V.M. Kazak
tional Aviation University

Kiev, Ukraine
profkazak@ukr.net

D.O. Shevchuk

National Aviation University
Kiev, Ukraine
dmitroshevchuk{@gmail.com

straci—Here we explain method and models for hover mode of
ial vehicle (helicopter) as well as measurements of parameters
this flight mode that requires smaller volume of calculation
iad preserves high speed and accuracy of stabilization. Also we
vestigate reduction of number of state vectors and volume of
ulation via usage of extended Kalman filter and standard
sors.
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1. INTRODUCTION

Due to increased use of helicopters to perform work on the

int objects: discharge of cargos into pipes holes (for
mple, nuclear power stations), the establishment of
levision and radio towers sections and their antennas, rescue,
ding on a limited area -etc, there is a need stabilization of
¢ helicopter with precision accuracy in the mode of hovering
er a point object in terms of the negative impact of
vironmental factors (Fig. 1) [11—-[3].

Sig 1. Example of precision stabilization of the helicopter.

It’s difficult for the crew to solve that issue. First reason is
@st change of conditions in the system “helicopter-point
object- weather™. Second reason is slow reaction of the system
“helicopter-point object- weather™ comparing with speed of
perturbations. That’s why it necessary to create stabilizer as
cart of ACS with high speed of reaction and precision
accuracy. Classic theory of control used for mentioned issue
can’t provide necessary accuracy and speed-of-response. LOG
theory is the most popular now. Information we need for LOG
theory stabilization implementation we can get in two ways:
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e usage of additional sensors and real improvement of
their accuracy. That way is not reasonable because of
weight, seizes and cost of equipment increase;

e usage of standard navigation equipment and improved
program product. Second way choosed for that work.

JI. PROBLAM STATEMENT

For construction of stabilizer of precision accuracy of
helicopter’s hovering as part of ACS we need to develop the
model of stabilization of system “helicopter-point object-
weather” and also the model of measurement of parameters of
helicopter hovering above point objects.

I11. REVIEW

Significant gains achieved domestic and foreign scientists
in the field of automation control moving objects for different
purposes. Fundamental scientific results are presented in the
works of Academician NAS of Ukraine Kuntsevych V.M.,
Hostyev V.1, Kazak V.N., Zbrutsky A.V., Tunic A.A., Larina
V.B., Kulik A., Tkachenko O.M,, Lozinski A .O., Filaretov
V.F. (Russia), Tod M. (Japan), Hover F.S., Linklater A.
(USA) and others.

But theoretical studies in stabilizing the helicopter in
hovering mode, designed for working on point objects
currently not implemented in full. Therefore there is a need for
a stabilizer as part of the automatic control system (ACS),
which would have high reaction speed and precision accuracy
stabilization. Classical methods of control of aircraft for this
task does not meet the requirements for accuracy and speed,
and requires additional information sensors.

IV. PROBLAM SOLUTION

The aggressive action of weather conditions on the
helicopter in flight, and especially in hovering mode, causes a
breach of stabilization in relation to the trajectory and that is
the most important reason of organization of precision
stabilization in relation to the center of the given point object.
(Fig. 2. point O). Random character of nput influences:
internal and external perturbation actions that affect helicopter
in hovering mode, requires realization of the management
strategy based on probabilistic characteristics of the measured
parameters [4]:
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2(t,) = z[x(t, ). u(t,), g(t,), ot,), k]

where z(z,) is the vector of measured reactions; x(z,) are
variables of the state; u(7,) is the variable input of managing
actions; g(#,),o(z,) is the measurable and not measurable
internal and external perturbations respectively. That is, to
determine the appropriate managing action u,(t,) , that would
ensure the execution of the conditions of tracking in the steady
mode of the real X, (f,) parameter values of helicopter’s

hovering accordingly to predetermined parameter X ,(z,) [5]:

lim X, () = limX, (1) (1

Y

Fig. 2. Stabilization of helicopter’s hovering over a point object.

The task of state estimation and identification is as
follows: for the helicopter, given by an appropriate
mathematical model, to determine control

H(fk) = f(x(r;,.)s g(rk)s (P(Ik )5 V’ f).

Method of state estimation and identification of the arial
vehicle under destabilizing action of weather conditions is as
follows: first of all we need to evaluate the quality of
stabilization on the value of deviation of mathematical
expectation g,,(f, ) and variance g, (7, ). Further it’s necessary
to work out "helicopter-point object" system model condition
evaluation.

Control process and in flight helicopter stabilization
quality is determined by the error that is caused by the
mismatch r(z;) between given x,(1;) and current x,(1;)

values of the controlled/stabilized value:

r(tyn) =x,(6) = x, (5)- (2)

Under the influence of perturbations stabilizatios
parameters would deteriorate and discrepancies (2) would na
have zero value and the helicopter would hand off the poms
(Fig. 2)

-

r“kﬂ):xp(rk)_xr(fkﬂ);t0' &

Requirements violation monitoring process (1) can &
formalized as following:

E(Ik;]) = A‘{‘(ti-) 43 Bu(tf.- )s - .
X ) =X, ) Kr(t.,), S
"'(tk-q )= Z(Ilm )= Cf(tkﬂ b (®

where ¥(f;,;) is the estimated evaluation x(1;.;) befors

measuring at time f;, ; X(7,,,) is the evaluation o
"helicopter-ACS-point object" system state parameters, tha
includes measurement at time 7, ; r(f;.;) is the discrepanes:
K is the matrix of Kalman coefficients filter.

"Helicopter-ACS-point object”" system reaction error am
perturbations has also random nature and is defined as e
difference between the system state at time #; and its change

at time Tyl

E(t,) = x(t,) - X(,), ™
Er,) = x(tr,) - %(2,). ®

After substracting from the equation (4) of system state o
another equation that includes external factors and internz
processes destabilizing action

X(tg41) = Ax(tg )+ Bu(ty )+ BAu(ry) . £
we obtain:
(1) = AE(1,) + BAu(z,). (1o
After combining measurements equations:
=(t,) =Cx(t,), (11}
with equations (5), (6), (7) we obtain:
R0 = %0 )+ KCE(. ) (12
Us represent the equation (12) in the form of an error
E(t,)) = £(1,.1) ~ KCE(1,..). (13)

Given that "helicopter-ACS-point object” measurement o
reaction of system error (13) is random and has normal law of
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errors, it can be characterized by expected squared error. Such
system optimality condition can be defined as follows [6]:

(&t |=M[(.)] = min,, (14)

and for hovering mode

[y | = M @)]=0. (15)

The value of n[é(z,&”] , as the initial covariance of

"helicopter-ACS-point object" system error of £(z,.,) (Fig. 2)
can be defined through the expected error and error variance.
Generalized criterion (14) is mathematical expectation and
error variance (13) given function extremum criterion:

o |:M (é(t,(+I 0, D(&(IH ))} = extremum. (16)

If helicopter deviation from point O (Fig.2) in hovering
mode is considered as an error, then stabilization system task
is to ensure the minimum of the function (16), i.e.

[ MEa.).DEE.D | =0. (17)

Requirements (17) represent the offset of the adjustable
parameter under mathematical expectation

£ (t) =M (1)~ M, (t,.,) >0, (18)

znd variance

ep(t) =D, (t;0) - D, (ta)— 0, (19)

#at are recorded with consideration (13) and shall tend to the
minimum allowable values, for our task it is zero.

If there is a possibility “to evaluate the quality of
sabilization on the value of deviation of mathematical

=xpectation g,, (7, ) and variance €, (; ), that provide reaching

=iven quality parameters of the stabilization process, we shall
minimize the corresponding functionality [7]:

N

Z(si, +sD) -0

1
et (20
N =1 )

J, =

Quality criterion (20) gives an opportunity to carry out
sructural synthesis of stabilization and control system, with
ich you can implement automatic stabilization of the
icopter, including hovering mode, in casual weather
ditions. Let’s define the task of the structural synthesis of
sstomatic control system (ACS) as follows: for the helicopter.
sven by an appropriate mathematical model, to determine
ol
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u(t,) = £ (%), g(1,). 9,). V5 1), 1)

as a function of specified arguments that provides condition
(20) performance. In function (21) ¥ is the measuring devices
error. '

Control actions (21) are formed by two parallel channels
(Fig. 3). one of which is a quick-action based on the
accelerations vector J , and the second — inertia channel based

on the speed vector © . Moreover, the signal of the inertia
channel is subtracted from the quick-action channel signal.

Block diagram of control actions formation.

Fig. 3.

The developed stabilizer (Fig. 3), which is a part of ACS,
solves the problem of simultaneous performance and storage
stability of the automatic control system that is impossible to
implement in standard schemes, where there is contradiction,
namely the growth of amplification coefficient, causes a
decrease in supply stability of system of automatic
stabilization and control.

Acceleration sensors j,.j,.j- , that characterize short-

circuit fluctuations of helicopter mass center, are first to react
on the violations of conditions (20). The second are helicopter
mass center O point displacement speed measuring devices
(see Fig. 2) H.X.Z , which characterize long-circuit of
helicopter mass centre fluctuations. Therefore, to solve the
task of helicopter on given point object O (see Fig. 2) point
hovering stabilization, you need to make a model of the
system with zero accelerations relative to the centre of point
object. It should be noted, that in case of non-using of such
model the system (9) state vector, and therefore a vector of
measurements (11), taking into account that accelerations
vector is the first derivative of the speed and the second from
the distance, are significantly reduced (up to 6 parameters). In
view of this the differential equation of "helicopter-point
object" system takes the form [8]:

AS@t,) = AV (1), AS ={AX,AY AZ},
AV :{Al’;,AV},AV_,},

i _ PR
AV @) ==J, @)+ Wy dy =4 dyed)s
iy = 07,0,
where J,,:%j_l.. s j_.} is the accelerations vector,

Wy, = {143}.1{' o Ifi":} is the perturbation accelerations vector.
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Therefore, "helicopter-point object” system model
condition evaluation using extended Kalman EKF filter
acquires following composition:

AS(1,) 0 | I AS(1,)
AV (1) o 1B L AV (1) L -
0] 0 0 0
+H - - - —— | | -
0 I I 6x6 _JI" (tk ) 61 Wh (tk ) 61

If "helicopter-point object” system model is given by the
relation type (22), then you can make the state transition
matrix for it as follows [5]:

| A1

@(fk,th]): - - =
0 | |

@4

Thus, using the information from acceleration sensors, that
are the part of inertia navigation system of the helicopter, you
can significantly reduce the state vector with no loss of
helicopter’s hovering stabilization accuracy.

V. CONCLUSION

Using the information from the accelerations sensors,
which are part of the inertial navigation system of the
helicopter, you can significantly reduce the state vector x(1;)
without perturbation of the requirements for accuracy of
stabilization of helicopter’s hovering over a point object.
Besides, changes under the external influences of helicopter’s
accelerations J(7,) are characterized by short-period
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oscillations of the center of the helicopter’s mass am&
significantly ahead in time changes in its velocity vector Iz,

. which are characterized by long-period oscillations of
helicopter in space in relation to the given point O (Fig. 2) &
the limited area object. The developed stabilizer (Fig.3), whis
is a part of ACS, solves the problem of simultaness
performance and storage stability of the automatic conws
system that is impossible to implement in standard schemes
where there is a contradiction, namely the growth §
amplification coefficient, causes a decrease in supply stal
of system of automatic stabilization and control.
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