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Abstract

In the paper laser interferometer, vision system and
a two-dimensional precision translation stage are used to
develop a high precision measuring station with a
working range of 18 mm x 18 mm. The vision system is
installed at the Z-axis of a coordinate measuring machine
(CMM), and the laser, the split and refection mirrors, and
the X-Y stage are mounted on the platform of the CMM.
The object inspected by the laser-and-vision system is
moved using an X-Y table so that the camera can take
the images of the feature points (such as corners) of the
object at two different positions. Meanwhile, the
displacement of the X-Y table is measured using laser
interferometer. Putting the two feature points in one
image, the distance between them can be evaluated under
the image plane coordinate system. By adding the
displacement measured by laser interferometer, the real
distance between these two feature points is obtained. In
the paper image processing techniques such as edge
location to subpixel resolution and boundary curve
extraction are used to obtain the feature points to
improve the measurement accuracy of  the
laser-and-vision system. The developed two-dimensional
laser-and-vision measuring system is used to measure the
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geometric sizes of several Olympus specimens.

Experimental results indicate that the measured values
are in good agreement with the Olympus measurements.

Key words: Computer vision, laser interferometer,
subpixel edge detection, determination of boundary
curve, two-dimensional measuring station

@
ﬂ%ﬁﬁ?ﬁim’;ﬂmg&@MMh
SRR E 0 G F SRS 2 [1-3]7 s CMM R &
BRgichkih o TG mCMM B P Ao e
ﬂ%oﬁ%ﬁ?&%%kﬁﬁ*iﬂé?&;CMM
g R R 0 4 Liao % A [4]41* H &3t E - =8 0
CCD AR > HpHFEEE 1 B enizl » 8 1 i 2}
i p it o Chan % A [S]R14]* = R84 2
%W“CMMJW*Wﬁﬁ“’iéiCMMﬁﬁ%
PROEPREIL > 7 &4 < OB enpE Rl > 7 i
I f2enf ¥ L & o Carbone[6]% 4 7% & * 3D ARLA %
AkEEH MRS PR 44 CAD #4]> 7L 8L
AR g CMM % % %t p d 46 ¥ i1 2
o gt b WEAR AR LG e h B A DA
ﬁﬁ%?ﬁﬁ Srigirl > BRI R BT IR F B
LB 22 @#ﬁ&w%m@*mﬁf’wwﬁm’f
GO R T S SRR k1)

# % 1 ITHF 0 Vira 2 Alagudu[7]% & F 5 ,11;—;5‘ .
BT L BB kS E PCE A il ks
PR BT AR o et ke B AHERF 2 A
@%ﬁamzﬁemmﬁﬁﬁmﬁgé%l%@ﬁﬁ
Bk sy S AR R iR ks T2 R R R R
wjhiﬂ*‘ AR e AT RIRE T T KR AT
A Z R E T L S R F S 18 mm
x 18 mm 1= MARE Hp] ks T3 B MRS
GER o R R PR -

&

<
ﬁ B

- 4,& e

Y Sl
31 #&EE

A2 VAR KA ST CMM 2 Z gkt 3% CMM
BotBAXYBET LS ~FTHE A KESNF
Se® o S AT RR R e
Olympus &% 5 = @8 p| o B | T+ 7 LE &



BleBnz 7 RAR A B2 A FHRELR - AT
CCD #p#% ~ sk # A %8 (optical body) ~ & HcBLeg ~ B2
ot 12 PCASRARE kLo ppF > A1 g & F845 T
S ko A KA F AL TP AT+ ki
BIBUE - @ 5 E AN RPEENT T K o A
T ULp ERG S AL A SR £ R
HHBR S RIFEABT LD F o4 o AFTY 970
Fz 2 MmT L b E s PR ERY
ThRITHD R TRECRARAT g% >7 & 30T
M e EHREFEEERRI BT St b o
FRLH L PFRFRERLE > BEEREAR 0 54
FIEE & EE RN SRR 3 LK Fa A
s AR KT Send B 1AM s
5 mmBnpag o kv WARERIS E T gy oo gt
BB ERREM a2 T UE ks HBHa T o T g
FIARE ek o

r
g @4

~

e

Computer

NI 2 F FRUELET § SRUELET
+ Bt — B+ -
CMM

Laser

Vision Camera

1
L~

B3840 Ul Y fhir X fhind o %28 4E

Bl o 4o@] 3977 > FERRBES - B G R HR
AR ERR O HY L G30% hF sk A Y
— R EHT0 Y DT HK o AP DY phkE > W
i 30% hE sk d otk A SES - S WAL
RGP R DE HETEFHEL o F SRR
ERENKBRE A FEELANEN F = BhLe -
Rz BERY - BAREE R MRS ik r
RRLAXFHEREF S LT E LD MI &S F
bpw koo @ F R Rld M2ALY F Sy ok o oA R
SPEE Y Z SN D Bleah kg L ki
BIE o d Ml 2 M2 F Stw ksk ek o £ B chL
BAA A T HERS T RERIH LAY G i

HaEE -

Bracket fixed to SOD

Deteclm‘

» L]
70% Laser beam 2\ 2 N

Laser beam

B3Y #0552 1)

AP Beh X phkEE R Y 70905 B hg bk
Ao ArRl 4 9Tm o X kR A e B LY kA
dp0 o R d M1 M2 &Y F Stk chk ik
EERGLIBATAD I HIER S R BRTH S X
G R o ERAR AL HANR3 g 4
M2 4 &l g™ Lo &3 ERITpP L oo
EREARY L REGHIIE o R HEITH L
P Ml BEALE GERY HARE TR g HinE ¢
EEFERGE A B o

Bracket fixed to SOD

Detector

50% Laser beam
4 X 03 5% B % 15

32 BBk sr

A2 I R HERAKET HE Ml Hleh
PR d F AR T SR SR AR &
P T P FAEEEE o p AN X 0 kv H
XY T 55 poprs Y $hd cn M1 F B4k gL £ &
rs%&%%gﬁﬁ*wﬁﬂl%%ﬁﬁfj°%
B ML F B EE R o 2T SRR S kg
T/ A FER o FREBREHEF XY T L0
Y $ho w § U R X e A MI g o A

-



2 LY fh T A D ek BER R LA X b ih
R SRR RAEIE Y Pk BR RS -
o5 bfw § STER o

EEe 3T HRORDL LS THAE ML &
M2 & 42 F &+% & chalignment » A 4 F o A2
Jlw & AEF SHELMF BH1s R BRI E -k B8R i
DR M BES s F Sk f e Alignment
DR e

SLEP R R R DRI~ F SRRk SR
EHE LR G 2 A | g 0 R
BIAFR o @5@%’i9*Yrvﬁ%%’%ﬁ4m
X gho RRIFEA -7 Bl 6 RIFAT 3% X 3w fid
PEo R A Y dhe RRGEL 0 B T8 8 A NET
B X EY ghe A uFE 12 i s F s EahR
§25 .

*® 2R

'Xﬂ@ ’
N

Straightness Error (um)
1

0.0 T I T I T I T I
4.00 8.00 12.00 16.00
Y-Motion (mm)
B8] 5 Y-axis horizontal straightness

1.2

0.8 —

0.4 —

Straightness Error (um)

0.0 —

-0.4 T T T T T T T T
4.00 8.00 12.00 16.00
X-Motion (mm)

Bl 6 X-axis horizontal straightness

11996.5

11996.4 —|

11996.3 —

11996.2 —

stage position (um)

11996.1 —

11996.0 T T T T T T T
Time (seconds)
Bl 7 X-axis stability for 12 mm displacement

11997.8

11997.6 —

stage position (um)
1

11997.4 —

11997.2 T T T T T T T

Time (seconds)

] 8 Y-axis stability for 12 mm displacement
33 G E KA RN BE 2 B

Hiz- Bif(y)m s 2 ERP B TR
¥oo¥ FEFOLFE o % Sobel Operator ¥ #-
BRI P AR R PR R g(x,y) REE DK o gt A FE
PR T AT S

g=4,5"+8’ (1)
RO S ST

R A

T IlEY 2

1o 1 1|21
S=12l0]2 S,=(0|0]o0
1ol 1] -2 -1

MEESESHPGITEY  HE Ry Y
fhehosgry™ o A W] (FRMA A Bt KPR ET S



g-
Bl 9 77+ % — Olympus 70 um &8 5 2 2
o B¥ =g B P 5 (7 Sobel :BH {52 %% o &
WPEEFREPR L F R - THEFH ORI REREA
Pedh B oA A5 BT FIRE A F X RE R4 10
AR IR B A o F P T LT N RBex A ghenir g

2 g XX,
¥=s— @
L8
B3 @ TN RBCR T g bR B B
Eglxyl
y==3 3)
Zg;

Bl 9 Olympus 70 pm #2823 B2 if

A=< 12 Luo & f’k’—‘*‘[8]5“rﬁ Rz - S:NPE SR 3 S
‘@W%ﬁ“°ﬁ“%ﬁlk%7mmwj’#
?m%‘ TSt - ARG kT AT 2 s F B
AR R BT RSN 0 B S R
B R BE R o F ] 1 Ao R P SR
A FEER 0 TR TR 120 d Bl 12 7 A H A pk e
BA BT AT oo

@—*%%ﬁﬁﬁﬁk WER Y LR
B R B R E R 2 B AR AN o A2 12 Luo
IF*[S]#& VTSRS ) Tk e g A
qﬁL\m‘I\B"OIF}\Xéj\}L}_d‘)‘b‘%P\#Llf R9% N 1 if
N IR M S (R S E R Gl i
;\: o
1. % N BEAgAEEEE A & T3 8 RipiT

o RPBRBRITENBERBSE RS 2N Lo
2 FENGEREE L ML T @ 5 M
Mool EEREES > 1 n=l :}zuff Ml
( M1=(n+0.5/d)xR%xN ) f[;g;,n;%o@uﬂ
T R B S ko] TS MRiTEE
FrREPeE M A2t Lo

B Ed

ﬁé?‘%“}’ L Fdz jEdgaT > E o>
:!%—f;ﬁffﬁd XA EERE S ’:}*E“fﬁ M2
An=(/@xR%xN)l@§ﬂg; 2 LF]T e
gﬁ—%ﬁ*‘l'“ Rox B T2 B AT B PR
gE AR AR5 Lo

4. EHBERQEG)EFIn=d it -

- FRpEESEa T BB A AR HR
Bt R B E R e oo TP - AL %A
TooEREREZRS » T»B*ﬁ HRIT BE e PE
B RIF SRR RASGE G EERRREE o &
T biEc gk Adevk R 2 F 0 U Z
EMRAEN L A ER A e KA R
AT R E AR B2 i R o

GoBl 13 95 0 AR EBRSBREEY
% lpixel 2 gt & KB~ 2 82 A F 4R E o B
14887 B A EZR S v A RS G T HY R
A FR T U AQRG) R AR R B D

iR s Lok Pn#”’ffx ]I KA RG22 R
> 50 o
200
160 —
g
=
g 120 -
St
=] <
D
i
£ 80—
=
on
< -
=
40 —|
0 T AI‘ T I T I T I T
120 130 140 150 160 170

X (pixels)

B AR A 4

B 10 @# 5% 2:m

\\ﬂ\
lm

DRVEEEE SRRt Y 3 18



160

120 —

Magnitude Gradient

132 136 140 144 148 152
x(pixels)

Bl 12 A rsH-R A v B

Bl 13 3032 80 5 405 8 7

120
-
E -
=
<
Ll
&}
° 4
=
2
=
=
0 I T I T T I T I
-4 -2 0 2 4
x(pixels)

Bl 14 MARZR » AR A G F

3.4 Scale factor 2_ B~

BE S &I A FBEE B b Scale
Factor » - #t 38 (73 % chE BIF (7 o A= Ji| # L8R
PoRETHTHRPIERSHE SRR 0 RE
Scale Factor - ™ T # S @ &R E} % H 3 CCD #p
BT AR R B Ao 15(a) o 0 3 Y

WRGT G D e BTG T i’ﬁfiﬂtf_ﬁ_ﬁp’?? ’
BB RS c BAsF T R B H XY
Stage » & $ W5 T & T S Au do@] 15(b)4
T PR e R F Sl > PR R B RE
D, oA A ER G KB AU A
AN LA REG R AR B ES BRI
Finip gk iER D, (pixels) £d4 73 &7
Scale Factor °
SF =D,/ Do (m/pixel) (4)
A2 R FFEFHR 30K FBHT5E  (FL
Scale Factore B 16 &2 17 P| A W] £ 73 X 2 Y e £
iB| Scale factor e4& 2 |+ -

laser

Vision Camera

Laser N

Laser

XY Stage

(a)

Vision Camera

XY Stage

(b)

B 15 FB Scale factor 2_ 57 &, Bl

0.228
— Mean value
E ] L N N Experiment
E‘
£
2
S 0.224 - ° °
§ ..-. sifigege oo guo o
(X X ) [ ] [ ]

P ¢ .
=
< .
7]

0.220 T T T T T

0 10 20 30

Experiment No.

B 16 X 3 = 2 Scale Factor



0.24
. - Mean value
‘(TE L X N N ) Experiment
B 023
£
g | %0 00 00%,0,00%00,0%000e?
= J
S (X} ® o
<
= .
2 022
[
9
wn
0.21 . | T | .
0 10 20 30

Experiment No.

B 17Y = = 2 Scale Factor

3.5 - mgp

A v rreEsE R T MUY § 35 (7 Olympus 3
Fehs g R e “f#l? 27 LR T R 18 A2
A& ZpE L1212 2 %+ e Olympus 158 2 ¥ 2

*XY&gewF%ﬁ %ﬁa"‘i¢¢C03Wﬁ’
EL%‘"%E?]I PP iho 4o 19(a)¥ 7T 2 m AR o

ST R DR T SR R AR

L AARB L BEF RPN 0 P KR doRl
1%mw77%ﬁag’lr%®ﬂiﬁ@’%%i%
R Rk 0 e PR E AT M R E T
*%%Lﬁ%‘@%fkﬁ%ﬁoﬁ?} 19 #5% ¢ DL, 2 DL, % % § ¢
BORIE - A u] R AR E KT L S i B R
;gg_ atgrguln‘—% - H\Bvé'*i Exm LT R

Fed g EM o TR - B Te o 4rF 20

AT o

(o

N>

L1

B 26 Olympus % & 3
AR E L R FEP(, ) B2 - B R
Xy BBy T st 2 b £ 7E2 8 B4 deR] 21
ST o
Xy A kT D](vrﬂnpp) F7ouT N

% 7T 721

— | DI, cosf —sinf | (x, —x,)SF,
DI = = (%)
sin@  cos@ | (v, —¥,)SF,

@ @ SR RIE DL 2 DL, » 77 10T 3Nk 5 Ap g

x'—y

DL, _|cos@ —sing DL, ©)
DL, " |cos® cos@ DL,

/\ =
\
s/x //.\ \

- \ \

\ \

\ \

- \ \
\ \
\ v

\

'DLyv\\ X

\\ \\ DLx ///\':

Bl 19 MARE - agR7T L F

i BB Rl & DL, # DL, e )21 %557 o

Bl 20 #P~4&F AT X F

Area viewed by camera

S I N )|

Bl 21 Rl

IR G)H(6)  TT T R B
D, > 4c®l 21 #777 ©

<<t D, &



ol

D,| [DI,+DL, ;
|D, | |DI,+DL, )

21 T SRk B ¢

RN

O A R S SRR g
ﬁ&%@[ﬂ% R ’w&rEIZZE'“rfr ° LLE[_J;- EE- S
T iR j\v B2 BEREH o dod otk o T RB
S EES P RE%Z AR RN FIER AT RE
P(XUJH) PR AW RBLT AEA N R B
M ARt T E AR I;i;%%@(xz,yz) ° 1?Pl(xlnyl)?
Er -y BR kS H Xy s A B A S
Rl o X' -y B ERT 0 BP ¥ &7 G
—— [cos® —sind| (x,—x,) SF,
RP =\ . ®)
sind cosé (yz—yl)-SFy
F@) T A AR T L A faE R L 0=0" FF s
ST R SEHE AR
LR L
i\ﬁﬂﬂjé’* "11’ € )

“~
=

= Bl 26 #757 11 Olympus

R FARE R F 25 30pms50pm-70pum-~ 100pm
R ISOum %7 féﬂ B o F A - Olympus 2§

Pl E it REBGEFEERGT e AR kR
XEhE yEhT T o oa xhE y e AFI BB ET L
Z A ST T F o MR D 2 B S T F R T
Rt FIP T LA RT e N o RB B
A %Hkk#%ﬁjl"@$%§$\gﬁ i
§°%ﬁ§?%?ﬁﬁzﬂé7WmﬂT%§@ﬂ$

s Fp B S dp RS E R 2 B EELS 0 £ 302 Scale
Factor’?’r’ Rt F LI E L2 3t
230 70um SRR o RIF a2 Bz T E R e
Fo 1 WhER TR 2 EBIE o

BF > B Olympus &8 2 Alx > @ H %8 g f‘;}\i'
B AR A 5 1524 o Av LRI R

.

R ET R PP AT

Fepif %; EAR AR o I P RF2F R e
MEERIAEN R FGERS e F LR

R F R B ARE > T e g do) T2
EATRE PGB M AN o R 2T AR L2

P& % o BFo A2 77 Olympus R 28 5 4 B 4L3c 30°

$45°, R F bk Rk B B A 150 g
RIEA 020 R RIS % BT & f sz B
2 BRI 5 ARaT o

B & ¥ Olympus

\J
=

W22 o] & 427 B ior LW

A S LR

A P?*&#% AR 95 90% 0 e

ER TRz RSP

1. MDX?Y%*ﬁ%pi#ﬁ”5X?Y%
THFHRIRRDI L ERERSET L2 B
€’Q)i%%3§”£%mﬁ%&+i*%ﬁ
FERP e B R A o M f 2 B
PR > (3) FP~B2 12 Scale factor °

2. BETHF HR-WERELZEBHT L e
7 Olympus £ # 5 2. = B g P> #F3=F ~ % sz
T RHER -

3RS AR AR AARBRT M HRLRE
BT EREAF P EAL BRI %
L
d SRR AT AR Y T%@ﬁ%i%&gmv

£ @ 222 £ R Olympus 1528 8 ¥ 222 & %2 ,;aj

ﬁ;f;ii o e %\/Eﬂ a\-%‘/‘” L_%‘fﬁtrﬁ}lll B Eeh s ¥w i
A s ;’t—'!;égle

1. Miguel, P. C., King, T.,, and Davis, J.,, “CMM
Verification: a Survey,” Measurement, 17, No.1, 1-16
(1996).

2. Hansen, H. N. and Chiffre, L. D., “An Industrial
Comparison of Coordinate Measuring Machines
in Scandinavia with Focus on Uncertainty
Statements,” Precision Engineering, 23, 185 - 195
(1999).

3. Weckenmann, A., Knauer, M., and Killmaier, T,
“Uncertainty of Coordinate Measurements on
Sheet-Metal Parts in the Automotive Industry,”
Journal of Materials Processing Technology, 115,
9-13(2001).

4. Liao, J. B., Wu, M. H., and Baines, R. W., “A
Coordinate Measuring Machine Vision System,”



Computers in Industry, 38, 239-248 (1999).

. Chan, V. H., Bradley, C., and Vicders, G. W., “A
Multi-sensor Approach to Automating Coordinate
Measuring Machine-Based Reverse Engineering,”
Computers in Industry, 44, 105-115 (2001).

. Carbone, V., Carocci, M., Savio, E., Sansoni, G,
and Chiffre, L. D., “Combination of Vision
System and a Coordinate Measuring Machine for
the Reverse Engineering of Freeform Surfaces,”
Advanced Manufacturing Technology, 17, 263 —

271 (2001).

. Vira, N., Alagudu, M., “Precision Measurements

and Control of an Automated Two-dimensional
Grid Plate Testing Machine,” IS4 Transaction 34,
101-116 (1995).

. Luo, PF, Pan, S. P, and Chu, T. C., “Application

of Computer Vision and laser interferometer to the
inspection of Line Scale,” Optics and Lasers in
Engineering, 42(5), 563-584 (2004).

Olympus specimen Laser-and-Vision Measuremsnts (pum) Olympus (pum)
Mean value Std. Deviation Measurements | Uncertainty
L1 29.9648 0.0424 30.0 +1
30 um L2 29.9653 0.0356 30.0 +1
L1 49.8984 0.0639 50.0 +1
50 pm L2 50.0842 0.0436 50.1 +1
L1 69.9183 0.0438 70.1 +1
70 pm L2 70.0572 0.0326 70.1 +1
L1 99.8633 0.1012 99.9 +1
100 um  |L2 100.5077 0.0799 100.2 +1
L1 150.2001 0.1232 150.2 +1
150 pm |12 150.5290 0.1007 150.0 +1

1 T SHRE R A %2 Olympus € 85 % 2 10 2

Olympus specimen Laser-and-Vision Measuremsnts (im) Olympus (um)
Mean value Std. Deviation Measurements | Uncertainty
L1 30.0956 0.0176 30.0 +1
30 pm L2 29.9811 0.0141 30.0 +1
L1 50.2054 0.0436 50.0 +1
50 um L2 50.0534 0.0297 50.1 +1
L1 70.3313 0.0408 70.1 +1
70 pm L2 70.0431 0.0175 70.1 +1
L1 100.1034 0.0928 99.9 +1
100 pm |12 100.0963 0.1234 100.2 +1
L1 150.5167 0.1127 150.2 +1
150 um |2 150.0074 0.1314 150.0 +1
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The laser interferometer, vision system and a two-dimensional precision translation
stage are used to develop a high precision measuring station with a working range of]
18 mm x 18 mm. The vision system is installed at the Z-axis of a CMM, and the
laser, the split and refection mirrors, and the X-Y stage are mounted on the platform
of the CMM. The object inspected by the laser-and-vision system is moved using an
X-Y table so that the camera can take the images of the feature points (such as
corners) of the object at two different positions. Meanwhile, the displacement of the
X-Y table is measured using laser interferometer. Putting the two feature points in
one image, the distance between them can be evaluated under the image plane
coordinate system. By adding the displacement measured by laser interferometer, the
real distance between these two feature points is obtained. Image processing
techniques such as edge location to subpixel resolution and boundary curve extraction
are used to obtain the feature points to improve the measurement accuracy of the
laser-and-vision system.
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