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Abstract Aiming at the interference of the surface burrs, oil, and other attachments on the corner detection in the
visual measurement, we propose a method of sub-pixel location based on curvature and gray. Firstly, we use a
morphological and bilateral filtering method to eliminate burrs, oil, and other attachments in the region of interest.
Secondly, we detect the candidate corners according to the curvature characteristics, pre-screen the false-corners by
the multi-scale invariance of the curvature angle at the corner, and use the gray information in the circular window to
further eliminate false-corners to achieve the corner of the rough positioning. Finally, we screen the edge point of
the original image according to the connection between the coarse positioning corner and the regional end points, and
fit the filtered edge points by using least squares fitting to achieve precise positioning of the corner point. The
experimental results show that the method can effectively overcome the interference of the surface attachment of the
workpiece surface. The repeatability of corner location reaches 0. 01 mm, and the accuracy of corner location
algorithm reaches 0.004 mm, and the comprehensive measurement accuracy based on corner points is 0.06 mm.
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Fig. 1 Motor shaft images acquired by the test system. (a) Motor shaft image;

(b) partial image; (c) enlarged view of ROI

D X ROT AT &5 2 Ml 3, A SO TH BR T
PN T v ™ A2 B9 T8 0 I B 0 R D U
G . WA BE B R 2 ) Bis

2) FHOUZ 8 e AT 5 b A 300 2% W, X050 R Dk
JE RGN 2(b) FToR o R 8 it ol

D0, f R Dw g kD)
glivg)="—"" e
20, wisj kD)

AP R R ECH
. 2 . 2
w(i,j,/e,l)zexp{— (i —Fk) +2(] D
Zﬂd
N 9
20°

A G D AEAR T 11 B P AR R L G g ) S BEAR B 1
FRFC Al 2R B A o A L0 D8 ) o 3 BRI K5 40 s o
2 w0, 7S (ARSI ) e 0T PR B B v 22 L f (R D AN

031501-2



55, 031501(2018)

ANSHBIZFHRE

www.opticsjournal.net

FG IR ERAE S (e O FIG ) BIR R,
3) FH—MARUEZE R 1.5 X 5 B AR 1Y w5 17 U8 Ik

o 1 KR X L B
K 2(c) TR,

e 3 B S B PR

B 2 EGHAL BRI . (DB FAL T (b) XU U8 U 5 (o) i 307 8 Ok

Fig. 2 Partial screenshot of image preprocessing. (a) Morphological treatment; (b) bilateral filtering; (c¢) Gaussian filtering
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Fig. 3 Angle of curvature calculation diagram
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Fig. 4 False-corner type on the workpiece surface and the gray information of its circular window. (a) False-corner type;

(b) circular window gray information of false-corner 1, 3; (c) circular window gray information of false-corner 2
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Fig. 5 Shaft type optical measurement system
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Fig. 7 Candidate corner screenshots
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Fig. 8 Angular distribution of the corners at different scales. (a) Angle of curvature of the true corner;

(b) angle of curvature of the corner 2; (c) the angle of curvature of the corner 9; (d) the angle of curvature of the corner 12
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) 7.0231
of curvature angle /(°)

84.8056

9.7466 22.0407

P AL 12 BARAE B 2 P L H 2 52 2 00 B 1Y
PR TP AR AL 9 BB R AW 22 B AR T 15, g s HE
B BT LAAZ 20 SR A A5 25 B T 0 S AR SRR 3 1) PR A
Xof T S LS AR AN — o B R 00 B W A 1 PR AR
() HEBR B AN 2 1 T EEARE 2.2.4 TR O
HE—2 KBy M a9 Fil 12,

eI 2.2.4 TR O BAE. B THhMA A
1 p Flp” BAAH—MMEREET 0.5, 28 H
£y 04,0, HLO.6, TR A AR 9,12 FIE S Af 5
FEARTPER TR E A, 5 Rk 2 piR, h#k
2 AT, LA M EEATFER TR p” Flp” ¥R
T 0.6; MM 9,10 19 pi® BIFE 0.4~0.6 N, B
I LS AR R B L O R R HERR

2 B R AE 9.12 1 p 0 Al p®

Table 2 p” and p{* of the true corner and corners 9 and 12

Candidate True

False-corner 9  False-corner 12

corners corner
pr 0.8629 0.5849 0.664
p& 0.832 0.4821 0.557

Wi 2.2.4 TR SEE T A S AR E A7 e
Je 5 B8 2.3 1 XML RE L 4 SR R AT R B A . 4 R
B9 s,

SCHRLO b # sURS I 5 5 1) SE 36 25 2R A &1 10 ()
fizs s N RT DUE Rl 45 R0 & T AR 2 0h A
L RS B2 AR ZR G, AR SCT7 125 VR el ARG 0 s 52
R BB R LR B AR R A5 4. [H it . 5 30k ]
TP ORI 5 A B AR SO AR 5 R D R ASURT R
e A BE TR A B A A, S T S B
FH. WA AHHSCERL12 ], A 3007 2 B S5 fs 3E £ A
FEAN TR RUBE T B il 28 A L TS 0 B A AR AN [
ROET Byl 1, ab B 8] A B 42, 1 FLZ
BAHEDE 6 DA IR & O sk 7 R AR D7 1 AN
[F) 0T 5 50 ) 52 4 T, B LA e P
32 EEMH. EUBEMUERELER

T SR 2R I R G2 R A SCA RE AL E Y
RO TRENE SR R — A AU AT RS 9 A
UG, fit A SC A a5 8 A 5 36 % 9 41 B’ P
Corner 1H1 Corner 2 #EATAGIN , 405l 6 FroR , B UK D)
ZER L 3, % 3 AT, Corner 1 1 Corner 2 #J 9
A BCHE 1) X 22 (B34 AE 0.01 mm AP, i T T4
AR 1) 7 1) Y 3 AR R A/ s LR HE B B ey DR O H
K0 11 #4220 0.006 mm, 17 T A4 9 20 18 7 18] 7Y
AR R Z NS L i AR o DA b HC A 0 1 o 52 1
254 0.01 mm.,

031501-6



55, 031501(2018) BYMSHEIZHE www.opticsjournal.net

(612, 122)

(131, 348)

B9 WARZR E ALY 0 A A5 R . (o) JE 3 A1 R A (D) JA AR T (o 2R 15 (D) U 25 (o) HERBLG IR AHZ

Fig. 9 Sub-pixel positioning step-by-step results screenshot. (a) Corner and endpoint connection;

(b) edge extraction; (c) line point set 1; (d) line point set 2; (e) straight line fitting and intersection
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Fig. 10 Corner detection results. (a) Result in Ref. [9]; (b) results in this paper

R3S LRI R A A A 2R

Table 3 Duplicate test results for individual artifacts mm
Index 1 2 3 4 5 6 7 8 9 Absolute deviation
Corner 1_X  24.7809 24.7805 24.7826 24.7814 24.7818 24.7777 24.7822 24.7826 24.7836 0.0059
Corner 1Y 2.4974  2.4996  2.5067 2.4996  2.5069 2.5056 2.5012 2.5005 @ 2.5050 0.0094
Corner 2_X  30.6974 30.6944 30.6981 30.6982 30.6945 30.6937 30.6961 30.6950 30.6992 0.0055
Corner 2_Y 2.4585  2.4522  2.4525 2.4593 2.4607  2.4541 2.4609 2.4611 2.4598 0.0089
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Table 4 Algorithm accuracy test results mm
Corner Value 1 2 3 4 5 6 7 8
Detection value 24.7729 24.7755 24.7764 24.7760 24.7756 24.7768 24.7762 24.7753
Corner 1_X Actual value 24.7734 24,7734 24,7734 24.7734 24.7734 24,7734 24.7734 24.7734
Absolute deviation 0.0005 0.0021 0.0030 0.0026 0.0022 0.0034 0.0028 0.0019
Detection value 2.4891 2.4898 2.4919 2.4891 2.4932 2.4909 2.4935 2.4896
Corner 1_Y Actual value 2.4899  2.4899  2.4899  2.4899  2.4899 2.4899 2.4899  2.4899
Absolute deviation 0.0008 0.0001 0.0020 0.0008 0.0033 0.0010 0.0036 0.0003
Detection value 30.7154 30.7138 30.7145 30.7173 30.7153 30.7148 30.7171 30.7151
Corner 2_X Actual value 30.7161 30.7161 30.7161 30.7161 30.7161 30.7161 30.7161 30.7161
Absolute deviation 0.0007 0.0023 0.0016 0.0012 0.0008 0.0013 0.0010 0.0010
Detection value 2.4304  2.4277 2.4288 2.4284 2.4316 2.4313 2.4319 2.4313
Corner 2_Y Actual value 2.4282  2.4282 2.4282 2.4282 2.4282 2.4282 2.4282 2.4282
Absolute deviation 0.0022  0.0005 0.0006 0.0002 0.0034 0.0031 0.0037 0.0031
x5 ZATAEILE
Table 5 Multiple workpiece detection results mm
Size 1 of Size 2 of Size 1 of Size 2 of Size 1 of Size 2 of
Value
piece 1 piece 1 piece 2 piece 2 piece 3 piece 3
Measured value 6.3370 0.4222 5.7021 0.6672 2.1935 0.3744
Actual value 6.3570 0.4310 5.7450 0.6670 2.1440 0.3170
Absolute deviation 0.02 0.0088 0.0431 0.0002 0.0495 0.00574

4 % i
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