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An Adaptive Filtering Technique for Vibration Reduction of
a Rotational LOS Control System and Frequency Noise Reduction of
an Imaging System
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Abstract: In mechatronic systems using electric signals to drive control systems, driving signals including the frequency band of
the unwanted signals, such as resonant frequencies and noise frequencies, can affect the accuracy of the controlled system and
can cause serious damage to the system due to the resonance phenomenon of the mechatronic system. An LOS (Line of Sight)
control unit is used to automatically rotate the gimbal system with a video imaging system generally mounted on modern aerial
vehicles. However, it still suffers from natural frequency variation problems due to variations of operational temperature. To
prevent degradation in performance, this paper proposes an adaptive filtering technique based on real-time noise analysis and
adaptive notch-filtering for LOS control systems, and verifies how our proposed method maintains the LOS stabilization
performance. Additionally, this filtering technique can be applied to the image noise filtering of the video imaging system. It is
designed to reduce image noises generated by switching circuits or power sources. The details of design procedures of the
proposed filtering technique and the experiments for the performance verification are described in this paper.
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Fig. 1. An application of the Rotational LOS control system
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Fig. 2. AZ-Motor Stabilization control (Multiple Notch filter).
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Fig. 3. BW Frequency loss problem of MNF.

MNF(90,100,110Hz) Bode Diagram (Q-factor=5)
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MNF(90,100,110Hz) Bode Diagram (Q-factor=3)
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Fig. 6. Selective notch filter for VCM [2].

Zz=29

Ry R
L !

1. ZF Ao 71&¢] A,
Table 1. The advantage and disadvantage about sort of techniques.
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Technique Advantage Disadvantage

Small BW loss
Low design Skill

Large resonance

Single Notch Variable SW

Multiple
Notch[12]

Large BW loss

Non-variable SW Low resonance

Small BW loss
Low resonance

Selecting
Notch[2]

High
manufacturing Skill

Small BW loss
Resonance removable
SW coherence
Low manufacturing Skill

Proposed
Adaptive
Filter[12]

High design Skill
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Pre-Filter Window of Parameter search (+237C)
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Fig. 11. Pre-filter window of noise reduction.
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Notch Filter(fc= 167Hz) pole-zero Diagram
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Gyro sensor signal Detection(Room temp)

Voltage from Gyro [Vdc]

L L L L ! L I
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Time domain [S;mples=2048] x10*
I3 19. A F5A A 2] GyroAl 3 (782 23°C).
Fig. 19. The gyro signal of a rotational LOS control system at

room temperature (23°C).

Frequency Analyzer & Resonance Frequency(Room Temp.)
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Fig. 20. The result of the frequency analyze and parameter search
at room temperature (23°C).

Bode Diagram
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ANF Bode Plot.

Fig. 21. Variable ANF Bode Plot characteristics to searched
resonance frequency (166Hz) from gyro signal.
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Gyro sensor signal Detection(Low temp)

Voltage from Gyro [Vdc]

| | L I L I L
0 01 0z 03 04 05 06 07 08 09 1

Time domain [Samples=2048]

1922, 3 57 A1 9] Gyrol & (A< -32°0).
Fig. 22. The gyro signal of a rotational LOS control system at low

temperature (-32°C).

Frequency Analyzer & Resonance Frequency(Low Temp.)
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1Y 23 FuEA7), s e A A (A2 -32°0).
Fig. 23. The result of the frequency analyze and parameter search
at low temperature (-32°C).

Bode Diagram
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ANF Bode Plot.

Fig. 24. Variable ANF Bode Plot characteristics to searched
resonance frequency (181Hz) from gyro signal.
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Fig. 25. Composition block diagram for Images adaptive filter.
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Fig. 26. ANF operational principles for Image noise reduction.
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Fig. 27. Image Improvement S/W applied ANF Algorithm.
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Fig. 28. Noise Improvement result of the Aircraft IR Image.
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Fig. 29. Noise Improvement result of the Infantry IR Image.
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Fig. 30. Target identify as Noise reduction of ANF applied image.
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