METHOD OF GENERATI NG CURRENT TRAJECTORY FOR SEEK CONTROL OF HARD DI SC
DRI VE AND SEEK CONTROL SYSTEM USI NG THE SAME 5 BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a nmethod of
generating a current trajectory for seek control of a hard disc drive and

a seek control sysMETHOD GF GENERAFINGTCURRENTD TRAVECTORYr |y, to a
nmet hod of generating a current trahector by which power is reduced during
PIATG

seek control of a hard RPBSEEKSEONIRP P DBﬁ/‘éEem_ using the
sanme. 2. Descripti ongh §I§]§(%!§?R@)LAS‘(§'T'EW‘U§IN@ Tﬁétt 8anfE di sc drive

conprises a plurality of magnetic transducers 15t sense magnetic field
of and/or nmagnetize a single rotating disc or each of a plurality of

roté’;\ti ng discs, to wite and/or read information to and/or fromthe disc.
The information is typically formatted in a plurality of sectors placed in
a ring-shaped track. TBACKGRKCUNDORIHEINMERNIIOBMS a surface of the disc.
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surface of the disc(s). Wien information is witten and/or read into and/or
fromtH¥ ¥'BE, the hard disc drive perforns a seek routine for noving the

magnet bc tr pRSEYARISofftheMeled Ay! i nder to another cylinder. During the
seek routine, the VCMis excited by a 30 current used to nove the magnetic
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plurality of rotating discs, to write and/or read information to and/or from the disc.

The information is typically formatted in a plurality of sectors placed in a ring-shaped
track. The tracks are numbered across a surface of the disc. The track numbers
being vertically similar to one another are called cylinders. Thus, each track is

20 defined by a cylinder number.

In general, each transducer is integrated to a slider included in a head gimbal
assembly (HGA). Each HGA is attached to an actuator. The actuator has a voice
coil adjacent to a magnetic assembly, which also specifies a voice coil motor (VCM).

The hard disc drive also comprises a driving circuit for supplying a current to

25  excite the VCM, and a controlier. The excited VCM rotates the actuator and moves
the magnetic transducers across the surface of the disc(s).

When information is written and/or read into and/or from the disc, the hard
disc drive performs a seek routine for moving the magnetic transducers from one
cylinder to another cylinder. During the seek routine, the VCM is excited by a

30  current used to move the magnetic transducers to a position of a new cylinder from
the surface of the disc. The controller performs a servo routine that guarantees the
magnetic transducers to accurately move to a correct position of a cylinder at the

center of a track.



magneti c transducers to accurately nove to a correct position of a cylinder
at the center of a track. | Many studies on noving the nmagnetic

transducers to a correct position within the shortest tinme during the seek
routi ne have been nade. However, a serious problemis power consunption of
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co usi ng the sane. According to an aspect of the present
m%n?ﬁ%ﬁbefgﬁ%dl s provided a nethod of generating a current traject ory,

t he nmet hod EHowgvisianigarsledisc empioyearinenmobilajdewicershould focus on reducing
power consumption rather than on reducing seek time and noise. In particular,
during a random file access, the amount of the power consumption during the seek
control is not negligible. Accordingly, the hard disc drive used in the mobile device

20 requires a control by which at least required seek time performance is maintained
while power consumption is minimized.

SUMMARY OF THE INVENTION
The present invention provides a method of generating a current trajectory by

25 which power consumption of a hard disc drive is minimized, and a seek control
system for controlling a voice coil motor (VCM) using the same.

According to an aspect of the present invention, there is provided a method of
generating a current trajectory, the method comprising setting a current trajectory
from harmonics of a sinusoidal wave; calculating a power consumed by a target

30  device to be controlled using the current trajectory; and determining coefficients of
the harmonics so as to minimize the power consumed by the device.

According to another aspect of the present invention, there is provided a seek
control system for driving an actuator in a hard disc drive, the system comprising a
sinusoidal wave generator generating harmonics of a sinusoidal wave having



from harnonics of a sinusoidal wave; cal culating a power consuned by a
target 30 device to be controlled using the current trajectory; and
determ ning coefficients of the harnonics so as to mnimze the power
consuned by the device. According to another aspect of the present
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DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, an exemplary embodiment of the present invention will be
20 described in detail with reference to the accompanying drawings.
FIG. 1 illustrates a configuration of a hard disc drive. A hard disc drive 10
shown in FIG. 1 comprises at least one magnetic disc 12 rotated by a spindle motor
14. The hard disc drive 10 further comprises a transducer 16 above a disc surface
18. |
25 The transducer 16 senses a magnetic field of and magnetizes each disc 12 to
write and/or read information into and/or from the rotative disc 12. Typically, the
transducer 16 is coupled with the disc surface 18. Even though a single transducer
16 is shown, it should be understood that the transducer 16 comprises a writing
transducer for magnetizing the disc 12 and a reading transducer for sensing
30  magnetic field of the disc 12. The reading transducer is formed of
magneto-resistive (MR) materials.
The transducer 16 can be integrated to a slider 20. The slider 20 has a
structure in which an air bearing is generated between the transducer 16 and the
disc surface 18. The slider 20 is combined with a head gimbal assembly (HGA) 22.



wite and/or read information into and/or fromthe rotative disc 12.
Typically, the transducer 16 is coupled with the disc surface 18. Even

t hough a single transducer 16 is shown, it should be understood that the
transducer 16 conprises a witing transducer for nagnetizing the disc 12
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the disc surface 18 using an acceieration trajectory.
Equations for the voltage and a motion required for driving the actuator 24 are
20  as follows.

Li+K x+Ri=v

1
i+Bi=K,i M

Here, V,i, and x are a voltage, a current applied to the VCM 30, and a
position of the actuator 24, respectively. Constants L, R, K, K, and B are
25  inductance of the VCM 30, a resistance of the VCM 30, a constant on a counter
electromotive force generated according to movement of the actuator 24, and an
acceleration constant and a friction coefficient of the actuator 24, respectively.
During a seek operation, an averaged input power applied to the actuator 24
by an applied current and voltage is expressed by multiplication of a VCM voitage by
30 a VCM current and is given by Equation 2.

Pm=% vzdt=—f (Lz+Kx+R1)zdt-——f (Lu+sz+Rz )dt B 24



Li + Ke. x +Ri =v x+Bx=KJ Here, V, i, and x are a voltage, a current
applied to the VCM 30, and a position of the actuator 24, respectively.
Constants L, R, Ke, K, and B are 25 inductance of the VCM 30, a resistance
of the VCM 30, a constant on a counter electronotive force generated
according to novenent of the actuator 24, and an accel eration constant and
a friction coefficient of the actuator 24, respectively. During a seek
operation, herenaearani hisud spelidMmeapplied to the actuator 24 by an
applied cur t | ik i VLM vol t age
by 30 a V cur‘f‘gﬂ?@r{ﬁﬁgu’5?9%%3@3%%??‘%%*&2@ B! iftiar Bor@nfedés! (Li +
Kex + Reat by thelresistgngd ofthekeide eoil I ) givert By Equadioe,3.a constant T is a
seek time. Si Ezg t he power consuned by the inductance is 0, the power
consuned asp tr'by;t he resi stance of the voice coil 26 is given (@{/

Equati on 3. 5 PRI T f T i2dt (3) The nechani cal power applied to the
actuator 24 is obtained using Equations 1 and 2 below 10 PeCh =TIfT

Kexidt = K fo ( xx+Bx2)dt a (4) The power consunption due to nechani cal
friction of Théﬁ?n@(ﬂ'fa#ﬁéahlpo%rlaEpIiélbtcﬁtHé%btUéﬂoﬂQ4tib©bfeﬂh@@©|l8m@ Equgidngns
below. 15 PKe BT x 2dt B TK,, f O (5) Thus, the total anount of power

consumtd@nds? BBION-ned using the foregoing Equations 3 and 5 bel ow.
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The power consumption due to mechanical friction of the actuator 24 is
obtained using the foregoing Equations below. |

K B

T .2
=—= t .. . 5
15 P, TKﬂfOXd (5)

Thus, the total amount of power consumed is obtained using the foregoing
Equations 3 and 5 below.

R.o, KB_.._,
= == el t .. . (6
20 P, =P, +P Tfl)l dHTKafOx di (6)

A current trajectory for minimizing the amount of power consumed can be
obtained using Equation 6. To this end, the current trajectory is set as Equation 7
from harmonics of a sinusoidal wave.
25

. . 27 . An .6 . 2N=mn
ity=1, sm(?r) +1, sm(—T—t) +1, sm(?t) +---+ 1, sin( T

) T 4

Here, current coefficients |,,l,,---, |, are unknown and are selected optimally,



20 Pp, =PR+PB=T fOTi 2dt+TKB fO0 Tx2dt a (6) A current trajectory for
mnimzing the amount of power consuned can be obtained using Equation 6.
To this end, the current trajectory is set as Equation 7 from harnonics of
a sinusoidal wave. 25 i(t) =11 sin( 21r t) + 12 sin (47c t) + 1. sin(67r
t) + so#sho MiGiniaé piier eonguptidn. T Tl'oﬂhlhiﬂflﬁe power eohswapfidnca frigtionll, 12,
1. are unknown and are selected optimally SO as to mnimze power
consungReffigientrel Favatian b ’Sp%%\?é‘rm%ﬁ%%ﬂt AR th%n fipjaseelsratiplpiectargnt  of
Equation 1 is assurred to be 0, and t%ﬁ tn acceleration trajectory Ki(t)
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|t c$§ S 1- cos(-t) + + 1 1- cos( t) 27r = T 47r z T 2N/r N T x(t)
VS T sin(27r t)J + KRT 1Z T sin( 47t t) + KaT 1,[t --- T
Si n(2N7r --t -- +t)J 27r 21r T 47r 471 T N7r 2N7 r T (8) 10 Thus, the
current coeffl cients 11, 12&TI N are |ven by g uation 9 froma seek
di stan Ppost triign 5§ toryF FFglatdog d a seek tine
t=T. 1%813 DA 2?r>§6¥(TI? 21n+35{ i (9)2Nz 0(‘2 Z
K, r . 2z T KT T . 2Nz
x(t) = o I[[t—gsm(?r)] [I—4—sm(—t)] +2N7r I, [t_2N7r sin( T t)}
(8)
10 Thus, the current coefficients 1,,L,,---, |, are given by Equation 9 from a seek

distance X, given by the position trajectory of Equation 8 and a seek time t=T.
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15 In the case of using the current trajectory of Equation 7, the amount of power

consumed is given by Equation 10.

I

loss

R 3Tr’K.,K,B ) 72

R 3r*K.K_B\,, R 3T°KK.B
—+ 3 — t—— |+ | =
2T 8

3272 2T 8N*n?

(10)
20
Thus, the problem of minimizing the power consumption comes to one of
minimizing J(Y)=Y'QY, for a matrix equation AY=b. Here, the square matrix Q,
vector Y, vector A, and constant b are obtained using Equation 11.



15 In the case of using the current trajectory of Equation 7, the anount of
power consuned is given by Equation 10. P - R + 3T2KaKe 1|z toss - 2T
87r 21 + R+ 3T 2KaKeB 12 +... + R+ 3T 2K'KeB 12 2T 327c2 3 2T 27rz N
20 (10) Thus, the problemof mnimzing the power consunption conmes to one
of mnim zi pg=%(Y)=Y'fQY,,h ffolr a matrix equation AY=b. Here, the square
matrix Q vector Y véctor A and constant b are obtained using Equation
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Q= 0 7T 3 0
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Thus, a solution Y of the optimization problem, that is, the harmonic
coefficients of the current trajectory are determined by Equation 12 in accordance
5 with Ricatti Equation.

Y =0 AT(AQ'ATY b L. (12)

Thus, when the friction coefficient B=0 and it is considered up to a secondary

i) = I sin(C2 £y + 1, sin(2 £y
T T 7 the

current trajectory for minimizing power consumption is given by a waveform shown

10  harmonic wave of the current trajectory, namely,

in FIG. 2. FIG. 2 shows a conventional sinusoidal wave current frajectory and a
current trajectory generated according to the present invention. Referring to FIG. 2,
- the actuator 24 according to a control of the present invention reaches a peak value

15 in a shorter time than in the prior art, and after reaching the peak value, the actuator
24 moves slow. The power consumed when the actuator 24 moves on the current
trajectory according to the present invention is reduced by about 20% compared to
the amount of power consumed when the actuator 24 moves on the conventional
sinusoidal wave current trajectory.

20 FIG. 3 is a block diagram of a seek control system according to the present
invention. The seek control system shown in FIG. 3 comprises a current generator
200, an amplifier 210, and an actuator 220. The seek control system further
comprises an estimator 230 which estimates the position, speed, and acceleration of
the actuator 220 from position information output from the actuator 220.

7



Thus, a solution Y of the optim zation problem that is, the harnonic
coefficients of the current trajectory are determ ned by Equation 12 in
accordance 5 with Ricatti Equation. Y = Q1A T (AQ'AT)-1b . . (12) Thus,
when the friction coefficient 13=0 and it is considered up to a secondary

i(t) =1 SI no‘aétcurr)aht genérator00 géferatds @ BLAenBie delvinghBecottigior 220aj ectory,
namnel Y, the current trajectory for mnimzi ng power consu tionis
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a bl ock diagram of a seek control system according to the ggesent
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system conprirses an estli tes the position,
speed, adder 20%, e secaridotoeasficientrautiplien?s, 2ihird canfiigiesi mubiplien20r rand on

out put tﬁonrta g@%uator 220. 7 The current generator 200 generates a
currenf 5938 FU the actuator 220, and the anplifier 210 anplifies the

current geﬂm@lérﬁds@hlaldvav@gehéﬂm&omw ehemat@dRarmadries @eatmuzrorcmava\& driven
by the current a%rfred by the % i er. 210 and, noves transducer 16
of FI Gasflefiged ag uaé'@nﬁos.’ih%‘ﬁpe enissef thathamesis ‘@%Y“i’shﬁfee eleHRNedour r ent

position xe(n ) of the actuator 220, speed ve(n ), and acceleration we(n)

from t B EREtibhAD. TREAFdBdtbRgENEratdr Joogeridiateaatajatricd 2f B dek gpéed back

t he ?r nmat ed val ues to the Current generator a\d The current generator
200 conﬁth?es a sinusoi da& %ve generator 201, a
and acceleration which are given by Equatron 8, from the generated

harmonics.

The first adder 203 subtracts an estimated position fed back from the
estimator 230 from a position generated by the trajectory generator 202. The first
coefficient multiplier 204 multiplies an output of the first adder 203 by a first

20 coefficient K,. The second adder 205 adds speed output by the first coefficient
multiplier 204 to speed output by the trajectory generator 202, subtracts an
estimated speed fed back from the estimator 230 from the added speed, and
outputs a voltage V,4(n). The second coefficient multiplier 206 muitiplies an output
of the second adder 205 by a second coefficient. The third coefficient multiplier

25 207 multiplies an acceleration trajectory output from the trajectory generator 202 by
a third coefficient M/K. The third adder 208 adds outputs of the second and third
coefficient multipliers 206 and 207 to the estimated acceleration fed back from the
estimator 230 and outputs a current i, 4(n) for driving the actuator 220.

Voltage and current trajectories output from the second adder 205 and the

30 third adder 208, respectively, are given by Equation 13.



trajectory generator 202, a first adder 203, a first coefficient nultiplier
204, a second io0 adder 205, a second coefficient multiplier 206, a third
coefficient nultiplier 207, and a third adder 208. The sinusoi dal wave
generator 201 generates harnonics of a sinusoidal wave, as defined as
Equation 7. ,Thgcaef S arnDnic waves are determ ned by
Equation 12. “?ﬁg traﬁgﬁiggb ég% ra&éﬁ 202 generates trajectories ?gﬂx (n)
speed 15 v' ; angt pccederaii 4 Wi @@l are given by Equati

fromthe gengggged ha?ﬁnﬁfﬁé (%ﬁelflrgt)addg? 203 subtracts an estimat ed
position fed back fromthe estimator 230 froma position generated by the
trajectory generator 202. The first coefficient multiplier 204 nmultiplies
an output o p%gfé econd
adder 205 aE E@%gfe(ecgﬁfrot ut 'E@ﬁ’ﬁgx??rag%daﬁr %bl g/ﬁg(%l{cbﬁ{rﬁphglfﬁ? gg:t 4,st o]
speed @80 na fegdfvrward &ypecacsoydiggrietbe oltag2and @brreattraje&ntorlﬁglvmbed speed
fed_ba k f nhﬁhe estimator 230 fromthe added speed, and outputs a
voI%ag hﬁ? . The second coefficient multiplier 206 nmultiplies an
output of Ab@e%@ﬂb@@iabdd@ra e@reimmtraesioppistyareshicddceas to Fiwintire pdwer
coefficient nultiplier 25 207 nultiplies an accel ratio ctory out put
from t RRNSYHPERA GFW%E@PI&F@PT@W %Barda disgienpleved i 21 EM%("CG ‘The third

adder t FREP i t iers 206
and 20§ﬂ§§§§ﬁiﬂgg?ﬁﬁgﬁgﬁkgégg?eratﬂgﬂ%?ggbggggo?ggﬁ?§cgkm§§¥rﬁgbg§&230 and

out put §me periademore restuged) for driving the actuator 220. Vol tage and

cungent LT ABREIRE he it Aorl b AT RN B ShoRR % AL Bog i N1 ¢

adder 208, respec are given
Kp[ x* ( rafepéaice)to Jexewmary)emmwn(em)s ther&of, jtwall e L(rrm)erstowd by(thpke skifledin + we

Th K i th t. 0. whil
Cont r ol ai Tidtreeus Shenoes st orm 3 ddlat mihe R BEaB IRt o ¢ e
vol t aggepafingYfdre e 5pifit 884 QEHISE oﬂtﬁéelﬁvéb{tlor’ﬁagﬁéﬂﬁé@ By ¥Re following
claims.
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As descri bed above, a current trajectory is generated so as to mnimze
power consunption during a seek control of a hard disc enployed in a
nobi | e device. Therefore, the actuator can be driven with the power
consuned during an identical tine period nore reduced. 10 Wiile the
present invention has been particularly shown and described with reference
to exenpl ary enbodi nents thereof, it will be understood by those skilled in
t he ar Whatds claiiredis changes in formand details may be nmade therein

wi t hout departing Fr%fi'P] M i ned by
the foll ow r;i\)g cl allims ci_d‘gf @ﬁh‘%ﬂalhgacdcal?m?ﬁaiédﬁﬂpwé:mt ho%d)o I%Eg%ebati ng a
current traﬁettlngra/curreTétlrmdto:yfmmarmon@s ofsesinuagidal wave.ent tr aj ectory
from har noni i husoi dal cal cul ati.n consu d by a
tarbet - devi EacuBind R IR B aplEt B R P At R RIS e

det er nbmrggneg]@éwla@@ts of the har nmoni cs so as to mnimze the power
consuned by the device. . The nethod of claim1, wherein the target
device is aﬁe@émwﬁoeﬂipiem&owea{wmww as i fupimize e\RPWeHi sc dri ve.

3. Thecﬁﬁéd’fﬁé’dﬁgtﬁ dlied, wherein the power consuned in the actuator is
power consuned eat by a resistance of the voice coil notor and 15 power
consuned by nechanical friction of the actuator. 4. The method of claim3,

Bodbl erati of of i ne NeoRGRERFOLAER & RO RS RaPrdcld BaLablEfdh.cSorai ng
t o not daverebyat voies coif moksr ia et @dadisc dfivebt ai ni ng power consuned accordi ng
to the current trajectory for a predeterm ned seek di stance and seek tine;

and obtaining coefficients of the current trajectory using a predeterm ned
optim zatiog net hodrff matHyddizdifeh § hRnBRWE the PAWEFBERsumed in the

actuator is power consumed as heat by a resistance of the voice coil motor and

15 power consumed by mechanical friction of the actuator.

4. The method of claim 3, wherein the determining comprises:
obtaining a position, a speed, and an acceleration of the actuator according to
the current trajectory according to motion equations of the actuaior;
20 obtaining power consumed according to the current trajectory for a
predetermined seek distance and seek time; and
obtaining coefficients of the current trajectory using a predetermined
optimization method of minimizing the power consumed.

25 5. A seek control system for driving an actuator in a hard disc drive,
the system comprising:
a sinusoidal wave generator generating harmonics of a sinusocidal wave
having predetermined coefficients;
a trajectory generator generating trajectories of a position, a speed, and an
30 acceleration of the actuator from the harmonics, $0 as to minimize a power
consumed by the actuator; and
a driving current supplying unit multiplying the position, speed, and
acceleration trajectories of the actuator by predetermined coefficients, respectively,

10



25 5. A seek control systemfor driving an actuator in a hard disc drive,
the system conprising: a sinusoidal wave generator generating harnonics of
a sinusoidal wave having predeternm ned coefficients; a trajectory
generator generating trajectories of a position, a speed, and an 30

accel epgdingmmottiplidegioaceaits) rantruiptiing e @EAIS. resaltfas badriviny buFeng pover
consuned by the actuator; and a driving current supplying unit nultiplying
the pofartdrying Wigsduatghd accel eration trajectories of the actuator by
predeterm ned coefficients, respectively, 10 adding nultiplication results,
and outputting the addition results as a driving current for driving the
actuator. 66. The syldteesystémaifaiaims, fadheheomposipgias esfinsatoe ssiinratiog a
estjmatin s..current position an. accel erati.on t he

5ot bt bienthadic o Sied B3 e dcefbrBfiSE e 1 et e BE UL 0h Ces (o

t he dr hrivatorand @utpuRingEstinizged Rhlues to tHd Erighgtaimerit sapplyMdounitvher ei n t he
driving current supplying unit adds the estimted position, speed, and

acceleration of the actuator to a position, a 1o speed, and an accel eration

out put fromythe tr SREhRimIRRRNR @ dBPRR!ANY cufentiohig el claim

5, wherein the trajectory generator determnes a current trajectory, so as
t o mi nadils thepestematednsition, speethantdaccaienatianf the patatonthea position,on,

T 3f ccoBPen LN TRALHPBrhb Y B AT SRRSOV BrteE ERbEENEES System of
claim8, wherein the trajectory generator determ nes the current

trajectory ysing a_predeterm_.ned optim zatjon nethod, so as to mnimze
power consufted by (1 SO Caen WNSHEN BF FAIPEOrbactdale A4 IERTNSE ¢ he

act uat greur@nt #8jee®ry! & 8s td hinimize power consumed by the actuator and outputs
the position, speed, and acceleration trajectories according to the determined
15 current trajectory according to motion equations of the actuator.

9. The system of claim 8, wherein the trajectory generator determines
the current trajectory using a predetermined optimization method, so as to minimize
power consumed by the actuator when a motion friction coefficient of the actuator is

20 settoO.
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