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A B S T R A C T

In order to improve the rapidity and disturbance rejection rate of the optoelectronic stabilized
platform of a seeker, a hybrid control strategy for stabilized loop of the optoelectronic stabilized
platform is proposed in this paper. The hybrid control strategy consists of Butterworth low pass
filter, disturbance observer (DOB), notch filter and incomplete derivative proportional integral
derivative (IDPID) controller. Firstly, the controlling architecture and stabilized principle of the
optoelectronic stabilized platform are analyzed. Secondly, the hybrid control strategy is ana-
lyzed. Finally, experiments of the seeker using the proposed hybrid control strategy and tradi-
tional proportional integral (PI) controller are carried out. In addition, the experimental set-up
provides a comparison to the two controllers. Experimental results show that the requirements
are totally met, the bandwidth of the stabilized loop with the proposed hybrid control strategy is
133.6 rad/s, and the disturbance rejection rate is 2.45%, which improve the performance of the
seeker effectively.

1. Introduction

The semi-active laser seeker is a widely used guidance mode in the guidance weapons developing process. The principle of the
semi-active laser seeker (Fig. 1) is that a laser designator which could be assembled on the warplane or the missile truck apart from
missile is used to irradiate a target, and then, a laser spot signal reflected from the target is received by a laser detector on the
optoelectronic stabilized platform of the seeker [1]. The laser detector acquires the information of the reflected laser and transmits
such information to the data process system to obtain the line-of-sight (LOS) which is the command of the optoelectronic stabilized
platform of the seeker. The optoelectronic stabilized platform of the seeker maintains stabilizing the LOS axis when suffering inner
and external disturbances of the missile. With this technique, the laser is kept pointing to the target, and the missile is launched or
dropped somewhere near the target. When the distance between the missile and the target becomes close enough, the laser seeker
detects the target and adjusts the projectile trajectory towards the target, which achieves the precision strike. As a result, the
optoelectronic stabilized platform of seeker plays an important role in the seeker. The performance of the optoelectronic stabilized
platform affects the performance of missiles. With the urgent demand of the precision-guided missiles, it is necessary to improve the
performance of the optoelectronic stabilized platform of the seeker. The optoelectronic stabilized platform of the seeker is structured
by two-axis inertial stabilized platform. The rapidity and disturbance rejection rate of the inertial stabilized platform are two
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important indexes. The control strategy of the inertial stabilized platform determines the indexes of the system. However, owing to
the complex interaction between the mechanical design, and the dynamics of the system and sensor systems, the controller design
poses a challenging problem. To stabilize the platform of the seeker precisely, it is significantly important to design an effective
control strategy for suppressing the disturbance. The pointing control is implemented by three servo loops, current loop, rate loop or
stabilized loop and position loop or tracking loop. The current loop is carried out by combining with integration driver amplifier,
which serves to restrain the torque disturbance. The stabilized loop aims to isolate the disturbances of the system and assures the
rapidity of the system [2]. The tracking loop aims to track the LOS kinematics. Consequently, there is a lot of work to do for the
controller design of stabilized loop of the stabilized platform.

Because traditional proportional integral derivative (PID) controller has conflicts between dynamics performance and noise, it
cannot eliminate the subsistent time-varying disturbances. During the past decades, a number of control strategies have been used for
two-axis gimbal stabilized platform, including H ∞ control [3],internal mode control [4], fuzzy control [5], sliding mode control
(SMC) [6], neural networks control [7], active disturbance rejection control (ADRC) [8]. Although the proposed control strategies
have improved the performance of the stabilized platform, they have the disadvantage of model complexity and it is difficult to carry
out in actual utility. So we adopted incomplete derivative proportional integral derivative (IDPID) controller, which takes full ad-
vantage of the PID controller and also has the advantage of reducing conflicts between dynamics performance and noise.

As we know, a more reliable method for reducing the disturbance is to develop disturbance estimation and compensation [9]. The
observers are adopted including sliding mode observer (SMO) [10], extended state observer (ESO) [11], finite-time disturbance [12],
disturbance observer (DOB) and so on. Among all the observers, DOB originally proposed by Ohnishi [13] has been utilized in various
specific conditions. It can effectively observe the disturbance and generate appropriate compensation signals to the system [14]. The
equivalent structure which is proposed by C.J. Kempf is widely used in various applications [15,16]. DOB has the virtue of simple
structure, small amount of calculation and effective suppression of external disturbances [17]. The disadvantage of the design of DOB
is that it needs the inverse of the system. Considering that triple control loops in the system, the model of the stabilized loop can be
easily obtained by model identification, so this problem can be solved easily in this paper. In addition, the precision of the gyro is not
satisfied the demand of the stabilized platform, it is necessary to design a filter to reduce the noise. As a result, Butterworth low filter
is utilized in this paper. Considering the integrity and particularity of the system, since there is a similar resonant frequency in the
frequency characteristics curve, notch filter is adopted to eliminate it.

In this paper, in order to improve the rapidity and disturbance rejection rate of the optoelectronic stabilized platform of a seeker, a
hybrid control strategy consists of Butterworth low pass filter, DOB, notch filter and IDPID controller for the stabilized loop of the
optoelectronic stabilized platform is proposed. The outline of this exposition is as follows. The optoelectronic stabilized platform of
seeker is analyzed and models for the kinematics and dynamics are illustrated in Section 2. The control strategy is proposed for the
optoelectronic stabilized platform of seeker in Section 3. Experiments results are given to analyze the specific features of the proposed
strategy in Section 4. Moreover, the effectiveness is compared with traditional PI controller. Finally, conclusions are presented in
Section 5.

2. Modeling of the optoelectronic stabilized platform of the seeker

Fig. 2 displays the schematic diagram of the seeker, which consists of the dome, optics system, four-quadrant detector, the
optoelectronic stabilized platform, printed-circuit-board (PCB). In particular, optics system is used to deal with the laser, and four-
quadrant detector is used to receive the laser information and completes the transmission of the laser to voltage information. The
optoelectronic stabilized platform consists of pitch gimbal, yaw gimbal, sensors and motors. Pitch gimbal is used to fit the optics
system. Yaw gimbal is the outer gimbal of the optoelectronic stabilized platform, which is mounted on the missile. Angular velocities
of the two gimbals are measured by micro-electro-mechanical system (MEMS) gyro that is mounted on the pitch gimbal. Thus, it

Fig. 1. The principle of semi-active laser guidance.
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demonstrates that the system adopts the direct stabilization strategy [18]. The position of the gimbal is measured by the potenti-
ometer. Torque motors are applied as the direct drive devices. PCB is used to process the signal and realize controller.

The sketch of the missile in Fig. 3 demonstrates that the platform comprises reference frames that are pitch gimbal frame o-x2y2z2,
yaw gimbal frame o-x1y1z1 and the base frame o-x0y0z0 (missile). The coordinate transformation between the base coordinate frame
and the yaw coordinate frame is as follows
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Whereθ1is the relative azimuth angular between the yaw coordinate frame and the base coordinate frame.
The rate vector of the yaw gimbal ω1related to the rate vector of the base coordinate frame ω0can be derived by
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Likewise, the coordinate transformation between yaw coordinate frame and pitch coordinate frame is as follows
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Whereθ2is the relative elevation angular between the pitch coordinate frame and the yaw coordinate frame.
The rate vector of the pitch gimbalω2related to the rate vector of the yaw gimbalω1is as follows

Fig. 2. Schematic diagram of the seeker.

Fig. 3. Sketch of the missile.
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Substituting Eq. (2) into Eq. (4), the rate vector of the pitch coordinate frameω2is related to the base coordinate frame rate
vectorω0by
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In order to stabilize the LOS, let = =ω ω z0, 0y1 2 . Because the gyro is fitted on the pitch gimbal, we can get the Eq. (6) from Eq. (2)
and Eq. (5) as follows
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The gimbal dynamics model can be derived from the torque relationships about the yaw gimbal, pitch gimbal and base axis based
on rigid body dynamics [2]. In order to simplify the analysis, cross-coupling torque between the yaw gimbal and pitch gimbal is
regarded as disturbances.

The dynamics of elevation axis can be expressed in terms of the base inputs as

= + +T J ω τ Tez z z pf pd2 2 (7)

Where J p2 is the inertia of thezaxis of pitch gimbal, Tezis the control motor torque of pitch gimbal, τpf is the linear friction torque, Tpdis
the disturbance such as nonlinear cable restraint torque, nonlinear friction torque, cross-coupling torque from yaw gimbal and
external disturbance.

In a similar manner, the azimuth axis dynamics of the can be then expressed in terms of the base inputs as

= + +T J ω τ Tay y y yf yd1 1 (8)

WhereJ y1 is the inertia of theyaxis of yaw gimbal,Tayis the control motor torque of pitch gimbal, τyf is the linear friction torque,Tydis the
disturbance such as nonlinear cable restraint torque, nonlinear friction torque, cross-coupling torque from pitch gimbal and external
disturbance.

3. Controller design

The control strategy of the yaw and pitch gimbal is the same except that the yaw frame needs secant compensation. In this paper,
yaw gimbal is used as the research object. The overall control strategy of the platform is composed of three hierarchical layers. The
inner-loop controller is developed by hardware. The design of the current loop is combined with motor driver amplifier and the
specific type of the driver amplifier is MSK4253. The final bandwidth of the current loop is adjusted by configuring the driver chip.
The middle loop is implemented by the proposed hybrid controller. P controller is utilized to control the outer-loop, which avoids
having to control loops that both have integral parts in cascade (as they might counteract each other). The block diagram of the three-
loop controller is illustrated in Fig. 4. It can be observed that the stabilized loop design of the platform is the key for improving the
dynamic response and the disturbance rejection rate. The proposed design procedure of the controller strategy can be summarized in
the flow chart (Fig. 5).

3.1. Butterworth filters

Owing to the characteristics of simplicity and acceptable performance, Butterworth filters are commonly used to remove high

Fig. 4. Control framework of the optoelectronic stabilized platform of the seeker.
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frequency noise in gyro filtering. A low-pass Butterworth filter of second order has a transfer function as follows
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Whereωcis the cut-off frequency which is the only parameter set by user [19,20]. The selection of the cut-off frequency is important in
the operation of the filter. Generally, the cut-off frequency takes values of over five times of the bandwidth of the closed loop, which
denotes the suitable frequency values to be used in the filtering process. When the cut- off frequency and the filter order are specified,
the poles and the transfer function of the filter can easily be obtained. In this paper, a cut-off frequency is selected as 100 Hz, since the
bandwidth of the stabilized closed loop is approximately 18 Hz.

3.2. Disturbance observer

DOB is used for rejecting internal and external disturbances acting on the plant. The key point of DOB is to use measurements of
the plant input and output to reconstruct the disturbance. The block diagram of the equivalent DOB based scheme is illustrated in
Fig. 6. WhereG (s)is the real controlled plant, G (s)n is the nominal model of G (s), uiis the input of the system, d, ξ , y denote the
disturbance of the system, measurement noise, and system output respectively which is used to compensation for the disturbance,
Q (s) is the low pass filter of DOB.

The transfer function betweenuiandycan be expressed as follows
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Fig. 5. Flowchart of the proposed controller strategy.

Fig. 6. Block diagram of the equivalent DOB-based control scheme.
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When assuming ideal disturbance compensation, the effects of disturbances are entirely compensated. BecauseG s( )is the system
including current loop, which can be approximately, regarded as a second order system. So the selection of G s( )n is obtained by the
identification of the system. And then, the determination of Q s( )is followed the principle proposed by H.S. Lee [21].

3.3. Notch filter

Nonlinear factor and mechanical design in the stabilized platform will cause resonance of the system to shift towards frequency
that affects the stability of the system. Notch filter is widely used in servo systems for suppressing a resonance that is a major obstacle
to improve their performance. A notch filter is a linear time-invariant system with a magnitude response that vanishes at a particular
point on the imaginary axis, which is called as the notch frequency. In this paper, the notch frequency can be obtained by identi-
fication of the frequency characteristic curve of the closed loop system. The order and coefficients of the notch filter are empirically
determined. As a result, the second-order notch filter is used in this paper and the typical transfer function is as follows
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+ − +
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ω
s

ω

2

2
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where Avf is a pole radius controlling the notch bandwidth (notch depth), ωnis the notch frequency which is determined by the
resonant point. To compareAvf andωnthoroughly, the Bode diagrams of the system with notch filter by different Avf andωn are shown
in Fig. 7. It can be seen from Fig. 7 that the bandwidth of the system depends on the gainAvf andωn. The resonant frequency of the
system determined the notch frequency. Compared to the system that has time-varying sinusoidal interference components, the
system in this paper has a fixed center frequency of narrow-band interference components. As a matter of fact, Avf is always de-
termined by trial and error, in this paper, =A 1vf .

3.4. Incomplete derivative PID controller

A PID controller is the most widely used controllers in many fields because of ease design and low cost implementation. The
typical controller of stabilized loop is designed with PID as follows

= + +G s k k s k
s

( )c p d
i

(13)

where kp, ki, kd are the corresponding coefficients of the PID controller. The proportional gain kpis used for anticipation of error, the
integral gain kidetermines the reactive action to sum of errors, and derivative gainkddetermines the action based on the rate of change
of error. The model of the power amplifier can be denoted by 1.

IDPID controller is used in this paper, and the equation of the controller is as follows

= + +
+

G s k k
s

k Ns
s N

( ) [ ( 1 ) ( )]c p i d (14)

The characteristic of the controller is that the controller adds a low pass filter = +G s( )f
N

s N to improve the performance of the
system.

Fig. 7. Bode diagrams of the system considering different value of Avf and ωn.
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Friction compensation is added to this control strategy, and the Stribeck friction model based on the stabilized platform is as
follows
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˙ , Tf is the total friction torque, Tc is the coulomb friction torque, Ts is the static
friction force, kv is the viscous friction coefficient, respectively, θ̇sis the velocity of Stribeck model, and αis an empirical parameter,
here =α 2. Using the least square method, static parameters are obtained from Stribeck model identification curve.

Friction parameters are identified off-line when the stabilized platform works at constant speed. Based on identified parameters,
linear compensator is designed to compensate the friction disturbance in the stabilized loop. Stribeck model identification curve of
stabilized platform is shown in Fig. 8 and identification parameters of Stribeck model is shown in Table 1.

4. Experiments and results

4.1. Experimental setup

From Sections 2 and 3, the principle of the controller strategy is given. In order to validate the effectiveness of the proposed
control scheme for the platform, some experiments are carried out in this section. In this section, a typical pitch gimbal is used to
clarify the hybrid controller deriving procedures and illustrate the effectiveness of the proposed hybrid controller. Fig. 9 depicts the
setup used in the experiments. It consists of the stabilized platform of a seeker, personal computer, industrial computer with a data
acquisition card, and driver. The Xpc real time system is utilized to generate the control input of the stabilized platform. Industrial
computer with a data acquisition card acquires data from gyro and potentiometer. The sampling time of the stabilized loop is 1ms.
The sampling time of the tracking loop is 50 ms. Bilinear transform between sand z domains is utilized to discrete the algorithm
proposed above.

The goal is to control the stabilized loop of the stabilized platform meet the demand that a bandwidth is above 15 Hz, the
disturbance rejection rate under 1°3.5 Hz input is less than 5%, and the static error of the gyro output is less than 0.25°/s. The design
of the proposed controller strategy is summarized in the flowchart in Fig. 5. There are nine steps for controller design process:
designing Butterworth filter, identifying system of open loop of stabilized loop, designing DOB, identifying system of open loop of
stabilized loop with DOB, designing notch filter, identifying system of open loop of stabilized loop with DOB and notch filter,
designing the incomplete derivative PID controller, performance analysis, and designing P controller for tracking loop. The main
steps of controller design are given in Section 4.2.

Fig. 8. Stribeck model identification curve of the stabilized platform.

Table 1
Identification parameters of Stribeck model.

Parameters Tc /(Nm) Ts /(Nm) θ̇s/(°/s) kv

Values 0.0095 0.017 15.2 2.1×10−5
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4.2. Controller implemented and performances verification on the stabilized platform

The current loop is implemented by configuring the driver chip and the bandwidth of the current loop is 1300 Hz. According to
the theory of Section 3.1, Butterworth filter of a second order, low-pass filter with cut-off frequency 100 Hz by trial and error is used
to remove the main noise. The outputs of the gyro with filter and without filter are shown in Fig. 10. The static error of gyro output
with filter is less than 0.25°/s which satisfies the demand of the system. The filter effectively improves the noise components, with
attenuation greater than 30%. Both the traditional PI controller and the hybrid controller are implemented on the platform.

An identification algorithm for the system based on correlation analysis method is used in this paper. Some possible signals such
as filtered Gaussian white noise, multi-sinusoidal signals, and pseudo-random binary signals [22] are always used as the input signals
of the correlation analysis method. Here, we use pseudo-random white noise as the input signal. The theory of the identification can
refer to [23,24].The range of random white noise is from−0.3 to 0.3. We record the output of the system and deal with the input and
output. The least-mean-square (LMS) algorithm is used, since it is relatively simple but effective for the identification of the system.
At last, the Bode diagram of the system is obtained as shown in the blue line in Fig. 11.

In order to simply the system, a second order transfer function is used to identify the system. The identified Bode diagram is
shown in red line in Fig. 11, and the identified plant transfer function is as follows

=
+ +

G s
s s

( ) 720
(0.31 1)(0.001 1)n

(16)

As described in Section 3.2, nominal model of the plant is used to design DOB. The second order Q s( ) is selected. The choice of its
parameters depends on the disturbance rejection ability by trial and error. An equivalent disturbance rejection rate is developed in
this paper. As shown in Fig. 6, ui is set as 0, and dis set as sinusoidal signal which has an amplitude of 0.86°and a frequency of 1Hz.
We carried out lots of experiments with different parameters to verify the performance of DOB and determine the parameters of DOB.
In particular, the typical comparison of the three experiments is shown in Fig. 12. It can be seen from Fig. 12, when DOB is added to
the system, the peak of the gyro outputs with different methods are 87.36°/s without DOB, 19.18°/s with =τ 0.0045, and 10.25°/s
with =τ 0.0035. Although, the disturbance rejection ability of the system is becoming better with the smaller value of τ , there occurs

Fig. 9. Experimental setup of the stabilized platform.

Fig. 10. Comparison of static output of gyro.
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deformation of the sinusoidal output of the system with the smaller value of τwhich is shown in amplified figure in Fig. 12. So we
choose =τ 0.0045in this paper.

Correlation analysis method is also used to identify the open loop system of stabilized loop with DOB. The range of random white
noise is from -0.3 to 0.3. Then, the Bode diagram is shown in Fig. 13 in the blue line. It can be seen from the Fig. 13 that there is a
point that has a peak value similarly to the resonance at 202.5 rad/s. If we do not deal with the point and design linear controller, this
peak value will exist in the system that severely affects the performance of the system. So we need to eliminate the effect and the
notch filter is intended to reach the aim (the evidence of this judgment can be seen from Fig. 16). According to the resonance point at
202.5 rad/s, we use the theory proposed in Section 3.3 to design the notch filter, where =A 1vf and =ω 202.5n . Then, we identify t
open loop system of stabilized loop with DOB and notch filter by correlation analysis method. The Bode diagram is given in the red

Fig. 11. Open loop Bode diagram and its identified Bode diagram for the stabilizing loop.

Fig. 12. Comparison of parameters of DOB.

Fig. 13. Open loop Bode diagram for stabilizing loop with DOB.
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line in Fig. 13.
The next step is to design the IDPID. The four coefficients of IDPID controller are tuned by trial and error as follows: =k 0.04p ,

=k 0.2i , =k 0.0003d , =N 500. Then, performance analysis is carried out in this paper. To compare the proposed controller strategy
thoroughly, three controllers are considered. The parameters of traditional PI controller are as follows: =k 0.065pt , =k 2.0it where
tdenotes traditional. In addition, all the compared controllers have the Butterworth filter inside. The step response and frequency
characteristic are the performances to be verified on the stabilized platform.

Frequency analysis and time domain analysis are carried out. The results of the step response characteristics are shown in Fig. 14.
It can be seen from Fig. 14 that the rise time of the system is 26ms by two controllers (Hybrid controller and PI+Butterworth).
However, the overshoot of the two responses by two controllers are different which is 0%, 30% respectively. The standard deviations
of static error are 0.1072°/s, 0.1307°/s respectively. The frequency response of the system is shown in Fig. 15. Here, experimental
sweep -frequency response data has taken from 0.9 Hz to 60 Hz in terms of the amplitude ratio and phase response. The experiments
show that the bandwidth is 133.6 rad/s by hybrid controller. Although the bandwidth of traditional PI controller may be larger than
the former, the resonant peak is 3.707 dB that is not allowed. Here, a lot of test has been done to improve the performance by the
traditional PI controller, they are all vainly for this system, if the index of bandwidth is not reduced. As a result, a low bandwidth
system is proposed to verify the whether the traditional PI controller can meet the demand. The parameters of traditional PI con-
troller are set as =k 0.040ptl , =k 0.2itl denotes low bandwidth. The step response and frequency response are shown in black line in
Fig. 14, and green line in Fig. 15 respectively. The result is that the overshoot is 0%, the rise time is 75ms, and the standard deviation
of static error is 0.1094°/s. Frequency response shows that the resonant peak value is reduced, but the bandwidth is 86.24 rad/s.
Thus, the disadvantage of the traditional PI controller is distinctly, and traditional PI controller cannot meet the demand.

4.3. Performances verification on the seeker

P controller is used for tracking loop. The disturbance-rejecting rate and tracking performance of the seeker are the performances

Fig. 14. Step response of closed loop system.

Fig. 15. Bode diagram of closed loop system.
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to be verified on the seeker that is mounted on the five-axis turntable shown in Fig. 16. The seeker is fitted on the three-axis turntable
of five-axis turntable. Target simulator is fixed on the inner gimbal of the two-axis turntable. Laser designator radiate the lase by
optical fiber conduction to the target simulator. In addition, the CAN communication is used in this experiment. Host computer 1
configures the programs and states to the seeker and monitors the states of the seeker. Host computer 2 configures the programs and
states to the five-axis turntable. Industrial computer acquires the output of the sensors. The experiments of the hybrid controller and
the PI+Butterworth+ Low resonant peak are carried out in this section. The developed algorithm is implemented on the printed-
circuit-board (PCB). A C language computer program is developed for control strategy by CCS5.5.

Tracking performance is tested by tracking trapezoid curve at 6°/s. The test process is as follows: the two-axis turntable that
mounts with target simulator moves along the trapezoid signal; the seeker acquires the laser signal from target simulator and solves
the laser code into LOS; the gimbals of the seeker equipped with the laser detector move to acquire, tracking, pointing the laser target.
The moving data of the yaw gimbal is acquired and recorded by the industrial computer. The experimental result is shown in Fig. 17.
It can be seen from the Fig. 17 that the response time is shorter using the proposed controller than using traditional controller. Of
cause, the result is obvious, since the traditional PI controller has a lower bandwidth of stabilized loop.

Disturbance rejection ability is tested by tracking sinusoidal signal. When the three-axis turntable is posed a yaw axis disturbance
with an amplitude of 1° and a frequency of 3.5 Hz. The target simulator on the two-axis turntable is static. Then, the moving data of
the yaw gimbal of the platform is acquired and recorded by the industrial computer. The angular velocity is recorded and the
disturbance rejection rateJ is calculated by the traditional method shown in Eq. (17)

= ×J ω
ω

| |
| |

100%out

b (17)

where ωoutis the angular velocity of yaw axis, and ωbis the angular velocity of the three-axis turntable. The experimental result is
shown in Fig. 18. It can be seen from Fig. 18 that the amplitudes of the gyro output are 1.2°/s and 0.3°/s. Because the amplitude of the
input angular velocity is 12.25°/s, the disturbance rejection rate of the two controller are 2.45% and 9.8% respectively.

Fig. 16. Experimental setup of a seeker.

Fig. 17. Tracking performance of the seeker.
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From above experiments, it can be concluded that in contrast to the traditional PI algorithm, the present procedure has the better
performance. In particular, it not only improves the bandwidth but also the disturbance rejection rate. Static error has introduced the
standard deviation to quantify the performance of the controller. The proposed method has relatively lower standard deviation,
which illustrates the superiority of it.

5. Conclusions

The main contributions of this paper are: a hybrid controller is designed to the stabilized system; theoretically analysis is pre-
sented in the paper; validation of the method is done by experiments. The concept of hybrid controller including Butterworth low
pass filter, DOB, notch filter and IDPID controller is discussed and detailed mathematical formulation for the design of the hybrid
controller is presented. Butterworth low pass filter is used to attenuate the noise of the gyro. DOB is used to improve the disturbance
rejection rate of the system. Notch filter is used to suppress the resonant frequency that is the obstacle to increase the bandwidth of
the stabilized loop. IDPID controller is an excellent controller to balance the dynamics performance and noise of the system. In
addition, the selection criteria of the controller parameters are given in the paper. Experiments are carried out on the stabilized
platform and a certain seeker respectively to validate the effectiveness and practicability of the proposed strategy. The specifications
of closed-loop like rise time, overshoot, bandwidth, disturbance rejection rate are all verified in the paper. According to the ex-
periments, the proposed method obtains better design performance than traditional PI controller. The proposed strategy can elim-
inate the disturbance and obtain the best performance specification. Besides, the structure is concise and the parameters are easy to
tune by the proposed selection criteria.
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