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Abstract

Most of the applications implemented in embedded systems use timers equipped in MCU. The
purposes of timer usage of the applications lie in a wide range of areas such as implementing
software timers of real-time operating systems to measuring processing time of sensors. The
elapsed times measured by the applications are various in length as well as in precision ranging
from several us to several hundreds of ms. The paper analyzes the timing error factors caused by
un- synchronizing timer clock pulse when timers are manipulated, and proposes a method of how

to synchronize timer clock pulse to reduce the timing errors. As a result of an experiment, this
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paper shows that an error of 230us is reduced within 10us in case of appling the proposed method

to a 4096Hz timer prescaled from 32768Hz by 8.

» Keywords : Emdedded Systems,
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void inline enable_timer3 ( )
// 7372800+1024 = 7200
TCCR3B = (1 << CS32)| (1 << CS30); // 0x05
} // prescaler is 1024

void inline set_timer3_count (uintl6_t count)

TCNT3 = -count;
Timer_ovflag = 0;
}
uintl6_t inline get_timer3_count ( )
{
return( TCNT3); // current value of Timer 3
} // counter register
ISR ( TIMER3_OVF_vect )
{

Timer_ovflag = 1;

// 65536 — count : remaining
// to MAX

// time expiration flag
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Fig. 1. Routines for Timer Operation and ISR of
Atmega2560
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uint8_t Timer_ovflag;
void main()

enable_timer3 ();

while (1) {
r=rand () % 255;
delay_ms ( 2875 + r);
set_timer3_count ( 36);
Timer_ovflag = 0;

// delay for
// random time

LED.ON (0); // for triggering
while ( !Timer_ovflag ); // wait flag set in
LED_OFF (0 ); // 1SR of Fig. 1

}

}
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Fig. 3. The Code for Measuring Error of a Timer
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global Timer_active Timer flag;

procedure_timer_busywaiting( n)
{
mag = clock_speed_of 2nd_timer /
clock_speed_of main_timer;
counter_of 2nd._timer = mag,
start 2nd._timer( ),
cnt = current counter_value_of main_timer;
while (cnt == current_counter value_of main_timer)
; // search the start point of a clock pulse
Timer_active = 1;
counter of man_timer = n - 1,
stop_2nd_timer( ), // will be started again after the
} // main timer expiration

ISR _of main_timer( )

{
if (Timer_active) {
Timer_active = 0;
start 2nd_timer( ), // spend the remaining time
} // of the 27 timer
}
ISR _of 2nd._timer()
{
stop_2nd_timer( )
Timer flag = I, // expiration of the whole time
}

Jg 7. HiE o] 7|2t Elo|n A F7I8F 2RlE
Fig. 7. The Algorithm for Busy-waiting-based Timer
Clock Pulse Synchronization
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global Timer tics, Timer flag,
Timer_activel, Timer _activeZ;:
procedure_timer._set_interrupt( n )
{
mag = clock speed_of 2nd_timer /
clock_speed_of main_timer;
counter_of 2nd_timer = mag;
start 2nd_timer( ),
Timer_tics = n -1,
counter_of main_timer = MAX_VAL,
Timer activel = 1;
J
ISR _of main_timer( )
{
if (Timer_activel) {  // will be started again after
stop_2nd_timer( ), // the main timer expiration
counter_of main_timer = Timer_tics;
Timer_activel = 0
Timer_active? = 1;
}
else if (Timer active2)
start 2nd_timer( ), // spend the remaining time
Timer active? = 0 // of the 2 timer
}
]
ISR of 2nd _timer( )
{
stop_2nd_timer( );
Timer flag = 1, // expiration of the whole time
/

T2 8. QIEHRE J|dt Eo|n] "A FYI8 dN2IE
Fig. 8. The Algorithm for Interrupt-based Timer Clock
Pulse Synchronization
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extern Timer_active, Timer_ovflag;

void procedure_timer_set_busywaiting ( uintl6_t tics)
{
uintle_t cnt;
set_timer5_count (128 ); // 921600 + 7200 = 128
enable_timer5 ();
cnt = get_timer3_count ();
while ( cnt == get_timer3_count () );
stop_timer5 ();
set_timer3_count ( tics -1);
Timer_active = 1, Timer_ovflag = 0;
}
ISR ( TIMER3_OVF _vect )
{

// main timer

if (!Timer_active ) return;
Timer_active = 0;
enable_timer5 ();

ISR ( TIMER5_OVF _vect )
{

// secondary timer

stop_timer5 ();

Timer_ovflag = 1; // time expiration flag

}
void inline enable_timer5 ()  // 7372800+8 = 921600
{ TCCR5B = (1 << CS51); }// prescaler is 8

void inline stop_timer5 ()

{ TCCRSB =0; }

void inline set_timer5_count (uintl6_t count )

{  TCNT5 = -count; } // 65536 - count

T2 9. Atmega2560 Hi CHV| 7|8} Elo|H EA F7(5t F=
Fig. 9. The Test Code for Busy-waiting-based Timer
Clock Pulse Synchronization of Atmega2560

O oy A% Hxprl AL glo] 5.03ms7F €A
245jo] Q4 Eolo] £80] hssl,

o

39] ARt DA 24 ol g F Eol
3 W B e o] A8 9L, EolnlE
Hahe Z2AAS Aite] R ol whold

o 1 g

i

extern uint8_t Timer_active, Timer_ovflags, Timer_active2;
extern untl6_t Timer_tics;

void procedure_timer_set_interrupt ( uint16_t tics)

{
set_timer5_count (128 ); // 921600 + 7200 = 128

enable_timer5 (); // secondary timer
Timer_tics = tics -1;

Timer_active = 1;

set_timer3_counter ( Oxffff );

}
ISR ( TIMER3_OVF_vect ) // main timer
{
if ( Timer_active ) {
stop_timer5( );
Timer_active = 0, Timer_active2 = 1;
set_timer3_counter ( Timer_tics );
} else if ( Timer_active2 ) {
enable_timer5 ();
Timer_active2 = ;
}
}

ISR ( TIMER5_OVF vect ) //secondary timer
it

stop_timer5 ();
Timer_ovflag = 1;

}

T2 10. Atmega2560 QIEIHE Y|t Elo|H A FJ|st =
Fig. 10. The Test Code for Interrupt-based Timer Clock
Pulse Synchronization of Atmega2560

uint8_t  Timer_active, Timer_ovflag, Timer_active2;
uintl6_t Timer:_tics;
void main( )
{ :
enable_timer3 ();
while (1) {
r=rand () % 255;
delay_ms (2875 + r); // delay random time
LED_ON (0);
procedure_timer_set_busywaiting ( 36 );
// procedure_timer_set_interrupt ( 36 );
while ( ITimer_ovflag );
LED_OFF (0 );

O 11, HMioh eiHE Eske Al Z=
Fig. 11. The Test Code for Driving the Proposed Methods
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