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ABSTRACT

Modern AC-motor based speed servo systems have been widely used in numerous
automated factory systems. Those systems implied the presence of dust, oil-vapoirs,
mechanical vibrations and elevated temperatures, that makes the use of incremental and
rotational encoders very difficult. Therefore, in modern speed servo systems, used robust
elektromagnetic resolver along with resolver-to-digital (R/D) converter for measurement
the position of motor shaft. The resolution of the R/D converter is presented by the user
and can be changed in dependence on rotational speed. The resolver-based speed servo
systems become suitable even for high performance tasks such as robot servos and precise
tools machine. On the other hand, should pay attention on the finite bandwidth of R/D
converter which brings in a certain delay in the position feedback. Along with the delay
of the electromagnetic torque controller, it can be cause of unadopted overshoot of the
regulated speed. Thereby, performance limits of both R/D converter and the
electromagnetic torque controller should be taken into account when designing the speed
servo systems.

In this thesis, the proposed is a straightforward procedure for optimal tuning of the
polynomial speed controller parameters in the presence of a position sensor and an
actuator performance limits. Polyomial speed controler has the RST form and is designed
by pole-placement method. The controller parameters are tuned to obtain the strictly
aperiodical step response of the regulated speed with as high bandwidth as possible. Also,
the proposed is a modified structure of an observer polynomial in order to produce low-
noise speed feedback. Parametric optimization of the polynomial speed controller which
is proposed in this thesis gives optimal values for poles closed loop systems and opserver
polynomial. The effectiveness of this analytical design is confirmed by computer
simulations.
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���	����

�
��������	���	��� 7������	�������	�� �
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+��32D%#230.@�0� %E2A�B@

������2�����(��!����%� �� ��%���67������������#��Simulink+�%�����������

#��� (��!����%�!� (�%���� MATLAB� C�"�� 
�� ���9��� �� �'��)�����$�� �

1��%2�������� '���������� %���67���  �� (��!����%�� (�%��� Mathematica� ��3�

@����0�'���%�!��������:���'��+�%�����#�!������!���!�������+���!�������#���

��(����!��D������������%� ��������������(�'��������%���������2� ���'������

'��������FAST1M6030����:��������������(��������������!������������������

���%�����!���������'���������(��!������������������������

��#�2��'��������������#�7�E

Mnom = 5.7 Nm
Mmax = 24 Nm

ωnom = 3000 rad/min
Pnom = 1,49 kW
p = 3

Jm = 0,00062 kgm2�,�����������2� ���������'� �#��������'�������/

��#�2����������������(����7�$��E

Jl = 0.00022 kgm2�,���������������������2� ��%�(����$�/

Ks = 350 Nm/rad�%��1�2� �������'� �

K = 0.004 Nms/rad�%��1�2� �������$�
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��� ���%���� �#� �� #�� �"� (��#����5���� ��� ��'������� ������2� �� ��

��)������ '�� ������� ���7�!� ��#��� ���#������ (������ �(�������� �� �������� ��

'���������� (��������� �(��!��� ��� #���� ��� ���%� � ���2�� (� �#���)���� ����

���%�� ,�(�E� ���%�� �/� ��#�9�� �������%�� �#'���� �������� ��� �������� ������� �

�(���5�)%�!�������������'��'���'�#�!������!���!�����������'�����'���������

 �� �� NmF(�#�� ��� ����� ���2�� ��� ��!�� ��#���� ��1�������� ���#����� 0�'���

"33�rad/s� ����'������#��3� rad/sF(�#����������������#��������������(����7�$�

�#�C+;�Nm����#!����� �7� ���'��������������������2��"������#���(��2�$����� �

�'������� 0�'���� ������� �� �������� 0�'���� ������� ���(�%������ �� ��'����� '�

0�'���� %��� ��� ���2�� ��� �������%�� ���� ��� ����� !��1�2����  �� �� ��'����� 3�3C

sF(�#�� ���������� '�%5�)�%� %� �� ��� ��9�� �'������ �'� ������2� ��  �� #�� ��

���#����� 6���� �� ���%�����!����%��� �������� ���$� �� (���7�$��� (���

�(��������� ��'��!� '�6��� ���#����� (���� ��� ��9�� ������ ��%�������� ���#����

,a�=��/� ��9�� �� ����� 6��� 0�� ��� ��� �� � ��)��� (���6����� ����!������ #� ����

#�!������!� ��!�������� %� �� ��� ����'�� �� (�������� R(z)+� �� ��� �� � ��)��

�����!�7���� ������ �����)%�� !��6%�� ��� �'��'�� %�#�� ��� ������� #��� �

�(���(�����5���(�����7� �

��'�������������2� ��%� �������!����#����������%�������#���<+��������

�����������$����������%� ������#������%����7��������������2� ���#��������

����2� �� %� ��  �� �'��� '�� (����)��� #�!������!� ��!��������� ��� ������� #���:

������2� �� ��9�� ��� '�%5�)���� #��  �� (��#��9���� 1����� ��!�������� �

(��(������� '�#���5���� %������ ��� ��0���������� �)�%������ (���%�2�� �

0�'���� ������� ��9�� �� #�'��5����� !����2���+� �� 6��� �� ���%�����!����%��

��������  �� '������ ���$��� ��� ��7��� ���#��67�� (���� �������� ��� '���������

(��������� �(��!��� σ�� ���#����� ��������  �� �!����)���� ��� Memmax = 24 Nm+� �

'0�!� ����%�� �%�������� �� '���7�$�+� ���#����� (��(����!� �(��!�� �������� ��� ��

��9����������������%� ���#��B� ��(���σ�
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���4*&56

)������
�

3
�!���(�
� b0

E^(-T/d) (-T^2 - 2 T d + 2 (-1 + E^(T/d)) d^2)/(2 J T)

3
�!���(�
� b1

((1 - E^(-T/d) (T^2 – 4 d^2) + 2 (1 + E^(-T/d)) T d)/(2 J T)

3
�!���(�
� b2

(T^2 - 2 T d + 2 (1 - E^(-T/d)) d^2)/(2 J T)

,�

��
��
�

3
�!���(�
��a0

-E^(-T/d)

3
�!���(�
��a1

1 + 2 E^(-T/d)

3
�!���(�
��a2

-2 - E^(-T/d)
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���4*&76

α = K (1 + f)/(2 f J)    β = (4 f (1 + f) J Kf – K^2 (1 + f)^2)^(1/2)/(2 f J)

)������
�

3
�!���(�
� b0

((E^(−T (2 α + 1/d)) (−β ((2 f^3 J^2 + f (1 + f) J Kf T^2 − 2 f^2 (1 + f) J K d
+ 2 f (1 + f) J Kf T d − (1 + f)^2 K Kf T^2 d + 2 f (1 + f) J Kf d^2
− 2 f (1 + f) E^(T/d) J Kf d^2 − 2 (1 + f)^2 K Kf T d^2 + (1 + f)^2 Kf^2 T^2 d^2
− 2 (1 + f)^2 K Kf d^3 + 2 (1 + f)^2 E^(T/d) K Kf d^3
+ 2 (1 + f)^2 Kf^2 T d^3 + 2 (1 + f)^2 Kf^2 d^4 − 2 (1 + f)^2 E^(T/d) Kf^2 d^4)
+ 2 f^2 E^(T α) J β (−K d + f (J − K d)) Cos[T β]
− f (1 + f) E^(T α) (f J K − (1 + f) K^2 d + 2 f J Kf d) Sin[T β]))))/
(2 T (1 + f) J Kf β (d (−K + Kf d) (1 + f) + f J)))

3
�!���(�
� b1

((E^(−T (2 α + 1/d))((−β ((−4 f^3 J^2 + 2 f^3 E^(2 T α) J^2 − 2 f^3 E^(T/d) J^2
+ (1 + f)^2 J Kf T^2 − f (1 + f) E^(T/d) J Kf T^2 + 4 (1 + f) f^2 J K d
− 2 (1 + f) f^2 E^(2 T α) J K d + 2 (1 + f)f^2 E^(T/d) J K d − 2 f (1 + f) J Kf T d
− 2 f (1 + f) E^(T/d) J Kf T d − (1 + f)^2 K Kf T^2 d + (1 + f)^2 E^(T/d) K Kf T^2 d
− 4 f (1 + f)^2 J Kf d^2 + 4 f (1 + f)^2 E^(T/d) J Kf d^2 + 2 (1 + f)^2 K Kf T d^2
+ 2 (1 + f)^2 E^(T/d) K Kf T d^2 + (1 + f)^2 Kf^2 T^2 d^2
− (1 + f)^2 E^(T/d) Kf^2 T^2 d^2 + 4 (1 + f)^2 K Kf d^3
− 4 (1 + f)^2 E^(T/d) K Kf d^3 − 2 (1 + f)^2 Kf^2 T d^3
− 2 (1 + f)^2 E^(T/d) Kf^2 T d^3 − 4 (1 + f)^2 Kf^2 d^4
+ 4 (1 + f)^2 E^(T/d) Kf^2 d^4))
− 2 β ((E^(T α) Kf d (K − Kf d) ((T^2 + 2 T d + 2 d^2 − 2 E^(T/d) d^2))
− f E^(T α) Kf ((T^2 + 2 T d + 2 d^2 − 2 E^(T/d) d^2)) ((J − 2 K d + 2 Kf d^2))
+ f^3 E^(T α) J ((J + E^(T/d) J − K d − E^(T/d) K d − 2 Kf d^2 + 2 E^(T/d) Kf d^2)) − f^2
((E^(T α) J Kf T^2 + E^(T α) J K d + E^(T (α + 1/d)) J K d
+ 2 E^(T α) J Kf T d − E^(T α) K Kf T^2 d + 4 E^(T α) J Kf d^2
− 4 E^(T (α + 1/d)) J Kf d^2 − 2 E^(T α) K Kf T d^2 + E^(T α) Kf^2 T^2 d^2
− 2 E^(T α) K Kf d^3 + 2 E^(T (α + 1/d)) K Kf d^3 + 2 E^(T α) Kf^2 T d^3
+ 2 E^(T α) Kf^2 d^4 − 2 E^(T (α + 1/d)) Kf^2 d^4)))) Cos[T β]
+ f (1 + f) E^(T α) (3 + E^(T/d)) (f J K − K^2 d − f K^2 d + 2 f J Kf d) Sin[T β]))))/
(2 T (1 + f) J Kf β (d (−K + Kf d) (1 + f) + f J)))
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3
�!���(�
� b2

((E^(−T (2 α + 1/d)) ((β ((−2 f^3 J^2 + 4 f^3 E^(2 T α) J^2
+ 2 f^3 E^(T (2 α + 1/d)) J^2 − 4 f^3 E^(T/d) J^2 − f (1 + f) E^(2 T α) J Kf T^2
+ f (1 + f) E^(T/d) J Kf T^2 + 2 f^2 (1 + f) J K d − 4 f^2 (1 + f) E^(2 T α) J K d
− 2 f^2 (1 + f) E^(T (2 α + 1/d)) J K d + 4 f^2 (1 + f) E^(T/d) J K d
− 2 f (1 + f) E^(2 T α) J Kf T d − 2 f (1 + f) E^(T/d) J Kf T d
+ (1 + f)^2 E^(2 T α) K Kf T^2 d − (1 + f)^2 E^(T/d) K Kf T^2 d
− 2 f (1 + f)^2 J Kf d^2 − 2 f (1 + f)^2 E^(2 T α) J Kf d^2
+ 2 f (1 + f)^2 E^(T (2 α + 1/d)) J Kf d^2 + 2 f (1 + f)^2 E^(T/d) J Kf d^2
+ 2 (1 + f)^2 E^(2 T α) K Kf T d^2 + 2 (1 + f)^2 E^(T/d) K Kf T d^2
− (1 + f)^2 E^(2 T α) Kf^2 T^2 d^2 + (1 + f)^2 E^(T/d) Kf^2 T^2 d^2
+ 2 (1 + f)^2 K Kf d^3 + 2 (1 + f)^2 E^(2 T α) K Kf d^3
− 2 (1 + f)^2 E^(T (2 α + 1/d)) K Kf d^3 − 2 (1 + f)^2 E^(T/d) K Kf d^3
− 2 (1 + f)^2 E^(2 T α) Kf^2 T d^3 − 2 (1 + f)^2 E^(T/d) Kf^2 T d^3
− 2 (1 + f)^2 Kf^2 d^4 − 2 (1 + f)^2 E^(2 T α) Kf^2 d^4
+ 2 (1 + f)^2 E^(T (2 α + 1/d)) Kf^2 d^4 + 2 (1 + f)^2 E^(T/d) Kf^2 d^4))
− 2 β ((E^(T α) Kf d (−K + Kf d) (−T^2 + E^(T/d) T^2
+ 2 T d + 2 E^(T/d) T d + 4 d^2 − 4 E^(T/d) d^2)
+ f E^(T α) Kf (−T^2 + E^(T/d) T^2 + 2 T d + 2 E^(T/d) T d + 4 d^2
− 4 E^(T/d) d^2) (J − 2 K d + 2 Kf d^2)
− f^3 E^(T α) (−1 + E^(T/d)) J (J − K d + 4 Kf d^2) + f^2 ((−E^(T α) J Kf T^2
+ E^(T (α + 1/d)) J Kf T^2 − E^(T α) J K d + E^(T (α + 1/d)) J K d
+ 2 E^(T α) J Kf T d + 2 E^(T (α + 1/d)) J Kf T d + E^(T α) K Kf T^2 d
− E^(T (α + 1/d)) K Kf T^2 d + 8 E^(T α) J Kf d^2 − 8 E^(T (α + 1/d)) J Kf d^2
− 2 E^(T α) K Kf T d^2 − 2 E^(T (α + 1/d)) K Kf T d^2 − E^(T α) Kf^2 T^2 d^2
+ E^(T (α + 1/d)) Kf^2 T^2 d^2 − 4 E^(T α) K Kf d^3 + 4 E^(T (α + 1/d)) K Kf d^3 + 2
E^(T α) Kf^2 T d^3 + 2 E^(T (α + 1/d)) Kf^2 T d^3 + 4 E^(T α) Kf^2 d^4
− 4 E^(T (α + 1/d)) Kf^2 d^4)))) Cos[T β]
− 3 f (1 + f) E^(T α) (1+ E^(T/d)) (f J K − (f +1) K^2 d + 2 f J Kf d) Sin[T β]))))/
  (2 T (1 + f) J Kf β (d (−K + Kf d) (1 + f) + f J)))
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3
�!���(�
� b3

((E^(−T (2 α + 1/d)) ((−β ((2 f^3 E^(2 T α) J^2 + 4 f^3 E^(T (2 α + 1/d)) J^2
− 2 f^3 E^(T/d) J^2 + f (1 + f) E^(2 T α) (1 – E(T/d)) J Kf T^2
− 2 f^2 (1 + f) E^(2 T α) J K d − 4 f^2 (1 + f) E^(T (2 α + 1/d)) J K d
+ 2 f^2 (1 + f) E^(T/d) J K d − 2 f (f+1) E^(2 T α) J Kf T d
− 2 f (f+1) E^(T (2 α + 1/d)) J Kf T d − (1 + f)^2 E^(2 T α) K Kf T^2 d
+ (1 + f)^2 E^(T (2 α + 1/d)) K Kf T^2 d − 4 f (1+f)^2 E^(2 T α) J Kf d^2
+ 4 f (1 + f)^2 E^(T (2 α + 1/d)) J Kf d^2 + 2 (f + 1)^2 E^(2 T α) K Kf T d^2
+ 2 (1 + f)^2 E^(T (2 α + 1/d)) K Kf T d^2 + (f + 1)^2 E^(2 T α) Kf^2 T^2 d^2
− (1 + f)^2 E^(T (2 α + 1/d)) Kf^2 T^2 d^2 + 4 (f + 1)^2 E^(2 T α) K Kf d^3
− 4 (f + 1)^2 E^(T (2 α + 1/d)) K Kf d^3 − 2 (1 + f)^2 E^(2 T α) Kf^2 T d^3
− 2 (f + 1)^2 E^(T (2 α + 1/d)) Kf^2 T d^3 − 4 (f + 1)^2 E^(2 T α) Kf^2 d^4
+ 4 (f + 1)^2 E^(T (2 α + 1/d)) Kf^2 d^4))
+ 2 β ((−E^(T α) Kf d (−K + Kf d) ((E^(T/d) T^2 − 2 E^(T/d) T d − 2 d^2
+ 2 E^(T/d) d^2)) − f E^(T α) Kf ((E^(T/d) T^2 − 2 E^(T/d) T d − 2 d^2
+ 2 E^(T/d) d^2)) ((J − 2 K d + 2 Kf d^2)) + f^3 E^(T α) J ((J + E^(T/d) J − K d
− E^(T/d) K d + 2 Kf d^2 − 2 E^(T/d) Kf d^2)) − f^2 ((E^(T (α + 1/d)) J Kf T^2
+ E^(T α) J K d + E^(T (α + 1/d)) J K d − 2 E^(T (α + 1/d)) J Kf T d
− E^(T (α + 1/d)) K Kf T^2 d − 4 E^(T α) J Kf d^2 + 4 E^(T (α + 1/d)) J Kf d^2
+ 2 E^(T (α + 1/d)) K Kf T d^2 + E^(T (α + 1/d)) Kf^2 T^2 d^2
+ 2 E^(T α) K Kf d^3 − 2 E^(T (α + 1/d)) K Kf d^3 − 2 E^(T (α + 1/d)) Kf^2 T d^3
− 2 E^(T α) Kf^2 d^4 + 2 E^(T (α + 1/d)) Kf^2 d^4)))) Cos[T β]
+ f (1 + f) E^(T α) (1 + 3 E^(T/d)) (f J K − (f + 1) K^2 d + 2 f J Kf d) Sin[T β]))))/
(2 T (1 + f) J Kf β (d (−K + Kf d) (1 + f) + f J)))

3
�!���(�
� b4

((E^(T α − T (2 α + 1/d)) ((β ((2 f^3 E^(T (α + 1/d)) J^2 + f E^(T (α + 1/d)) J Kf T^2 +
f^2 E^(T (α + 1/d)) J Kf T^2 − 2 f^2 (f +1) E^(T (α + 1/d)) J K d
− 2 f (1 + f) E^(T (α + 1/d)) J Kf T d − (1 + f)^2 E^(T (α + 1/d)) K Kf T^2 d
− 2 f (1 + f)^2 E^(T α) (1 – E(T/d)) J Kf d^2
+ 2 (1 + f)^2 E^(T (α + 1/d)) K Kf T d^2 + (1 + f)^2 E^(T (α + 1/d)) Kf^2 T^2 d^2
+ 2 (1 + f)^2 E^(T α) (1 - E^(T/d)) K Kf d^3− 2 (1 + f)^2 E^(T (α + 1/d)) Kf^2 T d^3
− 2 (1 + f)^2 E^(T α) (1 – E(T/d)) Kf^2 d^4 )
− 2 f^2 E^(T/d) J β (−K d + f (J − K d)) Cos[T β]
− f (1 + f) E^(T/d) (f J K − K^2 d − f K^2 d + 2 f J Kf d) Sin[T β]))))/
  (2 T (1 + f) J Kf β (d (−K + Kf d) (1 + f) + f J)))
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3
�!���(�
� a0

−2 (1 + f) J Kf β (d (−K + Kf d) (1 + f) + f J)

3
�!���(�
� a1

E^(−T (2 α + 1/d)) (2 + E^(T/d) + 2 E^(T α) Cos[T β])

3
�!���(�
� a2

−E^(−T (2 α + 1/d)) (1 + E^(2 T α) + 2 E^(T/d) + 2 E^(T α) (2 + E^(T/d)) Cos[T β])

3
�!���(�
� a3

1 + E^(−2 T α) + 2 E^(−T/d) + (4 E^(−T α) + 2 E^(−T (1/d + α))) Cos[T β]

3
�!���(�
� a4

− 2 − E^(−T/d) − 2 E^(−T α) Cos[T β]
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%************************************************************
%****************  PARAMETRI SISTEMA  ***********************
J=0.00062; %moment inercije motora
T=0.0003; %perioda odabiranja
d=0.0006; %kasnjenje aktuatora momenta
%************************************************************

%************************************************************
%********* FUNKCIJA PRENOSA KONTINUALNOG SISTEMA ************
akt=tf(1,[d,1]); %kasnjenje aktuatora momenta 1/(s*d+1)
[Na,Da]=tfdata(akt,'v'); %num_den f-je prenosa "akt"
mem_pos=tf(1,[J,0,0]); %pozicija 1/(J*s^2)
[Np,Dp]=tfdata(mem_pos,'v'); %num_den f-je prenosa "mem_pos"
Nc=1; %numerator f-je prenosa kontinualnog sistema
Dc=conv(Da,Dp); %denominator f-je prenosa kontinualnog
sistema
sys3c=tf(Nc,Dc); %zadavanje f-je prenosa u s-domenu
%************************************************************

%************************************************************
%***********  DISKRETIZACIJA KONTINUALNOG SISTEMA ***********
%************   SA T=0.0003s I KOLOM ZADR. 0-rd    **********
sys3d=c2d(sys3c,T); %diskretizacija sistema
[N,D]=tfdata(sys3d,'v'); %numerator i denominator f-je
diskretnog prenosa
b=roots(N); %nule sistema N=N(2)*(z-b(1))*(z-b(2))
B=N/T; %B/A=(z/(z-1))*(N/D)*((z-1)/(z*T))
A=D;
beta=0; %stepen polinoma R je deg(A)+beta-1

%PRORACUN REDA POLINOMA (FILTARA) I OPSERVERA
%degA0=2*(degA)+beta-(degAm)-(degBi)-1=2*3+0-3-0-1=2
%=> A0=(z-a)^2
%degR=degA+beta-1=3+0-1=2
%degS=degA-1=2
Bi=[1];
Bo=B;
k=0.4; %visestruki pol sistema sa zatvorenom povratnom
spregom (SZPS)
Am=conv([1,-2*k,k^2],[1,-k]); %denominator SZPS
a=0.9;%pol opservera
A0=[1,-2*a,a^2]; %polinom opservera
C=conv(conv(Bi,A0),Am);
diofant; %pozivanje potprograma za resavanje Diofantove j-ne
open_system('rst3vact');
t=((1-k)^3/(B(2)*(1-b(1))*(1-b(2))))*A0;
Gss=tf(conv(B,t),C);%ulaz-izlaz
pzmap(Gss)
sim('rst3vact')
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%************************************************************
%****************  PARAMETRI SISTEMA  ***********************
J=0.00062; %moment inercije motora
T=0.0003; %perioda odabiranja
d=T; %kasnjenje aktuatora momenta
K=0.004; %koeficijent torzije
Kf=350; %koeficijent frikcije
f=11/31; %odnos m_inerc_mot i m_inerc_opt f=Jl/Jm
%************************************************************

%************************************************************
%********* FUNKCIJA PRENOSA KONTINUALNOG SISTEMA ************
akt=tf(1,[d,1]); %kasnjenje aktuatora momenta 1/(s*d+1)
[Na,Da]=tfdata(akt,'v'); %num_den f-je prenosa "akt"
mem_pos=tf(1,[J*(1+f),0,0]); %pozicija 1/(J*s^2)
[Np,Dp]=tfdata(mem_pos,'v'); %num_den f-je prenosa "mem_pos"
meh=tf([f*J,K,Kf],[f/(f+1)*J,K,Kf]);%mehanicki podsistem
[Nm,Dm]=tfdata(meh,'v');%num_den f-je prenosa "meh"
Nc=Nm; %numerator f-je prenosa kontinualnog sistema
Dc=conv(conv(Da,Dp),Dm); %den f-je prenosa kontinualnog
sistema
sys5c=tf(Nc,Dc); %zadavanje f-je prenosa u s-domenu
%************************************************************

%************************************************************
%***********  DISKRETIZACIJA KONTINUALNOG SISTEMA ***********
%***********  SA T=0.0003s I KOLOM ZADR. 0-rd    ************
sys5d=c2d(sys5c,T); %diskretizacija sistema
[N,D]=tfdata(sys5d,'v'); %num i den f-je diskretnog prenosa
b=roots(N); %nule sistema N=N(2)*(z-b(1))*(z-b(2))*(z-
b(3))*(z-b(4))
a=roots(D); %polovi D=(z-a(1))*(z-a(2))*(z-a(3))*(z-a(4))*(z-
a(5))
B=N/T; %B/A=(z/(z-1))*(N/D)*((z-1)/(z*T))
A=D;
beta=0; %stepen polinoma R je deg(A)+beta-1

%F-JA PRENOSA SZPS
%Bm=(1-k)^6; numerator f-je prenosa SZPS
%Am=(z-k)^6; denominator f-je prenosa SZPS

%PRORACUN REDA POLINOMA (FILTARA) I OPSERVERA
%degA0=2*(degA)+beta-(degAm)-(degBi)-1=2*5+0-5-1=4
%=> A0=((z-k1)^2+k2^2)*(z-a)
%degR=degA+beta-1=5+0-1=6
%degS=degA-1=4

ao=0.8;
%A0=conv([1,-2*real(a(1)),abs(a(1))^2],[1,-2*ao,ao^2]);%tacan
obs
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A0=conv([1,-2*0.9,0.9^2+0.4^2],[1,-2*ao,ao^2]);%polinom
opservera
%A0=conv([1,-2*ao,0.99^2],[1,-2*ao,ao^2]);%polinom opservera
Bi=[1];
Bo=B;
k=0.5; %visestruki pol sistema sa zatvorenom povratnom
spregom (SZPS)
Am=conv(conv([1,-2*k,k^2],[1,-k]),[1,-2*k,k^2]); %denominator
SZPS
C=conv(conv(Bi,A0),Am);
diofant;
%open_system('rst5vact');
%t=((1-k)^5/(B(2)*(1-b(1))*(1-2*real(b(2))+abs(b(2))^2)*(1-
b(4))))*A0;
%Gss=tf(conv(B,t),C);%ulaz-izlaz
%s1=tf(conv(A,R),conv(A,R)+conv(B,S));%os u-i
%pzmap(Gss)
%sim('rst5vact')
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%************************************************************
%***                                                  *******
%*** POTPROGRAM ZA IZRACUNAVANJE DIOFANTOVE JEDNACINE *******
%***                                                  *******
%************************************************************
%
% diofant.m
%
% Milun Perisic, Beograd 2001.
%
% Nalazenje resenja Diofantove jednacine
%    A(z) * R(z) + B(z) * S(z) = C(z)
% Ulazi:
%      (A(z),B(z)) su polinomni sistema (nema zajednickih
faktora),
%       A: [z^n + a_n-1 * z^n-1 + ... + a_1 * z + a_0]
%          denominator f-je diskretnog prenosa sistema, reda
%          n+1
%       B: [s^m + b_m-1 * s^m-1 + ... + b_1*s^1 + b_0 * s^0]
%          numerator f-je diskretnog prenosa sistema reda m+1
%          gde je m<=n zbog kauzalnosti
%
%       Polinom C predstavlja lokaciju polova sistema sa
%       zatvorenom povratnom spregom
%
%       C: [z^p + c_p-1 * z^p-1 + ... + c_1 * z + p_0]
%          i reda je 2*n
%
% R,S su polinomi filtara regulatora
% Parametar "beta" govori o redu polinoma R(z)
% Red R je n-1, a red S je n-1-beta.
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n = length(A)-1+beta;

r = zeros(1,length(C)-length(A));
s = zeros(1,length(A)-1);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% provera dimenzija polinoma B u odnosu na polinom A %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
if length(B)>length(A)
   disp('Stepen polinoma B mora biti <= od stepena polinoma
   A');
   return;
else
   %A
   %B
   tempB = [zeros(1,length(A)-length(B)+beta) B];
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% provera dimenzija matrice C %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
if length(C)~=2*(length(A)-1)+beta
   disp('Red C nije tacan!');
   disp(strcat('Red treba da bude: ',num2str(2*(length(A)-
   1)+beta)));
   disp(strcat('Red C je: ',num2str(length(C))));
   return;
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% resavanje Diofantove jednacine %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
clear SILV
for j=1:n
   SILV(:,j)   = [zeros(j-1,1); A'; zeros(n-j,1)];
   for i=1:n-beta
   SILV(:,i+n) = [zeros(i-1,1); tempB'; zeros(n-i-beta,1)];
   end
end
solution = inv(SILV)*C';
R=solution(1:n)';
S=solution(n+1:2*(length(A)-1)+beta)';


