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Design of a Non-contact Type Displacement Measurement System
Based on Optical Triangulation Method
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Abstract

This paper presents a non-contact type displacement sensor designed based on optical triangula-
tion method. The optical principles of the sensor are described in detail with aids of paraxial
geometric optics. A prototype sensor is designed and fabricated by using modern optoelectronic
hardware. Its measuring performances are evaluated and discussed through a series of calibration

processes.

1. B

v & ubdlo] o3 WY SAH e FAEY 7}
%% (in-process) dA A9 FA zelx ZHE
Ao e AEsrEe oA o] FdFe e}
F27t Frbetn gleh olEld #A &4 HHSH
o AEHoR 747]"“1 WHo] FE o|Fx gl
o cjokd els 2835}e] shwa# el (vari-
able reluctance) 3, 9—} % (eddy current)d, &
A (capacitance) 52| AASo] Fdxeo] A4
gtelo] 23 glch OB HZol: o8l H3hA] dt
"‘”:‘f’- AzlAQ) AAEol e S84 FAHY
WA Adelt FadAltefol wiel AU
7 HEsle S AAE 4+ de 754
%}\D} (3~5)
£ dFedME 349 A5H =2 ALE 4
*A3, AAFErIEd
A3, xR <

{1

W Y Al o
ROpooX N
N
mlo

A93e3

£ A7 (optical triangulation method) o] ¢}
T iR FukA o] FetAl Aol od AEdT HAE
Agsigle, AvAezs F47 wHE 249 )
242E AL 23 w4e g 2als DAl
o AN FEude AdR, HFHes
AAAL AAS AAAS A gl 454

32

4

2. 324y ol

FAak7by 2 Figlo| welule} 7he} 7138134l 8
(geometric optics) ol AT 24 AA4HE &
3w EA Jdolth, FAAHY FAAE &
Huoll A FHH ol MR g9 Z4E2 @A
3= 579 32 (optical axis) S FA oz TAH
. ¥ 35%% shie SAEH) A (spot) & I
A3zl 4% A Sl = (focusing lens) 7} Zb= A%
FZolw, o Fhie FHe AL FF4A |
Fodst7l A% 4359 44l = (condensing



Fazhgel &g wAEA A=A 4A

w‘%ﬁcul axis

focusing lens (

lr:andensing optical oxis

image trajectory

image Q

p : object distonce

q @ image distance

1““-—1 o]
FYHE == I*‘JI’q (object trajectory)OIE} = ol 3k
th. Aol o]F &l whe} FFaAALY JAAE
ol atA = olwe] dAAel o]FEE WHHYE
o -4 A (image trajectory) 2} 4] gch,

® gaNde Adez AFY 4 slow @4
Fo 42493 g9 AEF Bect,

Fig. 28 347449 Fadee) W% A%F
ez =Adn du F4dze) 23AYE £

2 3t Foix EAAY soff i GA4A s
©% 3438 (paraxial optics) 2o oja} &= 2
o] FaiAr}, @

1_1_ 1

s f s (1)
. sf

$TG~h )

1031
A AAAAY doe A Pol Wig FAAZ R
ol EAlAL s*& 7lFekE AAZ ¥ g 2
o] PRt
s*=s5—pcos 8 (3)

4714 pt A P 4A 0224 Azl
4 (3¢ 4@ AgHd A Pl heHE Q4
A Qe 9AAY srE G o] dolAd,

g (s pe0s ) f N
s—pcos 6—f
=28 A4 Q9 A 0o FEHY A ¢ o
AAz Wge BAZ e el AAE 4E
AR, &
qcos ¢ _ s™*

A 3)F (HF AG) o g A H A Ao A
9 HAe olFAE] pot ol Wl2EE dAH
o] 5AY ¢t &9 BAAeR Fa)Alct,
gcos ¢(s—7)
= Fsin 8+ gcos ¢cos 8 (6)
=3 4% ¢ A1) #AE 4 B)sF 6) A
oz o3} o] dojAn,

¢=tan "' (f/(s—f)tan 8) )

A (@)elAel pst g9} AL Fig. 3o 2elvpst
2ol o)Al Asketa zReel dehLe AEB
2 Jrhdd, agdez

AE b A
P &9 e AbEe, & ol WAz *H

N

: sensitivity

p ; object distance

q : image distance

Fig. 3 Relatlonshlp between the object and image
distance



3. HAEHA S A

Fig. 45} Table 1& & A7l 3474¢ of
S5l AR WA AW F24A Aok
2eiFn gk £ de4de Bdeze 359
Agel s 34 £¥o smWe) 24¢ 2
% 9t el rho] 2. (laser diode) & AH-3HY]
%oolzdd FYsHE We wslR(r90nm) ez

FatAle] #AZENA wAlEE 43} (color ab-
beration) & AAT 4+ Y& FA +F4A9 3t

Bol 9% BF=wise] 2% HaHT 5 e 2

A} £2}4(CCD : charged coupled device), A}-2
#  dr}o] 2 & (quadrant photodiode), ]3] 7t
4£#(PSD : position sensitive device) &] 4] 35
= 4 Uk

ol % AP Azt

EEPREED

o
4

L. KN 1
AAE Zm
&

ow A7e AFEL o
el Aol Lol &3] chg

i-lbe

Table 1 Design Specifications of prototype Sen-

sor
Measuring range > 10 mm
Stand-off distance . 31 mm

Repeatability (Peak-to-peak) : 10 um

Spot diameter at null point : 1.5 mm
Focal length of condensing lens : 21.0 mm
Diameter of condensing lens : 14.0 mm
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Fig. 4 Prototype design of optical displacement sen-
sor
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Fig. 7 Schematic diagram of sensor calibration sys
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Fig. 8 Measuring accuracy of prototype sensor
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