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B po6oTi po3risinaeThcs CHHTE3 KOMIUIEMEHTApHOTO (UIbTpa, MPU3HAYCHOTO
JUIsi  BU3HAYCHHS KYTOBOTO TOJIOKEHHS  1wiatr@opmMu  ripocraburizaTopa.
3anpornoHoBaHa iH)XEHEPHA METOIMKA CHHTE3Y, sIKa TO03BOJIsiE BHOPATH TapaMeTpH
bitbTpa Ta OMHUTH ¥OTO €QEeKTUBHICTh. PO3IIAHYTO TWTAaHHS CHUHTE3Y
KOMIUIEMEHTapHOTO ¢inbTpa y ckimani miargopmu. [lokazano, mo auHamika
mIaThoOpMu  HECYTTEBO BIUIMBAE Ha AKICTh poOoTH (PiabTpa,imno JA03BOJISIE
BUKOHYBATH CHHTE3 (hiIbTpa Oe3 BpaxXyBaHHS IUHAMIKH IIaT(HOPMH.

B pabGote paccmarpuBaercs CHUHTE3 KOMIUIEMEHTapHOTO  (QUIbTpA,
MpeIHa3HAYEHHOTO U1l  OMpENEeICHUs] YIJIOBOTO  TMOJOXKEHHS  IIAaThOPMBI
rupoctabunuzatopa. [lpennoxkena nHKeHepHas METOAMKA CUHTE3a, TO3BOJISIOIIAs
BBIOpaTh mapameTpbl (QuibTpa W OUEHUTH ero 3ddexTuBHOCTL. Paccmorpen
BOIIPOC CHHTE3a KOMIUIEMEHTapHOro (uiabTpa B coctaBe miardopmsl. [lokazano,
YTO JUHAMHKA TIIAT(OPMBI HECYILIECTBEHHO BIMSET HA Ka4eCTBO paboThl (pUIbTpa,
YTO MO3BOJISIET BRIMOJIHATh CUHTE3 (PUIbTpa 6€3 yueTa JUHAMHUKY TAaT(HOPMBI.

Introduction

Complementary filters (CF) have become widely used to measure the

angular position of moving objects in space [1-3] due to their simplicity and
sufficiently high accuracy. Many models of such filters have been developed,
depending on their purpose and the desired accuracy of measurements. In most
cases, quaternion algebra is used. Due to the small dimensions, such systems can

L NTUU "lgor Sikorsky Kyiv Polytechnic Institute",
2 NTUU "lgor Sikorsky Kyiv Polytechnic Institute”,


http://dx.doi.org/10.20535/2219-3804192018169623

115
Kepyeanmna
be effectively used as embedded systems of other devices. In particular, they can

be used in gyrostabilizers to measure the angular position of the gyro stabilizer
platform.

Formulation of the problem

Consider the issue of the synthesis of the CF gyrostabilizer not as the
register of the angle of the platform, but as an integral part of the contours of
orientation and stabilization of this platform. We will take into account the
smallness of the angles of rotation of the platform of a two-axis gyrostabilizer.
This allows the CF to be substantially simplified by simplifying the procedure
for integrating the output signal of the gyroscope, using the direct integration of
this signal. It simplifies and compares the signals of the integrator and the
accelerometer, for which it is not necessary to receive either quaternion, or a
matrix of directional cosines.

Synthesis of KF

At the output of the accelerometer, we have three signals, two of which
(for small angles) are proportional to the angles of rotation of the platform
relative to the horizon. Instead of comparing the output signals of the
accelerometer and the integrator, it is advisable to form the correction signal in
the form of a vector product [1].

Gy ., G

g = b_
lg

lo|l”

where g,.— real output signal of accelerometer; g, — calculated output signal of

accelerometer, which uses the output signals of the CF.
For small angles, according to fig. 1, we have

a1,

Fig. 1.
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—0. —0
g*n = (p* 1 gn = (P
1 1

Then the vector product is a vector
e, g*nygnz - g*nzgny O =
ey = GO = QoG | = —0+6. |.
€, g*nxgny B g*nygnx 0

That is, the components of this vector are proportional to the differences
between the component vectors.

The generalized scheme of the CF is shown in fig. 2.
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Fig. 2

In this formulation of the task, the control channels of the gyrostabilizer

can be considered separately from each other. Consider the scheme shown in
fig. 3.
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Fig.3

In the CF, signals from the angular velocity sensor (gyroscope) and
accelerometer are used. The following notation has been entered:
vy — angle that is measured;

¥ — estimated value of angle v ;

d,, 6, —errors of a gyroscope and an accelerometer;
W (s) — transfer function of filter regulator;
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v, — the initial value of the angle vy, the introduction of which will be explained
further.
Basic requirements for synthesis:
— to eliminate the infinite increasing of the error from integrating the zero
signal of the integrator or to minimize its impact;
— to minimize the influence of the accelerometer errors due to linear
accelerations of the base when changing the speed of the object;
— to minimize the effect of high-frequency noise of the accelerometer;
— to minimize the influence of initial conditions.
There is a relation

y=v+8, 1)
where the measurement error is equal to
1 W (s S
0= 81 + ( ) 82 - Yo- (2)
s+W(s) s+W(s) s+W(s)

Consider the reason for entering the angle y,. This is explained by the
fact that in the case of an initial angle, the accelerometer output signal and the
integral of the gyroscope signal output will vary in magnitude of this angle even
in the absence of interference due to the fact that the accelerometer measures the
angle of deviation from the horizon and the integral of the output signal of the
gyroscope is the angle of rotation object relative to the initial position. That is,

yacc = Yint_gyro + yO' (3)
where vy, — output signal of accelerometer;

Yin_gyro— Signal of gyroscope after integration.

Since the initial conditions are more convenient to set on the integrator, in
the scheme shown in fig. 3, instead of the angle y, of the accelerometer (object),

the negative value of this angle is entered on the signal integrator from the
gyroscope.
The transfer function W (s) will be taken in the form

W(s):k1+k?2, @)

where k;, k, — coefficients.
Then

2
S 5. 4 k;s+k, 5 S

~ 2 172 T2 Yo
s +ks+Kk, s +ks+k, s +ks+k,

®)

Consider the question of choosing the parameters k,, k, and assessing the
quality of the CF.

2
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From formula (4) we see that the constant component of the error from the
drift of the gyroscope &, will not be, but there is a question of numerical choice
of parameters k, and k,.

Let's start with the consideration of the effects of the accelerometer errors,
that is, from the analysis of the second component of the expression (5). To
reduce this effect, it is desirable to reduce the parameters k,, k,. But this

increases the time of the transient process. In addition, when increasing the

ks +k
> 1° 7 2 decreases.
s° + ks + Kk,

At the same time, in terms of reducing the influence of initial conditions,
it is necessary to increase the parameter k, to reduce the period of oscillations,

that is, to reduce the time of the transient process.
Thus, to the choice of parameter k,, demands are made both on its

increase, and on its reduction.
We will accept the following parameters.

— drift angular velocity o, =5-1071/s;

— linear acceleration W =0,2g = 2 m/c® during ©=5 sec. (that is, the increase in
velocity is 10 m/s). Note that such an acceleration corresponds (given in the
corners) of perturbation W, = 0,2 pao =11,46°;

parameter k,, the filtering efficiency of the link

— the amplitude of disturbances of the accelerometer is W :0’19, and the
frequency of disturbances 10 Hz, that iso 62,8 1/s;
—initial angle is y, =0,1, that is 5,7°.
kis + K,

Write the transfer function W (s) = — in the form
s*+ks+Kk,
ns +n’
W(s) = 2a 2
S“+&ns+n

where n = \/E — frequency of own oscillations;

k
E= Fl — relative coefficient of damping.

Assume k, =0,001 s2.Then n= k, =0,0312 st The period of its own

oscillation is ?n =198,7 sec. That is, the condition that the duration of the linear

acceleration (5 sec.) was significantly less than the period of its own oscillations
is fulfilled. Assume &=1, that is k, =&n=0,0312. Assume k, =0,03s™". Note

that with such parameters the link will be oscillating.
The reaction for a very short perturbation is equivalent to the response to

the perturbation pulse of S =W.,t=0,2-5=1s"'. We have
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kss+Kk, S d S
~ 2 0, ¥ K,
s +ks+k, s“+ks+k,

~
~

%, 5
s s°+ks+Kk,

€ e’

where o, =K, O _ K, I d,dt = k,W,t— equivalent angular velocity.
S 0

Thus, the effect of short-term acceleration is equivalent to the effect of an
additional angular velocity o, =1-107s™,

The maximum value of a variable 5, = ®, can be estimated

s’ +ks+Kk,
by the formula
S o o 11073
S = w, ~ne="% - =1,9°
T s?4gns+n® © n® n 003

Note, that a similar maximum error in the absence of CF is equal to,
approximately W, =11,46°

A similar one can find the maximum deviation from the angular velocity
of drift

-4
, = 2 S Zmdrzwdr :5.10 :0,850.
“ s+ Ens+n n 0.03
Simulation results (depending on time) are presented in fig. 4. Here is a
continuous curve — the reaction to the angular velocity of drift in the absence of
a filter, the point curve - the reaction to the angular velocity of drift in the
presence of a filter, the dash curve — the reaction to linear acceleration (the time

IS given in seconds, the angles — in degrees).

8
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Fig. 4. Fig. 5.
We see that the error from the drift of the gyroscope goes to zero, that is,
the main purpose of the CF is fulfilled.
Given that the frequency of the own oscillations of the filter is very small,
the filter almost completely eliminates the effect on the accuracy of the filter
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operating on the accelerometer harmonic perturbations of the type of vibration,
whose frequencies are tens of times greater than the frequency of the own
oscillations of the filter.

Results of simulation of the third component of the error of the expression
(4) are shown in fig. 5.

We see that the error from the initial conditions goes to zero, but because
of the small value of the coefficient, this occurs over several tens of seconds.

Consider now the functioning of the CF as part of the control circuit of the
gyrostabilizer. We record the equation of motion of the gyro stabilizer platform.
Take control of the platform in the form

Mk(s):rl?+r2(0)+81)’ (6)
where r;, r, — coefficients.

That is, the angle is calculated by a complementary filter, and the angular
velocity is measured by a gyroscope. We will write the equation of the platform
movement in the form

I’y =-M,(s) + M, (7)

Where | — moment of inertia of the platform;
M — moment of disturbances.
The influence of the error &, in the platform equation (6) can be estimated

: . r I
as follows. It will lead to additional error v, ~ —?281. Let's accept ?2:0,353.
1 1

Then, with gyroscope drift o, =5-10%1/s, the error will equal the
~-0,25-5-10" =-1,25-10"* rad. That is, the influence of the error &, in the

comp05|te moment of damping in the equation of motion of the platform can be
neglected.

In modeling we consider only the question of the influence of the initial
angle y,. The simulation scheme of the platform in Simulink environment is

shown in fig. 6. It corresponds to the equation s*y =—5sy —207.
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Fig. 6.
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Fig. 7 shows the transient process in the absence of CF. In Fig. 8 — when
using it. We see that the time of the transition process has increased
significantly.
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Fig. 7 and fig. 5 practically coincide. This means that the transient process
in the platform is determined not by the parameters of the platform itself, but by
the parameters of the CF. From this, one can also draw a conclusion that the
synthesis of CF parameters can be performed without taking into account the

dynamics of the platform.

Conclusions

The use of CF is an effective means of improving the dynamic
characteristics of a mobile gyrostabilizer. When used in systems of this type,
simplified circuit-technical decisions of the CF can be used. Synthesis of CF
parameters can be performed without taking into account the platform dynamics.
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