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A Design of Pan-tilt Leaf Spring Structure for Artificial Eyeball

Jung-Han Kim*, Young-Suk Kim
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The purpose of this study is to design a flexural structure that has a function of pan and tilt for an artificial eyeball.
The artificial eyeball system has a function of image stabilization, which compensate panning and tilting vibration
of the body on which the artificial eyeball is attached. The target closed loop control bandwidth is 50Hz, so the
mechanical resonance frequency is required to be more than the control bandwidth, which is a tough design problem
because of a big mass of camera and actuator. In this study, the design process including the selection of the principal
parameters by numerical analysis with ANSYS will be described, as well as the design results and frequency response.
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Table 1 Characteristics of stainless steel

Characteristics Value
Modulus of elasticity 186GPa
Poisson’s ratio 0.29
Tensile strength(Yield) . 310MPa
Tensile srength(Ultimate) 641MPa
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Fig. 4 Basic structure of the leaf spring for artificial
eyeball
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Table 2 Final deign parameter of the leaf spring for
artificial eyeball

A metu e % 120!
A 0.6 mm

EXR Haa 1.2 mm
g #4 b 1 mm
2 A A& 0.6 mm
o A2 7HA] 8 7A
7kA) Atol9] 7Y 02 mm
Ang) Ak 4167 N/m
Edo|lE 1§ AFF 91 Hz
3o §8 £X(2.5N) 210 MPa

5. BAZYO| FMASE 54 B

o129l Fig. 162 Table 20] A28 % 47 ¥4z 4
ARE e BAZYE BT B Bfelzg U4 §
B S0l 2 A9 $EE4E Tl A% 9 &
2o ZA4AS 2 ohlet 9Y ALt Bad, £ 97
olxje} o] 49 WA F20) 2 Bl AU
0005~ 0.1 HE9| ¥ 9P ALE 2L A9 o
o 9% AdE 012 RS

2404 91 ke o] Mol 29 BHY Hat &
A7 o) S} walehy, 1% Qe 2y S
o= Azo] Watz Uehite, Fig 172 olA# £

Frequency Response{damping coeff=0.1}

Fig. 16 Frequency response of the designed moving
plate

29

Frequency Response
L

Hz

Fig. 17 Frequency response with mass variation in the
moving plate

Y] H3E 40gol A 60g7tA] M3 WO Fute S
£4¢ =A% Aol

A7)8 uie} Zo| Q1T AAHE AAHS H A
7b o0 3R] JFE Wi, Aof 2o YA $3t
of gAY 2] et gasth & dojie G&0] 1,
22 e AT L %S $Fske IIR(Infinite Impulse
Response) UAE 2] WEE Agsto], 4AE HALE
o] Fubgr EAE Ao S50 IR YE 9] 71E 33
A& o3 2

;U_k_ _ a+bz"t 4 c2? (1

Ty 1+ds P ez ?

Fig. 16904 BAE 34 Foi tj90) 448 9lsio] A
o F3k7t kHzQ) 390l Hstel, FAHRTHE 0H,
At 24 dBE: o -12dB REE YA 4A B
@e et 2

Yo 0.9487—1.8502"' +0.919722

T,  1—1.3502"' +0.86842 12)
Fig. 18& UA8 =3 ¥ 4] (12)9 20495 S4L
e,

gAd =4 Geo gLxy R A9 Fote SHEA
< Fig. 199} 2o} 2FH o2 Aj&H o4 Hch ¥
EHE S40A Hold 90Hz #2933 #47t 2A &
o591, AFHoZ H2T WEEo) oF 100Hz F & H
= AadoR MgE As & 4 3, ol F E(Biquad)



UFs - 2YN

. Frequency response of he noth fiter o ZslaL oo o5t MA 4 3 4& F3to 2E BBl 4
. A AXGE HETE AR, B3 ALRY Fuie S5
2. EA47HA aefste] Al g o] A& Soto] AFstglen, J

5 F2UE WEAD 5 YA Bl
e AAY A= HF HAAGOREE F-ohe gioz
» P o AASALH, FA A A AL 350l F2g vet
Foart) @ doleilol as

Phase deg

Fig. 18 Frequency response of the notch filter

Frequency Response
10 T "

TF T T 7T T T T

Hz

Fig. 19 Frequency response of the moving plate
including the notch filter

AME-8lo] 9)AK(Phase) M=o A = Yy &
Et} 17}1401 A o] mz| okeg o & gt}

wvua=

Ad # = ziﬂt* =2 HE 2 A g3,

O()E]—/\o]q

& gFolME A4 £ ANSYSE oj&3std, ¢
G s ALY HH aadd FH EFolEY ¥
A2 S AAS, O HF Z3AE Table 20 A7
At 2 Aol AATH Pl dig A AAMeE

o Sk 2 o

30

ol 718 HAE ey, 4AA 2&
gzt o] F Yotz A g XF sl sehEHE
gHslo] HF dFohe PHE At dAsI & o
T A= EF o= @ I(Trade off)7} A5} mteb g 9
AANA, 2F AFoRTE WEA A 5= 2UES
et &, et 249 4E Foto] W ¢ Holg
Hlo| A5 BHE & HA 2 A, o dlog
Hlo|2of B = dntAQl A FH A 245 FAsH= A
U A9 HA= we f&o) 7hestes o Eoh

=
=

ki

(1) Jeong, D. Y., Jang, Y. H., Cha, B. N., and Han, S.
H., 2004, “Development of intelligent robot vision
system for automatic inspection of optical lens,”
Proceedings of the Korean Society of Machine Tool
Engineers Spring Conference, pp. 247 ~252.

(2) Shin, H. B., Jeong, D. Y, Lee, J. D, Lee, K. D.,
and Han, S. H., 2001, “Off-line Visual feedback
control of robot manipulator,” Proceedings of the
Korean Society of Machine Tool Engineers Autumn
Conference, pp. 140~145.

(3) Kim, J. Y., Park, I. W., and Oh, J. H., 2004,
“Development of KHR-2,” ICASE Magazine, Vol.
10, pp. 13~18.

(4) Cretual, A., and Chaumette, F., 2000, “Dynamic
Stabilization of a Pan and tilt camera for subm-
arine image visualization,” Computer Vision and
Image Understanding, Vol. 79, pp.47~65.

(5) Panerai, F., Metta, G., and Sandini, G., 2000, “Visuo-
inertial stabilization in space-variant binocular
systems,” Robotics and Autonomous Systems, Vol.
30, pp.195~214.

(6) Erturk, S., 2002, “Real-Time Digital Image Stabiliz-

ation using Kalman filter,” Real-Time Imaging,



BRBET|ASLE

T

=% Vol.14 No.4 2005. 8.

Vol. 8, pp. 317~328.

(7) Kim, J. D., Cho, Y. S., Lee, S. H, and Lee, J. W.,
2003, “A Stability Study on Visual Servoing using
Dynamic Calibration,” Journal of KSPE, Vol. 20,
No.10, pp.82~88.

(8) Kwon, H. H., and Choi, S. J., 2000, “Design auto-
mation of the compressive coil spring,” Journal of
the Korean Society of Machine Tool Engineers, Vol.
9, No. 6, pp. 140~151.

31

(9) Rajendran, 1., and Vijayarangan, S., 2001, “Optimal
design of a composite leaf spring using genetic
algorithms,” Computers and structures, Vol. 79, pp.
1121~1129.

(10) Shokrien, M. M., and Rezaei, D., 2003, “Analysis
and optimization of a composite leaf spring,”
Composite structures, Vol. 60, pp. 317~325.

(11) Logan, D. L., 1986, A first course in the finite
element method, PWS engineering, Boston.



