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Abstract: Dimensional measurement is a critical step in the visual inspection of industrial products. Traditional contact-based
measurement methods suffer from low efficiency and significant susceptibility to subjective factors. Meanwhile, vision-based measurement
requires tailored dimensional boundary extraction schemes for different objects, and high-precision 3D measurement techniques often
involve high development complexity and limited applicability. To address these challenges, this study proposes a non-contact method for
measuring main workpiece parameters based on the segment anything model 2 (SAM2) with RGB-D coordinate transformation. First, the
mask segmentation performance of four traditional image segmentation algorithms—threshold segmentation, edge segmentation, color
space segmentation, and GrabCut segmentation—is evaluated. Among them, GrabCut segmentation, identified as the optimal traditional
method, is compared with mainstream deep learning segmentation algorithms and SAM2 to demonstrate the superiority of SAM2.
Subsequently, a binocular stereo vision experimental platform is constructed to capture high-precision point clouds of workpieces. The
point clouds undergo processing steps such as filtering, smoothing, and hole filling. Depth maps and RGB images of the target
workpieces are then acquired. Leveraging SAM2's zero-shot generalization capability, high-precision target segmentation is achieved on

RGB images through positive and negative point interaction guidance, yielding initial masks. These masks are further refined via
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morphological optimization and connected component analysis to generate topologically closed smooth masks. A feature skeleton is

extracted using principal component analysis (PCA). Finally, perpendicular segments are generated along the skeleton, and geometric

parameters are calculated by integrating 3D coordinates from the aligned depth maps. The measurement results of the proposed method

are analyzed by comparing them with those obtained using digital calipers and point cloud data. Experimental results demonstrate that, in

measurements of sleeves, pliers, and motors, the mean absolute error for sleeve diameter is 0. 0175 mm, while the mean absolute errors

for plier and motor parameters are 0. 028 3 and 0. 023 7 mm, respectively, all meeting the required precision standards.

Keywords : workpiece dimension measurement; SAM2; RGB-D image; non-contact measurement
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Fig.3  Sleeve point cloud processing and measurement
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Table 1 Segmentation evaluation metrics of different

algorithms
FIUERNEEED Fah5R SAM2 Mask-RCNN Grabcut
IoU 0. 994 0. 959 0.998
SR IR R
F1-Score 0.997 0.979 0. 999
IoU 0. 940 0. 944 0.948
MRS 0. 3
F1-Score 0. 969 0.971 0.973
IoU 0.937 0.734 0.019
WA R I 0.6
F1-Score 0. 968 0. 846 0.037
IoU 0.933 0.773 0. 002
WEFHSRIE 0.9
F1-Score 0. 965 0. 872 0. 004
) IoU 0. 988 0.942 0.998
AN AR
F1-Sore 0.99%4 0.970 0.999

3.3 RTMESHEESH

TERLT SAM2 FiliA RGB-D [RI#EAT R~ & 174 52 36
SRR IE T VR R HER PR S A, SRR R o 4 SR AE
RSB L UE IR BT 4 D7 VA I A R s A

— I SRR EE ST A, Hod, 8=
1o A5 AR FRFRE Sk T A s 2 B A T S 0 D Ak
FIH T AR B RN A B & R B TR L 58
BE R 3 AN UM SEL B S I, R R )
WAL RE A 0. 01 mm (L TR+ RO TR T 2
R BT YIE DARAS S B A% 582 RT3

TEE R ELARIN £ ), e UL 8 A AN W) B A2 Ak i 47 U
i, MR 2o e R g pall AT 8 R A I i B
SESA, RS MER R B & 3R BUS = AR e 5
M, MR FRERRAER RN EME, WEgR
=2 Fimn,

*2 EFERNELERI
Table 2 Comparison of sleeve diameter measurement

results (mm)

Priddrk mmil R Friediik Sz JrukiE

o = e .
WEE BE RE WRRE BRE ER

1 33.588 33.601 33.590 -0.002 +0.011 +0.013
2 33.582 33.571 33.620 -0.038 -0.049 -0.011
3 33.570 33.616 33.580 -0.010 +0.036 +0.046
4 33.611 33.609 33.620 -0.009 -0.011 -0.002
5 33.631 33.622 33.610 +0.021 +0.012 -0.009
6 33.575 33.588 33.590 -0.015 -0.002 +0.013
7 33.622 33.636 33.590 +0.032 +0.046 +0.014

8 33.624 33.627 33.610 +0.014 +0.017 +0.003

HexTik 0.0175 0.0239 0.0138
ZE ' T '
%% RMS 0.0207 0.027 6

HRMS= V(S(RZE2)/n)
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Fig. 15 The trend of diameter variation with the length of the sleeve
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F5+0.045 mm( ¥ 6), /MR 2 K -0.010 mm (JF
55), FEHMXT IR ZE N 0.064% ﬁﬁﬁ@?l‘i R R
RMS {E 4 0. 032 7 mm, & B 4 AR e Ao P i

Lﬁﬁtlﬂﬂa‘,%4‘%%&5@%%&%%7&%& 0.011 ~
0. 032 mm JEEZEAL, WK 16 (a) B, ARZE00 8 1k
AR M EEPE SN, 2503 B M R R 25 bR 25
jt,’éﬁzﬁ%v 0.032 mm; S50 6 K& I 4 15 25 A o 25 A

NBUE A 0,011 mm, WA 16 (b) Fis, AR S48 Ik
{EIJ BRZEHILE 0. 050 mm P, J¥5 6 5 4 YRR 25 i
K, H+0.048 mm; F5 4 5 4 WHIFS 3 45 6 iR
#he/N, J+0.001 mm,

AL o« e IR 254 - 0. 035 mm (J745 2) , /iR
22H-0.012 mm (J¥5 1), FIAHXTR 2R 0. 186% , 3
T R 2R 1R 2% RMS {H°4 0.023 7 mm, R L HLEY
AR AR IH A B m AR E . &S50 iR 2=
FRUEZETE 0. 012~0. 036 mm JLFEZARAk, AN 17 (a) i,

R3I HERBHILASHUESER

Table 3 Measurement results of geometric parameters for

the clamp and motor (mm)
ZH JIT 4 Iy i R
e VERL e wem R
A 27.018 27. 050 -0.032
: CERiN 31.291 31.303 -0.012
HHR 50. 632 50. 610 +0. 022
’ AL 6. 067 6.102 -0.035
A 38.390 38.420 -0.030
’ L 15. 980 16. 006 -0. 026
A 126. 454 126. 470 -0.016
! AL 20. 701 20. 724 -0.023
HEE 62. 840 62. 850 -0.010
: AL 33. 501 33.486 +0.015
6 AR 38.325 38.280 +0. 045
HEH 0.028 3
RMS
AL 0.023 7

RIRIZH 8 YR T A I e AFL 0k st /N Tt EL 2, 24001
¥ S et 158 25 AR 22 R K, O 0. 036 mm; B4L 2 1Y
SN R 22 bR ifE 22 f /N, 0,012 mm,, WHE 17 (b) fiF
ARS8 Ul iR 2 ¥ HE 0.050 mm N, 75 2
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