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Three Dimensional Displacement Measurement Using Ring Beam
— Theoretical Analysis and Basic Experiments —

Kazuhiro ENAMI, Shin USUKI, Masahiko HIRAKI, Satoru TAKAHASHI, Kiyoshi TAKAMASU and Shigeo OZONO

For three dimensional positioning of a complex three dimensional mechanism flexibly, it is needs to measure three
dimensional displacement of an end-effecter of the mechanism in the high precision by non-contact method. It was
common to put the plural sensor or scale together and to measure the three dimensional displacement of the mechanism.
However, it is difficult to calibrate positions and sensitivities of the plural sensor or scale. Therefore, the novel three
dimensional displacement measuring method is proposed using the optics that focus is collected in the center of the
spherical target which has been used for the radius measurement of the ball. Instead of high sensitivity on measuring in the
XY direction, new ideas are necessary for the measurement in the Z direction in this optics. Therefore, a ring beam is used
instead of the simple ray for Z direction measurement. The theoretical examination and simulation of the three
dimensional displacement measurement using the ring beam are done and that validity is confirmed by the series of the
experiments.
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Fig.3  Optical calculation through imaging lens to CCD image
k=v-D—4/(v-D)*~[Df +r? ©)] g seF;sor g ging g
S u
v n
u=v-2(v-n)n %) XY Xg Y
z
2 3 4 Zq4 Kx ky ks d
T 7
1 _ 2 2
T=S+Z—(f—zs)u ) k, =k, = ZHb + f r’
" r
4bl\b? + £2 —r @)
Z u Zz Zs k, = J;—) = —ZTb k,
S z d=2b+k,z,
2Xg, 2Yd, 224
CCD
5 3 CCD
|
D r Ke Ky K, D 8
D 2 1
T
Z‘Jbz tf2or] 2
K,=K, =~ -
r f
2b (8)

K,=-22K,
r ¢ f

2be2+f2—r) 2!,/b2+f2—r'
= Z, |COS¢p— X
D=2b+K
2b(./b2+f2—r)z Jsinqﬁ—z‘/bz”z_r y | © T
fr ¢

d

r 2.3

-
s

f

1765



Vol.69, No. 12, 2003

f=40 mm
b=2mm r=10 mm
CCD 1 =200 mm
8
Ky«=Ky=-16.01 K,=1.60
4 X 4
CCD
a Xd Yd +1mm =£05mm
0 mm g =*£2 mm
0.5 mm
b Xd ya =+0.15
mm 4 -2 mm
0 mm
b
5 Z Z¢=-2mm, 0 mm X Xd
X Xc
Z¢= -2 mm 11.9 24=0
mm 2.7 z
6 X Xd
0.15 mm Z 24 D
8.4
2.4
8
7 V4 X
z
z
CCD
X z
CCD c
9
x| <_c—(2b+ K,zy)
2K,
2b c—2/K,xy|-2b ©
<y <—————
z KZ
CCD
CCD
0.1
10 1 Cp
XY z Rx Ry
R, 10
c
R, =R, = —K—"X
- <, (10)
K,
7 XY z
4
4

1766

Fig. 4

Fig.5

Fig. 6

mm

Y coordinate

% 0 o0 10 20
X coordinate mm
a Wide range

N

i
i
=8

[
§ 0
5
8-2.5
A
% 25 0 2 5
X coordinate mm

b Narrow range
Ring beam images on CCD image sensor by ray tracing;
(a) wide range image, xg and yg = ==1 mm, 0.5 mm
and 0 mm for zg = —2 mm to 2 mm by step of 0.5 mm;
(b) narrow range, Xq and yg = #0.15 mm and O mm for
zg =—-2 mm to 0 mm by step of 0.5 mm
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Fig. 8  Experimental optical arrangement for ring beam images
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Fig.9  Ring beam images on CCD image sensor; (a) X
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Fig. 10 Relationship between X coordinates of ring beam image

center Xc and X displacements x4 of target sphere for
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