278734E-09 5.658726E-06 

	

(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) -3.573663E-06 7.293585E-10-5.503248E-09-2.098361E-08 -3.701971E-05 

( 4) 3.055372E-09 7.797022E-07-6.677776E-06-1.487854E -05 3.382406E-08 
( 5) 4.587164E-08 1.562189E-05-3.606031E-06 1.101379E-04 4.661778E-07 
( 6) -1.085575E-08-2.676595E-06-3.756053E-06-1.434837E-04 - 1.072416E-07 
( 7) -1.501689E-05 2.233949E-08-1.192476E-08 1.897194E-07-1.555606E-04 
( 8) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 	0.99000 

(10) 1.805752E-06 6.450357E-09-4.349300E-08-1.361753E -07-2.16876 4E-04  

(11) -2.793203E-09 8.294423E-06-5.386340E-05-9.697770E -05 1.959307E-07 

(12) -1.804792E-08 1.806559E-04-3.250391E.-05 7.142664E-04 2.733520E-06 
(13) 2.627922E-09-3.222387E-05-2.909411E-05- 9.302094E -04-6.292699E-07  

(14) 7.587965E-06 2.523997E-07-9.746649E-08 1.230618E-06-9.113369E-04 
(15) 2.953274E-08 4.656841E-06 1.864934E-06 5.833447E-05 1.861980E-07 
(16) 4.422465E-06-2.752401E-08-2.027811E-09 6.688201E-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 2.585084E-05 1.486405E-08 
(19) 6.688201E-09 9.243211E-05 2.585084E-05 4.830270E-04 1.318530E-06 
(20) 4.764391E-06 3.999351E-07 1.486405E-08 1.318530E-06 1.159827E-04 
(21) -2.752457E-07 3.656792E-05-7.149089E-06 1.486027E-04 1.671516E-07 
(22) 6.894484E-09 3.364891E-06 2.874839E-05 8.854974E-07-2.943877E-09 

	

(21) 	(22) 
( 1) 0.00000 	0.00000 
( 2) 0.00000 	0.00000 
( 3) -3.932367E-10-6.848439E-09 
( 4) -5.518165E-07-9.155492E-06 
( 5) -1.499510E-05-5.023071E-06 
( 6) 2.747949E-06-4.560034E-06 
( 7) -2.066612E-08-1.400919E-08 
( 8) 0.00000 	0.00000 
( 9) 0.00000 	0.00000 
(10) 1.050016E-08-2.994762E-09 
(11) 2.001852E-05-3.599362E-06 
(12) 3.774820E-04 2.240900E-06 
(13) -6.919258E-05-2.407632E-06 
(14) 5.114805E-07-1.278735E-09 
(15) -2.486989E-05 5.658726E-06 
(16) -2.752457E-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-07-2.943876E-09 
(21) 6.817072E-04 7.218725E-06 
(22) 7.218725E-06 2.338961E-04 
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SPAR 
	  ffire.41WWW 

Feedback Matrin 

Mole/4 

MATRIX A FROM FILE @BM 	• BLOCKNO. 6p MATRIXNO, 1 
DIMENSION 10*22p SAMPLING TIME = 10.000 

( 1) 	( 2) 	( 3) 	( 4) 	, 	( 5) 
( 1) -3.755822E-02 3.670387E-06 1.565783E-05 -.103766 	-9.471437E-02 
( 2) -8.589731E-06-3.494730E-02 9.333142E-02-3.079191E-05-1.421397E-04 
( 3) .156574 	-.130723 	6.365362E-02 .116120 	.240370 
( 4) .239983 	.130710 	-6.345957E-02 .147640 	-.190670 
( 5) -.240614 	.129881 	-6.369565E-02 -.146256 	.191551 
( 6) -.157165 	-.129867 	6.350849E-02 -.114930 	-.239674 
( 7) 1.270726E-02-7.705726E-03-2.552452E-02-2.594088E-02 1.062887E-02 
( 8) ,1.275361E-02 7.716245E-03 2.560249E-02-2.606286E-02 1.059306E-02 
( 9) -1.270726E-02 7.705726E-03 2.552452E-02 2.594088E-02-1.062887E-02 
(10) -1.275361E-02-7.716245E-03-2.560249E-02 2.606286E-02-1.059306E-02 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) 1.32924 	-1.376765E-06 -.755946 	2.619105E-04 9.656976E-04 
( 2) -1.486393E-05 1.3372 8 	-2.820651E-04 -.564056 	1.45401 
( 3) 7.328297E-03-4.307652E-03 2.41687 	-2.03275 	1.12984 
( 4) -1.299910E-02 4.345481E-03 3.50002 	2.03404 	-1.12165 
( 5) 1.294557E-02 4.345999E-03 -3.51547 	2.01759 	-1.13485 
( 6) -7.336649E-03-4.382374E-03 -2.43346 	-2.01884 	1.126 8 1 
( 7) 3.077545E-03 3.566916E-03 .446485 	-.204761 	-.602295 
( 8) 3.093637E-03-3.610001E-03 .447277 	.204637 	.601864 
( 9) -3.077545E-03-3.566916E-03 -.446485 	.204761 	.602295 
(10) -3.093637E-03 3.610001E-03 -.447277 	-.204637 	-.601864 

(11) 	(12) 	(13) 	(14) 	(15) 
( 1) -1.31240 	-1.45470 	21.0137 	-5.267182E-05 1.166552E-02 
( 2) -1.440605E-04-2.056836E-03-2.420523E-04 21.0908 	1.215025E-05 
( 3) 2.18669 	3.90566 	8.483404E-02-3.989380E-02 1.416715E-02 
( 4) 3.49254 
( 5) -3.46274 
( 6) -2.15512 
( 7) -.978098 
( 8) -.979973 
( 9) .970098 
(10) 	.979973 

	

-3.22395 	-.158871 	3.986701E-02 .119294 

	

3.24408 	.157230 	4.055027E-02 -.118911 

	

-3.88681 	-8.595382E-02-4.052217E-02-1.333164E-02 

	

.104218 	2.074472E-02-1.302216E-02-1..460425E-02 

	

.103119 	2.103403E-02 1.289146E-02-1.456164E-02 

	

-.104218 	-2.074472E-02 1.302216E-02 1.460425E-02 

	

-.103119 	-2.103403E-02-1.289146E-02 1.456164E-02 

(16) 	(17) 	(18) 	(19) 	(20) 
( 1) 2.747708E-05-2.916944E-02 2.561361E-02-6.878743E-02 1.984173E-04 
( 2) 3.438513E-02-4.076979E-05-9.583304E-06 3.200981E-05 8.824755E-02 
( 3) 2.343236E-02 2.604503E-02-1.680252E-02 .433761 
( 4) -2.345445E-02 .218418 	5.843044E-02 -.901250 
( 5) -2.374225E-02 -.223953 	-5.912490E-02 .895436 
( 6) 2.376463E-02-3.148936E-02 1.590097E-02 -.436524 
( 7) 2.053384E-02 2.306229E-02-3.588005E-02 -.151697 
( 8) -2.061593E-02 2.342332E-02-3.581291E-02 -.150555 
( 9) -24053384E-02-2.306229E-02 3.588005E-02 .151697 
(10) 2.061593E-02-2.342332E-02 3.581291E-02 .150555 

(21) 	(22) 
( 1) 2.915624E-02 6.539820E-02 
( 2) 6.954007E-05 1.249667E-05 
( 3) 4.957251E-02 -.141455 
( 4) .244296 	6.641698E-02 
( 5) -.271665 	-6.558521E-02 
( 6) -7.619250E-02 .140638 
( 7) -6.610915E-02-6.868231E-02 
( 8) -6.618318E-02-6.914983E-02 
( 9) 6.610915E-02 6.868231E-02 
(10) 6.618318E-02 6.914983E-02 

.144529 
-.143882 
-.147548 
.146912 

-6.900778E-02 
6.918425E-02 
6.900778E-02 

-6.918425E-02 
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I I 

1 

IL 	 

SPAR  

Eigenvalues of (AL-  àli" ) 

REAL PART 
.673790 
.673798 
*212455 
.212455 

-.519056 
.454243 
.454243 

2.375548E-02 
2.375548E-02 
*169498 
.169498 

7.702811E-02 
7.702811E-02 
4.518098E-02 
4.518098E-02 
-1.626908E-02 
5.610406E-02 
5.610406E-02 
5.313170E-02 
5.856703E-02 
1.649349E-02 
1.583798E-02 

	

IMAGINARY 	PART 	ABS. VALUE 

	

.576293 	.886633 

	

-.576293 	.886633 

	

.788442 	*816565 

	

-.788442 	.816565 

	

0.00000 	*519056 
.191452 	.492940 

	

-.191452 	.492940 

	

.406542 	.407236 

	

-.406542 	.407236 

	

.220877 	.278417 

	

-.220877 	.278417 
.130337 	*151397 

	

-.130337 	.151397 

	

8.160962E-02 	9.328157E-02 

	

-8.160962E-02 	9.328157E-02 

	

0.00000 	1.626908E-02 

	

1.341874E-02 	5.768646E-02 

	

-1.341874E-02 	5.768646E-02 

	

0.00000 	5.313170E-02 

	

0.00000 	5.856703E-02 

	

0.00000 	1.649349E-02 

	

0.00000 	1.583798E-02 
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Appendix C-3 

-_-_. 
SPAR  

( 3) 	( 4) 

	

0600000 	0.00000 

	

0.00000 	0.00000 

	

-.540000 	1.00000 
-9.000864E-02 0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00 000 
0.00 0 00 
0 .00000 
0.00000 
0.00000 
0. 00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00 000 
0.00000 
0.00000 
0.00000 
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) 

0.00000 
0.00000 

3.451659E-19 

6.056286E-20 
-6540000 

-9.000864E-02 

0600000 

0.00000 
0.00000 

0.00000 
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) 	( 2) 
( 1) -.540000 	1.00000 

( 2) -96000864E-02 0.00000 

( 3) 0.00000 	0.00000 

( 4) 0600000 	0.00000 

( 5) 0.00000 	0600000 
( 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) 0600000 	0.00000 

(14) 0.00000 	0.00000 

(15) 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 

Observer System Nstrix 

Matie- a-  Tr AD  

MATRIX A FROM FILE ODSV1 9 BLOCKNO, 3r MATRIXNO. 1 

DIMENSION 22*22, SAMPLING TIME = 	6000 

( 6) 

( 1) 0600000 
( 2) 0400000 

( 3) 0.00000 

( 4) 0.00000 
( 5) 1.00000 
( 6) 0.00000 
( 7) 0.00000 
( 8) 0.00000 

( 9) 0.00000 

(10) 0.00000 

(11) 0.00000 
(12) 0000000 

(13) 0.00000 
(14) 0,00000 
(15) 0.00000 

(16) 0000000 
(17) 0000000 

(18) 0.00000 
(19) 0.00000 
(20) 0.00000 
(21) 0.00000 
(22) 0.00000  

( 7) 

40828088E-19 
9.190308E-20 

3.777451E-22 

-2.767658E-23 
7.444626E-23 
-86240787E-23 
-.540000 

-9.000864E-02 

-8.257462E-20 

-66795118E-21 

0.00000 
0.00000 

0,00000 

0.00000 
0.00000 

0.00000 
0.00000 
0600000 
0.00000 
0.00000 
000000e- 

0.00000 

( 8) 
0 .00000 
0.00000 
0. 00000 
0 .00000 
0.00000 
0.00000 
1. 00000 
0.00000 
0.00 000 
0.00000 
0 .00000 
0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.0000 0 
0. 00000 

( 9) 

2.884147E-19 
5.968935E-20 

56691003E-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 
0600000 

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. 000 00 
1.00000 
0.00000 
0 .00000 
0.00000 
0. 00000 
0. 00000 
0.00000 
0.00000 
0. 000 00 
0 .00000 
0.00000 
0.00000 
0.00000 
0. 00000 



(13) 	(14) 
6.486476E-23 0.00000 
5.855014E-24 0.00000 
4.235165E-22 0.00000 
7.782115E-21 0.00000 
2.032879E-20 0.00000 
1.154082E-20 0.00000 
1.793948E-22 0.00000 
7.651421E-24 0.00000 
1.273858E-22 0.00000 
1.778438E-23 0.00000 
2.998530E-24 0.00000 
5.105255E-25 0.00000 
-.540000 1.00000 

-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 

(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 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

a 

SPAR 
FJ5/efer 

redVii 2  A 	(cou-du) 

(11) 	(12) 
( 1) 7.326835E-20 0.00000 
( 2) 2.196992E-20 0.00000 
( 3) -2.165210E-23 0.00000 
( 4) -2.071395E-23 0.00000 
( 5) 3.625135E-23 0.00000 
( 6) 6.262849E-24 0.00000 
( 7) -1.270549E-20 0.00000 
.( El) -1.829062E-20 0.00000 
( 9) 1.240903E-19 0.00000 
(10) 1.725830E-20 0.00000 
(11) -.540000 	1.00000 
(12) -9.000864E-02 0.00000 
(13) 0.00000 	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 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(16) 	(17) 
( 1) 0.00000 	0.00000 
( 2) 0.00000 	0.00000 
( 3) 32.1046 	233.530 
( 4) 5.35129 	38.9254 
( 5) 0.00000 	593.798 
( 6) 0.00000 	98.9759 
( 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) 0.00000 	0.00000 
(14) 0.00000 	0.00000 
(15) 4.08393 	-120.341 
(16) -.532469 	-.122223 
(17) -.939469 	24.5743 
(18) .440259 	-12.4648 

(18) 	(19) 	(20) 	(21) 	(22) 

	

-233.564 	35.1717 	-2.82757 ' -3.716940E-07 0.00000 

	

-38.9310 	5.86252 	-.471307 	-6.195495E-08 0.00000 

	

1.439773E-06 -.400490 	4.125519E-06 -2.74305 	0.00000 

	

2.399852E-07-6.675474E-02 6.876525E-07 -.457218 	0.00000 

	

.218860 	.194325 	-1.331761E-06 4.03929 	0.00000 

	

3.648021E-02 3.239057E-02-2.219815E-07 .673280 	0.00000 

	

515.759 	-188.768 	-5.06989 	-2.253246E-03 0.00000 

	

85.9681 	-31.4644 	-.845064 	-3.755771E-04 0.00000 

	

7.886783E-17 269.596 	-5.59457 

	

6.490084E-18 44.9369 	-.932519 

	

0.00000 	0.00000 	77.7650 

	

0.00000 	0.00000 	12.9621 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

-606.730 	1.00000 	0.00000 

	

-.615870 	0.00000 	1.00000 

	

127.618 	0.00000 	0.00000 

	

-63.5359 	0.00000 	0.00000 

-8.565465E-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 

(19) .203696 	-6.27581 	-31.5212 	-1.846000E-03-2.519000E-06 1.700000E-03-3.255000E-03 
(20) -8.873964E-02 1.584843E-02 8.020484E-02-2.519000E-06-3.409000E-03 6.900000E-06-1.146000E-05 
(21) -2.57515 	74.6468 	377.250 	1.700000E-03 6.900000E-06-1.711000E-02 4.585000E-03 
(22) .492449 	-14.3252 	-72.3625 	-3.255000E-03-1.146000E-05 4.585000E-03-4.215000E-02 



0.00000 
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 
0.00000 
0.00000 
0.00000 
0.00000 

-67.6119 
294.389 
63.2175 

-14.8922 
1.29369 
16.9254 
60.8541 

-12,5784 

SPA 
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Matri K 

MATRIX B FROM FILE OBSV1 9 BLOM°. 3Y MATRIXNO. 2 
DIMENSION 22*13. SAMPLING TIME = 	.000.  

(ge 

( 1) 	( 2) 	( 3) 
( 1) 32.1046 	0.00000 	0.00000 
( 2) 5.35129 	0.00000 	0.00000 
( 3) 0.00000 	32.1046 	• 	233.530 
( 4) 0.00000 	5.35129 	38.9254 
( 5) 0.00000 	0.00000 	593.798 
( 6) 0.00000 	0.00000 	98.9759 
( 7) 0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0,00000 	0.00000 
( 9) 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) 0.00000 	0.00000 	0,00000 
(16) 0.00000 	0.00000 	0.00000 
(17) 0.00000 	0.00000 	0.00000 
(18) 0,00000 	0.00000 	0.00000 
(19) 0.00000 	0.00000 	0.00000 
(20) 0.00000 	0.00000 	0.00000 
(21) 0.00000 	0.00000 	0.00000 
(22) 0,00000 	0.00000 	0.00000 

( 6) 	( 7) 	( 8) 
( 1) .-2.82757 	-3.716940E-07 0.00000 
( 2) .....471307 	-6.195495E-08 0.00000 
( 3) 4.125519E-06 -2.74305 	0.00000 
( 4) 6.876525E- 07 -.457218 	0.00000 
( 5) -1.331761E-06 4.03929 	0.00000 
( 6) -2.219815E-07 .673280 	0.00000 
( 7) -5.06989 	-2.253246E... 03 0+00000 
( 8) -.845064 	-3.755771E-04 0.00000 

-8.565465E-03 0.00000 
-14427714E^03 0.00000 
-7.630429E-04 0.00000 
-1.271860E-04 0.00000 

78.0234 	0.00000 
13.0051 	0.00000 
0.00000 	-2346.17 
0.00000 	."'" . -2,55619 
0.00000 	273.614 
0.00000 	-204.837 
0.00000 	-128.982 
0.00000 	.283525 
0,00000 	1497.90 
0.00000 	-305.217  

( 4) 	( 5) 
-233.564 	35.1717 
-38.9310 5.86252 
1.439773E-06 -.400490 
2.399852E.-.07-6.675474E-02 

	

.218860 	.194325 
3.648021E-02 3.239057E-02 

	

515.759 	-188.768 

	

85.9681 	-31.4644 
7.886783E-17 269.596 
6.490084E-18 44.9369 
0.00000 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) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 

-58.9683 
46.9842 
20,3698 

-7.44891 
-2.29120 
2.71047 

• 39.6463 
-7,68846 

( 9) -5.59457 
(10) -.932519 
(11) 77.7650 
(12) 12.9621 
(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 
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(II) 	(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 
( 7) 0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 
( 9) 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 	-375.769 	-5854.62 
(19) -97.9969 	517.856 	-3563.07 
(20) -322.676 	-.169975 	7.98772 
(21) -283.577 	-5019,24 	41541,4 
(22) 72.9770 	1477.49 	-8390.19 



Observer Input Matrim SPAR 
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MATRIX C FROM FILE OBSV1 	BLOCKNO. 3, MATRIXNO, 3 
DIMENSION 22*10, SAMPLING TIME = 	.000 

( 1) 
( 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 

( 2) 
0.00000 
0.00000 
0.00000 

0.00000 

0.00000 
0.00000 
0,00000 

0.00000 

0.00000 
0.00000 

( 3) 	( 4) 	( 5) 

	

0.00000 	0.00000 	0.00000 
8.410000E-03 8.410000E-03-8.410000E-03 

	

0.00000 	0.00000 	0.00000 

-1.457000E-02 1.457000E-02 1.457000E-02 

	

0.00000 	0.00000 	0.00000 

5.729000E-03-5.729000E-03-5.729000E-03 

	

0.00000 	0.00000 	0.00000 

3.806000E-03 3.811000E-03-3.806000E-03 

	

0.00000 	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 	16289000E-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 8.081000E-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-06-2.577009E-03-36368090E-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-03-26422000E-06-6.475000E-04-3.014000E-03 3.025000E-03 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
( 2) -8.410000E-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 
( 5) 0.00000 	0.00000 	0,00000 	0.00000 	0.00000 
( 6) 5.729000E-03-2.869000E-02 2.869000E-02 2.869000E-02-2.869000E-02 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
( 8) -3.811000E-03-1.906000E-02-16908000E-02 1.906000E-02 1.908000E-02 
( 9) 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) -16293000E -03-2,675000E-04-26702000E-04 2.675000E-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) 0600000 	0.00000 	0,00000 	0.00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(17) 0600000 	0.00000 	0600000 	0.00000 	0.00000 
(18) 0.00000 	0,00000 	0.00000 	0.00000 	0.00000 
(19) -66539000E -03-4.826000E-02-4.783000E-02 4.826000E-02 4.783000E02 
(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 	6241800 	6241300 



Eigenvalues of -  A &Acc.  

REAL PART 
-.270000 
- .270000 
-.270000 
- .270000 . 
-.270000 
-.270000 
-.270000 
-.270000 
-.270000 
-.6270000 
-.`270000 

- ....0270000 

-.270000 
-.270000 
- .270000 
-6270000 

270000 
-.270000 
-.270000 

0270090 
-.270000 
- .270000 

IMAGINARY PART 
O130800 

-.130800 
0130800 

- .130800 
+130800 

-.130800 
. 130800 

-.130800 
. 130800 

-.130800 
e 130800 

-.130800 
O130800 

-.130800 
0.00000 
0.00000 
O130800 

-.130800 
. 130800 

-.130800 
. 130800 

-.130800 

ABS. VALUE 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.300014 
.270000 
.270000 
. 300014 

 .300014 
.300014 
.300014 
.300014 
.300014 
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APPENDIX D 

EVALUATION AND DESIGN MODELS FOR REGULATOR PROBLEM 

In the following are listed the continuous-time system matrices for the 
evaluation model ( Ap, Bp , Cj ) and the design model ( c„) used in 
Ref0[4]; the latter is also listed in Appendix A. 



ri  

SPAR 

Mafric Ap  

MATRIX A FROM FILE DZM 	p  BLOCKNO. 1, MATRIXN04 1 
DIMENSION 36*36p SAMPLING TIME = 	4000 

( 1) 	 ( 2) 	 ( 3) 	 ( 4) 	 ( 5) 
( 1) 0.00000 	0400000 	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 	0400000 	0400000 	0.00000 	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) 0400000 	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 	0400000 	0.00000 

(13) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0400000 	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 	0400000 	0.00000 
(18) 0400000 	0.00000 	0400000 	0400000 	0.00000 

(19) 0400000 	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) 0400000 	0.00000 	0400000 	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 	0400000 	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) 0400000 	0.00000 	0.00000 	0.00000 	0.00000 
(31) 0400000 	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 
(36) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 



Matr; ic A 	(e•rier) 

( 6) 	( 7) 	( 8) 	( 9) 

	

0.00000 	0.00000 	1.00000 	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 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

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)  
( 2)  
( 3)  
( 4)  
( 5)  
( 6)  
( 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) 
(33) 
(34) 
(35) 
(36) 

(10) 
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 
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(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) 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 

( e) 	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 

(26) 0.00000 	0.00000 	0.00000 	0.00000 	-1.546281E-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 

(36) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 



Miet-triK  4  (cen-t-2) 

(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 
C 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 
(26) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(27) -2.285538E-02 0.00000 	0.00000 	0.00000 	0.00000 
(28) 0.00000 	-5.737217E-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) 0400000 	0.00000 	0.00000 	0.00000 	0.00000 
(36) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
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(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 	0000000 	0.00000 	0.00000 	0.00000 
( 4) 0600000 	0000000 	0.00000 	0.00000 	0.00000 

( 5) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 

( 6) 0000000 	0.00000 	0000000 	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 	0600000 	0.00000 	0.00000 

(10) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0600000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0600000 	0.00000 	0.00000 	0,00000 
(13) 0000000 	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 	0600000 	0.00000 
(16) 0000000 	0.00000 	0.00000 	0.00000 	0.00000 
(17) 0.00000 	0.00000 	0.00000 	0000000 	0.00000 
(18) 0.00000 	0.00000 	0600000 	0.00000 	0.00000 
(19) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(20) 0.00000 	0600000 	0.00000 	0.00000 	0.00090 
(21) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(22) 0.00000 	0000000 	0.00000 	0.00000 	0.00000 
(23) 0.00000 	0.00000 	0.00000 	0.00000 	0600000 
(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 	0600000 
(27) 0600000 	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) -2.41268 	0.00000 	0.00000 	0.00000 	0.00000 
(33) 0,00000 	-9.84003 	0.00000 	0.00000 	0.00000 
(34) 0.00000 	0600000 	-1566595 	0600000 	0.00000 
(35) 0.00000 	0.00000 	0000000 	-98.9811 	0.00000 
(36) 0000000 	0600000 	0.00000 	0600000 	-196.233 
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(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 	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 
(18) 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) 0.00000 	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) 5.509000E-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-05-7.188000E-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 2.683000E-04 
(36) 2.607000E-03-2.564000E-05 3.086000E-05-8.077000E-03 1.308000E-03 
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(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 
(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 	0.00000 	0.00000 	0.00000 
(21) 0.00000 	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-05 -2.564000E -05  
(28) -1.146000E-05 8.921000E-03-7.907000E-08-6.351000E-03 7.460000E-06 3.086000E-05 
'(29) 4.585000E-03 2.764000E-05 1.707000E-03 2.617000E-05-4.837000E-03 -8.077000E -03 
(30) -5.880000E-03-7.188000E-05-2.124000E-03-2.508000E-05 2.683000E-04 1.308000E-03 
(31) -4.215000E-02-6.426000E-04-1.163000E-02-7.470000E-05-2.760000E-02 -3.694000E-02 
(32) -6.426000E-04 -.150100 	-3.174000E-04 8.721000E-02-5.814000E-04-6.131000E -04 
(33) -1.163000E-02-3.174000E-04-5.610000E-02 2.360000E-05 .122900 	.189600 
(34) -7.470000E-05 8.721000E-02 2.360000E-05 -.105600 	-6.325000E-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 -1.44600 	-2.34200 

fv; 
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MATRIX D FROM FILE DZM 	9 DLOCKNO, 1P MATRIXNO. 2 
DIMENSION 36*10P SAMPLING TIME = 	.000 

( 1) 
0.00000 . 
0.00000 
0.00000 
0.00000 
0.00000 

( 6) 0.00000 	0.00000 
( 7) 0.00000 	0.00000 
( 8) 0400000 	0.00000 
( 9) 0.00000 	0.00000 
(10) 	0.00000 • 	0.00000 

( 3) 	( 4) 	( 5) 
0600000 	0.00000 	0600000 
0.00000 	0.00000 	0.00000 
0.00000 	0600000 	0.00000 
0400000 	0.00000 	0.00000 
0.00000 	0.00000 	0.00000 
0.00000 	0.00000 	0.00000 
0.00000 	0600000 	0,00000 
8.410000E-03 8.410000E-03-8.410000E-03 
-1.457000E-02 1.457000E-02 14,457000E-02 
5.729000E-03-5.729000E-03-5.729000E-03 

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  

( 2) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(11) 0,00000 	'0400000 	3.806000E-03 3.811000E-03-34806000E-03 
(12) 0.00000 	0.00000 	16022000E-02-7.078000E-03 7.133000E-03 
(13) 6.944000E-03 0,00000 	1.269000E-03 4.539000E-05-4.112000E-05 
(14) 66791000E-08 6.92 • 000E-03-8.075000E-04 8.081000E-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) 0400000 	0.00000 	0.00000 	0.00000 	0.00000 
(18) 0.00000 	0.00000 . 	0.00000 	0.00000 - 	0600000 
(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) 0600000 	'0600000 	0600000 	0.00000 	0.00000 
(26) -54553000E-04.726199000E-06 6.530000E-03-3.478000E-03 3.488000E".03 
(27) 56403000E-06-6.851000E04 14044000E-03-1.055000E-03-1.175000E-03 
(28) .-14500000E -06-2.577000E-03-3,368000E-03 3.370000E-03 3.419000E-03 
.(29) 86518000E-04• 1.731000E-06-2.485000E-02 2.639000E-02-26653000E-02 
(30) 1.688000E-05-8.184000E-07 1.358000E-02-1.328000E02 1.336000E-02 
(31) 4.838000E-03-2,422000E-06-6.475000E-04-3.014000E-.03 3.025000E-03 
(32) 8.906000E-05-2.665000E-03 4.183000E-03-4.251000E-03-4.594000E-03 
(33) -1.641000E -02-36707000E-:06-1.505000E-03 9.903000E-04-16007000E-03 
(34) 94890000E-06-5,304000E-03-1.833000E-03 14826000E--03 26062000E-03 
(35) .119700 	-96102000E-07-5.342000E-04 68243000E-04-6.283000E-04 
(36) .180300 	2.451000E-04 36438000E-04-.3.829000E-04 4.334000E-04 



derkagialiaLL" 

SPAR 

& R, 	Cetalt;;!) 

( 6) 	( 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 

( 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) -8.410000E-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-03-2.869000E-02 2.869000E-02 2.869000E-02-2.869000E-02 
(11) -3.811000E-03-1.906000E-02-1.908000E-02 1.906000E-02 1.908000E-02 
(12) ....1.027000E-02 9.299000E-03 9.284000E-.03-9.299000E-039.284000E-03 
(13) -1.293000E-03-2.675000E-04-2.702000E -04 2.675000E-04 2.702000E-04 
(14) -8.100000E-04 9.735000E-04-9.725000E-04-9.735000E04 9.725000Er-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) 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) -6.539000E-03-4.826000E-02-4.783000E -02 4.826000E-02 4.783000E-02 
(27) 1.186000E-03-5.105000E-02 5.178000E-02 5.105000E.-02-5.178000E-02 
(28) -3.421000E-03 -.108700 	.108500 	.108700 	-.108500 
(29) 2.499000E-02 5.095000E-02 5.079000E-02-5.095000E-^02-5.079000E-02 
(30) -1.365000E-02-4.925000E-02-4.909000E-02 4.925000E-02 4.909000E-02 
(31) 6.358000E.-04 -.241800 	.-.241300 	.241800 	.241300 
(32) 4.662000E-03 .263900 	-.272400 	.....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 



( 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) 0.00000 
(13) 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 	0400000 

	

0.00000 	0.00000 
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MATRIX C FROM FILE UM 	Y.DLOCKNO. 1Y MATRIXN04 3 
DIMENSION 13*36g SAMPLING  TIME 	.000 

( 1) 	 ( 2) 	( 3) 	( 4) 	( 5) 
( 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 

1.047000E-03 7.331000E-04 
2.003000E-03 
0.00000 
0400000 
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 
0400000 
0.00000 

( 6) 	( 7) 	( 8) 
( 1) 1.334000E-03 5.777000E-07 0400000 
( 2) 2.464000E-06 9.338000E-04 0.00000 
( 3) -9.174000E-08-4.708000E-05 0.00000 
( 4) 16210000E-04 1,119000E-07 0.00000 
( 5) 1.441000E-04 2,213000E-07 0.00000 
( 6) 6.944000E-03 64791000E-08 0.00000 
( 7) 0.00000 	6.921000E-03 0.00000 
( 8) 0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0400000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0400000 
(12) 0.00000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 

( 9) 
0.00000 
0.00000 
0400000 
0.00000 
0.00000* 
0400000 
0400000 
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 

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  
( 6)  
( 7)  
( 8)  
( 9)  
(10) 
(11) 
(12) 
(13) 

(11) 
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 

(12) 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
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 
0400000 
0,00000 
0400000 
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 
0400000 
0.00000 
0.00000 

(15) 
34051000E-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 
9.647000E-05 
4.200000E-06 
5,736000E-05 
36335000E-03 

(16) 	(17) 	(18) 	(19) 	(20) 
( 1) -1.135000E-05 1.986000E-06 1.541000E-03 2.933000E-04-3.661000E-03 
( 2) -1.287000E-03 3.920000E-03-84289000E-05 4.152000E-05 64760000E-06 
( 3) -3.625000E-04-9.888000E-04 84859000E-07-1.407000E-06-4.329000E-06 
( 4) 36905000E-06 2.133000E-07-3.964000E-04-3.743000E-04-5.918000E-03 
( 5) -1.515000E-05 50812000E-06-5.932000E-03 3.110000E-03 2.746000E-04 
( 6) 5.403000E-06-1.500000E-06 8.518000E-04 1.688000E-05 4.838000E-03 
( 7) -64851000E-04-2.577000E-03 1.731000E-06-8.184000E-07-24422000E-06 
( 8) 6.574000E-04-1.386000E-04 .121800 	-9.070000E-02 -.270900 
( 9) -2.616000E02-2.193000E-02-5.374000E-05-2.032000E-05-1.934000E-04 
(10) 2.728000E-02 7.066000E-02-4.218000E-05 4.595000E-05 1.590000E-04 
(11) 1.211000E-03 3.425000E-03-2.497000E-06 2.209000E-06 6.796000E-06 
(12) -2.287000E-06 1.776000E-06-1.050000E-03-5.249000E-04-1.114000E-02 
(13) -3.071000E-05 8.00200.0E-06-64323000E-03 36207000E-03-6,592000E-04 



SPAR  

1140i.fri 	Cr 	
(

coeltri ) 

(21) 	(22) 	(23) 	(24) 	(25) 

( 1) -6.865000E-05-5.147000E-04-7.681000E-06 9.009000E-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 2.644000E-05-1.342000E-04 8.974000E-05 

( 6) 8.906000E-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 -.100800 	-5.008000E-04-2.117000E-02 1.470000E-02 
( 9) .4341 .00 	1.553000E-04 -.265200 	7.903000E-05-1.073000E-05 
(10) -.204600 	-6.828000E-05 .133700 	-3.800000E-05 6.639000E-05 

(11) -7.090000E-03 9.175000E-08 1.134000E-02-8.927000E-07-2.431000E-04 

(12) -2.104000E-04 1.367000E-02-8.302000E-06 -.117800 	-.176900 

(13) -3.270000E-05-3.466000E-03 2.847000E-05 2.352000E-02 3.307000E-02 

(26) 	(27) 	(28) 	(29) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 

( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 	0.00000 	0.00000 

( 4) 0.00000 	0.00000 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 

( 6) 0.00000 	0.00000 	0.00000 	0.00000 

( 7) 0.00000 	0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 

(31) 	(32) 	(33) 	(34) 	(35) 
( 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 

(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 

(36) 

0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 

0.00000 
0.00000 

0.00000 
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SPAR 	1  
ernœmmot 

Ma1vIy A 

MATRIX A FàOM FILE  112M 	9 BLOCKNO. 2P MATRIXMO, 1 

DIMENSION 22*22, SAMPLING TIME = 	.000 

( 1) 	( 2) 	( .3) 	( 4) 	( 5) 	. 	II 
( 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 II 
( 	' 	. 

( 5) 0,00000 	0.00000 	0.00000 	0,00000 	0.00000 

( 6) 0.00000 	0600000 	0.00000 	0.00000 	0.00000 

( 7). 0600000 	0600000 	0600000 • 	0600000 	0600000 

( 8) 	0600000 	0.00000 	0.00000 	0.00000 	0.00000 I ( 9) 	0600000 	0600000 	0.00000 	0.00000 	0600000 

(10) 0.00000 . 	0.00000 	0.00000 	0.00000 	0.00000 

(11) 8.00000 	0.00000 	0.00000 	0.00000 	0.00000 

'(13). 	0.00000 	•• . 0.00000 	0.00000 	0.00000 	8.00000 II 
'(12) 	0.00000 	0.00000 	0.00000 	0,00000 	0.00000 

'(14) 	0.00000 	0.00000 	0.00000 	0600000 	' 0.00000 
(15) 	0.00000 	0.00000 	0.00000 	• 	0.00000 	0.00000 

. 	II 
.(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 	offl000 	0.00000 	
. 

(21) 0.00000 • 	0.00000 	0.00000 • 	0.00060 	• 	offl000 	..: . II 
II ' 

ll 

1 
1 

1 

1 

( 6) 	 ( 7) 	( 8) 	( 9) 	(10) 

(. 1) 	0600000 	0,00000 	1600000 	0.00000 	0600000 
( 2) 	0,00000 	0.00000 	0 ,00000 	1600000 	0.00000 
( 3) , 0.00000 	0,00000 	0.00000 	0.00000 	1.00000 
( 4) 0600000 	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 	0600000 	0.00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000, 	0600000 	0600000 
(17) 0.00000 	• 0.00000 	0,00000 	0600900 	. 	0600000 
(18) 0.00000 	0.00000 	0600000 	0.00000 	0.00000 
(19) 0.00000 	0.00000 	0600000 	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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(16) 0.00000 	0.00000 
(17) 0.00000 	0.00000 
(18? 	0.00000 	0.00000 
(19) 0.00000 	0.00000 
(20) -5.737217E-02 0.00000 
(21) 0.00000 	-.309465 
(22) 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 
( 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) 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 

- • 

( 1)  

( 2)  

( 3)  
( 4)  

( 5)  

( 6)  
( 7)  
( 8)  
( 9)  

(10)  
(11)  

(12) 

(13)  
(14)  

(15)  

(16)  

(17)  

(18)  
(19)  

(20)  

(21)  

(22)  

( 1)  
( 2)  
( 3)  

( 4)  
( 5)  

( 6)  
( 7)  
( 8)  
( 9)  

(10)  

(11)  
(12)  

(13)  

(14)  

(15)  

(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 

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 
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 

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 
(17) 

0.00000 
0.00000 

0.00000 
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 
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 
(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 

(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 

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 

0.00000 
1.00000 

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 
-1.546281E-02 

0.00000 ° 

0.00000 

0.00000 

(20) 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 

0.00000 
0.00000 

0.90000 
0.00000 

0.00000 

0.00000 
0.00000 

0.00000 

0.00000 

0.00000 
1.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 
- 1.846000E-03-2.519000E-06 
-2.519000E-06-3.409000E-03 

1.700000E-03 6.900000E-06 
-3.255000E-03-1.146000E-05 
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Matvi y 13, 

MATRIX D FROM FILE 112M 	p  DLOCKNO, 2Y MATRIXN0e 2 
DIMENSION 22*10Y SAMPLING TIME = 	.000 

( 5) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

( 1) 

	

; ( 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  

( 2) 
0.00000 
0400000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

( 3) 	( 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 
8.410000E-03 8.410000E-03-8.410000E...03 
-1.457000E-02 1.457000E02 1.457000E-02 
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 	0.00000 	0.00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000 	0,00000 	0.00000 
(17) 0.00000 	0.00000 	0.00000 	0400000 	0400000 
(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) 4.838000E03-2.422000E-06-6,475000E-04-3.014000E-03 3.025000E-03 

( 6) 	( 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 

( 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) -8.410000E-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-03-2,869000E-02 2.869000E-02 2,869000E-02-26869000E-02 
•(11) .-3.811000E -03-1.906000E-02-1,908000E-02 1,906000E-02 1.908000E-02 

• (12) -1.027000E-02 9.299000E-03 9.284000E-03-9.299000E-03-9.284000E-03 
(13) -.1. 293000E -. 03-2.675000E-04-2.702000E-04 2.675000E-04 2.702000E-04 
(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-03-4.826000E-02-4,783000E-02 4.826000E-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 -.24180O.. - 	-.241300 	.241800 	.241300 
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Matrix Cc_ r. 	 SPAR 
	 antinume 

MATRIX C FROM FILE DZM 	r BLOCKNO. 2+ MATRIXNO. 3 
DIMENSION 13*22P SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 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 
( 5) 0.00000 
( 6) 0.00000 
( 7) 0.00000 
( 8) 0.00000 
( 9) 0.00000 
(10) 0.00000 
(11) 0.00000 
(12) 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 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 	0.00000 	1.047000E-03 7.331000E-04 
0.00000 	2.003000E-03 

( 6) 	( 7) 
( 1) 1.334000E-03 5.777000E-07 
( 2) 2,464000E-06 9,338000E-04 
( 3) -9.174000E-08-4.708000E-05 
( 4) 1.210000E-04 1.119000E-07 
( 5) 1.441000E-04 2.213000E-07 
( 6) 6.944000E-03 6.791000E-08 
( 7) 0.00000 
( 8) 0.00000 
( 9) 0.00000 
(10) 0.00000 
(11) 0.00000 
(12) 0.00000 
(13) 0.00000  

( 8) 	( 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 

	

0.00000 	0.00000 

	

0.00000 	0,00000 

	

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 
0.00000 
0.00000 
0.00000 

6.921000E-03 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(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) 0.00000 
(13) 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 

(13) 	(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 

(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 
9.647000E-05 
4.200000E-06 
5.736000E-05 
3.335000E-03 

(16) 	(17) 	(18) 	(19) 
( 1) 1.986000E-06 1.541000E-03-3.661000E-03 0.00000 
( 2) 3.920000E-03-8.289000E-05 6,760000E-06 0.00000 
( 3) -9.888000E-04 8.859000E-07-4.329000E-06 0.00000 
( 4) 2.133000E-07-3.964000E-04-5.918000E-03 0.00000 
( 5) 5.812000E-06-5.932000E-03 2.746000E-04 0.00000 
( 6) -1.500000E-06 8.518000E-04 4.838000E-03 0.00000 
( 7) -2.577000E-03 1.731000E-06-2.422000E-06 0.00000 
( 8) -1.386000E-04 .121800 	-.270900 	0.00000 
( 9) -2.193000E-02-5.374000E-05-1.934000E-04 0.00000 
(10) 7.066000E-02-4.218000E-05 1.590000E-04 0.00000 
(11) 3:425000E-03-2.497000E-06 6.796000E-06 0.00000 
(12) 1,776000E-06-1.050000E-03-1.114000E-02 0.00000 
(13) 8.002000E-06-6.323000E-03-6.592000E-04 0.00000  

(20) 	(21) 	(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 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

D-15  
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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 e=10-(0 



SPAR 
	 ammo 

mettrix (it-ec,c.) 

MATRIX A FROM FILE DZM 	r BLOCKNO4 8, MATRIXMO, 1 
DIMENSION 22*22r SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) -9.293634E-02 1.321112E-05-6.095105E-06-3.089583E-02-1.024187E-02 
( 2) 1.293441E-05-9.573065E-02 2.862162E-02-1.847406E-06-1.141023E-04 
( 3) -5.893768E-06 2.867876E-02-3.444202E-02 2.470468E-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-03-3.822611E-02 
(' 6) -3.103905E-03-5.242722E-06 2.088927E-06-1.475416E-03-7.940247E-04 
( 7) -8.325896E-07-2.254360E-03 9.137619E-04-7.986007E-07-4.548513E-06 
( 8) -4.835099E-03 6.972787E-07-2.957732E-07-2.053411E-03-7.776337E-04 
( 9) 6.812115E-07-4.979494E-03 1.857745E-03-3.614254E-07-8.217476E-06 
(10) -2.883858E-07 1.858359E-03-1.000263E-03 1.841341E-07 3.268841E-06 
(11) -2.052626E-03-3.541432E-07 1.807029E-07-1.222556E-03-4.241055E-04 
(12) -7.784922E-04-8.218570E-06 3.267814E-06-4.246735E-04-8.067795E-04 
(13) -2.738856E-04-4.767539E-07 1.891603E-07-1.276634E-04-6.254074E-05 
(14) -8.975803E-08-1.976104E-04 7.903131E-05-7.632363E-08-3.991077E-07 
(15) -9.416549E-04-1.550921E-06 6.093742E-07-4.102519E-04-2.264979E-04 
(16) 7.435875E-07-9.481080E-04 3.879694E-04 1.521911E-07-1.810883E-06 
(17) -1.266434E-04 6.274475E-06-2.470320E-06-5.413919E-05 3.333928E-05 
(18) 9.765677E-05 2.857585E-07-1.074255E-07 5.311494E-05 2.731370E-05 
(19) -1.589359E-04 7.435206E-08-3.048953E-08-7.074567E-05-3.405529E-05 
(20) -1,660187E-07-1.479155E-04 5.926363E-05-9.896549E-08-3.342845E-07 
(21) 3.605858E-05 9.111159E-07-3.595936E-07 1.717075E-05 1.252388E-05 
(22) -20946282E-06-6.219530E-07 2.461920E-07-7.001342E-07-6.239135E-06 

( 6) 	( 7) 	( 8) 
( 1) -3.117985E-03-9.348414E-07 1.00000 
( 2) -5.171723E-06-2.296889E-03 0.00000 
( 3) 2.063186E-06 9.222594E-04 0.00000 
( 4) -1.481749E-03-8.315121E-07 0.00000 
( 5) -7.937059E-04-4.647821E-06 0.00000 
( 6) -6.650749E-02-4.859381E-07 0.00000 
( 7) -4.865342E-07-6.629824E-02 0.00000 
( 8) -2.742540E-04-9.276633E-08 0.00000 
< 9) -4.743121E-07-1.986741E-04 0.00000 
(10) 1.882177E-07 7.936719E-05 0.00000 
(11) -1.278268E-04-7.760843E-08 0.00000 
(12) -6.255535E-05-4.017737E-07 0.00000 
(13) -2.215387E-03-4.297056E-08 0.00000 
(14) -4.296656E-08-2.1980Q9E-03 0.00000 
(15) 2.703699E-05-5.5805 -42E-08 0.00000 
(16) -2.075416E-08 2.307187E-04 0.00000 
(17) -3.753491E-05 3.019954E-07 0.00000 
(18) -4.264311E-05 2.939175E-08 0,00000 
(19) 1,333159E-07-2,226628E-08 0.00000 
(20) -1.059128E-09 2.266189E-05 0.00000 
(21) -1.022902E-05 2.537901E-08 0.00000 
(22) 4.760232E-07-5.906489E-09 0.00000  

( 9) 	 (10) 

	

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 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

	

0.00000 	0.00000 

E- 1  



SPAR 
muffle 

M atri 	
(4c--  K cc) (contk) 

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

, (20) 
(21) 
(22) 

(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 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(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 
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 
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 

(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 
0.00000 

(15) 
-9.653534E-03 
3.257804E-07 
2,352238E-05 
1.020422E-02 

-9.155541E-03 
1.285744E-03 
1.732578E-05 

-3.465733E-04 
-4.425033E-07 
4.266740E ,-07 
5.115989E-07 

-1.782893E-04 
2.596697E-05 
4.732060E-07 
-.1.68796 

-1.876955E-04 
3.870395E-02 

-2.602974E-02 
-2.722109E-02 
-4.449521E-05 
3.269043E-03 

-8.579124E-03 

(16) 	(17) 	(18) 	(19) 	(20) 	(21) 	(22) 
( 1) 3.933968E-05-30264784E-02 8.753482E-03 0,00000 	0.00000 	0.00000 	0.00000 
( 2) -1.086155E-02 3.256584E-04-4.403821E-05 0.00000 	0,00000 	0.00000 	0.00000 
( 3) 2.907630E-02-1.020224E-04 1.913824E-04 0.00060 	0.00000 	0.00000 	0.00000 	• 
( 4) 8.066767E-06-2.935178E-02 .123841 	0.00000 	0.00000 	0.00000 	0.00000 
( 5) -8.144454E-05 8.444582E-02 5.378627E-02 0.00000 	0.00000 	0.00000 	0.00000 
( 6) -5.379012E-07-2.505455E-03-5.705263E-02 0.00000 	0.00000 	0,00000 	0.00000 
( 7) 2.119040E-02-7,523364E-06 2.149350E-05 0.00000 	0.00000 	0.00000 	0.00000 

	

. ( 8) 1.536872E-06-1.518426E-03 2.453609E-03 0.00000 	0,00000 	0,00000 	0.00000 
( 9) -8.506519E-04 2.161180E-05-9.561130E-07 0.00000 	0.00000 	0,00000 	0.00000 

	

, (10) 6.170144E-04-8.232879E-06 2.238500E-06 0.00000 	0.00000 	0.00000 	0.00000 

	

' (11) 3,619707E-07-7.447571E-04 2.583173E-03 0.00000 	0.00000 	0.00000 	• 0.00000 
(12) -2.426326E-06 1.327707E-03 1.514712E-03 0,00000 	0.00000 	0.00000 	0.00000 
(13) -46854996E-08-1.129514E-04-1.788937E-03 0,00000 	0.00000. 	0.00000 	, 0.00000 
(14) 6,474258E-04 3.834533E-07 5,829367E-07 0.00000 	0.00000 	0.00000 	0,00000 
(15) -4.326207E-04 .267836 	-.593737 	1.00000 	0.00000 	0.00000 	0,00000 
(16) -9.550333E-02 8.219357E-05-3.695580E-04 0.00000 . 	1.00000 	0.00000 	0.00000 
(17) 7.626091E-05-6.164706E-02 .136180 	0.00000 	0.00000 	- 1.00000 	0.00000 
(18) -6.450478E-05 4.132508E-02-9.231698E-02 0.00000 	0.00000 ' 	0.00000 	1.00000 
(19) -2.478346E-05 1,862430E-02-4,126533E-02-1.846000E-03-2.519000E-06 1.700000E-03-3.255000E-03 
(20) -6.168701E-02 6.140790E-05-1,433360E-04-2.519000E-06-3.409000E- 03 6.900000E-06-1.146000E-05 
(21) 1.701514E-05 -.314660 	1.139842E-02 1.700000E-03 6.900000E-06-1,711000E-02 4.585000E-03 
(22) -2.741654E-05 1.363637E-02 -.638045 	-3.255000E-03-1.146000E-05 4.585000E-03-4.215000E-02 



MCL*jc  K 

MATRIX D FROM FILE DZM 	y  BLOM° , 8, MATRIXN04 2 
DIMENSION 22*136 SAMPLING TIME = 	.000 

( 1) 	 ( 2) 	( 3) 	( 4) 	( 5) 
( 1) 5.52535 	-74854413E-04 9.890153E-04 -10.6884 	.366191 
( 2) -7.689898E-04 5.69148 	9.92688 	-4.241065E-03-2.582080E-02 
( 3) 3.504024E-04 -1670504 	2544708 	9.050393E-03 1.195945E-02 
( 4) 1,83237 	16008749E-04-16862920E-03 22.9756 	-7.79250 
( 5) 4612013 	6,798117E-03-16059891E-03 2.25966 	17.2982 
( 6) .184537 	3,116957E-04-24975533E-05 6.666672E-02 8.281638E-02 
( 7) 44949998E-05 .134029 	-2.986903E-02 3.229679E-05 4.514242E-05 
( 8) .287461 	-4,145533E-05 2.369277E-05 -4130068 	-1.465457E-02 
( 9) .-4,050009E-05 4296046 	4110622 	-16130827E-04-4.296903E-04 
(10) 1.714541E-05 -4110485 	.296244 	1,047961E-04 1,893825E-04 
(11) .122035 	2.105489E-05-4.555182E -05 6279863 	-8.194206E-02 
(12) 46628372E-02 4.886189E-04-3.914631E-05 64889109E-02 .305030 
(13) 1,628333E-02 2.834446E-05-14827255E-06 3.470056E-03 4.434629E-03 
(14) 56336387E-06 14174854E-02-1.445730E-03 24044243E-06 3.422987E-06 
(15) 5.598424E-02 94220694E-05 6.319435E-07-14545399E-02 3.099838E-02 
(16) -46420853E-05 5,636789E-02-1.659975E-02 1,902078E-05 6.607744E-05 
(17) 76529336E-03-34730366E.-.04 24950997E-06-34066579E-03-2.731598E-02' 
(18) -54805991E-03-14698921E-05-5.452116E-06-84491557E-03-1.429358E-03 
(19) 96449223E-03-4,420456E-06 1.372567E06-14173873E-03 26623510E-03 
(20) 9,870318E-06 86794027E-03-1.199847E-03-14303313E-06 1,208178E-05 
(21) -24143792E-03-5.416860E-05 14394609E-06-8,035648E-04-24597954E-03 
(22) 1,751654E-04 34697699E-05-1.747582E-06-64057354E-04 34061498E-03 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) -.433799 	-4.807003E-05 .183793 	2.516512E-04-24234295E-04 
( 2) -3.861763E-04 -.368509 	-1.329212E-04 1.032554E-02-3.327063E-02 
( 3) 1.712033E-04 .270058 	14036432E-04-1.394779E*02 4.494154E-02 
( 4) -.377273 	-14776941E-04-8.415427E-02-1.281054E-04 1.542948E-04 
( 5) ^4401616 	-8.896672E-04 4151271 	2.273943E-04-3.583999E-04 
( 6) 9.53936 	-84477622E-05-4.411856E-02-54760388E-05 7.230501E-05 
( 7) 1.110336E-05 9.56100 	2.672081E-05-1.156707E-02 3.727030E-02 
( 8) -14315802E-02-2,135875E-06 7.765848E-03 1.016931E-05-74512395E-06 
( 9) -1.661410E-05-1.048482E-02 2.094820E-06 9.094183E-04-2.930258E-03 
(10) 6.963222E-06 5.454543E-03-1.968579E-07-4.919981E-04 16585276E-03 
(11) -8.211881E-03-3494?685E-06 1.543640E-03 1.938618E-06-14139813E-06 
(12) -7.413452E-03-2.279850E-05 3.638019E-03 6.581472E-06-1.168181E-05 
(13) .315756 	-2.283348E-06-14256383E-03-14564819E-06 1.914577E-06 
(14) 8,678273E-07 .316002 	7.898884E-07^4.774466E^04 1.538380E-03 
(15) -1.502263E-02"94640256E-06 -2.19287 	-2.555355E-03 1.005127E-03 
(16) -1.044186E-05-46105426E-02-34709708E-04 -.380431 	1.22578 
(17) 4.579347E-03 6.966121E-06 .503082 	-36050696E-04-1.600252E -04 
(18) 7.434014E-03-1.396924E-06 -.339694 	-2,475974E-04 1.716224E-04 
(19) -1.868459E-03 2.987656E-06 -4152507 	-1.754665E-04-3.783314E -06 
(20) -5.107966E-06-.44469044E-03-4.847226E-04-1.?06148E-02 5.497183E-02 
(21) 1.952847E-03 3.906948E-06 4.227307E-02 9.310945E-05-1.246330E-04 
(22) -1.551920E-04-44248704E-06 -.111540 	-7.983811E-05 1.410381E-04 



Matvi k K (e„ 51,,ef)z 

(11) 	(12) 	(13) 
( 1) -9.684673E-06-3.123349E-04-8.181101E-03 
( 2) -1.612681E-03 1.446797E-06 7.199072E-06 
( 3) 2.178388E-03-6.581475E-07-5,055251E-06 
( 4) 6.973861E-06-5.730473E-04 2.961407E-03 
( 5) -1.664644E-05 4.226763E-04-5.985141E-03 
( 6) 3.285436E-06 1.618002E-04 2.057909E-03 
( 7) 1.806550E-03 2.711428E-07-7.688681E-07 
( 8) -3.149004E-07-2.362875E-05-3.571161E-04 
( 9) -1.420343E-04 5.143573E-08-3.773563E-08 
(10) 7.684086E-05-1.985562E-08-1.061414E-08 
(11) -4.531254E-08-1.551725E-05-8.283728E-05 
(12) -5.477528E-07 2.400091E-06-1.524631E-04 
(13) 8.675986E-08 6.466703E-06 6.063617E-05 
(14) 7.456769E-05 2.101523E-08-7.553041E-09 
(15) 3.462071E-05 6.114993E-03 .100234 
(16) 5.941557E-02 3.15000 (2E-05 5.284465E-05 
(17) -1.013944E-05-7.245599E-03-2.929256E-02 
(18) 7.084907E-06-1.654423E-02-3.645148E-03 
(19) -1.296190E-06 7.175923E-04 7.293400E-03 
(20) 2.664567E-03 3.847803E-06 2.500995E-05 
(21) -5.702935E-06-2.602091E-03-4.653924E-03 
(22) 6.622374E-06 3.681957E-04 5.151916E-03 



SPAR  

M tatb-a 	B 

MATRIX A FROM FILE DZM 	'BLOM°. 2, MATRIXNO. 2 
DIMENSION 22*10 ,  SAMPLING TIME = 	.000 

( 1) 
( 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 

( 2) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

( 3) 	( 4) 	( 5) 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 

	

0.00000 	0 4 00000 	0.00000 

	

0.00000 	0.00000 	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 
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 	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 

( 6) 	( 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 
( 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) -8.410000E-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-.03-2.869000E-02 2.869000E-02 2.869000E-02-2.869000E-02 
(11) -3.811000E-03-1.906000E-02-1.908000E-02 1.906000E-02 1.908000E-02 
(12) - 1 .027000E-02 9.299000E-03 9.284000E-03-9.299000E-03-9.284000E-03 
(13) -1.293000E-03-2.675000E-04-2.702000E-04 2.675000E-04 2.702000E-04 
(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-03^4.826000E-02-4.783000E-02 4.826000E-02 4.783000E-02 
(20) -3.421000E-03 -.108700 	.108500 	.108700 	-.108500 
(21) 2.499000E-02 5.095000E-02 5.079000E-02-5,095000E-02-56079000E-02 
(22) 6.358000E-04 -.241800 	-.241300 	.241800 	.241300 

E-5 



1) 
( 2)  
( 3)  
( 4)  

'( 5) 

• ( (Si) 

(10) 

• 1) 
2) 

«3) 

(.  6)" 
( 7)  
( 8)  

(10) 

( 1) 

' ( 3) 
( 4)  
( 5)  
4 6) 
( 7)  
( 8)  
( 9)  

_ 
'rY DIMENSION 10*22P 8AMLING iIME 

, 	, 
•( 1) 	( 2) ' 

'!›(,' 1) -46771374E-02 2,101564E-04' 
.;('2) 16555301E-05-46318265E-02 
( 3) 	.324396 	-6447177 
(.4) 	.519217 	6447070 
( 5) -.6519406. 	6445034 
( 6) -6324367 	-.444927 
7). -2.532142E-02 -6161756 

• 8) 2.275072E-02 .161524 
~ .9) 2.532142E-02 6161756 
(10) -26275072E-02 -.161524  

' , 4 000 
„ 

	

.4•3)' 	4). 	
, 

	

3.852150E-04.1.08101 	..-6774833 •  

	

1.00104 	-4.959516E-04 7 1.175276E-03 

	

6166953 	. 	.404037 	1.30933 

	

-.166727 	•103168 	..-.951398 

	

-.167779 	' 	•.-6102323 	:6955217 

	

.167553 	-6404508 

	

..-.264668 	-5.333727E-02 16088532E-03 

	

.264290 	-4.923320E-02 2.409685E-03 

	

6264668 	5.333727E-02-1.088532E-03 

	

--.264290 	4,923320E-02-2.409685E-03 

• 

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  
( 6)  
( 7)  
( 8)  
( 9)  
(10) 

	

- '1.( 6) 	: i 7) 	' 	(:8) 	:( 9) •' 	;:: (10) 	'.• 

	

13.3497 -: -6,686891E-04 -.560295 	26992590E-03 6.830964E -031, ' 

	

-8.167596E-05 14.0391 	."6,254493E-04-66354393E-02 5.89402 

	

,6574953 	-.626097 	' 2615116 	7-3.29031 	:2.19754 

	

.275755 	.626004 	. .4693289 	3,29089 	.-2,18523 

	

.-.274709 	.627560 	-4.93354 - 	3,26442 	-- -2,21261 

	

.-.6575970 	-.627468 	:'.-'2.15357 	' "3626500 	2,20032 

	

' .139480 	.386551 	6768518 	-2.19813 	- L-5.05415.  

	

.134970 	-.385779 	•688527 	2,19415 	.. 5604330 
-6139480 	-.386551 	: -'..768518 	2.19813 	•5605415 

	

-.134970 - - 	6385779 	': --.688527 	"2419415 °.5.04330 
. 

. 	(11) 	(12) 	: 	(1 	
.. 

3) 	.7 	-(14) . 	'=''  

	

"5,43280 	-3,67888 : 	61 47358 	-7.203709E-04 '.'..246150 	; 

	

-2.951187E04-.5,997502E-0326430845E-04 63.2871 	5.526339E-04 

	

6.60411 	6.83688 	2.18865 

	

3,10796 	-4653613 	6462751 
-3.10824 	4.54543 	-.459468 
-6.59737 	-6,84093 •H-2619228 
-1676129 	-5,503113E-402 .465094 

	

.-1.58634 	-4.932574E-02 .461544 

	

1.76129 	5.503113E-02 -0465094 

	

1.58634 	4.932574E-02-,461544 

. 	'(16) 	(17) 	(18) 	(19), 	'(20): 	. 
3.437935E°-04 6197378 	.-.433031 	.-6747483 	-6.917538E-04 

.-.9,005361E.-02 40764543E--04-1,664744E-03 2,001497E-03 ".999863 
- 9.657421E-03 -1692481 	96521877E-02 .995788. 	-,-.190350' 
.-9.854474E-03 1691548 	-.211964 	-1.89372 	-'6190576 	'• 
-7,418191E-03 -1.92764 	.213350 	1.89555 ' 	.194874 	: 
.7.614997E-03 1.93655-9.663489E-02 ..-.998595 	. "61951453 
.-.355577 	2.687974E-02 . .-.134768 	-4.255447E-02..  •190440 . 
6354848 	1.641748E-02-8,070050E-02-4.489861E-02 ...189892 	. 

. .355577_ -2.687974E-02 6134768 	4.255447E-02 -6190440 	, 
. '.-.354848. -  .-1.641748E-.02 B.070050E- 02.•46489861E-02 -  .189892 - 

. 	 , 

	

. 	. , 

	

(21) 	'. 	(22) 	'.. 	.., 	':•:. 	• ,, 	-,. 	, • 	, 	•. 	, 	. 
...424750 ' 	.°.0463109 	,.. 	. 	. , . 	. 	.. 	, , 
7.663621E- 04-56222126E-04 	'.-- 	'':.' " 	. 	.. 	- 	''., 	-' ' 	..• ' 
^4.31701 	.-.673052 	' -- ' ' . 	. 	. . 	. , 	, _ 4664984 	.144078 	- 	, 	, 	- . 	, , 

. -4.67244 	-.147465 '..' 
4,33999 	.676275 	

. 
 

5.545774E.-02 -.321284 	, 	- 	, 
3,327133E-02 -.273966 

, -5.545774E-02 .321284 
' 	• -3,327133E-02 .273966 	 . 	. 

	

-1.96361 	6584863 

	

1,96469 	"6402134 	: • 

	

.1.96180 	6402794 

	

'.16962139 	".585426 

	

.243838 	. ^-46809033E-02.:. 

	

-.6242813 	-3,998548E-02 

	

'..- 6243838 	4.809033E702 ' 

	

.242813 	•3.990548E-02 
• , 

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.[1] used 
in the tracking problem of Section 4. 
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MATRIX A FROM FILE DZME P BLOCKNO, 1Y MATRIXMO. 1 
DIMENSION 32*32Y SAMPLING TIME = 	6000 

'! 
( 1) 	( 2) 	( 3) 	( 4) 

( 1) 0600000 	0.00000 	0.00000 	0.00000 

( 2) 0.00000 	0.00000 	0.00000 	0.00000 

( 3) 0.00000 	0600000 	0.00000 	0.00000 

( 4) 0.00000 	0.00000 	0.00000 	0.00000 

( 5) 0.00000 	0.00000 	0.00000 	0.00000 

( 6) 0.00000 	0.00000 	0.00000 	0600000 

( 7) 0.00000 	0.00000 	0.00000 	0.00000 

( 8) 0.00000 	0.00000 	0.00000 	0.00000 

( 9) 0600000 	0.00000 	0.00000 	0.00000 

(10) 0.00000 	0.00000 	0.00000 	0.00000 

(11) 0.00000 	0600000 	0.00000 	0.00000 

(12) 0.00000 	0.00000 	0.00000 	0.00000 

(13) 0.00000 	0.00000 	0.00000 	0.00000 

(14) 0.00000 	0600000 	0.00000 	0.00000 

(15) 0,00000 	0,00000 	0.00000 	0.00000 

(16) 0.00000 	0600000 	0.00000 	0.00000 

(17) 0.00000 	0.00000 	0.00000 	0.00000 

(18) 0.00000 	0.00000 	0.00000 	0.00000 

(19) 0600000 	0.00000 	0.00000 	0.00000 

(20) 0.00000 	0.00000 	0.00000 	0.00000 

(21) 0.00000 	0.00000 	0.00000 	0.00000 

(22) 0.00000 	0.00000 	0,00000 	0.00000 

(23) 0.00000 	0.00000 	0.00000 	0600000 
(24) 0.00000 	0.00000 	0.00000 	0.00000 

(25) 0,00000 	0.00000 	0.00000 	0.00000 

(26) 0.00000 	0.00000 	0.00000 	0.00000 

(27) 0.00000 	0.00000 	0.00000 	0.00000 

(28) 0.00000 	0.00000 	0600000 	0.00000 

(29) 0.00000 	0.00000 	0.00000 	0.00000 

(30) 0600000 	0.00000 	0.00000 	0.00000 

(31) 0.00000 	0.00000 	0.00000 	0.00000 

(32) 0,00000 	0.00000 	0.00000 	0.00000 
( 6) 	( 7) 	( 8) 	( 9) 

( 1) 0.00000 	0.00000 	0.00000 	0,00000 

( 2) 0600000 	0,00000 	0.00000 	0.00000 

( 3) 0.00000 	0600000 	0.00000 	0600000 
( 4) 0.00000 (-\ 	0.00000 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 
( 6) 0,00000 	0.00000 	0.00000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 

( 8) 0.00000 	0.00000 	0600000 	0600000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0600000 	0.00000 

(11) 0600000 	0600000 	0,00000 	0,00000 

(12) 0,00000 	0.00000 	0.00000 	0,00000 
(13) 0600000 	0.00000 	0600000 	0.00000 

(14) 0.00000 	0.00000 	0.00000 	0.00000 
(15) 0400000 	0.00000 	0,00000 	0.00000 
(16) 0.00000 	0.00000 	0.00000 	0.00000 

(17) 0.00000 	0.00000 	0.00000 	0.00000 
(18) 0.00000 	0.00000 	0.00000 	0.00000 
(19) 0.00000 	0.00000 	0600000 	0,00000 
(20) 0.00000 	0.00000 	0600000 	0.00000 
(21) 0.00000 	0600000 	0.00000 	0600000 
(22) -16546280E-02 0.00000 	0.00000 	0,00000 
(23) 0.00000 	-2.285538E-02 0600000 	0,00000 
(24) 0.00000 	0.00000 	-56737217E-02 0.00000 
(25) 0.00000 	0.00000 	0.00000 	-.309465 
(26) 0.00000 	0.00000 	0,00000 	0,00000 
(27) 0600000 	0.00000 	0600000 	0.00000 
(28) 0.00000 	0.-00000 	0.00000 	0,00000 
(29) 0.00000 	0.00000 	0,00000 	0.00000 
(30) 0.00000 	0.00000 	0.00000 	0.00000 
(31) 0.00000 	0.00000 	0.00000 	0.00000 
(32) 0.00000 	0.00000 	0.00000 	0.00000 

( 5) 
0.00000 
0,00000 
0.00000 
0600000 
0,00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(10) 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00900 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0400000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-6476378 
0.00000 
0.00000 
0.00000 
0,00000 
0600000 
0.00000 

F-1 
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( 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)  
(26)  
(27)  
(28)  
(29)  
(30)  
(31)  
(32)  

( 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)  
(26)  
(27)  
(28)  
(29)  
(30)  
(31)  
(32)  

1 

I  

(11) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 • 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 

.-.607833 
0600000 
0.00000 
0400000 
0.00000 
0.00000 

(16) 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0400000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0100000 
0.00000 
0400000 
0600000 
0.00000 
0.00000 
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 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0,00000 
0.00000 
0400000 
0600000 
0.00000 
0600000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0400000 
0.00000 
0.00000 
4.04648 
0.00000 
0,00000 
0.00000 
0.00000 

(17) 
1600000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0400000 
0600000 
0400000 
0.00000 
0600000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 

(13) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
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 
0600000, 
0.00000 
0600000 

-1.18248 
0.00000 
0.00000 
0.00000 

(18) 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0600000 
0,00000 
0,00000 
0.00000 
0,00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 

(14) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 

. 0.00000 
0.00000 
0.00000 
0600000 
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 
1400000 

-0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 ' 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0600000 
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 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0.00000 
0400000 
0600000 • 
0,00000' 
0.00000 

-98.9811 
0600000 

(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 
0600000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0600000 
0.00000 
0600000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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(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 

( 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)  

(26)  
(27)  

(28)  

(29)  
(30)  

(31)  

(32)  

(22) 	(23) 	(24) 	(25) 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0 4 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 	1.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	1.00000 	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 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

0.00000 	0.00000 	0.00000 	0.00000 

	

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 1.700000E-03 
5.509000E-06-1.706000E-03-3.644000E-04-2.246000E -05 

-2.519000E-06-3.644000E-04-3.409000E-03 6.900000E-06 
1.700000E-03-2.246000E-05 6.900000E-06-1.711000E-02 

-1.237000E-03 1.446000E-05-5.243000E-06 6.647000E-03 

-3.255000E-03 2.771000E-05-1.146000E-05 4.585000E-03 
-1.147000E-03 4.763000E-06-1.468000E-05 2.881000E-04 

-6.976000E-04 3.154000E-06-1.303000E-05 2.368000E-03 
-4.718000E-05 3.210000E-03 8.921000E-03 2.764000E-05 
1.173000E-03-1.330000E-05 7.460000E-06-4.837000E-03 

2.607000E-03-2.564000E-05 3.086000E-05-8.077000E-03 

(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) 1.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	1.00000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	1.00000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	1.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0.00000 	1.00000 
(15) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
(16) 0.00000 	0 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) -1.237000E-03-3.255000E-03-1.147000E-03-6.976000E-04-4.718000E-05 
(23) 1.446000E-05 2.771000E-05 4.763000E-06 3.154000E-06 3.210000E-03 
(24) -5.243000E-06-1.146000E-05-1.468000E-05-1.303000E-05 8.921000E-03 
(25) 6.647000E-03 4.585000E-03 2.881000E-04 2.368000E-03 2.764000E-05 
(26) -1.109000E-02-5.880000E-03-1.589000E-03-1.852000E-03-7.188000E-05 
(27) -5.880000E-03-4.215000E-02-1.460000E-02-5.884000E-03-6.426000E-04 
(28) -1.589000E-03-1.460000E-02-1.615000E-02-2.200000E-03-1.187000E-04 
(29) -1.852000E-03-5.884000E-03-2.200000E-03-1.214000E-02 5.165000E-05 
(30) -7.188000E-05-6.426000E-04-1.187000E-04 5.165000E-05 -.150100 

(31) 2.683000E-04-2.760000E-02 1.294000E-02-9.994000E-04-5.814000E-04 
(32) 1.308000E-03-3.694000E-02 2.447000E-02-3.922000E-04-6.131000E-04 

F-3 
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(31) 
0.00000 
0.00000 
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 

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

(32) 
0.00000 
0.00000 
0.00000 
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 

(20) 0.00000 	0.00000 
(21) 0.00000 	0.00000 
(22) 1.173000E-03 2.607000E-03 
(23) -1.330000E-05-2.564000E-05 
(24) 7.460000E-06 3.086000E-05 
(25) -4.837000E-03-8.077000E-03 
(26) 2.683000E-04 1.308000E-03 
(27) -2.760000E-02-3.694000E-02 
(28) 1.294000E-02 2.447000E-02 
(29) -9.994000E-04-3.922000E-04 
(30) -5.814000E-04-6.131000E-04 
(31) -1.05500 	-1.44600 
(32) -1.44600 	-2.34200 
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MATRIX D FROM FILE DZME P BLOCKNO. 1, MATRIXNO. 2 
DIMENSION 32* 7P SAMPLING TIME = 	.000 

( 1) 	 ( 2) 	( 3) 	( 4) 	( 5) 
( 1) 0400000 	0,00000 	0,00000 	0.00000 	0.00000 
( 2) 0.00000 	0600000 	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 	0600.000 	0600000 	0.09000 
( 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 	0600000 
(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 	0600000 	0.00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 	0.09000 

(14) 0600000 	0.00000 	0.00000 	0,00000 	0.00000 

(15) 0600000 	0.00000 	0.00000 	0.00000 	0600000 
(16) 0.00000 	0400000 	0.00000 	0.00000 	0.00000 

(17) 0.00000 	0.00000 	0.00000 	•-1.145800E-02 0.00000 
(‘18) 	0.00000 	0.00000 	76617000E-03 5.000009E-06 0.00000 
(19) 0.00000 	0.00000 	3.142000E-03 5.500019E-05 16735300E-02 
(20) 66944000E.-03 0.00000 	1.334390E-03 4.269999E-06 1.247880E-03 
(21) 6.791000E-08 6.921000E-03 6.000046E-07 10617500E-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-04-1,100000E05-2.230000E -03- 143 10000E-04  
(24) -1.500000E-062.5770.00E-03 1.999986E-06 6.789000E-03 5,099998E-05 
(25) 8.518000E-04 1.731000E06 1.540000E.-03-1.400001E°04-5.138000E02 
(26) 1.688000E-05-8,184000E -07 3.000000E-04 8.000014E-05 2.694000E-02 
(27) 4.838000E-03-24422000E-06-3,661500E-03 16100003E-05 2.377500E-03 

(28) -1.902000E-03 1.983000E-06-1.227000E-032.000015E -06-5.431000E-03  

(29) 1.847000E-04 26357000E-06-1.670000E-03 1.700036E-05 6.933000E-03 
(30) 86906000E-05-2.665000E-03-6.800005E-05 -8.845000E-03-4. 110001 E -.9 4  

(31) .119700 	-9,102000E07 9.010002E-05-4.000001E-06-1.162500E -03 

(32) .180300 	26451000E-04-36910001E-05 5.050001E-05 7.772000E-04 
( 6) 	( 7) 

( 1) 0.00000 	0600000 
( 2) 0600000 	0.00000 
( 3) 0.00000 	'0.00000 
( 4) 0.00000 	0.00000 
( 5) 0600000 	0,00000 
( 6) 0600000 	0.00000 
( 7) 0,00000 	0.00000 
( 8) 0.00000 	0.00000 
( 9) 0.00000 	0600000 
(10) 0.00000 	0600000 
(11) 0.00000 	0.00000 
(12) 0600000 	0.00000 
(13) 0.00000 	0.00000 
(14) 0.00000 	0.00000 
(15) 0.00000 	0.00000 
(16) 0.00000 	0.00000 
(17) -26869000E-02 2.869000E-02 
(18) -14906000E-.02-1.908000E-02 
(19) 9.299000E-03 9.284000E*03 
(20) •^2.675000E-04-2,702000E-04 
(21) 9.735000E-04-90725000E-04 
(22) -1.039000E-02-1.027000E-02 
(23) -6.580000E- 03  6.696000E-03 
(24) 1.806000E-02-1.806000E02 
(25) 44926000E-06 26497000E-05 
(26) -16654000E-04-. 1 .687000E-04 
(27) -4.750000E-03-40745000E-03 
(28) 8.199000E-03 8.225000E-03 
(29) -- 4.896000E.-.04 5.119000E-04 
(30) 6.010000E-.03-5.971000E03 
(31) -5.333000E-04-50333000E-04 
(32) 1.487000E-03 1.410000E-03 

F-5 
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MATRIX C FROM FILE DZME  y  BLOCNNO. 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 -08-4.708000E -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 

( 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 	6.944000E-03 6.791000E-08 

(11) 0.00000 	0.00000 	0.00000 	0.00000 	6.921000E-03 

(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 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 

( 1) -8.282000E-07-3.625000E-04-9.888000E-04 8.859000E-07-1.407000E-06 

( 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) 2.208000E-06 6.242000E-04 1.617000E-03-9.652000E-07 1.052000E-06 

( 7) 4.200000E-06 1.211000E-03 3.425000E-03-2.497000E-06 2.209000E-06 
( 8) 5.736000E-05-2.287000E-06 1.776000E-06-1.050000E-03-5.249000E-04 
( 9) 3.335000E-03-3.071000E-05 8.002000E-06-6.323000E-03 3.207000E-03 

(10) -5.553000E-04 5.403000E-06-1.500000E-06 8.518000E-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 	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 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) -8.282000E-07-3.625000E-04-9.888000E-04 8.859000E-07-1.407000E-06 
( 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) 2.208000E-06 6.242000E-04 1.617000E-03-9.652000E-07 1.052000E-06 
( 7) 4.200000E-06 1.211000E-03 3.425000E-03-2.497000E-06 2.209000E-06 
( 8) 5.736000E-05-2.287000E-06 1.776000E-06- 1.050000E-03-5.249000E-04 
( 9) 3.335000E-03-3.071000E-05 8.002000E-06-6.323000E-03 3.207000E-03 
(10) -5.553000E-04 5.403000E-06-1.500000E-06 8.518000E-04 1.688000E-05 
(11) -2.199000E-06-6.051000E-04-2.577000E-03 1.731000E-06-8.184000E-07 
(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 
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.180300 

2.451000E-04 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

(21) 
0.00000 

0.00000 

0.00000 
0.00000 
0.00000 

0.00000 

0.00000 

0.00000 

0.00000 
0.00000 

0.00000 

(10)  

(11)  
(12)  

(13)  
(14)  
(15)  
(16)  

( 1)  
( 2)  

( 3)  
( 4)  
( 5)  

( 6)  
( 7)  
( 8)  

( 9)  

(10)  

(11)  1 
1 

F-  7 

1 
(11) 	(12) 	(13) 	(14) 	(16) 

( 1)'-4.329000E-06-1.326000E-05-1.198000E-05 9.650000E-03 1.817000E-06 
( 2) -5.918000E-03-2.589000E-03-8.461000E-04-1.270000E-04-5.308000E-04 

( 3) 2.746000E-04-6.272000E-04 6.006000E-04-4.746000E-05-1.342000E-04 

( 4) -6.200000E-03-1.845000E-03-1.219000E-03-9.882000E-05-4.845000E-04 

( 5) -4.426000E-06-1.401000E-05-1.236000E-05 9.933000E-03 1.808000E-06 

( 6) 3.636000E-06 7.070000E-06 6.100000E-06-4.682000E-03-8.696000E-07 

( 7) 6.796000E-06 1.149000E-05 9.796000E-06-7.090000E-03-8.927000E-07 

( 8) -1.114000E-02 6.338000E-05-1.017000E-03-2.104000E-04 -.117800 

( 9) -6.592000E-04 1.298000E-03 9.520000E-04-3.270000E-05 2.352000E-02 

(10) 4.638000E-03-1.902000E-03 1.647000E-04 8.906000E-05 .119700 

(11) -2.422000E-06 1.983000E-06 2.357000E-06-2.665000E-03-9.102000E-07 

(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 

(16) 	(17) 

( 1) -1.854000E-06 0.00000 

( 2) 3.178000E-04 0.00000 

( 3) 8.974000E-05 0.00000 

( 4) 3.364000E-04 0.00000 

( 5) -2.456000E-07 0.00000 

( 6) 1.519000E-06 0.00000 

( 7) -2.431000E-04 0.00000 
( 8) -.176900 	0.00000 

( 9) 3.307000E-02 0.00000 

(18) 	(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 

0.00000 
0.00000 	0.00000 	0.00000 

0.00000 	0.00000 	0.00000 
9.094000E-04-3.859000E-07-9.257000E-07-9.174000E -08 

0.00000 	1.047000E-03 7.331000E-04 1.210000E-04 
0.00000 	0.00000 	2.003000E-03 1.441000E-04 

0.00000 	0.00000 	0.00000 	6.944000E-03 
0 0 00000 	0.00000 	0.00000 	0.00000 

(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 

(12) -4.708000E-05-8.282000E-07-3.625000E-04-9.888000E-04 8.859000E-07 

(13) 1.119000E-07-5.856000E-04 3.905000E-06 2.133000E-07-3.964000E-04 

(14) 2.213000E-07 1.157000E-03-1.515000E-05 5.812000E-06-5.932000E-03 
(15) 6.791000E-08-5.553000E-04 5.403000E-06-1.500000E-06 8.518000E-04 

(16) 6.921000E-03-2.199000E-06-6.851000E-04-2.577000E-03 1.731000E-06 

1 



amr= 
SPAR Mate-ix  Çj  (cowed)  

(26) 
( 1) 0.00000 

( 2) 0.00000 

( 3) 0.00000 
( 4) 0.00000 

( 5) 0.00000 
( 6) 0.00000 

( 7) 0.00000 

( 8) 0.00000 

(27) 
0.00000 

0.00000 

0.00000 
0.00000 

0.00000 
0.00000 

0.00000 
0.00000 

(28) 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

(29) 
0.00000 
0.00000 

0.00000 
0.00000 

0.00000 
0.00000 

0.00000 

0.00000 

(30) 	. 
0.00000 
0.00000 

0.00000 
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) -1.407000E-06-4.329000E-06-1.326000E-05-1.198000E-05 9.650000E-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 8.006000E-04-4.746000E-05 

(15) 1.688000E-05 4.838000E-03-1.902000E-03 1.847000E-04 8.906000E-05 

(16) -8.184000E-07-2.422000E-06 1.983000E-06 2.357000E-06-2.665000E-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-06 
(13) -5.308000E-04 3.178000E-04 

(14) -1.342000E-04 8.974000E-05 
(15) .119700 	.180300 
(16) -9.102000E-07 2.451000E-04 



lIA 	ze 72) p e SPAR  

1 
1 

MATRIX B FROM FILE DZME  p  BLOCKNO. 1P MATRIXN06 5 
DIMENSION 7*32, SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) 9.094000E-04-3.859000E-07-9.257000E-07-9.174000E-08-4.708000E-05 
( 2) 0400000 	16047000E-03 74331000E-04 1.210000E-04 1.119000E-07 
( 3) 0600000 	0.00000 	2.003000E-03 1.441000E-04 2.213000E-07 
( 4) 9.094000E-04-34859000E-07-9.257000E-07-9,174000E-08 16409944E-02 
( 5) 0.00000 	1.047000E-03 74331000E-04-1.334689E-02-1.981145E-08 
( 6) 0900000 	0.00000 	0600000 	66944000E-03 6.791000E-08 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 	6.921000E-03 

( 6) 	 ( 7) 	 C 8) 	 ( 9) 	(10) 
( 1) -8.282000E-07-3.625000E-04-9.888000E-04 8.859000E-07-1.407000E-06 
( 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) 2.753920E-07-6.172822E-05-3.944734E-04-1.263374E-06 5.800003E-07 
( 5) 26544876E-04-2.042872E-06 3.548181E-07-24841551E-04 1.271413E-04 
( 6) -5.553000E-04 5.403000E-06-1.500000E-06 8.518000E-04 1.688000E-05 
( 7) -2.199000E-06-6.851000E-04-2.577000E-03 1.731000E-06-8.184000E-07 

(11) 	(12) 	(13) 	(14) 	(15) 
( 1) -4.329000E-06-1.326000E-05-1.198000E-05 9.650000E-03 1.817000E-06 
( 2) -5.918000E-03-2.589000E-03-8.461000E-04-16270000E-04-5.308000E-04 
( 3) 2.746000E-04-6.272000E-04 8.006000E-04-4.746000E-05-1.342000E-04 
( 4) -6.742440E-07-4.608080E-07-8.142807E-08 1.297383E-05 1.486118E-08 
( 5) 1.785746E-04-1.631880E-04 5.795935E-05 5.536383E-07 6.077598E-03 
( 6) 4.838000E-03-1.902000E-03 1.847000E-04 8.906000E-05 .119700 
( 7) -2.422000E-06 1.983000E-06 2.357000E-06-2.665000E-03-9.102000E-07 

(16) 	(17) 	(18) 	(19) 	(20) 
( 1) -1.854000E-06 0.00000 	0.00000 	0.00000 	0400000 
( 2) 3.178000E-04 0400000 	0.00000 	0.00000 	0.00000 
( 3) 8.974000E-05 0.00000 	0.00000 	0.00000 	0.00000 
( 4) 1.350631E-06 0.00000 	0.00000 	0.00000 	0.00000 
( 5) 9.152542E-03 0.00000 	0400000 	0.00000 	0.00000 
( 6) .180300 	0.00000 	0.00000 	0.00000 	0.00000 
( 7) 2.451000E-04 0.00000 	0400000 	0.00000 	0400000 

(21) 	(22) 	(23) 	(24) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 • 	0.00000 	0.00000 
( 4) 0.00000 	0.00000 	0600000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 
( 6) 0.00000 	0600000 	0.00000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 

(26) 	(27) 	(28) 	(29) 
( 1) 0600000 	0.00000 	0400000 	0400000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 	0.00000 	0400000 
( 4) 0.00000 	0.00000 	0400000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 
( 6) 0600000 	0.00000 	0.00000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 

(31) 	(32) 
(.1) 	0.00000 	0900000 
( 2) 0.00000 	0.00000 
( 3) 0.00000 	0400000 
( 4) 0.00000 	0,00000 
( 5) 0400000 	0.00000 
( 6) 0.00000 	0.00000 
( 7) 0.00000 	0.00000 

(25) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(30) 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0400000 
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MATRIX C FROM FILE DZME y DLOCKNO. ly MATRIXN00 6 
DIMENSION 32*15Y SAMPLING TIME n, 	6000 

( 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 
( 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 	0600000 	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) 9,094000E-04 0.00000 	0.00000 	0.00000 	0.00000 
(18) -3.859000E-07 1.047000E703 0.00000 	0.00000 . 	0.00000 
(19) -9.257000E-07 7.331000E-04 2.003000E-03 0.00000 	• 	0.00000 
(20) -9.174000E-08 1.210000E-04 1.441000E-04 6,944000E-03 0.00000 
(21) -46708000E-05 1.119000E-07 2.213000E-07 66791000E-08 6.921000E-03 
(22) -8.282000E-07-56856000E-04 1.157000E-03-5,553000E-04-2.199000E-06 
(23) -3.625000E-04 3.905000E-06-1.515000E-05 5.403000E-06-6.851000E-04 
(24) -9.888000E-04 2.133000E-0 5,812000E-06-1.500000E-06-2.577000E^-03 
(25) 8.859000E-07-3.964000E-04-5.932000E-03 8.518000E-04 1.731000E-06 
(26) -1,407000E-06-3.743000E-04 3.110000E-03 1.688000E-05-86184000E-07 
(27) -4,329000E-06-5.918000E-03 2.746000E-04 4.838000E-03-2.422000E-06 
(28) -1.326000E-05-2.589000E-03-6.272000E-04-1.902000E-03 1,983000E-06 
(29) -1.198000E-05-8.461000E-04 8.006000E-04 1,847000E-04 2.357000E-06 
(30) 9.650000E-03-1,270000E-04-4.746000E-05 8.906000E-05-26665000E-03 
(31) 1.817000E-06-5.308000E-04-1.342000E-04 .119700 	-9.102000E-07 
(32) -16854000E-06 3.178000E-04 8.974000E-05 .180300 	26451000E-04 

( 6) 	( 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 
( 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 	0600000 	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 	0600000 . 	0.00000 
(17) 5 , 729000E-03-5.729000E-03-5.729000E-03 5.729000E-03-2,869000E-02 
(18) 3.806000E-03 3,811000E-03-3.806000E-03-3.811000E-03-1,906000E-02 
(19) 1.022000E-02-7.078000E-03 7.133000E-03-1.027000E-02 9.299000E-03 
(20) 1.289000E-03 4.539000E-05-4.112000E-05-1.293000E-03-2.675000E-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 1.806000E-02 
(25) -2,485000E-02 2.639000E-02-2.653000E-02 2.499000E-02 4.926000E-06 
(26) 1.358000E-02-1.328000E-02 1.336000E-02-1.365000E-02-1.654000E-04 
(27) -6.475000E-04-3.014000E-03 3.025000E-03 6.358000E-04-4.750000E-03 
(28) -3.328000E-03 2.101000E-03-26103000E-03 3.331000E-03 8.199000E-03 
(29) 2,623000E-03-4.293000E-03 4.310000E-03-2.641000E-03 4.896000E-04 
(30) 4.183000E-03-4,251000E-03-4.594000E-03 4.662000E-03 6.010000E-03 
(31) -5.342000E-04 6,243000E-04-6.283000E-04 5.383000E-04-5.333000E-04 
(32) 36438000E-04-3.829000E-04 4.334000E-04-3.943000E-04.1.487000E-03 
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(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) 2.869000E-02 2.869000E-02-2.869000E-02-9.961000E-04-2.056000E-02 
(18) -1.908000E-02 1.906000E-02 1.908000E-02 1.348000E-05-4.334000E-06 
(19) 9.284000E-03-9.299000E-03-9.284000E-03 1.016000E-05 1.178000E-05 
(20) -2.702000E-04 2.675000E-04 2.702000E-04 1.609000E-06 5.650000E-07 
(21) -9.725000E-04-9.735000E-04 9.725000E-04 2.016000E-04 9.142000E-04 
(22) -1.027000E-02 1.039000E-02 1.027000E-02-3.738000E-05-4.453000E-05 
(23) 6.696000E-03 6.580000E-03-6.696000E-03-5.527000E-03-1.441000E-02 

(24) -1.806000E-02-1.806000E-02 1.806000E-02-4.209000E-03-4.400000E-02 
(25) 2.497000E-05-4.926000E-06-2.497000E-05 5.252000E-06 1.324000E-05 
(26) -1.687000E-04 1.654000E-04 1.687000E-04-1.037000E-05-3.187000E-06 

(27) -4.745000E-03 4.750000E-03 4.745000E-03-6.496000E-05-7.288000E-07 
(28) 8.225000E-03-8.199000E-03-8.225000E-03-3.301000E-05 8.640000E-06 
(29) 5.119000E-04-4.896000E-04-5.119000E-04-1.590000E-05 7.127000E-06 

(30) -5.971000E-03-6.010000E-03 5.971000E-03 6.523000E-04-3.700000E-03 
(31) -5.333000E-04 5.333000E-04 5.333000E-04-1.096000E-06-1.229000E-07 
(32) 1.410000E-03-1.487000E -03-1.410000E-03-5.202000E-06-1.770000E-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. 



1 

( 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 

( 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 

( 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 

Plieevig 

MATRIX A FROM FILE DZMD P BLOCKNO, 5, MATRIXNO. 1 
DIMENSION 18*18p SAMPLING TIME = 	.000 

( 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  

( 6) 	( 7) 	. 	( 8) 	( 9) 
( 1) 0.00000 	0.00000 	0.00000 	0.00000 
( 2) 0.00000 	0.00000 	0.00000 	0.00000 
( 3) 0.00000 	0.00000 	0.00000 	0.00000 
( 4) 0.00000 	0.00000 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 	0.00000 
( 6) 0.00000 	0.00000 	0.00000 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0.00000 
(10) 0.00000 	0.00000 	0.00000 	0.00000 
(11) 0.00000 	0.00000 	0.00000 	0.00000 
(12) 0.00000 	0.00000 	0,00000 	0.00000 
(13) 0.00000 	0.00000 	0.00000 	0.00000 
(14) 0.00000 	0.00000 	0.00000 	0.00000 
(15) -1.546280E-02 0.00000 	0.00000 	0.00000 
(16) 0.00000 	-2.285538E-02 0.00000 	0.00000 
(17) 0.00000 	0.00000 	-5.737217E-02 0.00000 
(18) 0.00000 	0.00000 	0.00000 	-.607033 

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  
( 6)  
( 7)  
( 8)  
( 9)  
(10)  
(11)  
(12)  
(13)  
(14)  
(15)  
(16)  
(17)  
(1 0 ) 

( 5) 
0.00000 
0 .00000 
0.00000 
0.00000 
0.000 00 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

(10) 
1.00000 
0.00000 
0.000 00 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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(14) 
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 

(15) 
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 

-1.846000E-03 

5.509000E-06 
-2.519000E-06 

-3.255000E-03 

SPAR 
	 Apewffle 

Matrix -  A, (coi)  

	

(11) 	(12) 	(13) 

( 1) 0.00000 	0.00000 	0.00000 

( 2) 1.00000 	0.00000 	0.00000 

( 3) 0.00000 	1.00000 	0.00000 

( 4) 0.00000 	0.00000 	1.00000 

( 5) 0.00000 	0.00000 	0.00000 

( 6) 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) 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) 0.00000 	0.00000 	0.00000 

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

	

(16) 	(17) 	(1e) 

	

( 1> 	0.00000 	0.00000 	0.00000  
( 2) 0.00000 	0.00000 	0.00000  
( 3) 0.00000 	0.00000 	0.00000  
( 4) 0.00000 	offl000 	0,00000  
( 5) 0.00000 	0.00000 	offl000 
( 6) 0.00000 	0.00000 	0.00000 
( 7) 1.00000 	0.00000 	0.00000 
( 8) 0.00000 	1.00000 	0.00000 
( 9) 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 
(15) 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 



m tv; 

MATRIX D FROM FILE DZMD P DLOCKNO. 5, MATRIXNO. 2 
DIMENSION 18* 7P SAMPLING TIME = 	6000 

( 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 	0600000 
( 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 	0600000 	0.00000 	0.00000 
( 8) 0.00000 	0.00000 	0.00000 	0.00000 	0.00000 
( 9) 0.00000 	0.00000 	0.00000 	0600000 	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-02 
(13) 6.944000E-03 0.00000 	1.334390E-03 4.269999E-06 1.247080E-03 
(14) 6.791000E-08 6.921000E-03 6.000046E-07 1,617500E-03 1.899985E-06 
(15) -5.553000E-04-2.199000E-06 3.052000E-03 9.999989E-06 1.001800E-02 
(16) 5.403000E-06-6.851000E-04-1.100000E-05-2.230000E-03-1.310000E-04 
(17) -1.500000E-06-2,577000E-03 1.999986E-06 66789000E-03 5.099998E-05 
(18) 4.838000E-03-2.422000E-06-3.661500E-03 1.100003E-05 2.377500E-03 

( 6) 	( 7) 
( 1) 0.00000 	0.00000 
( 2) 0600000 	0600000 
( 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) 0600000 	0600000 
(10) -.2.869000E-02 2.869000E-02 
(11) -1.906000E^02-1.908000E-02 
(12) 9.299000E-03 9.284000E-03 
(13) -2.675000E-04-2.702000E-04 
(14) 9.735000E-04-96725000E-04 
(15) - 1.039000E-02-1.027000E-02 
(16) .."6.580000E-03 6.696000E-03 
(17) 1.806000E-02-1.806000E-02 
(18) -..4.750000E-03-4.745000E-03 



ountaffil) 
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MATRIX C FROM FILE DZMD r BLOM°. 5. MATRIXNO. 3 
DIMENSION 16*18r SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) 9,094000E-04-3.859000E-07-9.257000E-07-9.174000E-08-4.708000E - 05 
( 2) 0,00000 	1.047000E-03 7,331000E-04 1.210000E-04 16119000E-07 
( 3) 0.00000 	0.00000 	2.003000E-03 1.441000E-04 2.213000E-07 
( 4) 0.00000 	0.00000 	0.00000 	0.00000 	0600000 
( 5) 0.00000 	0.00000 	0.00000 	0600000 	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 	6.944000E-03 6.791000E-08 
(11) 0.00000 	0.00000 	0.00000 	0.00000 	6.921000E-03 
(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 

( 6) 	( 7) 	,( 8) 	( 9) 	(10) 
( 1) -86282000E-07-3.625000E-04-96888000E-04-4.329000E-06 0.00000 
( 2) -5.856000E-04 3.905000E-06 2.133000E-07-5.918000E-03 0.00000 
( 3) 1.157000E-03-1.515000E-05 5.812000E-06 2,746000E-04 0.00000 
( 4) -1.756000E-03 1.504000E-05-3.172000E-06-6.200000E-03 0.00000 
( 5) -2.418000E-06-5.987000E-04-5.019000E-04-46426000E-06 0.00000 
( 6) 2.208000E-06 66242000E-04 1.617000E-03 3.638000E-06 0.00000 
( 7) 4.200000E-06 1.211000E-03 3.425000E-03 6.796000E-06 0.00000 
( 8) 5.736000E-05-2.287000E-06 1.776000E-06-1.114000E-02 0.00000 
( 9) 3.335000E-03-3.071000E-05 8.002000E-06-6,592000E-04 0.00000 
(10) -5.553000E-04 5.403000E-06-1.500000E-06 4.838000E-03 0.00000 
(11) -2,199000E-06-6.851000E-04-2.577000E-03-2.422000E-06 0.00000 
(12) 0.00000 	0.00000 	0.00000 	0.00000 	96094000E-04 
(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 	0600000 	-0.00000 	0.00000 	0.00000 



SPAR 

-Prix e 	tekoaD1P(*) 

(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) -3.859000E-07-9.257000E-07-9.174000E-08-4.708000E-05 -8.282000E-07 

(13) 1.047000E-03 7.331000E-04 1.210000E-04 1.119000E-07-5.856000E-04 

(14) 0.00000 	2.003000E-03 1.441000E-04 2.213000E-07 1.157000E-03 

(15) 0.00000 	0.00000 	6.944000E-03 6.791000E-08-5.553000E-04 

(16) 0.00000 	0.00000 	0.00000 	6.921000E-03-2 4 99000E-06 

(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 	0.00000 	0.00000 

( 5) 0.00000 	0.00000 	0.00000 
( 6) 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) 0.00000 	0.00000 	0.00000 

(11) 0.00000 	0.00000 	0.00000 

(12) -3.625000E-04-9.888000E-04-4.329000E-06 

- (13) 3.905000E-06 2.133000E-07-5.918000E-03 

(14) -1.515000E-05 5.812000E-06 2.746000E-04 

(15) 5.403000E-06-1.500000E-06 4.838000E-03 

(16) -6.851000E-04-2.577000E-03-2.422000E-06 



(14) 

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 

SPA • 

	 Augeîee 

Matri .1>c  

MATRIX A FROM FILE DZMD t BLOM°. 5, MATRIXNO. 4 
DIMENSION 7*18, SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 

( 1) 9.094000E-04-3.859000E-07-9.257000E-07-9.174000E-08-4.708000E-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) 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 

( 6) 0.00000 	0.00000 	0.00000 	6.944000E-03 6.791000E-08 

( 7) 0.00000 	0.00000 	0.00000 	0.00000 	6.921000E-03 

( 6) 	 ( 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-06 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-07-6.172822E-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 

(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 
( 7) 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 	0.00000 	0.00000 
( 5) 0.00000 	0.00000 	0.00000 
( 6) 0.00000 	0.00000- 	0.00000 
( 7) 0.00000 	0.00000 	0.00000 



SPAR 

Meif 	iT 

MATRIX Et FROM FILE DZMII y BLOM°. 5y MATRIXNO. 5 

DIMENSION 18*15, SAMPLING 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 

( 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) 9.094000E-04 0.00000 	0.00000 	0.00000 	0.00000 

(11) -3.859000E-07 1.047000E-03 0.00000 	0.00000 	0.00000 

(12) -9.257000E-07 7.331000E-04 2.003000E-03 0.00000 	0.00000 

(13) -9.174000E-08 1.210000E-04 1.441000E-04 6.944000E-03 0.00000 

(14) -4.708000E-05 1.119000E-07 2.213000E-07 6.791000E-08 6.921000E-03 

(15) -8.282000E-07-5.856000E-04 1.157000E-03-5.553000E-04-2.199000E-06 

(16) -3.625000E-04 3.905000E-06-1.515000E-05 5.403000E-06-6.851000E-04 

(17) -9.888000E-04 2.133000E-07 5.812000E-06-1.500000E-06-2.577000E-03 

(18) -4.329000E-06-5.918000E-03 2.746000E-04 4.838000E-03-2.422000E-06 

( 6) 	( 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 

( 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) 5.729000E-03-5.729000E-03-5.729000E-03 5.729000E-03-2.869000E-02 

(11) 3.806000E-03 3.811000E-03-3.806000E-03-3.811000E-03-1.906000E -02 

(12) 1.022000E-02-7.078000E-03 7.133000E-03-1.027000E-02 9.299000E-03 
(13) 1.289000E-03 4.539000E-05-4.112000E-05-1.293000E-03-2.675000E-04 
(14) -8.075000E-04 8.081000E-04 8.094000E-04-8.100000E-04 9.735000E-04 

(15) 6.530000E-03-3.478000E-03 3.488000E-03-6.539000E-03-1.039000E -02 

(16) 1.044000E-03-1.055000E-03-1.175000E-03 1.186000E-03-6.580000E-03 

(17) -3.368000E-03 3.370000E-03 3.419000E-03-3.421000E-03 1.806000E-02 

(18) -6.475000E-04-3.014000E-03 3.025000E-03 6.358000E-04-4.750000E-03 

(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) 2.869000E-02 2.869000E -02 -2.869000E-02-9.961000E-04-2.056000E-02 
(11) -1.908000E-02 1.906000E-02 1.908000E-02 1.348000E-05-4.334000E-06 
(12) 9.284000E-03-9.299000E-03-9.284000E-03 1.016000E-05 1.178000E-05 
(13) -2.702000E-04 2.675000E-04 2.702000E-04 1.609000E-06 5.650000E-07 
(14) -9.725000E-04-9.735000E-04 9.725000E-04 2.016000E-04 9.142000E-04 
(15) -1.027000E-02 1.039000E-02 1.027000E-02-3.738000E-05-4.453000E-05 
(16) 6.696000E-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 
(18) -4.745000E-03 4.750000E-03 4.745000E-03-6.496000E-05-7.288000E-07 

G-7 
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APPENDIX H 

NOMINAL VALUES FOR TRACKING COMPENSATOR PARAMETERS 

Listed below are the nominal values for the tracking compensator of Sec. 4 for 
the case e 	1.0E3.' 
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MATRIX A FROM FILE DZMD5 9 BLOCKNO. 3, MATRIXNO. 1 
DIMENSION 7*18. SAMPLING 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-04-1.659591E-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 	-.857107 	-.277266 	2.08822 	-2.13657 
( 7) .811689 	-.856906 	-.277976 	2.08820 	2.13745 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) -.318203 	2.378773E-03-2.725236E-04 1.992004E-02-1.248932E03 
( 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 96093879E-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 	6,79420 	4.066852E-03 -3.84528 
( 4) 1.775918E-02 3.395981E-02-4.832052E-03 11.6837 	6.650348E-03 
( 5) 5.66746 	10.6639 	5.763060E-02-9,664494E-03 -.614237 
( 6) .-8.54059 	-2.35978 	6.53229 	-6.05072 	2.96798 
( 7) -8.53490 	-2.36271 	6.53014 	6,05944 	2.96342 

(16) 	(17) 	(18) 
( 1) 1,269152E-02-5,140363E-03 .161574 
( 2) -.987256 	-2.27761 	-1.155959E-03 
( 3) 3.857092E-02 1.274025E-02 -.756161 
( 4) 1.81469 	2.25926 	5.945229E-03 
( 5) -1.694749E-02-1.582199E-02 .182302 
( 6) -.560326 	-.427243 	-.177453 
( 7) .533195 	$446128 	-.175964 
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MATRIX D FROM FILE DZMD5 	BLOCKNO,  3,  MATRIXN0o 2 
DIMENSION 7*  7,  SAMPLING TIME = 	.000 

( 1)  
( 2)  
( 3)  
( 4)  
( 5)  
( 6)  
( 7)  

( 1) 	( 2) 	( 3) 	( 4) 

	

3.058505E-02 -1.46801 	-1.92190 	-2.910395E- 

	

-4.10308 	2.462890E-02-8.167261E-03 167.617 

	

-.159040 	56,5398 	.377887 	.145983 

	

-41.1883 	-.167453 	4.234132E-02 41.7122 

	

.175642 	10.2792 	15.1635 	-.126986 

	

-31.1819 	-13.0677 	6.86915 	-38.6068 

	

31.0149 	-13.1241 	6.87925 	38.7562  

( 5) 
02 -170.620 

-3.814113E-02 
-24.6243 
.236353 
13.6551 

-38.2694 
-38.2020 

( 6) 	( 7) 
1) 19.2298 	5.765465E-02 
2) -7.772011E-02 22.5609 
3) -19.5393 	-.281574 
4) • 465468 	-41.9229 
5) 31.0848 	.296193 
6) -31.1332 	26,1270 
7) -30.9882 . -26.4251 

Ma(rix 1-1;4(6) : 

MATRIX C FROM FILE DZMD5 P DLOCKNO.  3,  MATRIXNO, 
DIMENSION 7* 7, SAMPLING TIME = 	.000 

3 

( 1) 	( 2) 
( 1) 6.63525 	-1560.18 
( 2) 3885.53 	37.6421 
( 3) -3301437 	8642.40 
( 4) -23027.9 	-219.523 
( 5) 86.6556 	-3786,43 
( 6) 4035.91 	3760.54 
( 7) -4071.95 	3679.52 

( 6) 	( 7) 
( 1) 3277,95 	13.4854 
( 2) -73.7671 	8420.80 
( 3) -15061,5 	.-67.8278 
( 4) 428.499 	-46371.1 
( 5) 8395,17 	176.223 
( 6) -8570.30 	9760.28 
( 7) -8411052 	-9832.54 

( 3) 	C4) 	( 5) 

	

-46.7007 	-6.60761 	278.753 

	

-.163651 	-2750.13 	-38.0251 

	

15.7612 	33.1934 	-7882.26 

	

.896545 	22866.7 	220.918 

	

315,206 	-86.0958 	4318.01 

	

160.902 	-4929.09 	-4579.50 

	

161.062 	4964.51 	-4497.63 



SPAR 

Matrix (4, - ce ) 

MATRIX A FROM FILE DZMD5  p  BLOCKNO.12, MATRIXNO, 1 
DIMENSION 18*18P SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) -9.536979E.-02 2.038538E-05 1.707523E-05-1.372627E-06 2.138375E-02 
( 2) 7.442281E-06-8.267517E-02 8.754368E-034.290339E-03 4.507491E-06 
( 3) -1,800203E-05 3.069713E-03-..9.384776E-02-24418482E-03 1.062845E-06 
( 4) 1.278326E^07-8.747267E-04-7.620635E-04-9.643601E-02 56305408E-08 
( 5) 8.564010E-04 36384868E-07-4.201207E-06-1,217038E-08-96164195E-02 
( 6) -6.846681E-05-56406067E-034.513138E-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) 2.778969E-07 5,218815E-04 3.614924E-04-1.011383E-03 4.094718E-07 
(10) -7.288974E-03 3.012734E-06 1.061686E-05-3.556545E-06 4.927172E-03 
(11) 1.388033E-064.090085E-03 16591138E-03.-26101828E-04^3.429073E-07 
(12) -5.407172E-07 1.015488E-04-76021071E-03-66279823E-04-5.249071E-06 
(13) 8.417843E^091.109785E-04-1.366202E-04-7.534364E-03 8.088849E-08 
(14) 1.699925E-04 4.770110E-09-1.441511E-06 6.289355E-07-6.109340E-03 
(15) ^2.412555E-06-1.908790E-04-5.840699E-04 4.545690E-04 2.788596E-06 
(16) -4.359859E-05-4.150068E-06 1.918751E-05-1.471672E-05 1.387000E-03 
(17) 4.573921E-04 3,895270E-07-8.774409E-06 66090912E-06 6.220664E-03 
(18) 2.840278E08 8.540105E05 3.756483E-05-2.203357E-04 1.013981E-07 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) •-2.256801E-04-5.868235E-02 -.149051 	-2.137942E-04 6278652 
( 2) -.232437 	2.045525E-03-5.040435E-04 .176638 	3.167861E-04 
( 3) 7.557266E-02-4.669389E-04 6.779840E-05 7.551152E-02-66552106E-04 
( 4) ^6.028975E-03 5.547906E-05-96577287E-06-5.859864E-02 4.473612E-05 
( 5) -8.063317E-05-2.212447E-02-46900511E-02-5.146863E-05 26197108E-02 
( 6) •-.229482 	1.765391E-03-16150701E-03 -.142149 	-1.687645E-03 
( 7) 8.933073E-04-56441432E-02 -.121816 	̂9.919700E-04 -.194931 
( 8) -3,698296E-04-7.718293E-02 -.213487 	16409844E-04 .122312 
( 9) -5.460641E-03 4.203689E-05-1.355534E-05-3.335368E-02-1.242323E-05 
(10) 3.204372E-05-8.047146E-03-16998047E02-1.124006E-.04 -.302097 
(11) -5.871421E-02 5.192344E-04-1.274462E-04-56493779E-02 1,042793E-04 
(12) 1.732991E-02-1,317537E-04 4.541288E.-.05 26704815E-02-46631362E-05 
(13) -1.762864E-03 1.599614E-05-3.913655E-06-50780187E-03 1.654138E-05 
(14) -2.389990E-05-3.654167E-03-9.011830E-03-1.795900E05 1.582120E-02 
(15) -4.819135E^02 26862532E-04-8.285777E-05-4,075409E-02-56949698E-04 
(16) 36751071E-04-2.632038E-02-8.833570E-03 2.735276E-04-66172927E-02 
(17) -1.507001E-04-1.165557E-02-8.873053E-02-16250329E-04 6140401 
(18) 46103662E-04-4,287731E-06 2.390353E-07 -.6608872 	36356046E-05 



Matri x (A, - 	) 	(repine() 

(11) 	(12) 	(13) 	(14) 	(15) 
( 1) 4,022544E-04-10454753E-04 5,861465E-04 .131316 	-1,937614E-05 
( 2) .265327 	.105472 	.315183 	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) 1.220338E-03-3.959353E-03 4.229643E-03 1.38440 	-4.111856E-03 
( 8) -2.341827E-04 1.198530E-03-1.833530E-03 -.403729 	1,107077E-03 
C 9) -9,749972E-03 1.571805E-04 4.914084E-02 6,416785E-05 5.507837E-03 
(10) 3.004427E-04 1.695273E-03-4.122454E-04 .168862 	9.063351E-04 
(11) -.112436 	6.110627E-02 6.557772E-02 4.238437E-04 .138180 
(12) 1.880727E-02 -.239916 	-8.607121E-02-1.521222E-04 -.151109 
(13) -5.984627E-03-1.223751E-02 -.320682 	8.199541E-06 2,424178E-02 
(14) -1.820814E-05-1.617026E-04 1.968666E-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 1.810169E-03-6.226979E-04 .321608 	9.245614E-04 
(17) -1.468450E-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 	.749337 	3,125011E-03 
( 2) -7.499891E-03 3.945218E-04 4,48528 
( 3) 6.267690E-03-2.753888E-03 -.972997 
( 4) -6.551576E-04 1.469468E-04 -.478905 
( 5) 7.718178E-02 .299377 	2.626945E-04 
( 6) -2.054969E-03-3.287547E-03 1,52967 
( 7) .941707 	-.299780 	-3.572546E-03 
( 8) -9.430674E703 1.01498 	-5.408719E-04 
( 9) -5.178255E-05-2.535810E-06. 1.09074 
(10) 	.105244 	.271426 	1.987251E-04 
(11) . -1.507341E-03 9.635726E-05 .702427 
(12) 1.961019E-03-6.174294E-04 -.189797 
(13) -2.179343E-04 2.133838E-05 -.189816 
(14) 1.737424E-02 7.186839E-02 7.716199E-05 
(15) 2.728218E-04 1.943018E-04 .288916 
(16) -8.631774E703-5.179957E-02-7.147320E-04 
(17) -.219855 	-.771212 	-5.407610E-04 
(18) 2.874465E-06-5,778617E-05 -.573716 



SPAR 
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MATRIX D FROM FILE DZMD5 P DLOCNNO.129 MATRIXNO, 2 
DIMENSION 18*16P SAMPLING TIME = 	.000 

( 1) 	( 2) 	( 3) 	( 4) 	( 5) 
( 1) 104.871 	1.918279E-02 3.292114E-02-1.547234E-03 -15.2389 
( 2) ."8.183727E"03 78.9639 	*33.2715 	̂43.1510 	̂2.351612E-02 
( 3) 1.979551E-02 2.93191 	47.9267 	17.3574 	•-5.211349E-02 
( 4) -1.405681E-04 .835460 	7.468176E-02 -1.36579 	2.064224E-03 
( 5) ^-0941721 	-6.703886E-04 1.907598E-03 3.804121E-03 -3.12174 
( 6) 7.528789E-02 5.16342 	.363409 	-30.0784 	-.233267 
( 7) 6.92440 	3.695637E-02-2.989913E-02 7.555678E-02 -26.3056 
( 8) -4.36465 	-1.569936E-02 1.281407E-02 1.574986E-02 -2.24517 
( 9) -3.055827E-04 -.498454 	1.959131E-03 -1.52578 	-8.450749E-04 
(10) 8.01515 	7.670596E-05-1.624301E-03 3.617999E-03 .-2.55729 
(11) -1.526317E-03 3.90648 	-2.22415 	̂9.25739 	-3.566112E-03 
(12) 5.945867E-04-9.699003E-02 3.54078 	3.19651 	-7.339092E-04 
(13) -9.256480E-06 .105997 	2.941289E-02 ..-..289270 	4.470178E-05 
(14) -.186928 	-7.345340E-05 6.601700E04-8.739335E-04 -.478317 
(15) 2,652909E-03 .182311 	.224873 	-4,79926 	1.063977E-02 
(16) 4.794215E-.02 3.981441E-03-1.101444E-02 4.801786E-02 ..792281 
(17) -.502960 	-5.574206E04 4.352204E-03-1.282396E-02 -1.42348 
(18) --3.123243E-05-8.156740E-02 1.109945E-02 3.457795E-02-1.557505E-04 

( 6) 	( 7) 	( 8) 	( 9) 	(10) 
( 1) 27.6427 	56.7233 	-1.700099E-02-1.712013E-02 5.657328E.-04 
( 2) -2.592247E-03-1.219764E-02 ^7.21607 	72.4967 	°6.766539E-02 
( 3) -1.007483E-03-1.650803E-02 1.42034 	-30.7866 	-.595189 
( 4) -66119201E-04-7.827673E- 04 .874887 	3.50411 	13.8716 
( 5) 9.11759 	19.2321 	7.014219E-03 1.246853E-03-30359316E-05 
( 6) 8.341095E-02 .119742 	2.12871 	53.7142 	-.452053 
( 7) 14.7586 	' 25.2987 	-.107430 	-.269753 	-8.227694E-04 
( 8) 22.3445 	48.6155 	5.079339E-02 3.102966E02 1.940229E-04 
( 9) 6.381818E04 1.172992E-03 .-1.86056 	.803481 	.154294 
(10) 2.98277 	5.87015 	-8.323560E-03-1.653950E-02 6.504370E-04 
(11) 1.462186E-04-6.635217E-04 -2.74830 	14.2373 	8.352413E-03 
(12) -1.848529E-03-4.271829E-03 1.07840 	-4.77415 	1.864808E-02 
(13) •••2.454841E-05-40203720E- 05 2.328115E-02 .564545 	1.08256 
(14) 1.23405 	2158772 	7.858424E-04 20545285E-03-1.054618E-04 
(15) 1.870430E-03 1.197621E-03 -1.53976 	7.25494 	-7.330539E-02 
(16) .950891 	1.87768 	3.319316E-03-8.603872E-02 2.279168E-03 
(17) 3.18217 	6.62064 	4.858220E-04 2.446190E-02-9.643949E-04 
(18) 9.736231E05 10718008E"04-4.769089E-02 -.116714 	3.292136E-02 

(11) 	(12) 	(13) 	(14) 	(15) 	(16) 
( 1) -2.37631 	793.213 	."9.183709E-02 .472830 	.43.214280E-02 ^13.5777 
( 2) -P.191247E-04 --.348346 	701.693 - -309.477 	.-51.1942 	-.323343 
( 3) .-1.498129E"03 .720487 	136.720 	387.586 	11.8764 	-.489185 
( 4) -1.606278E-04-4.919301E- 02 12.6642 	1.38607 	114.401 	1.348266E.-02 
( 5) 13.2347 	-24.1600 	3.599975E-02-5.392831E-02 3.397991E-02 	125.443 
( 6) -1.464345E-02 1.85578 	• 239.214 	-34.1855 	-21.6218 	-2.03251 •••• 
( 7) .. 1.92094 	214.351 	-1.08655 	2.47345 	-.638671 	-198.570 
( 8) -2.09722 	.-134.497 	.174098 	-.724246 	.274264 	57.4190 
( 9) •...5.475990E-05 1.366091E02 9.31230 	-3.48678 	-7.16664 	-9.147295E-03 
(10) -•0657393 	332.194 	-.164517 	-.632628 	7.975074E-02 -22.1387 
(11) 4.703817E-05 .•'.114668 	107.388 	-69.8116 	-9.86634 	̂6.142749E-02 
(12) 6.506397E-04 5.092767E-02 °17.9630 	126.353 	10.0860 	1.847754E02 
(13) -2.502689E-05-1.818933E-02 5.71597 	4.01753 	45.9982 	.-1.980686E-03 
(14) .881453 	.-17.3974 	1.097849E-02 6.867172E-02-4.681263E-03 	34.5640 
(15) -3.942904E-04 .654244 	42.8403 	15.7617 	-43.88127 	"1.130396 
(16) ^.200078 	67.8791 	-.105282 	.-.833825 	.109709 	-46.0066 
(17) -.90,2231 	-154.389 	8.334894E-02 .703170 	-8.619674E02 -238.704 
(18) ^1.422239E-05-3.690395E-02 -54.4549 	1.91464 	43.1534 	•••2.912418E-02 

H-5 
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MATRIX C FROM FILE DZMD5 r BLOCKNO.12, MATRIXNO. 3 
DIMENSION 18* 7, SAMPLING 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 
( 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 	-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-02 
(13) 6.944000E-03 0.00000 	1.334390E-03 4.269999E-06 1.247880E-03 
(14) 6.791000E-08 6.921000E-03 6.000046E-07 1.617500E-03 1.899985E-06 
(15) -5.553000E-04-2.199000E-06 3.052000E-03 9.999989E-06 1.001800E-02 
(16) 5.403000E-06-6.851000E-04-1.100000E-05-2.230000E-03-1.310000E-04 
(17) -1.500000E-06-2.577000E-03 1.999986E-06 6.789000E-03 5.099998E-05 
(18) 4.838000E-03-2.422000E-06-3.661500E-03 1.100003E-05 2.377500E-03 

( 6) 	( 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 
( 6) 0.00000 	0.00000 
( 7) 0.00000 	.0.00000 

( 8) 0.00000 	0.00000 
( 9) 0.00000 	0.00000 
(10) -2.869000E-02 2.869000E-02 
(11) -1.906000E-02-1.908000E-02 
(12) 9.299000E-03 9.284000E-03 
(13) -2.675000E-04-2.702000E-04 
(14) 9.735000E-04-9.725000E-04 

(15) -1.039000E-02-1.027000E-02 
(16) -6.580000E-03 6.696000E-03 
(17) 1.806000E-02-1.806000E-02 

(18) -4.750000E-03-4.745000E-03 
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PROOF OF THEOREM 5-1 

It suffices to show that the return difference transfer function matrix for the 
Pvaluation model closed-loop system (Ii-(fke11) is invertible and asymptotically 
stable.  We can wyite 

, 
+ 	H 	= [I -I. H 3 fit pg. K cztrc H) 

-1 
Since 	CI+  PH 	exists and is asymptotically stable by assumption, the 
left-hand side of (I-1) exists and is asymptotically stable if 

I-1) 

+ Pg II (I+ Pc 1-15 1  Sl ue C 	Pg W (I-2) 

exists and is asymptotically stable. 

It is a well-known result in numerical analysis that if a matrix A is 
invertible, then A AA is invertible provided 

eb,A) 	 0-(e. 	. 	• 	• 	, 

Extension of this result to (I-2) in the same spirit as Refl[20] then'proves. the. 
theorem. 
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