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ABSTRACT

In this study, the contactless measurement method with a optical displacement sensor(ODS, ADNS 9500) was
proposed to overcome flaws in a rotary encoder based measurement under particular circumstances, such as a slippage
and a case of little rotational inertia. The performance tests of the optical displacement sensor using data acquisition
board and National Instruments’s LabVIEW program were performed to accomplish accurate displacement
measurements and the performance characteristics according to measurement direction, speed, acceleration, height and
surface types were discovered through the repetitive tests. The experimental results indicate that, in order to get an
accurate in-plane motion, the height(distance between the ODS and the target surface) has to be maintained at the range
of 2.4 mm to 3.2 mm and the sensitivity(resolution) should be modified and applied to the formulae for displacement
calculation, considering its measurement direction, speed and surface type.

FIUE = uaghaA, b AN, WA 9 2, ke

Key word : Optical displacement sensor, Optical mouse sensor, Contactless displacement measurement, Sensitivity

Received 17 December 2015, Revised 07 January 2016, Accepted 21 January 2016
* Corresponding Author Jin-Seok Oh(E-mail:ojs@hhu.ac.kr , Tel:+82-51-410-4283)
Division of Marin Engineering, Korea Maritime and Ocean University, Busan 49112, Korea

http://dx.doi.org/10.6109/jkiice.2016.20.3.639 print ISSN: 2234-4772 online ISSN: 2288-4165

(@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



HEHESLEE=EA

I.M E
314 <zt (rotary encoder) 7]512] §] 2w 3)A
T 2R0 712 chastm A Guba ol mAd A ub
i, A thoksh AM]Eofo)| A A}&Ql et} 3%

)
r>~l

4 e 7)gke] e 2 s
Atelef mlzieiF(slippage) o] WA -9 4
o] B7Fssiehs whio] gick. ol Sof, 34
o7k A -8 (wheel) 7} ukeh Atolof mlzreiy
o] wrAgsl Age 31714k A7) ol A e)7} vleeh
Al gFob et AT & o ik =2k oA 1=
o A FA A2 Q1) )74 (rotational inertia)
o] ZABIHE ofF A2 g EF(torque)E ZH=s %
49 Hg71e] sHLRm(rpm) S Al A5 AA7FA
7)o BaHload) R Z-83F 2= QJth= tho] Qi) o]
of & B4t ARolAl 0] B Aze] 7)ek Ay
o Wd(vlmelz) B Sy Rahg Fual) 9ot
o] 2 Aol AL B HNAE AgT v EEA] 27
Hr S A okslelt.

2o oo b
L
o L

B ASIAIAL ANA Q) B ukes AIAE AHgStol
AE A BER, BEA] 25 AH YRS &
5 900k okl A vk el &
e Zstol wilE Aol Zalg S AHFHE
Hol7] W], 22 AN+ A FYAL 273

59| Holof -85 o] 2It}{1-12]. Palacin, Tunawattana
T2 2R AR 52 =AY FAAUE S5t
7] Slsto] Bukea AAE AFEI L, 2, 9-11],
Tresanchez 52 33 uh--2 AlA Q] 7] 5 (9] 573
9l o|u] x| &) ARE-3}o] absolute2} incremental E}
¢ =5 E 7NdstsitH4, 5]
B k-2 AAE ARRSEo] 25 AR 57, ol &
A, FA 54 5= =y Hs, 6-8, 12].
£ AT M 3 MMM S ALgStol Brt Y3et
74] HH-S5 -f—z 8171 918te] 7129 A4-E[1-12]&
2 gAY e BA5
DP- HHEAHS %311 AFRAEA B 2, 7455,

2 a1 o1 1

|(J. Korea Inst, Inf, Commun, Eng,) Vol, 20, No, 3 :

639~646 Mar, 2016

II.

oK

H Q| MIA]
21, &= Y S35 e
I H Q) Al A (ODS, optical displacement sensor)= H]
Z Z(contact-free) 4] ©. 2 th 24| k] A2l &
Hog 2ok FAloln, 17 1-(@)9h o] U
9l #lo] 4] u}$-2~ AlA(ADNS-9500)¢f) -5-& 95
FWs|2e m3ehs P LA Z A
A 3 up$ A Al A= SPI(Serial Peripheral Interface)%
Aozt glojg §f-F2o] 7hsslE R, PCE HlolH
£ FA5s] YalA= SPIEAlT RS-232F41S 4S5
W 3le] & 4= 9l DAQ Board”} BtEA] I @ 5ic)
HAMAM Z R A= A Al 22198 13 1-(b)
off ek 23 (Xo Yo%) W] W= mﬂw a
A71= FRRE $(X,, Y )2 &EHHL e 5
(counts) 2B} AT (0X g, 6Y )= 4l (1)-(2)F AF
85to] A4¥a 4= 9lek. o171 4], R 2 9] o)
A& (resolution) == RIZFE=(sensitivity) S & u]shH,
counts/inch(cpi) T+= counts/mm ] T & Zk=t}.

ODS

Optical mouse
Sensor
(ADNS-9500)

iy [FY | Power

S5VDC

RS-232C

PCB board Y, oDS
h
o
o
o ;‘
Optical Center '
° .
VCSEL g-—/o
ADNS-9500

(b)

Fig. 1 Optical displacement sensor and its relative
coordinate system (a) Photograph of the ODS and the
DAQ board (b) Relative coordinate of the ODS
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Fig. 2 Structure and principle of an optical mouse sensor
(courtesy of Avago Technologies) (a) Structure of an
optical mouse sensor (b) Captured image from an optical
mouse sensor at t=0 ms (left) and t=0.67 ms (right)
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Table. 1 Specifications of the optical mouse sensor

Parameters Descriptions
(Infrared) 832-865 nm
150 inch/s (=3.81 m/s)

30G (=294 m/s?)

VCSEL illuminator wave length

Max. speed measurement

Max. acceleration measurement

Max. frame rate 11,750 frames/s
Max. resolution 5,670 counts/inch
Data read and write SPI serial bus
Image capture 30x%30 pixel
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Fig. 3 Waveform of acquiring relative displacement data
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Fig. 4 Experimental apparatus for performance analysis
of the optical displacement sensor

Table. 2 Specifications of the linear stage

Parameters Descriptions

Position accuracy +0.005 mm

Position repeatability +0.02 mm

Stroke distance 100-1000 mm

Max. speed 1000 mm/s

Max. payload (horizontal/vertical) | 7 kg /3 kg

Drive type Ball screw, ®15 mm
Rotary encoder for feedback Izrg)%rg r;s{]stsgevolu tion
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Fig. 5 Monitoring program for performance analysis of
the optical displacement sensor (a) Graphical user
interface screen (b) Source code (LabVIEW)

32 MsAH 4y
oA F WA o] SR (L M)
1,620 cpi (=63.78 counts/mm)= A A3} 0

A& S8t S Ko, Yo HR), SE=(mmis), 7}

/\6] .(_)_/\

642



4% (mm/s?), o|(mm), 3£ A& (white paper) = 3}
o] 27& ASAIA 7HHA AR dlolelE £4
SHott HEo], A HREE =ol7] ) vf AF
nith F HLAAE 2713 6] F HLAIA RS 2
2| 2El o] oj w7l Hlo]E] = FolQlA] oAl 3FGitt

=
o
i
-0
r_:
=
o
o
>
%
my
B

N
I
0
0x
02
2
riu

M
r£
ot

o I 1o oF
X
e
o
-<
(@]
o

K
1o
ox, N
ok
ot
=2

ofd
rE
4o
=
o
rr
o

2,
oSt
1o

O & o ox

“
hu
)
ot
9‘1'4
N
L o, Hin 1
o ok
= ok
1 ox
B 2o =

/=)

Ay

HU ox R
o
o,
[
)
&
e
oX,
fr to
o fE = % 0X
o

Hy
o

o
W AU g
5
toh
S
(L
Iz
i1
o o
o
4
o2
&
Y,
~{
it
i
o
=
i)

O
N
ofF
G <
T

o o
22
4
2
x

o
2
)
o
o,
ofr
filo
ik
o
Prll
3119,

rlo
N
N
N
N
lo
A
i
ot
<
=
ol
-
o
o
3
3
w
lo
me
o
=

jicd)
i
i)
oo o
rE
o
=
>
rr
X
(@]
A
ok
ot
10
o
2
jale4
e
v

<
o
A
ok
ot
)
oS
2
)
:OL
o =
Hir
rlo
g
oy
hul
w
D
o
@,
<
NS

N
R
e
4>
x0,
o

1
= o
g
1o
2
=
:?_L;
ot
g
1o
x
>~
N

> M
J
SL
rr
N

» 3

(counts)o]H, of= Aupht FUsHA SN E
5 le7He Uetle 439 s Aot of
/g2 3 MM oA 3FA(VCSEL) O] Yo 4
mEolH (2 1-(b)), oJuAE &Aoo &
oM A Altste F WAl
F g T-ATE Aol ofw) 4] H]
o] v anpAol7] gigole). EF SUT & Uk
off thig H(+)-5() B FAUY Afoll= fAt 1
HeE veil= A2 o 5 Aok

(

Ay o B

oo (mo3

;O
N

o ML

]

of

ol
-

-
r I
o =1

A

> o
1o

O

=
P
e

42 &zof| mE Hsst

I HOHALE o 150 ips(=3,810 mm/s)Q] &=
(speed) = F-Z] o= A =42 WSS S8
UARE 712 Q1 452 F-3l] T F5 500 mm/s o]}
& goo| A AMECE T8EE o)A 500
mm/s o]ste] Lol tigh P ML L] S AH
shlom, 103] ¥ At Avk= 17y 73 gk A
HATH= 300 mm/s A 2] &P Aol A F BILJANA
o] W=7} A 3| #5}E 11, 400 mm/s o] A+e] Lo
A &7t S7rske| ueh U Er Hap AstES B
oAzt whakA F HAMAE B SETtol|A AR

67 T T T T T T T T T
z e e T SR
T OGS ettt |
£
=
2
S 64f §
2 ,
= +X-axis &
S 63 A -
@ -X-axis —*—
Q9
@62t +Y-axis —*—
-Y-axis —#—
61 1 1 1 1 1 1 | 1 1 1

1 2 3 4 5 6 7 8 9 10
Number of Test
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