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Measurement of short arc based on centre
constraint least-square circle fitting

ZHU Jia, LI Xing-fei, TAN Wen-bin, XIANG Hong-biao, CHEN Cheng
(State Key laboratory of Precise Measurement Technology & Instrument , Tianjin University , Tianjin 300072 ,China)

Abstract: The least-square method is usually adopted for fitting of geometric elements in a coordinate
measurement. However, in the process of short arc measurement, it is difficult to offer a high preci-
sion due to the lack of feature points and the influence of noise jamming. Aimed at the measurement of
short arc, this paper analyzes the influence of central angles on measurement errors of circle centre and
radius by using the least-square method. Based on the fact that the circle center of the short arc is of-
ten set in a fixed position due to its functional property and processing technology,a centre constraint
least-square circle fitting method is proposed in the study. It is proved that the measurement error is
less than 0. 01 mm by using the proposed method to measure a short arc with a central angle of 20° and
a radius of 10 mm. A comparative experiment shows that the centre constraint least-square method
can improve the accuracy of circle fitting efficiently in the short arc measurement. As the proposed
method is based on machine vision system, it has advantages of high accuracy, fast speed., wide meas-
uring ranges and on-line and non-contact measurement as compared with traditional measurement
methods of short arc.
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Fig. 1 Coordinate model of measuring machine
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Fig. 2 Sectional view of rotational workpiece
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Tab. 1

Comparison of measuring data by least-square method &. centre-constraint

least-square circle fitting method (Unit: mm)

e /N ARk ] /0> 24 o d /)N 3 B 4L A
[ NN R 5.0 A A R
1 (3.387,—225.700) 10. 003 (3.382,—225.679) 10. 019
2 (3.478,—225.667) 10. 097 (3.385,—225.686) 10. 021
3 (3.502,—225.623) 10.192 (3.383,—225.684) 10. 018
4 (3.398,—225.683) 10. 055 (3.384,—225.683) 10. 021
5 (3.509,—225. 644) 10. 084 (3.385,—225.687) 10. 018
6 (3.398,—225.696) 10. 013 (3.384,—225.679) 10. 021
7 (3.382,—225.610) 10. 108 (3.387,—225.686) 10. 019
8 (3.334,—225.718) 9.976 (3.386,—225.683) 10.018
9 (3.506,—225.648) 10. 130 (3.383,—225.682) 10. 019
10 (3.354,—225.705) 9.998 (3.384,—225.681) 10. 020
2 ELARS/NMNZREMEEZNEFEHEE (B A : mm)
Tab. 2 Original data obtained by centre-constraint least-square circle fitting method (Unit; mm)
E/ PN o5
) 5 YK ER 1 2 3 4 5 6 7 8 9 10
A 1 10.013 10.017 10.019 10.014 10.019 10.005 9.995 10.002 9.996 9.999
2 10.013 10.019 10.018 10.014 10.019 10.005 9.998 10 9.997 9.998
3 10.013 10.018 10.018 10.014 10.021 10.006 9.998 10.002 9.997 9.995
S 10.013 10.018 10.018 10.014 10.020 10.005 9.997 10.001 9.997 9.997
W = 0 0.002 0.001 0 0.002 0.001 0.003 0.002 0.001 0. 004
B 1 10.015 10.016 10.019 10.015 10.021 10.012 9.997 10.002 9.996 9.994
2 10.016 10.018 10.019 10.016 10.019 10.013 9.998 10 9.997 9.996
3 10.017 10.018 10.018 10.016 10.019 10.009 9.997 10.001 9.996 9.995
SEH4H. 10.016 10.017 10.019 10.016 10.020 10.011 9.997 10.001 9.996 9.995
W 7= 0.002 0.002 0.001 0.001 0.002 0.004 0.001 0.002 0.001 0.002
C 1 10.013 10.02 10.019 10.014 10.022 10.019 9.993 10.005  9.997 9.997
2 10.015 10.019 10.022 10.016 10.022 10.009 9.993 10.005 9.997 9.998
3 10.012 10.019 10.02 10.014 10.023 10.009 9.994 10.003 9.999 9.996
S $H. 10.013 10.019 10.020 10.015 10.022 10.012 9.993 10.004  9.998 9.997
W = 0.003 0.001 0.003 0.002 0.001 0.01 0.001 0.002 0.002 0.002
U (] 10.014 10.018 10.019 10.015 10.021 10.010 9.996 10.002 9.997 9.997
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Tab. 3 Measuring cell analysis and total variations of centre-constraint least-square circle fitting method (Unit; mm)

S WAV gL AT ALEE EEEMERT CAFAe 22 MR

Rt

8 (EV) (AV) (GRR) (PV) (TV)
eSS 0.001 2 0.000 7 0.001 4 0.007 8 0.007 9

MSA A5 5 & Pk R B0k 7 78 22 1 43
F % GRR F143 2% % nde o ) e i 2R 45 1 &1 42
PR 1R BEAE O A AT DL S HAR AR HEA W
#H,

(1) %GRR P fEN] .

Y9 GRR<C10 Y0 I, 0 4 22 55 A #5525

YoGRR £ 10 % ~ 30 %6 s, B A iy i FH Y
BV R R (R 1B T A ] DU

Y0GRR™>30 %0 B}, I 3t 3R 46 A R 42 52 N %%
33k IR A L 3 LA IE L R JE PR OE AT I R
G Hr .

(2) 53 98 nde P e HEN

nde WiZ KT 8% T 5, B nde=5, ndc=5
VLIIZI i R G A R 5y HE D).

R4 D0 540 43 A e A A R

%GRR=GRR/TV=17.631%<30%

nde=1.41(PV/GRR)=7.872>5

a4

S & k-

(1] FREAR. = Aebr DU & JE BN A Bk [T, ALk =
A, 2002,93(6) :57-58.

CHEN SH W. 3-Coordinates measurement of short
arc and short line[J]. Machinist metal Cutting ,
2002,93(6):57-58. (in Chinese)

(2] &7, 28E R, dE 58 B B2 & 77 2R [T .

AU E 2 IF K, 2006,93(6) :51-54.
MENG S F,FAN SH T. A survey of incomplete arc
radius measurement [ J]. Mechanical Management
and Development , 2006, 93 (6):51-54. (in Chi-
nese)

(3] X Bk, #hok, 7 8. K%M L& M CCD AL
UM S8 Ehpd r k). ¥ &,
2007,15(10) :1628-1632.

WU G D, HAN B, HE X. Calibration of geometric
parameters of line-array CCD camera based on exact

measuring angle in lab[J]. Opt. Precision Eng. ,

7 J& BB I A7 e BT I~ A A % 25 Y TR 18
A AT HL AL I T R S T IR Y

A 18 I 2 v TSI B~ A ) 6 R 22
14 1 326 DR RCBE 2 PO R BB/ IN TG DR . R T AR/
TR B UL A I T I A I R AT A — R SR PR
1 SO S NG 9 R st O W 5 5 A 2 R
O ] 5E (L - A MY Af] b 7 SCHR IR SR 0IE 1 — Ff
T[54 S /N e (B AU ) e TR S R T vk
S R AR SR 7 0 PG o 207, B
W42 N 10 mm #Y & B 9, P AR 25 <70, 01
mm, 5140 A 19 9 I R T Ik R AR ST ik
HATRG HE W BE DR L DY TR K L BB AR A AE
LR AR Al I 7 SE DL . AR SO Y S 48] £ e [
N0 v 2 DL T A P — Y L 7R 2 Bz TR AT AR
HARNG DU S 2 RS BB R

2007,15(10):1628-1632. (in Chinese)

(4] HRBE#AE =240 T M] RE: RERFHK
#t, 1999.

ZHANG G X. Coordinate Measuring Machine
[M]. Tianjin: Tianjin University Press, 1999. (in
Chinese)

(5] x»T,@Ag%. %5 . BERARR/D REALEIT

HERILREMT]. ke F -« ok, 2006.17(5);
604-607.
LIU K., ZHOU F Q. ZHANG G J. Radius con-
straint least-square circle fitting method and error a-
nalysis[J]. Journal of Optoelectronics + Laser,
2006,17(5):604-607. (in Chinese)

(6] RIKA.FW, &M, 5. 8% LR 5 d/h BRI

(9 — Bl A 7 2 [T, AUAR ) 3 . 2008.46(522) 63~
66.
ZHANG Z Y, L1 M, JIN G, et al.. Evaluating
method of small circular arc in precision coordinate
measurement| J ]. Machinery, 2008, 46 (522): 63-
66. (in Chinese)



2492 e MWL H17 %
[7] GANDER W, GOLUB G H, STREBEL R. Least- Chinese)
square fitting of Circles and Ellipses [J]. BIT, [10] CUICC, YE D, HUANG Q CH, et al.. Precise
1994,34(4) :558-578. computation of planar straightness error using ge-
(8] I . .RE.BME. AIIMERSZ P ELNE T LN netic algorithm[ J]. Opt. Precision Eng., 2003,
WFoE Sk k[]. B 2 sk, 2006,27(5):33-39. 11(4):374-378.
WANG W, ZHAO H, TAO W. Research and im- [11] 2d&&. 2 A2 %5 ALML JUa. o E R E R
provement of linear measurement method for auto- *t, 2004.
matic aiming system[J]. Process Automation In- WU Z G. Measurement System Analysis[ M]. Bei-
strumentation , 2006,27(5) :33-39. (in Chinese) jing: Standard Press of China, 2004. (in Chinese)
[9] ®REFR EKXKIWTEHLERZNR/D LS [12] FExM.ME 2 A5 — it 5 &8 A[M] L
BMEAERBEEEZ LRI L% ek, e i E T B R, 2006,
2007,15(6) : 889-893. DONG SH C. Measurement System Analysis .
HUANG F G, CUI CH C. Comparison of evalua- Theory, Method and Applications M]. Beijing:
ting precision of straightness error between least China Metrology Publishing House, 2006. (in
square method and least envelope zone method[ J]. Chinese)
Opt. Precision Eng., 2007, 15(6):889-893. (in
R
K FEA982—) . H L EHRA ML 6 048 (1982 —) . B W R [ LB 52
g, A TN BT R AL BT Az F BN SRR I R
- AR BALGE ST HA SR . E-mail: s FeAY 4% %5 Jr W A BF 5¥ . E-mail: bu-
)w p) 1415926 (@ gmail. com wubuliu@ gmail. com
n
SUmE

K966 ), B HZ. B ES
Ui, FE N 2 R A B A
T AR AN A8 % 7 R BFsE. E-

mail; lixf@tju. edu. cn

BT (1984 —) W i A T 0F 5T

e fe L BT B R B R
SO0 RBEHETI. Email wh@

| tu.edu. cn

A EZNF LB T R ER
R AN % % J5 wom BE 5.

ccooooll@ gmail. com

E*mail;





