£60% FE3H/2023F2 B/HMeEBFEHE

b s 18] RO 5 R S A A s R R A 6 Tl H A

It Bl St FFIHE

JEF 1R 2 HIPLERES R /5 B I )y 7

g, NEAL AR AR AART
PRI 2R I R B A A R T S s, K 3000725
et DA ABRA R, Jbat 100094

FE  H A R Tl B AR 7S B B0 A, A 78 M DL S R R B S A IR Rt AR S AR
T —FR T AL R 0 X A rR D S Ty i A A [ Sl A R [ A T 22 RGO I G A R RS A BRI B B TR
AHR R B R HOR EREEE KIE LRI . O, R A L % s sh AR s AR T A ML IR N R
BT EMR I 5 25 (6] 5 Oy 28 25 19 B0RS B AR BILAL 28, EAT 23 [0 5 58 23 3 AR5 L 3 h 1 B TR G0 2 WA B8 A6 ik
BRI H YRR S5 A5 505 BAE S INE , 7T PR R W S R AL A T o SEae 25 S F B, I 50 it 8 1 4%, PR
A EE B KIR2Z AHE 0. 2 mm, BARTE A RIRZE AT 0. 043°, IE I HE H 5 2% G843 30 B R g 7S A il BE 7 8, —
FE R PE LV T DU RO RS S Y AP

KR AR S HBEEN R, PEERITANX; ERETE; AREXiE

RESES TP391.4 XHEFRERL A DOI: 10.3788/LOP222786
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Abstract At present, for six-degrees-of-freedom measurement of industrial targets, the visual measurement technology
has difficulty in taking account of the measurement efficiency, accuracy, and range. Therefore, this paper proposes a six-
degree-of-freedom measurement method based on swinging multi-camera tracking to achieve high efficiency, high
accuracy, and large range pose measurement by combining multiple images in different angles of same position to form
redundant constraints for large-size coordinate calculation. First, a camera rotation-swing motion model is proposed to
realize fast estimation of the camera pose, and use it as a priori information to perform image matching and space resection
to obtain accurate camera pose, to perform space forward intersection. Then, a pose estimation method based on image
point adjustment is proposed, which directly uses the image point information of the object’s moving as the observation
value to get its optimal pose estimation. Experimental results show that the measurement efficiency is increased by
4 times, the maximum error of single-point accuracy is no more than 0. 2 mm, and the maximum error of pose accuracy is
no more than 0.043°, which proves that the proposed method can effectively measure the six-degree-of-freedom posture
and balance the measurement efficiency, accuracy, and range.

Key words visual measurement; six-degree-of-freedom measurement; Rodriguez formula; bundle adjustment; swing motion
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Fig. 1 Transformation relation of camera coordinate
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Fig. 2 Spatial relationship between rotation mechanism

and camera
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Table 1 Parameters of rotation axis

Camera number Direction of vector

Rotor position /mm

.1160, —0. 1418, 0. 9806)
. 0847, —0. 1431, 0. 9848)
.1252, —0. 1641, 0.9758)
. 0630, —0.1267, 0.9889)
0713, —0. 1669, 0.9834)
.0395, —0.1703, 0. 9477)
. 0632, —0. 1483, 0. 9869)
.0561, —0.1524, 0.9857)

0 N O Ul W NN
—~ o~~~ o~ o~~~

(—658. 7489, —1074. 9006, —386.7177)
(—531. 9968, —2435. 9139, 164.5024)
(978.2982, —1087.7999, —379.5933)
(1081. 4482, —2440. 2953, 172.4289)
(3095. 5413, —998. 1450, —552. 5604)
(3230. 9355, —2372. 0032, —28. 6980)
(4777.4057, —910. 4445, —690. 2436)
(4879. 9684, —2280. 2362, —135. 5598)

2

R A BRI RS B R LR < OB ER ER A0

Table 2 Three-dimensional coordinate measurement accuracy (comparison reference: laser tracker)

Root mean square (RMS) error /mm

Max error /mm

Type of measurement

X Y Z Magnitude X Y 4 Magnitude
Mobile measurement 0.07 0.07 0.05 0.12 0.19 0.12 0.10 0.20
Swing measurement 0.05 0.07 0.07 0.11 0. 10 0.13 0.17 0. 20

F 3 PG TIRG O b 3 OB BRER 130
Table 3 Pose estimation accuracy (comparison reference:

laser tracker)

Transition

Type of Euler angle RMS error /(%)

error /mm
RMS error
0.18
0.18

measurement

a e 0
Mobile measurement 0. 00500 0.00364 0.01169
Swing measurement 0.00623 0.04228 0.00053
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Table 4 Three-dimensional coordinate measurement accuracy (comparison reference: mobile measurement)

RMS error /mm

Max error /mm

Type of measurement

X Y Z Magnitude X Y Z Magnitude
Swing measurement (10 times) 0.03 0.05 0.02 0.07 0.08 0.11 0.07 0.12
Swing measurement (3 times) 0.07 0.06 0.07 0.11 0.16 0.11 0.13 0.19
Fixed measurement 0.10 0.15 0.11 0.21 0.25 0.28 0.21 0.40

F 5 PEATTIRE B O LSk B 2 U )

Table 5

Pose estimation accuracy (comparison reference: mobile measurement)

Euler angle RMS error /(°)

Transition error /mm

Type of measurement

a g 0 RMS error
Swing measurement (10 times) 0.0111 0.0014 0. 0089 0.07
Swing measurement (3 times) 0.0249 0. 0005 0.0012 0.13
Fixed measurement 0.0515 0.0156 0.0182 0.70
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Fig. 9 Combined error value of comparison points
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Table 6 Repeatability accuracy error

. RMS error /  Max error /
I'ype of measurement
mm mm
Mobile measurement 0.02 0.04
Swing measurement (10 times) 0.04 0.07
Swing measurement (3 times) 0.08 0.17
Fixed measurement 0.11 0.20
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