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31 2.1 wieududyanauyes 1wy NCH (Non Clock Head )

1 ¥
inseudsudaanaiaes 1 NCH ( Non Clock Head ) Uszneugasdausnie aail

2.2.1 AeuRIMBIdILYAAE (PC)
] ' ) ¥
i lums execute M4 test code 1HBAIAUIDIAAIHARABA TUADUNS
= o o
Woudgya s 1)
2.2.2 Control/Driver ttaz Interface Card

91/52nov'l1/A20 Radial Card, R/AW Motor Card, Clock Pattern Card, DE IF Card 1ag

a = o Wt @ 4
VWCOTVWINUASIDUAUDINTTAN L) Aall

- Radial Card Lﬁﬂiﬁi TN (Radial)ﬁ uﬁ'uﬁf'i’u signal processing and control

ERAEERE]

31 2.2 Radial Card
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1. AnRony signal board computer (SBC) H14&18 AT bus
. DSP 32 bit
. 12bit i1 ADC (A to D) @35 ended signal 1Az diff. signal

A w0

12 bit 51 DAC (D to A) HULBYN3N to Control high output amplifier
5. 8 bit uUUYUIY a1 DAC §1MFU AGC control signal
6. YU VCM A2un5zuau199n ( high output amplifier)

7. SWUAYYIUNGY (EMF signal) 910 VCM @20 Diff, amp.

1w 4 A o =
- R/W Motor Card @9AUA30UNDVY spindle motor

3UN 2.3 R/W Motor Card

Aaaun
1. szunanauuy DSP
2. 90 spindle motor 3 tMaday Faygraunin
3. clock pattern 1&nnaueq Lﬁim?ﬁuu gate and data signal

4. ahredoyaunuoynsudmiy AE



= Clock Pattern Card ’Tﬂ‘lhs‘!ﬁ’igtg‘lm read-out LIALAT14 servo pattern + timing

AMENIA
1. Uszuramaun DSP

1 ar a/ d .
2. Famnsia Jadoe digital counter 112 1295118 circuit system
3. @319 timing #20 Direct digital synthesis

4. programmable pattern generator

- DE IF Card i%dei'wﬁ’u SSW controller card,clock pattern , radial and r/w motor

311 2.5 DETF Card
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1. A2UAN Gain TN TUTYY I read-out

L

A3V TRYRYI timing mark INTYRY 104 read-out

[¥%)

ATV TYY 10 envelop MINFQYQYIN read-out

4. module 9187189 LU enable/disable

o 1 £

5. JUAIVOYAUULOYNTY A0 read-back function

]
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AIUUDINIAIUAUNITIATOUNYDI Rotary Positioner (V011 pusher WA 11AT U ( Read/Write :
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= Positioner Control Card ( System Controller: SC-01H/PC ) ATUAN positioner ﬁ"w

FIFININABURUADS WU ISA bus

3ﬁﬁ 2.6 Positioner Control Card

1. YOUEIY ISA bus
2. DSP 150 MHz
3. sampling Younn 50kHz
4. Ato D converter 14 bit
5. interpolation 4096
6. Power supply + 5V 5%
(max 1.5 A)+12V£59%
(max 1.5 A)- 12 V £ 5 % (max 100 mA)



7. stroke +20 94

8. AMNUALIDYA 0.003906 arc-sec

9. AMUUUUIIUUUNS N £ 0.05 arc-sec
10. selting time voendi g msec
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disturbances) (%W disk rotations (bearing RRO/NRRO, windage), Reaction forces, Noise ( PES ),
. . v ) o ' At Et [ 1 a
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2.4 TLUUAIUANAMHHIYEA Rotary Positioner

Ny, o .
WIDUNTATVAUMTIAADUATINNU Rotary Positioner System 1A Positioner Control

Card (SC-01H/PC) gneonuvu i ldaunsafion Tnuaveamsniugu'ld 2 uvudasiu fe Tnua

é gf = 1 s
MINIUAUUUY PI 1 Tﬁmmsmmmmu LQ 9INTAIUANNITOILUVVUANUUANANAY

Tumalassaemseonuuudaeasuzui 2.9 uas 2.10 muddy

Position Loop Gain Integration ~ Speed Loop Gain |
or - % Wa 19,019
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¥

_ Yt [ o 9 = ~ o A
ITUVUAIUAY Rotary Positioner 1ﬂuﬂmﬁﬂym$ﬂ~1ﬁﬂdﬂ15 Uaunsioue Al

P10 Position Loop Gain Wo [rad/second]

o 1 o 1 1 ) 1Y a L) Ao v A
LﬂumamwmtmmﬁmﬁpmNamﬁs:‘n'mmmxmmmmqunzmmuﬁmmﬂ"lmwa

r T 1 o ] { ¢§ o 1 = .
YSuussmmaneuauss@umui)ideans Favzgnimua1qlianTiidu % voa Speed Loop Gain

4 4 & 4
We [Wo < Wc/d4] Hanouaundvuo95sul servo i luanyazueg Exponential Curve ife

¥

ouynvesssuuiuuyusuivla TngnanouaueRzggeae +1.8% vosrmdhmneniolu 4 wh

YBIAUIAIAIN 1/Wo [Seconds]

P16) Filter Constant WT [rad/sec]

Wuwisiilimeddmiudmunds Cutoff Frequency MWLM Filter wila Lowpass Filter
130 fNUUAR1 Center Frequency 1#AY Notch Filter ﬂ'f'ﬁmﬁﬁmumzﬁdm1ﬂﬁqﬂ'lﬁlvi1ﬁ'u 4 1
Y94 loop gain (P12)unzdimfasfigaiilu 2 mhwos speed loop gain (P12) 2B, <W, <4B, Tay
Y04 Cut-off frequency Wf fianasezvhldtdyanasuniulussuniimiosasdas ums sy
AAfA1 Cut-off frequency Wi ﬁmmﬁu"lﬂﬂsf'rwmimﬁﬁmmwumizwuaxﬁmm setting time 7
1AM ez IENTa AR Cut-off frequency WF 1 TiA 11 1A 30000 (ife laigeams 19911

g
Filter 1

P17) Notch Filter Q value 0~1000

umsimuammnimes fduiusiua Q P37 Noteh Filter VoM UATB LAY
Stop Bandwidth lauaw1siiines P17 sefiauiiu 100 wwesm1 Q e iiie @ e 1.0
Wisiliaed P17 szgnimualdiduniiny 100 vinfuvedossmmuan center frequency 1A
Notch Filter Tnumisfimuam1diunis flinos P16 Filter Constant Wf [rad/sec] dariufouTng
agU Idail

P16=30000 : No Filter

P16<30000 & P17-0: Low Pass Filter

P16<30000 & P17# 0 : Notch Filter



13

P14) Integration Constant Wa [rad/sec]
o 1w a a & 1 1A P
Lﬂuﬂ’lﬂﬁl‘i‘lﬂ1'S‘UEJ'IEJ“UENﬂTjEl"flmﬂi‘n“h’ﬂﬂz‘]ﬂﬂﬂﬂ‘ﬂﬂﬂﬂ'lﬂﬂﬂﬁ1ﬂﬂJﬂ~1HﬁGl‘é)‘lJﬂ'uﬂ\1‘ﬂ
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szuy luitlagdmualifindiu 1/3 ves Speed Loop Gain We [rad/sec]

P12) Speed Loop Gain Wc [rad/sec]
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fmualiiisntosgadi 4 vi1wes Position Loop Gain W0 Tatm13tiiu19e3 Speed Loop Gain 92

danali servo stiffness (disturbance characteristic) N1P%U uAMsHNARAAEY o197 AR

. o
hunting effect TWszvUr0T 1714

Integration Gain

or TR 0L 6 =1 6
— O — Filter———9=| — " ™™
‘ S % S

+
F1
11
F2 =t
State Feed Back Gain

i 210 szuvRUgUANMUILLY LQ

P11) LQ Servo Gain Wlq (rad/sec)
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& a e o 1 a ol {
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24.1 BulAamesuvumiweslsm3 (Laser Rotary Encoder)
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= o w1 o 1 a v d Y o
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"r‘iﬁﬂﬂﬁ‘vl'lﬂuﬁﬁ)LLﬁQLﬁLGHBS‘(%:QﬂUQmﬂ Semiconductor Laser W14 Collimator Lens #9911 unalv
g o [ | ° a 1w

HeraliviA@n 910U Beam Splitter vzyiimstnisduiasonnidy 2 duasluszozmafinhiduuas

liannsenufi Reflection Mirror Hu lSa@arins £919404 (Transparent diffraction Grating Disc)
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wazdrazioundnduvesoyiusuduniioneduinuazmadiay (Diffracted Light of +1st
" Order)

msmﬁauﬁﬂmwulu 150UAY 227 minduduaszastoundulldidarinsyate
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2.4.2 MIIANNUNUEIIVDITZUVR Y APC Test

b4 d d . y
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] 1

dyganiues iazmsdum v, mildnnaunsi .10 sazmsmimves v, 1 aihly
AMUIUMITZYZHNTENTIUNTA (Track Picth, tp) 9INAUNITT (2.2) AIHIAT Position error signal
(PES) :nammsii (2.3) Tavswea o ﬁuaﬁjﬁnvu1ﬂvaqﬁ’ma:isuzmﬁsﬁdnﬁqﬁ‘umiuﬁﬁff A
31U 2.12 uae ww, wriflunel SauanedegUi 2.13 sasnrudidsenidumioesh

uazdayau APC Hanenagii 2.14

V.4V, A+C
APC v, B (2.1)
Track Pitch = W, +W, (I—APC) (2.2)
PES = M 2.3)
2VB —V:‘I _Vc

HSA  Head

194 APC

Y o w d 1 ° [ @ o/
7N 214 anuduiusseniadumisveniuayday
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3.1 nanin

Tumsesnuuuszuunauguiiy ﬂiywmi‘fa‘ﬁf‘hﬂtynﬂamsmanmmmnmwnuﬁn
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OAUUUAIAIVANUUL NI (Modern  Control  Theory) LA NOHYNTOOAUVUAINILANIULY
NyAfa (Algebraic Approach)

TaomaufiniseenuuudInrunuuuuaediy (Classical Control Theory) 11 92411713
o0NUULAINIURUUURLIIA(Open Loop) Tawvzldadduse Touumussuy dalutuusniues
auyAMmmuguamitou luiidmuntundeu milerdudwlouasilavasss TUUAUAIN YUY
mﬁanmumu'ﬁamqﬂﬂﬂ“lﬂmmsclﬂﬁam'l"lﬂﬂmﬁuumﬂnmﬂmmﬁme"!u minguauiaf 18l
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awleuntauazdnruguezmdsnmsesnuuy & FINTOONUUUAIAIVANAIIT LUHUAT
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Structure (MLS) 14343 #43% cM 18 unndavest MLs 114 Taevimsilassinadang
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3.22 Insaadnvessyuuniugy

& @ ~ =] 1
Tassasanig llvesszuuanguuaas 1ddegUa 3.1 vinglwifinlddszuuniugu

dsznevlddwnszuiunm Gs) = B,(s)/ 4,(s) amruguuutloundu C = B.(s)/ 4,(s) Iu

gilowndu uazdnauquuvstienlunid C, =B,(s)/ 4,(s)

R(s)

+
Cﬁ-(S)=Ba(S) : N E(S) G(S)_BP(S) Y(S) >

4,(5) _T S0

4,(s)

i 3.1 Tassadroinn lvesszuuaiugu
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D(s)
— f——— +
R(s) + _E@) [ 1 U(s) + N Y(s)
. 4,(s) 50 4,(5) g
B Bc (S) =

7 3.2 Tassahanasgsesszuuaiuguiioenuuudas3s com

wonnuerzanlumsiliszgnd 19 Tnsearfreszuuauguamusavhldeglugl

"
=

nuuet i wldlaule 4, (s) = 4,(s) uamaldegulit 3.2 Tassaravesssuumugquuuniizond
Taseard1sEUUAIUNUILY 2 $UBHSY (Two Degree of Freedom : 2DOF) unziihilnseatae
MATFINVBITTUUR IR TIOBNUUVAILTE CDM dmSunszuaunisnilsduya-niluedua
(Single Input- Single Output : SISO) Iﬂqu(s)uaz Ap(s)ﬁaﬁumswnmmmnszmumi,
B.(s), 4,(s)uaz B,(s) ADAUATTWYUINYDIAINIVAL TaolafFuaieTouvosnszuaunms

ansouaaslioglugdvesaumanyuladsd
4,(s)= s ¥ prees N i Dy (3.1)
B,(s)=q,s" + TSRS+ A q; + 9, (3.2)

UATEUMINY U INUBIAIAILALAD

A.()=1s" +1,_ s+ L+ (3.3)
B.(s)=j, 8" +j,48"" +... ¥ j +J; (3.4)
<

B,(s)=p,s" + p, M T DM P, (3.5)
Tavy <k uazm<k
HAZIIANAYVBITTUURIUANAIIIT 3.2 munsauansIdaa

B (5)| B,(5)R(s)— B.(s)N(s)+ 4 (s)D(s
Y(s) = »(9)[B.(5)R(5) = B.(s)N(s) + 4,(s)D(s)] s

4.()4,(s) + B,(5)B,(s)
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Tat R(s) Aodgyaadunadiad, Y(s) Aodgyanauedinavesszuuniugy, D(s) Aodaya e
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¥s) BB,

G,(s)= R(s) - AC(S)AP(S)+Bc(S)BP(S)

{3:7)
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Mauvesszuunugudosfilsdaumavesdyanuniunudae Faleddude ] louvpedayam
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Y(s) U(s) _ G,(s)
R(s) ¥(s)  G(s)

/ B,(s)A4,(s)
A(5)4,(5)+B(5)B,(s)

Eis)=

(3.8)
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@ Y

¥
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@ D, (s) NeduMsRuanyazesszuURIuRuIies mnTassadwvesssuuaugulugld

3.2 aumsaanyuzansadou 1ddal
D, (s)=A4.(s)4,(s)+ B, (8)B,(s) (3.9)

a8 D,,(s) szillunaswvesidudssAnt insfivoanssuiuns (B,(s5), 4,(s)) i
' o = 4:{ LY 1 o o U ") = 4
mfmﬂsmwﬁwm‘lnﬂimﬂwmmmuammuﬂauﬂau (B.(5), 4,(5)) msznduilsz@nives
¥ ¥
aumsfuanyuy D, (s) Wugnidenlayis coMm ﬂquuﬁmﬂm‘lumﬁmmﬂmma%vmmmuﬂu

o L] = é -] = ot
wiufleundvausai1dlasmsudaunindudu il ldwslimeivesdaniugu

s

Youndu (B, (s), 4 (s)) Tuiuiiuln

3.2.3.2 M3NNF15
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¥
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v
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€
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dyanudunasiduuy ligauadiminiy
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Tagsian Toudn nsReadyguduynddunyhigaunadmiusuuniugy

E ¥
WU dunsouleriavesdy g uduwa ld 3 uunfe dygiadunaiuuiiiiula (Step), dya e
8 o

a a d o a o 1 &
aumﬁ’wumumwmn (Velocity) HAasd QI IMUOUNADI9DUUUDNTUTI (Accelerator) HIN15I

q
¥

e d'l a o = 3 a gx a A o 9 =1 = ' o Y
Hlaie 19 lumsAamudyanudunyadradaa suiiail W ldTasnguesfivndindien uazngnld
s ' A‘{‘ a1 3/ . =& a Vo d”

TumsnedTivweguuiiuguvesnguiaigaie (Final Value Theorem) #905110 14645
N3 3G Lo 9anmudynaduyadied ioanumuizauasiiadosnmw

¥
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5

G, (s )_ N, (s)

D, (s)
_bus"+b, s" + . +bhs+b,
a,s" +a, s"+.. . +bs+b,

(3.10)

laen>muaza,b>0

o =Y Y] = = = y
ARAVBITTIIMILANIzARM Ty g uduad U ady Inalle
L aggnaduwedduuuinile r@) =a,Rs) =2 & a, = b,
§

Taw m,n=0

at =y = a
2. dyusunndBauuunnuGi r@) = ar, R(s) =— g, =buava = b
S

Tﬂﬂm,nzl
a y

T 0a,=b,, a =5
s

3. dygreBunndBeuuusnuser() = ar, R(s) =

Wz a, =b, laom,n>2

I o T as = :'\‘A
Tae lifilsfamduilssdnouq

3.24 m'saamm‘uﬁmmiwwmﬂmé’ﬂumzé’fmﬁﬁ CDM
11«[?1"31«!1\!‘ﬂ“’ﬂﬁU'IEIE’I\Tﬂ'I‘iﬂE]ﬂLLUUﬁNﬂ'ISWH‘I—J"mﬂmﬂﬂﬂm 'Jf.lfﬁi CDM Iﬂﬂfﬂ.lﬂ'liﬂﬁ
u’]l!ﬂmﬁﬂﬂmw‘ﬂﬂdﬁ31J‘]Jﬂ']‘1_lﬂllﬂﬂuﬂﬁ‘]_lLIN’i] !ﬂuﬁﬂﬂﬁlﬂﬂiﬂuﬂ’].lﬂ'ﬂﬂﬁﬂmﬂﬂ'klm 1uﬂ'11ﬂ"l’i

(7

¥
3.9) mammsm‘utju'luiﬂuummﬁumswuumﬂmaﬂymﬂﬂ 3l

Flo)= A.(s)4,(s)+ B.(s)B,(s)

- n n-1
=a,s +an_]s +...+als+a0

=Zai5f (3.11)
=0

lava,,a, ,,...q,aq, fodunlszdnTvesaumsnyugudnyae

MAssyilEdosnin Yi, MAIAIIMITNYD 7 g lumsesnuuuauniswyugaidnyazias
4
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a

Iy S (3.12)
a9

Y (3.13)
a,

. 1 1
i s s Yo ¥y =0 (3.14)
Vi  Yia

s = 4‘ =
Tayi= L,...,n—11naums (3.12) uazeunis (3.13) duiszans a, musodau 11y

uvvdail
QUT
Wy = R
Yia---72 N
i-1 1
! : (3.15)
= (71—1)

v o

deunuduilsz@nt g usazsuduluaums (.11) v dmumsnguunadnyas lumey

i

o/

td
YD gy, 7 Uy ¥, fadl

n b=~ 1

P(s) ke, H(y y

(rs)i F75+1 (3.16)

i=2 | j=l

4 = -
325 e lvadesmnvesis com
¥ ! [}
lumseenuuszuunILgUAILIE COM iU m3insaniesvosaivs ney 19deny
= s o =t , . [ Y1 ada a =
ANUNBIHROITIMILLADYININYB Lipatov 1a¢ Lipatov na121431 35019 umsdszdivmabosnm
1 =t . ¥ i g/ | (=1 1 7q ¥
VOIBUURIUANITY N V09 Hurwitz Huneudisgeonuaz lalifivanerensdszgndidamuly
' ) H ¥
MIvBNUUYTTUUAILgUATSUALYn Taodeu luafosnmAitnng ausums 1 9emtunds
arvae lddoaz 193 mafunadi hidudou
. v ) o v w et o a ¢ w ot pai
Lipatov Téiaundn dmiuszunsudy n fiflsnauminiines n §a veumwamiosawd
g 1 = { aa Qo
wisaiummnsooyimulieglugiifeouiiiiia 98 (1 -Dimensional Space) TauyovwaEdys
= =1 ' 1 ' y
Mafineifiva (Sufficient Stability Region) 931§ udngevesvevwaadosnin ufdidonls
k4

wosnwiweiiioans Liduinimeliiau drumaiisanan1dh deovlvados v Lipatov

| d‘ cig I o =
e luiivuegfnnuweriivs
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VINNOURATIVTOUATETAINYES Routh Hurwitz (Routh —Hurwitz Stability Criterion)

FTUVOUAL 3 vediafesninaeile
a,a, > a,a, (3.17)
& = a A A VA
FIF N IsUAsU Tumenvesnsssiliatssn 'l ae
¥y >1 (3.18)
0 ) 3
dmIuszuUduaD 4 azllimdosnwideiofonlude luilues
a, > (a,/ay)a+(a; la))a, (3.19)
Va7, >1 (3.20)

VINANMT (3.14), (3.18) uaz (3.20) ansna gy i ssUUBuAY 3 wassvaIs U 4 955

<t g1 A
fusnmAdoLe
V> dmIunnANeIi =2 ~n—2 (3.21)

dm3uszunguAY 5 uagSudugeginl Lipaoy IWiuodow Tuiwofiosdmuanus
wiesnmvesszuy Tivaegduuy Tﬂquyﬁﬁmmzﬁuﬁ'umﬁaﬂmmuizuumuquﬁ’aﬁﬁ
CDM a1 13

“szuumugmzﬁmﬁaﬁﬂmﬁm’mﬂaﬁuﬂwwxiumdﬂﬂé’uﬁ'u4 NNYAVDITE U]
s nwdisdIgmua 112 uazszuuniugues lfimdosnmideiessundossusus VYA
woaszUuAugY luflafesnine

w ¥4 - P = 0w s A A
ﬂﬁﬂ“ﬂﬂunl‘ulﬂﬂﬂiﬂ']WﬂWﬂlWﬂaﬁ’]ﬁ3”ﬂ31un1ﬁﬂﬂﬁﬂ1“ﬂﬂ

a,>1.12 [ Ger gy 4G at._z} (3.22)

i+] i-1

7, >1.12y; dMIuNAAN =2~ n-2 (3.23)
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d’. = :: I o LY (=1 =3 =
uazRou luadssnmwinefisadmiuany lidatesnnae

A0 S G50, (3.24)
Y, <1 FMTUVUNAWD =1~ n—2 (3.25)

d
3.2.6 uWHAIaNI=ENS

v o a £d A4 A da ¢ o w Y ad
twurdlszdndidunsedoninlsz Tomlinn dmfunseenuuuszuunivgudaess
Qs a 4 g] ﬁi s s 1
cpM Taluumudsdulseansiue: Wdeyanoidy andedosam, naneuausweonal tag
o a‘l a 1 s a 4&

ANNAIMUYBITEUURILRUA W IMUANAYAYD Taourunsresuruisssuaasdamdulse fnia

oglugivesaeniiiuilsznen luds aumswnuugadnuee a,, MATT¥ilafosnw y, ez

as P as L") _1:{ o W a £

ArInNmIaNYa 7 TuvssunuueuvskuiviaaId s uay i Rasandostusidudssins
] o o LY P { Yo dv
uaazad M aunudadulssinsamnsouras ldasi

) 8 [ A
ﬂ1m11u@‘lwﬁmﬁwumamaﬂymz P(s)upsizuunILAuAe
P(s)#0.255° £ 42554 2542902 (3.26)

1 oa a £ = o of — =
nNauMs (3:26) 1z Amdulssdnt g LSBT UBIAINIUANNDNULUA T

CDM fail
a,=[0251"2 21 02] (3.26 2)
vi=[2 2 2 25] (3.26b)
7, =[05 1 09 0.5] (3.26 )
T=5 (3.26d)

Tavmdulsz@nt o, dnsdanmauyar, dassyiadosnm yuagaiinag
= * @ o a £ P a [~ L A o 1o o
raesn y; vzudas luunudsdudss@nslugdii 3.3 vingliedaunadin g doediiisa

° o

r=1 = 1 ~ = [ o Y =1
ATIVUADITNIN Y, LazmnadesmMwITouiouiy v ldnsuiieanunanuy (Robustness)
1 = a 4 ] P=% d o @ as a q"
aenmsiasuuasmnimeiveaszyy Wesnnmassyiados e suvesdulszans

Y 1 1 1 =)
Maaﬁumswuumgmanyms AU UITEIZHINTEVIMIATS T LA DT AN Y UAZANINAATITU

1 “1‘. 1 nt b ‘{
wtsnw y, Satludwanalfiitudasgduanunmudenswasunasidulse Anivosaunis
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1) Y " Y ol oy
L gunswwaneuauesvesszuumuguldmuiidesms  uddwadifivesszunls14

e & d:’( 9 qQr [ oy o
ﬂ'lllﬂﬁr@ﬂﬂ'l'i °]N1uﬂ5ﬂ!Hﬂ$ﬂ1ﬂ15ﬂ5ﬂliﬂ4ﬂ1w1i1mﬂﬂi T
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2. wnuhinvesssuy ldauiinwidesms  udzinsamanevanesesszunlild
Ay & P4 o o [ a o
auiinesms dalunsiilszyhmsdivuassimniined y,

d 1 a ) a [
TagnaTduds msdfuudesmsiilined y, uaz 7 iuee 1955 msnesianosgnul$uy
& ' o ' Y =2 3 =
3ogqaunitng ldnaneuauesvesszuumiuguauidesns Feerveldszoznarfiuiuag
[ s 9 v ¥ aa @ ' = J A 1 a a =2 o g 2
ganniantes AU lumsdSuuasnmnslives y, uae r idouaiidse@nsaims il delu

1 1 a < a 1 a o ) ar 1 A v AN Y a
muma"lﬂ%xaﬁmamn1sﬂimsmw1ﬂmmm Y, AT T NI UURAENTM ﬂ\iﬂulﬂﬂﬁ‘lj'lﬂll"l

(Y] =Y g
3.6.1 MmsUSuuaammsimes

=1

Y P ' Y ooyt o
lﬁai1]1‘15QNﬂ@]ﬂ‘]JﬁuﬂQ‘UﬂﬂigﬂUﬂ?Uﬂu‘lﬂﬂ']Nﬂﬂﬂﬂﬂ'ﬁ llﬁﬂ’u?ﬂu‘lﬂﬂﬂﬂqnqﬁﬂquw

Y

[

o ¢ ¥

o P o [y LT = 14 as (R a
?sl’ﬂﬁﬂ'l'i anumzﬁ’mmmsﬂmummwwmma's T IﬂUﬂ'}iﬂiULlﬁ\‘lﬂ’]W'li"lﬂJmﬂi T HUTUI0

&
@ =

GEATRCNCERLY
auyalt G, () Hulaiduaelounilavesszuuarguiioonuuu 3 lunewunsnlae

dy

G, () F a,>0dMiVi=0~n (3.52)

n n-1
a,s" +a, 45" 4 A as+a,

dulssantvesaumsnyuugadnbue, sadiusyrindulszintuesauniny

¥
wguanyazuazassyiwtesmwansalon 18 luguyudail

o = é @
vilsginsvesaumswINg IRy

a; a] (3.53)
<
bil

o5 1A T INANLsTANTvsaaumMSN IR M AT

by < B By (3.54)

C=les €5 - & co] (3.55)
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Tay
=21 dmiv i=0,1,2,...,n—1 (3.56)
ai+l
b1‘+1 9 el g
¢ = 5 oIy i=0,1,2,...,n-2 (3.57)

as

— g
imstaaums 3.52) lnildeglugduuudsil

Gy(s)= %/, (3.58)

a a a
s+l L5+ 0
a, a a

n h

= o a £ - o ¥ 1
MNAUNIT (358) ﬁ‘lij"lim‘llﬂuﬂll‘]_]'wﬂ“nﬁ‘u64ﬁﬂﬂ1iw1fju'luﬂtuﬁﬂyiu$1ﬁElgclugﬂlmu‘l]ﬂﬂ

I L4
sanaIusEn Tl e ansvesaunswymnuanyais 1dAsi

A:{l 1% 5 1o ﬁb‘} (3.59)
_ 2

i=n-1 i< i=1

v

L 1w ' ' o a g w v 1 { 1 o
anhmsumensI@Iusznindulssansvesaumsnpungadnyuz ludadminiiude k

g 2
¢ladulseinfuetauntsmuunndneaedai

=

A=[1 kﬁb,. k”“ljb,. k"ljbf} (3.60)

i=n-1

Qs 91 1 = = o I} a 1 Y
MNAUNT (3.59) wazaumI (3.60) vxdunalanmasseilabosamduniiowdn 1ildims
alfsunlasly Tasdann/doulaslffosmedanaauyar vinauns (3.60) annsadould
v
aglugufanduaioTouldail
k"a,

G (8= (3.61)
- (8) a,s" +ka, s" +...+ k" as +ka,

MnauMs (3.61) xdaunamiuldn Az yosszuuauqulaeu Ty

1 g
=— — 3.62
' k[aJ R
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Y o 4 & o q ¥ 1 o1y £ da s X
Tasgiimsiua k yussvh da 7 danlesas HINABHAADUTUBIVBITTUUAILNIT W ULAL
Tumandududie £ oglugas 0 < k <1nareuausIvesszULAIUYUIzSA

FnlslumsdSunanevanewesszuulf dmnand fiawfidesnsvldinsfarsan

1 a 1 9 P |.=i 1 1 U 5 Y A 1 ’ 9 ad 9/
N ‘D‘lﬂLﬂiJﬂ']L’Jﬁu‘l!'lﬂ“llﬂd‘wvﬂﬂ')‘l_lﬂimQ‘I’Iﬂ‘ll')ﬁ’lm’lvlﬁ'i il']ﬂl.luiﬂmﬂﬂﬂ’lL’mil‘ll‘l‘lfl‘lflﬂﬂ\iﬂ'li

a e‘wcg

wazyitnsva & Tasldanudunusaed

_ told
t.new

k

(3.63)

lnut,0ld Resandmvesszuuniuguin 1oz 7, new Aesaaudiivosssuuniuguiidesns

wa1nd las & udni lunsluauns 3.62) el YDIBUDAIUANA IMoBnIN

3.61 msdSundsmmnniimesy,

lunsdifinmaudimvesssuuniuguldnwiidesn s udzinswanouauosesgy
m g a9y Yowrenl o4 DL £ w [ a L4 ) 1 ¥
vaaugw i ldamideaniaiuduilufivedesfuudsimnndimed 7, TaomavSuudad 7,y
3

RPTRLL L TRITl- kY
Al G (s) WwilsddudioTeuradlavosszuunivguiteeniuylluaeuusn
Tay

4

G,(s)=

- " a,>0dMIUi=0~n (3.64)
as’ ha, s TN Skt

o

o = !Q" s 1 1 ns = ‘-'{
Tagduilsgdnivosaumswmnunadnuay, 8RS ITIUIEHINTWYsEANTURIAUMITNYUIN

e

= = =
ﬂmaﬂﬂmzuazmwumﬂﬂsmmzugﬂuum

L=t ar

) AYINVAUNIT (3.53), (3.54) Lag (3.55)

L4
Tnaums (3.64) nilieglugiiuudai

Go(s)=— 1 (3.65)

= a.
i i L S e By
a, a, a,

NATUNT (3.65) ansadioudulsginvesaunisnyuivaudnyue Ideglusduuuves

ar U 1 o a A o 3 ar g
anIdIusyINdnlsz AN saunswyuguanene [dae
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1 1 1 1
A=|— — T (3.66)
I I b.!‘ ] | ba‘ b: bt
i=0 i=0 i=0 i=0

1
A_ n-2 n-3 0 n-3  n-4 1 0 bl 1 (367)
{Hc, c‘....Hq}bg [Hc‘. ci...Hci]bg" ‘
i=0 i=0 i=0

i=0 i=0 i=0
'

ﬁ‘ o 4 oo o 1 A 1w o o a £
msimessviiatesnmludadauiniiufio -k ez lddulszAnTvesaumsnu

¥

AuanyueInudail
1 1
A=
Lal[n-2 n3 0 Lol 3 n-4 0 I
r .
k? = £ c,....Hc,. b)) # Hcr.nc,....nc‘. by (3.68)
i=0 i=0 i=0 i=0 i=0 i=0

VINAUNIT (3.67) Uazaums (3.68) szduna ldarz Ssnamilowdn1185n 130 3euutas Tas

a d (o o 1 = [ @ 1

aanaouas luffemassaii@desan 9naums (3.68) mmmﬁmu‘lﬁaqiugﬂﬂaﬁwumﬂ
¥

Touldasil

Gt (8) = 3 — (3.69)
n n
a,s" + kg, s kT T gsk? 2 g

: 2 4
WlumslfuraneuauesvesssuumugulildUnssaiidesnisiu WiiSsfnivey
3
meduniloudunsfivesnmsiliv s Tavlunsdliiszdeasosqanalfud k sundros1d5iins
P ' o O
WanoUAUBLfideINT die1k > 1 vzih IikanouaussvesszuURIUgU Rz uRufes
'y o £l 5 :g { 1T a o 3 = Y1 ey
anne uAn 0 <k <1ezvhlnaneuauesvesszuaruguiE WumauRufsznty Sauids

9 a w [ 13w o 1 Y] 1 A 3
vwavennIdaangn lunsliua £ uanda@niimsdsue 7, lawase iWesnindiszuuniugy

—De

(d 23

v w 1 = o o g Y
Aunuvauaugeg My, Mezihmsdsununam ldqe
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nanh IdzmssmaneuauevesszuuAIUAUAAdeIMILg) At udhfivesszuy
a1 a4 A X o 04 @ ' Y 4
AIURUDINITIAMAARHI LAY SuiliBannIndanImmitswessruuatugu fiffeuulas

s é’; -] d cl' o a 1 4:1 { gl ﬁb
I duidshuliufiazdearimsUSusnadh i 1 daufidesmsina fani



Ui 4
Hardware a2 Software @113 UszuUguAIUAY

Rotary Positioner

4.1 nah

[ |

@ = Y a o 3 a v oW a £, = 4
'HENmﬂﬂ"lﬂﬂﬂmmuwwmmmTﬂU“l‘ﬁmﬂummummﬂimmmﬁsmaﬂnmsmmm
w = P vy 3 o g d = Y y o
AMIVANNIHUIZ Y Lwa‘lﬁ”lﬁ’waﬂﬂuﬁuﬂwmsximzmmqmmmsmmmmaﬂuﬁmu 137191
= o o 1 Y] o ! . n {
msmmasmﬂrmmﬂﬂﬁmjuazmwaiﬂﬂi‘ﬁ'szwaum‘iJﬂumxmuwm Rotary Positioner
¥
Usgnoufiuaundng 5 aau aedl
= 4
L. Tulnsneuiames (Micro Computer)
4 as 4 .
MIARIVRN (Controller Cards) itaz M3 ATUMAADY (Driver Cards)

A3 9lsTyry a3 12UNIAF1LY Non Clock Head

B W

Tlsupsumaugumsyaiazamasimes
é 9 1 a o o A =t at a
5. nalnams@emsfeyaseninlulasnouiiumes fu AIDNBUT Y05 1

(UNTNFLLU Non Clock Head

4.2 1303 lulnsAenRAABS (Micro Computer)

= ¢lq v o ' . 2o 24
lulasnouftunedildlussunauaanguauinmiswes Rotary - Positisner 1na1u356min

4 a £ d 4 4 s w & o
(ATDIADNNUADSLAN Industry Computer FuilunTesnivenuutimmzdmiunuenannssudall

a

AUANTATOITUNMIININILY 24 x7 UAgTT1UI Interface slot STUNLINNT A DIABUTUAD S

[ o [ ' d o y 1
TIUYAADTTTUA (Personal Computer) dniuldminnuguuazniiadimiousian
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St 0y A
TR T

JUn 41 neluTasnoufiuee fiwy Indusiry Computer

d ¢ ws :
4.3 NM3ANIUAN (Controller Cards) Hag M3 AvUInARY (Driver Cards)
MIMUgUMTIIOULasTUIn A MR 0uTuu Ay aiaes T3uns AT Non Clock Head 92

o o LY ! @ n:'tv
DINUNIANIUAY (Controller Cards) (1A MIATUAADY (Driver Cards) AU

43.1 M3ANIUANMER SC-OTH/PC

sc-01H/PC iHumiamunuvdniildnvnunifaseg idadaundosneufinmes Taod]
AILGUAINITAFNUHIY Execution Program Lﬁaiﬁm’%mﬁwﬁ'iyﬂgmunmﬁumsncffﬁmum:u
Mdafimual uazmia SC-01H/PC t‘i’qﬁmﬁﬁﬁﬁq%’agaﬂﬁﬁmmwﬂ%u%uﬁ’sy‘cymwa%

TamsndnaulUdans oenaninmod @y Alam az Stawe Sludy

CPURUN LED{GREEN) RELAY ON LED{GREEN)

RESET SW / REGULATOR
- Y “333%) 7 = ALARM LED(RED)
00 7 ‘
ga J5:MOTOR
- 3
3 @ JB:MONITOR
- -
w 56 &8 J2ENCODER
00 0o P A—— © | irest
/ / Heat sink -
Main Board Sub Board Connectors

U 4.2 m¥amuquudn sc-o1H/pC
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RESET SW : 1]y SYSTEM RESET
CPU HALT LED : 1n'lW LED Auuansi1 CPU ogluaniug Halt 11 LED faa-is warash
CPU Mawiln@

Relay ON LED : #1101 LED fiaa 11 uansinsduinionnemeindousieu (Servo ON)

ALARM LED : ¥1n Il LED Aaad1s uamaiszuumdaudadioumanisellitnd
Tuns@if LED Aanszity (AA-AL) 1A AN Reset QRAAHSD Power supply
Mdauriey

JP1,JP2, JP11 : 1§ wmsunis Debugging (liin3s Short Jumper)

JP10: 130 Jumper QNidoNAD (A3 DINBNRIUMBILAINS Hard Reset (Un@ JP10 92 laign

Houde)
JP4,JP5 : 1ddmTudondumus (Address) Huniaoanush dmsunisaanodeaisszn1g

INT09RNDNNARBIAUNISA SC-01H/PC

M0 4.1 UAAIMIABAFMUNLY Address ULHL0A9118

JP4 JP5 Communication Reset Address
Address
lidouse lideade 0C8000 0700
Foude Tideuda 0C8800 0F00
TiiFeune Eordp 0D8000 1700
Fouse Founn 0D8800 1F00

4.3.2 Radial Card

d| 7 4 gy ) 1 A .

(umsanluguinel¥szesna (Radial) §uWUFHY Signal processing and control 1ag
M3invzAnAedea13/Y Signal Board Computer (SBC) lavraedyg o AT Bus UUA9 Radial
Card 3 Digital Signal Processing (DSP) U3g32anau11a 32 98 ADC (A to D) 4110 12 Ta dmsu
a¥19dya) 10 Ended Signal Uag Diff. Signal fi814A1nd191A VCM 5 DAC (D to A) vi1a 12 {ia
dmivadiedayga Control high output amplifier iMeTUMADY VCM 1az DAC v11a 8 T8 LU

wudmsvadiedygnar AGC control signal
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31 4.3 Radial Card

4.3.3 R/W Motor Card

o ¢ @ § a o/ 4 as
Wumiaduindoui l9dundou Spindle Motor ¥119 3 VUM amsaaiig

' ¥
Clock Pattern ({0 19n321121n151801 Gate 12 Data Signal 39395 sa 115 afradeyanuy
BYNIUAMTU AE

.........

UM 4.4 R/W Motor Card

4.3.4 Clock Pattern Card
o 4 d'. 3 o LY @t s £ 5 = 9/ o
WunsaitlddmiuSasedayana Read-out 436 Digital Counter ttazaas YYD Servo

pattern WiBudaya 10! Timing 1o 191uns219un15 M3Eou Servo Patter
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gﬂﬁ 4.5 Clock Pattern Card

4.3.5 DE IF Card

< { o @ o o
Humian 19 21gy Gain dru5udaya 0 Read-Out A59VUTYHY MU Timing mark lay
Envelop 1IN0y 154 Read-Out

310 4.6 DE IF Card

4.3.6 Positioner Control Card ( System Controller: SC-01H/PC )
. [ { g as = @ { 1
Positioner Control Card 92¥imviii Wludinuguitszafedyganiuguiiminsauds
Tuyadunas Iddyapaniuqueiynds 11 Rotary Positioner tiiodindous pusher 1
@ 1 = A = A A a o a Ag Y 9| o 3
W m/veu ndeui U TasssezmsindeuiidamiiAatu swgniauasiloundunin encoder 1€
gyadSuuasdaann moluvesauazdeinldidaniugu odImmmdy g anIugui

mnzan Hensah e watiow sgludumisidaans
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31.'17: 4.7 Positioner Control Card

' ) 4 { 1 4 [
M3AAIVAY (Controller Cards) uag MIATLIATEN (Driver Cards) 1 IénA 119U NITonde
@ 4 a | & o 4 =
Winuns e luTasaouiunes A Interface Slot (ISA) Favh 1R sunsuuLsS pnoLURIADS

ansadeanuuazdansiimeSadugu laery Interface Slot 18

o
TR

b
4
is

= A ' ¢ ¢ o A Y o A
31J°n 4.8 ﬂﬁl‘h’ﬂmﬁ]ﬁlﬂﬁﬂﬂZﬁJﬂiJ!!.ﬁ&ﬂ"liﬂ‘U‘ULﬂﬁ'ﬁ]ulﬁ.l'lﬂ‘l_llﬂ'iﬂdﬂﬂll"[
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4.4 ealsudyanauve51aUuy Non Clock Head

31 4.9 S ouToudnyanauyos Taunsasuut Non Clock Head

4 al o i 4 1 @ a
wiseadudaananaes Taunsndiim Non Clock Head szidosdaitisy lulnsnouiia-
¢ o o ¢ w & . < 4% Yy ¥ oy
1993 NUYANIIANIVAN (Controller Cards) Hag NMIAYUIAADY (Driver Cards) 1NA1IUEIT 199U
WeAIUAUMIHIIMYEY Rotary Positioner inseadiondaaaueoiTamsndiuy Non Clock
Head fituisznaviidrdafie
" | ' 1 o a | a 4 P '
Unit Clamp iiludaniigaslumsiasvaiadalildidaninaiouiivmeeglunszuiuns
= ar o o
woudya s Iunsndg
= é o
Tfiueud 112 (Solenoid valve) A7UALMS Load 1ne Unload Y94 Clamp Farhain 14 Tne
Tdsvuuiiudndg
Rotary Positioner YU1AA0UA1 pusher w0/ Tou indeni'l)
A =t o o o VA = a
Clean Boot  1HBINNATTUIUMTWOUTYRIRuw0T lumsnd Tav 14 a5 oalioudaygna
103 1MUY Non Clock Head Aesduiiumsluannziadeuilammnduniedeanisa e

lildRannudenesuasananlasi
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4.5 Tlsunsumugumsiauuasaiwisiine 31y SCP.ixt
°lun's~mumsmqmumﬂ’mﬂmﬂsmwuuﬁtymmhmsﬂmmu Non Clock Head ]
AWUIETINLHIY Execution Program m‘uuumamm C cmmmsmmasw'lﬁ'mﬂmsaammn
Mumaiiaunudidulszdng (com) ﬂugﬂﬂ1ﬁuﬂﬂ11ﬂu1ﬂa‘]§8 SCP.txt tiodnauguiSudy
demTaons Run Tusunsy Execution Uniniosnsuiiunod TU5un54 Execution 92871
mwwmmmmqqmn"lﬂa SCP.txt mamnuﬂﬂ'mnmqmmaamsﬂﬂmﬂn (Controller Cards)

&
uag ﬂ'liﬂ‘lf‘lJLﬂﬁﬂH (Driver Cards) ﬂi"U’Juﬂ'l‘;"UuLﬂiﬂxil‘Uﬂuﬂ'fgfg'lﬂﬂ']&l?liﬂ“h’ﬁlﬂﬁiﬁm

SCP.txt

Computer Servo track writer Hard disk
Machine

o & A\ A @ b P
3’1'1'1 4.10 NISUIUNTS Z’I’N’lutlaZﬂ'}UﬂMﬂi E}Qﬁiﬂuﬁiyiy'lﬂllWﬂii’Juﬂ‘jﬂ“ﬂ

4.5.1 Tﬂsunsuir"’wmuazﬂ‘mqu
E/NCH:>e¢:
C:\> cd dpe
C:\DPC>copy * *e:
CADPC>cd\
C:\ed nch
C:\NCH=>copy *.bat e:\nch
C:\NCH>e:
E:ANCH>preload
E:\NCH=>sload
E:\NCH>makeramp
** 1af unit + 94 serial unit 8 &2
E:NCH>s (veM laiifiv 16 ohm)
-> head (RC Aot 0000 )
--> ppro (Gudoudaan servo)

1a serial U84 unit § A
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Erase before .... 1 (aunew@ould 1 &1l 1 0)
Enter number track ... (lag1mu track)

4 di 1 1 1 1 1
Power off.... 1 ( Weolsuanuaieng motoff mevie'ly dldld | $1ild 0)

Start location..... 1

ﬁif‘é‘ﬁ’luﬂ‘li move track
E:NCH>s dpcd.rppm
E:NCH>moton

e speed motor 4800
--> head

, P
-->move_track (ESC ooaniinldsunsw)

4.5.2 MNNAA051 SCP.txt

Tu'ldd sceaxt 1difudmasifimes dmivimuammshauveaniianiugu

¥
=

@ ﬁ' J =1 = a o ar
(Controller Cards) 182 N15ATLIAADY (Driver Cards) UT802BUAN 15 19H0TA

P00/Data) Positive Stroke Limit [pulse]
o ! . o 4§ { a ] a o 1
MHUARN Maximum stroke ¥8938ia03 lunmanaouh lufammuduiniamandiums
A Y oa o e o 4 a (R O Y] .
aunu Aoy Pulse lunsiiiiomednyud aRundimiidmua 14 seuy Rotary Positioner 92
& o =K v ol S,
314 Stroke over erroruinzaz a1 uoIMIMyAMIY Faf Position Stroke Limit a1508Husaimy

AN liifiy 64,512,000 tazg1aufimuzasn s vy 32,256,000

P02/Data) Negative Stroke Limit [pulse]
o U 4 { = d =Y
MUUARM Maximum stroke Y8 IUBIRDS IuMTAADUN Tufiem1aniuduuiiann
° 1A Y o ' d o P 4 a ) [
AN inuaedhy Pulse lunsfiiuemesnuanunhmiisvua'ld ssuy Rotary
Positioner 921514 Stroke over error a9z dal#uoIAB S gAMYL Fasin Position Stroke Limit 173

o ' iy 1 a ' @ P =1
%xtﬂummﬂm‘muﬂmﬂu -64,512,000 LLﬁ$‘]f']Qﬂ']m‘Uﬂlﬂ3ﬂ$ﬁ§Jﬂ')§ﬂ$ﬂ_|u -32,256,000

P04/Data) Maximum Velocity [pulse/second] Max: 55,296,000
° ' ] Jd o o & 9o ' d ]
AMuARIANNGIgIgalumsnyuvewemei f1lumids ci6 Idmmuaanual

3y
UM Maximum Velocity P04 Hazhldine Error

y [
o

=t I o o sAan g ] . @ oy
1‘11“5]“’7@]' ¢ T’iWﬂUllﬁqiﬂﬂﬁfﬂJLUﬂgﬁlﬁﬂ']ﬂuﬂW151Ulﬂﬂiu1ﬁﬂ'}ﬂq1ﬂ1 Maximum Value 77981994 91

useRBLNUIA 100g cm2 MW Tmestinlsvznun ¥esni 25,600,000 Pulse/Sec
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P0S/Data) Imposition Over Time [5~300 second]
° o s o qy o L P Y 1
ﬂ'lﬁuﬂﬂ‘l‘]f’NL’Jﬂ'l‘Vl“ﬂﬂ‘}’i Servo wqﬂvmmuaxtmmau'luﬂsmmnﬂmas“lnmmmﬁqu

wasuh lddadwmuadvane

P07/Data) Outposition Range [0~40000 pulse]
fnuainsudadendoamgmsel Outposition Tunsfifivemenyumudumia

dlhwine fmuadi <o iife'lideems 14 outposition

P08/Data) Imposition Range [pulse]
. = ft:’l’ 9 @ e A - ¢ & - -9
windimeitladmsutmuamsasnaeumsimdeuiivesomed Tuadeut 118
vi3e itisdumiadihming Servo System 92A39UANYI Positive/Negative yoadumiiadnine

3 (Y a U o G d Qs o 1 U
H?a‘lnﬁuﬂ:ﬁuaqﬂumimwuﬂmwn'mma{ﬁ Ay ziiluauavuInniianiesnii 1280

Position In-position Range

T ekt /

Target Destination

= Time

gﬂﬁ 4.11 gﬂuﬁmﬂm In-Position UBITEVY Servo System

P09/Data) Imposition Setting Time Range [10usec] 0~16383
dwemedindouiiogludaeszn i InPosition Range (P08) Favusumisdhvanglu
szuznatfitualumniine$i an1ugveq Target destination 1 In-Position 321511 Enable
POA/Data) Acceleration Timel (T1) [msec]
fhf‘:mii)::ﬁmumﬂuﬁ’ammnﬁﬁaﬂﬂ’i“l 1000
POC/Data) Acceleration Time2 (T2) [msec]

" & o o @ o 1
mumsﬁwmﬂumﬂummmmﬂmﬁ’aunﬂ 1000
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POE/Data) Acceleration Type

= e’g o o o 2
WsiinesilddmIuimue Acceleration pattern #43 3 FUuuY wazanumIneves

¥
oW oA

W1513A05 "Acceleration Time 1/2" §@ai]

M151971 4.2 11AA9 Acceleration Type

Date Type Type Acceleration Timel (T1) Acceleration Time2 (T2)
0 Linear nafidesms i ifenuda Taildau
acceleration qga
1 Exponential nmﬂa‘ﬁmaa Exponential Curve Taildanu

acceleration

= ' o { [ .
2 S-curve naidedliidiganuiagege | pawdesliidhg acceleration

acceleration qige

(1) Linear acceleration

o 4 g vl 3 g g D 1 A e PRy a < X
ewesipine s uthwediesasussgegaiitmual3inniined Maximum Jog
Velocity P04 L18¢ Acceleration Timel POA #f m;ﬁ“lﬁ’ Maximum Jog Velocity LNUA Vm

[pulse/sec] , Maximum acceleration Am [pulse/sec2] WA MINTUATS Am = Vm/T1 x10-3

(2) Exponential acceleration

Exponential acceleration 93119 1uaBARZRanuA IR 1AH Anmua 3R 1 Tnes Acceleration
Time 1 (POA) 1if® Acceleration Type QAIdOn ATITIGIgA "V [pulse/sec)” anuAsaidaie
Maximum Velocity "VO[pulse/sec]" @1uaun13 V-VO0 x { lexp (-t/T1 " 10-3)}

(3) S-curve acceleration

A WAV linear acceleration ¥4 S-curve acceleration v liuemesnyuierhdanudauthmng
s Maximum acceleration rate Tﬂﬂﬁmmﬁﬂummyuwﬁamlﬂﬁﬂmﬁammaﬁ%‘wqu
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4.5.3 MNIABINALIYBINITZUY Servo System

v 2
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. . ‘ 1
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Position Loop Gain Integration ~ Speed Loop Gain
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P14) Integration Constant Wa [rad/sec]
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P11) LQ Servo Gain qu (rad/sec)
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P16) Filter Constant Wf [rad/sec]
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P17) Notch Filter Q value 0~1000
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P18) Torque Constant [gfcm/A]
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W, W, ts (sec) Po (%)
k =0.85 1423.70 472.41 0.0079 3.24
k= '1970.50 679.31 0.0065 0
k=15 4433.60 1369.00 0.0055 0

69

msdsuamsidimed & Wunadhs s MiIweINaReLAUBIYBITEULAILUIRIAY
vl maivvewaneuaussannadaguii 5.12 i Shumamnn Mdumidsnnueaieidiude
Taumﬁ’lmJmixu1Jﬂfmauﬁtﬂ%mmﬂmﬁmﬁmiugﬂﬁ 512 TawArhuniissinvesilandune
Touasilavesszuunauquiton lumedioues s-plane Huraliransuausvosszunaugud

2 ' . 4 X ey - AU NN
U A1 Cosine Hﬂﬁlﬂﬂi']ﬂlwuﬁuuﬂ'l‘lﬁlﬂ@5l°ﬁu¢]ﬂ7wqﬁﬂuﬁﬂﬁﬂ

«10f Poles of Closed Laop Transfer Function
1 T T T T L] T
: i r [ &4 : Q' k=1
ogH & .................. ................. ........... O k=085 _
? ; i : g Yehio |
U_B_ ..... .................. .................. .................. ............ AW NP , <..
g:418. - .................. ............... D ............. . _

2 g2t o.....4 0 10 TR C < < SR 0002 ) O o |y B TN Y & |

& : t g : O ; i

oy i

g U_ ................. ﬂ ............................ 'O NRRIER T E} ED‘ ....................

=) :

E 02F- N @y ore XGRS g7 L.~ O .................. o
B . . ), W) ) A o o T T A =] v SIRIRTEITEIR
08b i NN 50 v Q) /A i
i ST e e, e, T T , ..................

< ;
ik 1 1 1 1 1 1
-20000 -15000 -10000 -5000 0 5000
Real Part

Ui 5.2 dumila Tnandavesszuuauquiledfudasnsminwesszsuuaiugy

Taomsisua k

5.4 MINAABINVATLUIUNTIS

o { o o o 1 = 5 £ kY a
naanf lavhin1s$1aeen1sAIuguuMiaues Rotary Positioner $100nLLURI0MATIA

o o a £ 1 0w o 1 { Y o
unuraduszans Iao Tlsunsy Matab 1@ Ao lilazihdaniuguasnara ldeenuuun 19

MIAWAUAVNTZYIUNTIT Tavazrhnisnadeuaus sauzveaiInIUnusUATEUIUMIT 9T



70

#1075 APC TEST uagldintoanaaouaussouzves Rotary Positioner ienaaoulszansam
Tun1sAugUIMIiaYDs Rotary Positioner RSN

5.4.1.1 MINATOUANTIAULVRIAINIVANA LT APC TEST

AIEUIMS APC TEST Hunszuaumsiiamisaldhsiniamumisveniagin
gludumisnanaumsndwieli wiefianuivavunndumisnarwmsndlinndoudiosls
Famiiteuende v, Taonduds MINHIB/ATIUDYATINANITTN LN IANBAM V, 9]
Aty 1 Aafy T NNIONATOUMIAIUAIUNLIHIB1UTAY Rotary Positioner 438
ASEUIUMS APC TEST 111109

SumsumInaneuds APC TEST fisude'lalil

o 1 =Y 'd s a dy
nuanlineivosanIuguiile aefl

We=1970.50 ,Wa=679.31 (5.19)

VATOUAINNIZUIUMS APC TEST 9% lansdayana Aegy

et

MngUnanaaoulay APC TEST WUNSTUUAILAY AIUMUIYOS Rotary Positioner

Y 1 o 1 ¢ 7 A
annsonihedey ludumiafisuuunnnaramsnd fie 1.25



71

5.4.1.1.1 HaneUaHRRsTUUAIUANHe UA I ImeT & tledeaman)Auua
PAUNNYBINANBLAUBIVBITZULAILYY
Y o - P ¥
MNMIVBNUVUTTUUAIUANAIT CDM Asinan 1 luuni 3 1 aussouzvesssuy
1Y { < NI a o o &
Ay aunsaliudouldiluawdens 1 demsdfoamaimed £ daiuselddnuag
@ 1 a o { 11 {

HanIEnUveINIsUSummsiimes & ldesnandifivesaneuaueavesTUunILgN Tay
L [ v [ a o |
Tumsfininiiszshmseenuuudniuguitle demsdfuamnimed & 1 07 1 ua 3

AuaIAY
e £=0.7,13
gl o o ar =1 o/ =
wldmmnsilinesdaniuguitledsmsei 5.6
Manf 5.6 Amndiinesanuguitledesuat & dedesmadsuriinudifives

HAADUAUBIUDITZUUAILAN

k W, W,
07 1379.30 265.51
1 1970.50 679.31
3 5911.40 3437.90

HANINATOUAIMATEUIUMT APC TEST ansnuda 1anagii 5.15 tag 5.16



72

31 5.15 Fyanas APC Step 1iie k=0.7

]

g‘lJqu 5.16 deysyI9! Positoner Step 1118 k=0.7

vingUHanaaen Ty APC TEST WUI3£AIAY R1MIAYBS Rotary Positioner A11150
wiewldegludumiadivarunnnaiwmsad fs 133



73

’l'll," |

31 5.17 Faygres APC Step tile k=3

s A
311 5.18 Fayayrau Positoner Step 1110 k=3

nngUnanaaeylay APC TEST WuiszaIugy dunmisvsa Rotary Positioner #11150

@ 1 [ o o o
i mldegludumisiivarusnnarumsnd e 1.10

mﬂsﬂﬁS 13 fig 5ﬂﬁ5 18 uanIwanaaeulas APC TEST ¥045£UUAIUANIIMIG
Rotary Positioner 11015161 % rmewmwﬁwamamauﬂuﬂwaﬁ“'mm'mﬂn 1ngy
dunatuldiuiloUsulda & dinduean 07 1 1 tay 3 vzdanaliszniugy dumisves
Rotary  Positioner @13:130W1 281 I e g ludumdaufouuusinnarsunsnddresianas
IBUIRSITY A1 3 sigma vosuTsauumei e iag lasaussauzveszUIAILYN

ansanaaulfFouiousuldsans1ai 5.7



m31efi 5.7 wSouifeuaussauzvesszuauquunmssiasaiion:
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k=07 1379.30 265.51 1.33
k- 1970.50 679.31 1.25
k=3 5911.40 3437.90 1.10
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W, W, APC Step
k=0.85 1423.70 472.41 1.38
k= 1970.50 679.31 1.25
k=15 4433.60 1369.00 1.12
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Tlsunsalunseumazi@eudyana Apc
void Amnat (void)

{

int inkey;

int. ey
printf("Verl.12 (19/07/2009) LQ Control For Positioner..... Y.:
inkey=0;
while (inkey!=9)
{
printf ("\nEnter the SCP parameter For Positioner: 1 - 35 ");
scanf ("%i", g&inkey);

switch (inkey)
{

case 1: PosLoadParameter ("SCP2") ;

// rec=SendCommand ("CT7A/0" );
printf ("SCP2 parameter For Positioner..... %d ",zrc);
break;
case 2: PosLoadParameter ("SCP3") ;
// rc=SendCommand ("C7A/0Q" )i
printf ("SCP3 parameter For Positioner..... &8d ", rc);
break;
case 3: PosToadParamaeter("SCPA");
/{ rc=SendCommand ("C7A/0" i
printf ("SCP4 parameter For Positioner..... %d ",.xel):
break;

case 4: Dbreak;
default: PosLoadParameter ("SCP1") ;

// rc=SendCommand ("C7A/1" [
printf ("default parameter For Positioner..... gd ", xe);
break;

void measure pitch(void) // modify to measure canon pos performance

{

00/01/26 (chg408)

int .=y

int starting head;

int ending head;

long starting cyl;

long ending cyl;

long positioner_ start locationl;
int head;

int move_to_ od;

int write first;

long track; //this is inner loop counter

int step; //this is micro jog steps

FILE *tmpl; //107TH  , *tmp2, *tmp3;

long offset_from start; //wanted to read the whole move line
long save_pos_start; //save to restore global

positioner start_ location
long normsuma [MAXSECTORS] ;
long normsumb[MAXSECTORS] ;
long normsumc[MAXSECTORS] ;
long suma, sumb, sumc;
int squeeze [MAXSECTORS];
float apc;
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long Jjusta,justb,justc;

int rbpa, rbpb, rbpc; // locals for accumulating burst values
float sumnorm;

float sumapc;

long offset;

int offset_s;

int vagc[MAXHEADS]; // no more than 10 heads per ae

int normavg[MAXHEADS] ; // for track average norms returned from
autogain '

int xrc;

int count;
int apcavg;
//107H int clippeddata;
char bindat;
int hit;
int reg306;
int aft_erase;
floal Jdiff=1000;
int denominator; //108A

tmpl=RamFileOpen ("w+t", "APC.DAT") ;

load radial pattern();//make sure normal pattern is loaded and active
while (!esc key)

{ .
printf ("AnEntet) the starting head number %i - %i ",headstart,

headend) ; //107H
scanf ("% idY &starting head);
//108A ending_head=starting_ head;
if ((starting head >= 0) && (starting head <= 9))
break;

while (!esc_key)
{
printf ("\nEnter the ending head number %i - %i : ", headstart,
headend) ; //107H
scanf ("%1i", &ending_ head);
14F ((ending head >= 0) &s& (ending head <= 9))
break;

printf ("\nEnter the starting cylinder (LAST TRK %1d)
",patternsteps); //107TH
scanf ("%1d4", &starting cyl);

printf ("\nEnter the ending cylinder (LAST TRK %ld) : ",patternsteps);
//107H
scanf ("%1d", &ending cyl);

printf ("\nYou will be testing every 1000 cylinders from %1ld thru %1ld
cylinders at constant step move.",starting_cyl, ending cyl);

printf ("\nDo you want to write bursts? (l=yes O=no) : ");
scanf ("%i", &write first);

printf ("\nDo you want to move to the start location? (l=yes 0=no)

l!)'

scanf ("%1i", &move to_od);
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while (l!esc key)
{
printf ("\nDo you want to power off after erasing (l=yes O=no
2=latch only) : "); //107H
scanf ("%1i", &aft erase);
if (aft_erase >= 0 && aft_erase <= 2) //107H
break;

if( move to od == 1)
PusherHeadLoad (0); //WCHNCH//pusher start(); //chg405
rc = PosReadCount(&positioner_read_location);
1f( re )
{

printf ("\nPositioner Failure at move\n");

return;
}
positioner start location = nchidlocation; //107H
positioner read location;
positioner move location = nchidlocation; //107H

positioner read location;

save_pos_start = positioner start location;
rc = PosMoveCount. (positioner start location);
if{ Te
{
printf ("\nPositioner Failure at move\n"):;
returp;
}

printf ("\nStarting location = %ld.\n", positioner_start location);

denominator=12; //108A
GangOn () ; //108A
gotonewven (BIAS TO_ WRITE);

sendintegral ( (float)getvemvalue () ) ; // initialize gain acc. w/dac
interruptoff () ; // mask off all interrupts
except coprocessor - must maintain real-time control

//107H gaincontrol (base_agc); // set for default
// Write
offset_from start = - GetStep(starting cyl);
rc = PosMoveCount (positioner_ start location + offset from start);
if( re )
{
printf ("\nPositioner Failure at move\n");
return;
}

if{write first)

{

wb=0; // anyway start from A burst

sendwrburst (wb) ; // send the write burst count
to TMS 30

for (track = starting cyl; track < (ending cyl+20); track++)
//chenge tracks to +20 from +50
{
offset_from_start - - GelSLep (Lrack);
rc = PosMoveCount(positioner start location + offset from start);
if (rec != 0)
{
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writes

}
}
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printf ("\nAn error has happen during pos move rc: %d.", rc):

break;
}
endwait () ; // wait for last sector indicator
waitrev(); // change cycle
writestart () ; // enables write gate R-card

// note: writes only take place in individual rad burst locations
// don't worry about head switches, always a sector between

for (head = starting head; head <= ending head; head++)
{
sethead (head); /* set the head selects */ //chgd06

for (s = 0; s < nsect; s++)

readsector (0); // set gains to 0 and write are accring
radialnop () ; //107E
}
writeend(); // disable write gate
wb = (wb+1)%nbrst; // next write burst
sendwrburst (wb) ; // send the write burst count to C30
if ((*button&l) == 0) break;

//-end "track™ writing loop

// Measure APC

printf ("\nAPC measurement....");

fprintf (tmpl, “measure pitch from %1d trk to %1d el T "'y
starting_cyl, ending cyl);

for (head = starting head; head <= ending_head; head++)

{

positioner move_locatien = nchidlocation;

for( track=(starting_cyl+2),rbz2; track < ending cyl;
track++, rb=(rb+1)%nbrst )

{
hit=0;
sethead (head); /* set the head selects */
offset=1000;
1f({ track=1 starting cyl+2) && write first )
{
offset_from start = - GetStep(track) + offset;

else
{
e = PcsReadCount(&positioner_move_location);
offset_from start=0;
}
rc = PosMoveCount(positioner_move location + offset from start);
if (rc != 0)
{
printf ("\nAn error has happened during pos move rc: %d.", rc);
break;
}
if( track>(starting cyl+2) )

gaincontrol (vagc[head]); // sets rf gain to desired value
else
gaincontrol (150/*base_agc*/); // set for default 107H

rbpa = (rb+nbrst-1)%nbrst;
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rbpb = rb;
rbpc = (rb+1l)%nbrst;
sendrdburst (rbpa) ; // switch read burst
//107E if( track== ( starting cyl+2) && write first )
//107E {
offset= -200;
offset_s = -200;
for (step = 0; step < 40/%200*/; step++) //107H
{
justa = justb =justc = 0L;
radial_synch();

for (s = 0; s < nsect/denominator; s++) //107H 1082 change
to "denominator"
{
readsector (0) ;
justa += (long)getrawsignal (rbpa);
}
for (s = 0; s < nsect/denominator; s++) //107H
{
readsector (0) ;
juslb +#= (long)getrawsignal (rbpb) ;
}

for (s = 0; s < nsect/denominator; s5++) //107H
{
readsector (0) ;
justc += (long)getrawsignal (rbpc) ;
}
if( (justb/(nsect/denominator)) > 500/*900*/ ) //107H
{
if(abs(offset_s) 2 1,0
{
if( (Jaste |[>Tgusodilss (offset s <= 0) )
offset s /= -2;
else if( (justa > justc) && (offset s >= 0) )
offset s /= -2;
}
else
{
if( NOstcé#H/ gusta) )
{
offset_s-= 10;
//107H offset_s = (int) ((float) (juste-justa)/(float)nsect/ (float)10);
//107h if(offset_s < 1 ) offset s=5;
}
else if( (justa > justc) )
{
offset_s = -10;
//107E offset s = (int) ({(float) (justc-justa)/{float)nsect/(float)10);
//107E if(offsetms < =1 offset_s=-5;
}

bt
}
}
offset = (long)offset_s;
HIYOTES /L1111 171077717777
if(hit > 2/*5%/ ) //107H

{
if(, track==(starting ¢yl+2), /* || track==(starting cyl+3)*/)

{
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ra

dial_synch();

vagc(head] = autogain (rbpb,

rf gain for 5v demod signal
gaincontrol (vagc[head]); // sets rf gain to desired

value

}

brea

}
offset

&normavg[head]); // adjust

printf ("\nHead = %d : Norm = %d AGC =
%d\n",head,normavg[head},vagc[head]);
fprintf (tmpl, "\nHead=%d Norm=%d
AGC=%d\n",head,normavg[head],vagc{head]);

k:

_from_start += offset;

//108A

rc = PosMoveCount (positioner_move location +
offset_from start);

if (rc
{

l= Q)

printt ("\nAn error has happened during pos_move rc: %d.",
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re);
break;
}
1 // end of step loop
for (s = 0; s < nsect/denominator; s++) //107H
normsuma(s] = normsumb(s] = normsumc[s] = 0L;
radial synch();
for (count=0; count<4 /*10%/; count++) //107H
{
for (s = 0; s < nsect/denominator; s++) //107H
{
readsector (0) ;
normsuma[s] += (long)getrawsignal (rbpa);
}
for (s = 0;. s < nsect/denominator; s++) //107H
{
readsector (0) ;
normsumb [s] += (long)getrawsignal (rbpb) ;
}
for (s = 0; s < nsect/denominator; s++) //107H
{
readsector (0) ;
normsumc([s] += (long) getrawsignal (rbpc) ;
}
}
for (s = 0; s < nsect/denominator; s++) //107H
{
apc= (float) (normsuma(s] + normsumc([s]) / (float) normsumb(s];
//107H squeeze([s] = (int) (apc *(float)512); // units are 1=
read width/512
}
sumapc = (float)0.0;
sumnorm= (float) 0.0;
for (s=0; s < nsect/denominator; s++) //107H

{



sumapc += (float) (normsuma[s] + normsumc[s]) / (float)
normsumb [s] ;

sumnorm += (float) normsumb(s];
}
sumapc /= (float)nsect/denominator; //107H
sumnorm /= (float)nsect/denominator; //107H
sumnorm /= (float)1l0; // 8 revolution loop above
if( head == starting head )
{

if (track==(starting cyl+2) )}

{
for (s = starting_head; s <= ending head; s++)
{
} // end head

}
/IL0TT///170177 7
if ((endingﬁcyl—starting_cyl)<=5000)
{
fprintf (tmpl, "%$61d %81d
%l.4f",track,positioner_movemlocation,sumapc);
}
clse
{
EpripntECEnp ILF " S8 0d/ % 4 Rl positioner_move location,
sumapc); //to measure wide range
}
fprintf (tmpl, "\n");
//107E fprintf (tmp2, "\n");
}
else
{
if ((ending_cyl-starting cyl)<=5000)
{
fprintf (tmpl, "%61d %81d
%1.4f", track,positioner move location,sumapc);
}
else
{
fprintf (tmpl, "%81d %1.4f", positioner move location,
sumapc); //to measure wide range
}
fprintf (tmpl, "\n")3
//107E fprintf(tmp2, "\n");
}
//107E cprintf ("\r\r\rHead %d Cylinder %1d",head,track+l );
cprintf ("\r\r\rCylinder %61d POS %81d APC
%l.4f",track+1,positioner_move_location,sumapc ) :

radial_synch();

if ((*button&l) == 0) break;
}
if ((*button&l) == 0) break;
1 // end head loop

fprintf (tmpl, "\n");
//107E fprintf (tmp2, "\n");

// Then erase surface

90
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if(write first)
{
load quiet radial pattern(); // new for fremont p2
for (track = starting cyl; track < ending cyl+50; track++)
//expand cyl to erase more OD 108A
{

offset_from_start = - GetStep(track);

rc = PosMoveCount(positioner_start location +
offset from start);
reg306=*x306;
for (head = starting_head; head <= ending head; head++)
{
sethead (head) ; // set the ae & head selects
// turn on erase
*%x306 = 0x3a5;
eraseon() ;
WaitRevWoRad (rpm) ;
eraseoff () ;
*x306 = 0x365;
}
*x306 = reg306;
}
load radial pattern(); // new for fremont p2
endwait () ; // resynch to index to ensure full rev erasures
}
interrupton();
if (rc ==J0)
{
rc = PosMoveCount (posfirst); // go to id
if (rec == _0)
rc = PosReadCount (&positioner move location);

// GangOn (1) ; //chg024 3.5 NCH
GangOn () ; //chg A.kagawa

feclose (tmpl); // wrap up
//107E fclose (tmp2) ;
//107E fclose (tmp3);

if (aft_erase==1) //MotorOff();
{
latch(); //deld405 add 185B
UnloadUnit () ; //add 185B
}
else if (aft_erase==2) //107H
{ //107H
latch(); //107H
} //107H
return;

} // end of measure_apc
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TdsunsudmSudnsizvinaves APC

clear all;
% get rawdata file
[filename,pathname] = uigetfile({'*.dat', 'Data files {*.dat) t:t &, &7, "aL]
Files (*.*)'},'Select data file');
if isequal(filename,O)liséqual(pathname,O)
¥disp('Abort');
return;
end
cd (pathname) ;
filenamel = strcat (pathname, filename) ;
fid = fopen(filenamel);
for i = 1:3 %% delete top 3 lines %%
fgetl (fid);
end
apcl fscanf(fid, '%d %d %$£',[3 inf]);
apcl apcl';
apc = [apcl(:,2) apcl(:,3V1];
fclose (fid) ;
last = size(apc);
%apc = load(filcname);
%% find curve fitting to plot UCL and LCL at +/--8% of average value of
all data

I

I

X = (l:last (1)) /;

X m = (X - mean(x))./std(x); % centering and scaling x to avoid error
in polyfit

P = polyfit (x _m,apc(:,2),4);

pl = p;

P1(5) = pl(B) +(0143 505087

p2 = p;

p2(5) = p2(5) E-¢p2Y57%0/IG87;

ucl = polyval(pl,x_m);

1el polyval (p2,x, m);

avg = polyval(p,x m);
figure;

%plot (apc(:,2));

plot(x,apc(:,Z),x,ucl,'r',x,lcl,'r',x,avg,'y');

title(filename) ;

%plot (apc(:,1),apct:, 3))

addl = apc(l:last-1);

%addl = apc(l:last-1,2);

add2 = apc(2:last);

%add2 = apc(2:last,?2);

add = addl-add2;

grid;

figure;

plot (add) ;

title(filename);

$plot (apc(l:last-1,1),add);

grid;
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International Conference on Control, Automation and Systems 2007
Oct. 17-20, 2007 in COEX, Seoul, Korea

Traffic Forecasting and Navigation Assistance System via Web Application

Amnat Meemongkol, Arjin Numsomran, Vittaya Tipsuwannaporn and Pisit Boonsrimuang
Faculty of Engineering, Department of Instrumentation Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
(Tel : +668-1-925-0356; E-mail: ktvittay@kmitl.ac.th)

Abstract: This paper presents a model of Traffic Forecasting and Navigation Assistance System via Web Application which
provides guidance information to drivers for the efficient route planning. Traffic Forecasting and Navigation Assistance System
(TFNAS) consists of survey car with GPS module which has rolls of reading traffic information and sending the information to
TFNAS Center via internet. TENAS Center is the center of GPS database and traffic information processing system. It collects GPS
information real-time, calculates the traffic density and sends the guidance information of the most effective route which has a least
time of arrival to Front-end Devices, Smart Phone PDA Laptop, via Web Brower.

Keywords: Traffic forecasting, Navigation assistance, Web Application , Graphic User Interface, Mobile device

1. INTRODUCTION
Nowadays, traffic load in the large cities becomes e
increasingly worse so that the effective navigation %
which is supported by advance satellite navigation and &

communication technology is required for handling

strategies to the drivers in order to provide efficient e

dynamic guidance information [1,2]. This research Q“W :

presents a model of Traffic Forecasting and Navigation moaox -

Assistance System via Web Application which provides <

guidance information to drivers for the efficient route sy

planning. Traffic Forecasting and Navigation Assistance AIY TR M o

System (TFNAS) consists of survey car with GPS .
module which has rolls of reading position, time and 2 &
velocity information and sending the information to &
TFNAS Center via internet. TFNAS Center is the center 1 . Rt
of GPS database and traffic information processing unit. Fig. I TENAS Architecture

It collects GPS information real-time, calculates the

traffic density and sends the guidance information of the 2.1 GPS Module

most effective route which has a least time of arrival to GPS Module consists of Global Positioning System:
Front-end Devices via Web Brower [3]. With the help of GPS and Mobile Computer.

TFNAS center, TFNAS can guide the driver through the
traffic by mobile devices such as PDA, smart phone or
mobile phone [4]. The driver profits from improved
quality of the route calculation with dynamic traffic data
is the accurate travel time forecast which can be
accessed by Wi-Fi Hotspot, GPRS, EAGE, CDMA,
ADSL anywhere any time [5,6,7]. The paper is
organized as follows. The next section gives details
about vehicle navigation theory. Section 3 explains the
TFNAS design method. Section 4 shows experiment
process and results. Finally, conclusions are given in
section 5.

2. TFNAS DESIGN METHOD

In this section, Fig. 1 TFNAS architecture will be
explained. The TFNAS design is divided by 5 parts as
GPS module, Survey Car, TFNAS Center, Internet
Connections, Front-end Devices which have details as
following [8].

Fig. 2 GPS Module

» GPS is a satellite-based navigation system made up
of a network of 24 satellites placed into orbit. GPS
receivers take signal information from satellites and

978-89-950038-6-2-98560/07/$15 ©ICROS
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calculate the user's exact position in 2D (latitude and
longitude).Once the user's position has been determined,
the GPS unit can calculate other information, such as
speed over ground, track, trip distance, distance to
destination, sunrise and sunset time and more. The
following received data of GPS module is in National
Marine Electronics Association (NMEA) format. The

code meaning has the details as tablel.[2]

$GPRMC,074442,A,1344.1962,N,10040.216 LE,
040.9,099.1,070507,000.4, W*67

Tablel Meaning of RMC in NMEA format
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st

GPS Value Meaning
RMC Recommended Minimum Sentence C
074442 Fix taken at 07:44:42 UTC
A Status A = active

1344.1962,N

Latitude 13 deg 44.1962' N

10040.2161,E

Longitude 100 deg 40.2161' E

040.9 Speed over the ground in knots
099.1 Track angle in degrees True
290107 Date - Jan 29, 2007

000.4,W Magnetic Variation

*67 The checksum data, always begins

with *

In this paper, we calculate the ground speed of survey
cars (Km/h) for traffic density reference as following.

* *
Speed over Ground (Km/h) = ¥ 0'514?33344 otz

(1)
where
V' is Speed over Ground (Knot)

* Mobile Computer is used for collecting the data
from GPS and sending them to TENAS Center via
internet by Wi-Fi Hotspot, GPRS, EAGE, CDMA, etc.

2.2 Survey Car

In this paper, we installed GPS modules into survey
cars and lets they travel along the interested route for
measuring and collecting the data of traffic density such
as position and their velocity at that time. The collected
data from survey cars will be sent to TENAS center for
traffic condition analyzation.

The survey cars with GPS modules will send the
collect traffic density data to TFNAS Center via internet
by Wi-Fi Hotspot, GPRS, EAGE, CDMA, etc.
This paper uses the CDMA2000 1X EVDO to connect
between GPS module and TENAS Center at high speed
for applicable sending the traffic information real-time.
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F 1g 3 SurQey Car Prbgraﬁ] for s.éndi'ng the data to
TFNAS Server

2.3 TENAS Center

Traffic Forecasting and Navigation Assistance System
Center (TENAS) is the center of GPS database server
and TFNAS Server. It collects GPS information from
survey cars real-time and saves it into database server.
Then TFNAS server act in 2 rolls as following details.

“TENAS Canter

7 Fig. 5 Dafa 7Co[l-ec-:_tion rfr’rogrém for receiving the data
from Survey Car

¢ TENAS server is the application server for traffic
forecasting and navigation assisting for the required
routes. TFNAS server drags the GPS information from
database server for traffic forecast processing as the
following details.

In this paper, we define the density of traffic by the
reference with the ground speed of surveys cars. They
are arranged into the table of equivalent of percent of
traffic jam as table 2.




Table 2 Percentages of traffic Jam compare to GP

Ground Speed | AVG Ground | % of Traffic Jam
(Km/h) Speed (Km/h)

>= 60 60 0%

>40 & <=59 49.5 20%

>30 & <=49 39.5 50%

>10 & <=29 19.5 75%

<=10 10 100%

** Speed Limit in the City not over 60 Km/h

The results of TFNAS server are shown as the

percentages of traffic jam and the reference of colored
route. The details of routes in colors which are
compared to the percentage of traffic jam are shown as
table 3.

Table 3 Routes in colors compare to % of traffic Jam

Route in Color %Vof traffic Jam
Dark Green B | 0%

Light Green 20%

Yellow 50%

Orange 75%

Red 100%

TFNAS Server will suggest the optimal route to
drivers. In this paper, we define the optimal route as the
route which has a least time of driving while the routing
calculation is come from percentage of traffic jam at
that time, the average value of vehicle velocity and the
distance of route.

D

=X\ 1
AGP \

where
T' s Driving time (sec)
D s Distance (meter)
AGP is Average Ground Speed (m/s)

Example

Driver would like to travel from place A to B. Three
routes that can be used have the conditions as following.
Route 1: 75% of traffic Jam, Distance 750 meters
Route 2 :  50% of traffic Jam, Distance 930 meters
Route 3: 0% of traffic Jam, Distance 1,9500 meters

TFNAS Server calculates the driving time (7) for

each route as following.
Route 1: T= 138465
Route2: T= 84.76s
Route3: T= 90s

TFNAS Server will suggest route2 which has least
driving time, 84.76 sec, to user for the traveling from
place A to B.

e TFNAS Server is Web Server for traffic

)

information service via web browser which can
minimize the limitation of compatibility between
operating system and front-end devices.

2.4 Internet Connections

Internet Connection is the important part which
connects the network of Mobile Computer on Survey
Cars, users’ Mobile Devices to TFNAS Center. The
Mobile Computer on Survey Cars use CDMA2000 Air
Cards as communication tools for sending GPS
information to TFNAS Center.

Drivers can use Mobile devices to access the Traffic
Forecasting and Navigation Assistance service via
Internet by Wi-Fi Hotspot , GPRS, CDMA , ADSL,
Wi-MAX ,etc.

2.5 Front-end Devices

The final part of TENAS is Front-end Devices. They
are the equipments for communication between users
and TFNAS Center; display the Traffic Forecasting and
Navigation Assistance to users. In this paper, PDA and
Laptop are the Front-end Devices for the experiments.

Fig. 6 F ront-end Device
4. THE EXPERIMENT RESULTS

In this section, the implemented TFNAS system
consisted of 6 survey cars with GPS modules which
consist of GPS, lab top and CDMA2000 Air card),
TFNAS Server and user laptop as a front-end device.

We installed the Survey Car Application program into
the laptop of GPS module and then packed the GPS
module with the Survey Car for collecting the traffic
density data along the specified route.

The experiment of TFNAS in this paper, we define
the starting place at the Department of Instrumentation
Engineering and the arriving place at the Suwanaphom
Airport. The distance along the route is xx00 meter. The
survey cars with GPS modules drove from the starting
point to the end along 2 routes which were RI:



- Charongkrung-Aonnuch and R2: a street along the edge
of Moterway.

In the experiment, we divided the 6 survey car by two
group. First group surveyed the traffic density along the
way of path R1 and second group for path R2.

The GPS modules on each survey cars sent the GPS
data such as Route name_id, Car id, Latitude,
Longitude, Velocity, Data and Time to TFNAS center
continuously. The TFNAS center collected the traffic
data and saved them in MySQL Database Server.

TFNAS server processed the traffic data for analysis
the traffic density in each route and then sent the results
to user’s laptop via web browser. TFNAS server sent the
result as Fig. 7 and Fig. 8 and assisted user to select the
light green route for the best efficient plan.

Taffic Forecast & Navigation Assstance System (TFNAS)

i g 3 S BN -
Fig. 7 The assistant traffic density information from
TFNAS in the rush hours: about 7:00 to 10:00 am and
2:00 to 8:00 pm,

In the rush hours: about 7:00 to 10:00 in the morning
and 2:00 to 8:00 in the evening. TFNAS center assisted
user to choose R2 path, green color, which has a 0% of
traffic jam.

Talfic Forecast & Navigation Assistance System (TFNAS)

Fig. 8 The assistant traffic density information from
TFNAS in the period of 9:00 to 11:00 am

In the period of 9:00 to 11:00 am which had the less
traffic density, TFNAS center allowed user to choose
both path, R1 and R1, green color, depend on the
convenience of user.

As the experiment results TFNAS System is able to
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report the traffic density data which conform to the real
traffic condition and provide the guidance of the most
efficient route that spent the less time for driving to user
correctly.

5. CONCLUSION

The total in this research, Traffic Forecasting and
Navigation Assistance System via Web Application is
presented. The experiment results are able to illustrate
that TFNAS can provides traffic guidance information
to users for the efficient route planning via Web Brower
real-time. The driver profits from improved quality of
the route calculation with dynamic traffic data is the
accurate travel] time forecast which can be accessed via
internet anywhere any time.
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Optimization Parameters of Rotary Positioner
Controller using CDM

Meemongkol A., Tipsuwanporn V. and Numsomran A,

Abstract— The authors present optimization parameters of rotary
positioner controller in hard disk drive servo track writing process
using coefficient diagram method; CDM. Due to estimation
parameters in PI Positioning Control System by expected ratio
method cannot meet the required specification of response
effectively, we suggest coefficient diagram method for defining
controller parameters under the requirement of the system. Finally,
the simulation results show that our proposed method can improve
the problem in tuning parameter of rotary positioner controller. It is
satisfied specification of performance of control system. Furthermore,
it is very convenient as a fast adjustment damping ratio as well as a
high speed response.

Keywords—Optimizatio

CDM

Rotary positioner control system in No Clock Head servo
track writer control the product actuator during the servo

write process by PI controller which is configured to suit

various specifications by setting controller parameters.

Problem that occurred with the parameters adjustment in PI
Positioning Control System of Rotary Positoner is estimating
them from the related ratio that recommended by user manual
[1] cannot meet the desired specification response. Due to the
relation of parameters in control system, tuning them
formlessly cannot meet the required specification of response
and causes time wasting. This paper proposes optimization the
parameters of PI Rotary Positoner Control System using
Coefficient Diagram Method which is satisfied specification of
performance of control system. Furthermore, it is very
convenient as a fast adjustment damping ratio as well as a high
speed response.

The details of our proposed method and experiment are
described clearly as the following topic. In section 2 has the
detail of Position control of rotary Positioner in servo track
writing process. In section 3 explains the detail of Coefficient
Diagram Method. In section 4 describes the detail of
Numerical Experiment. In section 5 has the detail of

n Parameters, Rotary Positioner,

[. INTRODUCTION
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Simulation & Results and the conclusion is explained in
section 6.

II. POSITION CONTROL OF ROTARY POSITIONER IN
SERVO TRACK WRINTING PROCESS

A. Rotary Positoner Control System

Rotary Positioner Control System is one of the most
important parts of conventional servo track writer. It is used to
control the product actuator during the servo write process. In
Figurel shows structure of one cell servo track writer
experimental equipment that consists of the first part as
personal computer (PC). It executes test code for monitor and
controls all procedures in servo track writing process. The
second part is block of control/driver and interface card which
consist of radial card, R/W motor card, clock pattern card and
DE IF card.

The third significant part is the part of positioning control in
rotary positioner control system which plays a crucial role as it
carries out the positioning of R/W head. It consists of rotary
positioner (Motor/Encoder KP-1M) and positioner control
card (System Controller SC-01H/PC) which receives
commands and the value of positioning control parameters
from PC in the form of execute software, Then the positioning
control are controlled by an on-board DSP, which runs its own
task to generate the suitable control signal and send the signal
to drive circuit and rotary positioner respectively.
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Fig. 1. Block Diagram of One Cell Tester

B. Parameters of Rotary Positioner Control System

This section describes the parameters which are used in this
rotary positioner system. The rotary positioner system can be
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configured to suit various specifications by setting parameters.
The parameters are sent to the rotary positioner from the host
computer via the interface.

Tig. 2.3TW One Cell Test Bench

Position Loop Gain Integration  Spoed Loop Gain

8r * ¥ = 1 Wa W 1 é
/s — Ve g -
AT We i Filtar S e S

Fig. 3 Schematic of PI Positioning Control System

Control system's block diagram is showed in Fig. 3. Because
the servo system consists of digital sub-systems, it is a discrete
system. However, so the servo system can be regarded as a
continuous system.

The functions of parameters from the viewpoint of the servo
System as a continuous system are individually described in the
following
W, : Position Loop Gain [rad/second]

This parameter is used to determine the response of the
position control loop. Generally, the position loop gain W, is
set to a value less than one-fourth of the Speed Loop Gain.

W, : Speed Loop Gain [rad/sec]

This parameter, which determines the response of the speed
control loop, is normally set to a value at least four times the
Position Loop Gain. The higher the speed loop gain, the
greater the servo stiffness. It is thus desirable to set as high a
speed loop gain value as possible, but setting it too high will
affect the resonant frequency point of the mechanical system
and cause hunting to occur in the servo system. Therefore, set
the Speed Loop Gain to the maximum value at which no
hunting occurs.

W, : Integration Constant [rad/sec]

Similar to speed loop gain, this parameter also greatly affects
the servo stiffness. The higher the integration constant, the
greater the servo stiffness, setting this value too high, however,
will adversely affect the stability of the servo system and cause
hunting to occur. The Integration Constant is normally set to a
value about one-third of the Speed Loop Gain.

W : Filter Constant [rad/sec]

This parameter fixes cut off frequency of law pass filter. A
typical value for this parameter is four times as large as the
speed loop gain. The lower the cut-off frequency W, s is, the

smaller the noise in the system becomes. Setting Wf too low,

however, affects the system stability and requires longer
setting time,

C. Problems with parameter tuning of Rotary Positioner
Controller

Problem that occurred with the parameters adjustment in PI
Positioning Control System of Rotary Positoner is estimating
them from the related ratio that recommended by user manual
cannot meet the desired position response.

Due to the relation of parameters in control system, tuning
them formlessly cannot meet the required specification of
response and causes time wasting.

This paper proposes optimization the parameters of PI
Rotary Positoner Control System using Coefficient Diagram
Method which {s satisfied specification of performance of
control system, Furthermore, it is very convenient as a fast
adjustment damping ratio as well as a high speed response.

ITI. COEFICIENT DIAGRAM METHOD

The CDM [2], [3] is used for design the controller so that
the step response of the controlled system satisfies both
transient and steady state response specifications, and also
satisfies the requirements of stability, faster response and
robustness.

Coefficient Diagram is used for investigating the stability,
time response and robustness characteristics of systems in a
single diagram, which is important for systems with large
characteristic polynomial degree.

iz ]
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Fig. 4 A block diagram of CDM control system.

The block diagram of CDM design for a single input-single
output (SISO) system is shown in Fig 4. Here ¥{s) is the output
signal, R(s) is the reference input, D(s) is the disturbance.
By(s) and A,(s) are numerator and denominator of transfer
function of the plant, respectively. B.(s) and Ay(s) are
numerator and denominator of transfer function of the
controller transfer
function.

The polynomials form of the controller and the plant are
generally be written respectively in the form [4].

A ()=l 1 s w4l )
B, (s)=kys* +ky ™+ vk, (2)
and

A, (s)=Bs* +P_s* '+ .+ (3)
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B, (s)=qnus™ + G a8 b 9 4
where A <kand m<ik

When we neglect the effect by disturbance D(s), closed loop
transfer function become G.(s) in eq. (5).

B
Gu(s)=2 £
R(s) A.(s)4,(s)+B, ($)B,(s)
the characteristic polynomial and given by

)

P(s)=a,s" +a, ;5" +...+as+q,
n (©)
-3as
i=0
where ay,q,,...,a, are the real coefficients.
The stability index y, the equivalent time constant 7 and the

stability limit y," are defined as follows:

at

Ni=——,i=L..,n-L py=%, = @)
99y

1 (8)
9

. | 1
Vi = == (€)]
Yis1 Yia

From Eq. (6) - (8), the coefficients a; and the
characteristic equation P(s) are

. , I=l
a; = a,r’ =T =F&F LI : (10)
’ Ficp* 12 2}’1 . | FI(}'I—I)J
n i=1 X
P(s):ao Z H_,I" (r.s')r +75+1p, (11)
i=2\_j=1 Vi-j

The coefficients in Eq. (5) came from the chosen stability
index ¥, and equivalent time constant 7 by equating the P(s)
of Eq. (5) with the characteristic equation of Rotary Positioner

control system, such that the parameters of PI controller are
obtained.

IV. CONTROLLER DESIGN FOR THE ROTARY
POSITIONER SYSTEM

In this section, the design procedures of PI Controller via
CDM.
where PI Controller transfer function is Eq. (12)

Gc(s);-m (12)

Rotary Positioner closed loop system transfer function is
expressed as below.

Gals)= Tys* 48 4 W, + (W, - W, + W, W, )s+ W, -W, -,
The equivalent time constant 1 is

7 =1, /2.58 where ¢ is the specified settling time.
Stability indices for Rotary Positioner system came from the

best value that gave best simulation results. It is different from

standard form [4] but still achieve the desired characteristics
for the controller

Wy s+ W, W, W, (13)

chosen as

Stability index y, =4,y, =1.4286, y3 =5
The stability limits are computed from Eq.9 to be
7 =[0699 045 0.699]; i=1~3, 30,7, =

the P(s)can be expressed as

P(s)=a4s4+als3+azsz+als+ao, (14)
where
i
a,r
a, = E

 (rarka )

and characteristic equation of closed loop transfer function is
Fa(s)=Tys" 45"+ W 4 (W, W, + W, - ,)5+ W, - W, ., (15)
Equated the above P(s)to the P, (s) of the plant in Eq. (15),
the parameters of PI controller are obtained as Eq. (16)~(17).

W, =ﬁ'?7_z (16)
w, == 'TWO’ a7

V.SIMULATION & RESULTS

In this paper, the simulation results of rotary positioner
positioning control is given by MATLAR Simulink program. The
simulation in Fig. 4 illustrates optimization of PI controller’s
parameters using Coefficient Diagram Method which is satisfied
specification of performance of control system and explain about
adjustment of response speed and its overshoot by CDM

technique.
rll
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Fig. 4 Simulation System

Plant Parameters was shown in Table L

TABLE [
Rotary Positioner Plant Parameters
Symbol Description Quantity
T, 1/Cut off frequency 0.0001 [sec/rad]
w, Position Loop Gain 700 [rad/sec]
W, Speed Loop Gain (}’1 -W,r)lr
W, Integration Constant Yrsle

From this data formed by Eq. (15) then it is obtained the
characteristic equation of closed loop transfer function as

B,(s)=le—3s‘+s‘+l%sz+(Wa-Wc+700-Wc)s+700-lﬂ-Wc (18)

According to Eq. (14), design of PI controller based on
CDM, is assigned parameter follow as time constant
7=0.0029, .The stability index y, = 4,y, =1.4286, 73 =5 then

the characteristic equation is,
P(s)=(le=3)s" +(9.99~1)s" +(1.97¢+3)s* +(271e+6)5+9.36c+8
(19)
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Equated the above P, (s)in Eq. (18) to the P(s) of the plant

with the PI controller in Eq. (19), the parameters of PI

controller are
We=1970.50 ,Wa = 679.31

The step response in Fig.5, showed the response’s overshoot
which is over 0 percent and settling time is at 0.0065 msec.
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Fig. 5. Step Response of Rotary Positioner Control System
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Fig. 6. Control Signal of Controller

Adjustment speed response by using CDM method for
optimization of PI controller’s parameters are described as
follow details
The characteristic equation is,

P(s)=(le~3)s* +(9.99~1)ks’ +(1.97¢ +3) k% +
(271e+6)k’s +(9.36e +8) "

where k are 0.7, 1, 3 respectively.
Assign parameter follow as time constant 7=0.0029, .The
stability index y, = 4,7, =1.4286, Y3 =5.

Equated the above P, (s)in Eq. (18) to the P(s)of the
plant with the PI controller in Eq. (20), and the parameter of PI
controller are given as shown in table II.

Fig 7 shows that, when k is adjusted, setting time is
decreased from 0.0085 sec. to 0.0065 sec. to 0.0057 sec.
therefore; the system response is faster.

(20

TABLE I
Controller Parameters
o —
k LA v,
0.7 1379.30 265.51
1 1970.50 679.31
3 5911.40 3437.90
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Fig. 7. Speed Adjustment of Step Response of
Rotary Positioner Control System
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Fig. 8. Control Signal of Controller

Adjustment overshoot of response by using CDM method
for optimization of PI controller’s parameters are described as

follow details
The characteristic equation is,

P(s)=(le=3)s* +(9.99-1)k’s’ +(1.97¢ +3)k's +
(271 +6)ks-+(9.36¢-+ )45

where kare 0.85, 1, 1.5 respectively,
Equated the above P, (s)in Eq. (18) to the P(s) of the plant

with the PI controller in Eq. (21), then the parameter of PI
controller are given as shown in table II1.

@1)

464
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TABLE III
Controller Parameters
k . W,
0.85 1423.70 47241
1 1970.50 679.31
1.5 4433.60 1369.00
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Fig. 9. Overshoot Adjustment of Step Response of
Rotary Positioner Control System
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Fig. 10. Control Signal of Controller

Fig 9 shows the step response, when k is changed 0.85 to 1
and 1.5 respectively then the damping ratio is also increased
but the overshoot is decreased from 3.24 percent to 0%.

As shown simulation results, we can conclude that
Coefficient Diagram Method can used for optimization the
parameters of PI Rotary Positoner Control System and satisfy
specification of performance of control system. Furthermore, it
is very convenient as a fast adjustment damping ratio as well
as a high speed response.

VL

In this paper, optimization the parameters of PI Rotary
Positoner Control System using Coefficient Diagram Method
is presented. The simulation results from MATLAB are able to

CONCLUSION
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illustrate that CDM Techniques can be applied to Positioning
Control System of Rotary Positoner for solving the problem in
tuning controller parameters. Its advantage which only one
parameter is to be adjusted, speed and overshoot response is
changed and satisfied the required response specification.
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