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Single-axis turntable calibration method based on coded stereo target
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(State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract : Aiming at the problem of cumbersome process and low accuracy in the calibration of single-axis turntable, based on the in-
depth analysis of the principle of turntable calibration, this paper presents a new type of coded stereo target and a multi-constraint
optimization method for high-precision turntable parameters. Firstly, the target integrates three square planes with different positions and
poses of coded feature points. The uniqueness of the code can accurately determine the pose changes of each plane. The parameters of
the turntable can be calibrated with only a single adjustment of the target pose, significantly simplifies the calibration process. Secondly,
an encoding feature point recognition and processing algorithm is designed. By generating an adaptive elliptical mask, the algorithm
robustly separates and accurately identifies the coded feature points for reliable decoding, demonstrating strong robustness in various
conditions. Finally, a multi-constraint optimization method for high-precision turntable parameters is designed. The objective function is
established by combining point constraint, coplanar constraint and normal vector angle constraint, with appropriate weighting parameters
to improve calibration accuracy. The experimental results show that the proposed method achieves a calibration accuracy of 0. 021 mm
with only a single adjustment of the target pose—an improvement of approximately 36. 4% compared to traditional methods. Additionally,
when assembling a standard sphere based on the calibration results, an accuracy of 0. 025 mm is achieved, reducing the error by about
16. 7% compared to conventional algorithms. This further validates the effectiveness of the proposed method. Moreover, under varying
levels of noise, the optimization algorithm consistently produces stable results, demonstrating excellent robustness.
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Fig. 4 Coding stereo target feature point recognition and decoding schematic diagram
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BRI 11 PR,
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Fig. 11
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Table 3 Comparative experimental results

N b E 25
Tk {;ii ; IERR . RMSE/mm
3 [0.113,0.802,0.586]" [-384.114,-2 673.601,-1 410.032]" 0. 085
PTPT 4 [0.112,0.814,0.569]" [2.450,76.092,595.301]" 0.048
5 [0.113,0.809,0.577]" [ -304.018,-2 125.094,-975.549]" 0. 043
TCF 18 [0.109,0.810,0.576]" [-9.597,-9.979,535.106] " 0.036
FCT 18 [0.108,0.812,0.574]" [-16. 146,-60. 108,499. 760] " 0. 033
ARSI 1 [0.109,0.811,0.575]" [3 806. 871,26 589. 419,19 271. 402]" 0. 021
ol P 12 th PTPT J5k 3 2H AN [a) (o 2878 B A i) S 36 43
S PTPT1 PTPT2 PTPT3 ., REMEFRR AR Iy
0.10 b RIIAREZ
i 0.08 TP 12 R 3 BRI $E 5 EEARE , RMSE
2 B/ 0. 021 mm, SAEEGE T 15 2 ok BE e 19 FCT J5
g 006 TEARLE, T4 07 12 TR RS FE B2 5 36. 363% , U W §:2 05 12
= FEAR PR RCR IR AT T RRERIIE
4.4 ZHEEIW
0.02

PTPT1

PTPT2

PTPT3  TCF  FCT AIFriRIrk
Jiik
Bl 12 AR A BRI L
Fig. 12 The comparison chart of accuracy verification

of different methods
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Fig. 13 Comparison of reconstruction accuracy of

standard spheres
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Table 4 Comparison of standard ball reconstruction

experimental results (mm)
VRS FHE brifii2E
PTPT 0.037 0. 037
TCF 0.031 0.035
FCT 0. 030 0.038
ATy 0.025 0. 037

A TR R 22 DR Bk 22, A PHE IR
FEAREIRE] T BAR AR . R B R WY, P4 Oy ik
DIk EEPERENRTFERE T L, FHIRER
0. 025 mm , A He A& 48 07 s 2 v e 4 19 0. 030 mm, FEAIK
T2)16.667% . HUCAT WL, fif T4 5 i e , 78 S BR A
PR TRRAIR , $2 i T R, B — e T &
P, PRERRE AR DHEICR WA 14 iR,

-19.521 6
528.905 2

&
25419

Bl 14 ARk EE PR
Fig. 14  Standard ball reconstruction stitching effect
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PRA B 1 =450, B S PHESCR A 15 PR,
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(a) Tested object 1

(b) e ta2
(b) Tested object 2

(c) PR

(c) Before registration

(d) PHEERT

(d) Before registration

&

(OFiz: 3=
(f) After registration

(e) BHESR
(e) After registration

15 ANy 1A B B AR

Fig. 15 Reconstruction stitching effect of irregular objects
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Fig. 16  Calibration optimization effect under

different noise levels
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