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Abstract— This paper discusses the scope of designing and
implementing a intelligent hybrid PID control technique to
the Twin Rotor Multi-input multi-output System (TRMS).
Control of nonlinear system has always been a challenging
problem due severe nonlinearities, inaccessibility of some
states and output for measurement with significant cross
coupling. The control objective is to make this systems
move quickly so that it track the given reference inputs
accurately. Real time performance of Twin Rotor Multiinput multi-output System (TRMS) with the intelligent
controllers has been shown.
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I. INTRODUCTION
Controlling nonlinear systems in real physical systems is a
difficult problem due to flexible dynamics. The TRMS is a
laboratory set up designed for control experiment. With
some significant simplification it serves as a model of
helicopter. TRMS is benchmark problem for many
important application like control of helicopter.The overall
mathematical model is supposed to be needless in this paper
with respect to the adjustable parameters of PID controller
therefore designed process is brief but comprehensive and
therefore controller is assumed to be more robust.
This paper is categorized as follows, Section II
consist of introduction to Twin Rotor Multi-input multioutput System (TRMS). Section III deals with the method of
designing the intelligent controller. In section IV, the
simulation results are presented and last section consists of
conclusion.

A pendulum counter weight is fixed to beam at the
pivot for balancing the angular With two input (the voltage
supplied to the motors) and output (angles and angular
velocities) the twin rotor multi input multi output system
(TRMS) is the excellent multi input multi output plant in
which changing the input voltage of these two motors
(rotors) i.e. aerodynamic force is controlled.
A change in voltage value results in a change in
aerodynamic force which results in a change of
corresponding position of beam The TRMS is controlled
with two inputs. The dynamics cross couplings are one of
the key features of the TRMS. The position of the beams is
measured with the means of incremental encoders, which
provide a relative position signal. Thus every time the realtime TRMS simulation is run one must remember that
setting proper initial conditions is important.
Rotation of the propeller produces an angular
momentum, which, according to the law of conservation of
angular momentum, must be compensated for by the
remaining body of the TRMS beam [6].
The mathematical model of the main rotor,
(1)
(2)
(3)
(4)
(5)

II. TWIN ROTOR MIMO SYSTEM

(6)
Where,

Fig. 1: Twin Rotor MIMO system
The TRMS consist of beam, such that it can rotate freely
both in vertical and horizontal planes as it pivoted on its
base. Two propellers are present at both ends of the beam
perpendicular to each other which are driven by permanent
magnet DC motors.

, Horizontal and vertical position of TRMS beam,
, Horizontal and vertical angular velocity of TRMS
beam,
, Horizontal and vertical DC motor voltage control
input,
, Nonlinear part of DC motor with tail rotor and main
rotor,
,
Rotational speed of tail rotor and main rotor,
,
Effective arm of aerodynamic force from tail and
main rotor,
, Nonlinear function of moment of inertia with respect
to horizontal axis and vertical axis,
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,
Moment of inertia in DC motor tail and main
propeller subsystem,
, Angular momentum in horizontal plane and vertical
plane for the beam,
Constant scaling factor,
, Positive constant,
, Moment of friction force in horizontal plane and
vertical plane,
Mass of the main DC motor with the main rotor,
Mass of the main part of the beam,
Mass of the tail motor with the tail rotor,
Mass of the tail part of the beam,
Mass of the counter-weight,
Mass of the counter-weight beam,
Mass of the main shield,
Mass of the tail shield,
Length of the counter-weight beam,
Distance between the counter-weight and the
joint,
Output of the vertical DC motor g Gravitational
acceleration.

Fig. 2: Gravity and propulsive forces in the vertical plane.
The mathematical model of the tail rotor,

fitting, and time series analysis. The procedure for any of
these problems has six primary steps.
(Data collection generally occurs outside the MATLAB
environment, so it is step 0.)
1) Collection of data
2) Creation of the neural network.
3) Configuration of the neural network.
4) Initialization of the weights and biases.
5) Training of the neural network.
6) Validation of the network.
7) Use the neural network.
For designing neural network, input and target data
is required in certain format.
For controlling Twin rotor mimo system we
required a network having three inputs and single output. As
the neural network has to be incorporated after PID and has
to give output to the system to be controlled, input for neural
network taken as the output of P, I, D controllers and For
training target, data taken as the output of PID controller.
The capability of neural networks at fitting
functions is well known. A fairly simple neural network has
ability to fit in any practical function.

Fig. 4: Proposed structure of neural network
Two-layer feed forward network used. LevenbergMarquardt back propagation method used to train proposed
neural network. The Levenberg-Marquardt algorithm is a
variation of Newton’s method that was designed for
minimizing function that are sums of squares of other
nonlinear functions this is very well suited to neural network
training where the performance index is the mean square
error.
1) The Levenberg-Marquardt algorithm:

(7)
=

(8)

(9)
(10)
(11)
Where,

This algorithm has the very useful features that as µ is
increased it approaches the steepest descent algorithm with
small learning rate.
When the scalar µ is decreased to zero the
algorithm becomes Gauss-Newton. When is large, this
becomes gradient descent with a small step size.
The algorithm provides a nice compromise
between the speed of Newton’s method and the guaranteed
convergence of steepest descent [7-8].
IV. SIMULATION RESULTS

Radius of the main shield,
Radius of the tail shield,
Output of the horizontal DC motor.
III. HYBRID PID CONTROLLER USING NEURAL NETWORK
A. Neural Network Design Steps
The neural networks are used to solve problems in four
application areas: pattern recognition, clustering, function

A. Twin Rotor MIMO system
In this section simulation results of highly nonlinear TRMS,
considering following expriments 1) 1 DOF pitch rotor control
2) 1 DOF yaw rotor control
3) 2 DOF control
Fig.5 shows the step response of the twin rotor MIMO
system in vertical plane for reference input 0.8 using a
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hybrid neural network controller. Fig. 6 shows the step
response of the twin rotor MIMO system in horizontal plane
for reference input 0.5 using a hybrid neural network
controller. Fig. 6 (a) and (b) shows the step response of the
twin rotor MIMO system in vertical and horizontal for
reference input 0.8 & 0.5 respectively using a hybrid neural
network controller.

Fig. 5: Step response of the twin rotor MIMO system in
vertical plane (Pitch rotor control)

B. Experimental Validation
The designed hybrid neural network controller has been
tested on real time set up of twin rotor MIMO system
(TRMS). The responses, as shown in Fig. 6(a) and 6(b)
depict efficacy of the controllers.

(c) Pitch angle

(d) Yaw angle
Fig. 6: Step response of the twin rotor MIMO system in
horizontal plane (Yaw rotor control)

V. CONCLUSIONS
In this paper, a hybrid neural network technique for
controlling
TRMS
has
been
developed
and
implemented.The simulation results show the new approach
to control the nonlinear problem for the positioning and
tracking performances in real time.
REFERENCES

(a) Pitch angle

(b) Yaw angle
System outputs of TRMS 6(a) and 6(b) are
responses of Pitch rotor control and Yaw rotor control from
the experiment 2 DOF control

[1] M. H Saheed,A Rahideh, A H Bajodah , , "Real time
adaptive nonlinear model inversion control of a twin
rotor MIMO system using neural networks",
Engineering
Applications
of
Artificial
Intelligance,ELSEVIER,VoL25, issue.6. pp. 12891297,2012.
[2] M.Chen, S.S. Ge, B. How, "Robust adaptive neural
network control fo ra class of uncertain M1MO
nonlinear systems with input nonlinearities",IEEE
Transactions on Neural Network,voL2l,issue.5, pp.7968l2,201O.
[3] A Boulkroune, M. Saad, M. H Chkireb , "Design of the
fuzzy adaptive controller for MIMO nonlinear timedelay systems with the unknown actuator nonlinearities
and the unknown control direction", Information
Sciences vol 180, issue.24, pp.5041-5059,201 O.
[4] K. J. Astrom and T. Hagglund, PID controllers Theory,
Design and Tuning, second edn, Instrument Society of
America, Research Triangle Park, North Carolina,
1995.AP.S. Ramalakshmi, P.S. Manoharan

All rights reserved by www.ijsrd.com

3380

Real Time Control of Twin Rotor MIMO System using Intelligent Controller
(IJSRD/Vol. 3/Issue 04/2015/573)

[5] PID control scheme for twin rotor MIMO system using
a real valued genetic algorithm with a predetermined
search range Prasad, D.G. ; Manoharan, P.S. ;
Ramalakshmi, A.P.S. Power, Energy and Control
(ICPEC),
2013
International
Conference
on DOI: 10.1109/ICPEC.2013.6527697 Publication
Year: 2013 , Page(s): 443 – 448
[6] TRMS 33-949S User Manual, Feedback instruments
Ltd
[7] Neural Network Toolbox™ 7, User’s Guide, Mark
Hudson, Beale Martin, T. Hagan Howard, B. Demuth.
[8] Neural Network Design,Martin t. Hagan,Howard B.
Demuth,Mark Beale.
[9] Yasar Becerikli and B. Koray Celik, “Fuzzy control of
the inverted pendulum and concept of stability using
Java application”, Proceedings of the International
Conference on the Computational Methods in the
Sciences and Engineering 2004, Volume 46, Issues 1–2,
pp.24–37, 2007
[10] 33-936 pendulum User Manual, Feedback instruments
Ltd
[11] Sandeep Kr. Tripathi, Himanshu Panday and Prerna
Gaur, “Robust Control of Inverted Pendulum using
Fuzzy Logic Controller”, IEEE,978-1-4673-5630-5,and
2013.
[12] Yanmei Liu, Zhen Chen, Dingyu Xue and Xinhe Xu,
“Real-Time Controlling of Inverted Pendulum by Fuzzy
Logic”, Proceedings of the IEEE International
Conference on Automation and Logistics Shenyang,
China August 2009,pp.978-1-4244-4795-4,2009.
[13] Olfa Boubaker, “The Inverted Pendulum Benchmark in
Nonlinear Control Theory: A Survey”, International
Journal of Advanced Robotic Systems Nov 2012

All rights reserved by www.ijsrd.com

3381

