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Research on 2D self-calibration based on hybrid position

Qiao Xiaoyue, Ding Guoqing, Chen Xin, Cai Ping
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Abstract : Compared with calibration, the self-calibration does not require a standard artifact with higher precision level than that of the
object to be calibrated, which can achieve the calibration of system errors of precision measuring instruments at a low cost of conditions.
The standard artifact in 2D self-calibration usually employs traditional three-positions combination of initial position, relative rotation and
translation. The positions are independent of each other, and all position transformations are based on the initial position. The utilization
of the hybrid position combined with rotation and translation can void the redundant operation of returning the standard artifact to initial
position between two position transformations to simplify the process of 2D self-calibration. The 2D self-calibration based on hybrid
position is proved by simulation experiments to be effective in separating the errors of the calibrated objects in the simulated noisy
environment, and its uncertainty is equal to that of the traditional combination of non-hybrid positions. The introduction of hybrid position
has no influence on the noise suppression capability of 2D self-calibration. The 2D self-calibration experiments are conducted on a vision
measuring machine, and the stage system errors separated by the 2D self-calibration using a three-positions combination including a
hybrid position are close to that of traditional three-positions combination. The results of the stage system errors corresponding the two
positions combinations differ by 0. 167 pwm. In addition, the effect of two-dimensional self-calibration based on hybrid position is further
demonstrated by experimental results using a four-positions combination including a hybrid position.

Keywords : hybrid position; 2D self-calibration; errors separation; uncertainty; vision measuring machine
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Fig. 1 Traditional three positions in 2D self-calibration
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Fig. 2 Three positions based on hybrid position

in 2D self-calibration
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Table 1 Relationship between the rank of coefficient

matrix in 2D self-calibration and the number of

unknowns with hybrid positions
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Fig.3 Simulation results of 2D self-calibration based

on hybrid position
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Table 2 RMS of the difference between simulated and true

values of results obtained by 2D self-calibration
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Fig.4 Results of uncertainty analysis of 2D self-calibration

based on hybrid position

TSR A 9 57 228 7 2 % 4k P RS HEAS A o B
O F A P VA7 e R DR VA a G A T TRy W N 1
S FEALRE RN SRR /), Xof W 75 (R 4 il R bk, (R 4
o LS =0 42 (0+R0+TR) 540 & 5 4 v L2 1 = o %
(0+R90+R90TR ) i i (1) I ZL T A5, WA AT 143 28 I AN
SETEAAR R, B AR B)AXT 4 A R HER AT
SEETCHM, RIRERY , UL 40 4 (0+R90+R180+TR ) &5
HXFRE 51 A A7 % 0 A7 % 20 4 (0+R90 +R180 +
R180TR) MK E AL W R AR MR E A, B A &k
SR E R AR, EIRAH A BE AL G R A i =7
BRNIBLE T i — A B A AL T e LA %
B BERN I BRI T4 AR X R AR R A A Akt
o 1 UERI AR AL L TURSRAE , Ak TR TR, 200
AR AR T s 2 B2 AL R SR B, &5 A0 i A 35
FOMEA G, S AN, AR TR 7 ZE 0 7 4L R A5 )
JiEf 90° X 45 4k [ A VA 1 IR 7S 0481 B 0 AT 25 R
e,

SR T 4 FEAREAS AR SRt A i A A N B 2 — 4k [ A
AW E FE AL . B BE AL R A S (B B AR 1 a5
B YE IR N, S5 ks T2 B K(E R AT 1,
T AR MRS — R T

2 BETESMEN_#4#BRAESLR

T FH R L B RSN A T3 T A 5 L 8 1 — 4
PR HE S, WFFE RIS AR A2 6 07 28 1) — 28 1 A o o
AR TAES REREN T BBOR . SR B
K5 7R s 0 i AR RS O 0.5, EEE PN
0. 15 wm, S56 A B el FH AR RS B D2 pr M, i s
HEB 55 05 5256 R B AR AR — B, T x T AT R B
2.5 mm BIBRICAL, EQRTEEY 0.3 pm,



48 & L £ ¥ W

43

AR

HitH AR
B A
)idzge)

S FETEAN LN AR E R A
Fig.5 Schematic diagram of experimental setup of 2D

self-calibration based on hybrid position
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