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Abstract: The thread measurement methods based on machine vision are easily disturbed by the environment (e.g. dust,
iron filings, oil stains, etc.), resulting in inaccurate measurement results. This paper improves the R2Unet model by
adding the Attention mechanism, and proposes an external thread measurement method based on AA R2Unet and
hidden Markov model (HMM). Firstly, to overcome the interference of dust, iron filings et al, the AA R2Unet model

was designed to identify and extract the external threads. Secondly, the feature information on gradient direction of
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thread edge points is calculated, HMM was used to classify the thread edge points so that the threaded parts can be

placed at any angle during the measurement. Finally, the method with the gathered dataset was evaluated. The results

show that the segmentation accuracy of the thread edge extraction method based on AA R2Unet is 95.92%, the classi-

fication accuracy of thread edge points based on HMM is above 86% and the comprehensive measurement error is

within 0.01 mm.
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Fig. 4 Thread area selection
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Fig. 13 HMM classification diagram
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Tab. 2 HMM classification accuracy

gt R /%
HZA! 96.8
i Y 86.7
WA 45 7Y 93.3

M HMM 432 285 B2 18 F 43 e i R ] LLUE
FeT HMM MR S0H % 23 40 K07 RS T R A%
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it HMM (973 B 25 0L 118 IR gy Sb R R/, OF
Hi#t47 1 200 M RESCTAF B D FORS B2 S 40, 3R 3~
4 Sy DA A il R FR 23 S g A HlE L 3% 3 A IR S st
FLECHE , 3 4 WIRSUF fa Rt U BE . SSLRET A
JRIR S MR IR 2ZEAE 0.01 mm N, f iR 2
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Tab. 3 Major diameter mm
ARIT7 IM-7000

F5 ANTEE
M B WA R
1 13.867 13.865 -0.002 13.869  0.002
2 13.817 13.813  -0.004 13814 -0.003
3 13.891 13.889  -0.002  13.887  -0.004
4 13.936 13.940  0.004 13939  0.003
5 13.943 13.941  -0.002  13.940 -0.003
6 19.927 19.922  -0.005 19.931  0.004
7 19.887 19.886  —-0.001  19.886  —-0.001
8 19.837 19.839  0.002 19.832  -0.005

Tab. 4 Thread angle )
A7 IM-7000
FE ATHEE \
W Be2E EE Rz
1 59.97 60.29 032 5970  -027
2 60.50 61.10 060 6047  -0.03
3 60.30 60.36 006 6008  -0.22
4 59.09 5907 -0.02 5860  -0.49
5 59.93 60.34 041 5947  -0.46
6 59.37 59.76 039  59.54 0.17
7 60.48 60.49 001 6040  -0.08
8 59.39 59.78 039  59.44 0.05
4 Z5ig
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