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Abstract: Precision control methodologies are necessary to implement high-precision optical-electric tracking per-
formance, and depend on structural configuration, actuator drive, sensors, control algorithm and load platform.
However, the optical-electric tracking system is facing with the three key technologies, disturbance rejection, target
tracking and distributed intelligent coordination, both foundation platform and moving platform. In this paper, preci-
sion control methodologies aiming at the above several key technical problems are summarized, and the research
results of some advanced and frontier control technologies are presented, and the main ideas of the future key re-
search directions are pointed out. In addition, the research progress and hotspot of disturbance rejection technology
from three aspects of precision drive, inertial stability as well as vibration control according to the different mechan-
ism of disturbance influence are introduced, and the integrated technology of vibration and direction based on Ste-
wart platform is an important technical direction of space optical-electric tracking system are emphasized. The
composite axis control system is still the most effective fundamental way to improve the target tracking, and the most
essential technical problem is to improve the closed-loop performance of the tip-tilt mirror system in precision track-
ing. It has to be mentioned that observer control is especially suitable for composite axis optical-electric tracking
system, especially the observer technology based solely on error, and the development of three or more advanced
composite shaft systems has to pay special attention to the application of high performance motors. Eventually, it is
proposed that multi-intelligence cooperative optoelectronic system is the key development direction in the field of
optical-electric tracking in the future, and it is necessary for the system to develop multi-agent cooperative position-
ing, formation control and load platform integration and other precise control technologies.

Keywords: optical-electric tracking control; high-precision control; disturbance rejection; target tracking; intelligence
cooperative
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Development hierarchy of optical-electric tracking control system

Overview: The optical-electric tracking system characterizes a high-dynamic tracking system with the only line of sight
error available, and its tracking accuracy is one of the key indexes for the optical-electric tracking control system. Preci-
sion control methodologies are necessary tools to implement high-precision tracking performance. Facing different ap-
plying areas, the tracking control system has to have a different performance to satisfy with conditions, and need to re-
quire high-performance control techniques. In another way, control techniques promote the development of the track-
ing control system. In essence, control methodologies only push the closed-loop performance to close to sensor resolu-
tion. Obviously, there is no method to reach this point. So, it is necessary to investigate suitable control methodologies
to improve performance of the tracking control system. The optical-electric tracking system from single stage type to
the dual-stage type is inseparable from the progress of actuator, sensor, materials, and mechanical structures. But, due to
complex disturbances and maneuver target inducing dynamic lag errors in the hash working condition, the tracking
performance could not meet the mission. High control bandwidth is usually restricted in a finite sampling rate of a
charge-coupled device (CCD) based tracking loop, which hinders a good closed-loop performance. As far as tracking
control is concerned, a rate feedforward controller is usually used to improve the control performance; however, it is
restricted by the line-of-sight (LOS) rate, which is required to be estimated due to only the LOS error available in the
CCD-based tracking control system. Besides that, it is also affected by the inverse of the control model. Vibration rejec-
tion is a key technology of practical engineering, especially in optical telescopes with a stable accuracy of pirad level. The
closed-loop performance of optical telescopes is largely determined by the control bandwidth, while it is severely limited
by the low sampling rate and large time delay of the image sensor, so it is difficult to mitigate structural vibrations in
optical telescopes, especially wideband vibrations because they exist universally and greatly affect the stability of the sys-
tem. Different from general motion control and visual servoing system, the tracking system has to accommodate for
being applied in different platforms, which requires solving the three problems of disturbance rejection, target tracking
and cooperative position. This paper reviews and investigates state of art control techniques and methodologies in the
tracking control system, and also looks into the future research.
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