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Kalman Filter to predict the system states and its parameters 
in a stochastic environment.  Actually this formulation fits 
the general format of (adaptive) model based control design 
for example state feedback control strategies. 

 

B. Linear in Parameter Discrete Identification Model 

Structure to use with RLS-Method 

The disturbed process has external and internal state 
dependent disturbance (vibration), as shown in Fig. (3).  
This process is going to be modeled as Auto Regressive with 

eXogenous (ARX) input discrete model, so that a Recursive 

Least Squares (RLS) identification algorithm can be used to 
identify the discrete dynamics and the disturbance model in 
the form of sine-cosine sum function parameters, and to use 
the identified parameters to generate the anti-disturbance 
signal in order to compensate the system vibrations.  The 
discrete linear dynamics are described by the following 
difference equation: 

 
U:P; L ��=5U:P F s;E =6U:P F t;E®E =ÇâU:P F 0K; 
�������������E��>5QÜá:P F s; E >6QÜá:P F t;E® >ÇâQÜá:P F 0K; (10) 

 
Where No is the order of the system.  The input signal is 

defined previously as in equations (2 & 3).  For example, if 
(0K L s) with single harmonic external disturbance, the 
identification model will be as: 

 
U:P; L ��=5U:P F s;E >5>Q:P F s; E=����kñ:P F s;o E Ú ���kñ:P F s;o? (11) 

 
In vector format: 
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So the disturbance parameters are calculated by: 
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Generally for (0K P s), the disturbance model parameters 

can be calculated by the average of all the available 
redundant parameters as following: 
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(14) 

VI. SIMULATION EXAMPLES 

A. Simulation Example 1: Single-Harmonic External 

Periodic Disturbance 

The disturbed process is assumed to be the rotary machine 
with a stiff mechanical link and an external periodic 
disturbance that modeled by the following linear differential 
equation: 

 
ô6 :P;E ô:P; L 6Üá:P; E 6×Üæ:P; (15) 

 
And the disturbance source is defined by: 
 

6×Üæ:P; L OEJ:P; (16) 
 
Both equations can be combined to form the following 

system as: 
 

ô6 :P;E ô:P; L 6Üá:P;E OEJ:P; (17) 
 
Where ô:P; is the angular velocity ³rad/sec´� 6Üá:P; is the 

input (motor) torque ³N.m´.  Now, if it is required that the 
system to be more slowly than it is, but keeping at the same 
time the steady state error to step input equal to zero, this 
can be achieved by changing the dynamics of the system by 
using a dynamic compensator or simply a PI feedback 
controller.  By using the following PI parameter set A (P = 
0.10, I = 0.10), these parameters will yield set point and 
disturbance responses shown in Fig. (5), where the formally 
stated demands are met by this parameter set A. 

 
Fig. 5. Closed loop frequency response to the set point and the 

disturbance, case A and B 

 
  On the other hand, the resulted disturbance rejection 

characteristics become very poor around the region between 
0.1 to 1 ³rad/sec´.  So this case has contradictory demands 
between slow response and good disturbance rejection which 
demands the opposite that the system should have faster 
response or wider bandwidth.  If the main objective is just 
only interested in good disturbance rejection and fast 
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Fig. 10. The Adaptive Run 

 

The final parameter vector of the identification run is 
given by [-0.2653    1.2245    0.1334   -0.0000]T.  The 
system is identified first then the converged disturbance 
parameters are used in the feed-forward controller to 
generate the anti-vibration signal.  Fig. (8) shows the 
frequency response of the real system and the converged 
identified parameters.  Fig. (9) shows the ���³UDG�VHF´� step 
response of the system with and without internal periodic 
disturbance compensation.  With the same parameters and 
conditions instead of first identifying the parameters and 
then using them latter for compensation, the adaptive 
strategy of certainty equivalence principle [14] is applied, 
see Fig. (10), this shows that, the algorithm has the ability to 
cop with real application cases. 

VII. EXPERIMENTAL EXAMPLES 

A. Test Bench Description 

It is a rotary Drive-Load system, see Fig. (3), with a main 
motor as drive motor flexibly linked to an inertial load 
through a gear plus a small motor works as disturbance 
motor.  The system is constructed as velocity control servo-
system with an internal disturbance that depends on the load 
angular position, which actually emulates the behavior of 
self-excited system as in the simulation example (2). 

B. Experimental Example 1 

The experiment is done by applying the presented 
adaptive Feed-Forward algorithm to cancel the self-excited 
vibrations of the system with a set point PI FB controller.  
Although, there are no enough priori about the system, 
nevertheless, the identification model is chosen to be as first 
order model, and the initial parameters of the system 
dynamics are arbitrary chosen to represent stable dynamics.  
The initial disturbance parameters are set to zeros.  Fig. (11) 
shows the experiment run graphs, where before the time 
equal to 40 sec only the identification is working, after that 
the FFC is activated to compensate the self-excited 
vibration. 

 

 
Fig. 11. Experiment 1 run 

 

C. Experimental Example 2 

The test bed structure is the same as in experimental 
example (1).  But in this example first order discrete model 
is used as an identification model, equations (10-13).  Fig 
(12) shows the run of the experiment, where until the time 
about (40 sec) the system is only under the PI set point 
tracking feedback controller, plus the identification 
algorithm.  Only after that (40 sec) the feed forward 
controller is activated for compensation and that by using the 
online identified disturbance model parameters to generate 
the anti-disturbance (vibration) signal. 

 

VIII. CONCLUSION 

Since the usual periodic vibration adaptive feed-forward 
Controller, which is only directly online tuned for example 
by one of LMS-Methods, whom already developed by signal 
processing society for Active Noise and Vibration Control 
applications, does not suit control application demands 
especially if there is a set point tracking problem by 
feedback in terms of stability and performance.  A new 
strategy is developed, that uses system identification 
algorithm as a tuning (optimization) method to tune the  
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Fig. 12. Experiment 2 run 

 

parameters of the feed-forward controller either directly 
(online) or virtually indirectly (offline) to cancel the external 
and/or the internal (self-excited vibrations) disturbances.   

This is done by modeling the identification model as 
separate dynamic and disturbance model parts.  An 
advantage of the algorithm is that its formulation fits the 
general frame work of Modern Control Theory by means of 
developing the states and the parameter estimates for model 
dependent control design applications, for example state 
feedback control strategy (e.g. pole-placement), as well as 
the feed forward controller for the periodic disturbance 
compensation objective that does not interfere with the 
design of the already existing feedback controller.  The 
potential of the algorithm is demonstrated as an offline or 
online tuning method by both the simulation and the 
experimental examples. 

 

ACKNOWLEDGEMENTS 

The first author greatly appreciates the financial support 
from the Libyan Ministry of Higher Education. 

 
 
 

REFERENCES 
[1] Stephen Elliott. Signal Processing for Active Control. Academic 

Press. 2001. 
[2] Marc Bodson.  Rejection of periodic disturbances of unknown and 

time-varying frequency.  Int. J. Aapt. Control Signal Proess. 2005; 
19:67-88. 

[3] Carlos Canudas de Wit and Laurent Parly.  Adaptive Eccentricity 
Compensation.  IEEE transaction on Cotnrol System Technology, Vol. 
8, No. 5, September 2000. 

[4] Sebastian Maier, Johann Bals and Marc Bodson. Periodic Disturbance 
Rejection of a PMSM with Adaptive Control Algorithms. IEEE 
International Electric Machines & Drives Coference (IEMDC). 2011 

[5]  Francis B and Wonham B. The internal model principle of control 
theory. Automatica 1976; 12(5):457±465. 

[6] Steinbuch M. Repetitive control for systems with uncertain period-
time. Automatica 2002; 38:2103±2109. 

[7] K.J. Åström and P. Eykhoff. System identification - A survey. 
Automatica, vol. 7, pp. 123±162, 1971. 

[8] Torsten Söderström and Peter Stoica. System Identification, Prentice 
Hall. 1989. 

[9] Lennart Ljung and Torsten Söderström. Theory and Practice of 
Recursive Identification.  The MIT Press Cambridge, Massachusetts 
London, England. 1983. 

[10] Ljung. System Identification theory for the user. Prentice Hall PTR. 
1999. 

[11]  Michel Verhaegen and Vincent Verdult. Filtering and System 
Identification A Least Squares Approach. Cambridge University 
Press. 2007. 

[12] -iQ�0LNOHã�DQG Miroslav Fikar. Process Modeling, Identification and 
Control. Springer. 2007. 

[13] Hugues Garnier and Liuping Wang.  Identification of Continuous-time 
Models from Sampled Data. 2008. 

[14] K. J. Aström and B. Wittenmark. Adaptive Control. Second Edition, 
Addison Wesly, Mass. 1948. 

 

10 20 30 40 50 60 70 80 90 100

-1

-0.5

0

0.5

1

time [sec]

o
u
tp

u
t 

e
rr

o
r

0 10 20 30 40 50 60 70 80 90 100
-0.5

0

0.5

1

1.5

p
a
ra

m
e
te

rs

0 10 20 30 40 50 60 70 80 90 100

0

2

4

6

8

10

12

time [sec]

re
a
l 
a
n
d
 i
d
e
n
ti
fi
e
d
 o

u
tp

u
ts

 

 

0 10 20 30 40 50 60 70 80 90 100
-200

0

200

400

600

800

1000

c
o
n
tr

o
l 
s
ig

n
a
l

Real

Identified

978-1-4673-2529-5/12/$31.00 ©2012 IEEE 271


