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Effect of Vibration and Far Field Turbulence on the Fine Tracking of
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Abstract: In order to reduce the volume and power consumption and improve the tracking accuracy, a
small airborne fine tracking system with FPGA based on the characteristics of airborne platform vibration
power spectral density was desighed and developed. To verify the fine tracking system ability, simulation
tracking and disturbance rejection experiments, far-field beacon detection and communication experiments
were carried out, the airborne platform vibration suppressed effect and turbulence impact on fine tracking
in various intensity were analyzed. In 3. 4km far-field atmospheric turbulence experiment, a aircraft to
ground communication through angular velocity was simulated. Simulation distance was about 20~30 km
and flight speed was about 700 ~ 900 km/h. The experimental results show that, the fine tracking
system has strong rejection effect on airborne platform vibration, the tracking accuracy is about 3 prad.
The receiving signal power can be improved 4 ~5. 9 dB in simulated aircraft to ground communication
experiment. The fine tracking system has the characteristics of flexibility and high accuracy.
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Fig. 1 Diagram of the airborne communication terminal
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Table 1 Parameters of the airborne terminal
Parameter Value
Teclscope diameter/mm 100
Signal wavelength/nm 1550
Signal beam divergence angle/prad 200420
Signal power/dBm 33
Beacon wavelength/nm 808
Beacon divergence angle/mrad 1£0.1
Beacon power/dBm 30
Main lens focal length/mm 200
Fine tracking field of view/prad 890
FSM angular range/mard 10
FSM resolution/prad 0.5
CMOS detector frames frequency/fps 2 200
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Fig. 2 Structure of fine tracking system
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Table 2 Equipment parameters of Fine Tracking system

Equipment &. character Parameters

MV-D1024E-160
Pixel size:10.6 pmX10.6 pm
FPS:2 200 Hz@256 X 256 pixels

Data interface: cameralink

CMOS camera

FPGA: EP2C20Q240C6
Processing frequency:40 MHz
16 bit DAC, +2LSB

Controller

~1.6 ms
545V
PZT,S-330. 8SL

Angular range:10 mrad

Output rise time

Output range

Execution unit

Resolution: ~0.5 prad
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Fig. 3 Typical spectral response of the moving platform
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Fig. 4 Typical spectral response of the airborne platform
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Table 3 Residual vibration of moving and airborne platform

Frequency Moving platform Aircraft platform
domain/Hz Residual error Residual error
1~30 2. 20 mrad 2. 74 mrad
31~100 - 1.07 prad
100~200 — 0. 348 prad
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Table 4 The tracking residuals and receiving power when

fine tracking off and tracking on

The speed of motion(°/s) 0 0.2 0.4 0.6
Tracking
Fine 189.2 188.6 214.3 207.8
) error/ prad
tracking o
Receiving
off —25.5 —25.4 —27.0 —28.2
power/dBm
Tracking
Fine 3.7 3.7 3.6 5.6
) error/ prad
tracking
Receiving
on —21.3 —21.4 —21.4 —22.3
power/dBm
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