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Abstract
The important issues involving the research of
DVD-ROM system is to increase the average
bite rate and decrease the average access time.
The present paper addresses the servo control

of brushless DVD spindle motor by combining
fuzzy logic control and phase lock loop. The
purpose of using fuzzy logic control is to
improve the transient response of PLL and the
robustness of the system. On the other hand,
by using PLL, the steady error of the response
can be improved. In this paper, firstly, the
dynamic model of the motor is established in
order to analyze the characteristic of the
motor.  Secondly, the design of fuzzy logic
control and PLL are given by comparing the
advantages and disadvantages of both designs.
Finally, from simulation, by combining both
designs, we concluded that the present control
design greatly improve the steady error of
fuzzy logic control and transient response of
PLL.

Keywords: DVD-ROM ¡BSpindle Servo
Control¡BFuzzy Logic Control¡BPhase-
Lock Loop
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¦b¥úºÐ¾÷ªº¦s̈ ú®É§Ç¤W¡]̈ £¹Ï2-1¡¡̂A
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4­¿³t
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¥ú¾ÇÀY²¾°Ê®É¶¡
°¹̈FÂà³tÅǗ«®É¶¡
ºÐ¤ù°jÂàµ¥«Ý®É¶¡

0 160 320 480 640 ms

¹Ï2-1 ¥úºÐ¾÷̈t²Î¤§¦s̈ ú®É§Ç

¥i²M·¡µo²{¡A¥D¶b¦øªA¦b¾ã­Ó¦s̈ ú®É¶¡¤W
§êºt¬Û·í­«­nªº̈¤¦â¡A¦Ó¥BÀHµÛ­¿³tªº́£
ª@¡A¥D¶b¦øªAÅǗ«ªº®É¶¡«Ķ òµÛ¼Wªø¡A©Ò
¥H¡A¬°¤F́ î¤Ö¥D¶b°¹̈FÅǗ«Âà³tªº®É¶¡¤Î
Ã­©w®ÉÂà³tªººë·Ç¡A¦b¥»¦~«×ªº­p¹º¤¤¡A
§Ú­Ì́£¥X¼Ò½k±±̈î¥[¤WÂê¬Û°j̧ ôªº²V¦X±±
¨î¾¹¡A§Æ±ǣà¹F¦¤̈W­zªº¥Øªº¡C

¤T¡B̈ t²Î́y­z
¡@¡@

¦b¥D¶b°¹̈F¦øªÄ t²Î¤¤¡A²{¦b³Ì±³̀Q
¥Î̈ìªº́N¬OµL̈ ê¦¡ª½¬y°¹̈F¡AµL̈ ê¦¡ª½¬y
°¹̈F»P¤@̄ ëª½¬y¦³̈ê°¹̈F¤ņ̃û¡A¥¦̈ã¦³¥H
¤Ú X¶µÀuÂI¡G

1. °ª³t«×¡GµL̈ ê¦¡ª½¬y°¹̈FµL±µÄ²
ÂI¡A¤£·|µo¥Í¹q°Ê¾÷¤¤Âà¤l¦]°ª³t
±ÛÂà¦Ó³y¦ª̈º¿i·l¡A¥i¹F̈ ì°ªÂà³t
ªº­n̈ D¡C

2. ¹Ø©Rªø¡G¦b¶Ç²Îª½¬y¦³̈ê°¹̈F¡A±`
¦]¹q̈ ê»Ṕ «¦V¾¹¶¡ªº±µÄ²¡A¾É­P¾ã
¬y³¡¦ìªº̄Ó·l¡A­°§C¤F°¹̈Fªº̈Ï¥Î
¹Ø©R¡A¦ÓµL̈ ê¦¡ª½¬y°¹̈F¥i§ïµ½¦p
¦¹®ÄÀ³¡C

3. µLÂø°T¡G¤£̈ã¾÷±ñ¦¡́«¦V¤¥̧ó¡A¥i
Á×§K¹q¬y¤Á́«®É¡A¤õªá³y¦ª̈º¹q®ð
Âø°T¡C

4. ¤p«¬¤Æ¡GµL̈ ê°¹̈F²¾¥h¹q̈ ê«á¡A¥i
±N°¹̈FªºÅé¿nÁY¤p¡C

5. 
¥Ñ¥H¤WªºÀuÂI¥iª¾¡AµL̈ êª½¬y°¹̈Fªº

¯S©Ê¬O«D±²̀Å¦X¥úºÐ¾÷¥D¶b°¹̈Fªº³W®æ­n
¨D¡CÁöµMµL̈ ê¦¡ª½¬y°¹̈F»P¶Ç²Î°¹̈Fªº¹q

¬ý «¦Vµ²ºc¤£¦P¡A¦ý̈ä°ÊºAµ²ºc§¡¬Û¦P¡A
¦]¦¹¦pªG§Ú­Ì°²³]¹q·½¬OµLº§ªiªº²z·Qª¬
ªp¡Ä Ã©¿²¤Â¶½uªº¹q·P®ÄÀ³¡A¶È¦Ò¼{̄ Â¹q
ªý¡A¥BÂà¤l§¹¥þ¥RºÏ¡A¬°©T©wºÏ³õ¡A«h®Ú
¾Ú¹Ï3-1 §Ú­Ì±ö ì¥H¤UÃö«Y

  V t r i t e tb( ) ( ) ( )= ⋅ +          (3-1)

  e t K tb b( ) ( )= ⋅ω             (3-2)

  T t K i tt( ) ( )= ⋅               (3-3)

  T t J
d t

dt
T tL( )

( )
( )= +

ω
      (3-4)

 ¨ä¤¤¡A

v t( ) = ¹q·½¹qÀ£ ( )V ¡F

ω( )t = °¹̈FÂà³t ( )rad s ¡F

r = Â¶½u¹qªý ( )Ω ¡F

T t( ) = °¹̈FÂà̄x ( )N m− ¡F

i t( ) = Â¶½u¹q¬y ( )A ¡F

Kt = Âà̄x±¼̀Æ ( )N m A− ¡F

e tb ( ) = ¤Ï¹q°Ê¶Õ ( )V ¡F

J = Âà°ÊºD¶q ( )N m S rad− ⋅ 2 ¡F

Kb = ¤Ï¹q°Ê¶Õ±¼̀Æ ( )V S rad⋅ ¡F

T tL( ) = ­ţ üÂà̄x ( )N m− ¡F

ωeb

r

v i +
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+

¹Ï3-1 °¹̈FÂ²¤Æ¹q̧ ô

¶i¤@̈ B±À¾É±ö ì
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±N(3-4)¦¡̧g¥ÑLaplace Âà́«¡A¥i±ö ì°¹̈F
ªºµ¥®Ä¼Æ¾Ç¤è¶ô¹Ï¡A¦p¹Ï3-2¡C
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¹Ï3-2 µL̈ ê°¹̈F¤§µ¥®Ä¼Æ¾Ç¤è¶ô¹Ï

°²³]­ţ üÂà̄x T sL ( ) = 0  ®É¡A¥Ñ¹Ï3-2
¥i±o°¹̈F¿é¥XÂà³t»P¿é¤J¹qÀ£ªºÂà²¾̈ç
¼Æ¡G
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§Ú­Ì§Q¥ÎMATLAB ¤¤ªºSystem Identi-
fication Toolbox ¹ï¥«°âªº NEC6Xi ¥úºÐ¾÷
ªº¥D¶b°¹̈F¶i¦æ̈t²Î§P§O¡A¥i±ö ì°¹̈Fªº
°Ñ¼Æ¬°¡G
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¥|¡B¼Ò½k±±̈î¾¹³]­p

¦b¤@̄ ëªº±±̈î̈t²Î¤¤¡A±¥̀]§t¤F«D½u©Ê
ªº̄S©Ê¡A©ÎªÌÃø¥H±À¾É¥Ẍ t²ÎªºÂà²¾̈ç
¼Æ¡A¦¹®É§Y¥iÀ³¥Î¼Ò½k±±̈î̈ì̈t²Î¤¤¡C¦b
¥úºÐ¾÷¥D¶b°¹̈F¦øªÄ t²Î¤¤¡A»Ý­n«Ü§Öªº

¤ÏÀ³³t«×¡A¥B§Ú­Ì¤wª¾°¹̈Fªº¼Æ¾Ç¼Ò¦¡¡A
¦³§U©ó§Ú­Ì¦b¼Ò½k±±̈î¾¹ªº³]­p¡C

¼Ò½k±±̈îªº̈t²Î¤è¶ô¹Ï¦p¹Ï4-1¡A

¹Ï4-1 ¼Ò½k±±̈î̈t²Î¤è¶ô¹Ï

¼Ò½k±±̈î¾¹¥D­n¤À¦¤̈T­Ó³¡¤À¡A¤Î¼Ò½k
¤Æ¡B¼Ò½k±±̈î³W«h¡B¤Ï¼Ò½k¤Æ¡Ä ä¤¤¼Ò½k
¤Æ»P¤Ï¼Ò½k¤Æªº¤è¶ô¡A¥D­nªº¥\¥Î¬O±Nºë
½T­È»P¼Ò½k¶q¤§¶¡ªºÂà́«¡A¦b§Ú­Ìªº³]­p
¤¤¡A±Ä¥Î¤@̄ ë³Ì±¥̀Îªº¤T̈ ¤«¬ÂkÄÝ̈ç¼Æ¡A
¦p¹Ï4-2 ©Ò¥Ü¡Ä Ó¹F¦º̈ë½T­È»P¼Ò½k¶q¤§
¶¡ªºÂà́«¡C

¼Ò½k±±̈î³W«h«h¬O¥Ñ±M®a°w¹ï¤@̄ S©w
¨t²Î¡A®Ú¾Ú̈äª½Ä±¡BÆ[©À¤Î̧gÅç©Ò«Ø¥ßªº¡A
§Ú­Ì¦b¼Ò½k±±̈î©Ò¿é¤Jªº¼Ò½k¶q¦³̈â­Ó¡A
¤À§O¬O°¹̈F»P¿é¤JÂà³t©R¥Oªº»~®t¶q( )e
¤Î»~®t¶qªºÅÜ¤Æ( )e∆ ¡A§Ú­Ì©Ò³]­pªº¼Ò½k
±±̈î³W«hªí¦pªí4-1¡A¿é¥Xªº¼Ò½k¶qU «h
¸g¹L¦p¹Ï4-1 ªº¤T̈ ¤̈ç¼Æ¡A§Q¥Î­«¤ßªk¤Ï
¼Ò½k¤Æ±ö ì±±̈î°¹̈Fªº¹qÀ£¿é¤J¡C

      ¹Ï4-2 °¹̈FÂà³t»~®t¤Î»~®tÅÜ¤Æ¶q¤§¤T̈ ¤̈ç¼Æ
ªí4-1 ¼Ò½k±±̈î³W«hªí
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U e∆
E NB NM NS ZERO PS PM PB
NB PB PB PB PB PM PS ZERO
NM PB PB PB PM PS ZERO NS
NS PB PB PM PS ZERO NS NM
ZERO PB PM PS ZERO NS NM NB
PS PM PS ZERO NS NM NB NB
PM PS ZERO NS NM NB NB NB
PB ZERO NS NM NB NB NB NB

¸g¥Ñ¦¡3-5 ©Ò±À¾É¥X°¹̈Fªº¼Æ¾Ç¼Ò«¬¡A±N
§Ú­Ì©Ò³]­pªº¼Ò½k±±̈î¾¹À³¥Î¤W¥h¡A·í§Ú
­Ì¿é¤JÂà³t©R¥O¬°1500(rpm)®É¡A©Ò±ö ìªº
Âà³t¦±½u¦p¹Ï4-3¡A¥Ñ¹Ï¥iª¾¼Ò½k±±̈î½T

¹Ï4-3 ¼Ò½k±±̈î¤§°¹̈FÂà³t¦±½u

¹ê¼W§Ö°¹̈Fªº¤ÏÀ³®É¶¡¡A¦ý̈ä̈ì¹FÃ­©w®É
·|²£¥Í¾_Àúªº²{¶H¡C

¤­¡BÂê¬Û°j̧ ô

Âê¬Û°j̧ ô¥Ḧ ä°ªºë±K±±̈îªº̄S©Ế£̈Ñ
¤F̈ t²Î³]­p¤Wªº­n̈ D¡C̈ ä°ò¥»¤u§@­ì²z¥i
¥Ñ¹Ï5-1 ¨Ó»¡©ú¤§¡Ä ä¥D­nºc¦­̈n¥ó¦³¤T
³¡¥÷¡A¬Û¦ì°»́ú¾¹(PD)¡B°j̧ ôÂoªi¾¹(LP)
¤ÎÀ£±±¾_Àú¾¹(VCO)¡A¬Û¦ì°»́ú¾¹¥D­n¬O
¤ņ̃û±±̈î°Ţ ¹»P°j±Â°Ţ ¹¶¡ªº¬Û¦ì®t¡Ä Ã
¿é¥X¤@¹ïÀ³ªº¹qÀ£°Ţ ¹¡A̧ g¹L°j̧ ôÂoªi¾¹
Âo°£°ªÀWÂø°T«á¡A·í¦¿̈é¤JÀ£±±¾_Àú¾¹ªº
¿é¤J¡A·íÂê¬Û°j̧ ôÀ³¥Î¦b³o®É¡A¹Ï5-1 ¤¤
ªºÀ£±±¾_Àú¾¹§Y¥Nªí¥D¶b°¹̈F¡AÀ£±±¾_Àú
¾¹ªº¿é¥X¬°¥D¶b°¹̈F̧ g¹L½s½X¾¹²£¥ÍªºÂà
³t°Ţ ¹¡C

¶Ç²Îªº¬Û¦ìÀËª¾¾¹¡A¥²¶··í±±̈î°Ţ ¹
»P°j±Â°Ţ ¹ªºÀW²v»~®t¦b¬Y¤@©T©w½d³ò¤§
¤º¡A¤~̄ à¥¿±¤̀u§@¡A§_«h·|²£¥Í»~Âêªº±¡
ªp¡A©Ò¥H§Ú­Ì±Ä¥Î¬Û¦ìÀW²v°»́ú¾¹(PFD)
¨Ó̈ú¥N¬Û¦ì°»́ú¾¹¡Ä Ã¿ï¾Ü¾A·íªº§C³qÂo
ªi¾¹̈Ó·í§@§Ú­Ìªº°j̧ ôÂoªi¾¹¡A¿é¤JÂà³t
©R¥O¬°1500(rpm) ®É¡A©Ò±ö ìªº°¹̈FÂà³t
¦±½u¦p¹Ï5-2¡C

PD LP

VCO

Vc(t)

θ c(t)

Vi (t)

θ i (t)

θf(t)Vf(t)

Vd(t)

θd(t)

¹Ï5-1 Âê¬Û°j̧ ô°ò¥»¤è¶ô¹Ï

¹Ï5-2 Âê¬Û°j̧ ô±±̈î¤§°¹̈FÂà³t¦±½u

¥Ñ¹Ï5-2 ¥iª¾¡AÂê¬Û°j̧ ô±±̈îÁȫà́î
¤Ö¥D¶b°¹̈FªºÃ­ºA»~®t¡A¦ý¬Ö äÃ­©w®É¶¡
¤Óªø¡A¤£²Å¦X°ª³t¥úºÐ¾÷¹ï¥D¶b°¹̈Fªº­n
¨D¡C

¤»¡B¼Ò½k¥[Âê¬Û°j̧ ô²V¦X±±̈îªk

¥Ñ¥H¤W¹ï¼Ò½k±±̈î¤ÎÂê¬Û°j̧ ôªº»¡
©ú¡A§Ú­Ìª¾¹D̈ âºØ±±̈îªk³£¦³̈äÀū ÊÂI¡A
­Y§Ú­Ì̄à±N¥¦­ÌªºÀuÂI¦Ẍ Ö°_̈ Ó¡A«h¦¹±±
¨î¾¹«K̄ à²Å¦X§Ú­Ì¹ï¥D¶b°¹̈Fªº­n̈ D¡C

¤@¶}©l§Ú­Ì¥ý¹Á̧Õ±N¼Ò½k±±̈î¤ÎÂê¬Û
°j̧ ô¥Î¤@¿ï¾Ü¾¹³s±µ¡A·í°¹̈F³B©ó¼ÈºAÅT
À³®É¡A§Ú­Ì¿ï¾Ü¼Ò½k±±̈î¾¹¡A·í°¹̈F³B©ó
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Ã­ºA®É¡A§Ú­Ì¿ï¾ÜÂê¬Û°j̧ ô±±̈î¡A·í¿é¤J
©R¥O¬°1500(rpm)®É¡A°¹̈FÂà³t¦±½u¦p¹Ï
6-1¡C

¹Ï6-1 ¥Î¿ï¾Ü¾¹¤Á́«±±̈î¾¹ªº°¹̈FÂà³t

¦]¬°Âê¬Û°j̧ ôªº¼ÈºAÅTÀ³³t«×̧ò¤£¤W
¼Ò½k±±̈î¡Aª½±µ¤Á́«·|²£¥Í¦p¹Ï6-1 ªºµ²
ªG¡C¬°¤F̧ Ñ̈M¤W­zªº°ÝÃD¡A§Ú­Ì́£¥X¤F¿é
¤JÂà³t¦±½uªº¤èªk¡A§Ú­Ì±N­ì¥»̈B¶¥¿é¤J
ªºÂà³t©R¥O¡A§ï¦¦̈p¹Ï6-2 ªºÂà³t¦±½u

¹Ï6-2 Âà³t©R¥O¦±½u

Åý°¹̈F̧ òÀHÂà³t©R¥O¦±½u¡C¼Ò½k±±̈î¾¹©M
Âê¬Û°j̧ ô¤£¾a¿ï¾Ü¾¹¤Á́«¡A¦Ó¬O¦P®É±±̈î
°¹̈F¡Ä t²Î¤è¶ô¹Ï¦p¹Ï6-3¡C

¹Ï6-3 Fuzzy + PLL ²V¦X±±̈î¤è¶ô¹Ï

¥Ñ¹Ï6-3 ªº¬[ºc¡A¼Ò½k±±̈î¾¹¥D­n­t
³d¼ÈºAÅTÀ³³¡¤À¡Ä Ï¥D¶b°¹̈Fªº¼ÈºAÅTÀ³
¯à̧ò¤W§Ú­Ì¿é¤JªºÂà³t©R¥O¦±½u¡Ä Ì¦¹§Ú
­Ì¥i¥HÂ²¤Æ¼Ò½k±±̈î¾¹ªº¼Ò½k¶q¿é¤J¡A¥u
»Ý­nÂà³t©R¥O»P°j±ÂÂà³tªº»~®t(e)§Y
¥i¡Ä Ã̈Ì·ÓÂà³t©R¥Oªº¤£¦P±N¼Ò½k±±̈îªº
¹qÀ£¿é¥X­¼¥H¤@¬É©ó0 ¨ì1 ¤§¶¡ªº¼W̄ q
­È¡A¦pªí6-1¡Ç g¹L½Õ¾ã¹L«áªº±±̈î¾¹¡A§Ú
­Ì¤À§O¥H¤£¦PÂà³tªºÂà³t©R¥O¦±½u¿é¤J¡A
©Ò±ö ìªº°¹̈FÂà³t¦±½u¤À§O¬°¹Ï6-4 ¤Î¹Ï
6-5¡C

ªí6-1 ¼Ò½k±±̈î¿é¥X¼W̄ q­Èªí

Âà³t©R¥O(RPM) ¼W̄ q
0~1500 0.25

1500~3000 0.5
3000~4500 0.75
4500~6000 1

¹Ï6-4 °¹̈FÂà³t(©R¥O¬°1500rpm)¹Ï
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¹Ï6-5 °¹̈FÂà³t¹Ï(Âà³t©R¥O2000->5000->3500rpm)

¤C¡Bµ²½×

§Ú­Ì́£¥X¤@ºØ¼Ò½k±±̈î¥[¤WÂê¬Û°j̧ ô
ªº²V¦X±±̈î¾¹¡A±N̈ âºØ±±̈î¾¹ªºÀuÂI«Ō d
¤Ü Ó¡A¦Ó¥B¼W¥[¤F̈ t²Îªº±j°·©Ê¡C¥Ñ¤W­z
¼ÒÀÀªºµ²ªG¥iª¾¡A¥u­n§Ú­ÌÂà³t©R¥O¦±½u
ªº±×²v¦b°¹̈F¥[³t«×ªº·¥­­¤U¡AÀ³¥Î§Ú­Ì
´£¥Xªº²V¦X±±̈î¾¹¡Ā à́î¤Ö°¹̈F¼ÈºAªº¤Ï
À³®É¶¡¡A¦Ó¥B·í°¹̈F̈ ì¹FÃ­ºA®É¡A»~®t¤p
©ó0.08¢M¡C
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