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ABSTRACT

In the industries today, less attention has been put on the effect of the controller
parameters on closed loop system identification of a Multiple-Input Multiple-Output
(MIMOQO) system. This paper studies the effect of Proportional controller and
Proportional-Integral controller on a MIMO system using ARX model. The paper
focuses on the effect of the controller parameters of a MIMO system on closed loop
system identification when both loops are closed and one loop is open. It is observed
that different parameters give different effects on the closed loop system identification.
Generally, it is better to keep the gain lower if only Proportional controller is used. For a
distillation column, a MIMO system in this project, neither too high or too low gain give
a better model accuracy for both closed loop and one loop open when Proportional-

Integral controller is used.
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CHAPTER 1
BACKGROUND OF STUDY

System identification is a way of developing a mathematical model using experimental
data. It has widely been applied in aerospace engineering, mechanical engineering and
structural engineering. It has been used to control, validate and update a model, assess
different conditions, monitor health and detect the damage. These techniques can utilize
both input and output data or can only include the output data. [1]

The construction of system identification involves three basic entities, which are set of
data, model structure, and rule where the data can be used to assess the models. A set of
data can be collected through those designed identification experiment. The user can
decide which and when the signals to be measured, together with the input signals too. A
designed experiment is carried out as the user can choose the data that is the most

informative subjected to some specific constraints. [2]

The user is going to choose those suitable models collection and gather the models
together. This model choosing is the critical part of system identification. During the
stage, the user must equip with basic knowledge, engineering intuition and insight.
Sometimes, a model set is obtained after careful modeling. Then, undeveloped physical
laws and other entrenched relationships are built to know the physical parameters in a
model. Meanwhile, a black box can be obtained when standard linear models are in use

without referring to the physical background. [2]

With the guidance from the data, the user can choose the best model from the set. This
method is known as identification. The quality of the model is assessed based on the

model performance when the models attempt to regenerate the measured data. After



settling, the one that describes the data according to the chosen criterion best will be
chosen as the particular model. Such test is known as model validation. Model
validation comprises a number of procedures to access the relationship between the
model and the observed data, to prior knowledge, and to its intended use. On the other
hand, a model will be rejected if number of procedures fail to obtain the best model, the

criterion is not carefully chosen, inappropriate model set, and non-informative data set.

[2]

Model structures can be split into linear and nonlinear. A system is linear if it can be
described by a model in a form of

y(®) = G(au(®) + H(@™e(® Eq.(1)
There are a few linear model structures which are Autoregressive (ARX) model
structure, Autoregressive Moving Average (ARMAX) model structure, Box-Jenkins (BJ)

model structure, FIR model structure, and State-Space model structure.

ARX model is the most non-complex model that merging the stimulus signals. Solving
the linear regression equations in the analytic form makes the approximation of the ARX
model is the most resourceful of the polynomial estimations. Unfortunately, system
dynamics contains disturbances. The coupling between the deterministic and stochastic
dynamics can bias the estimation of the ARX model when the disturbances of the
systems are not white noise. [3] The parameters of the ARX model structure can be
represented by

y(t) + ay(t-1) = Byu(t-1) +B,u(t-2) + e(t) Eq.(2)
Least-squares method is used. [4]

ARMAX model structure is the ordinary tool that used in control and econometrics to
describe the system or control the design. However, this model includes disturbance
dynamics. It lacks of suitable choice when describing the properties of the disturbance
term. ARMAX models are useful when there are governing disturbances that flow in

early in the process, for example, input. This model contains more suppleness in



handling the disturbance modelling compared to ARX model. ARMAX model can be
represented by [2, 3]

A(@)y(t) = B(a)u(t) + C(a)e(t) Eq.(3)

Box-Jenkins model structure is a model that modifies the properties of the output error
by using the output error. This structure provides a full model including the disturbance
properties that are detached from the system dynamics. This model is advantageous
when there are disturbances that flow in late into the progression. It can be represented
by [2, 3]

Y(O) = g u(t) +5 Se() Eq.(4)

FIR model structure has two important advantages, where it is a linear regression and it
is an output error model. Been a linear regression makes the model a special case of
ARX while been an output error model makes the model a different case of OR. This
model can be estimated efficiently which is robust against the noise. However, many

parameters are needed when using this model. This model can be represented by
G(q,0) = Zk-1 b Eq.(5)

A State-Space model structure forms the connection between the input, noise, and
output signals. This relationship is written in a first-order differential system or
difference equations using an auxiliary state vector x(t). This model works well in many
cases. Certain parameters can be fixed to known values and the remaining parameters
can be estimated. But, for high order complex systems, the model can suffer from
several problems such as experiencing local minima in the performance function which
causes the absence of merging to global minima. This model can be described as [2, 3, 5]

x(n+1) = Ax(n) + Bu(n) + Ke(n) Eq.(6)

y(n) = Cx(n) + Du(n) + e(n) Eq.(7)

System identification can be divided into closed loop and open loop system
identification. An open loop system identification is a way of developing a mathematical

model with the presence of a controller that is set in manual mode. On the other hand, a
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closed loop system identification is a way of developing a mathematical model with the
presence of a controller that is set in automatic mode. In closed loop system
identification, the input signal u(t) is correlated with e(t) while it is uncorrelated for open
loop system identification. This project will only focus on closed loop system
identification. [6]

A Single-Input Single-Output (SISO) system is a simple control system equipped with
one input and one output. A Multiple-Input Multiple-Output (MIMO) system is a
complex control system consists of multiple inputs and outputs. MIMO system is the
hardest system to be designed as the process interactions occur between controlled and

manipulated variables.

A proportional-integral-derivative controller (PID controller) is a control loop feedback
mechanism that has been widely used in the industry. A PID controller estimates an
error value as the difference between a measured process variable and a desired set point.
The controller tends to diminish the error by regulating the process through the use of a
manipulated variable. The PID controller algorithm consists of three parameters, which
are the proportional P, the integral | and the derivative D values. The response of the

controller can be described in terms of the responsiveness of the controller to an error.

Conclusion

It is crucial to study the effect of the controller parameters on the closed loop
identification of a MIMO system. In this research paper, proportional controller and
proportional-integral controller will be studied. The model that will be used to develop
the mathematical model is ARX model. ARX model structure is chosen because this

model works better for a closed loop system compared with other models.



PROBLEM STATEMENT, OBJECTIVES & SCOPE OF STUDY

Problem Statement

MIMO system is been used in the industries today. Due to its complex designed system,

the effect of controller parameters on closed loop identification is not well understood.

Objectives

The objectives of research paper are

a. To study the effect of controller parameters (gain and integral time constant) on
the closed loop system identification for MIMO system when both loops are
closed.

b. To study the effect of controller parameters (gain and integral time constant) on
the closed loop system identification for MIMO system when one loop is open.

Scope of Study
The scopes of study for this paper are:

a. Closed loop system
Open loop system will not be examined in this paper.

b. Linear System
Non-linear system is excluded in this paper.

c. Multiple-Input and Multiple Output (MIMO) System
Single-Input and Single-Output will not be considered in this paper.

d. Wood & Berry Distillation Column
One type of MIMO system.

e. Autoregressive with Exogenous Input (ARX) Model
ARX model will be used to develop the mathematical model.

f. Controller Parameters

Only Proportional and Proportional-Integral control will be studied in this paper.



CHAPTER 2
LITERATURE REVIEW

A closed loop system identification needs a good noise modelling. Closed loop system
identification of multivariable systems with colored noise. In order to produce a good
noise modelling, many researchers tried to come out with some approaches. Some of the
researchers combined the direct closed loop identification approach with the iterative
least squares parameter estimation algorithm. This method had successfully produced
highly accurate parameter estimations when a system faced with colored noise. Part of
the team tried to balance the input-noise decorrelation against noise whitening. The
correlation analysis was done on the signs of attention, analyzed asymptotic bias that
caused by the feedback and noise model mismatching, same goes to the effect on the
change of G at different occurrences. This approach has provided extra flexibility of the
closed loop system identification. Another approach that had been done was proposing
bias-eliminated closed loop subspace identification. [7-9]

Uncertain and large time delay leads to inaccurate models in closed loop system
identification. In connection with this issue, some researchers have done researches to
investigate the impacts of time sampling on the value of the model obtained and develop
a model structure that can handle the closed loop system identification with uncertain
time delay. The experiment uses Monte Carlo simulations and a heated tank set up was
conducted to identify the impact of discrete time delay. The data was taken from the
concept of closed loop system identification with unchanging operating data. The
increasing of the sampling time of closed loop system identification was found leading
to an incorrect model. On the other hand, an ARX-OBF model structure which was
produced by substituting the numerator polynomial of the deterministic component of
the ARX structure with conventional orthonormal basis filters (OBF) found to have a

better performance than ARX model structure even with in certain time delays. [10, 11]



In closed loop system identification, model parameter and the structure cannot be
estimated simultaneously. Based on this problem, some researchers had proposed an
appropriate way to random input and output signals for the closed loop identification.
This idea was to search the local optimization with NLJ algorithm at the iteration of
PSO set which successfully obtained a better result at the best global location. Besides
the idea, a generalized orthonormal basis filters (GOBFs)-ARX model was constructed.
Those methods showed lesser number of parameters was needed to be estimated and the
model structure could be estimated together with the structure. Moreover, the
circumstances for closed loop system identifiability using operational operating data

could be obtained by deriving the model structures. [12-14]

Sometimes, when identify a multivariable system that operates as a closed loop that
contains a linear time-invariant controller, people wonder is it necessary to stimulate all
reference signals. A research was done to determine the issue and found that that was
not the case. User can always select the best controller with enough complexity that can
turn the data into some information with respect to the structure of the model. People
may also interest on the behavior of the closed loop and open loop system identification.
A study to analyze the variance of estimated transfer functions was done on the issue
using prediction error identification. It was found the changes of the predicted input-
output model are smaller with closed loop than with open loop identification. [15, 16]

Every model structure has its disadvantages. Some might be time consuming while some
might be having burn-through point that affects the quality and quantity of the sintering
process. To reduce the time needed a novel approach wherein an information rich test
signal was proposed. The approach was generated in closed loop system by maximizing
the model predictive control objective, as opposed to minimization that is done in the
standard controller. Multivariable systems that operate with closed loop as the
identification method was proposed too. Both methods showed time reduction
successfully. On the other hand, an ARX model was combined with BTP predictive
control had effectively guarantee the steadiness of sintering process and dominate the
fluctuation of BTP. [17-20]



The performance of the controller is always one of the most important factors in closed
loop system identification. A new technology was proposed for the identification of the
process to enable the assessment of the functioning of MIMO control systems. This
method was based on subspace identification algorithms, which was used for the
identification of the controller, process, and disturbance models from closed loop data.
Another procedure was done to enable the originate of a controller that obtains the best
robust performance. The complex interrelation between system identification and robust
control is thoroughly studied and novel connections are created between control-relevant
and coprime factor identification and model uncertainty size and the control criterion.

Both approaches were found to achieve a better performance. [21, 22]

Conclusion

From the literature reviews analyzed, researchers tends to carry the researches on
different aspects of a closed loop system such as noise modelling, time delay, sintering
process, robust controller, the performance of a MIMO control system, and etc. It has
been discovered that no study has been done on the effect of the controller parameters
on closed-loop identification. Therefore, this project is carried out to achieve the

purpose.



CHAPTER 3
METHODOLOGY

MATLAB is the main software used in this project. A representation of MIMO system,
the Wood and Berry Distillation Column will be used in this project. The model for

Wood and Berry Distillation Column is defined as

12.8e™5 —18.9e73S
[xD(S)] _ 16.75+1 21s+1 [R(S)
xp(s)] T |ese””  —194e73(] §(s)

10.9s+1  14.4s+1

The following steps are taken to accomplish the objectives:
1. Introduce excitation signal on the MIMO system

Vary the controller parameters

Collect the input-output data

Develop models

Validate by calculating Final Prediction Error (FPE)

Obtain the best fits, Y1 and Y2

o a ~ wD

FPE is defined as Akaikes Final Prediction Error = V*(1+2*d/N), where V is the loss
function, d is the number of estimated parameters and N is the number of estimation

data. Assume d << N.

The model set up is shown in the following page.

Objective (a) - To study the effect of controller parameter on the closed loop system
identification for the MIMO system (distillation column) when both loops are closed.
To accomplish this objective, Proportional and Integral controls are studied to

understand their effects on the closed loop identification of MIMO system



The model set-up
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Figure 1: Model Set-up.
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The model set-up of subsystem 2.
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The first section studies on the effect of the Proportional controller, Kc on the closed
loop system identification when both loops are closed. In this case, both Integral

controllers, 11 and 12 are set as infinity.

The second section studies on the effect of the Proportional-Integral controller on the
closed loop system identification when both loops are closed. In this case, both Integral

controllers, 11 and 12 are set at 16.37 and 14.46 respectively.

The third section studies on the effect of the Proportional-Integral controller on the
closed loop system identification when both loops are closed. In this case, both

proportional controllers, Kcl and Kc2 are set at 0.604 and -0.127 respectively.

Objective (b) - To identify the effect of controller parameter on the closed loop system
identification for the MIMO system (distillation column) when one loop is open.

In this section, the focus is on the effect of the Proportional-Integral controller on the
closed loop identification of MIMO system when one loop is open.

The set up to achieve the objective is shown

Scope2

¥ Y
i

To WorkspaceT

Scoped

Figure 3: Model Set-up.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Model developed from MATLAB

The model developed from the MATLAB is recorded. The model can be represented by
Eq.(2) in Chapter 1. Two ARX models are used, which are [3*ones(2,2), 2*ones(2,2), [1
3; 7 3]] and [5*ones(2,2), 3*ones(2,2), [1 3; 7 3]]. The first column of the model
represents A(Q), the second column represents B(q), while the last column represents the

time delay.

4.1.1 Model [3*ones(2,2), 2*ones(2,2), [1 3; 7 3]]

Model [3*ones(2,2), 2*ones(2,2), [1 3; 7 3]] is used when only Proportional control is
used to study the effect on the closed loop identification on MIMO system. Model
[5*ones(2,2), 3*ones(2,2), [1 3; 7 3]] is not suitable as it gives an error on the result.

The model as shown in the table is taken from the MATLAB when Kcl is set at 0.4 and

both Integral controllers are set at infinity.

Table 1: Best Fits and FPE.

Kc2 Y1 Y2 FPE
-0.03 86.10 82.39 9.21E-06
-0.05 86.48 83.97 1.01E-05
-0.07 86.72 84.98 1.19E-05
-0.09 87.12 85.82 1.43E-05

-0.127 87.07 86.55  2.07E-05
-0.14 87.15 86.83 2.36E-05
-0.16 87.28 87.27 2.87E-05

13



Table 2: Model Developed - Values of A(q).

A0 Al A2 A3
1001 -0.40820.12030.3591-0.6390 -0.1994-0.0791-0.0448-0.2153  -0.1823-0.1435-0.2079-0.1134
1001 -0.41310.11980.3576-0.6416  -0.1996-0.0809 -0.0517-0.2110  -0.1957-0.1292 -0.2249 -0.0961
1001 -0.41800.11860.3565-0.6455  -0.2002 -0.0818 -0.0591-0.2054  -0.2077-0.1148 -0.2416 -0.0784
1001 -0.42240.11640.3561-0.6508  -0.2021-0.0810-0.0679-0.1979 -0.2177-0.1010-0.2566 -0.0612
1001 -0.42900.10910.3572-0.6650  -0.2107-0.0741-0.0895-0.1783  -0.2302-0.0790-0.2789 -0.0317
1001 -0.43070.10560.3582-0.6712  -0.2154-0.0699 -0.0986-0.1696  -0.2327-0.0726 -0.2850 -0.0222
1001 -0.43280.09910.3601-0.6819  -0.2245-0.0615-0.1143-0.1545  -0.2345 -0.0640 -0.2928 -0.0087

Table 3: Model Developed - Values of B(q).

BO Bl B2 B3 B4 B5 B6 B7 B8

0000 -0.0050000 0.7634000 0-4.49520-4.4036 0-2.32310-2.4999 0000 0000 00-0.04310 000.56130
0000 -0.0027000 0.7635000 0-2.66980-2.6446 0-1.78110-2.0341 0000 0000 00-0.04500 000.55830
0000 1.0e-003*-0.4011000 0.7635000 0-1.88550-1.8902 0-1.54880-1.8358 0000 0000 00-0.04770 000.55490
0000 0.0017000 0.7636000 0-1.44970-1.4713 0-1.41600-1.7228 0000 0000 00-0.05100 000.55120
0000 0.0045000 0.7634000 0-1.00730-1.0450 0-1.26930-1.5977 0000 0000 00-0.05870 000.54390
0000 0.0051000 0.7634000 0-0.90840-0.9491 0-1.23250-1.5662 0000 0000 00-0.06180 000.54120
0000 0.0055000 0.7634000 0-0.78880-0.8324 0-1.18430-1.5249 0000 0000 00-0.06730 000.53690

With the values obtained from MATLAB, the model can be represented by the
following equation. (Take note: the example below shows the first row of the values

obtained only, which is when Kc2 is set at -0.03.)

y(t) +ay(t-1) = Biu(t-1) +Bau(t-2) + e(t) Eq.(2)

When substitute the values above,
—0.005¢71 + 0.7634q 2

_ R(k
*0(S) = 70208291 — 019942 — 0.1823¢ 3 K)
) 449527 2323147
*5(S) = 0120341 = 0.0791q 2 — 0.1435¢ 3 ")
—0.0431¢~7 + 0.5613¢~®
= S(k
*0(S) = 5359141 = 0044892 — 0.2079¢—3 > )
—4.4036¢~3 — 2.4999¢*
xp(s) =

S(k
1—0.6390g-1 — 0.2153¢2 — 0.1134¢3 (k)
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4.1.2 Model [5*ones(2,2), 3*ones(2,2), [1 3; 7 3]]

Model [5*ones(2,2), 3*ones(2,2), [1 3; 7 3]] is used when Proportional and Integral
controllers are used to study the effect on the closed loop identification on MIMO
system. Two conditions will be studied, which are when both loop are closed and when

one loop is open.

The model as shown in the table is taken from the MATLAB when Kcl is set at 0.4 and
I1is set at 16.37 and 12 is set at 14.46 respectively.

Table 4: Best Fits and FPE.

Kc2 Y1 Y2 FPE
-0.03 NaN NaN 1.03E-05
-0.05 NaN NaN 1.61E-05
-0.07 88.81 88.35 2.34E-05
-0.09 88.84 89.02 3.07E-05

-0.127 88.91 89.66 4.07E-05
-0.14 88.97 89.94 4.26E-05
-0.16 89.12 90.44 4.39E-05

Table 5: Model Developed - Values of A(Q).
A0 Al A2

1001 -0.26860.1005-0.62300.4799 -0.0846 -0.0721 0.9573 -1.0869
1001 -0.27210.0969-0.5303 0.3822 -0.0931-0.0708 0.8902 -1.0261
1001 -0.27390.0912-0.4362 0.2830 -0.1019 -0.0700 0.8198 -0.9625
1001 -0.27440.0843-0.34130.1830 -0.1103 -0.0699 0.7463 -0.8959
1001 -0.27450.0729-0.1764 0.0080 -0.1217 -0.0735 0.6136 -0.7767
1001 -0.27500.0701-0.1238-0.0482  -0.1240-0.0763 0.5701-0.7380
1001 -0.27650.0676-0.0482-0.1294  -0.1256-0.0821 0.5066 -0.6820
Table 6: Model Developed - Values of A(Q).
A3 A4 AS

-0.3968 0.2504 -0.2177 0.0741
-0.3659 0.2174 -0.2144 0.0695
-0.3383 0.1875-0.2142 0.0686
-0.31250.1594 -0.2173 0.0714
-0.26800.1111 -0.2315 0.0860
-0.25400.0960 -0.2390 0.0936
-0.2353 0.0757 -0.2526 0.1075

-0.1190-0.0952 -0.1222 -0.0808
-0.1379-0.0777 -0.1416 -0.0642
-0.1562 -0.0599 -0.1553 -0.0522
-0.1730-0.0426 -0.1633 -0.0453
-0.1976 -0.0154 -0.1658 -0.0437
-0.2040-0.0079 -0.1635 -0.0459
-0.2116 0.0015-0.1572 -0.0519

15

-0.0327-0.1288 -0.0145 -0.1429
-0.0232 -0.1282 0.0065 -0.1572
-0.0101-0.1295 0.0242 -0.1678
0.0058 -0.1329 0.0374 -0.1741
0.0382-0.1431 0.0521 -0.1769
0.0493 -0.1473 0.0550-0.1758
0.0652-0.15390.0574 -0.1722



Table 7: Model Developed - Values of B(q).

BO Bl B2 B3 B4
0000 0.0064000 0.7902000 0.90977.515306.7079 0-5.89930-6.1035
0000 0.0090000 0.7901000 0.84003.971403.4627 0-3.83560-4.2321
0000 0.0114000 0.7898000 0.77582.482502.0702 0-2.9552 0-3.4206
0000 0.0134000 0.7893000 0.71401.653801.2966 0-2.46990-2.9613
0000 0.0146000 0.7880000 0.58870.7816 00.5362 0-1.98340-2.4829
0000 0.0140000 0.7876000 0.54280.5806 00.3757 0-1.87610-2.3732
0000 0.0120000 0.7871000 0.47310.339500.1885 0-1.7476 0-0.2383

Table 8: Model Developed - Values of B(q).

B5 B6 B7 B8 B9
0-4.56120-4.9738 0000 000.01290 000.59010 000.69140
0-2.95600-3.4480 0000 000.02870 000.59640 000.63960
0-2.25630-2.7403 0000 000.04100 000.60070 000.58520
0-1.85640-2.3044 0000 000.04920 000.60290 000.52810
0-1.42860-1.7957 0000 000.05610 000.60250 000.42450
0-1.32770-1.6667 0000 000.05640 000.60140 000.39030
0-1.20220-1.4986 0000 000.05500 000.59890 000.34020

(Take note: the example below shows the first row of the values obtained only, which is
when Kc2 is set at -0.03.)

When substitute the values above,
0.0064g~" + 0.7902g~2 + 0.9097¢ 3

- R(k
*(s) =1 0.268691 — 0.08469-2 — 0.3968¢~3 — 0.1190g—* — 0.0327¢"5 (k)
7.5153¢3 — 5.8993¢™* — 4.5612¢°
xg(s) = - - - = —R(k)
0.1005¢1 — 0.0721q~2 + 0.2504¢q~3 — 0.0952¢q—* — 0.1288¢"5
—0.0129¢7 + 0.5901q ™8 + 0.6914¢~°
xp(s) = — - - = —S(k)
—0.6230¢~* + 0.9573¢~2 — 0.2177q3 — 0.1222q~* — 0.0145¢ 5
6.7079¢73 — 6.1035¢™* — 4.9738¢"°
xp(s) = —=S(k)

1+ 0.4799¢g~1 — 1.0869g2 + 0.0741q~3 — 0.0808q—* — 0.1429¢q

The complete values of the model developed is attached in Appendix A.
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4.2 Effect of the Proportional controller on the closed loop system identification
when both loops are closed
To achieve the objective above, different values of Kc will be examined when the
values of | are kept as infinity.
The model used is [3*ones(2,2), 2*ones(2,2), [1 3; 7 3]]

4.2.1 First Section — Different constant of Kcl with varying value of Kc2

FPE against Kc2 when Kcl is kept constant

2.50E-04

2.00E-04 /

/ ——Kc1=0.4
1.50E-04 (105
-~ ——Kc1=0.604
1.00€-04

=== Kc1=0.7

FPE

5.00E-05 - —Kc1=0.8

— — Kec1=1.0
0.00E+00 T T T T T T )

-0.03 -0.05 -0.07 -0.09 -0.127 -0.14 -0.16
Kc2

Figure 4: FPE against Kc2 with constant Kc1.

From the plot above, the FPE increases when the value of Kc2 increases. Different Kcl
values are showing the same pattern as the FPE increases when the absolute values of
Kc2 are getting larger. However, the larger the value of Kcl, the larger the FPE when
Kc2 is increasing. The FPE obtained when Kc2 = -0.03 with different value of Kcl
shows the least difference, which is in between 0 to 6e-05. The results for Kc1 =0.4 are
tabulated as shown below. For Kcl = 0.5, 0.604, 0.7, 0.8, and 1.0, the results can be
found in Appendix B.

17



Table 9: Kcl is fixed at 0.4, 11 and 12 are fixed at 999999999.

Kc2 Y1 Y2 FPE (1e-05)
-0.03 86.10 82.39 0.92
-0.05 86.48 83.97 1.01
-0.07 86.72 84.98 1.19
-0.09 87.12 85.82 1.43
-0.127 87.07 86.55 2.07
-0.14 87.15 86.83 2.36

4.2.2 Second Section - Kc2 will be held constant with different value of Kcl

2.50E-04

2.00E-04

1.50E-04

FPE

1.00E-04

5.00E-05

0.00E+00

/

0.4

0.5

0.604

0.7
Kcl

0.8

1.0

FPE against Kcl when Kc2 is kept constant

e Kc2=-0.03
e K2=-0.05
= Kc2=-0.07
e K2=-0.09
s K2=-0.127
Kc2=-0.14
e Kc2=-0.16

From the plot above, it can be seen that when Kcl = 0.4, FPE is concentrated between 0
to 4e-05. The FPE of each Kc2 increases when the values of Kcl increase. When the
values of Kcl increase, the value of FPE increases. This gives the same pattern of
increment with different absolute values of Kc2 whereas the lower the absolute value of
Kc2, the higher the value of FPE. The results for Kc2 = -0.03 is tabulated as shown
below. For Kcl =-0.05, -0.07, -0.09, -0.127, -0.14, and -0.16, the results can be found in

Appendix B.

Figure 5: FPE against Kc1 with constant Kc2.
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Table 10: Kc2 is fixed at -0.03, 11 and 12 are fixed at 999999999,

Kcl Y1 Y2 FPE (1e-05)
0.4 86.10 82.39 9.21
05 86.64 83.00 1.43
0.604 87.03 83.46 2.05
0.7 87.52 84.07 2.72
0.8 87.49 83.96 3.50
1.0 87.73 84.07 5.21

4.3 Effect of the Proportional-Integral controller on the closed loop system
identification when both loops are closed
To achieve the objective above, different values of Kc will be examined with 11
fixed at 16.37 and 12 is set at 14.46.
The model used is [5*ones(2,2), 3*ones(2,2), [1 3; 7 3]]

4.3.1 First Section - Kcl will be kept as a constant with different value of Kc2

FPE against Kc2 when Kcl is constant

9.00E-05
8.00E-05 /
7.00E-05

w 5.00E-05 — // Kc1=0.5

[- %

Y 4.00E-05 = Kc1=0.604
3.00E-05 -~ e K1 =0.7
2.00E-05 -~ Kel=0.8
1.00E-05

e Kcl =1.0
0-00E+00 T T T T T T 1

-0.03 -0.05 -0.07 -0.09 -0.127 -0.14 -0.16
Kc2

Figure 6: FPE against Kc2 with constant Kc1.

From the graph plotted, it can be known that when the absolute values of Kc2 increases,
the FPE increases, which apply to all value of Kcl as a constant. The FPE is the highest
when Kcl =1.0. Comparing the graph obtained in section 4.2.1, the MIMO system gives
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a higher FPE when Proportional controller is used. The results for Kcl =0.4 are
tabulated as shown below. For Kcl = 0.5, 0.604, 0.7, 0.8, and 1.0, the results can be
found in the appendix.

Table 11: Kc1l is fixed at 0.4, 11 is fixed at 16.37 and 12 is fixed at 14.46.

Kc2 Y1 Y2 FPE (1e-05)
-0.03 NaN NaN 1.03
-0.05 NaN NaN 161
-0.07 88.81 88.35 2.34
-0.09 88.84 89.02 3.07
-0.127 88.91 89.66 4.07
-0.14 88.97 89.94 4.26
-0.16 89.12 90.44 4.39

4.3.2 Second Section - Kc2 will be held constant with different value of Kcl

FPE against Kcl when Kc2 is constant

9.00E-05

8.00E-05 / a— K2 = -0.03

7.00E-05 / K2 =005

6.00E-05 s

g/ ——Kc2 =-0.07
w 5.00E-05
& 4.00E-05 4 e K2 = -0.09
-O0E- T —

3.00E-05 — S ~ Kc2 =-0.127

2.00E-05 — j Kc2 =-0.14

1.00E-05 K2 =016

0.00E+00 ; . . . . .

0.4 0.5 0.604 0.7 0.8 1.0
Kcl

Figure 7: FPE against Kc1 with constant Kc2.

Comparing with the graph obtained in section 4.2.2, both graphs show FPE increment
when Kc2 increases. However, the range of FPE (0 to 8e-05) is much larger when the
Proportional-Integral controller is used compared to the range of FPE (0 to 2.4e-04)

when Proportional controller is used. Other than that, it can be observed that the values
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of FPE slightly decrease for all absolute values of Kc2 when Kcl is increased from 0.4
to 0.5. The results for Kc2 = -0.03 is tabulated as shown below. For Kcl1 = -0.05, -0.07, -
0.09, -0.127, -0.14, and -0.16, the results can be found in Appendix B.

Table 12: Kc2 is fixed at -0.03, 11 is fixed at 16.37 and 12 is fixed at 14.46.

Kcl Y1 Y2 FPE (1e-05)
0.4 NaN NaN 1.03
05 NaN NaN 0.95
0.604 88.79 86.51 0.97
0.7 88.87 87.65 1.07
08 88.93 86.76 1.24
1.0 89.06 86.97 175

4.4 Effect of the Proportional-Integral controller on the closed loop system
identification when both loops are closed
The values of | is set at different values. In this case, Kcl and Kc2 are set at 0.604
and -0.127 respectively.
The model used is [5*ones(2,2), 3*ones(2,2), [1 3; 7 3]]

4.4.1 First Section - 12 will be kept as a constant with different value of 11

FPE against 11 when 12 = 14.46

3.80E-05
3.75E-05

3.70E-05 //\
3.65E-05 - \\
3.60E-05 ~

3.55E-05 — o— FPE

3.50E-05

3.45E-05

3.40E-05 T T T T !
6.37 11.37 16.37 21.37 26.37

11

FPE

Figure 8: FPE against 11 with 12 as a constant.
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From the graph plotted, the value of FPE shows the highest when I1 is set at 11.37,
which is 3.74e-05 while the FPE is lowest when I1 is set at 26.37, which is 3.52e-05.
However, the difference between the highest FPE and lowest FPE is just a mile, which is
0.22e-05. It can be concluded when Proportional-Integral controller is used with

different values of 11, no much difference in term of FPE occur.

Table 13: Kcl is fixed at 0.604, Kc2 is fixed at -0.127, and 12 is fixed at 14.46.

11 Y1 Y2 FPE (1e-05)
6.37 89.90 90.89 3.64
11.37 89.41 90.42 3.74
16.37 88.90 90.09 3.65
21.37 88.65 89.95 3.56
26.37 88.49 89.87 3.52

4.4.2 Second Section - 11 will be held constant with different value of 12

FPE against 12 when 11 = 16.37
6.00E-05
5.00E-05 \\
4.00E-05

\ g
& 3.00E-05

2.00E-05 \ / —e—FPE
o v
1.00E-05
0.00E+00 T T T T )

4.46 9.46 14.46 19.46 24.46

12

Figure 9: FPE against 12 with 11 as a constant.
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From the plotted graph above, the value of FPE shows the lowest when the value of 12 is
set at 9.46 and the highest when 12 is set at 4.46. The difference between the highest and
the lowest FPE shows a different of 3.95e-05.

Table 14: Kcl is fixed at 0.604, Kc2 is fixed at -0.127, and 11 is fixed at 16.37.

12 Y1 Y2 FPE (1e-05)
4.46 89.01 91.82 5.63
9.46 88.43 90.37 1.68
14.46 88.90 90.09 3.65
19.46 89.09 89.87 3.60
24.46 89.13 89.70 3.54

4.5 Effect of the Proportional-Integral controller on the closed loop system
identification when the other loop is open
In this section, different values of Kc are applied with fixed values of 11 and 12
when one loop is open.
The model used is [5*ones(2,2), 3*ones(2,2), [1 3; 7 3]]

4.5.1 First Section - The bottom loop is open with fixed value of 11.

A Graph of FPE against Kc1l

3.50E-05

3.00E-05 \\
2.50E-05

\/

2.00E-05

FPE

1.50E-05
o FPE
1.00E-05

5.00E-06

0.00E+OO T T T T T 1
0.4 0.5 0.604 0.7 0.8 1.0

Kcl

Figure 10: FPE against Kc1 when bottom loop is open.
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From the plotted line, the value of FPE decreases from 3.31e-05 to 2.14e-05 when Kcl

increases from 0.4 to 0.8. It shows a slightly increment when Kcl = 1.0.

Table 15: 11 is fixed at 16.37, Kc2 and 12 are in open loop.

Kcl Y1 Y2 FPE (1e-05)
0.4 90.62 94.99 331

05 90.28 94.92 257
0.604 89.97 94.85 2.22

0.7 89.71 94.80 2.12

08 89.45 94.74 2.14

1.0 88.98 97.79 2.33

4.5.2 Second Section - The distillate loop is open with fixed value of 12.

A Graph of FPE against Kc2

3.50E-05

3.00E-05

2.50E-05 //
2.00E-05 /
1.50E-05

1.00E-05

FPE

e FPE

5.00E-06

O-OOE+OO T T T T T T 1
-0.03 -0.05 -0.07 -0.09 -0.127 -0.14 -0.16

Kc2

Figure 11: FPE against Kc2 when the distillate loop is open.

From the plotted graph, the value of FPE decreases when Kc2 = -0.03 and Kc2 = -0.05
but shows increment when Kcl = -0.05 and above. The difference between the highest
FPE and the lowest FPE is 1.44e-05.
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Table 16: 12 is fixed at 14.46, Kc1 and 11 are in open loop.

Kc2 Y1 Y2 FPE (1e-05)
-0.03 NaN NaN 1.46
-0.05 NaN NaN 1.42
-0.07 NaN NaN 1.49
-0.09 NaN NaN 167
-0.127 NaN NaN 2.23
-0.14 NaN NaN 2.46
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

MIMO system plays a very important role in the industries today. It is crucial to study
the effect of the controller parameters on the closed loop system identification. In this
project, Wood & Berry Distillation Column represents the MIMO system. It is observed
that different parameters give different effects on the closed loop system identification.
Generally, it is better to keep the gain lower if only Proportional controller is used. For a
distillation column, a MIMO system in this project, neither too high or too low gain give
a better model accuracy for both closed loop and one loop open when Proportional-

Integral controller is used.

It is recommended that MATLAB software learning to be included in the undergraduate

studies to help the student to have a better understanding on the function of MATLAB.

26



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES

Nagarajaiah, S. System identification. 2009, July 7 [cited 2014 February 22]; Available
from: http://sstl.cee.illinois.edu/apss/files/9a SN _UIUC Short Course 1.pdf

Ljung, L., System identification theory for the user. 2nd ed. 1999, New Jersey: Prentice
Hall. 609.

Instruments, N. Selecting a model structure in the system identification process. 2010
[cited 2014 February 22]; Available from: http://www.ni.com/white-paper/4028/en/.
arx. Available from: http://dali.feld.cvut.cz/ucebna/matlab/toolbox/ident/arx.html.
MathWorks. Linear Model Structures. Available from:
http://www.mathworks.com/help/ident/ug/linear-model-structures.html.

Nelles, O., Nonlinear System Identification. 2001, New York: Springer. 785.

Liu, T. and C. Shao, An Extended Closed-loop Subspace Identification Method for Error-
in-variables Systems. Chinese Journal of Chemical Engineering, 2012. 20(6): p. 1136-
1141.

Jin, Q., et al., An effective direct closed loop identification method for linear
multivariable systems with colored noise. Journal of Process Control, (0).

Agitiero, J.C., G.C. Goodwin, and P.M.J. Van den Hof, A virtual closed loop method for
closed loop identification. Automatica, 2011. 47(8): p. 1626-1637.

Tufa, L.D. and M. Ramasamy, Closed-loop identification of systems with uncertain time
delays using ARX—OBF structure. Journal of Process Control, 2011. 21(8): p. 1148-1154.
Shardt, Y.A\W. and B. Huang, Closed-loop identification with routine operating data:
Effect of time delay and sampling time. Journal of Process Control, 2011. 21(7): p. 997-
1010.

Badwe, A.S., S.C. Patwardhan, and R.D. Gudi, Closed-loop identification using direct
approach and high order ARX/GOBF-ARX models. Journal of Process Control, 2011.
21(7): p. 1056-1071.

Jin, Q.B., et al., A novel closed loop identification method and its application of
multivariable system. Journal of Process Control, 2012. 22(1): p. 132-144.

Shardt, Y.A.W. and B. Huang, Closed-loop identification condition for ARMAX models
using routine operating data. Automatica, 2011. 47(7): p. 1534-1537.

Bazanella, A.S., M. Gevers, and L. Miskovic, Closed-Loop Identification of MIMO
Systems: A New Look at Identifiability and Experiment Design. European Journal of
Control, 2010. 16(3): p. 228-239.

Xavier Bombois, B.D.O.A., Gerard Scorletti, Open loop vs. Closed loop identification of
Box-Jenkins system in a least costly identification context.

Kon, J., et al., Practical application of model identification based on ARX models with
transfer functions. Control Engineering Practice, 2013. 21(2): p. 195-203.

Patwardhan, R.S. and R.B. Goapluni, A moving horizon approach to input design for
closed loop identification. Journal of Process Control, 2014. 24(3): p. 188-202.
Chun-sheng, W. and W.U. Min, Closed-Loop Identification Method Of Sintering Process
With Part Of The Inputs Controlled. Procedia Engineering, 2011. 15(0): p. 1910-1915.
Wu, M., et al., Design and application of generalized predictive control strategy with
closed-loop identification for burn-through point in sintering process. Control
Engineering Practice, 2012. 20(10): p. 1065-1074.

27


http://sstl.cee.illinois.edu/apss/files/9a_SN_UIUC_Short_Course_1.pdf
http://www.ni.com/white-paper/4028/en/
http://dali.feld.cvut.cz/ucebna/matlab/toolbox/ident/arx.html
http://www.mathworks.com/help/ident/ug/linear-model-structures.html

21.

22.

Bezergianni, S. and L. Ozkan, On the assessment of multivariable controllers using
closed loop data. Part I: Identification of system models. Journal of Process Control,

2012. 22(1): p. 125-131.
Oomen, T. and O. Bosgra, System identification for achieving robust performance.

Automatica, 2012. 48(9): p. 1975-1987.

28



APPENDIX A

4.1 Model developed from MATLAB
4.1.1 Model [3*ones(2,2), 2*ones(2,2), [1 3; 7 3]]

Kcl
0.5
0.5
0.5
0.5
0.5
0.5
0.5

BO
0000
0000
0000
0000
0000
0000
0000

Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

Y1
86.91
87.22
87.17
87.32
87.54
87.62
87.77

-0.0042000
-0.0025000

Y2
83.31
84.76
85.49
86.23
87.28
87.62
88.18

Bl

FPE
1.43E-05
1.59E-05
1.85E-05
2.20E-05
3.10E-05
3.50E-05
4.21E-05

1.0e-003 *-0.9248000
1.0e-003 * 0.4243000

0.0020000
0.0022000
0.0022000

Kcl is fixed at 0.5, 11 and 12 are fixed at 999999999

AO Al
1001 -0.37380.08450.3521-0.6323
1001 -0.37780.08420.3497-0.6331
1001 -0.38210.08380.3470-0.6340
1001 -0.38640.08300.3442-0.6354
1001 -0.39410.07990.3388-0.6399
1001 -0.39670.07840.3368 -0.6421
1001 -0.40050.07550.3338-0.6461

A2

-0.2547-0.0294 -0.0550 -0.2084
-0.2543-0.0317 -0.0583 -0.2074
-0.2538-0.0336-0.0611 -0.2063
-0.2538 -0.0348 -0.0640 -0.2048
-0.2566 -0.0341 -0.0708 -0.1997
-0.2586 -0.0329 -0.0738 -0.1972
-0.2627-0.0299 -0.0789 -0.1927

Kcl is fixed at 0.5, 11 and 12 are fixed at 999999999

B2 B3 B4

B5 B6

-0.1216
-0.1339
-0.1454
-0.1557
-0.1707
-0.1748
-0.1796

B7

A3
-0.2009 -0.1545 -0.1639
-0.1882-0.1742 -0.1451
-0.1750-0.1947 -0.1252
-0.1620-0.2125 -0.1050
-0.1393 -0.2446 -0.0676
-0.1320-0.2550 -0.0547
-0.1214-0.2699 -0.0353

B8

0.7597000
0.7597000
0.7597000
0.7596000
0.7594000
0.7594000
0.7595000

0-5.3408 0-5.2303
0-3.22910-3.1233
0-2.28140-2.2154
0-1.75300-1.7080
0-1.21300-1.1863
0-1.09110-1.0676
0-0.9426 0-0.9224

29

0-2.45220-2.6220
0-1.84610-2.1008
0-1.58760-1.8819
0-1.44150-1.7603
0-1.28370-1.6324
0-1.24510-1.6020
0-1.19530-1.5633

0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000

00-0.04390
00-0.04750
00-0.05190
00-0.05670
00-0.06710
00-0.07120
00-0.07780

000.56470
000.56340
000.56200
000.56050
000.55750
000.55630
000.5544 0



Kcl
0.7
0.7
0.7
0.7
0.7
0.7
0.7

Kel
0.604
0.604
0.604
0.604
0.604
0.604
0.604

Kc2
-0.
-0.
-0.
-0.

-0.127
-0.
-0.

Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

Y1
87.03
87.31
87.51
87.67
87.93
88.02
88.19

Y2
83.46
84.89
85.91
86.70
87.89
88.30
88.95

FPE
2.05E-05
2.30E-05
2.68E-05
3.20E-05
4.54E-05
5.14E-05
6.19E-05

BO
0000
0000
0000
0000
0000
0000
0000

Y1
87.29
87.54
87.74
87.90
88.17
88.52
88.71

03
05
07
09

14
16

Y2
83.76
85.13
86.14
86.95
88.22
88.88
89.60

B1

-0.0039000
-0.0027000
-0.0015000

1.0e-003 *-0.6525000
1.0e-003 *0.2285000
1.0e-003 *0.2896 00 0
1.0e-003 *0.1738000

FPE
2.72E-05
3.05E-05
3.59E-05
4.35E-05
6.31E-05
7.18E-05
8.72E-05

Kcl is fixed at 0.604, 11 and 12 are fixed at 999999999

AO
1001
1001
1001
1001
1001
1001
1001

Al
-0.34750.0567 0.3365 -0.6175
-0.35000.0557 0.3348 -0.6180
-0.3528 0.0550 0.3324 -0.6183
-0.35590.05410.3295 -0.6185
-0.36170.05200.3230-0.6196
-0.3638 0.0510 0.3203 -0.6202
-0.36720.0493 0.3160-0.6216

A2
-0.2992 0.0066 -0.0533 -0.2149
-0.2993 0.0051 -0.0551 -0.2152
-0.2991 0.0037 -0.0558 -0.2160
-0.2992 0.0025 -0.0560-0.2169
-0.3008 0.0018 -0.0559-0.2183
-0.3021 0.0021 -0.0559 -0.2186
-0.3046 0.0032 -0.0560 -0.2189

Kcl is fixed at 0.604, 11 and 12 are fixed at 999999999

B2
0.7573000
0.7573000
0.7572000
0.7571000
0.7569000
0.7569000
0.7570000

A3
-0.0723-0.2437-0.1116 -0.2028
-0.0823-0.2331-0.1315-0.1840
-0.0935-0.2219-0.1518-0.1638
-0.1030-0.2105-0.1720-0.1428
-0.1182 -0.1896 -0.2086 -0.1025
-0.1226 -0.1825 -0.2210 -0.0882
-0.1286-0.1719 -0.2395 -0.0661

B3
0-6.23810-5.9331
0-3.72190-3.5399
0-2.6383 0-2.5065
0-2.03330-1.9272
0-1.41290-1.3288
0-1.27210-1.1921
0-1.0998 0-1.0241

B4
0-2.5068 0-2.7167
0-1.8668 0-2.1580
0-1.5946 0-1.9254
0-.144170-1.7983
0-1.2787 0-.16694
0-1.23960-1.6399
0-1.1894 0-1.6032

B5
0000
0000
0000
0000
0000
0000
0000

B6
0000
0000
0000
0000
0000
0000
0000

B7
00-0.04250
00-0.04630
00-0.05070
00-0.05570
00-0.0664 0
00-0.07050
00-0.07720

B8
000.56780
000.56800
000.56820
000.56820
000.56820
000.56810
000.56780

Kcl is fixed at 0.7, 11 and 12 are fixed at 999999999

AO
1001
1001
1001
1001
1001
1001
1001

Al
-0.3288 0.0366 0.3176 -0.5993
-0.3299 0.0350 0.3168 -0.6001
-0.3313 0.0337 0.3151 -0.6004
-0.33300.0325 0.3129 -0.6006
-0.3365 0.0301 0.3071 -0.6011
-0.3378 0.0292 0.3046 -0.6014
-0.3401 0.0277 0.3004 -0.6022

30

A2

-0.33350.0304 -0.0458 -0.2285
-0.3344 0.0299 -0.0468 -0.2292
-0.3348 0.0293 -0.0466 -0.2306
-0.3354 0.0289 -0.0457 -0.2323
0.33750.0287 -0.0427 -0.2360

-0.3386 0.0289 -0.0414 -0.2374
-0.3409 0.0295 -0.0393 -0.2395

A3
-0.0364 -0.2708 -0.0797 -0.2291
-0.0458 -0.2623 -0.0992 -0.2109
-0.0549-0.2531-0.1193-0.1913
-0.0635 -0.2435-0.1396 -0.1705
-0.0776-0.2253 -0.1773 -0.1301
-0.0820-0.2189-0.1904 -0.1154
-0.0882 -0.2091 -0.2101 -0.0927



Kcl
0.8
0.8
0.8
0.8
0.8
0.8
0.8

BO
0000
0000
0000
0000
0000
0000
0000

Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

BO

B1

-0.0038000
-0.0028000
-0.0020000
-0.0013000

Kcl is fixed at 0.7, 11 and 12 are fixed at 999999999

B2
0.7559000
0.7558000
0.7557000
0.7555000

1.0e-003 *-0.7308000 0.7554000
1.0e-003 *-0.6996000 0.7554000
1.0e-003 *-0.7862000 0.7555000

Y1
87.68
87.70
88.03
88.16
88.25
88.35
88.52

Y2
84.24
85.25
86.40
87.16
88.24
88.68
89.41

FPE
3.50E-05
3.95E-05
4.71E-05
5.80E-05
8.68E-05
9.97E-05
0.000122

Bl

0000 -0.0038000
0000 -0.0030000
0000 -0.0023000
0000 -0.0018000
0000 -0.0013000
0000 -0.0013000
0000 -0.0013000

B3
0-6.81800-6.4327
0-4.08320-3.8421
0-2.90540-2.7222
0-2.2477 0-2.0936
0-1.57210-1.4431
0-1.41850-1.2941
0-1.23010-1.1109

B4
0-2.49750-2.7792
0-1.84990-2.1998
0-1.57490-1.9597
0-1.42100-1.8301
0-1.25840-1.7015
0-1.21970-1.6728
0-1.17040-1.6376

B5
0000
0000
0000
0000
0000
0000
0000

B6
0000
0000
0000
0000
0000
0000
0000

Kcl is fixed at 0.8, 11 and 12 are fixed at 999999999

AO

1001 -0.31290.01970.2949-0.5773
1001 -0.31290.0176 0.2949 -0.5785
1001 -0.31300.0159 0.2941-0.5792
1001 -0.31340.01430.2926-0.5797
1001 -0.31450.01140.2881-0.5807
1001 -0.31500.01040.2860-0.5812
1001 -0.31610.00890.2824-0.5821

Al

A2

-0.3650 0.0481-0.0347-0.2476
-0.3665 0.0487 -0.0353 -0.2486
-0.3677 0.0491 -0.0346 -0.2500
-0.3689 0.0494 -0.0311-0.2519
-0.3718 0.0504 -0.0287 -0.2563
-0.3731 0.0508 -0.0269 -0.2580
-0.3756 0.00517 -0.0238 -0.2608

Kcl is fixed at 0.8, 11 and 12 are fixed at 999999999

B2
0.7548000
0.7547000
0.7545000
0.7544000
0.7542000
0.7542000
0.7542000

B3
0-7.2443 0-6.7964
0-4.3562 0-4.0667
0-3.11270-2.8858
0-2.41830-2.2224
0-1.70470-1.5350
0-1.54230-1.3773
0-1.34280-1.1833
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B4
0-2.4436 0-2.8250
0-1.8054 0-2.2336
0-1.5347 0-1.9896
0-1.38370-1.8590
0-1.22540-1.7315
0-1.18800-1.7036
0-1.1405 0-1.6695

B5
0000
0000
0000
0000
0000
0000
0000

B6
0000
0000
0000
0000
0000
0000
0000

B7
00-0.0404 0
00-0.04370
00-0.0476 0
00-0.05210
00-0.06180
00-0.06550
00-0.07170

B8
000.57010
000.57140
000.57260
000.57370
000.57560
000.57620
000.57700

A3
-0.0072 -0.2884 -0.0530-0.2483
-0.0152 -0.2820-0.0716-0.2310
-0.0229 -0.2749 -0.0909 -0.2123
-0.0303-0.2674-0.1108 -0.1923
-0.0429-0.2524-0.1481-0.1528
-0.0470-0.2470-0.1611-0.1384
-0.0528-0.2386-0.1810-0.1159

B7
00-0.03770
00-0.04030
00-0.04340
00-0.04720 000.57790
00-0.05520 000.58140
00-0.055840 000.58250
00-0.06350 000.58410

B8
000.57180
000.57390
000.57590



Kcl
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Kcl
0.4
0.5
0.604
0.7
0.8
1.0

Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

BO
0000
0000
0000
0000
0000
0000
0000

Kc2
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03

Y1 Y2 FPE
87.73 84.07 5.21E-05
87.82 85.13 6.02E-05
87.86 85.87 7.49E-05
87.88 86.45 9.63E-05
87.90 87.39 1.54E-04
87.91 87.75 0.00018
87.95 88.38 0.000226

B1
-0.0038000
-0.0033000
-0.0028000
-0.0024000
-0.0021000
-0.0020000
-0.0020000

Y1 Y2 FPE
86.10 82.39 9.21E-06
86.64 83.00 1.43E-05
87.03 83.46 2.05E-05
87.52 84.07 2.72E-05
87.49 83.96 3.50E-05
87.73 84.07 5.21E-05

Kcl is fixed at 1.0, 11 and 12 are fixed at 999999999

AO
1001
1001
1001
1001
1001
1001
1001

Al
-0.2880-0.0046 0.2444 -0.5266
-0.2863 -0.0072 0.2457 -0.5287
-0.2847 -0.0095 0.2461 -0.5304
-0.2831-0.0116 0.2457 -0.5319
-0.2805 -0.0150 0.2432 -0.5350
-0.2796-0.0162 0.2418 -0.5363
-0.2785-0.0179 0.2392 -0.5386

A2
-0.4206 0.0685 -0.0090 -0.2959
-0.4230 0.0707 -0.0090 -0.2967
-0.4252 0.0727 -0.0080 -0.2979
-0.4275 0.0746 -0.0061 -0.2994
-0.43190.0779 -0.0010-0.3029
-0.43370.0790 0.0011 -0.3043
-0.4366 0.0807 0.0045 -0.3065

Kcl is fixed at 1.0, 11 and 12 are fixed at 999999999

B2
0.7535000
0.7533000
0.7531000
0.7529000
0.7526000
0.7525000
0.7524000

A3
0.0303 -0.2971 -0.0154 -0.2659
0.0250-0.2947 -0.0319 -0.2505
0.0198 -0.2916 -0.0492 -0.2337
0.0148 -0.2879 -0.0673 -0.2154
0.0058 -0.2798 -0.1016 -0.1786
0.0028 -0.2766 -0.1137 -0.1649
-0.0017-0.2715-0.1322 -0.1435

B3
0-7.55300-7.0476
0-4.5799 0-4.2326
0-3.3008 0-3.0129
0-2.5868 0-2.3262
0-1.85350-1.6126
0-1.68650-1.4484
0-1.48130-1.2461

B4
0-2.26920-2.8779
0-1.67590-2.2796
0-1.42480-2.0344
0-1.28550-1.9046
0-1.14130-1.7805
0-1.10770-1.7357
0-1.06530-1.7210

B5
0000
0000
0000
0000
0000
0000
0000

B6
0000
0000
0000
0000
0000
0000
0000

B7
00-0.03150
00-0.03250
00-0.03400
00-0.03580
00-0.04000
00-0.04170
00-0.04450

B8
000.57340
000.57640
000.57940
000.58240
000.58770
000.58950
000.59200

Kc2 is fixed at -0.03, 11 and 12 are fixed at 999999999

AO
1001
1001
1001
1001
1001

1001 -0.2880-0.0046 0.2444 -0.5266

Al
-0.4082 0.1203 0.3591 -0.6390
-0.3738 0.0845 0.3521 -0.6323
-0.3475 0.0567 0.3365 -0.6175
-0.3288 0.0366 0.3176 -0.5993
-0.31290.0197 0.2949 -0.5773
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A2
-0.1994 -0.0791 -0.0448 -0.2153
-0.2547 -0.0294 -0.0550 -0.2084
-0.2992 0.0066 -0.0533 -0.2149
-0.33350.0304 -0.0458 -0.2284
-0.3650 0.0481 -0.0347 -0.2476
-0.4206 0.0685 -0.0090 -0.2959

A3
-0.1823-0.1435-0.2070-0.1134
-0.1216-0.2009 -0.1545 -0.1639
-0.0723-0.2437-0.1116 -0.2028
-0.0364 -0.2708 -0.0797 -0.2291
-0.0072 -0.2884 -0.0530-0.2483
0.0303-0.2971-0.0154 -0.2659



BO Bl
0000 -0.0050000
0000 -0.0045000
0000 -0.0039000
0000 -0.0038000
0000 -0.0038000
0000 -0.0038000
Kcl Kc2 Y1 Y2 FPE
04 -0.05 86.48 83.97 1.01E-05
0.5 -0.05 86.95 84.49 1.59E-05
0.604 -0.05 87.31 84.89 2.30E-05
0.7 -0.05 87.54 85.13 3.05E-05
0.8 -0.05 87.70 85.25 3.95E-05
1.0 -0.05 87.82 85.13 6.02E-05
BO Bl
0000 -0.0027000
0000 -0.0025000
0000 -0.0027000
0000 -0.0028000
0000 -0.0030000
0000 -0.0033000

Kc2 is fixed at -0.03, 11 and 12 are fixed at 999999999

B2

0.7634000
0.7597000
0.7573000
0.7559000
0.7548000
0.7535000

B3
0-4.4952 0-4.4036
0-5.4308 0-5.2303
0-6.23810-5.9331
0-6.81800-6.4327
0-7.2443 0-6.7964
0-7.55300-7.0476

B4
0-2.32310-2.4999
0-2.45220-2.6220
0-2.5068 0-2.7167
0-2.49750-2.7792
0-2.44360-2.8250
0-2.26920-2.8779

B5
0000
0000
0000
0000
0000
0000

Kc2 is fixed at -0.05, 11 and 12 are fixed at 999999999

AO

1001
1001
1001
1001
1001
1001

Al

-0.41310.1198 0.3576 -0.6416
-0.3778 0.0842 0.3497 -0.6331
-0.3500 0.0557 0.3348 -0.6180
-0.3299 0.0350 0.3168 -0.6001
-0.31290.0176 0.2949 -0.5785
-0.2863 -0.0072 0.2457 -0.5287

A2

Kc2 is fixed at -0.05, 11 and 12 are fixed at 999999999

B2
0.7635000
0.7597000
0.7573000
0.7558000
0.7547000
0.7533000

B3
0-2.6698 0 -2.6446
0-3.22910-3.1233
0-3.72190-3.5399
0-4.08320-3.8421
0-4.3562 0-4.0667
0-4.57990-4.2326
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B4
0-1.78110-2.0341
0-1.84610-2.1008
0-1.8668 0-2.1580
0-1.84990-2.1988
0-1.80540-2.2336
0-1.67590-2.2796

B5
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000

B6

-0.1996 -0.0809 -0.0517 -0.2110
-0.2543 -0.0317 -0.0583 -0.2074
-0.2993 0.0051 -0.0551 -0.2152
-0.3344 0.0299 -0.0468 -0.2292
-0.3665 0.0487 -0.0353 -0.2486
-0.42300.0707 -0.0090 -0.2967

B6
0000
0000
0000
0000
0000
0000

00-0.04310
00-0.04390
00-0.04250
00-0.04040
00-0.03770
00-0.03150

B7

-0.1957-0.1292 -0.2249 -0.0961
-0.1339-0.1882-0.1742 -0.1451
-0.0823-0.2331-0.1315-0.1840
-0.0458 -0.2623 -0.0992 -0.2109
-0.0152 -0.2820-0.0716 -0.2310
0.0250-0.2947 -0.0319 -0.2505

B7
00-0.04500
00-0.04750
00-0.04630
00-0.04370
00-0.04030
00-0.03250

B8

000.56130
000.56470
000.56780
000.57010
000.57180
000.57340

A3

B8
000.55830
000.56340
000.56800
000.57140
000.57390
000.57640



Kcl Kc2
0.4 -0.07
0.5 -0.07
0.604 -0.07
0.7 -0.07
0.8 -0.07
1.0 -0.07

BO
0000
0000
0000
0000
0000
0000

Kcl Kc2
0.4 -0.09
0.5 -0.09
0.604 -0.09
0.7 -0.09
0.8 -0.09
1.0 -0.09

Y1
86.72
87.17
87.51
87.95
87.87
87.86

Y2
84.98
85.49
85.91
86.38
86.21
85.87

B1

FPE
1.19E-05
1.85E-05
2.68E-05
3.59E-05
4.71E-05
7.49E-05

Kc2 is fixed at -0.07, 11 and 12 are fixed at 999999999

A0

Al

1001 -0.41800.1186 0.3565 -0.6455
1001 -0.38210.0838 0.3470-0.6340
1001 -0.35280.05500.3324-0.6183
1001 -0.33130.03370.3151-0.6004
1001 -0.31300.01590.2941-0.5792

1001 -0.2847-0.0095 0.2461-0.5304

A2

-0.2002 -0.0818 -0.0591 -0.2054
-0.2538-0.0336 -0.0611 -0.2063

-0.2991 0.0037 -0.0558 -0.2160
-0.3348 0.0293 -0.0466 -0.2306
-0.3677 0.0491 -0.0346 -0.2500
-0.4252 0.0727 -0.0080 -0.2979

Kc2 is fixed at -0.07, 11 and 12 are fixed at 999999999

B2

1.0e-003 *-0.4011000 0.7635000
1.0e-003 *-0.9248000 0.7597000

-0.0015000
-0.0020000
-0.0023000
-0.0028000

Y1
86.87
87.32
87.67
87.90
88.01
87.89

Y2
85.67
86.23
86.70
86.95
86.98
86.48

FPE
1.43E-05
2.20E-05
3.20E-05
4.35E-05
5.80E-05
9.63E-05

0.7572000
0.7557000
0.7545000
0.7531000

B3
0-1.88550-1.8902
0-2.28140-2.2154
0-2.6383 0-2.5065
0-2.9054 0-2.7222
0-3.11270-2.8858
0-3.3008 0-3.0129

B4
0-1.54880-1.8358
0-1.58760-1.8819
0-1.5946 0-1.9254
0-1.57490-1.9597
0-1.53470-1.9896
0-3.3008 0-3.0129

B5
0000
0000
0000
0000
0000
0000

B6
0000
0000
0000
0000
0000
0000

Kc2 is fixed at -0.09, 11 and 12 are fixed at 999999999

A0

Al

1001 -0.42240.1164 0.3561-0.6508
1001 -0.38640.0830 0.3442-0.6354
1001 -0.35590.05410.3295-0.6185
1001 -0.33300.03250.3129-0.6006
1001 -0.31340.01430.2926-0.5797

1001 -0.2831-0.01160.2457-0.5319
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A2

-0.2021 -0.0810-0.0679 -0.1979
-0.2538 -0.0348 -0.0640 -0.2048

-0.2992 0.0025 -0.0560 -0.2169
-0.3354 0.0289 -0.0457 -0.2323
-0.3689 0.0494 -0.0331 -0.2519
-0.4275 0.0746 -0.0061 -0.2994

B7
00-0.04770
00-0.05190
00-0.05070
00-0.04760
00-0.04340
00-0.03400

A3

-0.2077-0.1148 -0.2416 -0.0784
-0.1454-0.1750-0.1937 -0.1252
-0.0935-0.2219-0.1518 -0.1638
-0.0549 -0.2531-0.1193-0.1913
-0.0229 -0.2749-0.0909 -0.2123
0.0198 -0.2916 -0.0492 -0.2337

B8
000.55490
000.56200
000.56820
000.5726 0
000.57590
000.57940

A3

-0.2177 -0.1010-0.2566 -0.0612
-0.1557-0.1620-0.2125 -0.1050
-0.1030-0.2105-0.1720-0.1428
-0.0635-0.2435-0.1396-0.1705
-0.0303 -0.2674 -0.1108 -0.1923
0.0148-0.2879-0.0673 -0.2154



BO
0000 0.0017000
0000
0000
0000 -0.0013000
0000 -0.0018000
0000 -0.0024000
Kl K2 Y1 Y2
04 -0.127 87.07
05 -0.127 87.54
0.604 -0.127 87.93
0.7 -0.127 88.17
0.8 -0.127 88.25
1.0 -0.127 87.90
BO
0000 0.0045000
0000 0.0020000
0000
0000
0000 -0.0013000
0000 -0.0021000

Bl

1.0e-003 *-0.4243000
1.0e-003 *-0.6525000

Bl

86.55
87.28
87.89
88.22
88.24
87.39

FPE
2.07E-05
3.10E-05
4.54E-05
6.31E-05
8.68E-05
1.54E-04

1.0e-003 *0.2285000
1.0e-003 *-0.7308000

Kc2 is fixed at -0.09, 11 and 12 are fixed at 999999999

B2
0.7636000
0.7596000
0.7571000
0.7555000
0.7544000
0.7529000

B3
0-1.44970-1.4713
0-1.75300-1.7080
0-2.03330-1.9272
0-2.24770-2.0936
0-2.41830-2.2224
0-2.5868 0-2.3262

B4
0-1.41600-1.7228
0-1.44150-1.7603
0-.144170-1.7983
0-1.42100-1.8301
0-1.38370-1.8590
0-1.28550-1.9046

B5
0000
0000
0000
0000
0000
0000

Kc2 is fixed at -0.127, 11 and 12 are fixed at 999999999

A0

1001
1001
1001
1001
1001
1001

Al

-0.4290 0.1091 0.3572 -0.6650
-0.3941 0.0799 0.3388 -0.6399
-0.3617 0.0520 0.3230-0.6196
-0.3365 0.0301 0.3071 -0.6011
-0.3145 0.0114 0.2881 -0.5807
-0.2805 -0.0150 0.2432 -0.5350

A2

Kc2 is fixed at -0.127, 11 and 12 are fixed at 999999999

B2
0.7634000
0.7594000
0.7569000
0.7554000
0.7542000
0.7526 000

B3
0-1.0073 0-1.0450
0-1.21300-1.1863
0-1.41290-1.3288
0-1.57210-1.4431
0-1.70470-1.5350
0-1.85350-1.6126
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B4
0-1.26930-1.5977
0-1.28370-1.6324
0-1.27870-.16694
0-1.25840-1.7015
0-1.22540-1.7315
0-1.14130-1.7805

B5
0000
0000
0000
0000
0000
0000

B6
0000
0000
0000
0000
0000
0000

-0.2107-0.0741-0.0895 -0.1783
-0.2566 -0.0341 -0.0708 -0.1997
-0.3008 0.0018 -0.0559 -0.2183
0.33750.0287 -0.0427 -0.2360
-0.3718 0.0504 -0.0287 -0.2563
-0.43190.0779-0.0010-0.3029

B6
0000
0000
0000
0000
0000
0000

B7
00-0.05100
00-0.0567 0
00-0.05570
00-0.05210
00-0.04720
00-0.03580

-0.2302 -0.0790-0.2789 -0.0317
-0.1707 -0.1393 -0.2446 -0.0676
-0.1182-0.1896 -0.2086 -0.1025
-0.0776-0.2253-0.1773-0.1301
-0.0429-0.2524 -0.1481 -0.1528
0.0058 -0.2798 -0.1016 -0.1786

B7
00-0.05870
00-0.06710
00-0.0664 0
00-0.06180
00-0.05520
00-0.04000

B8
000.55120
000.56050
000.56820
000.57370
000.57790
000.58240

A3

B8
000.54390
000.55750
000.56820
000.57560
000.58140
000.58770



Kcl Kc2 Y1 Y2
0.4 -0.14 87.15
0.5 -0.14 87.62
0.604 -0.14 88.02
0.7 -0.14 88.27
0.8 -0.14 88.35
1.0 -0.14 87.91
BO
0000 0.0051000
0000 0.0022000
0000
0000
0000 -0.0013000
0000 -0.0020000
Kcl Kc2 Y1 Y2
0.4 -0.16 87.28
0.5 -0.16 87.77
0.604 -0.16 88.19
0.7 -0.16  88.45
0.8 -0.16 88.70
1.0 -0.16  87.95

Bl

86.83
87.62
88.30
88.66
88.68
87.75

FPE
2.36E-05
3.50E-05
5.14E-05
7.18E-05
9.97E-05
1.80E-04

1.0e-003 *0.2896 000

1.0e-003 *-0.6996 000

87.27
88.18
88.95
89.37
89.59
88.38

FPE
2.87E-05
4.21E-05
6.19E-05
8.72E-05
0.000122
0.000226

Kc2 is fixed at -0.14, 11 and 12 are fixed at 999999999

A0

Al

1001 -0.43070.10560.3582-0.6712
1001 -0.39670.0784 0.3368 -0.6421
1001 -0.36380.05100.3203 -0.6202
1001 -0.33780.0292 0.3046 -0.6014
1001 -0.31500.0104 0.2860-0.5812
1001 -0.2796-0.0162 0.2418-0.5363

A2
-0.2154 -0.0699 -0.0986 -0.1696
-0.2586 -0.0329 -0.0738 -0.1972
-0.3021 0.0021 -0.0559 -0.2186
-0.3386 0.0289-0.0414 -0.2374
-0.3731 0.0508 -0.0269 -0.2580
-0.43370.0790 0.0011 -0.3043

Kc2 is fixed at -0.14, 11 and 12 are fixed at 999999999

B2
0.7634000
0.7594000
0.7569000
0.7554000
0.7542000
0.7535000

B3
0-0.9084 0-0.9491
0-1.09110-1.0676
0-1.27210-1.1921
0-1.41850-1.2941
0-1.54230-1.3773
0-1.68650-1.4484

0-1.23250-1.5662
0-1.24510-1.6020
0-1.2396 0-1.6399
0-1.21970-1.6728
0-1.18800-1.7036
0-1.10770-1.7537

B4 B5
0000
0000
0000
0000
0000

0000

B6
0000
0000
0000
0000
0000
0000

Kc2 is fixed at -0.16, 11 and 12 are fixed at 999999999

A0

1001
1001
1001
1001
1001
1001

Al
-0.4328 0.0991 0.3601 -0.6819
-0.4005 0.0755 0.3338 -0.6461
-0.3672 0.0493 0.3160-0.6216
-0.3401 0.0277 0.3004 -0.6022
-0.3161 0.0089 0.2824 -0.5821
-0.2785-0.0179 0.2392 -0.5386
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A2
-0.2245-0.0615-0.1143 -0.1545
-0.2627-0.0299 -0.0789 -0.1927
-0.3046 0.0032 -0.0560 -0.2189
-0.3409 0.0295 -0.0393 -0.2395
-0.3756 0.0517 -0.0238 -0.2608
-0.4366 0.0807 0.0045 -0.3065

-0.2327 -0.0726 -0.2850 -0.0222
-0.1748 -0.1320-0.2550 -0.0547
-0.1226 -0.1825 -0.2210 -0.0882
-0.0820-0.2189-0.1904 -0.1154
-0.0470-0.2470-0.1611 -0.1384
0.0028 -0.2766 -0.1137 -0.1649

B7
00-0.06180
00-0.07120
00-0.07050
00-0.06550
00-0.0584 0
00-0.04170

-0.2345 -0.0640 -0.2928 -0.0087
-0.1796-0.1214 -0.2699 -0.0343
-0.1286-0.1719-0.2395 -0.0661
-0.0882 -0.2091 -0.2101 -0.0927
-0.0528 -0.2386 -0.1810-0.1159
-0.0017-0.2715-0.1322 -0.1435

A3

B8
000.54120
000.55630
000.56810
000.57620
000.58250
000.58950

A3



Kc2 is fixed at -0.16, 11 and 12 are fixed at 999999999

BO Bl B2
0000 0.0055000 0.7634000
0000 0.0022000 0.7595000
0000 1.0e-003*0.1738000 0.7570000
0000 1.0e-003*-0.7862000 0.7555000
0000 -0.0013000 0.7542000
0000 -0.0020000 0.7524000

4.1.2 Model [3*0ones(2,2), 2*ones(2,2), [1 3; 7 3]]
Kclis fixed at 0.4, 11 and 12 are set at 16.37 and 14.46 respectively

Kc2
-0.03
-0.05
-0.07
-0.09
-0.127
-0.14
-0.16

Y1
NaN
NaN

88.81
88.84
88.91
88.97
89.12

BO
0000
0000
0000
0000
0000
0000
0000

Y2
NaN
NaN
88.35
89.02
89.66
89.94
90.44

FPE
1.03E-05
1.61E-05
2.34E-05
3.07E-05
4.07E-05
4.26E-05
4.39E-05

Bl
0.0064000
0.0090000
0.0114000
0.0134000
0.0146000
0.0140000
0.0120000

A0
1001
1001
1001
1001
1001
1001
1001

B2
0.7902000
0.7901000
0.7898000
0.7893000
0.7880000
0.7876000
0.7871000

Al
-0.2686 0.1005 -0.6230 0.4799
-0.27210.0969 -0.5303 0.3822
-0.27390.0912 -0.4362 0.2830
-0.2744 0.0843 -0.3413 0.1830
-0.2745 0.0729-0.1764 0.0080
-0.27500.0701 -0.1238 -0.0482
-0.27650.0676 -0.0482 -0.1294

B3
0-0.7888 0-0.8324
0-0.9426 0-0.9224
0-1.0998 0-1.0241
0-1.23010-1.1109
0-1.34280-1.1833
0-1.48130-1.2461

A2
-0.0846-0.0721 0.9573 -
-0.0931-0.0708 0.8902 -
-0.1019-0.0700 0.8198 -
-0.1103 -0.0699 0.7463 -
-0.1217-0.07350.6136 -
-0.1240-0.0763 0.5701 -
-0.1256-0.0821 0.5066 -

1.0869
1.0261
0.9625
0.8959
0.7767
0.7380
0.6820

B4
0-1.18430-1.5249
0-1.19530-1.5633
0-1.1894 0-1.6032
0-1.17040-1.6376
0-1.1405 0-1.6695
0-1.06530-1.7210

A3
-0.3968 0.2504
-0.36590.2174
-0.33830.1875
-0.31250.15%4
-0.26800.1111
-0.2540 0.0960
-0.23530.0757

B5
0000
0000
0000
0000
0000
0000

-0.21770.0741
-0.2144 0.0695
-0.2142 0.0686
-0.21730.0714
-0.2315 0.0860
-0.2390 0.0936
-0.2526 0.1075

B6
0000
0000
0000
0000
0000
0000

B7
00-0.06730
00-0.07780
00-0.07720
00-0.07170
00-0.06350
00-0.04450

A4

-0.1190-0.0952 -0.1222 -0.0808
-0.1379-0.0777 -0.1416 -0.0642
-0.1562 -0.0599 -0.1553 -0.0522
-0.1730-0.0426 -0.1633 -0.0453
-0.1976 -0.0154 -0.1658 -0.0437
-0.2040-0.0079 -0.1635 -0.0459
-0.2116 0.0015-0.1572 -0.0519

Kclis fixed at 0.4, 11 and 12 are set at 16.37 and 14.46 respectively

B3
0.9097 7.5153 0 6.7079
0.8400 3.9714 0 3.4627
0.7758 2.4825 0 2.0702
0.7140 1.6538 0 1.2966
0.58870.7816 0 0.5362
0.5428 0.5806 0 0.3757
0.47310.339500.1885

B4
0-5.8993 0-6.1035
0-3.83560-4.2321
0-2.9552 0-3.4206
0-2.4699 0-2.9613
0-1.98340-2.4829
0-1.87610-2.3732
0-1.7476 0-0.2383
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B5
0-4.56120-4.9738
0-2.9560 0-3.4480
0-2.2563 0-2.7403
0-1.8564 0-2.3044
0-1.4286 0-1.7957
0-1.32770-1.6667
0-1.2022 0-1.4986

B8
000.53690
000.55440
000.56780
000.57700
000.58410
000.59200

A5

-0.0327-0.1288 -0.0145 -0.1429
-0.0232 -0.1282 0.0065 -0.1572
-0.0101-0.1295 0.0242 -0.1678
0.0058 -0.1329 0.0374 -0.1741
0.0382-0.1431 0.0521-0.1769
0.0493 -0.1473 0.0550-0.1758
0.0652 -0.15390.0574 -0.1722

B6 B7 B8 B9
0000 000.01290 000.59010 000.69140
0000 000.02870 000.59640 000.63960
0000 000.04100 000.60070 000.58520
0000 000.04920 000.60290 000.52810
0000 000.05610 000.60250 000.42450
0000 000.05640 000.60140 000.39030
0000 000.05500 000.59890 000.34020



Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

BO
0000
0000
0000
0000
0000
0000
0000

Kc2
-0.03
-0.05
-0.07
-0.09
-0.127
-0.14
-0.16

Y1
NaN
88.83
88.88
88.93
88.91
88.96
89.10

Y2
NaN
87.69
88.50
89.18
89.91
90.24
90.81

B1

FPE
9.53E-06
1.41E-05
2.04E-05
2.70E-05
3.70E-05
3.91E-05
4.09E-05

B2

A0
1001
1001
1001
1001
1001
1001
1001

Kclis fixed at 0.5, 11 and 12 are set at 16.37 and 14.46 respectively

Al

-0.2504 0.0808 -0.5799 0.4362
-0.2540 0.0779-0.4936 0.3451
-0.2563 0.0736 -0.4066 0.2530
-0.2574 0.0683 -0.3182 0.1590
-0.2579 0.0590 -0.1568 -0.0130
-0.25800.0565 -0.1017 -0.0720
-0.2588 0.0539-0.0180-0.1618

-0.1068
-0.1155
-0.1250
-0.1345
-0.1501
-0.1545
-0.1599

A2
-0.0519 0.8672 -0.9981
-0.0499 0.8030-0.9403
-0.0479 0.7366 -0.8809
-0.04610.6671-0.8186
-0.0449 0.5356 -0.7012
-0.0454 0.4896 -0.6603
-0.0473 0.4190-0.5973

A3

-0.21870.0744
-0.2142 0.0685
-0.2118 0.0654
-0.2117 0.0649
-0.2176 0.0704
-0.2213 0.0739
-0.2282 0.0803

-0.4417 0.2943
-0.4103 0.2610
-0.3809 0.2294
-0.35190.1981
-0.29810.1403
-0.2797 0.1206
-0.25320.0924

A4

-0.0916-0.1289-0.0921 -0.1161
-0.1041-0.1187-0.1057 -0.1059
-0.1161-0.1081 -0.1151 -0.0989
-0.1271-0.0975-0.1200 -0.0957
-0.1437-0.0800-0.1179 -0.0990
-0.1481-0.0749-0.1141-0.1028
-0.1533-0.0683 -0.1051 -0.1113

Kclis fixed at 0.5, 11 and 12 are set at 16.37 and 14.46 respectively

B3

B4

0.0059000
0.0079000
0.0097000
0.0110000
0.0110000
0.0101000
0.0082000

0.7852000
0.7850000
0.7846000
0.7841000
0.7832000
0.7829000
0.7828000

0.88629.085107.7548
0.8237 4.8506 0 4.0042
0.7641 3.0507 0 2.3970
0.7036 2.0422 0 1.4998
0.58300.9776 0 0.5908
0.5386 0.7304 0 0.3883
0.47040.4306 00.1410

0-6.9184 0-6.8765
0-4.42800-4.6641
0-3.36100-3.7074
0-2.77010-3.1677
0-2.17480-2.6058
0-2.04310-2.4765
0-1.88490-2.3171

B5 B6
0-5.02010-5.1934 0000
0-3.17450-3.5163 0000
0-2.3706 0-2.7485 0000
0-1.91380-2.2810 0000
0-1.43250-1.7368 0000
0-1.32080-1.5974 0000
0-1.18310-1.4138 0000

Y1
88.79
88.90
88.97
88.93
83.90
88.93
89.03

Y2
86.51
81.82
88.71
89.20
90.09
90.42
91.02

FPE
9.71E-06
1.36E-05
1.94E-05
2.59E-05
3.65E-05
3.91E-05
4.18E-05

A0
1001
1001
1001
1001
1001
1001
1001

B7
00-0.0069 0
000.00220
000.00940
000.01400
000.01640
000.01370
000.01350

Kcl is fixed at 0.604, 11 and 12 are set at 16.37 and 14.46 respectively

Al

-0.23490.0642 -0.5412 0.5971
-0.23740.0610-0.4583 0.3095
-0.23910.0569-0.37500.2208
-0.24000.0523-0.2902 0.1301
-0.2402 0.0444-0.1308 -0.0412
-0.2402 0.0423-0.0739-0.1023
-0.2406 0.0401 0.0154 -0.1982

A2

-0.1239-0.03700.7913-0.9233
-0.1328-0.0343 0.7292 -0.8675
-0.1426-0.0316 0.6653 -0.8108
-0.1525-0.02900.5987 -0.7519
-0.1698 -0.0253 0.4702 -0.6380
-0.1751-0.0246 0.4238 -0.5968
-0.1823-0.0246 0.3509 -0.5316
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A3
-0.48770.3399-0.2242 0.0799
-0.4559 0.3063 -0.2192 0.0735
-0.42500.2733-0.2158 0.0691
-0.3934 0.2395-0.2141 0.0666
-0.33210.1741-0.2148 0.0659
-0.3102 0.1509-0.2159 0.0664
-0.27740.1164-0.2178 0.0671

A4

-0.0644 -0.1642 -0.0622 -0.1504
-0.0733-0.1565-0.0713 -0.1452
-0.0817-0.1501-0.0770-0.1424
-0.0893-0.1437-0.0788 -0.1424
-0.1007 -0.1326 -0.0721 -0.1503
-0.1037-0.1293 -0.0666 -0.1556
-0.1071-0.1250-0.0551 -0.1662

A5
-0.0114 -0.1440-0.0144 -0.1377
-0.0063 -0.1383 -0.0020 -0.1422
0.0016 -0.1339 0.0084 -0.1443
0.0119-0.1313 0.0156 -0.1432
0.0344 -0.1309 0.0208 -0.1339
0.0424 -0.1318 0.0205 -0.1288
0.0540-0.1338 0.0183 -0.1192

B8 B9

000.58020
000.58310
000.58490
000.58510
000.58210
000.58030
000.5768

000.64420
000.59480
000.54380
000.49030
000.38880
000.35320
000.29840

A5
0.0074-0.1576-0.0175-0.1311
0.0098 -0.1489-0.0130-0.1268
0.0144-0.1409-0.0096 -0.1206
0.0209-0.1342-0.0084 -0.1121
0.0361-0.1261-0.0121-0.0912
0.0416-0.1245-0.0149 -0.0826
0.0497-0.1227 -0.0202 -0.0686



BO
0000
0000
0000
0000
0000
0000
0000

Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

BO
0000
0000
0000
0000
0000
0000
0000

Bl
0.0048000
0.0064000
0.0077000
0.0085000
0.0079000
0.0071000
0.0054000

B2
0.7820000
0.7817000
0.7813000
0.7809000
0.7802000
0.7801000
0.7802000

Kcl is fixed at 0.604, 11 and 12 are set at 16.37 and 14.46 respectively

Y1
88.87
88.96
88.98
88.96
88.89
88.99
88.92

Y2
87.65
87.92
88.71
89.30
90.18
90.51
91.10

FPE
1.07E-05
1.46E-05
2.05E-05
2.74E-05
3.92E-05
4.25E-05
4.63E-05

Bl
0.0039000
0.0051000
0.0061000
0.0066000
0.0059000
0.0052000
0.0037000

B2
0.7799000
0.7796000
0.7793000
0.7789000
0.7785000
0.7784000
0.7786000

39

B3 B4 B5 B6 B7
0.8581 10.6413 0 8.7050 0-7.9568 0-7.6502 0-5.4538 0-5.3222 0000 00-0.02310
0.8028 5.7366 04.4725 0-5.0378 0-5.0952 0-3.38510-3.5156 0000 00-0.01940
0.7480 3.6348 0 2.6593 0-3.78420-3.9914 0-2.483302.6935 0000 00-0.01650
0.6911 2.4504 0 1.6448 0-3.08810-3.3704 0-1.97200-2.1969 0000 00-0.01510
0.5763 1.1950 0 0.5969 0-2.38390-2.7260 0-1.43760-1.6221 0000 00-0.01620
0.5336 0.9017 0 0.3547 0-2.22740-2.5784 0-1.31500-1.4751 0000 00-0.01740
0.46750.5432 00.0510 0-2.03860-2.3971 0-1.16440-1.2814 0000 00-0.01970
Kclis fixed at 0.7, 11 and 12 are set at 16.37 and 14.46 respectively
A0 Al A2 A3 A4
1001 -0.22300.0518-0.5117 0.3675 -0.1362-0.02670.7351-0.8678  -0.5286 0.3810 -0.2320 0.0880 -0.0396 -0.1925 -0.0356
1001 -0.22440.0482-0.4306 0.2817 -0.1453-0.0236 0.6748-0.8140  -0.4965 0.3474 -0.2265 0.0812 -0.0465-0.1891-0.0418
1001 -0.22530.0440-0.34910.1942 -0.1552-0.02050.6129-0.7594  -0.4644 0.3133 -0.2226 0.0759 -0.0530-0.1852 -0.0448
1001 -0.22560.0396-0.2659 0.1045 -0.1653 -0.0174 0.5484 -0.7031 -0.43090.2776-0.2199 0.0720 -0.0588-0.1812 -0.0443
1001 -0.22530.0325-0.1067 -0.0678 -0.1831-0.0125 0.4235 -0.5933 -0.3637 0.2065 -0.2171 0.0666 -0.0673-0.1740-0.0337
1001 -0.25510.0307-0.0486-0.1305  -0.1888-0.0112 0.3778-0.5528  -0.33910.1806 -0.2162 0.0647 -0.0694-0.1718-0.0271
1001 -0.22530.02860.0438-0.2298 -0.1968-0.01000.3059-0.4886  -0.3013 0.1412-0.2143 0.0611 -0.0718-0.1689 -0.0137
Kclis fixed at 0.7, 11 and 12 are set at 16.37 and 14.46 respectively
B3 B4 B5 B6 B7
0.8301 12.0169 0 9.5088 0-8.9073 0-8.3666 0-5.8098 0-5.3736 0000 00-0.03510
0.7806 6.5275 0 4.8544 0-5.5991 0-5.4955 0-3.5591 0-5.4955 0000 00-0.03530
0.7302 4.1638 0 2.8581 0-4.1767 0-4.2555 0-2.57740-2.6023 0000 00-0.03550
0.6769 2.8268 0 1.7395 0-3.3856 0-3.5593 0-2.02130-2.0817 0000 00-0.03640
0.5679 1.4051 0 0.5698 0-2.58320-2,8404 0-1.4426 0-1.4839 0000 00-0.03960
0.52701.071500.2941 0-2.40410-2.6768 0-1.31050-1.3324 0000 00-0.04100
0.4631 0.6610 0-0.0555 0-2.18750-2.4772 0-1.14860-1.1349 0000 00-0.04290

-0.1801
-0.1782
-0.1783
-0.1806
-0.1919
-0.1981
-0.2101

B8
000.57350
000.57410
000.57410
000.57320
000.56910
000.56720
000.56390

B9
000.59720
000.54820
000.49800
000.44570
000.34440
000.3076 0
000.24940

A5

0.0219
0.0227
0.0251
0.0292
0.0392
0.0430
0.0487

-0.1682 -
-0.1577 -
-0.1475 -
-0.1383 -
-0.1252 -
-0.1217 -
-0.1172-

B8
000.5696 0
000.56900
000.56810
000.56670
000.56270
000.56100
000.55830

0.0220-0.1249
0.0238-0.1134
0.0262 -0.1003
0.0300 -0.0855
0.0404 -0.0552
0.0448 -0.0442
0.0521-0.0274

B9
000.55690
000.5076 0
000.45720
000.40490
000.30250
000.26480
000.20470



Kc2
-0.03
-0.05
-0.07
-0.09

-0.127
-0.14
-0.16

BO
0000
0000
0000
0000
0000
0000
0000

Ke2
-0.03
-0.05
-0.07
-0.09
-0.127
-0.14
-0.16

Y1
88.93
89.01
89.02
88.98
88.87
89.08
88.79

Y2
86.76
88.01
88.80
89.37
90.23
90.72
91.08

B1

FPE
1.24E-05
1.68E-05
2.34E-05
3.13E-05
4.52E-05
4.93E-05
5.45E-05

B2

A0
1001
1001
1001
1001
1001
1001
1001

Kclis fixed at 0.8, 11 and 12 are set at 16.37 and 14.46 respectively

Al
-0.2129 0.0414 -0.4866 0.3425
-0.21310.0373 -0.4068 0.2577
-0.21310.0330-0.3261 0.1706
-0.2128 0.0287 -0.2438 0.0808
-0.2118 0.0220 -0.0844 -0.0930
-0.21150.0203 -0.0255 -0.1568
-0.2114 0.0184 0.0679 -0.2572

A2
-0.1468-0.0184 0.6879 -0.8213
-0.1560-0.0150 0.6299 -0.7699
-0.1658-0.0115 0.5699 -0.7177
-0.1760-0.0081 0.5079 -0.6640
-0.1940-0.0025 0.3875 -0.5594
-0.1999-0.0009 0.3436 -0.5208
-0.2084 0.0011 0.2749 -0.4596

A3

-0.2422 0.0989
-0.2364 0.0915
-0.23190.0853
-0.2284 0.0800
-0.2222 0.0701
-0.2194 0.0660
-0.2141 0.0585

-0.5695 0.4227
-0.53710.3889
-0.5038 0.3539
-0.4684 0.3166
-0.3960 0.2406
-0.36890.2123
-0.3267 0.1685

A4
-0.2236-0.0086 -0.2096
-0.2219-0.0126 -0.2102
-0.2197-0.0134-0.2123
-0.2173-0.0109-0.2164
-0.2127 0.0028 -0.2300
-0.2112 0.0104 -0.2368
-0.2093 0.0249 -0.2496

-0.0137
-0.0194
-0.0246
-0.0293
-0.0360
-0.0376
-0.03%4

Kclis fixed at 0.8, 11 and 12 are set at 16.37 and 14.46 respectively

B3

B4

0.0031000
0.0041000
0.0048000
0.0052000
0.0045000
0.0039000
0.0027000

0.7784000
0.7781000
0.7778000
0.7775000
0.7772000
0.7772000
0.7774000

0.7996 13.3996 0 10.3025
0.7552 7.3285 05.2227
0.7091 4.7055 0 3.0393
0.6595 3.2181 0 1.8139
0.5568 1.6327 00.5226
0.51791.2594 00.2153
0.45670.79770-0.1744

0-9.90340-9.1376
0-6.18890-5.9291
0-4.5907 0-4.5432
0-3.70100-3.7668
0-2.7966 0-2.9696
0-2.59420-2.7898
0-2.34860-2.5721

B5 B6
0-6.13160-5.3642 0000
0-3.71690-3.3776 0000
0-2.66310-2.4729 0000
0-2.06650-1.9309 0000
0-1.44730-1.3157 0000
0-1.30640-1.1625 0000
0-1.13410-0.9666 0000

Y1
89.06
80.11
89.11
89.05
88.84
88.72
88.49

Y2
86.97
88.16
88.93
890.48
90.22
90.45
90.86

FPE
1.75€-05
2.42E-05
3.37E-05
4.47E-05
6.48E-05
7.10E-05
7.94E-05

A0
1001
1001
1001
1001
1001
1001
1001

B7
00-0.04530
00-0.04860
00-0.05140
00-0.05410
00-0.05860
00-0.05990
00-0.06140

Kclis fixed at 1.0, 11 and 12 are set at 16.37 and 14.46 respectively

Al
-0.19770.0261 -0.4481 0.3046
-0.19610.0241-0.3703 0.2210
-0.1946 0.0168 -0.2905 0.1333
-0.19329.9126 -0.2090 0.0427
-0.1908 0.0064 -0.0512 -0.1323
-0.1902 0.0049 0.0066 -0.1953
-0.18950.0032 0.0967 -0.2923

A2
-0.1641-0.0062 0.6186 -0.7541
-0.1735-0.0024 0.5659 -0.7084
-0.18340.0014 0.5108 -0.6620
-0.19340.0051 0.4542 -0.6148
-0.21160.0115 0.3464 -0.5237
-0.21770.0135 0.3081 -0.4906
-0.22670.0163 0.2499 -0.4392

40

A3
-0.6458 0.5025 -0.2687 0.1270
-0.6124 0.4684 -0.2620 0.1182
-0.57700.4319-0.2564 0.1099
-0.53850.3920-0.2512 0.1017
-0.45720.3081 -0.2389 0.0837
-0.42600.2761 -0.23300.0759
-0.3766 0.2257 -0.2220 0.0625

A4
0.0397-0.2868 0.0455 -0.2677
0.0349-0.2868 0.0443 -0.2708
0.0306 -0.2862 0.0462 -0.2750
0.0267 -0.2854 0.0512 -0.2806
0.0213 -0.2382 0.0685 -0.2960
0.0199-0.28240.0770-0.3031
0.0183-0.28130.0922 -0.3160

A5
0.0344-0.1775-0.0278 -0.1181
0.0339-0.1657 -0.0354 -0.1000
0.0347 -0.1539 -0.0432 -0.0804
0.0367 -0.1428 -0.0515 -0.0597
0.0427 -0.1258 -0.0676 -0.0210
0.0452-0.1210-0.0733 -0.0081
0.0489 -0.1145-0.0818 0.0105

B8 B9

000.56730
000.56600
000.56470
000.56320
000.5598 0
000.55850
000.55650

000.51810
000.46830
000.41710
000.36410
000.26040
000.22200
000.16140

A5
0.0523-0.1902 -0.0432 -0.1017
0.0502-0.1772 -0.0605 -0.0723
0.0487-0.1636-0.0771-0.0414
0.0480-0.1503 -0.0926 -0.0106
0.0485-0.1284-0.1174 0.0413
0.0491-0.1218-0.1249 0.0570
0.0501-0.1127-0.1352 0.0775



BO
0000
0000
0000
0000
0000
0000
0000

Kel
0.4
0.5
0.604
0.7
0.8
1.0

BO
0000
0000
0000
0000
0000
0000

Bl
0.0021000
0.0028000
0.0034000
0.0036000
0.0032000
0.0028000
0.0021000

B2
0.7762000
0.7760000
0.7758000
0.7756000
0.7754000
0.7754000
0.7756000

Kclis fixed at 1.0, 11 and 12 are set at 16.37 and 14.46 respectively

B3

0.7365 16.0515 0 11.7966

0.7004 8.8772 0 5.9006
0.6614 5.7665 0 3.3548
0.6187 3.9982 0 1.9240
0.5281 2.1098 00.4126
0.4932 1.6633 00.0549

0.4378 1.1087 0-0.3908

B4
0-11.97150-10.818
0-7.41310-6.8836
0-5.45110-5.1841
0-4.3576 0-4.2360
0-3.24320-3.2735
0-2.9927 0-0.30600
0-2.68800-2.8047

2

B5 B6
0-6.60250-5.1205 0000
0-3.9458 0-3.0523 0000
0-2.78510-2.1024 0000
0-2.12820-1.5368 0000
0-1.44850-0.9155 0000
0-1.2945 0-0.7696 0000
0-1.10700-0.5931 0000

B7
00-0.06100
00-0.0686 0
00-0.07480
00-0.0796 0
00-0.08530
00-0.0864 0
00-0.08710

Kc2 is fixed at -0.03, 11 and 12 are set at 16.37 and 14.46 respectively

Y1
NaN
88.83
88.90
88.96
89.01
89.11

Y2
NaN
87.69
87.82
87.92
88.01
88.16

Bl

FPE
161E-05
141E-05
1.36E-05
1.46E-05
1.68E-05
242E-05

B2

A0
1001
1001
1001
1001
1001
1001

Al

-0.27210.0969-0.5303 0.3822
-0.25400.0779-0.4936 0.3451
-0.23740.0610-0.4583 0.3095
-0.22440.0482 -0.4306 0.2817
-0.21310.0373-0.4068 0.2577
-0.19610.0241-0.3703 0.2210

A2

-0.0931-0.0708 0.8902 -1.0261
-0.1155-0.0499 0.8030-0.9403
-0.1328-0.0343 0.7292 -0.8675
-0.1453-0.0236 0.6748 -0.8140
-0.1560-0.0150 0.6299 -0.7699
-0.1735-0.0024 0.5659 -0.7084

A3
-0.36590.2174-0.2144 0.0695
-0.4103 0.2610-0.2142 0.0685
-0.45590.3063-0.2192 0.0735
-0.4965 0.3474 -0.2265 0.0812
-0.53710.3889-0.2364 0.0915
-0.61240.4684 -0.2620 0.1182

A4
-0.1379-0.0777-0.1416 -0.0642
-0.1041-0.1187-0.1057-0.1059
-0.0733-0.1565-0.0713 -0.1452
-0.0465-0.1891-0.0418 -0.1782
-0.0194-0.2219-0.0126 -0.2102
0.0349-0.2868 0.0443 -0.2708

Kc2 is fixed at -0.03, 11 and 12 are set at 16.37 and 14.46 respectively

B3

B4

0.0090000
0.0079000
0.0064000
0.0051000
0.0041000
0.0028000

0.7901000
0.7850000
0.7817000
0.7796000
0.7781000
0.7760000

0.84003.9714 0 3.4627
0.8237 4.8506 0 4.0042
0.8028 5.7366 0 4.4725
0.7806 6.5275 0 4.8544
0.7552 7.3285 05.2227
0.7004 8.8772 0 5.9006

0-3.83560-4.2321
0-4.4280 0-4.6641
0-5.0378 0-5.0952
0-5.59910-5.4955
0-6.18890-5.9291
0-7.41310-6.8836

41

B5 B6
0-2.95600-3.4480 0000
0-3.17450-3.5163 0000
0-3.38510-3.5156 0000
0-3.5591 0-5.4955 0000
0-3.71690-3.3776 0000
0-3.9458 0-3.0523 0000

B7
000.02870
000.00220
00-0.01940
00-0.03530
00-0.04860
00-0.06860

B8
000.56560
000.56420
000.56310
000.56230
000.5608 0
000.56020
000.55900

B9
000.44690
000.39590
000.34290
000.28840
000.18320
000.14510
000.0864 0

A5
-0.0232-0.1282 0.0065 -0.1572
-0.0063 -0.1383 -0.0020-0.1422
0.0098 -0.1489-0.0130-0.1268
0.0227-0.1577-0.0238 -0.1134
0.0339-0.1657-0.0354 -0.1000
0.0502-0.1772 -0.0605 -0.0723

B8 B9

000.5964 0
000.58310
000.57410
000.56900
000.56600
000.56420

000.63960
000.59480
000.54820
000.5076 0
000.46830
000.39590



Kel
0.4
0.5
0.604
0.7
0.8
1.0

BO
0000
0000
0000
0000
0000
0000

Kel
04
05
0.604
0.7
0.8
10

Y1
NaN
83.83
88.90
83.96
89.01
89.11

Y2
NaN
87.69
87.82
87.92
88.01
88.16

Bl

FPE
1.61E-05
1.41E-05
1.36E-05
1.46E-05
1.68E-05
2.42E-05

B2

A0
1001
1001
1001
1001
1001
1001

Kc2 is fixed at -0.05, 11 and 12 are set at 16.37 and 14.46 respectively

Al

-0.27210.0969-0.5303 0.3822
-0.25400.0779-0.4936 0.3451
-0.23740.0610-0.4583 0.3095
-0.22440.0482 -0.4306 0.2817
-0.21310.0373 -0.4068 0.2577
-0.19610.0241-0.3703 0.2210

A2

-0.0931-0.0708 0.8902 -1.0261
-0.1155-0.0499 0.8030-0.9403
-0.1328-0.0343 0.7292 -0.8675
-0.1453-0.0236 0.6748 -0.8140
-0.1560-0.01500.6299 -0.7699
-0.1735-0.0024 0.5659-0.7084

A3

-0.36590.2174-0.2144 0.0695
-0.4103 0.2610-0.2142 0.0685
-0.45590.3063 -0.2192 0.0735
-0.4965 0.3474 -0.2265 0.0812
-0.53710.3889-0.2364 0.0915
-0.6124 0.4684 -0.2620 0.1182

A4
-0.1379-0.0777-0.1416 -0.0642
-0.1041-0.1187-0.1057 -0.1059
-0.0733-0.1565-0.0713 -0.1452
-0.0465-0.1891-0.0418-0.1782
-0.0194-0.2219-0.0126-0.2102
0.0349-0.2868 0.0443 -0.2708

Kc2 is fixed at -0.05, 11 and 12 are set at 16.37 and 14.46 respectively

B3

B4

0.0090000
0.0079000
0.0064000
0.0051000
0.0041000
0.0028000

0.7901000
0.7850000
0.7817000
0.7796000
0.7781000
0.7760000

0.84003.9714 0 3.4627
0.8237 4.8506 0 4.0042
0.8028 5.7366 0 4.4725
0.7806 6.5275 0 4.8544
0.7552 7.3285 0 5.2227
0.7004 8.8772 0 5.9006

0-3.83560-4.2321
0-4.42800-4.6641
0-5.0378 0-5.0952
0-5.59910-5.4955
0-6.18890-5.9291
0-7.41310-6.8836

B5 B6
0-2.95600 -3.4480 0000
0-3.17450-3.5163 0000
0-3.38510-3.5156 0000
0-3.5591 0-5.4955 0000
0-3.71690-3.3776 0000
0-3.9458 0-3.0523 0000

Y1
88.81
88.88
88.97
88.98
89.02
89.11

Y2
88.35
88.50
88.71
88.71
88.80
88.93

FPE
2.34E-05
2.04E-05
1.94E-05
2.05E-05
2.34E-05
3.37E-05

A0
1001
1001
1001
1001
1001
1001

B7
000.02870
000.00220
00-0.01940
00-0.03530
00-0.04860
00-0.06860

Kc2 is fixed at -0.07, 11 and 12 are set at 16.37 and 14.46 respectively

Al

-0.27390.0912 -0.4362 0.2830
-0.2563 0.0736-0.4066 0.2530
-0.23910.0569-0.37500.2208
-0.22530.0440-0.34910.1942
-0.21310.0330-0.32610.1706
-0.1946 0.0168 -0.2905 0.1333

A2

-0.1019-0.0700 0.8198 -0.9625
-0.1250-0.0479 0.7366 -0.8809
-0.1426-0.0316 0.6653 -0.8108
-0.1552-0.02050.6129-0.7594
-0.1658-0.01150.5699-0.7177
-0.1834.0.0014 0.5108-0.6620

42

A3

-0.33830.1875-0.2142 0.0686
-0.38090.2294 -0.2118 0.0654
-0.42500.2733 -0.2158 0.0691
-0.46440.3133-0.2226 0.0759
-0.50380.3539-0.23190.0853
-0.57700.4319-0.2564 0.1099

A4
-0.1562-0.0599 -0.1553 -0.0522
-0.1161-0.1081-0.1151-0.0989
-0.0817-0.1501-0.0770-0.1424
-0.0530-0.1852 -0.0448 -0.1783
-0.0246-0.2197 -0.0134 -0.2123
0.0306-0.2862 0.0462 -0.2750

A5
-0.0232-0.1282 0.0065-0.1572
-0.0063 -0.1383 -0.0020 -0.1422
0.0098 -0.1489-0.0130-0.1268
0.0227-0.1577-0.0238 -0.1134
0.0339-0.1657 -0.0354 -0.1000
0.0502-0.1772-0.0605 -0.0723

B8 B9

000.59640
000.58310
000.57410
000.56900
000.56600
000.56420

000.63960
000.59480
000.54820
000.5076 0
000.46830
000.39590

A5
-0.0101-0.12950.0242-0.1678
0.0016-0.13390.0084 -0.1443
0.0144-0.1409-0.0096 -0.1206
0.0251-0.1475-0.0262 -0.1003
0.0347-0.1539-0.0432 -0.0804
0.0487-0.1636-0.0771-0.0414



BO
0000
0000
0000
0000
0000
0000

Kel
0.4
05
0.604
0.7
0.8
1.0

BO
0000
0000
0000
0000
0000
0000

Bl
0.0114000
0.0097000
0.0077000
0.0061000
0.0048000
0.0034000

B2
0.7898000
0.7846000
0.7813000
0.7793000
0.7778000
0.7758000

Kc2 is fixed at -0.07, 11 and 12 are set at 16.37 and 14.46 respectively

B3
0.7758 2.4825 0 2.0702
0.7641 3.0507 0 2.3970
0.7480 3.6348 0 2.6593
0.7302 4.1638 0 2.8581
0.7091 4.7055 0 3.0393
0.6614 5.7665 0 3.3548

B4
0-2.95520-3.4206
0-3.36100-3.7074
0-3.78420-3.9914
0-4.1767 0-4.2555
0-4.5907 0-4.5432
0-5.45110-5.1841

B5 B6
0-2.2563 0-2.7403 0000
0-2.3706 0-2.7485 0000
0-2.483302.6935 0000
0-2.57740-2.6023 0000
0-2.66310-2.4729 0000
0-2.78510-2.1024 0000

B7
000.04100
000.0094 0
00-0.01650
00-0.03550
00-0.05140
00-0.07480

Kc2 is fixed at -0.09, 11 and 12 are set at 16.37 and 14.46 respectively

Y1
83.84
83.93
88.93
88.96
88.98
89.05

Y2
89.02
89.18
89.20
89.30
89.37
89.48

Bl

FPE
3.07E-05
2.70E-05
2.59E-05
2.74E-05
3.13E-05
4.47E-05

B2

A0
1001
1001
1001
1001
1001
1001

Al

-0.2744.0.0843 -0.3413 0.1830
-0.2574.0.0683 -0.3182 0.1590
-0.24000.0523-0.2902 0.1301
-0.22560.0396-0.2659 0.1045
-0.21280.0287-0.2438 0.0808
-0.1932 9.9126-0.2090 0.0427

A2

-0.1103-0.0699 0.7463 -0.8959
-0.1345-0.0461 0.6671-0.8186
-0.1525-0.02900.5987 -0.7519
-0.1653-0.0174 0.5484 -0.7031
-0.1760-0.0081 0.5079 -0.6640
-0.19340.0051 0.4542 -0.6148

A3

-0.31250.1594-0.2173 0.0714
-0.35190.1981-0.21170.0649
-0.3934 0.2395-0.2141 0.0666
-0.43090.2776-0.2199 0.0720
-0.4684 0.3166 -0.2284 0.0800
-0.53850.3920-0.2512 0.1017

A4
-0.1730-0.0426 -0.1633 -0.0453
-0.1271-0.0975-0.1200-0.0957
-0.0893 -0.1437-0.0788 -0.1424
-0.0588 -0.1812 -0.0443 -0.1806
-0.0293-0.2173-0.0109 -0.2164
0.0267-0.2854 0.0512 -0.2806

Kc2 is fixed at -0.09, 11 and 12 are set at 16.37 and 14.46 respectively

B3

B4

0.0134000
0.0110000
0.0085000
0.0066000
0.0052000
0.0036000

0.7893000
0.7841000
0.7809000
0.7789000
0.7775000
0.7756000

0.7140 1.6538 0 1.2966
0.7036 2.0422 0 1.4998
0.6911 2.4504 0 1.6448
0.6769 2.8268 0 1.7395
0.6595 3.218101.8139
0.6187 3.9982 0 1.9240

0-2.46990-2.9613
0-2.77010-3.1677
0-3.08810-3.3704
0-3.3856 0-3.5593
0-3.70100-3.7668
0-4.3576 0-4.2360
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B5 B6
0-1.8564 0-2.3044 0000
0-1.91380-2.2810 0000
0-1.97200-2.1969 0000
0-2.02130-2.0817 0000
0-2.06650-1.9309 0000
0-2.12820-1.5368 0000

B7
000.04920
000.01400
00-0.01510
00-0.03640
00-0.05410
00-0.0796 0

B8
000.60070
000.58490
000.57410
000.56810
000.56470
000.56310

B9
000.58520
000.54380
000.49800
000.45720
000.41710
000.34290

A5
0.0058-0.13290.0374-0.1741
0.0119-0.13130.0156-0.1432
0.0209-0.1342-0.0084 -0.1121
0.0292 -0.1383-0.0300-0.0855
0.0367-0.1428-0.0515-0.0597
0.0480-0.1503 -0.0926 -0.0106

B8 B9

000.60290
000.58510
000.57320
000.56670
000.56320
000.56230

000.52810
000.49030
000.44570
000.40490
000.36410
000.28840



Kc2 is fixed at -0.127, 11 and 12 are set at 16.37 and 14.46 respectively

Kel Y1 Y2 FPE A0 Al A2 A3 Ad A5

04 8891 89.66 4.07E-05 1001 -0.27450.0729-0.17640.0080  -0.1217-0.07350.6136-0.7767  -0.26800.1111-0.23150.0860  -0.1976-0.0154-0.1658-0.0437  0.0382-0.14310.0521-0.1769
05 8891 89.91 3.70E-05 1001 -0.25790.0590-0.1568-0.0130  -0.1501-0.04490.5356-0.7012  -0.29810.1403-0.21760.0704  -0.1437-0,0800-0.1179-0.0990  0.0344-0.1309.0.0208-0.1339
0604 88.90 90.09 3.65E-05 1001 -0.24020.0444-0.1308-0.0412  -0.1698-0.02530.4702-0.6380  -0.33210.1741-0.21480.0659  -0.1007-0.1326-0.0721-0.1503  0.0361-0.1261-0.0121-0.0912
07 8889 90.18 3.92E-05 1001 -0.22530.0325-0.1067-0.0678  -0.1831-0.01250.4235-0.5933  -0.36370.2065-0.21710.0666  -0.0673-0.1740-0.0337-0.1919  0.0392-0.1252 -0.0404-0.0552
08 8887 90.23 452-05 1001 -0.21180.0220-0.0844-0.0930  -0.1940-0.00250.3875-0.5504  -0.39600.2406-0.22220.0701  -0.0360-0.21270.0028-0.2300  0.0427-0.1258-0.0676-0.0210
10 8884 90.22 6.48E-05 1001 -0.19080.0064-0.0512-0.1323  -0.21160.01150.3464-0.5237  -045720.3081-0.23890.0837  0.0213-0.23820.0685-0.2960  0.0485-0.1284-0.11740.0413

Kc2 is fixed at -0.127, 11 and 12 are set at 16.37 and 14.46 respectively
BO B1 B2 B3 B4 B5 B6 B7 B8 B9
0000 0.0146000 0.7880000 0.58870.781600.5362 0-1.98340-2.4829  0-1.42860-1.7957 0000 000.05610 000.60250 000.42450
0000 0.0110000 07832000 0.58300.977600.5908 0-2.17480-2.6058  0-1.43250-1.7368 0000 000.01640 00058210 000.38880
0000 0.0079000 0.7802000 0.57631.195000.5969 0-2.38390-2.7260  0-1.43760-1.6221 0000 00-0.01620 00056910 000.34440
0000 0.0059000 0.7785000 0.5679 1.405100.5698 0-2.58320-2,8404  0-1.44260-1.4839 0000 00-0.03960 00056270 000.30250
0000 0.0045000 0.7772000 0.55681.632700.5226 0-2.79660-2.9696  0-1.44730-1.3157 0000 00-0.05860 00055980 000.26040
0000 0.0032000 0.7754000 0.52812.109800.4126 0-3.24320-3.2735  0-1.44850-0.9155 0000 00-0.08530 000.56080 000.18320
Kc2 is fixed at -0.14, 11 and 12 are set at 16.37 and 14.46 respectively

Kl Y1 Y2 FPE A0 AL A2 A3 A AS

04 8897 89.94 4.26E-05 1001 -0.27500.0701-0.1238-0.0482  -0.1240-0.07630.5701-0.7380  -0.25400.0960-0.23900.0936  -0.2040-0.0079-0.1635-0.0459  0.0493-0.14730.0550-0.1758
05 889 90.24 391E-05 1001 -0.25800.0565-0.1017-0.0720  -0.1545-0.0454 0.4896-0.6603  -0.27970.1206-0.22130.0739  -0.1481-0.0749-0.1141-0.1028  0.0424-0.13180.0205-0.1288
0604 88.93 90.42 3.91E-05 1001 -0.24020.0423-0.0739-0.1023  -0.1751-0.02460.4238-0.5968  -0.31020.1509-0.21590.0664  -0.1037-0.1293-0.0666-0.1556  0.0416-0.1245-0.0149-0.0826
07 8899 90.51 4.25E-05 1001 -0.25510.0307-0.0486-0.1305  -0.1888-0.01120.3778-0.5528  -0.33910.1806-0.21620.0647 ~ -0.0694-0.1718-0.0271-0.1981  0.0430-0.1217-0.0448-0.0442
08 8908 90.72 493E-05 1001 -0.21150.0203-0.0255-0.1568  -0.1999-0.00090.3436-0.5208  -0.36890.2123-0.21940.0660  -0.0376-0.21120.0104-0.2368  0.0452-0.1210-0.0733-0.0081
10 872 9045 7.10E-05 1001 -0.19020.00490.0066-0.1953  -0.21770.01350.3081-0.4906  -0.42600.2761-0.23300.0759 ~ 0.0199-0.28240.0770-0.3031  0.0491-0.1218-0.12490.0570
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BO
0000
0000
0000
0000
0000
0000

Kel
0.4
0.5
0.604
0.7
0.8
1.0

BO
0000
0000
0000
0000
0000
0000

Bl
0.0140000
0.0101000
0.0071000
0.0052000
0.0039000
0.0028000

B2
0.7876000
0.7829000
0.7801000
0.7784000
0.7772000
0.7754000

Kc2 is fixed at -0.14, 11 and 12 are set at 16.37 and 14.46 respectively

B3
0.5428 0.5806 00.3757
0.5386 0.7304 00.3883
0.53360.9017 00.3547
0.52701.071500.2941
0.51791.2594 00.2153
0.4932 1.6633 00.0549

B4
0-1.87610-2.3732
0-2.04310-2.4765
0-2.22740-2.5784
0-2.40410-2.6768
0-2.59420-2.7898
0-2.9927 0-0.30600

B5 B6
0-1.32770-1.6667 0000
0-1.32080-1.5974 0000
0-1.31500-1.4751 0000
0-1.31050-1.3324 0000
0-1.3064 0-1.1625 0000
0-1.29450-0.7696 0000

Y1
89.12
89.10
89.03
88.92
88.79
88.49

Y2
90.44
90.81
91.02
91.10
91.08
90.86

FPE
4.39E-05
4.09E-05
4.18E-05
4.63E-05
5.45E-05
7.94E-05

A0
1001
1001
1001
1001
1001
1001

B7
000.05640
000.01370
00-0.01740
00-0.04100
00-0.05990
00-0.08640

Kc2 is fixed at -0.16, 11 and 12 are set at 16.37 and 14.46 respectively

Al

-0.27650.0676 -0.0482 -0.1294
-0.2588 0.0539-0.0180-0.1618
-0.2406 0.0401 0.0154 -0.1982
-0.2253 0.0286 0.0438 -0.2298
-0.21140.0184 0.0679 -0.2572
-0.18950.0032 0.0967 -0.2923

A2

-0.1256 -0.0821 0.5066 -0.6820
-0.1599-0.0473 0.4190-0.5973
-0.1823-0.0246 0.3509-0.5316
-0.1968 -0.0100 0.3059 -0.4886
-0.2084 0.0011 0.2749 -0.4596
-0.2267 0.0163 0.2499-0.4392

A3

-0.23530.0757-0.2526 0.1075
-0.25320.0924 -0.2282 0.0803
-0.27740.1164 -0.2178 0.0671
-0.30130.1412-0.2143 0.0611
-0.32670.1685 -0.2141 0.0585
-0.3766 0.2257 -0.2220 0.0625

B1
0.0120000
0.0082000
0.0054000
0.0037000
0.0027000
0.0021000

B2
0.7871000
0.7828000
0.7802000
0.7786000
0.7774000
0.7756000

A4
-0.21160.0015-0.1572-0.0519
-0.1533-0.0683 -0.1051 -0.1113
-0.1071-0.1250-0.0551 -0.1662
-0.0718-0.1689-0.0137-0.2101
-0.0394 -0.2093 0.0249 -0.24%
0.0183-0.2813 0.0922 -0.3160

Kc2 is fixed at -0.16, 11 and 12 are set at 16.37 and 14.46 respectively

B3
0.47310.339500.1885
0.4704 0.4306 00.1410
0.46750.543200.0510
0.46310.66100-0.0555
0.45670.79770-0.1744
0.4378 1.1087 0-0.3908

B4
0-1.74760-0.2383
0-1.88490-2.3171
0-2.03860-2.3971
0-2.18750-2.4772
0-2.34860-2.5721
0-2.68800-2.8047
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B5 B6
0-1.20220-1.4986 0000
0-1.18310-1.4138 0000
0-1.16440-1.2814 0000
0-1.14860-1.1349 0000
0-1.13410-0.9666 0000
0-1.10700-0.5931 0000

B7
000.05500
000.01350
00-0.01970
00-0.04290
00-0.06140
00-0.08710

B8
000.60140
000.58030
000.56720
000.56100
000.55850
000.56020

B9
000.39030
000.35320
000.30760
000.26480
000.22200
000.14510

A5
0.0652-0.1539 0.0574-0.1722
0.0540-0.1338 0.0183 -0.1192
0.0497-0.1227 -0.0202 -0.0686
0.0487-0.1172-0.0521-0.0274
0.0489-0.1145-0.0818 0.0105
0.0501-0.1127-0.1352 0.0775

B8
000.59890
000.5768
000.56390
000.55830
000.55650
000.55900

B9
000.34020
000.29840
000.24940
000.20470
000.16140
000.08640



12 is fixed at 14.46, Kc1 and Kc2 are set at 0.604 and -0.127 respectively

1 YL Y2 FPE A0 AL A2 A3 A4 AS
637 8990 90.89 3.64E-05 1001 -0.254300523-0.1379-0.0416  -0.1683-0.033904387-0.6143  -0.36470.1992-0.22310.0687  -0.1107-0.1235-0.0707-0.1517  0.0377-0.1157-0.0139-0.0733
1137 8941 90.42 3.74E-05 1001 -0.24420.0458-0.1518-0.0227  -0.1702-0.027604754-0.6458  -0.35240.1918-0.2110.0704  -0.1045-0.1297-0.0746-0.1482  0.0365-0.1231-0.0111-0.0875
1637 8390 90.09 3.65E-05 1001 -0.24020.0444-0.1308-0.0412  -0.1698-0.025304702-0.6380  -0.33210.1741-0.21480.0659  -0.1007-0.1326-0.0721-0.1503  0.0361-0.1261-0.0121-0.0912
2137 8865 89.95 3.56E-05 1001 -0.23780.0442-0.1009-0.0692  -0.1692-0.023904551-0.6211  -0.31030.1542-0.20670.0591  -0.0981-0.1342-0.0689-0.1529  0.0362-0.1279-0.0118-0.0938
2637 8349 89.87 35205 1001 -0.23610.0443-0.0691-0.0994  -0.1687-0.022704374-0.6018  -0.28910.1345-0.19790.0526  -0.0963-0.1349-0.0659-0.1552  0.0369-0.1292 -0.0104-0.0965
12 is fixed at 14.46, Kc1 and Kc2 are set at 0.604 and -0.127 respectively
BO Bl B2 B3 B4 B5 B6 B7 B8 B9
0000 0.0074000 0.8142000 0.61131.404700.6457 0-2.25350-2.6131 0-1.40160-1.5815 0000 00-0.02250 000.58430 000.34330
0000 0.0081000 0.7897000 0.60551.342300.6807 0-2.34990-2.6972 0-1.43150-1.6268 0000 00-0.01740 000.57410 000.35670
0000 0.0079000 0.7802000 0.57631.195000.5969 0-2.38390-2.7260 0-1.43760-1.6221 0000 00-0.01620 000.56910 000.34440
0000 0.0077000 0.7751000 0.54281.031900.4851 0-2.39770-2.7414 0-1.43710-1.6122 0000 00-0.01460 000.56680 000.32720
0000 0.0076000 0.7720000 0.50990.872500.3684 0-2.40280-2.7520 0-1.43460-1.6031 0000 00-0.01230 000.56580 000.30940
11 is fixed at 16.37, Kc1 and Kc2 are set at 0.604 and -0.127 respectively
2 Y1 Y2 FPE A0 AL Y] A3 A AS

446 89.01 9182 5.63E-05 1001 -0.27170.10240.0486-02122  -0.1121-0.05970.3026-0.4533  -0.42440.2832-0.23770.0954  -0.0315-0.19220.0079-0.2174  -0.0202-0.1302-0.1353-0.0179
946 8843 90.37 168E-05 1001 -0.24570.07590.1425-03021  -0.1494-0.02310.2791-0.4332  -0.14730.0076-0.16000.0209  -0.0800-0.1394-0.0314-0.1821  0.0425-0.1524-0.0313-0.0875
1446 8390 90.09 3.65E-05 1001 -0.24020.0444-0.1308-0.0412  -0.1698-0.025304702-0.6380  -0.33210.1741-0.21480.0659  -0.1007-0.1326-0.0721-0.1503  0.0361-0.1261-0.0121-0.0912
1946 89.09 89.87 3.60E-05 1001 -0.24360.0440-0.18640.0111  -0.1688-0.02960.5042-0.6750  -0.36900.2082-0.22950.0776  -0.1025-0.1326-0.0790-0.1448  0.0309-0.1201-0.0151-0.0855
2446 8913 89.70 354£-05 1001 -0.24520.0443-0.20430.0278  -0.1680-0.031305147-0.6866  -0.37950.2177-0.23430.0813  -0.1035-0.1322-0.0817-0.1425  0.0291-0.1181-0.0160-0.0834
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11 is fixed at 16.37, Kc1 and Kc2 are set at 0.604 and -0.127 respectively

BO B1 B2 B3 B4 B5 B6 B7 B8 B9
0000 -0.0039000 0.7795000 0.62021.54210-0.0317 0-2.78650-2.6552 0-1.36290-1.0481 0000 00-0.10160 000.52540 000.18050
0000 0.0019000 0.7805000 0.2640-0.25940-0.3942 0-2.42590-2.7306 0-1.43170-1.4234 0000 00-0.02600 000.55980 000.17110
0000 0.0079000 0.7802000 0.57631.195000.5969 0-2.38390-2.7260 0-1.43760-1.6221 0000 00-0.01620 000.56910 000.34440
0000 0.0082000 0.7800000 0.63141.469900.7974 0-2.34840-2.6843 0-1.42040-1.6244 0000 00-0.01960 000.56800 000.37550
0000 0.0082000 0.7799000 0.64671.548700.8620 0-2.32580-2.6608 0-1.41100-1.6209 0000 00-0.02080 000.56750 000.38520

Kc2 and 12 are in open loop, and 11 is set at 16.37
Kl 11 YL Y2 FPE A0 AL A2 A3 A4 A
04 1637 90.62 9499 3.31E-05 1001 -0.33180.1184-0.25220.0559  -0.0996-0.10860.6227-0.8082 -0.2622-0.0064-0.1939-0.0562 -0.18330.0920-0.16500.0796  0.0105-0.03830.0300-0.0717
05 1637 90.28 9492 2.57E-05 1001 -0.30320.0929-0.22500.029 -0.1308-0.07490.5500-0.7353 -0.2983-0.0074-0.1767-0.0826 -0.14220.0666-0.12930.0540  0.0133-0.02880.0138-0.0479
0.604 1637 89.97 94.85 2.22E-05 1001 -0.27740.0697-0.20930.0152 -0.1522-0.05200.5033-0.6881 -0.3416-0.0074-0.1711-0.0986 -0.10910.0521-0.09660.0347  0.0219-0.0238-0.0004-0.0306
07 1637 89.71 9480 2.12E05 1001 -0.25770.0523-0.20380.0111 -0.1663-0.03730.4775-0.6617 -0.3828-0.0070-0.1719-0.1095 -0.08180.0435-0.06950.0225  0.0308-0.0208-0.0115-0.0192
08 1637 89.45 94.74 2.14E-05 1001 -0.24110.0378-0.20370.0124 -0.1774-0.02610.4614-0.6451 -0.4255-0.0066-0.1768-0.1191 -0.05450.0373-0.04280.0140  0.0395-0.0183-0.0217-0.0103
10 1637 83.98 97.79 2.33E05 1001 -0.21640.0172-0.20950.0209 -0.1938-0.01080.4458-0.6295 -0.5075-0.0068-0.1956-0.1330 0.00020.02970.01010.0048  0.0533-0.0144-0.04250.0029
Kc2 and 12 are in open loop, and 11 is set at 16.37

BO B1 B2 B3 B4 BS B6 B7 B8 B9
0000 0.0011000 0.7915000 0.55720.823600.6952  0-1.93170-2.3693 0-1.43530-1.8487 0000 000.05500 000.59790 000.42950
0000 0.0021000 0.7864000 0.58441.123100.7646  0-2.13680-2.4988 0-1.47960-1.8517 0000 000.02070 000.58400 000.39950
0000 0.0022000 0.7829000 0.60521.471500.8477  0-2.36090-2.6434 0-1.53480-1.8435 0000 00-0.00460 000.57660 000.37130
0000 0.0020000 0.7807000 0.61421.800900.9451  0-2.57340-2.7897 0-1.58630-1.8338 0000 00-0.02170 000.57370 000.34910
0000 0.0017000 0.7790000 0.61482.143401.0672  0-2.80070-2.9569 0-1.63610-1.8212 0000 00-0.03510 000.57290 000.32840
0000 0.0013000 0.7766000 0.59782.818301.3475  0-3.28190-3.3414 0-1.71110-3.3414 0000 00-0.05450 000.57450 000.28750
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Kcl and I1 are in open loop, and 12 is set at 14.46

K2 12 YL Y2  FPE A0 AL A2 A3 A4 AS
003 1446 NaN NaN 146E-05 1001 -0.22530.0478-0.81380.6626 -0.1285-0.03231.3110-1.4500 -0.16610.3808-0.16880.3923  -0.3125-0.1399-0.2895-0.1538 -0.0348-0.2157-0.0312-0.2214
-0.05 1446 NaN NaN 1.42E-05 1001 -0.24820.0673-0.73930.5832 -0.1222-0.04281.2399-1.3847 -0.17400.3384-0.18030.3689  -0.3074-0.1369-0.2914-0.1540 -0.0326-0.1970-0.0188-0.2164
-0.07 1446 NaN NaN 149E-05 1001 -0.26910.0832-0.6689.0.5065 -0.1176-0.0534 1.1714-1.3237 -0.18460.2979-0.19530.3499  -0.3011-0.1344-0.2897-0.1521 -0.0274-0.1791-0.0043-0.2094
-0.09 1446 NaN NaN 167E-05 1001 -0.28820.0959-0.60300.4330 -0.1143-0.06401.1056-1.2670 -0.19770.2610-0.21370.3355  -0.2931-0.1328-0.2844-0.1541 -0.0196-0.16200.0121-0.2007
-0.127 1446 NaN NaN 2.23t-05 1001 -0.31840.1122-0.49600.3107 -0.1103-0.08380.9945-1.1750 -0.22710.2063-0.25450.3208  -0.2751-0.1325-0.2673-0.1615 0.0003-0.1339.0.0462 -0.1839
0.14 1446 NaN NaN  246E-05 1001 -0.32750.1162-0.46410.2736  -0.1092-0.09060.9603-1.1475 -0.2386-0.1920-0.27000.3192 -0.2681 -0.1332-0.2601-0.1647 0.0084-0.1256 0.0589-0.1790
016 1446 NaN NaN 2.86E-05 1001 -0.34000.1209-0.42160.2238  -0.1077-0.10110.9142-1.1111 -0.25690.1749-0.29420.3204  -0.2572-0.1348-0.2493-0.1696 0.0216-0.1146 0.0790-0.1737
Kcl and I1 are in open loop, and 12 is set at 14.46
BO B1 B2 B3 B4 B5 B6 B7 BS B9
0000 1e-003 *0.1870000 0.7817000 1.167413.1799012.9352 0-9.39170-9.8495 0-7.030307.6024 0000 000.05580 000.61150 000.91800
0000 1e-003*0.5179000 0.7820000 1.0663 6.897607.0660  0-5.8550 0-6.4406 0-4.31500-4.9993 0000 000.06690 000.61360 000.87160
0000 0.0012000 0.7824000 0.96634.201304.5756  0-4.34050-4.9712 0-3.12870-3.8221 0000 000.07620 000.61520 000.82760
0000 0.0022000 0.7827000 0.87012.720003.2132  0-3.50100-4.1467 0-2.45230-3.1191 0000 000.08300 000.61580 000.78580
0000 0.0052000 0.7830000 0.71801.282101.8760  0-2.65260-3.2928 0-1.73780-2.3257 0000 000.08860 000.61410 000.71670
0000 0.0065000 0.7829000 0.66230.984901.5928  0-2.46400-3.0979 0-1.57240-2.1324 0000 000.08860 000.61270 000.69570
0000 0.0084000 0.7826000 0.59590.649601.2673  0-2.23710-2.8601 0-1.36960-1.8919 0000 000.08730 000.61020 000.66760
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APPENDIX B

4.2 Effect of the Proportional controller on the closed loop system identification
when both loops are closed

4.2.1 First Section — Different constant of Kcl with varying value of Kc2
Kcl is fixed at 0.5, 11 and 12 are fixed at 999999999

Kc2 Y1 Y2 FPE (1e-05)
-0.03 86.91 83.31 1.43
-0.05 87.22 84.76 159
-0.07 87.17 85.49 1.85
-0.09 87.32 86.23 2.20
-0.127 87.54 87.28 3.10
-0.14 87.62 87.62 3.50

Kcl is fixed at 0.604, 11 and 12 are fixed at 999999999

Kc2 Y1 Y2 FPE (1e-05)
-0.03 87.03 83.46 2.05
-0.05 87.31 84.89 2.30
-0.07 87.51 85.91 2.68
-0.09 87.67 86.70 3.20
-0.127 87.93 87.89 4.54
-0.14 88.02 88.30 5.14

Kcl is fixed at 0.7, 11 and 12 are fixed at 999999999

Kc2 Y1 Y2 FPE (1e-05)
-0.03 87.29 83.76 2.72
-0.05 87.54 85.13 3.05
-0.07 87.74 86.14 3.59
-0.09 87.90 86.95 4.35

-0.127 88.17 88.22 6.31
-0.14 88.52 88.88 7.18

Kcl is fixed at 0.8, 11 and 12 are fixed at 999999999

Kc2 Y1 Y2 FPE (1e-05)
-0.03 87.68 84.24 3.50
-0.05 87.70 85.25 3.90
-0.07 88.03 86.40 471
-0.09 88.16 87.16 5.80
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-0.127

88.25

88.24

8.68

-0.14

88.35

88.68

9.97

Kcl is fixed at 1.0, 11 and 12 are fixed at 999999999

Kc2 Y1 Y2 FPE (1e-05)
-0.03 87.73 84.07 5.21
-0.05 87.82 85.13 6.02
-0.07 87.86 85.87 7.49
-0.09 87.88 86.45 9.63
-0.127 87.90 87.39 15.40
-0.14 87.91 87.75 17.99

4.2.2 Second Section - Kc2 will be held constant with different value of Kcl
Kc2 is fixed at -0.05, 11 and 12 are fixed at 999999999

Kcl Y1 Y2 FPE (1e-05)
0.4 86.48 83.97 1.01
05 86.95 84.49 1.59
0.604 87.31 84.89 2.30
0.7 87.54 85.13 3.05
08 87.70 85.25 3.95
1.0 87.82 85.13 6.02

Kc2 is fixed at -0.07, 11 and 12 are fixed at 999999999

Kcl Y1 Y2 FPE (1e-05)

0.4 86.72 84.98 1.19

05 87.17 85.49 1.85
0.604 87.51 85.91 2.68

0.7 87.95 86.38 3.59

08 87.87 86.21 4.71

1.0 87.86 85.87 7.49

Kc2 is fixed at -0.09, 11 and 12 are fixed at 999999999

Kcl Y1 Y2 FPE (1e-05)
0.4 86.87 85.67 1.43
05 87.32 86.23 2.20
0.604 87.67 86.70 3.20
0.7 87.90 86.95 435
0.8 88.01 86.98 5.80
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| 10 | 8789 | 8648 | 963 |

Kc2 is fixed at -0.127, 11 and 12 are fixed at 999999999

Kcl Y1 Y2 FPE (1e-05)
0.4 87.07 86.55 2.07
05 87.54 87.28 3.10
0.604 87.93 87.89 4.54
0.7 88.17 88.22 6.31
08 88.25 88.24 8.68
1.0 87.90 87.39 15.40

Kc2 is fixed at -0.14, 11 and 12 are fixed at 999999999

Kcl Y1 Y2 FPE (1e-05)
0.4 87.15 86.83 2.36
05 87.62 87.62 3.50
0.604 88.02 88.30 5.14
0.7 88.27 88.66 7.18
08 88.35 88.68 9.97
1.0 87.91 87.75 18.00

Kc2 is fixed at -0.16, 11 and 12 are fixed at 999999999

Kcl Y1 Y2 FPE (1e-05)
0.4 87.28 87.27 2.87
05 87.77 88.18 421
0.604 88.19 88.95 6.19
0.7 88.45 89.37 8.72
08 88.70 89.59 12.24
1.0 87.95 88.38 22.59
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4.3 Effect of the Proportional-Integral controller on the closed loop system
identification when both loops are closed
4.3.1 First Section - Kcl will be kept as a constant with different value of Kc2

Kcl is fixed at 0.5, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kc2 Y1 Y2 FPE (1e-05)
-0.03 NaN NaN 0.95
-0.05 88.83 87.69 1.41
-0.07 88.88 88.50 2.04
-0.09 88.93 89.18 2.70
-0.127 88.91 89.91 3.70
-0.14 88.96 90.24 3.01
-0.16 89.10 90.81 4.09

Kcl is fixed at 0.604, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kc2 Y1 Y2 FPE (1e-05)
-0.03 88.79 86.51 0.97
-0.05 88.90 87.82 1.36
-0.07 88.97 88.71 1.94
-0.09 88.93 89.20 2.59
-0.127 88.90 90.09 3.65
-0.14 88.93 90.42 3.01
-0.16 89.03 91.02 4.18

Kcl is fixed at 0.7, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kc2 Y1 Y2 FPE (1e-05)
-0.03 88.87 87.65 1.07
-0.05 88.96 87.92 1.46
-0.07 88.98 88.71 2.05
-0.09 88.96 89.30 2.74
-0.127 88.89 90.18 3.92
-0.14 88.99 90.51 4.25
-0.16 88.92 91.10 4.63
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Kcl is fixed at 0.8, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kc2 Y1 Y2 FPE (1e-05)
-0.03 88.93 86.76 1.24
-0.05 89.01 88.01 1.68
-0.07 89.02 88.80 2.34
-0.09 88.98 89.37 3.13
-0.127 88.87 90.23 452
-0.14 89.08 90.72 4.93
-0.16 88.79 91.08 5.45

Kcl is fixed at 1.0, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kc2 Y1 Y2 FPE (1e-05)
-0.03 89.06 86.97 175
-0.05 89.11 88.16 2.42
-0.07 89.11 88.93 3.37
-0.09 89.05 89.48 4.47
-0.127 88.84 90.22 6.48
-0.14 88.72 90.45 7.10
-0.16 88.49 90.86 7.94

4.3.2 Second Section - Kc2 will be held constant with different value of Kcl
Kc2 is fixed at -0.05, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kcl Y1 Y2 FPE (1e-05)
0.4 NaN NaN 1.61
05 88.83 87.69 1.41
0.604 88.90 87.82 1.36
0.7 88.96 87.92 1.46
0.8 89.01 88.01 1.68
1.0 89.11 88.16 2.42

Kc2 is fixed at -0.07, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kcl Y1 Y2 FPE (1e-05)
0.4 88.81 88.35 2.34
05 88.88 88.50 2.04
0.604 88.97 88.71 1.94
0.7 88.98 88.71 2.05
08 89.02 88.80 2.34
1.0 89.11 88.93 3.37
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Kc2 is fixed at -0.09, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kcl Y1 Y2 FPE (1e-05)
0.4 88.84 89.02 3.07
05 88.93 89.18 2.70
0.604 88.93 89.20 2.59
0.7 88.96 89.30 2.74
08 88.98 89.37 3.13
1.0 89.05 89.48 4.47

Kc2 is fixed at -0.127, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kcl Y1 Y2 FPE (1e-05)
0.4 88.91 89.66 4.07
05 88.91 89.91 3.70
0.604 88.90 90.09 3.65
0.7 88.89 90.18 3.92
0.8 88.87 90.23 452
1.0 88.84 90.22 6.48

Kc2 is fixed at -0.14, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kcl Y1 Y2 FPE (1e-05)
0.4 88.97 89.94 4.26

05 88.96 90.24 3.01
0.604 88.93 90.42 3.01

0.7 88.99 90.51 4.25

08 89.08 90.72 4.93

1.0 88.72 90.45 7.10

Kc2 is fixed at -0.16, 11 is fixed at 16.37 and 12 is fixed at 14.46

Kcl Y1 Y2 FPE (1e-05)
0.4 89.12 90.44 4.39
05 89.10 90.81 4.09
0.604 89.03 91.02 4.18
0.7 88.92 91.10 4.63
08 88.79 91.08 5.45
1.0 88.49 90.86 7.94
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