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THE MULTICOPTER AUTOMATIC CONTROL SYSTEM WITH THE
GUARANTEED ACCURACY

Ua 3anpoNoOHOBAHO AJITOPUTM Ta po3po0JIeHa CTPYKTYpHa CXEeMa CHCTEMH
aBTOMAaTUYHOTO KEPYBaHHS KYTOBMM DPYyXOM MYJIbTHKONTEpa [yl 3a0e3NedeHHS
MOTIEPEAHBO 3a/1aHO1 TOYHOCTI KE€pyBaHHS B YMOBAaX HEBU3HAYEHHX 30BHINIHIX
30ypeHb. MoJentoBaHHIM MOKa3aHa €(PEeKTUBHICTD aJITOPUTMY.

Ru [Ipemioxken anropuT™ u pa3paboTaHa CTPYKTYpHasi CXeMa CUCTEMbl aBTOMATH -
YECKOTO YIMPABJICHUS YIIOBHIM JBIKCHHEM MYJIBTHKONTEPA Ui 0OECTIeYeHUs
MPEIBAPUTENHHO 33JaHHOW TOYHOCTH YIPABJIECHUS B YCIOBHUSIX HEONMPEACICHHBIX
BHEIITHUX BO3MYIIIeHUH. MoenupoBaHueM nokaszana 3pPpeKTHBHOCThAITOPUTMA.

Introduction

Modern systems of guaranteed accuracy [1,...,4] are difficult to
implement. Adaptive algorithms that use methods for evaluating active
perturbation with its known characteristics are discussed in [3]. Adaptive
algorithms for ensuring the guaranteed accuracy of the control system, in which
the external perturbation action is evaluated by the variables of the system state,
are discussed in [4]. Adaptive algorithms that provide guaranteed stability of the
stabilization, are proposed in [5, 6], but the criteria for the regulator gain
constructing are not disclosed.

Multicopter aircraft is becoming increasingly popular due to their
simplicity of design. In the majority of existing multicopter automatic control
systems the standard proportional-integral-differential (PID) regulators are used.
The issue of ensuring the accuracy of such control systems is not considered.

Since the multicopter moves in a horizontal plane only with the required
inclination of the body, it is important to accurately maintain the program
inclination and reduce the external perturbations.

Problem formulation

The purpose of the article is to develop a control law for the angular
position of a multicopter, which must provide a given accuracy of the aircraft
angular position during its stabilization or program control incases of uncertain
nature and magnitude of external perturbations.
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Synthesis of the feedback regulator

The feedback is implemented as the PID — controller in the form shown in
fig.1 to provide the control systemastatism, where F isthe frame of the
multicopter, E indicates motors, M is the moment of external perturbation,
k,, Ky, ki are the coefficients of the proportional, differentiating and integrated

links of the PID - controller, o, is the control signal, o is the multicopter angle
of inclination.
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Fig. 1. Angle position control system

The transfer functions of the multicopter elements will be taken in the
form

K, K
:—’ W — € y
"I+ sk, ¢ Ts+1 (1)

wherel, f, k_, k- are the moment of inertia, the coefficient of resistance, the
pendulum coefficient and the constructive parameter of the multicopter,
k., T, isthe transmission coefficient and the time constant of the engine.

Synthesis of the control system is carried out by the method of standard
transient characteristics [7] by minimizing the functional | :J‘t‘e(t)‘dt, which
0
gives the system optimal characteristic polynomial in the form
$° +1,75m,5° + 2,1503s + w;, (2)

Given the small size of T,I, the system transferable functions by control
and perturbation will look
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o _ K KiKe

(T 1)+ (T, + Tk )s? + (K + kKK )s +kkike

We (T,s+1)kes |
YT 1)S (T + F Ky )s® + (K, + KKK )5+ kokike

The choice of coefficients of the PID regulator is carried out according to
the known parameters of the multicopter (1) and the necessary parameters of the
transition process in accordance with the optimal polynomial (2).

The result of simulation the system reaction to the control signal o =20
deg, shown in fig. 2, meets the pre-set requirements. The results of simulation
the system reaction to perturbations are shown in fig. 3 (perturbation 0,1- N xm
0,1-N xm (curve 1), 0,2-N xm (curve 2) and 0,3-N xm (curve 3)) and reflect
the directly proportional dependence of the reaction value on the perturbation
value.

©)

25

20| et —

Peakuis [Mpag]
\\

/

Yac [c]

Fig. 2. System reaction to control
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Fig. 3. System reaction to perturbation
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Guaranteed accuracy control system

Convert the structural scheme of the system (fig. 1) to the form shown in

fig. 4.
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Fig. 4. Control system
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The method of the reverse dynamic model [4, 5] for the control
guaranteed accuracy implementation in the case of perturbations is used. An
additional KW, controller (fig. 5), in which the coefficient K is a function of

the angle o of multicopter deviation from a given position, is introduced.
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Fig. 5. Control system with an additional regulator
Neglecting T, we receive
W 1s° +( f +kd)sz+(km+kekka)s+kekikF. @
kek.s
The transfer function (5) corresponds to the PID - regulator. Transfer
functions of the system on perturbation and control will be:

o
o« _ Wy

W =—2—, WI=2W?2 5
M 1+ K 1c ac ( )
and the structural scheme can be converted to the form shown in fig. 6, where
ki
ch = Wc - (6)

S
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Fig. 6. Equivalent structural scheme of the system

Formation of the coefficient K from the multicopter deflection angle

Let us accept
0, if e, <oy, K,
K, =1 cleyl, if &, >0, K (5)
Ko if cleg| <K,
where oy, - the control system error limit, €, - the control error, ¢ - the constant
that determines the change rate of the coefficient K,K, o, - thee lower limit

from which the algorithm begins to work.
The system limits the maximum value of K: K=K __ ., if K>K, .
The results of the control system reaction simulation with the specified

algorithm for a4, =5grad for perturbation of different magnitudes (fig. 7) are

max !

shown in fig. 8. It is seen that the system of formation of the feedback
coefficient K significantly reduces the external impact on the multicopter. In
fig. 9 the graph of the coefficient K change js shown.
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Fig. 7. External perturbations of multicopter
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Fig. 9. Chart of coefficient K changes

Conclusion

The proposed and developed control law of the multicopter angular

positions and the block diagram of the regulator provide a given accuracy of the
apparatus angular position under the influence of uncertain disturbances, without
changing the quality of control.
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