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Abstract At present, measurement systems for measuring diameter and roundness of steel-ball-type spherical parts
have significant drawbacks, such as complexity and high cost. To overcome these challenges, we propose a method
based on the Fresnel diffraction. It is found that the diameter and roundness error of a steel ball can be measured
according to the light intensity distribution curve, based on the relation between the peak point and projection edge of
spherical Fresnel diffraction, which is calibrated using the dot calibration plate. Experimental results show that the
measurement uncertainty of the diameter and roundness error of a millimeter steel ball is less than 0.0031 mm
(confidence level is 95%) and 0. 0046 mm (confidence level is 95%), respectively, without considering the diffuse
reflection and scattering of the steel ball surface. Our proposed system is easy to realize, cost effective, and does not
need an additional optical system.
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Table 1 Mean values and standard deviation of the steel balls with different diameters unit: mm
Theoretical value of steel ball diameter 2 2.5 3.5 4
Mean value of the measurement 1.998 2.499 3.001 3.497 3.995
Standard deviation 0.0084 0. 0080 0.0073 0.0100 0. 0098

FIFAMAG 5614 9//0A = 0,9//0B = 0,9//9C = 0,453 3

0126003-6



£595 £ 18/20225 1 B/BE5REFRHRE

A (15) 3R e i AR B PT #5 8 0,6, R, %
B I L 8 /N e TR i A T A 0 4 B
(T s Vs )5 ( Zoins Yo ) WU B BE 152 22 R, T 26755 Sy

RC:,\/<l‘max— a>2+<ymz\x_ b)

S @) + ()

2

(16)

B 10 dpe/h e Bk

Fig. 10

i kAT B N B A R A AR AR L B A e/

B C A EY e R A PN SR B DS = 1 e o 21 9] 171
O Ry FHEUE AR A 25 50 B 1Y Fe K (B R AR /NI T 11
KARFR ELAR A 4 mm 4K B [ E A0 50 1R . A OR AR
T IE e L SO0 R X R AR BLAR 43 3 R 2,2.5, 3,
3.5, 4 mm Y0k SE AT S5 5, A5 20 A s IR An 8] 12
s o AR I e R [ A R /N [ Y 2 AR A B4 [ Ry R
JE R 25, AN 2 TR 3l 3 5 AR G B st
(Datal F1 Data2) B9 %F b & B, A SC IR B 5% 22 19 0
g B AL G I B vk R 4~5 pm, 5 B0X Bl 22 51 1Y

Least square circle method

(15)

1]
=
+

L]
Ry
=

N

180

-
-
_u

B,

._.
©
S|
no

T T T T T T T T T T

70 .
R circle
—a— least squares circle

—as— roundness profile
——R _, circle

P11 4 mm EAR BBk Y d /I — 3f€ 8 4, 2% 4

Fig. 11 Least squares circles and envelope silhouette of

4 mm diameter steel ball

2.0
1.8+
1.6+
141
12+
1.0+
1.0
12}
14+
1.6+
18+F
2.0F

—=— 2 mm —e— 25mm ——3mm
——35mm —*— 4mm
B 12 N[ AR B9 Bk i 5 5 151

Fig. 12 Envelope silhouette of different diameters steel balls

P DR T T i T B R 22 R PR R L K TR
JEWE T IEA

2 [ R AR

Table 2 Results of roundness measurement unit: mm
Theoretical value of steel ball diameter 2 2.5 3 3.5 4
Experimental data 0.0132 0.0136 0.0117 0.0157 0.0139
R. Data 1 0. 0085 — — — —
Data 2 0. 0086 — — — —
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) . uy 0.0015 0.0015 0.0015 0.0015 0.0015
Uncertainty of diameter
U 0. 0030 0. 0030 0. 0030 0.0031 0.0030
U, 0.0014 0.0015 0.0018 0.0023 0.0019
Uncertainty of roundness error
U 0.0028 0. 0030 0.0036 0.0046 0.0038

R A 72 B VT A2 7 vk T, X B AR o I
AN A B S B ) R R A M
1 0SB BE e, FR GE 5% 22 5 B AN 1 8wy
P 1, 5 B AR o 1) I S S i

wug= N ui+ ui o (19)

TE S5 b B v, 5] R 5 R By A B 8 B Y R

PR, — 2 A L AT 5% 23 B R I, 3 BOE A 3 o

30 G5 8 LI LA FAR R 25 0 5] AR 1R 25
TRRE R E TS LA G2 B RS 5
T3 A BTG I R B DL OGRS e M A
B A 23 0 S 00 B 0 D A5 R — 0 B SE L X
SEARTE T — D T o

5 4 i

2 Hh — Bl 5 T S I R AT A ok N A R Y AR
I B2 R 22 ) 7 i, 10 o 0 A BR AR AT O T Y
LA o3 A 45 B e B a5 AR s R T e /s 3Rk 1

I 0, S B Bk (B 1R 2 1 o R [ R Y T
FE o SEE R T T Bk JE TR EAT S A O B OF 45
TOtHFM R, P HZ RGN & T R ER R
2~4 mm BN ER, 45 BRI, AN PR B AR RN
B 2 BE /N T 0. 0031 mm, 5 B 5 22 0 i A 4 JR AN
FEFEFE0.0046 mm AN o %07 ik 1 DU 4 R 45 R B,
JF HAT LA SE S AR 2 i) £, A6 I S R —E
S A (R i 5

& % X #

[1] Cai Y D, Xie B, Ling S Y, et al. On-line
measurement method for diameter and roundness
error of balls[J]. Nanomanufacturing and Metrology,
2020, 3(3): 218-227.

[2] Sun C Z, Wang L., Tan J B, et al. A high-accuracy

roundness measurement for cylindrical components

by a morphological filter considering eccentricity, probe

offset, tip head radius and tilt error[J]. Measurement

0126003-8



(3]

Science and Technology, 2016, 27(8): 085008.
Fan K C, Wang N, Wang Z W,

of a roundness measuring system for microspheres[J].

et al. Development

Measurement Science and Technology, 2014, 25(6):
064009.

Zhu C Y, Zhao T, Liu Q, et al. Research on
measurement technology of dowel roundness based
on machine vision[J].
Development, 2020, 30(8): 216-220.

REARH, BV, XN, A SR T LA WL 0 B A I R
Wik R SEI] TR AL AR 5 KR, 2020, 30(8):
216-220.

Liu Q M, Zhang I, Wu L. Q, et al. Roundness error

Computer Technology and

evaluation of non-uniformly distributed data points
based on machine vision[J]. Acta Metrologica Sinica,
2016, 37(6): 567-570.

XUPRRY, okF, ROLHE, 45 T HLE AL R 142
o3 A K ﬁﬁilﬁ%ﬁnﬁ[]] T A= 4R, 2016, 37(6):
567-570.

LiulJ, Li H, Chang H M, et al. System contributing
to install inside sleeve and filtering algorithm to
evaluate its roundness error[J]. Chinese Journal of
Lasers, 2014, 41(6): 0608002.

XA, B WATR, S NER RN R R
BB UR 22 0k BR Ak U] P BOE, 2014, 4106):
0608002.

Jennings J K, McGruder CH. Comparison of the disk
diffraction pattern with the straight-edge diffraction
pattern in occultations[J]. Astronomical Journal,
1999, 118(6): 3061-3067.

Luo X H, Hui M. Measurement of circular aperture
diameter based on Fresnel diffraction[J]. Laser &
Infrared, 2018, 48(3): 379-383.

TG, B . BT AR R AT S B AL AR e (U],
WOt HL15h, 2018, 48(3): 379-383.
Liang Q T. Physical optics|]M].
Publishing House of Electronics industry,
221-225.

P PG AE M
2008: 221-225.

Wang Y C. Projection caliper system based on linear

3rd ed. Beijing:
2008:

L3RR Jbat: B 0l i R

CCD image sensor[D]. Wuhan: Huazhong University
of Science and Technology, 2016: 34-50.

E R BT CCOD P4 A% %25 1 45 5% 0 4
WEFE[D]. BB AP RHE R, 2016: 34-50.

TARG

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

0126003-9

$£59%5 F18/2022F 1 B/HAEBFFHE

Bai X D, Shu Q, DuX Y, et al. Improved adaptive
bilateral filtering algorithm[J]. Laser &. Optoelectronics
Progress, 2020, 57(4): 041003.
FIBEAS, T80, Ah/hale, &5 . b AY 1 35 00 X030 IR I
ST WOt 5ot 2R, 2020, 57(4): 041003,
L1QX, Wang L F, JinJ F. A histogram equalization
de-fogging algorithm based on Butterworth low-pass
filtering[J]. Journal of Beijing Electronic Science and
Technology Institute, 2019, 27(3): 61-67.
BPRK, FWF, WidkJr . AT C Ry T A i O 1
BT BRI A 22 25 B[], ALt TR B B
2019, 27(3): 61-67.
Xu C, Ping X L. Line detection algorithm based on
improved random Hough transformation[J]. Laser &.
Optoelectronics Progress, 2019, 56(5): 051001.
w, PR ST ek R AL Hough 48 4 1) 1 £k 46
WAk (7). ot 5ot i 7 oA g, 2019, 56(5):
051001.
Qu T,
transformation in circle detection[J]. Journal of East
China Jiaotong University, 2007, 24(1): 101-104.
FEE, H . BB B Hough 22 6 78 5 46 I Hh i iz FH [T].
TR BE I R4, 2007, 24(1): 101-104.
Li X M, Zhang J C,

Gan L. The application of grads Hough

Liu H Q. Determination of the
minimum zone circle based on the minimum circumscribed
circle[J].
2014, 25(1): 017002.

Huang L F, Wang W, Wu N X. Research of circle

fitting and error evaluation algorithm based on least

Measurement Science and Technology,

square principle[J]. Mechanical Engineering &. Automation,
2020(2): 4-6.

WO, VEM, SRR TR/ AR B A
KR Z Ve SRR T MU T/ 5 A 34k, 2020
(2): 4-6.

L1 X M, Shi Z Y. The relationship between the
minimum zone circle and the maximum inscribed circle
and the minimum circumscribed circle[J]. Precision
Engineering, 2009, 33(3): 284-290.
Jywe W Y, Liu C H, Chen C K. The min-max
problem for evaluating the form error of a circle[J].
Measurement, 1999, 26(4): 273-282.

Wang BJ, XuLL, Zeng W Y,
method of fiber alignment in precision torsion pendulum

2020, 29(8):

et al. New measuring

experiments[J]. Chinese Physics B,
080401.



	1　引言
	2　测量原理
	3　图像处理与极值位置校正定位
	3.1　衍射图像滤波
	3.2　梯度Hough变换衍射中心检测
	3.3　衍射图像一级极大位置标定校正

	4　钢珠直径和圆度误差测量
	4.1　直径测量
	4.2　圆度误差测量
	4.3　测量不确定度分析

	5　结语

