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Disturbance Analysis in an Optical Disk Drive Using Model Based
Disturbance Observer and Waterfall Technique
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ABSTRACT

A novel disturbance measurement method, model based disturbance observer (MBDO) for optical disk
drives (ODDs), is proposed and the disturbance analysis using the proposed method is performed under
various conditions. In ODDs, the quantitative and qualitative analysis for the generated disturbance
during normal operation is very important to successful servo loop design. However, the disturbance
measurement Is difficult, and high precision measurement is necessary. Furthermore, the conventional
disturbance measurement method using a LDV (laser Doppler vibrometer) has many difficulties in
eccentricity direction due to the vertical movement of an optical disk. To solve this problem, the MBDO
is proposed. First, the relationship between the servo loop for ODDs and the generated disturbance are
briefly reviewed. Second, the principle of the MBDO is introduced, and the disturbance measurement
results, which are measured by the MBDO and a LDV, are compared. In these experiments, test
DVD-ROM disks are used to generate quantitative/qualitative disturbance. Then, the disturbance
analysis under various conditions is performed using waterfall technique. This technique clearly shows
the disturbance trend from the inner part of an optical disk to the outer part of it. Finally, the various
disturbances measurement results are summarized and some remarks for it are commented.
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and radial shift (Ax)

48/812 23S B =Y

/4116 Al 15, 20061

e

& sty dxa AR o9 B WAl g
o MSE Fig 17 2oz 7148t & Az
o FHLERE Holgs /1FE HYF9 Zo| L
Tl AAH F g2zt AE e a9 ZEHS
2 ARQFol REste A4, U239 AZF ayrt
1500 pme W o] WF 3l ErolA LA
e, Axe U 002 gmolth, webA W TA
2ol 9ste J)QlsE HA e v I &
g itk

6.2 &2

o]l =< 53t A5 F ODDAA 2AstE= 9
T Y3 4 4 J= MBDOE Aoksta, o]
& TR g 29 9@ EAS Eysgn
He tAE 48 1244 DVD-ROM Egholng,
oge] A/ 4 Hrre g8 BA/AS/AEA
542 AUe %7t DVD-ROM U238 AHes9
o ga3e] yeF dAd bE 9 B4 BAL
st waterfall 71HE HL319oH, B2 @z
tzz9] g Bree] #AE FAFoR AuHg
ot mATeE HA e #E o] 34 B
2 4] slele} ek TR olgsd,

Alekd MDBOE Fdtel Lutad AZ7E o4
sted 5733t7] oz ODDY] |4 g A}
BE 7 AoH, o) ol&st} NEA HA 2
g AAY 72 AEEAM /& A F 9
ol e Fo dojdl F2 B 9 AES
s gejet o3 3

(1) 71¥ LDVE ZA37] o
3] 4Y 4 e MBDOE A5

(2) MBDOZ o|&3}o fAz ,]
e gEAF Folg
skt

(3) W¥/AN/BE4 %7t DVD-ROM tyAzg
olgstel 7 A 54& A oH, e B4
SERE #F tig JF 2= 95td sid=E A
F U HHOR 2um o3} AS X‘O}LH%IE}

(4) A WP 9 Jr 9y AP gEe YA
T EYS o1&t N A tzal ?i'%k 9
dol U4 ojghel] slajste FES B¢ 43¢ 49

i

=

A

ko)

¢

rS}L ‘\"



of A+ =TI R(RI1-1997-042-11002-0)
Aoz FPHALH, olo BAA AHEA LA
=Yt

i)

(1) Lee, M.-N et al. 2004, “Design of a Robust
Track-following Controller for Optical Disk Drives”,
IEEE Transactions on Consumer Electronics, Vol.
50, No. 2, pp. 723~731.

(2) Lee, J. W., Chait, Y. and Steinbuch, M.,
2000, “On QFT Tuning of Multivariable #«
Controllers”, Automatica, Vol. 36, pp. 1701 ~1708.

(3) Lim, S. and Jung, T. -Y., 1999, “Dynamics
and Robust Confrol of a High Speed Optical
Pickup”, Journal of Sound and Vibration, Vol. 221,
No. 4, pp. 607~621.

(4) Choi. J. -Y. 2002,
Measurement of an Optical Disk and the Servo Loop
Design Related to This Result”, MOVIC 2002,
Japan.

(5) Choi, J. Y..Chun, C, H, Jun, H. G., Lee, M.
N., Yang, H. S. and Park, Y. P., 2001, Disturbance
Estimation of Optical Disc by Closed Loop Output
Estimator, Proceedings of the KSNVE Autumn
Annual Conference, pp. 1166~1171.

(6) Kim, Jin-seon and Kwak, Kyung-sup, 2002,
“A Study on Vibration Detection Method of Disc
by Differential Amplifying Optical Power in
Optical Disk Media”, Journal of Korea Multimedia
Society, Vol. 6, No.2, pp.215~221.

et al, “Disturbance

olgt #=7\9 Waterfall 3|41 o438l 3 tjaz 9t

A

Mt

(7) Lee, M. N, Jin, K. B. and Lee, J. K., 2005,
“Estimation of Tracking Vibration Quantity for an
Optimal Tracking Controller Design”, Transactions
if the KSNVE, Vol. 15, No. 5, pp. 578~585,

(8) Lee, Mun. No, Sin, J. H, and Kim, S. U,
2003, "Measurement of Velocity Disturbance for
Robust Seek Control”, Transactions of the KSNVE,
Vol. 13, No. 11, pp. 860~867.

(9) Jin, W. H., Chung Jintai and Choi Keeyoung,
2003, “Dynamic Time Response of a Flexible
Spinning Disk Misaligned with The Axis of
Rotation”, Journal of Sound and Vibration, Vol.
2262, Issue. 1, pp. 25~44.

(10) Lee, S. -Y., Chung Jintai and Choi Keeyoung,
2002, “Critical and Flutter of Optical Disks”, Micro-
system Technologies, Vol. 8, No.2-3, pp. 206~211.

(11) Kim, Sookyung, Han Gyuhyeon and Son
Heuigi, 1998, “A Study of Characteristics of Disk
Vibration and Rotating Airflow in Magnetic of
Optical Disk Drives”, IEEE Transaction on
Consumer Electronics, Vol. 44, No. 3, pp. 601 ~605.

(12) Kim, K. S. 2002,
“Dynamic Analysis of an Optical Disk Drive with

and Chung, Jintai,

an Automatic Ball Balancer”, Transaction of the
KSME A, Vol. 26, No. 12, pp. 601~605,

(13) Jang, G.. H., Kim, D. K. and Han, J. H., 2001,
“Characterization of NRRO in a HDD Spindie System
Due to Ball Bearing Excit'ation", [EEE Transaction
on Magnetics, Vol. 37, No. 2, pp. 815~819.

(14) Jia, Q. -W., Wang, Z. -F. and Wang, F.
-C., 2005, “Repeatable Runout Disturbance Compen-
sation with a New Dafa Collection Method for
Hard Disk Drive”, IEEE Transaction on Magnetics,
Vol. 41, No. 2, pp. 791~796.

SR AaSrs3etE=ru/A 16 ¥ A1 E, 200613/49



