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Abstract

Until now, the implementation of servo motor control units which is being applied in various industrial ares such as
industrial system, office equipment, home appliance and robotics, used the MCU and DSC( or DSP). However, MCU
and DSC have limitations of not being able to maximize control efficiency of the motor and the flexibility. Thus, in
this paper, we propose and implemented the designing method for development of servo motor control IP based on
FPGA which have a structure to make the best motor control efficiency and flexibility of control,

Key Words : FPGA, A X RE Ao, [P o] /it

2 ARgSE R vFetal fA A 7F ofHrke EA
g 7P vk EF R B 2 d7]A] Zg At
1. M B PSS A WA 9 Aol 229 ¥y Ao AP
g ARro] 28 T HAT AV HuE £AVE &
REE A)euAE AAUAR wiE sAs wee AR old FHeels ZEAe de Hs Adehs A
th oy WEE AQS AlzE AMES 7]7) ZFARE, AA 7t ol EtE FPGA(Field Programmable Gate Array)
ZRE A Bol = thoksl ofdd] Ax 7Y Wol AMEH 1 2 ASIC(Application Specification Integrated Circuit) 7]
oth REE RE AQlo] SAoln Auy 7o FQ g =2 ol8sto] BB AolE 93 st=so] tAdls A
o18hS gt} o]#]ek REIE AUSA T 2 AojEr] AAEte] ks BH Aolg Ag FHe u=il W Sol
A= Mo =glolH Fx]7} T Qs ‘:E}o]\;ﬂ ] T wo] #go] ¥ itk
e 9e Al v o] HpE A wAle] 7]<olt, FPGA= @3olA whE AIZE ol 23 dAlste] 4
Al oA AR v)ge A9 tlEEe] AR RE 7hedk A7 Aoz AR nEa Ao ek e
B =efol) A% %’jzﬂ © A mE 7F 9 Aol fy WS P AAGE B gom, ASICE 54§ A
= A Ao e =xpA o A= Ao ol 9 Q‘ﬂ Xﬂx—}% HoZA o= Ax dig LS 1# s P
2k 2E Aol g AHEsHAY W82 MCU % DSC & g wihs Ao AEIN Asteds e =0l e v
o Agste] ExpAe HEE FHE S EHE 7}1;} o] A Edagk a4t BF A" FeE AAE ok 5t
e e BE Alofe] Bad Suisl & glov, I Dol sk Aol Be weelo] Bas A7 WAl &
Yo mAxoz ourj=sls REAS BE2SS 1) 71e BF shte] HE wreE VEERA Agds ASICE
A7t g o= FPGA & AHgsislod e Agow
MAolx} : 2010 4% 32 @717kl AES WE ul FPGA o &Aool $-F3l7]ol %
IR AR : 20108 7€ 2¢ AHgo R ol ARgstal It
IMENPS PR < & AgelM e Ve nAAHoR AEEY MCU %
2 o=2e 2 osts 010AE EASEmislofA Mg DSCCES DSP) 7]whe] Au ] =ehon] A 2sle] 2
2a=ooll ot oA B Ao F&I Aoje] FAEE HNE AT -
ZAlel 2@ 2 =22 DIKISsI|sEe} stRMIE AT TE FPGA 71‘3*4 AR EH AlolE IPE Aol
FEgel xgsMlolHeMAYOR FHE oA D AA R PR PEE AN, ol& 1 Aol

562



2. FPGA 7|8t ME ZE H of

1. M22E #Hol 78 J|H

A MR BE 5 B AE 9% =etelHE Fds)
 7ES g Wlse] EA48lH 27 nlo|az AES
2](MCU/DSC) + ®H Alo] & o] &3l dvha<l 3y
7 FPGAE o] &3l WHez FiHo1]

ol& WHES 77t AdEg vha oy A E Al
o] BHA B FPGA 74t MR Ao] 27} $-435t).
O AR, ZEHE a8 W FEe] At eSS
MCU % DSP “gelAe] Ag] Alel&e 541759 Aol

2 3719 & 9ot} FPGA AolAt Ao me Bue
ARbE 7?*]%12_%*1 A A7 dike & 1ALl F 1

of A7} 7FsskA wr

AR RE9 AHE PWM &8 i oMz a9 1
3} 7ro] FPGA 7wk BE] PWM "lo] RE Q] 450
A GFe v A=z o v Al FxE 7}

Ao Qo1

W

1.50

Sinusidal PWM

b
i3

Space vector
Pm

8

Total harmonic digarfion (%)
o
o
&

FPGAbased optimal
PWM

o
o
=

-3
o
&

0.0 02 0.4 Qe o8 1o 12
Modulation index

a2 1. ZE PWM &9 W o3t x5}
Fig. 1. Harmonic by motor PWM output method

2.2. FPGA 7|4t ME ZEf Ao IP 7=

FPGAE ol&3 Mr EE A 1P AA9 3=
FPGA W59 Qb= ZRANES o] &3k nxZESo] A
Al 71=ek HDL 725 o83 st=do] 47 7las 8%
g A7 A @ HDL &Rk ol 8dhs WY oR
a7 Tt

& meldE 1 szl shesh A Alzke] wla
A e gl HDL 72hs o]§-8to] XREE o] P
Mes =P

2 w=EolAE 29 29 22 FPGA 719 AH BE A
o] IPe] Al +x5 Hﬁl&%ﬁﬁﬂ%[ﬂ ol A <I¥
dojz, B Ao, vel mHo R A3

)

FPGA 7|8t ME 28 Hof [P 20| 7o 2st AT

Power
Converter

DC voltage

Senvo
Control

3Phase
Voltage
Inverter

Servo motor

a7 2. FPGA 719t MK BH Ao 72
Fig. 2. Structure of servo motor control based on FPGA

1) QlEjso]
Aejso) iz MAl Sede] e Sejolw RRu
FPGA 3 7b¢] QlEislo] 28 gl PR oA e A

of IP B3 A =so] Fue Rels) £ Que @
Fauk ol o shglo] QlEsol st WAe seie

3l BE Aol [P E2S WASH &l Interface S5
T4 9 AANS $sto i’ﬂ E=HA st=dlo] A H o]
2 F2E WAY ¢ dre AEE 7

2) Ar Ao

AHE Ale] TP FEA A= ‘:'E14 AR, £x, fAA A
a3k Ao iz—‘.ﬁr BH FE5& % A7 7)ee]l F+3EH
T FRoEA HE 5 ‘%E ohekst Ale)7] 2 AHF
WAle] el 7hsEith

3) |l =3

AAE BE Ale] IP 2 A FH ol P E5of digh v}
g A 9 AE gs BAse B EoEA BE FE 9
BF 9 QR QyHo|AE FUHH R AT £ e FE
ot}

3. FPGA 718t ME HMof I[P MHA

3.1. 3% ZEE=(Commutation Mode )A A

AE B2H 7]2AQ] IHE Y5t AF Eove B
T EH AoE ds Hg WA A He FREOEA &
AT M= a3 2ol AA 4709 IP HEIVE 55

Bz A5 L=g AAsTH2-5]

1) PWM A7) &Z(generator block)

a9 49 22 PWM 3A71& 929 A% (Pwm Duty)
e PWM A58 E88e IAXUE ES02A4 A%
LL]—E]—% ¥ PWM A3+ XJE 742L1E Hio %3],
HFZ 2 34 HI, LOW PWM *&E/ﬂ Aol FHrh
drkx o2 g WFo wel PWM AsE A8k W
o= Edge Aligned PWM w23} Center Aligned
WM 4] oA 2714 vt

2

I
I

° 9 2

IRS]

T L g

563



Sha X SAIAEstE =&X| 2010, Vol. 20, No. 4

PWM
PWM
—
Voltage e
Main o = — PWM
(ogic ommutation —
p—
|
Driver
Hall value| Interface
[
4= HALL
4—
4—
(= ENCODER
| e

2% 3. Commutation mode IP AA %
Fig. 3. Commutation mode IP design structure

CLK RST

L

PWM_GEN

PWN_GEN
LOGIC

MAGNITUDE

PWM_OUT

a2 4. PWM 27] &5
Fig. 4. PWM Generator block

H =R o] FoA thAE PWM HWxloz AR
]OM] o] Aol %= Center Aligned PWM H4]& %
3tk AA -89 Center Aligned PWM H4e] %

O
= I¥59} 2k

PWM Freauency (Fowm)

g

1

2 i

Count down Count Up 1

1

1

PWM Duty - v
1 I
1 1
1 1
| 1

PWM.Width

0

PWM Count
(PWM time Clock) |
e o e

&l 5. Center Aligned PWM T-%
Fig. 5. Center Aligned PWM structure

o o ey

Center Aligned PWM ') 2] 7128 %+ Down Up
THEE AE3t9th PWM #3 7ReEx Ad 1% 718
EoA 002 AT oA Hdl J1EF o2 FI)ehe
:rLzE’ 7HA™, A7 3E 3k PWM Duty ©o] 9= 2 7

+ dlld PWM 4 7F2E7}F A8 1% B 242
1 PWM A57} sfo] AHlE Sxat1 X8 AZ wrh
2 7= Low AHE FA 8 F2E A

a3l

564

7 EZ(commutation block)

I ZE FRH EFNAE AR ZHY ?EO 4
Jeel e FdRE TPt FEOEA
AH REe] & A5 e PWM Generatoro A A4
#H PWM AEE F3ste] EHY 5o Fagh 34
PWM HI, LOW A& & AyAste] &8s}

CLK RST

| |

Commutation

Duty Vailue

Commutation g MOTOR_CHANNELS
LOGIC

HALL —}
HALL_ERROR <—

12 6. Commutation &%
Fig. 6. Commutation block

Ax mEe] YRE ANNE ZES BA P R o
S & AE 0] A W 1A ol B
a9 7 AR BEY FES g8 wE Ul 94
Al1s] EA G 5 ool wh SAH A4 @ Ag

e,

2

) of:—ﬂ

g

+VBUS

Red Winding

6
-VBUS | —

+VBUS
sreen Winding
VBUS fum— e

+VBUS

Blue Winding

-VBuUs

a7 7. An 2E TEol mE & A A7 59 %3
A E Tx)
Fig. 7. Output wave between hall sector line by servo
motor driving (trapezoid)

a9 88 19 79 A #AZ uter A AR
E AA9 Fholl e & A 9JA 9} old wWE PWM
HI, LOW 21%°9] &% #AE vehfa 9ok

B =R AAY AF BE2S a9 83 e AR f
< 7o s AAZE FHA

=]

State (Hall High Low Select State |Hall High Low Select
Code Select Code Select

0 001 0 2 0 001 2 0

1 011 1 2 1 011 2 1

2 010 1 0 2 010 0 1

3 110 2 0 3 110 0 2

4 100 2 1 4 100 1 2

5 101 0 1 5 101 1 0

6 others |3 3 6 others |3 3
a7 8. & Age w2 34 PWM &9 Zy

Fig. 8 Result of 3-phase PWM output by hall sector



olE]# o]~ E-Z(driver Interface block)

7] Qe FHo] 2~ B2 A4 AAE RE] Ao [P B

=3 stedo] Axte] el AE S EFoRA A7

242 "E Aol IP BEES st=goldt REdtozA

FPGA 3 T AR 2y =gto|He] dt=go] S1E o]~

7} Mol Hy et E1 Aol IP B2 WAHSA %
o]

3) 1571 %
57 ¢

FE) QEol 2 BE WA RN A wE Ao
P 2552 NS4S o) Agelth AA A8 P5
7] QlEslolx BEel 95 clgslelxg 17 95t Ltk

CLK  RST

Driver Interface

MOTOR_CHANNELS % ——% rum
Interface
LOGIC

s
B

ENCODER b — —

a2l 9. 757] dEdHe|~ £
Fig. 9. Driver Interface block

4) W9l 27 E-Z(main logic block)
el 27 B2 NqE RE 75 9 gevEE A4t
= E50=24 BH Fs& 9% #FE BWH(duty com-

mand) ‘j% %= (speed command) 5 22 AA 2 xH <l

Ejslo] 27} o] Hrl,

3.2 = HO = =(speed control mode)

SEAle] BEE AREHe) 7 RH AR 2F e
SEAO)/)E oA NLEEY} B 4Y QEo]
HEE TES Sncks Asks AW $EE FEs] 7

Ba% o 54 Ao mEol) 45 moe 49 )E
o AR EE dut £ AojE 3 £ PL Alo7]9}
S5 24g 94@ #go] Frharh ARHY FRE 19
119 ZrH2-5]

1) %= =4 EZ(speed measurement block)

S5 24 B2 9UH § A EE e AEE of
gslol w5 0 A w6l 34 Seg el
T A2 AdstE 71e s geeth

CLK HfT
Main Logic
s Parameter Setting
Main —
command | f—y,
Seginu : Target Command
Logic H
—_—
a8 10, Wl 24 &5

Fig. 10. Main Logic block

FPGA 7|8t M2 =ZE o IP 20 7dhof 25t A7
PWM
PWM
|—
Gommand Voltage =
Mo pas Commutation = .
Logic Reaulator ‘ =
Redone
Speed Act. Hall value Oriver
Interface | ja=—
HALL
Speed Encoder
Measure l— ENCODER
a3 1. FxAle] X= 1P A %

Fig. 11. Speed control mode IP design structure

29F o, £

= 1
274 QoA wAR &% Z4o0l s

r°*' r}r

2 M

qAE &
s 4

Speed_Meas

HAL ——%
ENCODER ——%
SOURCE ———

Speed Measurement Logic —> SPEED_MEAS

[T Method ]

Moved / FWD / ERROR

|l

Encfol Hallfol

ENC HALL

Enc. follow Hall follow
Logic Logic

a8 12 % 24 BE

=

Fig. 12. Speed Measurement block

74]@3}01 %J'] EE < RPS % RPM&

360
0:?714 4°
25 teeth o=—""— rad/sec
Y AL,
71
a2 13 T Wae] vy 5 34 7%

Fig. 13. Motor speed measurement structure of T
method

565



==X 2010, Vol. 20, No. 4

Z(speed controller block)

x]eﬂg] Ey =

A= =
=45 Sl AE

=9s A4

o
e FEoZA VEAR 4EY FERE 19 149 2o
CLK  RST
Speed Controller
Target Speed Duty Value
Speed Width Speed Controller PWM Width

a8 14, & Alor]EE
Fig. 14. Speed controller block

AMHEEES £ Aloj7]= EE Ao]e] dubHRl FE 9
PL Aoj7]ell 7P Fsboll FTE54A tleS $13 Speed
Feed forwardZ 3713+ Speed PI A|o)7]E AA&Ath
[2-5].

FEED_FWD
ED_F\

SET PQINF, ar INTEGR. oUTPUT
Tk PARAME
v

Integrator fu vanel I sape | Limiter
Regulator

a8 15, H Aoy B2 1=z
Fig. 15. Structure of speed controller block

4. FPGA 7|8 ME ®of IP 78 2 A%

B ERAE AR BRE Ao BE ZF iAo RE
o digk IPE FaEstgom FPGA /Y 3742 ALTERA
Cyclonelll FPGA 3¢ 3P3C40F484C6NS 2]-&3}9iom,
M B2 ALTERA QUARTUS II 918 Al-&3}9th.

4.1 StEfof = MHA

stEdlo] 2+ AR/, &= A97], PLL AXJE &
£ vl BEo® ﬁ%o}ﬂﬂ #H49] AF Top Level
Entity EZ0lA a9 AXHDE S5 319 44 Ao~
& FAske YR AAE Sk 3 77t HEXdE
EEE52 A 19 16, 177 2] 3kl AE-HQ0 HEW
E E5& xFsta o6l

a9 16, 17°] AA Fx=E 7Ivtew Al ALTERA
QUARTUSIL & ol 4A€ An 2ee 5 Aof st
o] gzl e 9 AF FxE 19 187 Zth

a9 199 Zo] Ar RE HXAlof7] FE& ¢ tX

1 THde] MAAE @sEE 17 203 Zo] EF ~7vY
JPOE‘ (block schematic file) SFel= 2" A9 Tzl
w9l Top Level Entity 3 AbollA @3} o] 319
HEIVEES 7o) QIEFo]~ E o)f sf=dof 3 7he] 9]
EZ dA4ds] Fr}

e ot
R
m

566

TOP Level Entity

— Commutator

T Driver Interface
Output
A | S

PWM Generator

— Speed Controller

— PuL

3% 16, AE BEH % Ao &5 #+x 1
(A57] B2 A T3)
Fig. 16. Speed control block structure 1 of servo motor
(commutator block detail structure)

TOP Level Entity

—‘ speed_Controller

O 17, AH BE £E Ao B2 3% 2
(&= Ao EE AR +2)
Fig. 17. Speed control block structure 2 of servo motor
(speed controller block detail structure)

Limiter

Pl Regulator

Integrator

Speed Regulator ‘

Speed_Meas

Hall follower

Encoder follower

¢ Quartus Il - C:/altera/91/quartus/myproject/motion fire_test/fpga-bidca/in & [ E]5K]
{h:‘ File Edit View Preject Assignments Processing Tools Window Help -8 x

DEL@ 8 g T —]
P oD k(O 2 e

g BB SRS GBS IR

T == ~
2
s
1
s
pwim_generatoripwm_generator_black i s
eed_contrallerinst! %% .
irent_tegulatoricurrent_regulator_block s
; % ;
pl_regulatoriregulator 10
integrator:integrator_black g i;
eriimit_|_valus | & =
limiteriimit_outout 12
| |28
limiteriimit_p_value = 15
pm_multMul) Bl |
Ipm-multMult] X g = [ v
eed_mess 'spesd_meas_block =l < >
Ipm_divide!divide o7 wanis # Cies A Efor J, Suppiesasd ;T80
encfalzzncfal &l
“—ifg hallialhall fol
G pilinets LGl B Bal  a | N

ag 18, Au wE &EAlolr] A7) el
Fig. 18. Design file of servo motor speed controller

THoZ A FUd HAS 3t A FPGA < &

clold HEol Q&Y AL HAAS JEY ¥XE
of AZT = HF HdAE ATYeH AE EEH Ao IP
< 213 FPGA 3t=dllo] A7 eks7t "oHa3l.
Ao FPGA ol AAE A1 2¥ Aof IPe] +



FPGA
| Integrator | oo i PWM Servo Driver
| Umitor {7} Regulator { | Generator { '
Voltage
Speed ref. : Al
———>p Speed E outout ]
Regulator | *
g Redone
I ;
= o
erface |de=e
Hall value
Speed
Measure ¢ *
Speed Act. i Encoder

a7 19, HF AAE AE EE Ao IP 7x
Fig. 19. Final design of servo motor control IP structure

A% 7H ? FPGA 71k N RRE &EAo}7] [Pe] 4
s W7t B AFE Y5t ”‘3«] &5 $HATS HAE
starh 18 209 &8 93 1000 rpm S5 A=l o
g H% Ao SEs ‘%E}Wﬂr

&% PID Ao} AFo]E @ 1ms (1Khz)
m £5 2 #HE 1000 rpm
a9 209 A¥E Fote] & F ARl HE FFL A
g FF SR Al

Ao & o]Fo] AoH, 1000Rpmel o
< oF 0ms Frez U wdk FEllTh

Speed Responise Graph

1500

1000

Speed (rpm)

40 &0
Sampling time (ms)

221 20, 1000rpm SEAle] Aeel WE SE g8 23
3
Fig. 20. Speed response output wave for 1000rpm speed
control command

52 &

B =Fos MR 2E i [P e ¢

39l IP 725 Aolstdon, 77t Xéﬂ% E=2E
of tigk AN AA FxE 7IEsh

#%# o2 ALTERA Cyclone Il FPGA 2 7|3t 87
& o3t AoH AR Ao IPE & H V|EHQ] &%
SHS HAES S

AAE AE A IPe] S UNHAR] AR EefolH
°] 20ms A= AubEQl Aor]o As HE FASIAL

FPGA 7|8t ME 28 Hof [P 20| 7o 2st AT

U FPGAS] 7% Aol os) Anie Aol 71y 9 3
o) st st FbAel AA nee BE A
Aol Fbse Ao g,

o ¥ wFolA TR BE AR mE 991 2L A5
Ao} P2 BFA02 47 2 wlzEsle] FPGA 7]ue)
An Aol 7ol FRAL A5S PFsng du,

a

o
o

[1] Altera, "FPGAs Enable Energy-Efficient Motor
Control in  Next-Generation Smart Home
Appliances”, 2008

[2] Unjo, "OpenFire Description”, 2008

[3] Atmel, "Motor Control using FPSLIC/FPGA", 2002

[4] Actel, "Implementing a Brushless DC Motor
Controller on an IGLOO FPGA”, 2005

[5] Kariyappa B. S, "FPGA Based Speed Control of
AC Servomotor using Sinusoidal PWM"” 2008

[6] Altera, Cyclone III Device Handbook, Volumel” 2008

et
2007 29 : =Skl AA-g stk
2009 2¢ =gt HAp g

20000 ~ @A) : A S A-g5

z=4E

2003 2¢: AUt AxEE £Y

(&St
2003 29 (F)M AR Al X yo]F
A

AR AF T A2, AAEA

567



Sha X SAIAEstE =&X| 2010, Vol. 20, No. 4

ol = o o &

20061 29 : AN ARpasts 19843 : Fh A)esta &<
(F3HA} 1986 : & hE At

2008 2€: AN Axpastky) 19973 : & e A}
(FEAA} 198611 ~1991d @ dh=rd e FAL

2008 ~ A : A=A H A B R|(F) 1991'd~1997d : A=A AT

A 1997 ~2006'd : AF i w
20013 ~2002d : Brigham Young

of 1 =X EE Ao, AgEAE University &5
2006~ @A @ gl st [b7) - AAEAl -

3
3T A=) 2=
AFH TR A

L

568

BARCE: 23 Ao}, 792 Ao} B 3, WG Ao,
BN Aol



