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TCP Calibration Method for Multiple Probes Based on
Virtual Reference Points
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Mianyang 621900, China)

Abstract: The contact measurement system with a robotic arm as the main body carries multiple probes at the end,
which needs to be calibrated at the tool center position (TCP) of each probe relative to the flange, so as to accurately obtain
the position of target point measured by multiple probs in the same base coordinate system. However, traditional TCP cali-
bration methods for six joint robotic arms have the problems of large random errors and low calibration reliability. To reduce
the collaborative calibration error of multiple measurement probes for the robotic arm and improve the calibration reliability of
the contact measurement system, based on a classic 4-point TCP calibration method, virtual external reference points is in-
troduced, and the robotic arm and probe have the built-in measurement function of achieving the center coordinate of the
flange. Least square method is used to fit the spherical center, reducing the random errors by manual operation. The high-
precision TCP calibration of multiple collaborative probes are acquired by constructing a TCP calibration analytical model and
using the fitted spherical center as an external reference point. Through experimental verification, the measurement system is
reduced by using the method, with an accuracy of within 0. 08 mm, which identifies that the method has high reliability and
precision for calibration.

Keywords: contact measurement, plane fitting, coordinate measurement, contact measurement, least square method
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15 244.598 907.700 282.512 0.021

Bl _EMEE TCP 458 J5 R ke

P
x y z B
1 244.595 907.645 282. 686 0.035
2 244.594 907. 641 282.705 0.023
3 244,555 907.638 282.733 0.028
4 244,548 907.661 282.727 0.032
-y 244,573 907. 646 282.713 0.030
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JEA oy AT SEPEREE . S ASMRIE L b 2 2277 AR K
PRERZE . HAMNBEAR B & Z R BRI K, 2R
s AN T IR PR U R RS ERE . A SR
PR3 T R 405 g S R DL R oA AP S0 D i AN Ak
NLEAF R BEPL R 22 . $Em T TCP AR & K B A A]
FEE S TR SIA R PR o S A, A TCP AR E 7T
AR 9 0 B 75 SR 76 A /) AL AT, RRY T TCP #x
FE (1 B8 R FIOE WA . A AE S SO E B A . AR T
TCPARER LR FERE. RLBBIUE. ALHR M
JPEAENE BE AT e EAR TSR Tk . (D) AR E U
WEE . X A TCP BEAT AR € ib 2 X 2 4> TCP
PEATRRRE » AR ERE L AR e DAAS ) 28 25 e LA
ML A5 R UE A W) AR B . HOO T A — B
AW ARG, KA Ikt TCP frE R, 24
IEE 2 8] P )00 () — R FCA RS (R 220, A SE B B
F R AT RAGRUE #2 il SO R R ARG . (2) AR%E
FEEPE R . ARG TCP AR TN X s, Hobs E A 2
52N TR R MR BRI 22 s AR 00 A7) 00 12 ikt
PR BEALIR 22 » 100X A 2R G A B A2 P e SR A
B, HZ bR E S5 R 22/, PFENLAR N 8 A 52 5E
WL E N, e ks, TSRy . BER Z 07 A
BRI A BE A S A E - i ELgk S 1T N X £l oK 1 B
PlikZE .
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