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assisted alignment

1106001-2



495 F 11 81/2022 £ 6 A/HEHL

PR B[] B2 e 10 R X o DL S A I S Bl B YRS
XF . BE BB ] 4% A S T A2 K Y
M), 5 BUE Gt 1 K il JO il R R OR B e &R

B 1 Ch) T 7 A SR FH 4 S 559 6 4l B X o 1) G
SOLMME R Z R G H RS RES 2% )5 5
B A R LGS U 2R G0 I 4 B S A A 4 W R R S
RS R G A N . RN R GRS Y R B
8 KL X HE R 42, SR R S S B A E AR BL
T AT 28 DR E - LG Ry I it ] 8 R I R 2k 7
DA T4 S 5 B #) B i K R e ok o o P AR B
PR 22 )5 sty 0 R DU 2% A5 A U8 TR T 4 R S
BE o T bR RV R ORS XoF v Y A PR g B AT
AR & Gt bR 8 X TC T AL B i o oy 5K
fE5E H 2 5T R 4/

R T RS 4 A IS S AE I T 4
B L ST R 2 BT R 1 2 ) Ak bR R DT LA B
N

A
1
1
1
1
1
1
two-dimensional .
1
1

mirror a

Bl 2 o St B L el S sr B

Fig. 2 Geometrical optical model of two-dimensional mirror
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Fig. 3 Laser tracking algorithm block diagram using two-dimensional mirror
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Table 1 Experimental equipment and parameters

Experimental equipment

Main parameter

Modulator

Antenna

X-cut crystal

Radio frequency drive voltage: V,,=4.5 V

Half-wave voltage: V,=5.5V

Transmitting antenna: Cassegrain with diameter of 105 mm

Receiving antenna: Cassegrain with diameter of 220 mm

Calibrate camera

Two-dimensional mirror

Infrared camera

Photo detector

Digital zoom
Up to 128 X7.5 mm

Pixel resolution: 640 pixel X480 pixel

Pixel size: 1 pixel=20 pm
Diameter: 280 mm

Resonant frequency: 20 Hz
Resolution: 2. 73 prad

Detector type: InGaAs
Wavelength range: 0.9-1.7 pum

Pixel resolution: 320 pixel X 256 pixel

Pixel size: 1 pixel=20 pm
Detector type: InGaAs

Cut-off frequency: 30 kHz—1.5 GHz

Effective area diameter: 100 pm
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Fig. 5 Schematic of field experiment of wireless optical

communication for 1.3 km. (a) Link diagram;

(b) far field spot
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Abstract

Objective When the laser signal is transmitted through the atmospheric channel, the fluctuation of atmospheric
refractive index caused by atmospheric turbulence causes beam expansion, beam drift, and wavefront distortion,
which harms the reception of the optical signal and even leads to the interruption of communication in severe cases.
In a wireless optical communication system, the gaze-gaze, gaze-scan, and skip-scan are used to achieve the coaxial
alignment of the beam between the transmitting and receiving antennas, which increases the preparation time of
system communication. In practice, a fast acquisition, tracking, and alignment mechanism must establish links.

The wireless optical communication system’s coaxial alignment demands that the optical axis of the transmitting
and receiving antennas completely coincide in space. The detector must return the measured parameter data to adjust
the transmitting antenna to keep the beam stable coarse alignment for a long time and fine alignment on this basis.
Atmospheric turbulence affects long-distance data return and position adjustment, making the traditional long-axis
beam alignment process uncertain.

In this paper, an acquisition tracking and pointing system with independent transceiver control is developed.
The transmitter calibrates and tracks the target position by the calibration camera to realize the course alignment of
the beam; at the receiving end, a two-dimensional mirror is used to control the position as the spot center feedback,
suppress the atmospheric turbulence, and realize the fine alignment of the beam. The non-common sight axis control
avoids the inconvenience of transmitting control instructions from the receiving end to the transmitting end, and it is
not necessary to use a space stable platform for the moving base, which greatly facilitates the promotion of wireless
optical communication.

Methods Fig. 1(b) shows the wireless optical communication using a two-dimensional mirror-assisted alignment.
The system comprises the calibration coarse alignment from the transmitting antenna to the two-dimensional mirror
and the minor axis fine alignment from the two-dimensional mirror to the receiving antenna. The coarse alignment
from the transmitting antenna to the two-dimensional mirror is directly positioned and calibrated by the calibration
camera at the transmitting end, and the transmitting antenna is adjusted with the image as feedback; fine alignment
from the two-dimensional mirror to the receiving antenna is adjusted by the two-dimensional mirror based on the
detector feedback information at the back end of the receiving antenna. As the calibration coarse alignment and minor
axis fine alignment can be operated at a single end, the calibration alignment at the transmitting end does not require
data return.

Fig. 4 depicts the construction of a wireless optical communication IM/DD system that uses a two-dimensional
mirror to achieve rapid alignment. The transmitting end loads the source by intensity modulation, and the output is
collimated by the transmitting antenna. To complete the initial calibration, the aiming platform at the transmitting
end and the calibration camera connect with the two-dimensional mirror at the receiving end, so that the beam
completely covers the two-dimensional mirror at the receiving end, thus, adjusting the two-dimensional mirror to
align the reflected beam coaxial with the receiving antenna. The parallel light emitted by the receiving antenna
passes through the optical prism is divided into two beams. The focusing lens converges to one of the beams, which
is coupled into the photosensitive surface of the photodetector for system communication; the other beam is focused,
and the infrared camera detects the spot position in real-time to complete the beam tracking.
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Results and Discussions After course alignment, the beam is tracked based on the relative deviation between the
calibration point and the imaging coordinate position of the two-dimensional mirror. Fig. 7 shows the beam course
tracking curve of the position coordinate of the two-dimensional mirror under the 1.3 km experimental link, in which
the pitch and azimuth angles are adjusted twice and once in four hours, respectively. The beam drift is caused by
atmospheric turbulence; the gravity subsidence and mechanical vibration of the optical-mechanical structure makes
frequently adjusting the coarse alignment in a short time unnecessary.

Fig. 10 shows the 1.3 km beam-tracking curve, the corresponding time-domain waveform, and power spectral
density estimation. The step angle of the two-dimensional mirror is adjusted to 10.92 prad. With the increase of the
iteration numbers, the center of the spot is gradually adjusted from the first quadrant of the detection surface to the
center. After tracking, the variations of the spot centroid at the center of the camera in the x and y directions are
2.2770 and 1.3697 pixels’, respectively. The time required to perform one closed loop is 0.05 s, which is sufficient
to compensate for the drift rate of the spot.

Fig. 14 shows the bidirectional alignment experiment for a 10.3 km wireless optical communication link. After
the beam emitted by the laser reaches the receiving end through atmospheric turbulence, the two-dimensional mirror
at the receiving end is adjusted to reflect the beam to the receiving antenna. The detector at the receiving end can
detect the source information from the transmitting end after converging by an antenna and focusing lens. Laser B
emits a light beam at the focus position of the receiving antenna, which is reflected by the two-dimensional mirror
and reaches the transmitting end through atmospheric turbulence. To achieve the two-way alignment of the light
beam, the antenna and the focusing lens at the transmitting end converge the light beam, and detector B can detect
the source information transmitted by the receiving end. By adjusting the two-dimensional mirror at the receiving
end, the beam alignment from the receiving to the transmitting end can be accomplished while completing the entire
alignment from the transmitting to the receiving end because the optical path is reversible.

Conclusions This study presents a method for achieving rapid beam alignment using image calibration at the
transmitting end and a two-dimensional mirror control at the receiving end, thus, addressing the problem of long
time-consuming beam alignment in traditional wireless optical communication. The image calibration coarse tracking
at the transmitting end can ensure that the spot effectively covers the two-dimensional mirror, and the coupling spot
coarse tracking at the receiving end can effectively suppress the beam drift caused by atmospheric turbulence; the
uplink can be established simultaneously with the downlink. The non-common sight axis control avoids the
inconvenience of transmitting control instructions from the receiving end to the transmitting end, and it is not
necessary to use a space stable platform for the moving base, which greatly facilitates the promotion of wireless
optical communication.

Key words optical communications; beam scanning; acquisition tracking alignment; two-dimensional mirror
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