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Abstract—This paper first introduces the algorithm of
Kalman wave. Because random disturbance noise is
uncertain, unpredictable, and the mean and variance of
noise, for this kind of interference, taking maximum a
posteriori (MAP) noise estimator is Sage - Husa to estimate
the disturbance of the system noise and measurement noise
mean and variance, to realize the Kalman filter for uncertain
signal suppression. Then the adaptive Kalman filtering
algorithm is combined with fuzzy PID control algorithm,
and it is proposed based on adaptive Kalman filter model
PID control algorithm, which has both fuzzy PID adaptive
control system parameters, fast tracking performance, but
also it has the adaptive Kalman filtering jamming signal
inhibitory effect of uncertainty. At last, through simulation
experiment, results show that the fuzzy PID control based on
adaptive Kalman filtering algorithm with fast response
speed, high precision, good robustness, and can effectively
overcome all kinds of jamming noise existing in the system.
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l. INTRODUCTION

Classic PID of simple structure, high reliability, good
stability, for to establish accurate mathematical model of
system is particularly useful.But its adaptability is bad,
especially for nonlinear system and time-varying system, a
classic PID is difficult to achieve ideal control effect.
Fuzzy PID controller can be according to the error and
error change rate to adjust PID parameters in real time,
little overshoot, fast response speed, good performance.
But for interference noise, and their inhibitory effect is not
obvious, and can't effectively isolate carrier of all kinds of
noise, so you need to introduce the effective filtering
algorithm. The limitations of the classical Kalman filtering
is the requirement for precise mathematical model and
noise statistical information (the mean and variance of
noise).But in the process of unmanned aerial vehicle (uav)
yuntai control, noise factor is complicated, the mean and
variance is unknown, for dealing with such filtering
problem, raises the adaptive Kalman filtering, using
adaptive Kalman filter to suppress control interference
existing in the system noise and measurement noise.
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Il.  THE KALMAN FILTER

Unmanned aerial vehicle (uav) three axis stabilized
yuntai is influenced by various environmental factors, in
order to improve the control accuracy, this paper use the
adaptive kalman filter to suppress interference noise and
measurement noise control.

System of the discrete model of state equation and
measurement equation are:

X (k+1) = Dk +1,k) X (k) + B(k)U (k) +W (k)
y, (k+1) = HX (k+1)+V (k)
X (k) ——the state matrix;

Yy (k) ——the observation matrix;
U (k) ——the control output;

@ ____the state transition matrix;

B the input matrix;

H _—_the measure transfer matrix;

W (k)

v (k) ——the measurement noise.
The noise statistics are:

EW (K)}=a,eW (KW' ()} =Q(k)5
BV (K} =r BV (KV " (1)} = R(k)d

———control interference noise;

O, . . )
K is the crow-nick function.

5 _[hk=i
Yok # j

Usually this kind of random disturbance is uncertain,
unpredictable, and the mean and variance of noise. For
this kind of interference, this paper take the maximum a
posteriori (MAP) Sage - Husa noise estimator to estimate
the control means, variances of interference noise,
measurement noise mean and variance.

Algorithm steps are as follows:

X (k+1]K) = Dk +1[ k) X (k [K)+ BO)U (K)+ (k)
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X (k+1[k) covariance
P(k+1|k) =Dk +1|kK)P(k | k)P, (k +1| k) +Q(k)

Kalman gain

IV. YUNTAIFUZzzY PID CONTROL SIMULATION BASED
ON KALMAN FILTER

Simulation conditions and parameters as before, the
fuzzy PID control algorithm based on Kalman filtering
simulation experiment, and the simulation results with the

M (k+1) = P(k +1] K)H, (K)[H (K)P(k +1] K)H, (k) + Rk +D] " classic PID control algorithm and fuzzy PID control

The information in the Kalman filter items:
sk 41110 =y, (k+1) = H (k) X (k +1[ k) (k)
The optimal estimate of (k+1) time:

X (K+1[k+D = X (k+1]K)+ M (k +De(k +1] k)
The corresponding covariance of >A((k +1lk+1).
P(k+1|k+1) =[1 =M (k+1H (K)]P(k +1| k)

q(k) = @-d)ak - +d, [X(k[k)-P(k [k -D)X (k -1[k-1) -

Below with Sage - Husa time-varying noise estimator
to estimate A(k) Q(K). r(k), R(k)

Q(k) = (1-d)Q(k - +d,[M(K)e(k [k ~1)e" (k [k -1)M T (k)

+PK|K) - Dk |k -D)P(k -1k —1)®" (K | K -1)]

Q) =@A-d)Q(k-D+d, [M(k)e(k |k -1)eT (k |k =M+ (k)

+P(Kk|K)—D(k [k —1)P(k 1|k —1)D, (k |k —1)

r(k) =@-d)r(k-1)+d,[y,(k)-HK)X (k| k-1)]

R(K)=(@-d,)RK)+d,[e(k|k—De™ (k| k-1)—HK)P(k |k -)HT (K)]

0 < b < 1 is forgetting factor, to the test to determine,
usually preferable to 0.95 or 0.99.

IIl.  THE Fuzzy PID CONTROL BASED ON KALMAN
FILTER

Adaptive Kalman filtering and the combination of
fuzzy PID controller, make full use of robust fuzzy control
and PID control error is small, the advantages of the fuzzy
reasoning method to realize online self-tuning of PID
parameters used. At the same time the adaptive Kalman
filter to filter the signal, it reduces all kinds of jamming
noise yuntai system, and makes the whole system that has
good adaptability.

Fuzzy PID control based on adaptive Kalman filtering
structure is as follows:

reasoning

. the adapive
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Figure 1. fuzzy PID control algorithm based on adaptive Kalman
filtering structure

algorithm were compared.The simulation results are shown
in Fig .2. We can see out from the table that the classic
PID control algorithm is some at the beginning of the step
response overshoot, and it has reached a stable state during
0.025 s. Fuzzy PID control algorithm and fuzzy PID
control algorithm are based on Kalman filter response
speed, and control relatively stable, no overshoot, basic to
achieve stable during 0.02s, the response speed of the
fuzzy PID based on Kalman filter response slightly faster
than the fuzzy PID, the advantage is not obvious.
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Figure 2. without noise step signal simulation of three kinds of control
algorithm

As shown in Fig .2. it is adopted in the system when
the white noise amplitude of 0.1.The simulation results
show that the classic PID and fuzzy PID although response
quickly, but in a small shock after the stability, unable to
effectively overcome the interference noise and
measurement noise control, and it can't achieve ideal
control effect. The fuzzy PID control algorithm based on
Kalman filtering is still fast response speed, quickly
reached a stable state, and there is no steady-state error, the
whole system is not affected by noise. It improves the
system stability, effectively reduces the system error, and
achieved good control effect.
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Figure 3. white noise amplitude of 0.1 cases step signal simulation of

three kinds of control algorithm
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As shown in Fig .4 and 5 are the three kinds of control
algorithm simulation results of sine wave, which in
Fig .4.add the white noise amplitude of 0.1, Fig .5. is to
join the white noise amplitude of 0.1.Simulation results
show that when the noise amplitude is not big, the classic
PID and fuzzy PID control error is not very obvious, the
basic can achieve stability control and tracking, but when
the noise amplitude is larger, the control accuracy will fell
sharply with the increase of noise amplitude, affected the
normal work of the yuntai. Fuzzy PID control algorithm
based on Kalman filtering control effect is not with the
increase of noise down, and it still can maintain higher
control precision, and can satisfy the requirements of the
system noise suppression interference.
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Figure 4. white noise amplitude of 0.01 cases sine wavé'simulation
of three kinds of control algorithm
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Figure 5. the white noise amplitude of 0.1 cases of three kinds of

sine wave simulation results of the algorithm

V. CONCLUSIONS

The above simulation analysis shows that fuzzy PID
control algorithm based on adaptive Kalman filter can
effectively overcome all kinds of nonlinear interference
factors existing in the system, with less overshoot, short
setting time, high control precision, good robustness etc,
and it has good application value.
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