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Brt;shiess DC S;r%a Moetor based on DSP control
Abstract:

The brushless DC servo motor is a kind of DC motor, which has no electrical
brush, With the development of the modern industry, the application of the
brushless DC servo motor has been more and more widely used. The control of
the brushless DC servo motor has been developed from analog circuit control to
MCU based digital control, which recently is the main control method of the
brushiess DC serve motor. |

Analog and MCU based control of the brushless DC servo motor, however,
have their internal shortcomings. The former is sensitive to the temperature due to
aging of the analog devices and the later can’t meet the real-time-control
requirement of the modern industry due to limited speed of the MCU though the
problem of the aging of the analog device has been overcome. Especially, with the
development of the modern control theory and requirement of the high
performance controller of the brushless DC servo motor, MCU or MCUS of
common type is unable to follow the high advanced and complicated algorithm so
that the result can’t reach the requirement of the high accuracy.

Aimed at the accuracy detect of the MCU control, the paper advanced a
kind of brushless DC servo motor control system based on DSP. According to the
comparison and analysis of the control performance of the PLD, special used chip
and MCU and the argumentation of the different control algorithm, we build up
the control system with the core of DSP(TMS320LF2407). The system mainly

takes advantage of the ability of high-speed digital computing performed by DSP,
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Based on the high-efliciency control algorithm of DSP, the aim of high-accuracy

control of the brushless DC servo motor can be realized.

The control system mainly adopts three-loop control, which includes
current inner loop, speed middle loop and position out loop. According to certain
control algorithm, DSP outputs the PWM wave with certain duty, and realize the
brushless DC servo motor control by shifting electronic switch with high speed
according to the feedback signal of the position sensor.

The system makes full use of the abundance of peripheral port of DSP and its
ability of high-speed computing so that the hardware has the easy structure and
the flexible expandability as well as the software has high-efficiency algorithm
and good compatibility. The result of tests shows that the control system has
adjustable speed in wide range, small torque fluctuation and high-accuracy
orientation. So it deserves an ideal control system.

The application of the DSP based motor control is a new filed and presently
it remains in the stage of research and development. The brushless DC servo

motor controller based on DSP has not reached a batch production.

Keywords: Brushless DC Servo Motor. Digital Signal Processor{DSP). PWM.
CPLD . close-loop control . mathematic model. €C ( code

composer ). position sensor
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S, ERBEREEATHNRENNHUBRENRRNRES.

33V RSV R PESRTEEENE CPLD BRARE 10 SMMRE, BT
MAX71288 HESEXEZHAREERTHEEEE, FUCLARGAHELREES
3.3V SV BMTIRMESF IR R TR

10 DY REEBABAGH T K, BT LF207 4 64K 10 342H, B2
MAX72188 A0 1O SMIBE, HHE MAXT7I28S AMREBNSERE. 07 RER
HOBEEE 418 Fin:

B, SFSERA 373, FhERERENEGT, KT DSP RS -AH%
B0 BARSUTHLR 16 MBFESHRE.



HALH BN Der 8l

APy ange,
akiTrmer i@,
S e
AT AN

T et |,
T Py e vy

E T
AT Tobe A "
AT T,
FLUR =T
R LT
AP o,

ST sl

L Iﬁ. —

= —'___-'tﬂ'g,_,._,..._._.__
s ] P nmuu—_q‘u-'.-’l'.‘.—_{:} FAMC ’ B P Tl
By ' A HiLE Rl --u--'--—""“—'---'———“~|

L I 2

|
4 !l'J-lTl-lb'.L-l-\'

F e

8 [LTFRupe [¥]

[
A5
Al
&3
12
A

1 @ Horgh i
My o ||

b

M A—17  FaRER R

LEES

TRV AT T |, i ]

AT g, b AN (]

L0y e A [

AT L [ ]

. ALk i

THT AW EE B5

FUTRALFETT 45

ATt iy, or
40 vrtor T |, on
3 T 1 [
Tl g T man
S rccr Gl L, [5T]
EL TR TOUR T ]
2T e T L [T
FAL e o 19, [aF ]
3o T 0 1y [ }

B4-18 105 BROPHBBE

4



F|ERY HRTHARTHK DSP IR

b, MAXTIZES A ZHTRRE T RNNSHEY, FREBHRELHIES,
BT EMRRS TARE, HPEERERtBNTHERAIRE, RESEEXE
PCR EpgEYy, HETEHY MAX7I2SS £, BRI TARENEEFE,

EEARFERRERP.




# 7 & DSP B R TR RN S R
B4t ST,

R R NSRRI SR, 3 A ATk PCB RigR, BEEHIRSES
M. THREEZRABNELEDEA, SELESESRN, BHREESRHE
ok, SHBESTHE,

BERX  EEEHERAN DSP B

5.1 ERHWERSR

EERERA T EREE TMS3200F2407 DSP BEGFSAEBEDNRS, BIESEY
AL, AEEBEORY.

5.1.1 TMS320LF2407 B EH

TMS320LF2407 DSP P EE N BB B MES EERE T DSP EHH (T14F
EREf TMS320LF2407), WEGS K ROM, RAM (ISSI 48] 7M1 64KSRAM &K
IS61LV6416) HBEEDN (T1 A8 TPS767D301) . CPLD 9 W48 [ T b BEHNEE
% (ATERA B8 EMST7I28) , 7.5M &8, JTAG OIDLE —sFH N8R,
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DSP R PR,
Fkkbkbbcibibicbioibbbi ks hbbrkbieik kool ik /
/% NAME: DEMO1 FOR DSP2707 */
/% WRITTEN BY: Peng Jun */
/% REVISED TIME: OCT |, 21st, 2002 */
FE” Betal. %/
/* THE MOTOR RUN IN SEQUENCE:FORWARD, STOP, REWWARD, STOP, */
/* THEN BACK TO FORWARD AGAIN */
/% IF tpvalue = 30 , The XF LED will flash every 0. 98s %/

B F Y
#inciude “extsymh. h”
unsigned int tpvalue = 60 ;
unsigned int tpecounter = 0:
unsigned int xfsignal = 0:
unsigned int fordrewd = @
unsigned int OMPRREF = 300:
unsigned int temp;

void nega();

void posi{):

void brakestop(}:

void main()

{

asm{” CLRC  XF™):

asm{" CLRC  ONF™}; /#SET BO AS DATA MEMORY FROM 200-300H%/
asm{” CLRC  OVWN”): /*Reset overflow mode®/

asm(” SETC  SXM”) . /*Reset sign extension mode%/

asm{” SETC  INTM™): /%Set global interrupt mask */

/*Disable watchdog (Vocp=5v)& watchdog counter reset P6—12%/
RTICR = 0x07: Mdigable the RTI INT®/
WD_CNTL = 0x2f; /*enable WD 1s%/
WD _KEY = 0x55:
¥ KEY = Oxaa:
/fkinitialize WDT registers®/
WD_CONTL = Ox6f /¥clear WDFLAG, Disable WDT if VCCP =By, set WDT#/
/*¥initialize WSGR MEMORY wait state = %/
WoOGR = Ox0f;
/*Set up CLROUT to be SYSCLK Pe-8%/
SYSCR = 0x40c0:

asm(” LDP #0") -

asm (" SPLK #1ch, 04h”)
pam (" LACC _SYSSR™) -
asmi” AND #OGOFFH™) :
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WA
asm{” SACL _SYSSR™)

/¥Set up PLL clockin=20MHZ, cpuclock=20MHZ, sysclk=10MHZ*/
CKCR1 = 0x60 ;
CKCRD = 0x41 . /*bit0=1 f{sysclk}=Ff{cpuclk)/2%/

/*%1/0 setting pll-1i%/
OCRA = OxOff: /*I0OPRO - 7enable, JOPA disablex/
OCRB = OxOfff0;  /+IOPBO=IOPBI=0. XF, BIO*/
PBDATDIR = Ox0ff; /#all are input, and is highs/
CMPRI = CMPRREE:
CHMPRZ = CMPRREF:
/*Input Clock Prescaler = 1/2, CPU clock frequency = 20Mk/
TIPER = 5000 /HPEROID = 128/20%5 MS*/
TIONT = O,
GPTCON= Ox0:
TICON = 0x9700;  /*continuous up counting mode, prescaler = 1/128%/

TICON = 0x9740;

/*IMR, TFR SET

:ENABLE DSP INT1,2,4,5
EVIMRA, B, C,EVIFRA, B, C SET

;ENABLE TIPINT ,SCI RECEIVER INTx/

MR = 0x02; fkenable int2%/

IMR = 0x02:

IFR = OxOffff:

EVIFRA= OxOffff:

EYIMRA= 0x0080: /*enable T peroid intx/
NMICR = 0x0004;

COMCON= 0x0207:

COMCON= (x8207

asm{” CLRC INTM™):
while (1)

{
if {zxfsignal == 0) asm{” elrc XF");
else asm{” setc XF"):

!

void ¢_int1{)
{

}
/*EVERY 0. 032MS ENTRY ONCE*/

void ¢_int2 ()
{
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int evivra;
evivra = EVIVRA;
switch{evivra)

i
i

case 0x27: /ATIPINT®/
tpcouniertt;
temp= PRDATDRIR;
temp= temp & %60
if {temp !'= 0 } fordrewd = 1:
A¥if ({temp = FBDATDIR & Ox0c0} == 0) fordrewd = 1%/

a#lse
{
if {{temp=PBDATDIREDODIY == Oz Fordrewd = I;
else
{
if {({omp=PBDATDIRENDZ) == () fordrewd = ;
else if ({temp=PBDATDIRRUxD4} == 0) fordrewd = 2:
}
]
switch (fordrewd)

{
case Ox0: ACTR = Qx3D; 100328/ Bposi %/

break;

case Oxi: ACTR = 0e33;
break;

case Gx2: ACTE = Oxd3;
bresk:

case 0x3; ACTR = (x33:
brenk;

i
{MPRI = CMPRRER:;
CMPRZ = OMPRRER:

if (tpcounter == tpvalue) /#every Ims process the eiprs/

{

tpeounter = §; /#clear the counters/
WD KEY = 0x85 - fekick watchdogk/
WD KEY = Qxaa :

xfsignal = !xfsignal;

/% fordrewd-++
if (fordrewd »= 4}  fordrewd = 0;
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}

void ¢ _int3(

{}

void ¢_int4{}

U

void ¢ _int5{)

{

}

void ¢_int6é()

{

}

void posi(}

{
ACTR = 0x3D; /#1032%/
/*ACTR = 0x000e; 1031%/
COMOCON= 0Ox0207 ;
COMCON= 0x8207;

void nega()

{

ACTR = 0Oxd3:

/% ACTR = 0x00e0:%/
COMCON= 0x0207;
COMUON= OxB207:

}

void  brakestop ()

{
ACTR = 0x033:

COMCON= 0x0207:
COMCON= 0Ox8207;
/¥ stpsignal =1:%/
1
!

; Fkkkkiselblskbokiokiobiookfokinia ook ook ook kot gk koo k

. File Name : sensor. asm
., Target System : F240

; Description : Sensored speed contrel

: Fosition sensor: Three Hall effects sensors

handied by Capture Unit

, Current measurement: Line shunt resistor
handied by ADC module

FWM generator:

full Compare Unit at 20kHz

ISR: Capture and End Of Conversion

18
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- Date + Fob 2002 (Ref. BPRAGES/084)
- saferkkaokokokok kb kkodokskokakok okl ki ks kdeskok sk okokRskoakskok ok gk dok

.include  “D2407app. h”

- e P WA R A kg Ay by

v

:Speed regulator coefficients setting
Ep .set {15
Ki .set 004

Lo S o ey i e s I ALY ¥ -l vk vy =it g dig 1o T

. Variable definitions

’ EILERAT W LU e e ] i s sy m— i |y A Habeir] i ke s k] 5 1 S gl HabHa? ik WAL, 14 it LU kil . s il LR B )l i Ly k! kil

4

.bss  temp, 1

.bhss  GPRO, 1

.88 pbl sve i

.bss  @mdEC, 1

.bss  SEC, 1

.bss  RPT NUM, !

.bss  CAPT, 1 ; Uapture indication
. bss COMP, 1 ; Duty cyele

-bss  COMP_BUF, I ; PWM Test $$3% 3333
.bss  SPEED VAL, 1
.bss  SPEED REF,1 ; Speed referssce
.bss  BPEED_COUNT, 1 ; Speed loop frequency
.bss  stack, 6 ; Context save stack
;PID_REG  .set  300H
;cap K «set  PID REGHD ;. BQ TI2CNT
;cap ki .82t PID REGH
:Te.set PID REG+2
spd_k .set  PID REG+3
;spd ki .56t PID REGH+4

T T e e vl T il R I o mmpe. et B A
— enhp o . plten,

- TET AR AN —

* ' i b T mbermjeiale Ty o . - iy vy ke A Wilnkay bt e il ¢
T —" — TP WHA S Sl ket st U e e U Y Sy e o il b P, . ] FLALLL o 7ol . st bt i —— S Tl THH R b i —— . e B P (ks et b

¥

: Reset & interrupt vectors

.sect “vectors”

HSVECT:
B _¢ intd ; Reset Vootor
INT1: ; SYSIVR (TO1Eh)
B PHANTOM ; INTI ISR
INTZ: ; EVIVRA (7432h)
B PHANTOM ; INTZ ISR
INT3: ; EVIVRR {74330
B PHANTOM  ; INT3_ISR
INT4:
B CAPINT

INT5: : SYSIVR (701ER)

i
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WMIwX . |

B PHANTOM ; INTS_ ISR
INTH:

8 ADCINT
ANLY INT: . 41 ODOEh MON_BINTR

B PHANTOM : User—defined software interrupt
INTH: : g010h

B PHANTOM ; User—defined software interrupt
INTG: ; (3012h

B PHANTOM ; User—defined software interrupt
INTIO: : 0014k

B PHANTOM ; User—defined software interrupt
INTL]: : 0016h

B  PHANTOM ; User—defined software interrupt
iNTi12: : 0418k

B PHANTOM ; User—defined softwars interrupt
INT13: ; 001Ah

B PHANTOM , User—defined software interrupt
INTI4: ; 3G1Ch

B PHANTOM : User—defined software interrupt
INTI5: ; 001Eh

B PHANTOM ; User—defined software interrupt
INTI&: ; (020Gh

B PHANTOM ; User—defined software interrupt
TRAP INT: ; 0022h

B TRAP_INT ; TRAP instruction vector
NMI INT: 3 0024h

8 WMMI_INT  ; Nommaskable interrupt
INTIG: ; O 2eh

B PHANTOM , User—defined software interrupt
INT20: ; 0028h

B PHANTOM ; User—defined software interrupt
INT21: : 302ah

B PHANTOM . User—defined software interrupt
INT22: ; §0Zch

B PHANTOM ; User-defined software interrupt
INTZ3: : 002Eh

B PHANTOM , User—defined software interrupt
INT24: : 0030h

B PHANTOM , User—defined software interrupt
INT25: ;. 003%h

B PHANTGM » User—defined software interrupt
INT28: ; {034h

B PHANTOM ; User-defined software interrupt
INT27: : (038h

B PHANTOM ; User—defined software interrupt

12
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eSS - —
INTER: , 30380

B PHANTOM < User—defined software interrupt
INTZ29: ; 003Ah

B PHANTOM  ; User—defined softsare interrupt
INT30: : 803Ch

3 PHANTOM ; User-defined software interrupt
INT31: ; $03Eh

B PHANTOM ; User—defined software interrupt

. text

global o int0
_C _inth:

SETC CNF

CLERC OW ; Heset overflow mode

SETC  SXM , Reset sign extension mode

CLRC XF

SETC  INTM ; Set global interrupt mask

MAR % AR2 ; Init speed variables stack

LAR ARZ, #D300h © 300H

SHLE  #O, w4

SPLK  HO, %+

SPLE  gOFFFFH 3+

OPLE  #Q20H, ®+

SPLR  #0209H, %+

SPLE  #0, %

LAR ARZ #03G0hH

LAR ARL #sinck: Init contoxt save gstack pointer

Lnp #0EOH
SP1X #028Fh, SYSCR soerd
SPLK  #02ch, SYSSR :sosr?

;  Disable watchdog (Yeop=5v)& watchdog counter reset po-12
LOP #O0B0h
SPLK  #8Fh, WDCR
SPLK 805558k, WDKBEY
SPLE  #OAAAAR, WDKEY

: 1/0 setting pli~ii

2407
LDP #O0OETH
SPLE  #0FFFH ,0CRA  :USE 10PB4-7, DISARLE 1OPA, FBO-3, USE CAP}-3, PRMI-B
SPLE  BOFFFFR, OCRB  DISABLE 108G
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L G AR F L TP mes e a

:TEMP TEST BET I0PCZ AS {0
SPLE  #OFFFBH, OCRB
(END TEMP TEST SET I0PCZ A5 1G

SPLX 80T, OCRC
SPLK  #00H, PADATDIR
SPLK 800l PBDATDIR

ctemn define I0PC2 as output test

SPLK

#0400H, PCDATDIR  ;TOPC. 2 AS OUTPUT HIGH

rend test

-END 2407

: Clear EV contrsl repisters

LDP #0FEBh

SPLEK  #0000h, TICON ; no timer enable
SPLE #0000, T1PR

SPLE  #OO0O0h, TIONT

SPLE  #O040h, TIOH

SPLK  #HO000h, T200N

SPLK  #0000hL, T2PR

SPLA  #00GGH, T20NT

SPLK  B0000hH, T20MP

SPLR #0000, CONCON

SPLK  #0000h, ACTR

SPLR 80000h, CHPRY

SPLE  #00DBOhE, CMPRZ

SPLRE HOOO0O0h, CMPR3

DPLE  #0000h, CAPCON ¢ no capture
SPLK  #OO0ffh, CAPFIFD  ; Clear CAPFIFG
LACC  FIFot

AL PIFg2

» GF Timer 2 Setting start with OPT1 presc 12K

LBP #T2PR>>7

SPLK  #OffTeh, T2PR ; Limit Max
SPLE  #000Dh, T2ONT

SPLE  #17CDh, T2CON s 17C0

SPLK
SPLK

; Stop, Cuo, x7128, UYL, Eto, Inr, 040, Dte, Uop

; FWM Unit setting

#G500, TIPR ; 3. 2mS = BOO/156250
#0000h, TICNT

14
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SPLX  8OFPFR, ACTR ; ALl Foreed high
SPLK  #0508h, DBTCON ; Alldisa, X/4
SPLK #0000k, CMPRI
SPLK  #0000h, CMPR2
SPLE  BOZBTh, COMCON ; (287 Clear COMCOR
. DBfe, WTIO, Dsv, WTI0, FCOE, 500D, GPtl, Wivd, Wied, SPM
oPLK #8238 Th, COMUON
SPLR  #2900H, TICON
SPLK H2BGOh, TICON ;. 2800
. Slop, Cad, x/1, UoT, Dto, Inr, 00, Dte, lop
SPLK  #2940h, TICON
CSPLK #2840k, TICON © 2840
; Stop, Cud, x/%, Uo¥, EBto, Inr, 00, Dte, Uop
SPFLE  HUI160h, GPTCON ; DIOG
. Cd, Cd, Cd, NA, WA, NA, TiSp, TPOd, T3PF1, T2PFl, TIPFI
SPLK  #0140H, GPTCON
, Capture Unit Setting
SPLK  #0bOfch, CAPCON  « BOFC
;CﬁPRESgﬁaﬁ@iéggﬁﬁapﬁ,Bcaﬁ%,SG?&E;Sé?ﬁﬁgﬁﬁﬁﬁﬁﬁféﬁ&ﬁéﬁﬁ
SPLE  #00ffh, CAPFIFO : DOFF
: Clear bit 15-8

; Core Mask Setting

1.DP 80

LACC  BO28hH

SACL  IMR; INTE & INT4 is masked.
LACC PR

SACL IFR

LDP #OE8A

LACC  EVIFRA . EVIFRy Reset
SACL EVIFRA

LACC  EVIFRB

wACL EVIFRB

LACC  EVIFRC

SACL EVIFRC

SPLK RO, EVIMRA : EVIVRAX INT Disable

SPLK #0, BVIMRB ; EVIVRBx INT Disgable
SHLK ®#7, BVIMRC . Capl~-3 INT Enable
: 24G7

LOP BOEIH

SFLE #0100600000000000b, ADCCTRLL : Reset ADC module
NOP

SPLK  H3ABOM, ADCCTRLI
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Bex S —_
SPLE  gD10000GRE0000000, ADLCTRLZ
SPLK  #0772H ADCOTRLE
SPLK  ®80O0H, MAXCONY
SPLE 814, CHSELSER]

: ENR2447
CIRC  INTH v AL INT Enable
L.DP H#O . Variables init
SPLE  #), pbl svo r
SPLE 80, sSEC
SPLK  #0, SEC
SPLK  BOBOO, SPEED RER ;. 40K
SPLK 835080, COMP
SPLX  #OBOD, COMP BUR . 3333 $iss
SPLK #0625, SPEED _COUNT
SPLK  $0000H, CAPT
SPLK  #0, temp

Hespniesgeefegooag drfededoofededeloaioiko o dadkdeneioagod
*  STARTING PROCEBDURE %
EE B LT 2 X LT S S P S S SRR
; Disable CAPT Input p2-78
LDP #0E8h
SPLK #0000k, CAPCON ; Canture resst

; Set I/0 unit as 1
LDP #O0E1h

L 2407
SPLX  HOPCTHh, OCEA: TAPL, 2.3 A5 v
SPLE  #OUOOh, PADATDIR  ; TOPAx Input

LACC  PADATDIR ' READ TOPAX
VEND 2407
;  SPLK  BOFFOOL, OCRB | JOPCx I/0 Setting
: SPLE BOOOOhH, PCDATDIR . IR0 input

; WHICH SEQUENCE?

»  LACC  PCDATDIR  ; Read IOPCx
; 2407
AND #OD3I8H
LDP H#0
SACL CAPY : bave temp 1112
LACC  CAPY, 13
SACH  CAPT » Save into fiH

LDP BOEIH
SPLK  #OFPFH, OCRA
END 2407

14
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(AND BOO70H : Mask Cap1&2&3

LDP #0

SACL.  CAPT ; Save temp !
LACC CAPT, 12

SACH CAPT : Save into 1!

; Disable 1/0 Unit
. LDP#0E1h
,  OPLK  HOFF70h, OCRB ; Set Capl&2&3

. Capture Unit Setting
L.DP #OERH
SPLR  HObOTch, CAPCON
;SRPRES,EcapI&E,Ecap3,Bcapé,SGPtZ,SGFtE,Na,Dbel&2&3,Nd
SPLK  #00ffh, CAPFIFOQ , Clear bit 15-8

MAINLOOP:
LDP #O0ECh
SPLK  #05555h, WDKEY
SPLK  #0AAAAh, WDKEY
B MAINLOOP

Fofekstokakdoiokofo ook sk s kokokskk otk soksiokoksokakokofok skok

* END OF STARTING PROCEDURE  *
Fokdokideokokokdokdkokekolokioksioksiokskksokiokkiokdokkolekskdok ok dok
PAULT _CLEAR: ; init the pre-driver

LDP #0E1h

LACC  PBDATDIR  : Read I0OPBx

AND #010h ; Mask I0PB4

BZ FAULT CLEAR ; If ACC = 0

SPLK  #0210h, PBDATDIR : 2820
. not shut down clearing fault

MAIN: ; Polling loop
LBP #0EQh
KICK _DOG
F PB4 CLR: ; Init the pre-driver
LBP #OE1H
LACC  PBDATDIR  : Read [OPRx
AND 8310h ; Mask T0OPR4
BZ MNAIN v 1T ACC = @
LDP #OE1H

SPLK  #0210h, PBDATDIR : 2820

17
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; not shut down clsaring fapltf
LUOP #0h
LACL  pbl svo r
BOND  MAIN_ 10, BQ
LOP #OEIH
SPLK  BOZIZR PRDATDIR  ; 2800 I0PBI out data B

SETC  XF

CAlL  &EC DELAY

CALL  OBEC DELAY

CLRC XF

LoP #PBDATDIR >» 7

SPLR  #0O210h, PBDATDIR  ; 2800 TOPBI_out data low
LDP #0

SPLE  #0, pbl_svo r

MAIN 18
LDP #0100
NGP
NOP
8 MAIN
LS E S SEEERER TS $ ST S LT ST ST
ADCINT:
7 save stalus registers
MAR %, AR
MAR *+ ; skip one position
SST g1, %+ : save STy
S5 #3, ¥+ 1 save S5T8
SADH %+ : %ave ace high
SACL, = ; save goc low
LIP #O
LACC tomp
AbD #1
SACL  temp
1oy BOEIH
s SPLK 20ID00000000OOLOOR ADCOTRL
;o NOP

SPLK  #0T72H, ADCOTRL2

: 2407
ctemp def'ine IOPCZ ag output test
Lhp HOEIH

BiT  PCDATDIR, 13 10PC2
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PCSET L :

3CND PCSETH,
LACC  #4H

OR PCDATDIR
B PCSETEND

PCSETH

LACC  #OFFFBH
AND PCDATDIR

PCSETEND:
SACL.  PCDATDIR
‘end test
LOP HOEOH
LACC  PIVE
cend 2407
CLRC  SXM

TC

;PB4 AS QUTPUT low

LDP #RESULTO> >7

LACC  RESULTO, 10

B ADCRET

LDP #0
SACH  SPEED VAL
LACL  SPEED VAL
SUB #7186

BLEZ RD_ADC 10
LACC  #495

B RD_ADC 20

RD_ADC_10:

LACC  SPEED VAL
SUB #216

BGEZ RD_ADC 20
LACC  #0

RD_ADC 20-

SACL  SPEED VAL
LACC #8500

SUB SPEED_VAL
SACL  SPEED VAL

LACL  SPEED COUNT
1250
, If Var_ Spd _Done then

SUB #625 ;
BNZ NO_SPEED_REG
CALL  SPEED_REG

NO_SPEED_REG:

; Load PID loop Spd value

19
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LACC  SPEED COUNY | SPEED_COUNT ++

ADD &1
SACI,  SPEED_COUNT

; cutput PWM
CALL  SEQUENCE

ADCRET:
© restore status registers
MAR ¥, AR! ; make stack pointer active
LACL k- : Restore Acc low
ADDH %~ . Restore Aec high
IS8T #0O, *- ; load STH
{ST HI, *- : load S5T%
CLRC  INTH
RET
Asfoksick sk ook ol sk ok KRR R s ok ok ok
SEQUENCE ;
LDP #0
LACL  SEO
SUB #1
SACHL  SEC

LACC  COMP BUF  : $48% $338
SACL  Cowmp . $8%5 3838

1.ACC  CAPT

SUB #1

SFL - ACC * 2

ADD #CAPT DETER

BACKC
CAPT DRTER:
FALLING3
FALLINGI
RISING2
FALLINGZ
RISING]

wwwwml

RISINGS: ; 5B
LACC  COMP
LDP #0E8h
SPLK  #0DF3h, ACTR
. SVP, , CMP6Fh, OMPHAL, CMP4Fh, CMP3Fh, CMP2F1, CMPIFh
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SACL. OWPR3
SACL  CMPRI
SPLK #0000, CMPR2
B END
FALLING3: ;D2
LACC COMP
L.DP #0E8h

SPLK  BU3FDh, ACTR
. SYP, , (MP6F1, CMP5Fh, CMP4Fh, CMP3Fh, CMP2Fh, CMPIAI

SACL  CMPR1
SACL  OMPR3
SPLK 80000, CMPR2
B END
RISING2: + S3
LACC  COMP
L.DP #0EBh

SPLX  #03DFh, ACTR
: SYP, , OMPOF1, CMP5Fh, CMP4Fh, CMP3SAI, CMP2Fh, CMPIFh

SACL  CMPRZ
SACL  CMPR3
SPLK #0000, CMPRL
B END
FALLINGZ: . Sb
LACC  Cowp
LIP 20E8R

SPLK  #0D3Fh, ACTR

; SYP, , (MP6Fh, CMP5A1, CMP4F1, CMP3Fh, (MP2Fh, CMP1Eh
SACL CMPR3

SACL  (MPRZ
SPLE #00000, CHPRY
B END
RISINGI: ; ol
LACC Ccowp
LDP 80E&H

SPLK  #0F3Dh, ACTR

. SYP, , CMP6Fh, CMP5Fh, CMP4FI1, CMP3Fh, (MPZFh, CMP1Al
SACL  (¥PR:

SACL  CMPR2
SPLK #0000, CMPR3
B END

FALLING: R

21
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ntex ; e
LACC  COWP
LDP #0ESh

SPLK  #0FD3h, ACTR
. SVP, , C(MPSFh, CMP5Fh, (MP4Fh, CMP3AL, CMPIFI,

SACL  CMPRZ

SACL  CMPRI

SPLK  #00000, OMPR3
END:

RET
sejeiolepsgoiiiolofoioiaiioioideiakaiiiaiokaiolk kg
SPEED REG:

. Speed and speed error caleculation

3 TEMPADD

1P #0

SPLEK  HO, SPEED_COUNT

LDP #0
CLRC  SXM

LOP $PRDATRIR 5> 7
LACC  FBDATDIR  : detect [0OPB1 {SLO)

AND #0002h . Mask JOPBI
BCND  SPD PROC_SO,EQ ; If ACC =0
LDE B0

SPLK  #BD0, SPEED _REF
B SPD_PROC_END
SPD_PROC S0
LDP $PBDATDIR >> 7
LACC  PBDATDIR : detect TOPB4 OO
AND #06010h : Mask 10PB4
BCND  SPD_PROC OO, NEQ  ; If ACE O D
LDP #0
SPLK  #500, SPEED REF
B SPD_PROC END

SPD_PROC 00:
LDP #XINTZCR 5> 7
LACL, XINTZ2CR : deteet top position
AND 8G040H
BOND  SPR PROC 10, NEQ  ; If ACC O 0 (XINTZ
LACL  XINTICR ; detect home position
AN} #O0404

BUND  SPD PROC Z20,NBQ  ; JF ACC O 8 (BINT
Lpp B

SPLK #5000, SPEED REF

SPLE  #i,pbi_svo_ v

CMP i Fh
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B SPD PROC END
SPD _PROC_10:

LACL  XINTICR - detect home posgition

AND #0040H

BCND  SPD_PROC_20,NEQ , ACC & 0 (XINTI = 1)
SPD _PROC 11:

LDP #0

SPLK 8400, SPEED VAL  : 33$3%3 $33%
SPD_PROC_20:

1LDP #0

LACL  SPEED VAL
SPD_PROC_30:

SUB SPEED REF

BL.Z SPD DEC PROC  ; <

BGZ SPD_ACC PROC  : >

B SPD PROC END ; =
5PL DEC PROC:

LOP #0

LACL,  SPEED _REF

SUB #3

SACL,  SPEED REF

B SPD _PROC _END
SPD_ACC PROC:

LACL.  SPEED_REF

ADD #1

SACL  SPEED _REF
SPD_PROC END:

LDP #0

LACL.  SPEED_REF

SACL  COMP_BUF
; TEMP ADD
TEMPADD:

Lop #0

LACC  #300

SACL. SPEED_REF

SACL.  COMP BUF
; ENDED TEMP ADD
; Restore

RET
FofedekdciolopdeRsckiok ikt kkdor solok ok
CAPINT:

MAR *, AR1

MAR A+ . skip one position
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88T #i, %+ : save 5T1
ShT #(}, %+  save STO
SACH W+ - save ace high
SACL ® . save ace low

: Capture interrupt handling
; 2407
{08 #OEDGhH
LACC  PIRQRI ;
AND #1070H cenable ABCINT and CAPINT 2,38

AND ROOH ;efear the pending flag
SACL.  PIRGR!
LACC PIVR
AN BOGH
SACL  PIVR
vend 2407

; Set 170 unit as 1
LDP 8001k
i
SPLE  #0FC7h,0CRA  ; CAPL, 2,3 AS I0PA
SPLK  #000Ch, PADATDIR  ; TOPAx Input
LALL  PADATDIR (READ IGPAX
(END 2407
;  SPLK  #OFFOOR, OCRB ; TOPCx 1/0 Setting
. SPLK  #0000h, PCDATDIR  ; TOPCx Input

; WHICH SEQUENCE?
o LACC  PCDATDIR  ; Read TOPCx

: 2407
AND FOO3RH
LOE #0
SACL,  CAPT : Save tomp 1M
LACC CAPT, 13
SACH  CAPT ; Save into 113

; Computation
CALL  SEQUENCE ; Modify Commu_States
iBp HOR1H
SPLE  BOFPFH OCR4

END 2407

; Capture Unit Setting
LDP #0ERH



Ftig h EREHIABAELE DSP £l

SPLE  86blfch, CAPCON  ; OBOFC
; CAPRES, Ecapl&2, Ecap3, Deap4, SGPt2, SGPt2, Na, Dbe 184283, Na
SPLK  #00fth, CAPFIFO . Clear bit 15-8

MAR %, ARL : make stack pointer active
LACL %~ ; Restore Acc low
ADDH % ; Hestore Ace high
LST $#0, % : ioad 810
LST #1, #~ . load ST1
CLRC  INTM
RET
Fedeoiiogokpojokdeolkgeitgeok stiokoioidolaiopoledek ok

;1 S R -~ PHANTOM
; Description: Dummy ISR, used to trap spurious interrupts.

H VR m iy e Sl A Al Atatla] b ik i

H T
ki vy kg § rAirH S e i — ety oy sl oy, Sy o il i

PHANTOM:

8 PHANTOM
sokloiokksoickiokok ik aohsiokdokhikiiokor
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. Routine Name: mS DELAY
; Description: Produces a multiple of 1uS delays using the RPT
instruction. The Delay produced is based on the
value loaded in mSEC (i, e. Delay = mSEC x ImS).
Indirect addressing is used to count the number
of times the delay loop is repeated.
; Calling Convention:

; ¥ariables on BEntry on Exit
A 4 X (x0000
;  ARP XX AR4
;. ACC XX XX

mobEl  value in 1 mS un—touched
SEC_DELAY:

LDP #0h ; DP-->0000h~007Fh

SPLK  #25000, SEC ; 25000 * 0.00004 = | 8RC
SEC_LOOP:

RICK DOG

LDP %0

LACL  SEC

BOND  SEC_LOOP, NEQ

RET ; Return from DELAY SR
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