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This paper presents an indirect Model Reference Adaptive System
design for a Twin Rotor MIMO system, where the nonlinear system
exhibits significant cross-coupling between the two rotors, making the
control process challenging. The main objective of the design is to
accurately track the process’s trajectory in space. Firstly, the nonlinear
equations governing the system are provided and then linearized into two
distinct linear equations. Based on these linearized equations, two
indirect adaptive controllers are developed: one to control the pitch angle
and the other to control the yaw angle of the system's beam. By applying
Lyapunov’s stability theory, the adaptive laws are established, ensuring
stability and rapid convergence. The simulation results demonstrate that
the system performs effectively, with the output signal successfully
tracking the reference signal when the proposed controller is applied.
These results demonstrate the effectiveness, reliability, and capability of
the adaptive control strategy in accurately tracking the trajectory despite
significant nonlinearities and cross-coupling in the system.
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Thich nghi theo m6 hinh mau
Hé théng Twin Rotor MIMO
H¢ théng phi tuyén

Diéu khién thich nghi

Ly thuyét 6n dinh Lyapunov

Bai bdo nay trinh bay thiét ké hé thong thich nghi theo mé hinh mau gian
tiép cho hé thong Twin rotor nhiéu du vao ra, hé thong nay 14 phi tuyén
¢6 su xen kénh dang ké giita hai rotor, khién qua trinh diéu khién tré nén
khé khan. Muc tiéu chinh cua thiét ké 1a theo d&i chinh xac quy dao qua
trinh trong khong gian. Ban dau, cac phuong trinh phi tuyén mé ta hé
thong duoc dua ra va sau d6 dugc tuyén tinh hoa thanh hai phuong trinh
tuyén tinh riéng biét. Dya trén cc phuong trinh tuyén tinh nay, hai bo
diéu khién thich nghi gian tiép dugc phat trién: mot bo diéu khién dé diéu
chinh goc chao doc va bo con lai dé didu chinh goc déo l4i ciia canh tay
don ty do. Bang cach ap dung 1y thuyét n dinh Lyapunov, cac quy luat
thich nghi dugc thiét 1ap, dam béao tinh 6n dinh va héi tu nhanh chong.
Két qua md phong cho thdy hé théng hoat dong hiéu qua, véi tin hiéu dau
ra bam tin hiéu dit & dau vao khi 4p dung b diéu khién dé xuét. Nhiing
Kkét qua nay chirng minh tinh hiéu qua, d6 tin cdy va kha nang cia chién
luogc didu khién thich nghi trong viéc theo ddi quy dao chinh xac di ¢6 su
phi tuyén va xen kénh manh trong hé thong.
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1. Introduction

The Twin Rotor MIMO System (TRMS) serves as a model for a helicopter, as shown in
Figure 1. However, several significant simplifications are made in the model [1]. Controlling the
motion trajectory of the TRMS is one of the most effective ways to test control algorithms for
nonlinear systems. The key objectives for controlling the TRMS include:

» Tracking: Moving quickly and accurately to follow a given trajectory.

= Stability: Achieving a steady state around a desired point in state space in the shortest time
possible.

= Robustness: Ensuring the system is sensitive to unknown parameters and resistant to
disturbances.

In recent years, many studies have been L Moo* Mo
conducted on TRMS to find effective ways to , §&
control it. Control methods such as PID control, full-
state feedback, neural networks, fuzzy control, and
genetic algorithms have been explored [2] — [7].
Conventional PID controllers, however, often do not
provide robust performance in systems with

parametric uncertainties and internal or external
disturbances. Therefore, alternative approaches are
being sought to improve control effectiveness in
such systems. Figure 1. TRMS

In this study, the design of an indirect MRAS-based adaptive control system is developed for
the TRMS, which acts on the errors to reject system disturbances and cope with parameter
changes. In adjustable model reference adaptive systems, the desired closed-loop response is
specified through the reaction of the process. The control system aims to make the process output
similar to the reference model output [8] — [11]. The proposed controller is expected to improve
tracking performance and increase robustness under the effects of disturbances and parameter
changes. Two separate adaptive controllers are designed based on Lyapunov's stability theory to
control the pitch and yaw angles of the TRMS' beam.

The paper is organized as follows: Section 2 introduces the design of adaptive laws for the
adaptive controller based on the indirect MRAS. Section 3 presents the TRMS design and
simulation results. Finally, the paper concludes with a summary.

2. Designing adaptive laws indirect MRAS

There are different types of adaptive system, but the general ideal behind Model Reference
Adaptive System (MRAS) is to create a closed loop controller with parameters that can be
updated to change the response of the system. The output of the system is compared to
parameters are update based on this error. The goal is for the parameters to converge to ideal
values that cause the process respond to match the response of the reference model [12] — [14].
The structure described in Figure 2 can be used as an indirect adaptive PD controller system.
That is combination of the adjustable controller together with adjustable model. A second-order
process is controlled with the aid of a PD-controller. The variation parameters of this controller
are K, and K. If variations in process parameters b, and a, is changed values, they will change
b, and a,,. Therefor, the K, and K, is changed values, too. We are going to find the form of the
adjustment laws for b, and a,,. The adaptive laws used in Figure 2 are similar to the ones used for
direct adaptive control with the method of Lyapunov [10] — [12]. The adaptive laws used for
second-order identification [8] are shown in formulas (1) and (2).

1 -
am :af(pu ey + P22€2) Yp dt+ay(0) (D
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b = = f (P21 €1 + P2ze)udt+ b (0) @

Where a,,, by, 5/'; ,u,eand é are defined in Figure 2, p,; and py, are elements of P matrix,
obtained from the solution of Lyapunov equation indicated in Equation (3).

AIT,P + PA, = —Q 3)

In this Equation (3), Q is a definite positive dependent matrix, and matrix A, belongs to the

process model. The matrix Q has to be chosen to find a positive P. The adaptive system is

influenced by the choice Q. The performance of the system on the choice Q, the stability the

resulting system can be guaranteed [12].
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Figure 2. Indirect adaptive system designed with Lyapunov [8]
Otherwise, can detemine p,;, p», parameters belong to A, = A, [8], obtained:
1 q q
P21 =_(£+QZ1); P22 =5 = 4)

am \2am, 2am
Because the parameters a, and b, are unknown, with adjustable model [8], we have a,,= a,; by,
= b,. Therefore, the K, and K, values are obtained as follows:

w? 28w
K, = ﬁ; K4 = bm" (5)

3. Simulation results
3.1. The mathematical model of TRMS

As presented in Section 1, the TRMS is a nonlinear model with significant cross-coupling. To
control the TRMS, we need its mathematical model. The dynamic model of the TRMS can be
represented in state-space form as follows:

av
il 4 (6)
a¥ _a b My Biy ;;, . 0.0326 . . k .
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dt T, k
— =0+ (10)
dt T11 T11
dt T, k
_2=_ﬂ7:1 +—2u2 (11)
dt Tyq Tyq

Where W: pitch (vertical) angle, ¢: yaw (horizontal) angle, T,: main motor momentum, 1,: tail
motor momentum.
From Equations (6), (7), (8) and (9) we perform linearized, the state space representation of

system is derived:
[“’] [ Blw] ] H 2'1 (12)

-6 S

The model parameters are more or less chosen experimentally. Table 1 gives their
approximate values.

Table 1. TRMS model parameters

Parameter Value

1;- moment of inertial of vertical rotor 6.8x107 kgm”
1, - moment of inertial of horizontal rotor 2x107 kgm’

a,; - static characteristic parameter 0.0135

b, - static characteristic parameter 0.0924

a, - static characteristic parameter 0.02

b, - static characteristic parameter 0.09

M, - Gravity momentum 0.32Nm

B, - Friction momentum function parameter 6x10° Nms/rad
B, ,- Friction momentum function parameter Ix10™" Nms/rad
kg, - Gyroscopic momentum parameter 0.05 s/rad

k; - Motor 1 gain 0.1

k,- Motor 2 gain 0.8

T,;- Motor 1 denominator parameter 1.1

T;9- Motor 1 denominator parameter 1

T5;- Motor 2 denominator parameter 1

T>0- Motor 2 denominator parameter 1

T, - Cross reaction momentum parameter 2

3.2. Indirect Adaptive Control System

An indirect MRAS control system for the TRMS system is designed (Figure 3). This control
structure uses two indirect adaptive PID controllers, which adapt only the K, K4 components,
while the K; component remains constant.

This adaptive control structure consist of concept block:

= Adjustable model

The reference model, referred to as the ‘adjustable model’ in this case, will track the process
response. The ‘adjustable model’ functions as an ‘adaptive observer’. The goal of process
identification is to develop a satisfactory model of a real process by observing its input-output
behavior. The parameters of the identified model and the process are assumed to be 'identical,'
and the states of the model can be considered estimates of the process states.

Follow Equation (1) and Equation (2) the complete adaptive laws in intergral form for
adjustable model of pitch angle controller are given by:

Ay = —Aqy [ (D219 €1y + Dazwerp)Ppdt + apmy(0) (14)
by = apy [(P21w €19 + Daawerw)uydt + by (0) (15)

http.//jst.tnu.edu.vn 334 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(06): 331 - 337

The complate adaptive laws in intergral form for adjustable model of yaw angle controller
are given by:
Ane = —Qag f(p21<p eip t p22<pez(p)¢’pdt + am<p(0) (16)
bm(p = Qg f(pzup eipt p22cpez<p)u2dt + bm(p 0) (17)
In the form of the adjustment laws, p,1w, Paow, P21y and pa, are elements of matrices Py and
P,, which are obtained from the solution of the Lyapunov equations indecated in Equation (18)
and Equation (19).
AQPTW + PyAy = —Qy (18)
ApPy +PpAp = —Qq (19)
Where Qg and @, are positive definited matrices, with A, and A, are taken from Equation
(12) and Equation (13), respectively. This yields:
0 1 0 1
0 1 0 1
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Figure 3. Indirect adaptive control structure for TRMS
From Equation (4), and Equation (5), it is obtained as below:

22w Q22w 1 q22¢ q22¢
P21y — (Zaml{, q21v )’ P22w 20 P21¢ e \2ame q21¢ |5 P22¢ 2ame
2500 70—-amy 2500 70-ame
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p¥ bmw hay bmw pe bm(p ' Tde bm(p

= State Variable Filter
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The TRMS controller does not contain velocity sensors to determine the angular velocities of
TRMS’ beam. Therefore, the velocity must be determined from the beam's position. This is
achieved using a 2nd-order State Variable Filter (SVF) [12], as shown in Figure 4, selected in
such a way that the parameters of the adjustable model can vary without the need to modify the
SVF parameters each time. The chosen parameters are: ®,,= 50 (rad/s), & = 0.7.

X X
> >
S
. d . .
Figure 4. 2" order State Variable Filter
3.3. Simulation results
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2500 70—am
qu):m; Kd(pzT(P(P; Ki(P=8.5
40 18
Qp = [18 40]2 Wop = 50; § = 0.7; @y (0) = 0; by (0) = 0

Figure 5, shows that the y, angle tracks yq4 angle; however, the percent overshoot compared to
the reference is approximately 40. Figure 6 demonstrates that the ¢, angle tracks the ¢4 angle, the
percent overshoot compared to the reference is approximately 5%. The values of any, bmy, ame
bme reach constant values. This difference is due to the linearization of the system. The feedback
controller gains K,,, , Kq, or K,, , K4, , which are calculated based on the adaptive gains amy, bmy
OF Ay, bmg , also reach constant values.

4. Conclusion

Adaptive controllers based on indirect MRAS have been successfully designed to track the preset
trajectory of the TRMS. Adaptive control laws have been applied to the TRMS using Lyapunov's
stability theory for second-order systems. The system has been validated through simulations in
MATLAB/Simulink, demonstrating stability and effectiveness in handling parameter variations and
uncertain disturbances. However, this study has only been conducted through simulations and has not
yet been implemented experimentally. Future research should focus on the practical implementation
of the control system and the optimization of adaptive control parameters to significantly enhance
performance in aerodynamic environments affected by disturbances.
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