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Abstract: In a class of photoelectric tracking systems with only the target image sensor and MEMS accelerometer
installed, an equivalent acceleration feedforward control method can improve the tracking ability of the system ef-
fectively. However, due to the low-frequency noise of accelerometers, the delay of the synthetic trajectory and the
uncertainty of the movement model, the tracking accuracy will be limited. Therefore, in this paper, an equivalent
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acceleration feedforward method based on sensor optimization and robust prediction is proposed to further improve

the tracking ability of the system. The frequency-domain fusion using the accelerometer measurement and the cal-

culated acceleration can optimize the low-frequency performance of the accelerometer. Meanwhile, the robust pre-

diction algorithm can reduce the impact of the delay of the synthetic trajectory and the uncertainty of the movement

model and give more accurate feedforward acceleration. The experiment shows that this method can further improve

the tracking ability of 0.1 Hz~ 4.5 Hz.

Keywords: equivalent acceleration feedforward; sensor optimization; robust prediction; photoelectric tracking

system
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Fig. 1 Equivalent acceleration feedforward of the photoelectric tracking system based on CCD and accelerometer
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Fig. 2 Equivalent acceleration feedforward based on the fusion acceleration
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Equivalent acceleration feedforward based on fusion acceleration

Overview: Photoelectric tracking systems are extensively applied in aerospace, astronomical observation, target track-
ing, adaptive optics, and other scientific fields. The image sensor CCD (Charge-coupled device) used to detect the target
usually has a non-negligible time delay, which severely limits the closed-loop bandwidth and tracking ability of the sys-
tem. The composite control method based on input feedforward can theoretically improve the tracking ability of the
system without changing the stability of the system. Therefore, this method is the main method used in actual engi-
neering. To improve the tracking ability of a class of photoelectric tracking systems with only the target image sensor
and accelerometer installed, this paper proposes an equivalent acceleration feedforward control method based on sensor
optimization and robust prediction filtering. The ideal feedforward control requires real-time and accurate state infor-
mation of the target, such as position, velocity, and acceleration. However, CCD can only provide the time-delayed tar-
get line-of-sight (LOS) error. To obtain the global trajectory information of the target relative to the tracking platform,
additional sensors are needed to provide the position information of the tracking platform itself. As the accelerometer
has a phenomenon of "noise submergence" at low-frequency, it will seriously affect the accuracy of synthetic target tra-
jectory at low-frequency. Since the acceleration calculated by the system acceleration model is more accurate at
low-frequency, a method of frequency-domain fusion using the calculated acceleration and the accelerometer mea-
surement is proposed. In this method, the low-frequency information of the acceleration calculated by the acceleration
model and the mid-and-high-frequency information of the accelerometer measurement data are combined for fre-
quency-domain fusion, and a more accurate platform acceleration in low-frequency is obtained. Then, the fused accele-
ration and the LOS error detected by the CCD are used to synthesize the target trajectory. Meanwhile, considering the
uncertainty of the target motion model and the time delay of the synthetic target trajectory, this paper proposes to use a
robust prediction filtering method to replace the traditional Kalman filtering method to predict the target acceleration.
The design method and recursive procedure of the proposed robust prediction filter are given in detail. To verify the
effectiveness of the proposed method, this paper designs verification experiments in a two-axis photoelectric tracking
experimental system. The experimental results show that using the target trajectory synthesized by optimized accelero-
meter data to achieve equivalent acceleration feedforward can effectively improve the tracking ability of 0.1 Hz~3.5 Hz.
Using the robust prediction filtering method to replace the Kalman filter to predict the target acceleration can further
improve the tracking ability of 0.1 Hz~4.5 Hz. Therefore, the proposed equivalent acceleration feedforward control me-
thod based on sensor optimization and robust prediction filtering can effectively improve the tracking ability of the
photoelectric tracking system concerned by this article.
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