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A diameter measurement method for large-scale shafts based
on vision guidance and laser tracking
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Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract:To achieve automated, high-precision in-situ diameter measurement of large-scale shaft parts, a robot-based measurement
system integrating visual guidance and laser tracking is designed and constructed. The proposed system addresses the challenges of laser
point guidance, alignment, and stable measurement under complex operating conditions, including significant initial pose deviations
between the robotic arm and the workpiece, as well as highly reflective surfaces. By fusing semantic segmentation with temporal prior
information, a robust target measurement region with a safety margin is established. On this basis, an image-based visual servoing
(IBVS) pre-alignment strategy is designed to realize closed-loop guidance and real-time adjustment of the laser projection point,
ensuring its stably and accurately entry into the target measurement region. Furthermore, a dual-edge joint weighted robust fitting and
geometric solution method is employed to obtain the axial direction of the part and the surface normal at the contact point, and the end-
effector posture is adjusted through iterative closed-loop control to achieve stable contact and reliable conformance between the roller and
the workpiece surface. By utilizing a laser tracker to collect the 3D coordinates of a spherically mounted retroreflector attached to the
roller as measurement points, the robotic arm is driven to perform multi-point data sampling within the measurement region. Combined
with a cylinder fitting algorithm, this approach enables the automatic selection of measurement regions and diameter estimation across
different or identical shaft segments. Experimental results indicate that the minimum absolute deviation between the fitted diameter fitted

by the proposed method and the nominal diameter of the part is 0. 108 7 mm, with the maximum absolute deviation not exceeding
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0.240 0 mm. The standard deviation of the diameter across five repeated measurements remains below 0. 180 0 mm, and the results

show good consistency with the measured values obtained using a micrometer. The proposed method is suitable for automated, high-

precision diameter measurement of large-scale shaft parts in engineering applications, demonstrating good engineering applicability and

practical value.

Keywords : large-scale shaft parts; in-situ diameter measurement ; vision guidance; weighted robust fitting; laser tracker
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Fig. 1 Schematic of the working principle of a vision-guided
and laser-tracking diameter measurement system

for large-scale shafts
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Fig. 8 Detection results of three edge detection methods
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Table 1 Performance comparison of three edge

detection methods
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M1 1 Al RSO e AU T WA B0l S8 i
R Ryt FRUILAE P X BB i 2 TR % 22
PESE 45 A SC 7 vk 1 3G 5k 22 2994 0.30 pixels, i T
Canny-Hough ( 0.45 ~ 0.57 pixels ) 5&K /N kMG
(0.31~0. 42 pixels) ; 7F ¥ W Fe € 177 11, A SCT7 ¥ i 1%
25254 Canny-Hough ) — 2 | BRI 75 il 5 5 i 30 45+
T TSR NS

25 b RSCRE I B IR R B U5 T A T 2 A
D2t LTI 565 B S sl e e e M 1 34 e 3 T
8, B S I 25 5 Rl B 5 A
2.3 EMIREINESERMNSERST

AT DA fikaeh B A B PR R S LA D A R
AT R GEHEATER S VAL . 1R — 58 B A0 fih S B
LIRS T ALRE THONS T I 3 33 ik ik Kz 4o R v, LB
B R U e R AR AR 2 T W BRI 5 S PR sk, 181 9
XFEET w0y 2 3% 3 A ) b A A7 R R O (b, A
ic d M HERFRITERIE ) o AT AR AE « B 7 )
SRR R T8 y Bl 0 AL B AR E TR 2 4l
T5 1o S H- T ik HSCPREE SRR ) & R AT, R
HH BB W A T R

25T A AL R R R 25 (9 34 T MRA (oot
mean square error, RMSE) . AP z SR 220K X S5
W B 2 AR A 2 T2 (o] HE E (9 12 SRR PEAR AT 5 R R B
BRDR 22 A0 THAROK Y-, BES I A2 J5 2 BLAR 400800 i A0 K
JERYZER



WRA K 45 A0 5 | 55 O BRLER (9 R BB 2 A B AR I 4y 209

%41
150
.
..... %
1.0 oy
S N -
L2277 RN
£ 05f =
E or
#®
705_
It == —a.
“10} e
0 5 10 15 20 25 30

B8] /s
B9 Hefbidd AR rp A UBUR AR i I BRI 5 S PR X H

Fig. 9 Comparison of the desired trajectory and actual

trajectory of the robotic arm’s end effector during contact
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Table 2 Root mean square error at the end position

of the contact process

ARGy RMSE/mm
x 5. 603
y 9. 800
2 16.170
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Fig. 10 Measurement point cloud and cylindrical fitting
results for the three-segment shaft body
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Table 3 Comparison of diameter fitting results from

five replicate experiments (mm)
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Table 4 Comparison of diameter measurement

results between the proposed method and the micrometer

. TR AROTTEE 4R AHRHR
BfE/mm  WEME/mm  2/mm /%

SEAT S PR EE 179.9200  179.8264  0.0936  0.052
A B 200.050 0 200.2359 -0.1859 -0.093

Ui PV 2 399.968 0 399.8913 0.0767  0.019

®5 FEEFEBEBISTHBEST

Table 5 Runtime statistics of main algorithm modules
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