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1.3.4

(T40-16)
(R40-16) T R 40 (40kHz)

Item Spec
Unit
Frequency(kHz) 40 ni mm Cace
Sound pressure Resonator
level (dB) 115< . Metal plate
Fiezoelectric
Sensitivity (dB) -64 < ceramic
4-5 Lead wire
Diameter | 16.2 El astisity
Size Lead wire Terminals
(mm) | Height | 122
Interval 10.0
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gooobooboooboobooboobooboobooboobooboobooo

/***********************************************************************/

/* */

/* FILE : subfunctions. h */

/* DATE : Tue, Feb 17, 2004 */

/* DESCRI PTI ON : Subfunctions and defined constants used */
/* CPU TYPE : H8/ 38024F */

/* */

/***********************************************************************/

void initialize (void);

voi d char_put (char);

void PutStr(char *);

voi d di spl ay_deci mal (unsi gned int);

#define COUNT_PERI OD 13 //(mcro secconds) calculate as (2*64) / XTAL freq
/'l (internal clock source selected as phi/64)
#define CONV_DI ST29 //Speed of sound = 343nf sec,
//so for 1cm tine taken is 29.15 usec

/***********************************************************************/

/* */

/* FILE U trasoni c_sensor.c */

/* DATE : Tue, Feb 17, 2004 */

/* DESCRI PTI ON : Mai n Program */

/* CPU TYPE : H8/ 38024F */

[ * */

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

/***********************************************************************/

#i ncl ude "i odefine. h"

#i ncl ude "subfunctions. h"
#i ncl ude <machi ne. h>
#include < h c lib.h>

unsi gned int TIME, DI STANCE, COUNT, PREVI OQUS_COUNT;

unsi gned int | NPUT_CAPTURE, OVERFLOW COUNT, MATCH, del ay;
unsi gned | ong ADD_COUNT;

signed int DI FFERENCE;

voi d mai n(voi d)

{
del ay = PREVI QUS_COUNT = MATCH = ADD_COUNT = O0;
initialize();
while (1);
}
e e e I
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/* init sci() : Initialize PORT 9, SCI3, IRQO, Timer F */

void initialize (void)

{

// INITIALIZE Port 9
P TO.PMRY9.BYTE = 0x00; // Port 9 as output port
P IO.PDRY.BYTE = OxFF; // Off LEDs

// INITIALIZE SCI3
//Serial Control Register
//CKE1l = CKEO = '0': SCK32 functions as I/0O port
P SCI3.SCR3.BYTE &= 0x00; //clear TE & RE

//Serial Mode Register

//SMR : |COM|CHR|PE|PM|STOP|MP|CKS1|CKSO| : |0|0|0]0|0|0|0]0]
//COM : Communication Mode : 0 : 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)
//STOP: Stop Bit Length : 0 : 1 stop bit
//MP : Multiprocessor Mode : 0 : multiprocessor communication function
// disabled
//|CKS1|CKSO| : Clock Select: |0|0|] : clock source for baud rate generator

P_SCI3.SMR.BYTE = 0x00;

//Bit Rate Register

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

//minimum of 1-bit delay = 417ns

nop () ;
nop () ;
nop () ;
//SPCR : |--—|--—-|SPC32|---|SCINV3|SCINV2|~--=|--=] : |1]1]1]0]0|0|0]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 0 can be written to these bits
P_SCI3.SPCR.BYTE = 0xEQ;

P SCI3.SCR3.BYTE |= 0x30; //Set TE & RE

// INITIALIZE IRQO INTERRUPT

P TO.PMR2.BIT.IRQO = 1; // I/0 pin used as input capture
P SYSCR.IEGR.BIT.IEGO = 0; // Interrupt at falling edge of IRQO
P_SYSCR.IENRI.BIT.IENO = 1; // Enable IRQ0 interrupt

// INITIALIZE TIMER F
//Timer Control Register F

//TOLH = '1"': Initial output for TMOFH is high
//CKSH2 = '1', CKSH1 = 'l', CKSHO = '0': 8-bit mode, phi/4 i.e., //(9.8304MHz/2/4 =
1.2288MHz)

//TOLL = '0': Initial output for TMOFL is low
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//CKSL2 = '1', CKSL1 = '0', CKSLO = '0': 8-bit mode, phi/32 i.e., //(9.8304MHz/2/32

= 153.6kHz)
P TMRF.TCRF.BYTE = 0xE4;

//Timer Control/Status Register F

//CCLRH 'l1': in 8-bit mode, TCFH clearing by compare match is enabled
//CCLRL = '1': in 8-bit mode, TCFL clearing by compare match is enabled
P TMRF.TCSRF.BYTE = 0x11;

//Output Compare Register FL

//OCRF = FF

P TMRF.OCRF.BYTE.L = OxXFF;

//Output Compare Register FH

//OCRF = 0OF (1.2288MHz/40kHz=30 , 30/2=15 OxF)
P TMRF.OCRF.BYTE.H = 0x0F;

P _SYSCR.IENR2.BIT.IENTFL = 1;// Enable Timer F L interrupt

//

/= //
/* char put () Transmits a character to the PC for debugging purposes */
/= //
void char put (char OutputChar) //Serial Port

{

//TDRE : transmit data register empty

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

P SCI3.TDR = OutputChar;

//TEND : transmit end

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 */
= //
void PutStr (char *str)
{

while (*str != 0) char put (*str++);
}
//
= //
/* display decimal () Transmit through SCI3 an interger value in decimal*/
= //

void display decimal (unsigned int display data)
{

unsigned char first digit, second digit, third digit, fourth digit, fifth digit;

first digit = (unsigned char) (display data / 10000);
second digit = (unsigned char) ((display data - first digit * 10000) / 1000);
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third digit = (unsigned char) (((display data - first digit * 10000) - second digit
* 1000) /100);

fourth digit = (unsigned char) ((((display data - first digit * 10000) - second digit
* 1000) - third digit * 100) / 10);

fifth digit = (unsigned char) ((((display data - first digit * 10000) - second digit
* 1000) - third digit * 100) - fourth digit * 10);

if (display data >= 10000) char put(first digit + '0'");

if
if
if

(
(display data >= 1000) char put(second digit + '0');
(display data >= 100) char put(third digit + '0");
(display data >= 10) char put(fourth digit + '0");

char put (fifth digit + '0");
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AR EEA R R E RS EEEEEEREEEEEEEEREEEEEEEREEEEEREEEEEEEREEEEEEEEEEEEEEELY]

/* */

/* FILE intprg.c */

/* DATE 1 Tue, Feb 17, 2004 */

/* DESCRIPTION :Interrupt Program */

/* CPU TYPE : H8/ 38024F */

/* */

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

AR E AR R E R EEEEEEREEEEEEREREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEELY]

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

extern unsigned int TIME DI STANCE, COUNT, PREVI OUS_COUNT;
extern unsigned int | NPUT_CAPTURE, OVERFLOW COUNT, NMATCH, del ay;
extern unsigned | ong ADD_COUNT;
extern signed int DI FFERENCE;
#pragma section | nt PRG
/1 Vector 4 | RQD
__interrupt(vect=4) void |INT_I RQ(void)
{
int a;

COUNT = TIME = DI STANCE = 0;

/1 STOP timer C counting as tigger selected as external source
P_TMRC. TMC. BYTE = Ox9F; /! Auto reload, External Trigger (TM Q)

I NPUT_CAPTURE = (unsigned char) P_TMRC. TCCTLC, // Read Tiner C counter

COUNT = (I NPUT_CAPTURE + ( OVERFLOW COUNT * 256));
PutStr(".");

for (a =0; a < 300; a ++); /1 Short del ay
DI FFERENCE = COUNT - PREVI OUS_COUNT;
if (D FFERENCE > -4 && DI FFERENCE < 4)

{
MATCH ++;

ADD_COUNT += COUNT;

PREVI QUS_COUNT = COUNT;

if (MATCH == 5) /1 Only display the distance detected after getting 5 //simlar readings

{
TIME = (ADD_COUNT/ 5) * COUNT_PERI OD;
DI STANCE = TIME / (CONV_DI ST*2);
if (DI STANCE == 0)
Put Str (" ¥rCbject too cl ose! ¥r¥n¥n");
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else

{

PutStr ("¥rDistance measured: ");
display decimal (DISTANCE + 5); // Offset of 6cm required
PutStr (" cm¥r¥n¥n");

ADD COUNT = 0;

MATCH = 0;
}
OVERFLOW_COUNT = 0; // Clear overflow counter
P SYSCR.IRRI1.BIT.IRRIO = O; // Clear interrupt request

// Vector 13 Timer C Overflow

__interrupt (vect=13) void INT TimerC (void)

{
OVERFLOW_COUNT++; // Increment overflow counter when Timer C overflows
P SYSCR.IRR2.BIT.IRRTC = 0; // Clear interrupt request

// Vector 14 Timer FL Overflow
__interrupt (vect=14) void INT TimerFL(void)
{

unsigned int i;

P TMRF.TCSRF.BIT.CMFL = 0; // Clear overflow flag OVFL
delay++;
if (delay == 39) // Transmit waveform every 65ms (1/153.6kHz) * 256 * 39
{
delay = 0;
OVERFLOW_COUNT = 0;
P IO.PDR9.BIT.P92 "= 1; //Toggle LED D1 on P92

// TRANSMIT
P _TO.PMR3.BIT.TMOFH = 1; // P32 functions as TMOFH to output 40kHz
for (1 = 0; i < 312; 1 ++); // 0.5ms delay (transmit pulses for 0.5ms)

P IO.PMR3.BIT.TMOFH = 0; // P32 functions as I/0 pin, pulses stopped
// INITIALIZE TIMER C TO START DETECTION
P IO.PMRB.BIT.IRQl = 0; // PB3 functions as IO pin
P TMRC.TMC.BYTE = 0x9B; // Auto Reload, up-counter & internal //clk= phi/64
P_TMRC.TCCTLC = 0x00; // Set counting from 0 (TLC=0)
P _SYSCR.IENR2.BIT.IENTC = 1; // Enable Timer C interrupt
}
P SYSCR.IRR2.BIT.IRRTFL = 0; // Clear interrupt request

RJS06B0028-0100/Rev.1.00 2004.08 Page 22 of 29



LENESANS

H8/300L SLP
(Ultrange)

Interrupt occurs
every 1.67msec

Timer FL
Overflow

A

delay +

Delay = 39?

‘l

Toggle LED
D1 (P92)

A

No

|

Start transmitting
40K Hz ultrasound

|

[ Delay 0.5 msec ’

l

Stop transmitting
ultrasound

|

l

|

Initialize Timer C
to start counting

|

A

END

10 FL

RJS06B0028-0100/Rev.1.00

2004.08

Page 23 of 29




LENESANS

H8/300L SLP

(Ultrange)

Interrupt occurs when
reflected wave is detected

IRQO
Interrupt

A

Stop Timer C
counting

l

Add up total count ]

A
Display ‘.’

Subtract with
previous count
value

l Small difference

match +

!

No

Big difference

R

Compute &
display distance

—

v

11 IRQO

RJS06B0028-0100/Rev.1.00

2004.08

Page 24 of 29




z A S H8/300L SLP
. E N ES (Ultrange)

Interrupt occurs when

Timer C overflows Timer C Overflow

Interrupt

A

OVERFLOW_COUNT +1

l

END

12 C

RJS06B0028-0100/Rev.1.00 2004.08 Page 25 of 29




(Ultrange)

H8/300L SLP

N6
= Mok Mok n'o
[ARY} oLy 9 ——
SAOL T = T
2a Tosuss oTuOSPATA
up a0z |® N butaTEOSY
80 —— £€8IN g apoy ZNOD
2,509 “A || S €E8INT Mok
€0 1 z 1] € oY
M9'S SAOL uj 9 1 B ||
[ 1a 19 an |, Mok uj z 1
XY 64 [ste] viN o Mok up o
9y 0
| ¥3avaH
ar AL A6
YRS O )
zdio L d/o
e XIS pdL
300k WL
8y PAS|
YOO0Td ISATS09Y OTUOSBIZTN
ASEdL A6d L R
€dL edL = v0STv2 T
gen
a,y509
2 € 20
anod L M9'S
Ldl 5%}
A€ A6
= 4 T ML
$0ST¥L 2y
n'o ven
(16) 010 =
€EXdNLLLLNT — Addng 18mOg
2n = AEE
o P ZNOD | ¥3avaH
€0 == z = r
on o nLo T T J0sUBS OTUOSEITA $0ST.
o == 19 < z pur3atusuesg 3en a,v508
10 g 6 XL b
s i NOS o' v0STvL
Y asn
AEE AEE
“Ae E) ML
$0STL i
oen
3y00T1Tg AT1ddnsg xsmog AFe YMOO0Td IS233TWSURIL OTUOSRIRTN

LENESANS

Page 26 of 29

2004.08

RJS06B0028-0100/Rev.1.00



H8/300L SLP O O O[O

leNESAS dO00oooooood (Ultrange)

5. Oogug

1. Open aperture Type - Air Transmission Ultrasonic Sensor, NIPPON CERAMIC CO., LTD.
2. LM1117/LM11171 800mA Low-Dropout Linear Regulator, 2002, National Semiconductor Corporation.
3. LM833 Dual Audio Operational Amplifier, 2002, National Semiconductor Corporation.
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