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ARTICLE INFORMATION ABSTRACT

In this paper, a new Multiple Model Adaptive Control (MMAC) is proposed to control of the satellite
antenna position with time varying input delay. Selecting of adequate delay estimation method and
weighting algorithm using delay estimation error are features of proposed controller. Input delay can be
effect on the performance of the closed loop system and if delay time is unknown and time varying, the
s - closed loop system will probably be unstable. At these cases, delay time must be identified to adopt
eywords: . . : " . P .

Multiple Model Adaptive Control control signal. It is assumed that upper bound of the delay time is known. Delay time is divided into
Delay Systems several small bounds and then an adequate PI controller is designed for each bound to guarantee closed
delay time estimation methods loop system performance and stability. In the on-line mode, delay time is identified by adequate
\év;grﬂttidcm:ﬁmga?g;hod estimation algorithm and the control signal is constructed by a weighted sum of the designed controllers

output. Control signals weights are a function of the absolute error between the estimated and the
average delay time in each bound. Performance of the proposed method and stability of closed-loop
system is assessed using several simulations of the system. Simulation results confirm the effectiveness
of the proposed algorithm with respect to conventional Pl controller.
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MMAC and PID controller

PID 5 MMAGC 60 5 b any ails g 18, duglivo 17 S50
Input Tracking ability

o5l Input i
— — = Cutput (MMAC)
2 2r Output (PID) ]
2 158F . B
= o - X s » C
E =4 —f A —
< FY B r ) A Il Y
A ] B R B 7
sk f B F TN Fi N\ F
0 __._f S i TN, { LN 7
1 L 1 1 1 1 L
20 40 60 g0 100 120 140
Time (sec)
Delay Tirne Estimation
5 T T T T T T T
— 4
23
£
= 2
1
20 40 G0 BO 100 120 140
Time (sec)

Fig. 18 Comparison of closed loop system behavior with delay time
frequency change

3l il 3 i b iy dile i )5, anylie 18 S50
Input Tracking ability

gL Input 4
= — = Qutput (MMAC)

= 4r Lo Qutput (PIDY 1
£2f e ih o D
T R P O 7100 P57 D
2k R - J

1 L 1 1 1 L 1

20 40 =il aa 100 120 140

Time (sec)

Delay Time Estimation

1 1 1 1
20 40 50 80 100 120 140
Titne (sec)

Fig. 19 Comparison of closed loop system behavior with delay time
amplitude change

B anels T30l b atey dils qtanas 13, alie 19 S

01 o )lest 18 0951397 RIS ()3 SHlSe Swiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.34.1
https://mme.modares.ac.ir/article-15-5425-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1397.18.1.34.1 ]

Ve 9 031563 3294l 59 )48

S (5399 03 le) b pusie puali b oplgale bl )l pinmms (ST casBge @aldis sl A3l Sy Jdo bl JHis a8 )5 e

[17] S. R. Weller, G. C. Goodwin, Hysteresis switching adaptive control of linear
multivariable systems, IEEE Transaction on Automatic Control, Vol. 39, No.
7, pp. 13601375, 1994,

[18] W. Zhang, Q. Li, Weighted multiple model adaptive control of time-varying
systems, Journal of Robotics, Networking and Artificial Life, VVol. 1, No. 4,
pp. 291-294 2015.

[19] C. Tan, G. Tao, R. Qi, Direct adaptive multiple-model control schemes,
American Control Conference (ACC), Washington, DC, USA, pp. 4933-
4939, June 17-19, 2013.

[20] Y. Z. Gang, Q. J. lie, PID neural network adaptive predictive control for long
time delay system, International Conference in Information Computing and
Application, Part 1: Communications in Computer and Information Science,
Springer-Verlag Berlin Heidelberg, pp. 283-292, 2013

[21] K. B. Blyuss, Y. N. Kyrychko, P. Hovel, E. Scholl, Control of unstable
steady states in neutral time-delayed systems, The European Physical
Journal B, Vol. 65, No. 4, pp. 571-576, 2008 .

[22] C. L. Zhang, J. M. Li, Adaptive iterative learning control for nonlinear time-
delay systems with periodic disturbances using FSE-neural network,
International Journal of Automation and Computing, Vol. 8, No. 4, pp. 403-
410, 2011.

[23] J. H. Kim, Delay and its time-derivative dependent robust stability of time
delayed linear systems with uncertainty, IEEE Transaction On Automatic
Control, Vol. 46, No. 5, 2001.

[24] F. EI Hauusi, El H. Tissir, Delay and its time-derivative dependent robust
stability of uncertain neutral systems with saturating actuators, International
Journal of Automation and Computing, Vol. 7, No. 4, pp. 445-462, 2010.

[25] S. Ahmed, B. Huang, S. L. Shah, Parameter and delay estimation of
continuous-time models using a linear filter, Journal of Process Control, Vol.
16, No. 4, pp. 323-331, 2006.

[26] X. Hong, Q. Zhu. An on-line algorithm of uncertain time delay estimation in
a continuous system, IEEE International Conference on Networking, Sensing
and Control, Okayama, Japan, pp. 498-501, March 26-29, 2009.

[27] A. B. Rad, W. L. Lo. K. M. Tsang, Simultaneous online identification of
rational dynamics and time delay: A correlation-based approach, IEEE
Transactions on Control Systems Technology, Vol. 11, No. 6, pp. 957-959,
2003.

[28] F. Gianni, C. Maffezzoni, R. Scattolini, Recursive estimation of time delay in
sampled systems, Automatica, Vol. 27, No. 4, pp. 653-661, 1991.

[29] M. A. Rami, M. Schonlein, J. Jordan, Estimation of linear positive systems
with unknown time-varying delays, European Journal of Control, Vol. 19,
pp. 179-187, 2013.

[30] E. Hidayat, A. Medvedev, Laguerre domain identification of continuous
linear time-delay systems from impulse response data, Automatica, Vol. 48,
pp. 2902-2907, 2012.

[31] S. Bjorklund, L. Ljung, An improved phase method for time-delay estimation,
Automatica, Vol. 45, No. 10, pp. 2467-2470, 2009.

[32] J. Roe, R. Gao, A.n O'Dwyer, Identification of a time-delayed process model
using an overparameterisation method, Proceedings of the China-Ireland
International Conference on Information and Communications Technologies,
Dublin City University, Ireland, 28-29 August, 2007.

[33] K. I. Taarit, L. Belkoura, M. Ksouri, J. P. Richard, A fast identification
algorithm for systems with delayed inputs, International Journal of Systems
Science, Vol. 42, No. 3, pp. 449-456, 2011.

[34] G. C. Goodwin, K. S. Sin, Adaptive Filtering, Prediction and Control, pp.
49-71, Englewood Cliffs, NJ: Prentice Hall, 1984.

[35] S. Obuz, J. R. Klotz, R. Kamalapurkar, W. Dixon, Unknown time-varying
input delay compensation for uncertain, Automatica, Vol. 76, pp. 222-229,
2017.

[36] A. A. Pyrkin, A. A. Bobtsov, S. V. Aranovskiy, S. A. Kolyubin, V. S.
Gromov, Adaptive controller for linear plant with parametric uncertainties,
input delay and unknown disturbance, Preprints of the 19th World Congress
The International Federation of Automatic Control, Cape Town, South
Africa, pp. 11294-11298, August 24-29, 2014.

[37] S. Shi, Y. Fang, A. J. Li, Adaptive robust control for uncertain nonlinear
systems with time-varying delay, 8th IEEE International Conference on
Control and Automation, Xiamen, China, June 9-11, 2010.

01 oplouts 18 055 1397 (33,5 58 e Suille i

S35 S P S Sizdge e Sl olizl Gl v
L JisS i o) b oslitul boansS JyuS g5
s 3l ey g Wil e 53 Sl e glas ) eslizl

W) C‘/&:.wa‘ 0l 00
JrsS 45 amdge olis a3y s (55; Silednd @i Y
55a 58 e eelis = JIS eansS S 4y o golgaioy oaisS
JUCA QK JUUFC IO L g JCH U0 C Y U P C N R JO0
G drg b odi adl g 9o Al (668 Cowles

el Il saxe o jluans

&xlp-6

[1] K. S. Narendra, C. Xiang, Adaptive control of discrete-time systems using
multiple models, IEEE Transactions on Automatic Control, Vol. 45, No. 9,
pp. 1669-1686, 2000.

[2] D. T. Magill, Optimal adaptive estimations of sampled stochastic processes,
IEEE Transaction on Automatic Control, Vol. AC-10, pp. 434-439, 1965.

[3] D. G. Lainiotis, Partitioning: A unifying framework for adaptive systems—I:
Estimation, Proceedings of the IEEE, Vol. 64, No. 8, pp. 1126-1143, Aug.
1976.

[4] D. G. Lainiotis, Partitioning: A unifying framework for adaptive systems—II:
Control, Proceedings of the IEEE, Vol. 64, No. 8, pp. 1182-1197, Aug.
1976.

[5] M. Athans, K. P. Dunn, C. S. Greene, W. H. Lee, et al., The stochastic control
of the F-8c aircraft using a multiple model adaptive control (MMAC)
method—~Part I: Equilibrium flight, IEEE Transaction on Automatic Control,
Vol. AC-22, pp. 768-780, 1977.

[6] R. L. Moose, H. F. Vanlandingham, D. H. McCabe, Modeling and estimation
for tracking maneuvering targets, IEEE Transaction on Aerospace and
Electrical System, Vol. AES-15, pp. 448-456, 1979.

[7] C. Yu, R. J. Roy, H. Kaufman, B. W. Bequette, Multiple-model adaptive
predictive control of mean arterial pressure and cardiac output, IEEE
Transaction on Biomedical Engineering, Vol. 39, pp. 765-778, 1992.

[8] X. R. Li, Y. B. Shalom, Design of an interacting multiple model algorithm for
air traffic control tracking, IEEE Transaction on Control System Technology,
Vol. 1, pp. 186-194, 1993.

[9] D. W. Lane, P. S. Maybeck, Multiple model adaptive estimation applied to the
LAMBDA URYV for failure detection and identification, IEEE Conference on
Decision Control, VVol. 33, pp. 678-683, 1994.

[10] T. Chai, L. Zhai, H. Yue, Multiple models and neural networks based
decoupling control of ball mill coal-pulverizing systems, Journal of Process
Control, Vol. 21, pp. 351-366, 2011.

[11] R. Manikandan, R. Vinodha, Multiple model based adaptive control for shell
and tube heat exchanger process, International Journal of Applied
Engineering Research, Vol. 11, No. 5, pp. 3175-3180, 2016.

[12] B. Martensson, Adaptive Stabilization, Ph.D. Thesis, Lund Institute of
Technology Lund, Sweden, 1986.

[13] M. Fu, B. R. Barmish, Adaptive stabilization of linear systems via switching
control, IEEE Transaction on Automatic Control, Vol. AC-31, No. 12, pp.
1097-1103, 1986.

[14] A. T. Patel, S. K Shah, H. A Shah, Design and analysis of switched multiple
model adaptive control for local controllers, International Journal of
Engineering Associates, VVol. 1, Issue. 4, pp. 164-168, 2013.

[15] R. H. Middleton, G. C. Goodwin, D. J. Hill, D. Q. Mayne, Design issues in
adaptive control, IEEE Transaction on Automatic Control, Vol. 33, No. 1, pp.
50-58, 1988.

[16] A. S. Morse, D. Q. Mayne, G. C. Goodwin, Applications of hysteresis
switching in parameter adaptive control, IEEE Transaction Automatic
Control, Vol. 37, No. 9, pp. 1343-1354, 1992.

84


https://link.springer.com/bookseries/7899
https://dorl.net/dor/20.1001.1.10275940.1397.18.1.34.1
https://mme.modares.ac.ir/article-15-5425-fa.html
http://www.tcpdf.org

