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Abstract: Nowadays a large amount of manpower and material resources are required for mechanical reading,
and thus an automatic mechanical watch accuracy measurement method based on machine vision is proposed in this
paper. Firstly, a hardware system for image acquisition is designed, and then the improved mask—renn network is used
to extract the mechanical pointer area and other area on the captured image. Secondly, the canny operator is used to
extract the edge of the dial,and the centroid of each connected domain is determined. According to the distance rela—
tionship between the centroids and the midpoint of the line between the 12 o’ clock and the 6 o’clock, the scale cen—
troid is selected and used to fit the inner circle of the dial to determine the position of the center of the dial. Subse—

quently, the connection between the center and the center of 12 o’clock is used as the reference line for measurement,
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and the center line of each pointer is then extracted by the RANSAC least squares method. By calculating the angular
relationship between the reference and center line, the purpose of using the machine to read the time is achieved. At

the same time, as for the reading of the mechanical watch, the error correction principle is proposed , which greatly im—

proves the efficiency of the mechanical watch accuracy measurement.

Key words : mechanical watch ; machine vision ; mask—renn
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Fig.1 Entire scheme
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Tab.1 The effect of improved mask-rcnn

W4 = HE /% NIRRT /s
Resnet50"-FPN 90.1 0.35~0.40
Resnet50-FPN-FCN8(Ours) 91.8 0.35~0.40
Resnet101"-FPN 91.3 0.37~0.42
Resnet101-FPN-FCN8(Ours ) 92.9 0.37~0.42
MobilenetV1-FPN 88.1 0.30~0.35
MobilenetV1-FPN-FCN8(Ours ) 90.9 0.30-0.35
MobilenetV2-FPN 85.4 0.28~0.33
MobilenetV2-FPN-FCN8(Ours ) 88.4 0.28-0.33
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Fig.5 Region segmentation map
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Fig.6 Determination of the center of the dial
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Fig.10 The effect of reading measurement

K 11(a)(b) RGE—CIR A T A [R]— PR AL
K, B (a) g R 1AL 1 () AR L [ (a) g2k AR
WSO IRTT W AG I )48 1 B 5 O PRGN B 45 2R
P (b)) S R A SRR D ek Il e A AL 12 8. wT
DA, AR SO IR 7 B i s D i 1 T BIUAMER 14332
B, MGV RCE th T AR IR H A A A
B, S EOERUT .



B2 RV BT HLAR LB B A A B I i

93

(a) AU IR (b )BT T Fig e 25 2%
B 11 3 Hon 32t B

Fig.11 Reading measurement comparison

R TARUENUER R B, R U 75 2 et
16 K @B, 452K ] — B 200 BILA R 0 2 50k
i, 3% 2,38 3, 3R 4 /-0 T4 1 K5 2 K,
55 8 RINMI S5 3 A5 B S BE A B, 5
PRIETTE RO E A5 380 B 25, AR5 CRols BE ML 3%
SQL/HSTU 009-2017) 154 F6 5 , it /& & 46 bn 2K
1 R ARG T3k

x2 F1XNELER

Tab.2 Measurement results of Day 1

DIES DIES Hlas  H22(brifki st

s ARUERT
WG IENEL is0 (usgE0 Bze oD

1 5:38:36  5:39:43 5:39:43 0 67
2 5:38:36  5:39:26 5:39:26 0 50
3 5:38:36  5:39:21 5:39:20 -1 44
4 5:38:36 5:39:06 5:39:07 1 31
5 5:38:36  5:38:51 5:38:51 0 15
6 5:38:36  5:38:37 5:38:38 1 2
7  5:38:36  5:38:44 5:38:42 -2 6

R3 FSXNELR

Tab.3 Measurement results of Day 8

DIES

%S BRI E]

DIES Mlas  H22(brifki st

CANIRESHO) (DLaEgo s -Hlasite)
5:38:36  5:38:41  5:38:40 -1 4
5:38:36  5:39:28  5:39:27 -1 51
5:38:36  5:39:29  5:39:29 0 53
5:38:36  5:38:45  5:38:45 0 9
5:38:36  5:38:48  5.38:48 0 12
5:38:36  5:38:35  5:38:36 1 0
5:38:36  5:38:12  5:38:14 2 -22

x4 FISRXNEER
Tab.4 Measurement results of Day 15

DIES

%S HRIERTE]

DS Mlas  H22(briki st

NI (DLaEgo s -Hlasite)
5:38:36  5:38:46  5:38:46 0 10
5:38:36  5:38:41  5:38:41 0 5
5:38:36  5:38:39  5:38:37 -2 1
5:38:36  5:38:35  5:38:36 1 0
5:38:36  5:38:38  5:38:38 0 2
5:38:36  5:38:45  5:38:46 1 10
5:38:36  5:38:41  5:38:41 0 5

5 N 16 KEGERHEIE , SRR ARE)
TREER. TLR 1 3R.2 2 3 R ARG

RS5 BREERHITESER

Tab.5 Calculation result of each precision index

e FYIH 2= PR H AR 2 R HAE2% A2 R HMZE M REE R AL S
/(s+d™) /(s+d™) /(s+d™) /(s+d™) /(s+d™) [(sed™+CH) /(s+d™)
-5~20 5 10 -15~15 15 -0.6~0.6 -5~5
1 11 2.8 5 5.5 9 —0.633 333 333 -5
2 4.5 1.8 4 -1 9.5 -0.8 -4
3 13.6 3.6 6 -5 8.6 —0.933 333 333 2
4 114 3.6 8 -5 12.4 -0.5 2.5
5 6.5 14 3 1 8.5 -0.5 -1.5
6 6.6 1.6 3 5 8.6 0.433 333 333 -2.5
7 12.6 2 4 =55 9.6 0.233 333 333 0
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