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Abstract 

In this work, the potential use of a controller combined with observer, is assessed for helicopter applications. The idea 

behind the controller is to combine classic control theory with the benefits offered by an observer to achieve helicopter 

control with characteristics superior to a typical PID controller. The results show that the controller with observer can 

filter out disturbances and achieve rapid change of states for all cases tried in this work. The PID controller was tuned 

using locally-optimal control theory and the Linear Matrix Inequalities (LMI) method taking into account the con-

straints on control signals and state vector. The estimation of the disturbance vector, corresponding to non-modeled 

nonlinear helicopter characteristics and wind, is conducted using the observer. The results show that the controller in 

combination with disturbance observer can filter out disturbances, and allows for rapid changes in the state in all cases 

considered in this work. 
 

Nomenclature 

, ,    pitch, roll and yaw angles (deg) 
0 , eq , t  main rotor, equivalent rotor, and tail 

rotor inflow  

, ,u v w  longitudinal, lateral and normal 

velocity (m/sec) 
i , ti  average relative induced velocity of 

main and tail rotor (m/sec) 

, ,p q r  roll, pitch and yaw rate (deg/sec) 
lon , lat  lateral and longitudinal cyclic of the 

swash plate caused by the atmospheric 

turbulence (deg) 

mR , tR  main and tail rotor radii (m) 
col , p  collective deviation of the main and tail 

rotor caused by the atmospheric turbu-

lence (deg) 

0 , 0t  main and tail rotor collective (deg) 
rV  mean wind speed in turbulence model 

(m/sec) 

1c , 1s  longitudinal and lateral cyclics 

(deg)
 

w  root mean square value of vertical gust 

velocity (m/sec) 

10 10,a b   flapping coefficients of equivalent 

main rotor in stability axis coordi-

nate system coordinate system 

wn  

,rotor t   

white noise with unit covariance 

 

main and tail rotor rotational speed, 

(deg/sec) 

1b   blade flapping coefficient in stabil-

ity axis coordinate system coordi-

nate system 

LMI 

PID 

MR, TR 

the Linear Matrix Inequalities method 

 

the proportional-integral-derivative  

controller 

main rotor and tail rotor 
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1. INTRODUCTION 

 

The development of control systems for heli-

copters is a complex task due to the large num-

ber of degrees of freedom of the vehicle, the 

highly nonlinear dynamics and the presence of 

cross-couplings between state variables [1]. Ex-

isting dynamic models for helicopters cannot 

capture all non-linearity and aeromechanical 

couplings of real vehicles. It is therefore im-

portant to develop robust controllers that will be 

insensitive to the fraction of dynamics not in-

cluded in the design models, as well as, to ex-

ternal disturbances. 

The need for a controller is also dictated by the 

high pilot workload during maneuvering flight, 

or flight near the edge of the helicopter enve-

lope, or even due to adverse atmospheric condi-

tions. The control augmentation system should 

lead to a reduction of pilot stress and workload 

and improved flight and handling qualities. 

 

Over the past two decades, several approaches 

were put forward regarding the development of 

helicopter flight control systems. One of the 

proposed methods is robust control, which aims 

to develop controllers insensitive to uncertain-

ties present in a system [2]. For example, Linear 

Quadratic Regulators (LQR) [3, 4] minimise a 

quadratic cost function with user-supplied 

weights. Although this approach guarantees ro-

bust stability, it has significant drawbacks. The 

choice of the necessary weighting matrices is an 

iterative procedure, which depends on the de-

signer’s experience and the accuracy of the 

model. Also, the standard LQR design does not 

put any restrictions on the input signal ampli-

tudes and requires full state feedback that is not 

always realizable. In this case the Linear Quad-

ratic Gaussian (LQG) method can be applied, 

which uses Kalman filters for the estimation of 

the state vector. LQG optimality does not auto-

matically ensure good robustness properties [2], 

and the stability of the closed loop system must 

be checked separately after the LQG controller 

has been designed.  

Another robust method is the H∞ tech-

nique. It is inherently multivariable and pro-

vides robust stability for systems with uncer-

tainties. This technique is often applied to heli-

copter flight controller design [5] and was suc-

cessfully tested in-flight [6]. It also suffers from 

the need of weighting matrices, and the synthe-

sis process is iterative. There are no generic 

methods for systematically and efficiently se-

lecting the weighting matrices [7], though some 

authors are exploiting a genetic approach [7], 

[8] to solve a non-convex problem of finding 

weighting matrices along with the main optimi-

zation problem with more or less success.  

The development of the H∞ method is 

based on  -synthesis, which quantifies the un-

certainty and un-modeled dynamics present in 

the target system and models the noise charac-

teristics of the sensor system, but it produces a 

controller of very high order [9].  

 

In this paper, the LMI-based approach to 

the controller synthesis is considered, taking 

into account the constraints on the control and 

phase coordinates. To reduce the dimension of 

the problem, the use of a controller structure 

obtained via locally-optimal control approach 

[10] is proposed. To improve the accuracy of 

stabilization, the feedback on the estimation of 

the vector of reduced external disturbances 

along with feedback on the state vector is intro-

duced. This estimation is made using an observ-

er [11]. The problem of stabilizing the helicop-

ter in hover, taking into account atmospheric 

turbulence, is also considered.  

 

2. HELICOPTER MODEL 

 

To simplify the model of the helicopter [12], the 

equations describing the helicopter motion with 

main and tail equivalent rotors are used.  

 

Aerodynamic parameters of the main and tail 

rotors were determined using a mathematical 

model, which was established on the basis of the 

classic Glauert and Lock theory of a rotor with 

hinged blades [13]. 

 

In the model the following assumptions were 

made:  



1. the induced velocity is uniformly dis-

tributed over the main rotor (MR) disc;  

2. the lift slope of the MR blade section is 

linear; 

3. the profile drag coefficient can be re-

placed by averaged value and identical 

for all blade sections; 

4. blade tip losses are ignored; 

5. a hingeless hub is considered (the MR 

torsion stiffness is taken into account in 

the model); 

6. the dynamics of the hydraulic servo ac-

tuators of the main and tail rotors is ne-

glected. 

 

Similar assumptions are made for the tail rotor 

(TR). 

 

In view of the assumptions, the equations in the 

fuselage coordinate system, and generalized 

form are described by nonlinear differential 

equations, in which the aerodynamic parameters 

of the main and tail rotors implicitly depend on 

the coordinates of the state and controls: 

 

(1)  0,u, ( , ),tx f x z z  , 

(2)  0 0, ,u 0z x 
 
, 

(3)  , ,u 0t tz x  ,
 

 

where
 

 , , , , , , , ,
T nx u v w p q r R     is the 

state vector of the system, 9n  ; 

 1 1 0 0u , , ,
T m

c s t R    
 
is the vector of the 

swash plate and tail rotor attitude, 4m  ; 
4

0( , )tz z R   is the vector of aerodynamic 

forces and moments obtained from the works 

[13,14];   6
0 10 10 0, , , , ,1

T

eq iz a b b R     
 

are the aerodynamic parameters of the MR, 

  2,
T

t t tiz R  
 
are aerodynamic parameters 

vector of the TR; 4R   is the vector of atmos-

pheric turbulence, which, according to [15], is 

modeled in the form of additional impacts caus-

ing change in the position of the swash plate 

controls. 

 

Modelling of the helicopter dynamics using 

equations (1)-(3) is performed with a constant 

integration step. For each point in time the val-

ues 0 , tz z
 
that satisfy equations (2), (3) are ob-

tained from the known values , ux
 
using New-

ton's method. 

 

From equations (1)-(3) with 0x  , 0   the 

trim values 
* * * *

0, u , , tx z z
 

are obtained with a 

given accuracy. Then from the equation (1) the 

simplified equation of deviations *x x x   , 
*u u u   from trim are: 

 

(4)  u w ,u,x A x B D x       , 

 

where ( )[ 0 ]T T
m n sB B   , ( )0

T

s s n sD I  
    , 

   w ,u, w ,u,x B x    ,
 

w sR  .   

 

It is assumed that the initial deviation of the sys-

tem and external disturbances are constrained: 

 

(5) 0 0( ) ( ) ,T
xx t x t Q  

 

(6)
 wwwT Q

, wwwT Q , 

 

where
 xQ , wQ

 
are positive definite matrices of 

appropriate dimensions. Note that these re-

strictions are equivalent to the corresponding 

ellipsoid membership of the vectors (for exam-

ple, 1
0 0( ) ( ) 1T

xx t Q x t
   ). 

 

In addition, during flight, the deviation of con-

trols from the autopilot is not more than 20% of 

a possible deviation, because the main function 

of control rests on the pilot. Therefore, further 

in the synthesis of the autopilot control law, the 

following restriction is taken into account: 

 

(7) uu uT Q  
 

 

for some range of values
 

x . 

 

 



3. ATMOSPHERIC TURBULENCE 

MODEL 

 

In this paper, atmospheric turbulence is modeled 

according to the approach, described in [15], 

[16]. Turbulence effects are obtained as addi-

tional control inputs by passing a white noise 

through an appropriate transfer functions, pa-

rameterized by main rotor diameter, angular ve-

locity of the rotor, turbulence intensity, and 

mean wind speed. The transfer functions ob-

tained for one helicopter model can be scaled 

for other using the technique in [15]. The turbu-

lence model for the UH-60 rotorcraft was scaled 

for the Ansat aircraft of the Kazan Helicopter 

Plant at the following conditions: the mean wind 

speed was 5,144 m/secrV  , and the turbulence 

intensity was w 1,03 m/sec  . The transfer 

functions for the control inputs of the UH-60 

were also scaled for the Ansat helicopter: 

 

(8) 

2
0,6265 w

w

60

0,837
w

1
,

(2 / )

lat r

n m

rotor UH

r m rotor Ansat

V

R

H
s V R

 












 

 
 
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(9) 

2
0,6265 w

w

60

1,702
w

1
,

(2 / )

lon r

n m

rotor UH

r m rotor Ansat

V

R

H
s V R

 












 

 
 
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(10)  
  

2
0,7069 w

w

60

3
0,1486

w

( 33,91( / ))

1,46( / ) 9,45( / )

,

col r

n m

r m

r m r m

m rotor UH

m rotor Ansat

V

R

s V R

s V R s V R

R
H

R

 












 

 
  

   



 

 (11)  

2
0,6493 w

w

2

60

1,573
w

1
,

(2 / )

p r

n t

t t UH

r t t t Ansat

V

R

R

s V R R

 












 

  
   

     

 

where the transfer function 

60

( / 8 )

( / 8 )

( / 8 )

( / 8 )

r m

r m Ansat

r m

r m UH

V R

s V R
H

V R

s V R















. 

 

This atmospheric turbulence model resulted in 

vector of external disturbances 

[ ]Tlon lat col p     . 

 

4. PROBLEM STATEMENT 

 

Considering hovering flight, the velocities 

, ,u v w  are not measured. The vector of meas-

ured output ly R , where 6l  : 

 

(12)  y C x  , 

 

with ( )0l n l lC I 
    . In the case of axial flight 

of the helicopter, the velocity v  is measured. 

 

The problem of the autopilot control law syn-

thesis is based on the results of measurements 

(12) subject to the restrictions set out above and  

atmospheric turbulence. The objective is to im-

prove the accuracy of stabilizing the helicopter 

and provide the specified control time. 

 

5. CONTROLLER DEVELOPMENT 

 

To improve the accuracy of the helicopter stabi-

lization we will employ feedback using the es-

timate x̂  of the state vector x , as well as the 

estimates ŵ  of the unknown disturbances vec-

tor w . This method improves the accuracy of 

stabilization without significantly increasing the 

gains, that would lead to a restriction of the au-

topilot control signals, and loss of the helicopter 

control quality.  

 

The block diagram of the helicopter control sys-

tem is shown in Figure 1. This control law is 

given as  

 

(13) *
ˆ ŵu u u u ue x     



 

where ue  is formed at the output of the PID - 

controller from the vector re y   of the error 

between the reference signal r  and the con-

trolled variables  , , ,
T

y Cy v        ; 

ˆu x  and ŵu  are formed according to the esti-

mates of the vector *ˆ ˆx x x    and vector ŵ  of 

irregular disturbances, respectively. The trim 

values * *, ux  are stored in the controller and 

may vary in accordance with a specified motion 

of the vehicle.  

 

 

Figure1: Block diagram of the proposed control-

ler 

 

For tracking the reference signal vector r , the 

control ue  is used, and the control ˆu x  is disa-

bled. To improve the accuracy of hover stabili-

zation, the control ˆu x  is used, while ue  is dis-

abled. In order to suppress the external disturb-

ances for all flight modes, the control ŵu  is ap-

plied. 

As a basic control law the PID controller is 

used. In order to improve the quality of the dy-

namics and reliability of the control law, the 

feedback ˆu x  is introduced. And to improve the 

accuracy of the stabilization, the signal ŵu  is 

used to compensate the irregular disturbances, 

limited in size and velocity. 

 

The problem of control synthesis is carried out 

for hover, considering that the coordinates 

, , , , ,p q r       are measured. In case of col-

lective pitch changing, the coordinate v  is also 

measured. 

 

6. TUNING THE PID CONTROLLER 

 

Subsystems with vectors 1x v  and 

 2 , , , , ,
T

x p q r        for the linear heli-

copter model (4) are then considered separately. 

 

The control law for the first subsystem with 

1y v  has the form 

 

(14)  1 1 1 1 2 1 1

0

u ( ) ( )

t

e k g y k g y d    . 

 

For the second subsystem: 

 

(15)  2 2 2 2 2uex A x B  . 

 

The control law 2ue  with  2 , ,
T

y        

can be represented as 

 

(16)  
2 1 2 2 2 2 2

0

3 2 2

u ( ) ( )

( )

t

e K g y d K g y

K g y

    

 


 

 

or with 2 0g   we obtain 

 

(17)  2 1 2 2 2 3 2ue K y K y K y    . 

 

Then for the augmented system (15), (17) with 

the state vector 2 2( u )T T T
ex x  the control law is 

initially determined by  

 

(18)  2ue Kx  , 

 

whereby, in view of the transformation 

1
2 2 2

T
T T Tx N y y y  

 
, where  

 



2 3

2 2 2 2

2
2 2 2 2 2

0C

N C A C B

C A C A B

 
 

  
 
  

,  2 3 30C I , 

 

the control law matrix (16) is determined by 

 

  1
1 2 3K K K KN  . 

 

To implement the control law (16), the vector 

2y  is calculated using the signals , ,p q r  or their 

estimates, obtained by the observer with meas-

ured signals , ,     . 

 

7. THE OBSERVER SYNTHESIS 

 

To construct the observer for the disturbance 

estimation ( w ) the approach reported in [11] is 

used. 

 

From equation (4) the expression for the dis-

turbance is: 

 

(19)  w uD x A x B      , 

 

where  
1

T TD D D D


  . Equation (19) can be 

seen as an implicit model of the disturbances, 

and the observer takes the form: 

 

(20)   1ˆ ˆ ˆ ˆu wx A x B D L y C x         , 

 

where ˆ( )x t  is the state vector estimate, ŵ  is 

the disturbance vector estimate, defined by: 

 

(21) 
 

 2

ˆ ˆ ˆ ˆw w u

ˆ .

D x A x B

L y C x

        

  
 

 

Here,   is a small parameter, 1L , 2L  are coeffi-

cient matrices to be determined. 

 

Taking into account (20), equation (21) can be 

rewritten as 

 

(22)   1
1 2ˆ ˆw D L L y C x     . 

 

It is obvious, that for an arbitrary disturbance 

and for (22) to be valid it is necessary that 

 1 2rank D L L s   , l s . 

 

Introducing the extended vector 

ˆ ˆ ŵ
T

T T
extx x  

 
, we can then write the equa-

tion of the observer: 

 

(23) 
 

ˆ ˆ u

ˆ ,

ext ext ext ext

ext ext ext ext

x A x B

H L y C x

   

 
 

 

where  0ext l sC C  , 

 

0 0
ext

s n s s

A D
A

 

 
  
 

, 
0

ext
s m

B
B



 
  
 

, 

1

2
ext

L
L

L

 
  
 

, 
1 1

0n n s

ext

s

I
H

D I 



  

 
  
 

. 

 

Then the deviations ˆext ext extx x x   , where 

w
T

T T
extx x  

  , will have the form: 

 

(24) wext ext ext extx P x D    , 

 

where ext ext ext ext extP A H L C  ,  0
T

ext s n sD I . 

 

Equations (20), (24) imply that for the observer 

(23) to work, the matrices 1A L C  and extP  

must be stable. At the same time taking into ac-

count the constraints (6), the solution ( )extx t  

will be limited. 

 

A key feature of the observer (23) is the pres-

ence of the matrix extH , which, depending on 

the setting of the parameter  , affects the accu-

racy of the external disturbance estimation. 

 

 



8. SYNTHESIS OF LOCALLY-OPTIMAL 

CONTROL LAWS 

 

Using the estimates x̂  and ŵ , we obtain: 

 

(25) ˆ ˆu x xK x    . 

 

To determine the coefficient matrices K  of (18) 

and x̂K  of (25), a procedure for the control 

synthesis in the presence of uncertain external 

disturbances is used. For the control law of (25) 

with measurement of the vector x  this reads: 

 

(26) u x xK x     

 

within the constraints 0 0( ) ( ) ,T
xx t x t Q  

 

ww wT Q . Using the method of locally-

optimal control synthesis [10], the matrix xK  

is defined as: 

 

(27) 1T
xK B P 

  , 

 

where the positive definite matrix P  is the solu-

tion of the matrix equation or inequality: 

 

(28) 1
w2 0T TAP PA BB P Q       . 

 

Here, the parameters 0  , 0   are chosen 

to provide specific dynamic properties of the 

closed-loop system. With a stable matrix 

1

2

T
nA BB P I


   , the parameter   affects 

the response time, and the parameter   affects 

the magnitude of control inputs (25). In addi-

tion, for the solution P  of equation (28) the es-

timate Tx x P   . The constraint 

uu uT
x x Q    on the control u x  is satisfied, if 

the following inequality is true: 

 

 2 1
u

T T
x xK PK B P B Q 

    . 

 

According to Schur's lemma [17], this inequality 

is equivalent to 

 

(29) u 0
TQ B

B P






 

 
 

,  0P  . 

 

We also introduce the restrictions on the al-

lowed change of coordinates 
* *

7| | | |x        , * *
8| | | |x        ,  

this can be rewritten in the form: 

 

(30) *2
77P   , *2

88P   . 

 

In such a way, to determine the feedback matrix 

(25), it is necessary for the fixed parameter   

to find the parameter   and matrix P  satisfying 

the system of (28) - (30). Obviously, such a so-

lution is not unique, a solution can be found, for 

example, by minimizing the trace of the matrix 

 tr RP , where 0R   is defined diagonal ma-

trix weights, using the  LMI method [17]. 

 

Note that in contrast to known synthesis algo-

rithms using the LMI method, here, because of 

the given feedback matrix structure (27), the 

number of unknown parameters is much small-

er. 

 

Using the considered algorithm of control syn-

thesis, the coefficient matrix K  can be found. 

This method can also be used to determine the 

coefficient matrix extL . 

 

9. COMPENSATION OF EXTERNAL 

DISTURBANCES 

 

To compensate for the external disturbances the 

following equation is considered: 

 

(31) ŵ w ˆu wK  , 

 

where the coefficient matrix wK  is determined 

from the condition of the best disturbance w  

suppression, which includes atmospheric turbu-

lence and also nonlinearities and parametric per-

turbations not included in the linearized model 

(4). There are various ways of determining the 

matrix wK . The helicopter dynamics modelling 



has shown that for the control (25) and u 0e   

the best disturbance suppression is attained 

when 

 

(32)   
1

w
T TK B B B D



 . 

 

In the PID-controller (14), (16) is used with 

ˆu 0x  , for compensation of external disturb-

ances the following control is applied: 

 

(33)     ˆ ˆ ˆw1 w2 w4 2 3 3 ˆu u u 0 w
T

K I ,  

    ŵ3u 0 , 

 

where  
1

2
T TK B B B D



 ,  3 30
T

D I , the 

matrix (2) (2) (2)
1 2 4B b b b 

 
 is composed of the 

columns of the matrix (2)B  which is of 6 4  

dimensions with a representation of 

(1) (2)
T

T TB B B 
 

. 

 

 

10. MODELLING THE DYNAMICS OF 

THE HELICOPTER STABILIZATION 

 

As a test case, the ANSAT helicopter in hover is  

considered at a height of 10 m. In this mode, the 

helicopter is the most susceptible to wind ef-

fects, which can significantly alter the quality of 

control processes. 

 

From equations (1)-(3) the trim values are ob-

tained:  
* * * 0u v w   , * * * 0p q r   ,  

* 4,36 deg  , * 3,45 deg  , * 0  ,  

*
1 0,05 degc   , *

1 0,34 degs   , 

  *
0 10,22 deg  , 0 12,49 degt  . 

The matrix xK  is determined using the con-

straints *2
u u mQ I   , *u 2 deg  ; 

*2
w w nQ I , *w 0,1 ; * 5 deg  , 

* 5 deg  , and the weight matrix 

3
6 3{ ,10 }R diag I I . 

 

Similar constraints are used to determine the 

matrix K  of controller (14), (16), which was 

evaluated against the ADS-33E handling quali-

ties specification [18]. This document specifies 

the desired handling qualities of military ro-

torcraft and is frequently used for the control 

law analysis. 

 

The linear model of the ANSAT helicopter was 

used to obtain frequency responses. A nonlinear 

model was also used to obtain time-domain 

characteristics. The assessment criteria consists 

of small amplitude, moderate amplitude, large 

amplitude responses, and cross-coupling.  

 

The small-amplitude response comprises short-

term and mid-term responses. The short-term 

response is defined by a bandwidth (frequency 

giving 45  phase margin) and a phase delay. 

The phase delay is defined as: 

 

(34)  1802

18057.3(2 )
p







 , 

 

where 
1802  is difference in phase between 

180  and 1802  frequencies. The mid-term re-

sponse rates the damping ratio at all frequencies 

below the obtained bandwidth frequency. The 

minimum damping ratio is 0.35  . This char-

acteristic describes the ability of the controller 

to filter out high-frequency disturbances.  

 

The moderate-amplitude response (attitude 

quickness) is defined as the ratio of peak rate to 

change in attitude for different magnitude of 

attitude changes.  

 

The large-amplitude response defines achieva-

ble angular rate of attitude change from trim. It 

is important for assessing the ability of the heli-

copter to retain high levels of handling at atti-

tudes where the non-linearities are most severe 

[14]. For aggressive agility maneuvers, the min-

imum requirements for hover and low speed 

flight are 30 sec  for pitch and 50 sec  for 

roll. 



 

The inter-axis coupling criteria require that con-

trol inputs to achieve a response in one axis 

shall not result in objectionable responses in one 

or more of the other axes. For Level 1 handling 

quality the ratio of roll due to pitch and pitch 

due to roll should be smaller than 0.25 .  

 

The results obtained for the developed control-

ler are summarized in Tables 1 and 2.  

 

     Table 1 

ADS-33 cri-

teria 

Pitch Roll Yaw 

Short term 

response to 

control input 

Level 1 Level 1 Level 1 

Mid-term 

response to 

control input 

Level 1 Level 1 Level 1 

Moderate-

amplitude 

attitude 

changes 

Level 1 Level 1 Level 2 

Large-

amplitude 

attitude 

changes 

Level 1 Level 1 Level 1 

 

 

Table 2 

ADS-33 criteria Level of handling 

quality 

Pitch due to roll coupling  Level 1 

Roll due to pitch coupling Level 1 

 

The obtained results show that the developed 

controller is robust and meets the Level 1 re-

quirements (only moderate-amplitude response 

of the yaw has Level 2 handling quality). This is 

also confirmed by the transient responses, pre-

sented in figures (5)-(7). 

 

In the synthesis of the observer (23) in the hov-

er, the parameters , ,u v w  were not measured. 

However, in determining the matrix extL  full 

measurement of the state vector x  was as-

sumed. As the helicopter dynamics simulation 

shows, the use of such an observer with zeroing 

(lack of) measurement signal of the parameters 

, ,u v w  makes it easier to compensate the dis-

turbances w  than with an observer, built for the 

subsystem (15). 

 

To test the observer of equation (23) for the es-

timate of the external disturbance vector w , the  

atmospheric turbulence model (8)-(11) was used 

with 5,144 m/secrV  , w 1,03 m/sec  . For 

the ANSAT parameters 5,75 mmR  , 

1,05 mtR  , 38,22 rad/secrotor  , 

209,44 rad/sect  , Figure 2 presents the pro-

cess of the estimation of the external disturb-

ance vector w  of equation (4) without meas-

urement of the velocities , ,u v w . In this case the 

PID-controller was used without input signals 

and with ˆ 0xu  , ŵ 0u  . When the measure-

ment of , ,u v w  is taken into account, all the el-

ements of the vectors ŵ  and w  were practical-

ly identical.  

 

To check the efficiency of external disturbance 

suppression on Figure 3, the results of model-

ling the helicopter dynamics in hover with the 

control (25), (31), (32) with u 0e   are shown, 

where 2 2 2V u v w   . The accuracy of sta-

bilization is preserved in the presence of the ex-

ternal disturbance compensation. 

 

Figures 4-7 show the results of the system mod-

elling with the control law of equations (14), 

(16), (33) with ˆu 0x   for different input sig-

nals * sign(sin0,5 )i ig g t , 0jg  , j i ; 

, 1,4i j  . The results with and without compen-

sation of external disturbances are also shown.  

 

11. CONCLUSION 

 

The results presented in this paper show that the 

controller in combination with an observer of 

external influences can filter out disturbances, 

and allows for rapid changes in the state for all 

cases considered in this work. In the future this 

work will be directed towards further validation 



of the functionality of the controller using test 

data. 
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Figure 2: Estimation of disturbance w without 

measurement of , ,u v w . 

 

 
Figure 3: Helicopter stabilization with control 

input (25), (31), (32) 

 

 
Figure 4: Helicopter stabilization with control 

input (14), (16), (33) at *
1 1m/ secg   

 

 

 
Figure 5: Helicopter stabilization with control 

input (14), (16), (33) at *
2 1degg    

 



 
Figure 6: Helicopter stabilization with control 

input (14), (16), (33) at *
3 1degg   

 

 
Figure 7: Helicopter stabilization with control 

input (14), (16), (33) at *
4 1degg    

 


