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Characteristics of the Laser Displacement Sensor Using Optical
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ABSTRACT

Recently, a laser displacement sensor is widely used for the manufacturing automation. The sensor is generally
composed of a diode laser and a light receiving device. The diode laser emits a laser beam and the receiving
device detects the light reflected from the measured object. The object position is obtained based upon

triangulation

method. As a light receiving device, a PSD is usually utilized since its structure is very simple and

rugged and has a high accuracy. Although the theoretical relationship for this sensor. had been developed, the
characteristics of the sensor have not been much experimentally studied. In this paper, several experimental results
will presented. The measurement accuracy is affected by the surface conditions such as the reflectance
characteristics, the angle of the object's surface and the laser intensity. In addition, it is found that the PSD and
the signal processing circuit have nonlinearities and showed that those nonlinearities can be reduced by controlling

the emitting

laser intensity.
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Fig. 1 The geometry of optical triangulation method
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Fig. 3 Principle of Position-Sensitive Detector

Fig.3o1 A $]Abgo] FAlo2HE Qoo Ay
2290 A2 o pSDe] ¥ AT F=d FAF
= 983 2ol yehyeoldn,

L — L+
I, = Io_zfx*A, I, = loTxA 3)

A9 4 olgstel e} gol FHFe| FHE
e de & Ao
L — I
L + I

- *a

42

A7 e F3AFeln, I, Lt 7 A3
F® FAFo|o),

=
3
l—

[
A
[
\

L ] y2

Xo

b Y4
Fig. 4 Structure of 2-D PSD(S1880)

olg| & PSDE A F Hert YA B =Fof AHE
3 pSDE BFFA Y (pin-cushion type)> 2, 21 T
ZE Fig4ol Jedh o] Fe= Friole=9] ¥
A a7he] AF3 ALY FARES 732 Q)
th o] ¥ AAE FE ARl A PSDAA dA
Y(reverse voltage)ol TEE AL GHF (dark
current)2} 3=, BFAYEL dAF7 7 FHo
o, $@&EE7L Waa, vlo)ol A (bias)E HA
7t & e 5AE 7 ok =3 F TR
gjate] 433 AP ol Hee ¥ o
g ANe g A3 o] FolAY®,

(X2 + Yl) e (Xl + Yz) — X (5)
X, + X, + ¥, + Y, L
X+ ¥ - G+ 1) _ oy o
X, + X, + Y, ¥ 1, L
A714 X, Xy, Yy, Yov 7 A3dAe &9

& JEha, g, yi PSDA FH A, a8
3 L& PSDY EAZolE Ve 23 A5 H
2] 329 yudy F¥€A VA FXF V=
geaez 74zt gddn.
Vi=(X; + Y) —(X; +Y) (D
Vo= (X, + Xy + YV, + Y,) (8)



HEY - AT - TFHLE A Aled A7

4. Mg % 1
4.1 PSD S1880 Calibration

Fig.5o] PSD®] 54§ dolhy] ¢ A ee
o] Mol ALEF HHAAE Z=AER oH, o] X
9] FHQAES Table 19 YelfT tholo e
ol A2RE wAlg Wle FRs 2AHT ¢ e
HYH (polarizer)S F3td, A== Pz, A
£ (pin-hole)E FHAA Yo F4H REES M3
o PSDO| YALE = E 31Sict PSDEHE EEHEHE=
AZE ANEAEY BHEQ C46745 J4E 1, o] 3
2N EEHE A (), ®) A Vy, Vs #&E 128
E ADH3V|Z MEHYH3t PCE YF33t) o]
o] ME Fa4E 2 kHzE AR, o do]
HEE 10003 F#sd V, V39 #oz 33
t}h PSDE] A o]FAE pi 2H|X HX)F
L um ¥-3%52 wlolazulEe w34 ¢oiM A}
£33t}

Fig6 o 4235 B3ony AFAS 324
AX HFGH] 42 E 00 oA 60° 744 300 7HF
o= o] FFo| WIAHUS o] AAE Fo]
A&t} o] a1¥e ARNE HAASHOR A
sla] dL& AEo] (9) ~ (12)9 ok FFo] 4T
W= PSDY ol 5 AZY AT vEee Ao
2 B 4 . aey #olA ] FFe] wgg
me} olE A 2e] WMgstn vy HFWo| &
g7} A (9)o)H, HFRE HAsln Fo] 713
e w00 4 o 4 (10)°)ch

Qno = 6.950272(%) - 0.005711 %)

qy = 6.957632(*Ii) — 0.005038 (10
Vs

Ay = 6.976646(—1%) — 0.014491 (D

dge = 7.169127(‘%) — 0.147748  (12)

Aofla Bol FFo] el wet 7177t F
74t {Alo]l S F7heE AL B £ 9

o}, Ztzte] A ndold AT Avjo] X 23
o) AA o SAYY QA= e Ho Tt

43

em = L B0 - 0 a3

A(13)ef 93 Qak= HFHo] e AF 4.50
7 pmoli, 0° 2 AT 2.598 umE P HS
Aoz yeigon, 300 dME 2.912 um, 28
I 60" oA 6.588 pmE Bz} Fko] 73l
el @ xp7) Fvlske AES Roln drt.

Fig. 5 PSD calibration setup

Table 1 Specifications for the PSD calibration setup

Comp Spec.
Laser 680 nm, 5 mW
Lens =14.8 mm, d=8 mm
Pin-hole d=25 um
Stage 1 um micrometer

Fig. 6 Calibration results for the PSD S1880
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Table 2 Specifications of experimental setup for the
laser displacement sensor

Comp. Spec.
Laser A =680 nm, 5 mW
Detector Hamamatsu, S1880
Lens Seoul £ 7877 mm
optics
Filter A =680 nm
Signal processing
circuit Hamamatsu, C4674
Specimen white, black conte
P steel, aluminum plate
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Fig. 7 Transmittance of optical filter

422 AL HE (Y did2)ol o2 4F

Fig.10%} Fig.11& AFE A=E A3t 53
3 A7 etz ok 97 p = A g
2] Ax o]FAYE, ¢t AAY HY AMER
Elo] 23S Jetdrh dojH e 5L pSD 727
BveolMz miAviAz MERH Fo4 2 kHzE
10003 Bwate] F33ch Fig.102 A Z3]Alel A
TEIE NTATY BE 46749 olGE2 1 U7



234 - AT e @R RYEEA Aled AR

: M N 34
Tan—te 1= |
&
i AEY v
L
VR4 AD538AD,
) R2% )
T.P. Terminal
T T :
— e 1 V5
REY W -
ooy
& g |g P -V
AD538A €10
R27
+V
T
5= CO7 b1
3 1 .
N i GND
s ﬁf o
v v

Fig. 8 Block diagram of the signal processing circuit

Fig. 9 Experimental setup of the laser displacement
sensor
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