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Abstract: The Risley grating tracking system is mainly composed of two rotating polarization gratings. The light
source is diffracted by the polarization grating to achieve beam pointing in the conical range, and then the target is
captured and tracked. As an important index of the Risley grating tracking system, pointing accuracy is not only
affected by servo and optical systems but also by system errors such as antenna installation accuracy and shafting
assembly error of double grating turntable in the Risley grating tracking system. Therefore, this paper mainly
analyzes the systematic error sources in the Risley grating tracking system and the pointing errors caused by them.
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First, a mathematical model of systematic error is established and verified by ZEMAX. Then, MATLAB is used to
analyze the influence of each systematic error source on the pointing error of the Risley grating tracking system.

Finally, according to the analysis results and index requirements, the error source of a double grating tracking

system is assigned to guide the design and installation of the double grating turntable. The actual maximum

pointing error of the double grating turntable 6.=7.2" is obtained after several experimental tests, which satisfies the

design index of pointing error of the double grating turntable 10".

Keywords: Risley grating; tracking system; pointing error; error distribution
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the maximum pointing error with the tilt error of the grating axis
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Table 2 Size of the pointing error under each error source

Error source (0.1°) e/(°)
Light tilt error 0.10350
Grating axis 1 tilt error 0.00088
Grating axis 2 tilt error 0.00250
Grating 1 tilt error 0.00088
Grating 2 tilt error 0.00250
Grating 1 angle error 0.01300
Grating 2 angle error 0.01300
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Table 3 Error source allocation

The size of the allocation

Allocation of pointing errors

pointing error/(")

Pointing error caused by the tilt of light 5, 9.83841
Pointing error caused by the tilt of grating axis 1 0, 0.08365
Pointing error caused by the tilt of grating axis 2 0, 0.23765

Pointing error caused by the tilt of grating 1 65, 0.08365
Pointing error caused by the tilt of grating 2 J5, 0.23765
Pointing error caused by the error of grating angle 6¢, 1.24050
Pointing error caused by the error of grating angle 0q, 1.24050

Corresponding source of error The corre.sponding error
source assignment value/(")

Light tilt error Y, 9.51
Grating axis 1 tilt error Yg, 9.55
Grating axis 2 tilt error Yg, 9.52
Grating 1 tilt error Y, 9.55
Grating 2 tilt error Yp, 9.52
Grating 1 angle error Yy, 9.54
Grating 2 angle error Yq, 9.54

K4 FRIRE R G BMEE G R E

Table 4 Error of double grating turntable corresponding to the system error source

Systematic error source

The corresponding double grating turntable error

The design error of the corresponding
double grating turntable/(")

Light tilt error Antenna coaxial error 8
. . Deflection error of grating axis (grating axis 1) 5
Grating axis tilt error . . . . i .
Deflection error of grating axis+ Parallelism of the two axes (grating axis 2) 5+4

Grating tilt error

Grating 2 installation error

Grating 1 installation error

Grating angle error

Encoder error

Mounting
flange

Axis 1

Grating
element 1

Grating
element 2

B 12

BOEMEE 6 5 ZRAMNKTER ., (a) VOLMEE G 445 (b) ¥OLMEE 6 %45 (o) ZIARKILS

Fig. 12 Schematic diagram of double grating turntable and installation test. (a) Double grating turntable; (b) Double grating turntable
installation; (c) Test site installation test site
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Table 5 Error detection of double grating turntable

Double grating turntable error

Design value/(")

Measured value/(")

Antenna coaxial error <8 6.53
Defiect ¢ arati . <5 (grating axis 1) 4.20
eflection error of grating axis <5 (grating axis 2) 405
Parallelism of the two axes <4 3.29
Grating installati <7 (grating 1) 5.30
rating installation error - )
<7 (grating 2) 6.00
Encoder error <3 2.50
Ty - m—m——————————————m——m—m—m——————————————— |
Pointing error
experiment
Parallel light
tube calibration

—_—

|
I
I
|
I
I
I
: b
I
|
I
I
I
I

Light source ) Double gratin
%ntenna Parallel light tube turntagble 9 ‘Theodolite
o o e e e e e e e e e e et e e e o Jd
B 13 XAt
Fig. 13 Experimental test process
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Fig. 14 Double grating turntable pointing error test site
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Fig. 15 Experimental data of pointing error
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Analysis of pointing error of Risley grating
tracking system

Dong Yunchong', Li Xiaoming"**, Chen Xilai', Yang Sheng’, Fu Yue'

Risley grating tracking system error model

Overview: With the continuous progress of science and technology, laser application technologies such as space laser
communication and photoelectric tracking continue to develop, and the requirements for tracking systems are
becoming higher and higher. The Risley grating tracking system is small in size and light in weight, which can be used in
some specific environments. The system is mainly composed of two rotating polarization gratings, through the
diffraction of polarization gratings to achieve the direction of the beam in the conical range, so as to achieve the
acquisition and tracking of the target. As an important index of the Risley grating tracking system, pointing accuracy is
not only related to the servo system and optical system but also affected by system errors in the Risley grating turntable.
Therefore, in this paper, systematic error sources in the Risley grating tracking system are classified and analyzed, and a
systematic error source model is established, which mainly includes light source tilt error, grating axis tilt error, grating
tilt error, and grating angle error.

The polar angle and azimuth angle of the outgoing beam under the error model are obtained by introducing the error
angle, and verified by ZEMAX optical software. The results show that the maximum difference between the polar angle
and the azimuth angle is 0.00076 "and 0.0013", respectively. After verification, MATLAB software was used to simulate
the influence of each error source on the pointing error of the Risley grating tracking system. When each system error
was set to 0.1° the influence of light source tilt error and grating angle error on pointing error was 0.1035° and 0.01305°,
respectively. The grating axis tilt error and the grating tilt error are both 3.168". Finally, according to the sensitivity of
each error source to the pointing error, the four errors are assigned and corresponding to the Risley grating turntable,
which guides the design, processing, and installation of the turntable. After the Risley grating turntable is finished, the
pointing accuracy of the Risley grating turntable is verified by experiments. Multiple experimental results show that the
actual maximum pointing error of the Risley grating turntable §,.=7.2", which meets the design index of 10".

Dong Y C, Li X M, Chen X L, et al. Analysis of pointing error of Risley grating tracking system[J]. Opto-Electron Eng,
2025, 52(3): 240241; DOI: 10.12086/0ee.2025.240241

'School of Mechanical and Electrical Engineering, Changchun University of Science and Technology, Changchun, Jilin 130022, China; *National
and Local Joint Engineering Research Center of Space Optoelectronics Technology, Changchun University of Science and Technology,
Changchun, Jilin 130022, China

* E-mail: Ixmkidd@163.com
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