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Abstract: Twin Rotor Multi-input-multi-output System (TRMS) 

resembles a desktop version of a non-linear helicopter model. It 

consists of two rotors namely tail rotor and main rotor. A model 

based on first principle modeling approach is designed in 

MATLAB Simulink environment. An adaptive control scheme 

based on Model Reference Adaptive Systems (MRAS) theory is 

implemented for tracking the desired trajectory with changing 

system parameters and disturbances. MRAC based Lyapunov 

Theory is used to adjust the gains for guaranteeing stability and 

converges the error to zero under stochastic conditions. The 

output of the TRMS Model is far better for MRAC based 

Lyapunov Approach than compared to PID. The main objective of 

this project is to stabilize the non-linear TRMS model.  

 

Index Terms: Helicopter model, Lyapunov Approach, MRAC, 

PID control, TRMS.  

I. INTRODUCTION 

TRMS Systems, [1, 2], are generally non-linear, unstable 

and time varying systems. The effort made by any 

controller is to move the system’s beam accurately to settle 

in the desired altitudes in terms of PITCH and YAW angles. 

It is very difficult to design a controller for this system due 

to its high non linearity. Various control techniques have 

been proposed to optimize the performance of the system [3 

-5]. A PID control scheme with a derivative filter is 

developed for this system by considering two SISO 

systems. It is used to make decisions of changing the 

control signal that is used to drive the plant output. Each 

and every type of controller has a large effect on changing 

the system output. A proportional controller multiplies a 

small amount of constant gain value to the error. The static 

steady state error is reduced by using an integral action of 

the controller. A derivative controller is used to stabilize the 

loops by adding a phase shift and reducing the maximum 

peak overshoot. The main disadvantage of this PID 

controller is that a constant set of gain values are not present 

for the controller as the controller parameters depends on 

the physical characteristics of the system. These parameters 

dynamically change with respect to time. As it is a 

non-linear system there are many system parameter 

variations and process changes so, an adaptive controller 

handles changes in system dynamics and copes up with 

system uncertainties. These adaptive controllers are used to 

solve many real life problems such as robot control, flight 

control and process control problems. Adaptive control 

techniques such as Gain scheduling controllers, M0del 
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reference adaptive controller using MIT rule and MRAC 

based Lyapunov Approach are used to stabilize the system 

output. In this paper MRAC based Lyapunov Approach is 

used to create a closed loop controller to adjust the 

parameters based on deviation of the system output from the 

output of a reference model and output. In this control 

technique the system response is expected to follow the 

reference model response by resulting. 

II. MODELLING OF TRMS SYSTEM 

The TRMS system consists of two rotors namely main 

rotor and tail rotor. There are two outputs of the system 

elevation output and azimuth output of the system.  First 

principle modelling is used to derive the parameters of the 

system. It can be done for one DOF and two DOF. In this 

paper controllers are designed for a one DOF system by 

spliting the model as horizontal and vertical plane parts. 

The TRMS is driven by two permanent magnet DC motors, 

which are scheduled to act as main motor and tail motor. 

The modeling equations of the PMDC motor are given in 

equation (1): 
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Here, 

U (v, h)   – voltage input for vertical and horizontal 

control of the system 

Ra (mr, tr)  – armature resistance 

ia (v, h)   – armature current 

La (mr, tr)  – armature inductance 

Te (v, h)   – electromagnetic torque. 

J (mr, tr)   – moment of inertia of rotor.  

B (mr, tr)   – damping coefficient of rotor. 

Ω (v, h)   – rotation velocity. 

For modeling the TRMS system, the vertical and 

horizontal movements are individually considered [6, 7] in 

this work. Fig.1 and Fig.2 shows the individual models 

used in this work and their corresponding model equations 

are given in equation (2). 
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Fig. 1: Model for vertical part of TRMS 
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Fig. 2 : Model for horizontal part of TRMS System 

The physical parameters of the TRMS System, as in Fig.3, 

considered for simulation are given below: 

lt(m) : 0.25 mmr (kg) : 0.228 

lm (m) : 0.24 mcb (kg) : 0.068 

lb(m) : 0.26 mt (kg) : 0.0155 

lcb(m) : 0.13 mm (kg) : 0.0145 

rms(m) : 0.155 mb (kg) : 0.022 

rts (m) : 0.10 mts (kg) : 0.165 

mtr 

(kg) 

: 0.206 mms (kg) : 0.225 

 
Fig. 3: Free body representation of TRMS system 

 

 

Model of the TRMS System’s moving part models are 

obtained using the Newton’s second law for rotational 

motion. 

 
Fig. 4. Forces on TRMS for vertical plane 

 

A. Vertical Plane: 

The forces acting with respect to the vertical plane are shown 

in Fig.4 and they are mathematically represented in equations 

(3) and (4). 
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Where  

M = Torque 

S = Angular Momentum 

Mv1 =Total torque due to Gravity: 

         = g * [(A-B) cosαv – C sinαv] 

Mv2 = Moment of Thrust(Propulsive forces) applied to beam  

        =  [lm * Fv ( m)]        

Mv3 = Moment of Centrifugal forces (correspond to beam’s 

movement around vertical-axis) 

        = [-Ωℎ  2 {(A+B+C) sinαv cosαv} ] 

Mv4 = Moment of Friction (depend on horizontal angular 

velocity of beam) = ( Ωv kv) 

 

The equivalent Torque on vertical plane is given in (4): 
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B. Horizontal Plane: 

Various forces acting on TRMS system, considering the 

horizontal plane, are shown in Fig.5. The corresponding 

modelling equations are given in (5) and (6).  

1 2 (5)h
h h h

ds
M M M

dt
           

 

Mh1 = Moment of Thrust(Propulsive forces) applied to beam 

            {Fh (wt) * lt * cos   }    

Mh2 = Moment of Friction (depend on the vertical angular 

velocity of the beam). 

             (Ωh kh) 

 

The equivalent Torque on horizontal plane is given in (6): 
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Fig. 5. Forces on TRMS for horizontal plane  

 

C. Inertia Calculation: 

 

The total inertia for vertical and horizontal planes can be 

computed using (7) and (8) respectively: 
8
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III. MRAC BASED LYAPUNOV APPROACH 

Model Reference Adaptive Control, shown in Fig.6, is one of 

the main approaches of Adaptive Control Theory. The system 

performance should be same as that of the reference model 

output. When the behavior of the controlled process differs 

from that of the reference model behavior the process is 

modified by adjusting the parameters of the controller based 

on the error generated between reference model and plant 

model. There are two loops in the MRAC: one is primary loop 

and the other is secondary loop. 

 

The primary loop provides ordinary feedback control 

mechanism. The secondary loop adjusts the parameters in the 

primary loop. The primary loop is faster than secondary loop. 

 
Fig. 6. Block Diagram of Direct MRAC 

 

MRAC – MIT Rule is the one basic techniques of adaptive 

control. The disadvantage of MIT Rule is that it does not 

guarantee the stability of closed loop system. MRAC based 

Lyapunov Approach results in closed loop stability. 

MRAC can be classified into two classes: 

1. Indirect Adaptive Control 

2. Direct Adaptive Control 

In Direct Adaptive control system the output of the TRMS 

System follows the second process which is controlled.  In this 

paper Direct MRAC based Lyapunov Approach is used. 

IV. IMPLEMENTATION 

A. PID IMPLEMENTATION 

 

The PID is a simple controller, here it is used to control the 

vertical and horizontal plane separately. The TRMS model is 

developed in MATLAB/Simulink platform. The reference 

angles for pitch and yaw control is given to the system in the 

form of step input. The output of PID controller is given to 

both vertical and horizontal plane subsystems to achieve the 

desired tracking response. The implementation of PID 

controller for controlling the vertical movement of the TRMS 

model is shown in Fig.7. Also the corresponding horizontal 

control part is shown in Fig.8. 
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(a) 

 
(b) 

Fig. 7. (a) Controller simulation and (b) Model of vertical 

part of TRMS (main rotor) 

 

 

 
(a) 

 
(b) 

Fig. 8. (a) Controller simulation and (b). Model of 

horizontal part of TRMS (tail rotor) 

 

B.  MRAC IMPLEMENTATION 

Simulation of MRAC controllers for individually controlling 

the vertical and horizontal movement of the TRMS are shown 

in Fig. 9 and Fig. 10 respectively. The MRAC design is based 

on Lyapunov approach, which also ensures stability. 

 

 
 

Fig. 9.Vertical part of TRMS (main rotor) with MRAC Based on Lyapunov approach 
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Fig. 10.Horizontal part of TRMS (tail rotor) with MRAC Based on Lyapunov approach 

V. SIMULATION RESULTS 

In this work, a TRMS model with one DOF is used for 

studying a MRAC control approach. PID controller and 

MRAC based on Lyapunov approach have been imposed on 

horizontal and vertical subsystems of TRMS system to 

control the system movements individually. The system 

response under the PID controller in comparison with MRAC 

is presented in this section. Fig.11. shows the response of 

TRMS system in vertical plane using two controllers PID and 

MRAC. Whereas Fig.12. shows the response of TRMS 

system in horizontal plane using two controllers PID and 

MRAC. The time domain performance of tested controllers 

are compared in Table.I. 

 

 
Fig. 11. Response for Vertical Plane (Pitch Angle) 

 

 

 

 
Fig. 12. Response for Horizontal Plane (Yaw Angle) 

 

 

 

Specifications 

  

Vertical Plane 

 

Horizontal Plane 

PID MRAC PID MRAC 

 

Settling 

Time(sec) 

 

293.221 

 

184.827 

Not 

settling 

 

267.486 

 

Peak 

Time(sec) 

 

3.317 

 

26.156 

 

14.595 

 

No peaks 

 

Table.I: Performance comparison PID and MRAC controllers 
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VI. CONCLUSION 

In this paper, an adaptive control scheme based on Model 

Reference Adaptive Systems (MRAS) theory was 

implemented for tracking the desired trajectory with 

changing system parameters and disturbances. Equations 

(1)-(8) are used to model the TRMS Model System.  By 

using MRAC based Lyapunov Theory, the gains were 

adjusted to get the guaranteed stability and the error 

obtained converges to zero under stochastic conditions. It is 

seen that the output of the TRMS Model obtained is far 

better for MRAC based Lyapunov approach than compared 

to PID controller because it settles at a faster rate. 
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