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A Method for Measuring Complicated Deep-hole Profile Based
on Ring-structured-light
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Abstract For the measurement of complicated deep hole profile, both eddy current method and ultrasonic method
characterize low accuracy, at the same time, optical scanning with single light point has low efficiency. A 3D measurement
system based on ring-structured-light is presented which characterizes high accuracy and processing speed. A data
processing method using FFT analysis and difference analysis has been proposed. The system consists of a ring-structured-
light generator, a reflection cone mirror, an imaging cone mirror, an optical lens, and a CCD camera. Firstly, we capture
a structured-light image of the measured inner surface and extract the stripe center locus of it. Then we find the center of
the stripe center locus by curve fitting using the least squares method. Subsequently, we stretch the stripe center image from
its center point. In the waveform of the stretch-out-view, there exist eccentricity error and ellipse shape error. The
frequencies of these two periodical error components are different from the frequency constitution of the detail component.
We can separate them from the waveform with the help of FFT analysis. Therefore the eccentricity error and the ellipse error
can be minimized and the accuracy of the system is improved greatly. Difference analysis was used to remove the transition
line between the exterior circle and the inner circle. The method can improve both the accuracy and the efficiency of the
inner surface parameters measuring. Experiments show that the diameter measuring accuracy can get 0. 05 mm

Keywords ring-structured-light, complicated deep-hole, whole shape error, FFT ( fast Fourier transform) analysis,

difference analysis
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Fig.1 Configuration of the measurement system

S AT, CCD EHE RS R r™ (pixel) 5 5EPR
Bl N e R E AR R (mm) [A] () RN
(Ipe = Lptan o) Nf = loor”™ L
B r* L + Nftan «

R (1)

A, g A HE B2 5 B A5 e 45 TOU A (] 1) B 5 4,
O RO E O RS YT R B TR AU 5
R RAR HE B T S A AL BE kot b b B 5 f
BiSk R o M S KDL OE IR BUR f 5 N g CCD AR AL
HIL T PR T AR AR R UG L Ol R PRI CCD AR BILE
T ) SRR A BEE 5B D A8 KA T8 Sk LA
2 REFHFILER

IO b 3 0 2R G 52 2 TR AL PN 2 T e
Frid . RIS IR AN 2 (a) TR o i TAFAE
Tk, BA DA RA —E N S, & 2 kAT E
BAEPRLASEBOE 28 0o e O BN HOE R IE L
7 Tia] (45 BEAR AR R, DB 25 Hh O B 0 B R AL T Bl
MRSE 280, VR BB A a2k Jr vk 5 B0 8 IR i
FLEA LG W IE L BOE A 0 AT AR R
PEE o ARIA AR HO A0 R 2(b) By
A CHEBFRRUCNERY) o BB PO
Jrk BT B R, AR IR PR S, P fiE
SRR L T EHLG 2% rhl B SR IR B 31 IRTR 1Y Ja) 1
IRVEAR D80 T i FHOEEIRR A AR AR 2

(b) Jagcrhe

K2 CCDEES&T L

Fig.2 CCD image and stripe center



1086 B 4 B 2R

$15 %

3 StHEFLAR

B 2(b) i Pa,y) AOLae &R ERE R — R,
0y ,y,) AIGFEHOE b U R/ LU A 15 2 1Y

‘D’ ‘OP‘=P(0)= (x_xo)2+(y_y0)2’0%§i<
OP Jifiiff,0e [0.2w], p(0) WEIFENE 3 FR,

408 , . , , ,
406 f 1 # t
404 A A h n \
402HH -
400
5 398}
‘2 3961
394}
392

s WU

386 I 2 3 4 5 6

K3 p(o)MRETFE
Fig.3 Stretch-out-view of p(6)

p(0) JRITE P AF AR 22 728 oy i, iR 2R 78 ) 5 il I
HAFLLEEIERIEZ. T HEFH0 K
EI2(b)H L O(xy,y,) KRG, 650 & T A
ST SR AR A Sy 2 AR 1Y [ FR Ry B T i £k 3]
B2 AR A R B [ Bk Ay B 4 [, 5 2k (B o 38 2 A2 5 /)
(R 1B FR R PR IBT . Ol 2% RO Al AR A R Gk X h

p(8) =p,(0) +p () +p,(0) (2)
X1, p, (0) Ry HL U4 4, RO 4% bt 9 B 28 3 > 42
rs p, (0) AARINLE A 3, FRAE KL BRI R 152 2%
p, (0) AT 435k, RALCA 0 B R IE SRS .

T p(60) AT 438 44 B, 75 2406 3 26 43
AT 88, A3 AT i 26 77 A (R T AL 4 T R BBCAH 0 445 it sk
NI B 1% 22, B v B I AR 4 [ > A N A R
3.1 HERSE

p,(0) =1 =216 (0) (3)
SN e 2 T A
32 ETHE

A5 51t R 4 2L, L 1 2% ()
WS HEIEARIR 2 p, (0).p,(0) =p,_(0) +p, (6).
3.2.1 RO wiR%E(p,, (0))

2 P[50 1 AR B 38 1O S o 2 B R/
TS F R, 5 T2 PR B D T A A PO 6L
B 2R R X R 22 SRR S B i 0 iR 22, T RR R
PR 25 o

A A8 TRT 4 HE B RO 2 07(0,0) Dy AR AR I
RS ANTEL 4 (a) I 7R AR 2R o

(a) [0 12 22

A p(6)

—— kR

(b) p1.(6) WIBH
K4 RO 0 R 22 B PR 1R

Fig.4 Eccentricity error and its waveform
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Fig.5 Ellipse error and its waveform
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