BEFRASAL

H4505EERBOBHEDRVIZONT

200044 H 1 HZLL>TNEC =L 7 bu = AFEXRESHEKR OSSR RT 7 /ey
NAEDEL, WD TOERENBHITAMINTEY 9, /EWFE LT, AEEHIZIZIFE
ZHTOERILENE-STEBY T2, YHo&EE LA TToT, JHMREORE L < BHEW
AL EFET,

WA AT L7 ha=J A Rm—L_X— (http://www. renesas. com)

201044 A 1 H
NP AT L7 ha=7 ARRAEtt

[317)] V2B A= L7 hu=7 24 (http://www. renesas. com)

[RIV& 4] http://japan. renesas. com/inquiry

LENESANS



10.

11.

12.

E

2.

THEEEE

AEEHCRRFH EIN T ANBRIAGERITHEO LD THY . TERSEFTLZ ER”H Y 9, LG
OTEABIOIHERICHZD £ UL, FaNCUEER D CRTOEREZ TR\ T L b,
YRR —UR P2l L CTAB SN BRICEICTEREL S0,
A BHT Z0E S 7= Y0 35 L OIS S oo I B USSR L7248 =3 O RF M . EVEHEZ O D Eniy
MPEMEDIRELICEA L, Yihit, —UZ0EEEAVET A, YT, AGEHIESE U ERITFE =80
FEFPHE, BEMEZ OO M FEREZ ML FFET 2O TIEH Y THA,
WA RIS A o, A, ERIE LAV TN,
AEPHIEH ENZERE, V7 b= 7BL O SICEET 2 E#RIE. PRS0 ) EE, S RE Z
BT 2H0TT, BEFROBBORFHIBWT, B, Y7 b7 BIOINSICEET 2 &2 6T
HIEAITIEL, BEREOBEICBO T T2 TLEE N, 2O HICER LBEEEITE=FICEUE
FIZ L, YL, —UIFOBETEAVERA,
B HIZER LTk, MMEBBERUSNEE S L) oM BEka 285F L, 2 DIESOEDD & ZAIC
F W MERFHEZIT-> T E W, RERHIEH STV 5 B ks I Ol 2 K Bl e 2s o B % o
HEY, EFMAO BT OMEFHEO B THEA LRWTL &V, F2, YRR X O & B
OEFBIOHANC X 0 ELE - i/l - IR AEZRIESN W ABRICHERT 2R TEEEA,
ARELHIFH SN T A HRIZ, EMEEZHT-OEEICER LIZBDO TR, BB NN & 2T 5
DOTEHY FHA, T—, REEHIREH SN TV DIERORVITERT L2HBERNBEREICAE UZEAICBY
Th, %thd, —UIZ0EEZAVERA,
Wk, YR O MEKES TERKYE ) TENEKE] B O ek ICOBELTEBY £9, 7.
B EUKYEL, DU TIORTHRICREAMEDN S Z L 2B L TEY £T0T, YR O MEKESR 2
BLIEEV, BEHKIL, YHOXEIZLD2FAOEKERD Z 7, RFEKE] 20BN HBIZY
BB EFEHT L2 2 ENTEERA, o, BEHEIR, Yo XEBIC L2 FAOAFEHD Z L2, BX
ENTVWRWHBRICUHR L 2T 2 N TEEHA, BHOLEICILHMOKELED Z L2,
MR EARYE ] ICHEENTHBRELIEIERNEN TR WIS YRS A2 L2 2ok ) BREE I
EEFEICAECFRESICE L, ST, U2 0EEREAVETA, B, YHRLOTF—4% - — b, T
— 4« Ty 7RO TR EKED TR DA, Y KERI TH D Z L AR LET,
FEYERHE . ol B a—&, OARESR, B, FHUEESS. AV RS, 5B, TIEE. /— v I uias.
FEERR Y b
EUKYE - Eitkss (B EhE, EBE, MRS . EAEERR. B - PiLEEE, SRR, £m
MERFZ BR & LTRGBS TV W ERESG (B4 7878 E R OB HEFERITHEY)
REEKYE . JIZSRERR. MIZE T ARER. VIR PSS . T IHE o 2 7 A A HERF O T2 O DRSS (4
MrHERREE . ARICHEOIAAEHT 2 L0, 15EITA BETY HLE) 2175 b0, £Ofh
EEAMICEEL 5220 0) (EATBEEEOSEEHREREIHICHEY) 32T A

Yiring

£
AEBHZFRE 7z AR o TR AIC o & BT, BRRERK. BIERIRETERBE, AR, 23502
DMGESAIEIC>E F LT, YHEAREERHN T A 28, YRR 28 2 T4 2 D &
NIEHEOBER L OFERIC>&E £ LT, YthE, P20 EEE2AVERTA,

Wk, RO SVE R L OMEEME R BICZ TR Y £928, B8RRI S DR CRERRE LT
D, S L > TIEEE L2V + 2880850 9, £7-. SRS REFHZ W T T-
TEY A, YR O£ - ITBEEENE UREE . AFF, kkFi, d2REREZ4AET
SHRNE D BEFEOBRLIZE O CLERG, EREXREEF, BmEaE LR E0ReRHB L O —V
THVERSE MR E TV AT AL L COHMRIEEZ BBV LET, FiZ, v~/ 3 Y7 b7, B
MCTORAEIREE 2720, BEEDNELE SN RO - VAT AL L TORERIEEZ BBV - LET,
LA OREEAMES, PRI o LR ENIC LTS E AR D E TRMAELEE Y, A
B L T B EOWE O S A -E A 2 8iH3 2 RoHS #54% . B Sh 2 BEREES Z+0HED 5 2.
MINBIEFICHEETH L) THERALKE SV, BEENDONDIESZET LRV LTIV AUEEICEL
T, Yk, OF0EFEEZAVERE A,

KGR DL EINT 2 B DO LB LD FRORFE LGS Z LR ELIFERT A2 L2ELEB
Bronwi=LET,

AEEHCET IOV TOBMWEbEZOMBEMEDAENTSNFE LY thEEAsnEcl
e &N,

iy

AEEHZBWTHR SN TWS 4] L3, v x P2z 7 bo=7 2SI o xy 2oL
kv =7 ARRAESAEZ ORI E OB OB -3 E B £ -IEMSEICR e T 58200 E T,
AREEHZBWTHEH SN TWS MY Sid, & 1 ICBWTERZ SN Yo R, fERE 200
jﬁﬂ_‘o




LENESANS

H8/300L SLP
DC (DCmotor)
H8/38024 SLP MCU DC
H8/38024 SLP MCU PWM
(SCi),
H8/38024
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- t H8/300L SLP

1.
DC 3
( )
. ( )
. ( )
DC ( ) 2
( ) ( )
EBrush
Magnet
N AL
[ __i\“%\ \
|Nﬁ( it g )n*.-s;
AL B
\\\ \% y
.
Cnnunuta/tnr
1 DC
DC 1
1 DC

(HP)
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H8/300L SLP

RE N ESAS DC (DCmotor)

2.
2
e H8/38024 SLP MCU
e RS-232C
. PWM
e Faulhaber DC ( )
H8/38024 MCU
TXDs, —p| RS-232
Interface <_> PC Serial Port
RXD32 4_
Displa
Address Addre y
P7[6.. | —p» >
[m Lines S
Decod Encod
— er
Driver : -
PIS432 | p| IC @ chas 4
M Optical
— Encoder
Data
Po[7..
[m < > Lines
2
MCU
[ )
[ )
[ )
e PWM
e RS-232C PC
2 10 PWM (Pulse Width Modulation) 1
MCU 10MHz PWM 20kHz
PWM PWM 1.3A
H- IC
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- t H8/300L SLP

2 Faulhaber DC ( )
2
6 Y,
9300 rpm
6.10 mNm/A
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H8/300L SLP

(DCmotor)
3.
3
3

6[7..0]

7[6..0]
P77 WRITE/READ_N
SCI(TXDs;  RXDa) PC
P90/PWML1 *PHASE
P92 *REF
P93 *ENABLE_N
P94 *MODE
P95 *BRAKE_N

F

* PWM (A3953SB) 3.6
3.1
3
e DC 6V
e 74HCT138, , 5v
¢ MCU, RS232C , , PWM 3.3V
LM1117DTX-5.0 LM1117DTX-3.3
Supply 5 5v 3.3V 3
\ 5 3V
Voltage — Regulator |£$ Regulator |£>
3
3.2
4 H8/38024 SLP MCU
4 /10 WRITE/READ_N
MCU 3.3V
5v MCU 5V
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H8/300L SLP

DC (DCmotor)
3.3V 5V
H8/38024
MCU HD151015
PORT — — Address Bus
7[6..0] Level Shifter
WRITE/READ_N
P77 — »
HD151015
PORT S C— S C— DataBus
4
3.3
3-8 74HCT138 3
(DLR1414) 4
4
(16 )
44 ( )
45 ( )
Co (1 )
c1 (2 )
C2 € )
C3 (4 )
Cs8
3.4 RS-232C
(SCl)  TXD32 RXD32 Sipex RS-232C
SP3232 MCU PC
3.5 DC
Faul haber @ 180 09BP ) DC
(2230 U 006 S ) 5
2 LED
2 A, B 90
B A B A
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H8/300L SLP

DC (DCmotor)

Codewheel

/
[] Channel A
[] Channel B

Photodiodes

Shaft

D
D~ L

LEDs

9

Channel A

Channel B

Clockwise Rotation

Codewhed Pattern

Counter-clockwise Rotation

5
6 2 150nm
10
09BP Optical
Ribbon Cable
=
10-pin Connector%& DC-Micromotor
6 DC
( A B) ax 16 /
Agilent HCTL-2016
CMOS
Faul haber Faul haber Agilent H8/38024 SLP
DC-Microm ’ 09BP Optical ’ HCTL-2016 > MCU
180 720
pulses/revolution pulses/revolutio
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H8/300L SLP

DC (DCmotor)

3.6 PWM

Allegro A3953SB PWM

+1.3A 50V
RC
ENABLE_N Low PHASE
BRAKE Low
ENABLE PHASE
DC

PWM 50% 0 100%
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4.
C HEW 2.2( 15)
H8 Tiny/SLP ( 5.0.0)
[ ]
[ ]
[ ]
e RS232C
8 1/0 SCI (38400bps 1 ) PWM
main F
1.5ms PID (proportional
integration derivative) PWM PC

Timer F Output
Compare Match ISR

v v

Main Function

Initialize the Read Encoder
following:
a /O
b. SCI
c. Timers Perform Yes
Position Control 2
—
é Start Position Yes
Control?
a. Computetrajectory
b. Update current
Speed Control Position Control

[ Return ]
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4.1
HCTL-2016 4x 16
/ 16 / 8
2 ( 15-8 SEL =0)
( 7-0, SEL = 1)
1 4x180=720
1.5ms 16 / 1.5ms
PWM
16 /
(/7 )
1000 900 100
-1095 -1000 -95
4.2 PID
1

PID (Proportional Integral Derivative)
r(n) ( )

r(n) en) PID um)| - PWME bC y()
p  Controller —p Driver | — | Servomotor >

Reference Input

y(n) Encoder Optical
Interface  |gq—— Encoder |g¢—— —

9 PID
PID
u(t) =K, - e(t) + K; - 6T + Kq - (deldt)

)
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H8/300L SLP
(DCmotor)

PID

§-T :Z(Rj _Yj)

j=0

d_e — (en — en—l)

dt T o
PID
) =K, -eln) + K, - T+ K, (A0
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H8/300L SLP

DC (DCmotor)
4.3
70%
( )
Veloci
tyA Speed Position
< Control Ezﬂt“{
Acceleration | Cruise Deceleration
Maximum ...
Speed
Minimum ___| Time
Speed
10 PID
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H8/300L SLP

RE N ESAS DC (DCmotor)

4.4 RS-232C
RS-232C ( ) PC

TeraTerm Pro EXCEL

11
Servo Response

P :
= ——Desired
o
(3 —— Actual
>

Sampling Interval

11
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4.5 PID
PID

e PID Ki Kg 0
d (Kp)
[ ]
° KP
. (Ki)
[ (Kd)
° (Kp! Ki Kd)
4.6
e Dcmotor.c

— main

— /0 SCI PWM

— PID
e int_prg.c

— F

1 Dcmotor.c
distance_reference -720 1°—>2
1 — 360° — (360 *2) =720

maximum_speed_reference -7 /
minimum_speed_reference -1
speed_adjustment -1
proportional_gain 6 PID
integral_gain 2 PID
derivative_gain 4 PID
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/***********************************************************************l

/* */

/* FILE :Dcnmotor. ¢ */

/* DATE :Mon, Jan 12, 2004 */

/* DESCRI PTI ON : Mai n Program */

/* CPU TYPE : H8/ 38024 >/

/* */

/* This file is generated by Renesas Project CGenerator (Ver.2.1). */
/* */

/***********************************************************************l

#i fdef __cplusplus
extern "C' {
#endi f

voi d abort(void);
#i fdef __cplusplus
}

#endi f

#i ncl ude "i odefine. h"
#i ncl ude <machi ne. h>

/] Constants for Address Decoder

#def i ne first _digit 0xQ0
#def i ne second_digit 0xCl
#def i ne third digit 0xC2
#def i ne fourth_digit 0xC3
#def i ne enc_count _hi gh 0x44
#def i ne enc_count _| ow 0x45
#def i ne reset_2016 0xC8
#def i ne de_sel ect Ox3F

/! Constants for Mdtor Contro

#def i ne di stance_reference -720 /11 degree = 2 encoder counts
#def i ne maxi mum speed_r ef er ence -7 /I negative for counter-clockw se
#def i ne m ni mum speed_r ef er ence -1 /I negative for counter-clockw se
#def i ne speed_adj ust nent -1 /I negative for counter-clockw se
#def i ne proportional _gain 6

#def i ne integral _gain 2

#def i ne derivative_gain 4

#defi ne max_pos_con_val 256

/I Ot hers

#define  address_bus P_I O PDR7. BYTE /| Addr ess Bus
#define data_bus P_I O PDR6. BYTE /| Dat a Bus

e e R T
/1 Function Prototypes

e e R TP

H8/300L SLP O O O[O
DCOOOOOOOO (DCmotor)
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void init_sci(void);
void char_put(char);
void PutStr(char *);

void init_port(void);

void display_char(unsigned char, unsigned char);
void init_timers(void);

void display_word(unsigned int);

void reset_encoder(void);
int read_encoder(void);

void init_pwm(void);

void serial_transmit(unsigned int);
void speed_control(void);

void speed_profile(void);

void position_control(void);

//16-bit number: +ve for clockwise, -ve for counter-clockwise
intencoder_count, current_encoder_count, previous_encoder_count;

//16-bit number: reference speed: +ve for clockwise, -ve for counter-clockwise
intspeed_reference;

intcurrent_speed;

intcurrent_speed_error, previous_speed_error, sum_speed_error,
diff_speed_error;

intspeed_control_output;

intposition_reference, position_reference_a;

intcurrent_position_error, previous_position_error, sum_position_error,
diff_position_error;

intposition_control_output;

intspeed_increment; //+ve for clockwise, -ve for counter-clockwise

intmax_speed_reference;//+ve for clockwise, -ve for counter-clockwise

intmin_speed_reference;//+ve for clockwise, -ve for counter-clockwise

int temp_encoder_count, temp_position_reference;

unsigned int position_control_count;

static unsigned char reference_step = 0;

int kp_gain, ki_gain, kd_gain;

unsigned char start_position_control;
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{

speed_reference

1}
o

speed_increment = speed_adjustment;
max_speed_reference = maximum_speed_reference;
min_speed_reference = minimum_speed_reference;

previous_speed_error = 0;
sum_speed_error = 0;
diff_speed_error = 0;

kp_gain proportional_gain;
ki_gain = integral_gain;
kd_gain = derivative_gain;

position_reference = distance_reference;

position_reference_a = ((position_reference * 7)/ 10);
if (position_reference < 0)
{
position_reference_a = 0 - position_reference_a;
}
current_position_error = 0;
previous_position_error = 0;

sum_position_error = 0;

start_position_control = 0;

position_control_count = 0O;
/)
P_SYSCR.IENR2.BIT.IENTFH = 1; //Enable Timer FH interrupt requests

//if Timer FH interrupt request flag (IRRTFH) is set, clear to O
if (P_SYSCR.IRR2.BIT.IRRTFH == 1)
P_SYSCR.IRR2_BIT.IRRTFH = O;

set_imask_ccr(0); //Clear IMASK
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- t H8/300L SLP
[ | ‘EEI‘\I.EE:E;L’E‘:E;’ DC (DCHHOKH)

N ——
while (1)
{
}
}
B ——

void abort(void)

{
}

init_pwmQ
*/

void init_pwm(void)

{
P_PWM1.PWCR1.BYTE = OxFD; //Conversion period is 1024/phi
P_PWM1.PWDRL1.BYTE = 0x00; //\\rite to lower 8 bits
P_PWM1.PWDRU1.BYTE = OXFE; //\rite to upper 2 bits
P_10.PDR9.BYTE &= OXF7; //Port 9[3] : Clear ENABLE_N

¥

/)

/*
reset_encoder(): Reset enocder counts

*/

void reset_encoder(void)

{
P_I0.PCR6.BYTE = OxFF; //Set Port 6[7..0] as output
address_bus &= de_select;

address_bus = reset_2016;

address_bus &= de_select;

read_encoder(): Read encoder counts
*/

intread_encoder(void)

{

int counts;
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- z H8/300L SLP

unsigned char low_byte, high_byte;

P_10.PCR6.BYTE = 0x00; //Set Port 6[7..0] as input
address_bus &= de_select;

address_bus = enc_count_high; //Address

high_byte = data_bus; //Data

address_bus &= de_select;

address_bus = enc_count_low; //Address

low_byte = data bus; //Data

address_bus &= de_select;

counts = (int)((high_byte << 8) | low_byte);

return(counts);

init_timers() : Set up Timer F
*/

void init_timers(void)

{
//Timer Control Register F
//T0LL = *"17": Initial output for TMOFH is high
//CKSH2 = "0", CKSH1 = "0, CKSHO = "0": 16-bit mode, counting on TCFL overflow signal
//Clock input to TCFL at phi/4 i.e., (10MHz/2/4 = 1.25MHz)
P_TMRF.TCRF.BYTE = 0x86;
//Timer Control/Status Register F
//CCLRH = "1": in 16-bit mode, TCF clearing by compare match is enabled
P_TMRF.TCSRF.BYTE = 0x10;
//1.5ms -> 0x753
P_TMRF.OCRF.BYTE.H = 0x07; //0utput Compare Register FH
P_TMRF.OCRF.BYTE.L = Ox53; //0utput Compare Register FL
¥
/)
/*
init_port() : Set up the 1/0 ports
a. Port 6[7..0] -> Data[7..0]
b. Port 7[7..0] -> Address[7..0]
Note that Port 7_7 also functions as the WRITE/READ_N signal
*/

void init_port(void)
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{
P_I0.PMR3.BYTE = 0x04; //P32 functions as TMOFH
P_LCD.LPCR.BYTE = 0x00; //SEG[32..1] as 1/0 Port
P_10.PCR6.BYTE = OxFF;
P_10.PCR7.BYTE = OxFF;
P_10.PDR6.BYTE = OxFF;
P_10.PDR7.BYTE = OxFF;
P_10.PMR9.BYTE = OxF1; //PWNM1
}
/)
/*
display_char(Q)
a. Port 6[7..0] -> Data[7..0]
b. Port 7[7..0] -> Address[7..0]
Note that Port 7_7 also functions as the WRITE/READ_ N signal
*/

void display_char(unsigned char digit_position, unsigned char digit_info)

{
P_I0.PCR6.BYTE = OxFF; //Set Port 6[7..0] as output

address_bus &= de_select;
data_bus = digit_info; //Data
address_bus = digit_position; //Address

address_bus &= de_select;

/*
display_word(Q)
*/

void display_word(unsigned int display_data)
{

unsigned char position, digit_info, digit_position;
P_I0.PCR6.BYTE = OxFF; //Set Port 6[7..0] as output

for (position = 4 ; position != 0 ; position--)
{
switch (position)
{
case 1:
digit_position = first_digit;
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digit_info = (unsigned char)(display_data & O0x000F);
break;

case 2:
digit_position = second_digit;
digit_info = (unsigned char)((display_data & Ox00F0) >> 4);
break;

case 3:
digit_position = third_digit;
digit_info = (unsigned char)((display_data & O0xOF00) >> 8);
break;

default:
digit_position = fourth_digit;

digit_info = (unsigned char)((display_data & OxF000) >> 12);

break;

}

if ((digit_info >= 0) && (digit_info <= 9))
digit_info += 0x30;

else

{
if ((digit_info >= 0xA) && (digit_info <= 0xF))

digit_info -= OxA;
digit_info += 0x41;

¥

address_bus &= de_select;

data_bus = digit_info; //Data
address_bus = digit_position; //Address

address_bus &= de_select;

/*
serial_transmit(Q)
*/

void serial_transmit(unsigned int display_data)

{
unsigned char position, digit_info;
for (position = 4 ; position != 0 ; position--)
{
switch (position)
{
case 1:
digit_info = (unsigned char)(display_data & O0x000F);
break;
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case 2:
digit_info = (unsigned char)((display_data & Ox00F0) >> 4);
break;

case 3:
digit_info = (unsigned char)((display_data & 0xOF00) >> 8);
break;

default:
digit_info = (unsigned char)((display_data & OxF000) >> 12);
break;

}

if ((digit_info >= 0) && (digit_info <= 9))
digit_info += 0x30;

else
{
if ((digit_info >= OxA) && (digit_info <= 0xF))
{
digit_info -= OxA;
digit_info += 0x41;
¥
¥
char_put(digit_info);
¥
¥
/)
/*
init_sci() : Sets up the Serial Communication Interface for debugging purposes.
*/

void init_sci(void)

{
//5CR3 : |TIE|RIE|TE|RE|MPIE|TEIE|CKEL|CKEO]|
//TIE : Transmit interrupt enable
//RIE : Receive interrupt enable
//TE : Transmit enable
//RE : Receive enable
//MPIE : Multiprocessor interrupt enable
//TEIE : Transmit end interrupt enable
//CKE1 : Clock enable 1
//CKEO : Clock enable O

//CKE1 = CKEO = O
//asynchronous mode, internal clock source, SCK32 functions as 1/0 port
P_SCI13.SCR3.BYTE &= 0x00; //clear TE & RE

//SMR : |COM|CHR|PE|PM]|STOP|MP|CKS1|CKSO] : |OJoJojojojojo]o]

//COM : Communication Mode : O : asynchronous mode

//CHR : Character Length : 0 : character length = 8 bits

//PE : Parity Enable : 0 : parity bit addition and checking disabled

//PM : Parity Mode : 0 - even parity (no effect since parity is already disabled)
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//STOP: Stop Bit Length : 0 : 1 stop bit

//MP : Multiprocessor Mode : O : multiprocessor communication function disabled
//]|CKS1|CKSO] : Clock Select: |0O]O] : clock source for baud rate generator = clk
P_SCI3.SMR.BYTE = 0x00;

//For clk = 10MHz, bit rate = 38400 bps, n = 0, N =3
P_SCI3.BRR = 3;

//minimum of 1-bit delay = 417ns
nopQ);
nopQ);
nopQ);

//SPCR 1 |-—-]-—-1ISPC32]-—-|SCINV3|SCINV2|---]---1 : l1]1l2]0]O]O]O]O]
//SPC32 = 1 : P42 functions as TXD32 output pin

//need to set TE bit in SCR3 after setting this bit to 1

//SCINV3 = 0 : TXD32 output data is not inverted

//SCINV2= 0 : RXD32 input data is not inverted

//Bits 7 and 6 are reserved and always read as 1

//Bits 4, 1 and 0 are reserved and only O can be written to these bits
P_SCI3.SPCR.BYTE = OXxEO;

P_SCI3.SCR3.BYTE |= 0x30; //Set TE & RE

/*
char_put() : Transmits a character to the PC for debugging purposes.
*/

void char_put(char OutputChar) //Serial Port
{

//SSR : | TDRE|RDRF]OER|FER|PER|TEND |[MPBR|MPBT]

//TDRE : transmit data register empty

//RDRF : receive data register full

//0ER : overrun error

//FER : framing error

//PER : parity error

//TEND : transmit end

//MPBR : Multiprocessor bit receive

//MPBT : Multiprocessor bit transfer

while ((P_SCI3.SSR.BIT.TDRE) == 0); //Wait for TDRE = 1
P_SCI3.TDR = OutputChar;
while ((P_SCI3.SSR.BIT.TEND) == 0); //Wait for TEND = 1

P_SCI3.SSR.BIT.TEND = O;

PutStr() : Transmits a string of characters to the PC for debugging purposes.

RJS06B0032-0100/Rev.1.00 2004.08 Page 23 of 39



H8/300L SLP

*/
void PutStr(char *str)
{

while (*str = 0)

{

char_put(*str++);

¥
}
/)
/*

speed_control )

1. current_speed = current_encoder_count - previous_encoder_count

2. current_speed_error = speed_reference - current_speed

3. output = kp_gain * speed_error + Ki_gain * sum(speed_error) + kd_gain *
(current_speed_error - previous_speed_error);

range-limited from -512 to 511
*/

void speed_control (void)

{

previous_encoder_count = current_encoder_count;
current_encoder_count = encoder_count;

current_speed = current_encoder_count - previous_encoder_count;

previous_speed_error = current_speed_error;

current_speed_error = speed_reference - current_speed;
PutStr(*'/™);

serial_transmit(current_speed);
PutStr(*'¥r¥n');

sum_speed_error += (current_speed_error);

diff_speed_error = (current_speed_error - previous_speed_error);
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speed_control_output = (int)((kp_gain * current_speed_error) + (sum_speed_error /
ki_gain) + (diff_speed_error * kd_gain));

//1imit speed_control_output from -511 to +511

if (speed_control_output > 511)
speed_control_output = 511;
else

{
if (speed_control_output < -511)
speed_control_output = -511;

¥

//introduce offset of 512
speed_control_output += 512;

P_PWM1.PWDRL1.BYTE = (unsigned char)(speed_control_output & Ox00FF);
//Write to lower 8 bits

P_PWM1.PWDRU1.BYTE = (unsigned char)((speed_control_output & OxFF00)>> 8);//Write
to upper 2 bits

/*
speed_profile() - generates the speed profile
*/

void speed_profile(void)

{

int temp_encoder_count;
reference_step++;
temp_encoder_count = encoder_count;

if (position_reference < 0)
temp_encoder_count = 0 - encoder_count;

if (temp_encoder_count > position_reference_a)

{

//decelerate
if (reference_step > 7)

{

reference_step = 0;

//For clockwise rotation, speed_increment is +ve
//For counter-clockwise rotation, speed_increment is -ve

//For example
//a. clockwise, speed_increment = 1, speed_reference = 5 -> speed_reference = 5
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//b. counter-clockwise, speed_increment = -1, speed_reference = -5 ->
speed_reference = -5 - (-1) = -4

if (speed_reference < 0) //Counter-clockwise

{

speed_reference -= speed_increment;

if (speed_reference > min_speed_reference)
speed_reference = min_speed_reference;

}

else //Clockwise

{

speed_reference -= speed_increment;

it (speed_reference < min_speed_reference)
speed_reference = min_speed_reference;

}
}

else

{

//accelerate and cruise
if (reference_step > 7)

{

reference_step = 0;

//For clockwise rotation, speed_increment is +ve
//For counter-clockwise rotation, speed_increment is -ve

//For example
//a. clockwise, speed_increment = 1, speed_reference = 5 -> speed_reference = 5

+1=6

//b. counter-clockwise, speed_increment = -1, speed_reference = -5 ->
speed_reference = -5 + (-1) = -6

speed_reference += speed_increment;

iT (speed_reference < 0) //Counter-clockwise
{
if (speed_reference < max_speed_reference)
speed_reference = max_speed_reference;

}

else //Clockwise

{

if (speed_reference > max_speed_reference)
speed_reference = max_speed_reference;

position_control ()

1. position_error = reference_encoder_count - current_encoder_count
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*/

2. output = kp_gain * current_position_error
+ sum(position_error) / Ki_gain
+ kd_gain * (position_error - previous_position_error);

range-limited from -512 to 511

void position_control(void)

{

kp_gain = 10;
ki_gain = 2;
kd_gain = 3;

position_control_count++;

previous_position_error = current_position_error;

current_position_error = position_reference - encoder_count;

sum_position_error += (current_position_error);

diff_position_error = (current_position_error - previous_position_error);

position_control_output = (int)((kp_gain * current_position_error) + (kd_gain *

diff_position_error));

//1imit position_control_output from -128 to +128

if (position_control_output > max_pos_con_val)
position_control_output = max_pos_con_val;
else
{
if (position_control_output < -max_pos_con_val)
position_control_output = -max_pos_con_val;

}

//introduce offset of 512
position_control_output += 512;

P_PWM1.PWDRL1.BYTE = (unsigned char)(position_control_output & Ox00FF);
//Write to lower 8 bits

P_PWM1.PWDRU1.BYTE = (unsigned char)((position_control_output & OxFF00)>> 8);
//Write to upper 2 bits
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/***********************************************************************l
/* */

/* FILE sintprg.c */

/* DATE :Mon, Jan 12, 2004 */

/* DESCRIPTION :Interrupt Program */

/* CPU TYPE : H8/ 38024 >/

/* */

/* This file is generated by Renesas Project CGenerator (Ver.2.1). */
/* */

/***********************************************************************l

#i ncl ude <machi ne. h>
#i ncl ude "i odefine. h"

extern void display_word(unsigned int);

extern int read_encoder(void);

extern void serial _transnit(unsigned int);

extern void speed_control (void);

extern void speed_profile(void);

extern void position_control (void);

extern int encoder _count, position_reference;

extern int tenp_encoder _count, tenp_position_reference;

extern unsigned int position_control_count;
extern unsi gned char start_position_control;

#pragma section | ntPRG
/1 vector 1 Reserved
/1 vector 2 Reserved
/1 vector 3 Reserved

/1l vector 4 | RQO
__interrupt(vect=4) void INT_IRQ(void) {/* sleep(); */}

/1l vector 5 | RQL
__interrupt(vect=5) void INT_IRQL(void) {/* sleep(); */}

/1 vector 6 | RQAEC
__interrupt(vect=6) void |INT_I RQAEC(void) {/* sleep(); */}

/!l vector 7 Reserved

/!l vector 8 Reserved

/1 vector 9 WKPO_7
__interrupt(vect=9) void INT_WKPO_7(void) {/* sleep(); */}
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// vector 10 Reserved

// vector 11 Timer A Overflow
__interrupt(vect=11) void INT_TimerA(void) {/* sleep(); */}

// vector 12 Counter Overflow
__interrupt(vect=12) void INT_Counter(void) {/* sleep(); */}

// vector 13 Reserved

// vector 14 Timer FL Overflow
__interrupt(vect=14) void INT_TimerFL(void) {/* sleep(); */}

// vector 15 Timer FH Overflow

__interrupt(vect=15) void INT_TimerFH(void)

{

//if Timer FH interrupt request flag (IRRTFH) is set, clear to O
if (P_SYSCR.IRR2_BIT.IRRTFH == 1)
P_SYSCR.IRR2_.BIT.IRRTFH = O;

if (P_TMRF.TCSRF.BIT.CMFH == 1)

{

P_TMRF.TCSRF.BIT.CMFH = O;

encoder_count = read_encoder();

if (start_position_control)

{
if (position_control_count < 300)
position_control();
else
P_10.PDR9.BYTE &= OxDF; //Apply BRAKE_N -> P95
}
else
{

if (position_reference < 0)

{
temp_encoder_count = 0 - encoder_count;
temp_position_reference = 0 - position_reference;
¥
else
{
temp_encoder_count = encoder_count;
temp_position_reference = position_reference;
¥
if (temp_encoder_count > temp_position_reference)
{
start_position_control = 1;
position_control();
¥
else
{

P_10.PDR9.BYTE ~= 0x02; //Toggle P91
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speed_profile();
speed_control();
P_10.PDR9.BYTE ~= 0x02; //Toggle P91

}

display_word(encoder_count);

}

/* sleep(Q); */
¥

// vector 16 Reserved
// vector 17 Reserved

// vector 18 SCI3
__interrupt(vect=18) void INT_SCI3(void) {/* sleep(); */}

// vector 19 ADI
__interrupt(vect=19) void INT_ADI(void) {/* sleep(); */}

// vector 20 Direct Transition
__interrupt(vect=20) void INT_Direct_Transition(void) {/* sleep(); */}
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LM1117/LM11171 800mA Low-Dropout Linear Regulator, 2002, National Semiconductor Corporation.

Quadrature Decoder/Counter Interface I1Cs, 2002, Agilent Technologies.

3953 Full-bridge PWM Motor Driver, 2002, Allegro MicroSystems, Inc.

HD151015 9-bit Level Shifter/Transceiver with 3 State Outputs, 3rd Edition, June 1993, Renesas Technology Corp.

(Ref. no.: REJO3D0300-0400, http://renesas.com)

5. DLR1414 A4-character 5 x 7 Dot Matrix Alphanumeric Intelligent Display with Memory/Decode/Driver, Infineon
Technologies.

6. DC-Micromotor 2230 U-006S with 09BP Optical Encoder, Faulhaber Group (http://www.faulhaber.conv).
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