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ABSTRACT
Control engineering had been the core of all engineering fields all the time. As the name depicts, control of different
parameters of various industrial or commercial equipment like plants, vehicles, aircrafts and etc is obtained. Robust and
optimal control of these equipments plays a vital role. This paper presents a design of H2 and H∞ control for a Twin
Rotor System (TRS). TRS is a multi input multi output (MIMO) nonlinear system. The main objective is to control the
angular position of the lever bar of TRS. It is having strong coupling between inputs and outputs. The model is first
linearized and then controllers are designed to control the positions of lever bar. Simulations are made in MATLAB/SIMULINK. Model parameters are also provided in the end.
Keywords: Robust; Optimal Control; TRS; MIMO; Linearization; Controller

1. Introduction
The question of Multi-Input-Multi-Output (MIMO) control has always been a thought-provoking sub-field surrounded by the field of control engineering. Among the
systems that involve MIMO control, the helicopter rises
out as one of the striking models. This kind of aircraft
needs two rotors, spinning in perpendicular planes, therefore, cannot depend on Single-Input-Single-Output controllers to steer in the deep space. Also, un-manned helicopters have not yet been viewed in armies globally; this
fact gives the job of designing MIMO control systems for
helicopters a large space to stimulate [1].
The twin rotor system establishes the conventions of a
nonlinear MIMO system with considerable cross coupling. Its operation approaches a helicopter but the angle
of attack of the rotors is fixed, and the aerodynamic forces are regulated by changing the speed of motors. The
entire mechanical model for this machine has been matured. Based on this mechanical model, various control
designs are devised to control the apparatus using MATLAB-Simulink [2]. These control strategies are formed to
prepare the Twin-Rotor system go to prearranged objectives and chase periodic input signals.
The exercise of scheming the control designs demands
the author to do much labor on state-space formation
linearization and exploratory works. Mathematical estimation is also executed to achieve the approximated
polynomials for variables association. In most of the realistic control systems such as flight control systems,
there survives saturation restriction on controller outputs
Copyright © 2013 SciRes.

[3,4]. If a feedback controller intended without taking
into consideration such restraint is employed the closedloop system may be inconsistent in the case where large
external signal is supplemented. One method to treat with
such a difficulty is to formulate a low-gain controller
which does not outrage input limitations for all extrinsic
signals that will be introduced. However, it is clear that
this approach culminates in unprogressive control operation.
The TRS comprises of a beam centered on its core in
such a way that it can gyrate freely both in the horizontal
and vertical planes. At both ends of the beam, there are
rotors (main rotor and tail rotor) steered by DC motors. A
counterbalance arm with a weight on its end is rooted to
the beam at the axis [5]. The state of the beam is characterized by four system variables: horizontal and vertical
angles calculated by position sensors provided at the
pivot, and two corresponding angular velocities. Two
conventional state variables are the angular velocities of
the rotors, regulated by tachometers linked with the DC
motors [6].
In a standard helicopter, the aerodynamic force is regulated by varying the angle of attack. However, where
the angle of attack is fixed then the aerodynamic force is
controlled by varying the speed of motors. Therefore, the
control inputs are supply voltages of the DC motors. A
modification in the voltage use ends in a change of the
spinning speed the rotor which culminates in a change of
the complementary position of the beam.
To overcome the conservative design approach, different control approaches that employ on-line optimizaICA
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tion have been introduced [7-9]. The state-dependent
gain-scheduled control scheme [8,9] is one of the approaches. In this design a control rule which has an arrangement that a high-gain control rule and a low gain
control rule are interposed by a scheduling parameter is
employed. The scheduling parameter is settled by figuring out a convex optimization question on-line. The control law of [8,9] is formed established on the polytypic
explanation of a saturation part of [10]. As a consequence, the control law can attain great section of charm
even if the plant is unstable. This procedure is expanded
to tracking control problems [11]. However, efficiency of
these approaches are assessed only by way of numerical
prototypes of linear systems whose sizes are miniature
and have not been entrenched by experiments. In actual
systems, there exist interferences, nonlinearities, unmodeled dynamics, and computational delay. These components may have severely damaging trappings on control
performance. Therefore, to estimate the competence of
the methods of [8,9,11] by experiments is quite important
to put the methods to practical use.
The model of TRS is given in Figure 1. It comprises
of a vertical axis A on which a lever arm L is connected
by a cylindrical joint using an L shaped link. This L
shaped link is made of two bars: one bar having a length
h1 and the other having a length h2. These two bars are at
right angles to each other. The bar h1 works as the horizontal axis. Two rotors are scaled on the lever arm: a
main rotor and a tail rotor. The voltages u1 and u2 are the
inputs to this model. A weight is mounted on an adjustable position towards the tail rotor.

2. State Space Model
In this section the linearized state space model of TRS is
given. Nonlinear model of TRS is first linearized about
its operating point. The operating point that we found
solving the nonlinear state space equations of TRS is gi-

ven below

0  0,  0, 2π 
 0  0.3292 rad
u1,0  2.5 volts
u1,0  1.335 volts

This operating point is found using the MATLAB
command “trim”. Using this operating point in MATLAB we found the linearized model of TRS using the
command “linmod”. The linear model is given below.
x  Ax  Bu
(1)

y  Cx  Du

(2)
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Figure 1. Model of TRS.
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This state space model will be used in next sections to
design the different type of controllers for twin rotor
system.
ICA
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3. H2 and H∞ Controller Design
In this section we will be designing the H2 and H∞ controllers for twin rotor system. Before designing the optimal controllers we check the system response by designing a Linear Quadratic Regulator (LQR) using the MAT-

LAB command “K = LQR (A, B, Q, R, N)”. The matrices
Q and R are chosen by hit and trial method and it must be
noted that the Q matrix must be semi positive definite
and R matrix must be symmetric positive definite. The
controller gain K that we got from LQR is given below.

 0.2927 0.6128 0.0029 0.0178 0.0187 0.0225
K 

 0.9562 1.9506 0.0098 0.0569 0.0532 0.0671 

The responses of the system with step input using this
controller are given in Figure 2.
Linear simulation results are shown in Figure 3.
It is evident from the simulation results that the controller designed by LQR in MATLAB does not provide
sufficient stability to the TRS system. As this does not
provide the desired results so we move towards the design of H2 and H∞ controllers.
First we design the H2 controller for TRS. We know

that this type of controller minimizes the cost function of
the system while providing the supportive results. To
design this controller we use the MATLAB command
“[K, Tzw] = h2syn (P, Ny, Nu)” that gives us the controller gain K for our plant i.e. TRS system. Here P is the
packed plant of our linear model, Ny is the dimension of
output at Nu is the dimension of input. This controller is
obtained after solving the Riccati equation. The controller obtained through this is given in the matrix below.

1
0
0
0
0 
 0.3808
 0.1
0.3583 0.1167
0.011
0.017 0.0256 

 0.0039
0
0
1
0
0 
K 

 0.0045 0.011 4.1461 0.3909 0.0312 0.0060 
 1.3231
0.2
0
0
0
0 


0.4762 1.0096 
 6.4282 12.4895 3.8971 1.0788
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Figure 2. Step response with LQR.
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Linear Simulation Results
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Figure 3. Linear simulation results of LQR.

After getting this controller gain K we made a simulink model and ran the simulations. We set up the parameters according to our requirement of design. The simulink model and its responses are given in Figures 4 and
5.
The output y is obtained using scope 3, response of the
plant is obtained using scope 2 and response of the controller is obtained using scope 1 in simulink model. Disturbances are also added in simulink model.
Simulation results show that the controller designed
using H2 approach is robust and it stabilizes the plant in
the presence of uncertainties. In comparison with LQR,
H2 is much more robust and gives the desired result for

TRS. Although the overshoot is high but still it achieves
a stable position after a certain settling time.
Now we design the H∞ controller like H2 controller. To
design this type of controller we use MATLAB command

 K , Tzw, Gama 
 h inf syn  P, Ny, Gama min , Gama max , Tol, 
In this command P is the packed plant matrix, Ny and
Nu are the dimensions of output and input, Gamamin and
Gamamax are the minimum and maximum bounds of
Gama and tol is the tolerance parameter. The controller
obtained through this is

0
0.0001
0
0.0001
 0.0011 0.0021
 0.0007 0.0013
0
0
0
0 

 0.0001 0.0003
0
0
0
0 
K  106  

0
0
0
0
0 
 0
 0.0166 0.0320 0.0003 0.0008 0.0006 0.0008 


 0.6066 1.1698 0.0111 0.0307 0.0214 0.0299 

As we have achieved the controller gain for this controller, now we simulate the model. The simulink model
and its responses are given in Figures 6 and 7.
The responses are given below.
Simulation results show that the controller designed
using H∞ approach is robust and it stabilizes the plant in
Copyright © 2013 SciRes.

the presence of uncertainties. In comparison with LQR,
H∞ is much more robust and gives the desired result for
TRS. Deeply analyzing Figures 5 and 7, we come to
know that the responses of both the controllers are robust
and stable as after some time they achieve a stable value
but in case of H∞ controller the output response shows
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Figure 4. Simulink model for H2 control.

Figure 5. Simulation of simulink model with disturbances.
Copyright © 2013 SciRes.
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Figure 6. Simulink model for H∞ controller.

Figure 7. Responses of H∞ controller.
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less overshoot as compared to H2 controller. So the design of H∞ controller is more suitable in the presence of
disturbances as it gives less overshoot and settling time.
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4. Conclusion
In this paper we have efficiently designed H2 and H∞
Controllers for a twin rotor system. Simulation results
shown in this paper are the evidence that the controllers
that are designed in MATLAB are robust enough that
they can handle the plant with more efficiency when
some disturbances are also present. In comparison with
LQR, both the controllers provide stabilizing results and
ensure that the plant will remain stable. Several graphs
are shown in this paper that support the achievement of
the said objective. Although the system in originally unstable and nonlinear but after linearization it can be made
stable using the procedures of controller designs.
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Simulation Parameters
The parameters that are used in simulations to obtain the linear state space model of twin rotor system are given below.
Description

Parameter

Value

Unit

Arm length to main rotor

l1

0.1463

m

Arm length to tail rotor

l2

0.1521

m

Mass of lever bar

ml

0.0343

Kg

Horizontal distance

h1

0.0319

m

Vertical distance

h2

0.0112

m

Distance from pivot to weight

lw

0.0624

m

Mass of weight

mw

0.1271

Kg

Mass of main rotor

m1

0.4007

Kg

Mass of tail rotor

m2

0.2984

Kg

Time constant for main rotor

T1

5

S

Time constant for tail rotor

T2

2.5

Lift coefficient for main rotor

Mv

S

4.63 × 10

−5

2

Ns /mrad2

−5

Ns2/mrad2

Drag coefficient for main rotor

Mh

2.80 × 10

Lift coefficient for tail rotor

Tv

1.26 × 10−5

Ns2/mrad2

Drag coefficient for tail rotor

Th

7.08 × 10

−3

Ns2/mrad2

Motor constant for main rotor

k1

5.5 × 10−3

Vs/rad

Motor constant for tail rotor

k2

4.4 × 10−2

Vs/rad

Friction of vertical axle bearing

k

0.02

Nms

Friction of horizontal axle bearing

kθ

0.02

Nms
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