RE NESAS Application Note

RL78/G1F RO1AN4303EJ0100
) Rev.1.00
Door Lock Check Using Accelerometer 2018.09.28

Introduction
This application note describes how to check whether the door is locked or unlocked by using the accelerometer.

The application system described here uses the serial array unit, real-time clock, external interrupts, and buzzer output
controller of the RL78/G1F.

Target Device
RL78/G1F

When using this application note with other Renesas MCUs, careful evaluation is recommended after making
modifications to comply with the alternate MCU.
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1. Specifications

In this application system, the accelerometer is used to detect the position of the knob of the thumb-turn installed on
the door to determine whether the door is locked or unlocked.

The door lock check device enters lock mode after power on and waits for change in the acceleration speed. When it
detects change in the acceleration speed indicating that the door is currently not locked (= unlocked), it enters unlock
mode from lock mode and turns on the LED. Also, if the door is not locked within 10 seconds after unlocked, the device
makes a buzzer sound. If the door is then locked, the device turns off the LED and stops a buzzer sound output.

In addition, the door lock check device described here supports the snooze function. When the snooze button installed
on the device is pressed, the device enters hold mode to hold the LED turned off with a buzzer sound output stopped for
one minute. Even in hold mode, if the device detects change in accelerometer, it immediately enters either lock mode or
unlock mode. If the device detects no change in accelerometer for one minute after entering hold mode, it enters either
lock mode or unlock mode according to the latest change in accelerometer obtained.

Figure 1.1 shows the schematic system configuration.

Thumb-turn Door lock
check device

Knob

Locked Unlocked

Figure 1.1 Schematic System Configuration

1.1 Accelerometer

This application system uses the accelerometer that is capable of measuring the acceleration speeds of three axes (x,
y, and z). When actually preparing the circuit, the circuit should be designed so that the electrical characteristics of the
accelerometer are satisfied.
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2. Operation Confirmation Conditions

The sample code accompanying

this application note has been run and confirmed under the conditions below.

Table 2.1 Operation Confirmation Conditions

Item

Contents

MCU used

RL78/G1F

Operating frequencies

High-speed on-chip oscillator (HOCO) clock: 8MHz
CPU/peripheral hardware clock: 8MHz
Subsystem clock (XT1): 32.768kHz

Operating voltage

3.0V (operating range 1.8 V to 5.5V)
LVD operation (ViLvp): Reset mode which uses 1.88 V (1.84 Vto 1.91 V)

Integrated development
environment (CS+)

CS+ for CC V6.00.00 from Renesas Electronics Corp.

C compiler (CS+)

CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development
environment (e? studio)

e? studio V5.4.0.018 from Renesas Electronics Corp.

C compiler (€2 studio)

CC-RL V1.05.00 from Renesas Electronics Corp.

3. Related Application

Notes

The application notes that are related to this application note are listed below for reference.

RL78/G13 Initialization CC-RL

(ROLAN2575EJ) Application Note

RL78/G13 Real-Time Clock CC-RL (RO1LAN2590) Application Note

RL78/G13 Serial Array Unit for
Application Note

3-Wire Serial 1/0 (Master Transmission/Reception) (RO1IAN2547EJ)

RO1AN4303EJ0100 Rev.1.00
2018.09.28
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4. Description of the Hardware

4.1 Hardware Configuration Example
Figure 4.1 shows an example of hardware configuration that is used for this application note.

VDD VbD
-

EVbbp RESET

VoD P77/INTP11

SwW
32.768kHz I_ Vbp
_| XT1
l 1 7‘1)7 LED /V‘
! 1 — RL78/G1F
— |J\N\- XT2 P130 A VoD
-

P31 CSs
VDD
P75/SCK01 SCK Vs
P73/SO01 SDI
—| |— REGC Accelerometer
P74/SI101 SDO
EVss P42/INTPO8 INTL
GND
Vss P76/INTP10 INT2 I
777 P40/TOOLO |¢— For on-chip debugging

Figure 4.1 Hardware Configuration

Cautions:

1. The purpose of this circuit is only to provide the connection outline and the circuit is simplified accordingly. When
designing and implementing an actual circuit, provide proper pin treatment and make sure that the hardware's
electrical specifications are met (connect the input-only ports separately to VDD or VSS via a resistor).

2. Connect any pins whose name begins with EVSS to VSS and any pins whose name begins with EVDD to VDD,
respectively.

3. VDD must be held at not lower than the reset release voltage (VLvp) that is specified as LVD.

RO1AN4303EJ0100 Rev.1.00 Page 6 of 63




RL78/G1F

Door Lock Check Using Accelerometer

4.2 List of Pins to be Used
Table 4.1 lists the pins to be used and their functions.

Table 4.1 Pins to be Used and Their Functions

Pin Name I/0 Description
P31 Output Chip select output
P75/SCK01 Output Serial clock output
P74/S101 Input Data reception
P73/S0O01 Output Data transmission
P140/PCLBUZO Output Buzzer output
P42/INTP8 Input Interrupt signal input from a sensor
P76/INTP10 Input Interrupt signal input from a sensor
P77/INTP11 Input Snooze button input
P130 Output LED output port
P123/XT1 - Subsystem clock resonator connection
P124/XT2/EXCLKS - Subsystem clock resonator connection

RO1AN4303EJ0100 Rev.1.00
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5. Description of the Software

5.1 Operation Outline

In this application system, the RL78/G1F is used for the door lock check device. When power is turned on, the initial
setting is made for the RL78/G1F (specifically, the serial array unit, real-time clock, buzzer output controller, and
external interrupts). Then the initial setting is made for the accelerometer through SP1 communication using the port
function and 3-wire serial 1/0 (CSI) communication of the serial array unit (SAU) of the RL78/G1F.

Figure 5.1 shows the position of the thumb-turn and accelerator while the door is locked.

Door lock check device
Thumb-turn Enlarged view

Door lock check
device

\ O&

Knob Knob Accelerometer

Locked

Figure 5.1 Position of Knob and Accelerometer while Door is Locked

In this application system, change in the x-axis of the accelerometer is detected. Therefore, the accelerometer needs to
be installed so that no output is provided from the x-axis of the accelerometer while the door is locked, whereas output
is provided while the door is unlocked. Also, note that it is assumed that power is turned on while the door is locked.

When no change is detected in the x-axis of the accelerometer (the position is confirmed) after the initial setting is
complete for the accelerometer, lock mode is entered. After that, either lock mode, unlock mode, or hold mode is
entered according to the accelerometer interrupt detected.

e Lock mode (operation status: CLOSE_DOOR)

This mode is entered upon an interrupt from the accelerometer. Here the LED is turned off, buzzer output is
stopped, and the RL78/G1F is placed in STOP mode.

e Unlock mode (operation status: OPEN_DOOR)

This mode is entered upon an interrupt from the accelerometer and various interrupts from the RL78/G1F. Here
the LED is turned on, and then a buzzer sound is made when 10 seconds elapse after unlock mode was entered.

e Hold mode (operation status: SW_WAIT)

This mode is entered when the snooze button is pressed. When the snooze button is pressed, the LED is held
turned off with a buzzer sound output stopped for one minute. Even in hold mode, if change in accelerometer is
detected, either lock mode or unlock mode is immediately entered. If no change in accelerometer is detected for one
minute after hold mode was entered, either lock mode or unlock mode is entered according to the latest change in
accelerometer obtained.

RO1AN4303EJ0100 Rev.1.00 Page 8 of 63
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Table 5.1 lists the required peripheral functions of the RL78/G1F and their use, and Figure 5.2 shows the state

transition of the system.

Table 5.1 Required Peripheral Functions and Their Use

Peripheral Function

Description

Serial array unit O channel 1

Communication control of accelerometer

P31 Communication control of accelerometer
INT1 interrupt detection of accelerometer (no x-axis
INTP8 .
output provided)
INTP10 INT2 mterrgpt detection of accelerometer (x-axis
output provided)
INTP11 Snooze button input
PCLBUZO Buzzer output

Real-time clock (constant-period interrupt
function)

Creation of 10 seconds after unlocking

Real-time clock (alarm interrupt function) Creation of 1 minute after snooze button input
XT1 Subsystem clock resonator connection
XT2 Subsystem clock resonator connection
Power on
. Lock mode
A A
Snooze button
pressed down
Unlock Lock Lock
Y Snooze button v
pressed down
Unlock mode | Hold mode
Unlock
Figure 5.2 State Transition of System
RO1AN4303EJ0100 Rev.1.00 Page 9 of 63
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@D Makes the initial setting for the real-time clock (RTC).
e  Selects the subsystem clock (fsus) as the RTC operation clock.
e Disables the RTC1HZ pin output.
e  Setsa 24-hour system.
e  Enables the real-time clock constant-period interrupt with the interrupt period of 1 second.
e Initializes the current time: 00:00:00, Wednesday, 1/1/2020

e  Enables the constant-period interrupt and alarm interrupt.

@ Makes the initial setting for the buzzer output controller.

- Selects fsus/2 as the operation clock of the buzzer output controller.

@ Makes the initial setting for the serial array unit 0 (SAUO).
e Uses SAUO channel 1 as the CSI.
e  Sets the serial clock to approximately 76800 bps (Hz).
e Sets single transfer mode as the operation mode.
e Selects type 1 phase for data and clock.
e  Selects the MSB-first data transfer sequence.
e  Sets the 8-bit data length.
e Enables the serial transfer end interrupt (INTCSI00) in single transfer mode.
e Uses the P75/SCKO01 pin for clock output.
e  Uses the P73/SO01 pin for data output.
e  Uses the P74/S101 pin for data input.

e  Enables output through serial communication.

@ Makes the initial setting for the external interrupts.

e Uses the POO/INTPS pin.

e  Selects a rising edge as the valid edge for the INTP8 pin.

e  Usesthe PO1/INTP10 pin.

e  Selects a rising edge as the valid edge for the INTP10 pin.

e  Usesthe P11/INTP11 pin.

e  Selects a falling edge as the valid edge for the INTP11pin.

Disables the maskable interrupt.

Starts the RTC and disable the constant-period interrupt and alarm interrupt.
Starts the SAUO.

Enables the external interrupts.

© ® Qe

Enables the maskable interrupt.

RO1AN4303EJ0100 Rev.1.00 Page 10 of 63



RL78/G1F Door Lock Check Using Accelerometer

Makes the initial setting for the accelerometer by using the SAUO and P31 when the initial setting is complete
for the device peripheral functions.

For the initial setting for the accelerometer, refer to the appropriate manual and make sure to set the
accelerometer properly. In this application system, the accelerometer is set through the SP1 communication
using the CSI and port function.

In this application system, only the x-axis is used among three axes (X, y, and z).

Change in the x-axis is detected by using the interrupt function of the accelerometer. The state in which no
output is provided from the x-axis of the accelerometer is defined as the locked state, whereas the state in
which output is provided from the x-axis is defined as the unlocked state.

In the locked state, a high-level signal is output from the INT1 pin of the accelerometer.
In the unlocked state, a high-level signal is output from the INT2 pin of the accelerometer.

Figure 5.3 shows the output waveforms from the INT1 and INT2 pins of the accelerometer. The INT1 and
INT2 pins become low by reading the interrupt source from the accelerometer through the SPI
communication.

CS

SDI

INT1 ‘

] | '/' \ [
apip h | 1

SDO Transmit data Transmit data

Receive data Receive data

INT2 / } ‘ |

J) J)

Figure 5.3 Output Waveforms from Accelerometer

The x-axis output from the accelerometer is detected for 5 seconds.
Table 5.2 shows the register names of the accelerometer, addresses, and the setting values.

Table 5.2 Settings for Accelerometer

Register Name Address Setting Value
DATA_FORMAT 0x31 0x0B
THRESH_ACT 0x24 0x10
THRESH_INACT 0x25 0x10
ACT_INACT_CTL 0x27 0x44
TIME_INACT 0x26 0x05
INT_ENABLE 0x2E 0x18
INT_MAP 0x2F 0x10
BW_RATE 0x2C 0x09
POWER_CTL 0x2D 0x38

@ Waits for a high-level output (locked state) from the INT1 pin of the accelerometer. When the locked state is
entered, changes the status to lock mode.

@ The RL78/G1F enters STOP mode.

RO1AN4303EJ0100 Rev.1.00 Page 11 of 63
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@ The RL78/G1F returns from STOP mode by each interrupt source and enters either unlock mode, lock mode, or
hold mode. Operation in each mode is described below.

e Unlock mode (operation status: OPEN_DOOR)
If the 10-second count start flag is off, goes to @2.
If the 10-second count start flag is on, performs the following operation and then goes to 2.
- Clears the accelerometer interrupt source.
- Obtains (not uses) the acceleration speed value of the accelerometer.
- Disables the alarm interrupt.
- Enables the RTC constant-period interrupt.
- Initializes the counter used for creating 10 seconds after unlocking.
- Turns on the LED.

e  Lock mode (operation status: CLOSE_DOOR)
Clears the accelerometer interrupt source, then performs the following operations, and goes to @.
- Disables the RTC constant-period interrupt.
- Disables the alarm interrupt.
- Turns off the LED.

- Disables buzzer output.

e Hold mode (operation status: SW_WAIT)
If the 1-minute count start flag is off, goes to @.
If the 1-minute count start flag is on, performs the following operations and then goes to (2.
- Turns off the 1-minute count start flag.
- Obtains the current time from the RTC.
- Sets the current time that was obtained from the RTC + 1 minute as the time of alarm.
- Disables the alarm interrupt.

- Disables buzzer output.

RO1AN4303EJ0100 Rev.1.00 Page 12 of 63
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The following operations are performed to unlock the door.

When the accelerometer detects change in the acceleration speed of the x-axis, the output voltage of the INT2
pin changes.

The RL78/G1F is informed of the voltage change of the INT2 pin of the accelerometer by the external interrupt
(INTP10), and returns from STOP mode.

Changes the status to unlock mode in the external interrupt processing. Also turns on the 10-second count start
flag.

Determines the status in the main processing, and performs the following operations.
If the 10-second count start flag is off, enters STOP mode.
If the 10-second count start flag is on, performs the following operations.
- Turns off the 10-second count start flag.
- Clears the interrupt request from the accelerometer.
- Obtains the data of three axes (X, y, and z) of the accelerometer.
- Switches the P130 output and turns on the LED.
- Enables the RTC constant-period interrupt (interrupt period of 1 second), and enters STOP mode.
Increments the 10-second counter every second in the constant-period interrupt processing.

Makes a buzzer sound when 10 seconds elapse in the constant-period interrupt processing.

The following operations are performed to lock the door.

When the accelerometer detects change in the acceleration speed of the x-axis, the output voltage of the INT1
pin changes.

The RL78/G1F is informed of the voltage change of the INT1 pin of the accelerometer by the external interrupt
(INTP8), and returns from STOP mode.

Changes the status to lock mode in the external interrupt processing.

Determines the status in the main processing, and performs the following operations.
Clears the interrupt request from the accelerometer.

Disables the RTC constant-period interrupt.

Disables the RTC alarm interrupt.

Changes the status to lock mode.

Initializes the 10-second counter.

Switches the P130 output and turns off the LED.

Stops buzzer output.
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The following operations are performed when the snooze button is pressed.

e The RL78/G1F is informed of the level change of the snooze button by the external interrupt (INTP11), and
returns from STOP mode.

e Reduces noise by the 12-bit interval timer in the external interrupt processing.

o If the current status is not hold mode (is unlock or lock mode), backs up the status.

e  Changes the status to hold mode and turns on the 1-minute count start flag.

e Determines the status in the main processing, and performs the following operations.

e  Checks the 1-minute count start flag, and enters STOP mode if the flag is off.

e  Checks the 1-minute count start flag, and performs the following operations if the flag is on.
- Turns off the 1-minute count start flag.
- Reads the RTC time.
- Sets the time read from the RTC + approximately 1 minute as the time of RTC alarm interrupt.
- Disables the RTC constant-period interrupt.
- Enables the RTC alarm interrupt.

e When the alarm interrupt occurs, disables the alarm interrupt and turns on the 1-mimute count start flag. Then
returns the status from the backup status. If the status is unlock mode, turns on the 10-second count start flag.
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5.2 Option Byte Settings
Table 5.3 shows the option byte settings.

Table 5.3 Option Byte Settings

Address Setting Value Contents
000COH/010COH 01101110B Watchdog timer operation is stopped
(count is stopped after reset)
000C1H/010C1H 00111111B LVD reset mode, 1.84 V (1.84 V to 1.88 V)
000C2H/010C2H 10101010B LS mode, HOCO: 8 MHz
000C3H/010C3H 10000100B Enables the on-chip debugger.

5.3 List of Constants
Table 5.4 lists the constants that are used in this sample program.

Table 5.4 Constants for the Sample Program

Constant Setting Description
OPEN_DOOR 0 Operation status setting (unlock mode)
CLOSE_DOOR 1 Operation status setting (lock mode)
SW_WAIT 2 Operation status setting (hold mode)
OFF 0 Flag setting (off)
ON 1 Flag setting (on)
RO1AN4303EJ0100 Rev.1.00 Page 15 of 63
2018.09.28
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5.4 List of Variables

Table 5.5 lists the global variables that are used in this sample program.

Table 5.5 Global Variables for the Sample Program

Type Variable Name Contents Function Used
uint8_t g_operation_status | Holds operation status. main, r_rtc_callback_alarm,
r_intc8_interrupt,
r_intc10_interrupt,
r_intc1ll_interrupt
uint8_t g_status_backup Holds backup of operation status. r_rtc_callback_alarm,
r_intc8_interrupt,
r_intc10_interrupt,
uint8_t g_wait_enable_flag | 1-minute count start flag main, r_rtc_callback _alarm,
r_intc1ll_interrupt
uint8_t g_receive_end Transmit end flag R_SENSOR_Transmit_Check,
R_SENSOR_ write,
R_SENSOR_read,
r_csi01_callback_receiveend
uint8_t g_tx_data[6] Transmit data array R_SENSOR_ write,
R_SENSOR_read
uint8_t g_rx_data[6] Receive data array R_SENSOR_Init,
R_SENSOR_write,
R_SENSOR_read
uint8_t g_open_flag 10-second count start flag main, r_cg_intp_user.c,
r_rtc_callback_alarm
uint8_t g_10s_timer_count | 10-second counter main,
r_rtc_callback_constperiod,
uint8_t g_data_length Holds the number of transmit and R_SENSOR_write,
receive data bytes. R_SENSOR_read
intl6 t g_temp_x Holds the x-axis acceleration speed R_SENSOR_Init
(integer).
intl6 t g_temp_y Holds the y-axis acceleration speed R_SENSOR_Init
(integer).
int16 t g_temp_z Holds the z-axis acceleration speed R_SENSOR_Init
(integer).
float g_XX Holds the x-axis acceleration speed R_SENSOR_Init
(real number).
float a_vyy Holds the y-axis acceleration speed R_SENSOR_Init
(real number).
float g_zz Holds the z-axis acceleration speed R_SENSOR_Init
(real number).

RO1AN4303EJ0100 Rev.1.00
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55 List of Functions

Table 5.6 summarizes the functions that are used in this sample program.

Table 5.6 Functions

Function Name

Outline

main

Main function

R_MAIN_Userlnit

Main user initialization function

R_INTC8_Start

Enables INTP8 external interrupt.

R_INTC10_Start

Enables INTP10 external interrupt.

R_INTC11_Start

Enables INTP11 external interrupt.

R_IT_Start Starts 12-bit interval timer operation.
R_IT_Stop Stops 12-bit interval timer operation.
R_RTC_Start Starts real-time clock operation.

R_CSI01_Start

Starts CSI01 operation.

R_PCLBUZO_Start

Starts buzzer output controller operation.

R_PCLBUZO0_Stop

Stops buzzer output controller operation.

R_RTC_Get_CounterValue

Reads real-time clock counter value.

R_RTC_Set_ AlarmOn

Enables real-time clock alarm interrupt.

R_RTC_Set AlarmOff

Disables real-time clock alarm interrupt.

R_RTC_Set_AlarmValue

Sets real-time clock alarm conditions.

R_RTC_Set_ConstPeriodInterruptOn

Enables real-time clock constant-period interrupt.

R_RTC_Set_ConstPeriodInterruptOff

Disables real-time clock constant-period interrupt.

R_SENSOR_Init

Initializes accelerometer.

R_SENSOR_Transmit_Check

Checks if data transmission/reception of accelerometer is
complete.

R_SENSOR_ write

Writes data to accelerometer.

R_SENSOR_read

Reads data from accelerometer.

r_rtc_interrupt

Processes real-time clock interrupt.

r_rtc_callback_constperiod

Callback function of real-time clock constant-period interrupt

r_rtc_callback_alarm

Callback function of real-time clock alarm interrupt

r_csiO1_interrupt

Processes CSI01 interrupt.

r_csiOl_callback receiveend

Callback function of CSIO1 data reception

r_intc8_interrupt

Processes INTP8 external interrupt.

r_intc10_interrupt

Processes INTP10 external interrupt.

r_intc1ll_interrupt

Processes INTP11 external interrupt.

RO1AN4303EJ0100 Rev.1.00
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5.6 Function Specifications
This section describes the specifications for the functions that are used in this sample program.

[Function Name] main

Synopsis
Header

Declaration
Explanation

Arguments
Return value
Remarks

Main function

r_cg_macrodriver.h, r_cg_cgc.h, r_cg_port.h, r_cg_rtc.h, r_cg_it.h, r_cg_pclbuz.h,
r_cg_sau.h, r_cg_intp.h, r_SENSOR.h, r_cg_userdefine.h

After executing the main user initialization function, enables interrupts and initializes
the accelerometer. After initializing the accelerometer, enters STOP mode and waits
for interrupts to be generated. When an interrupt is generated from the
accelerometer, controls the LED and buzzer.

None

None

None

[Function Name] R_MAIN_UserlInit

Synopsis
Header

Declaration
Explanation

Arguments
Return value
Remarks

Main user initialization function

r_cg_macrodriver.h, r_cg_cgc.h, r_cg_port.h, r_cg_rtc.h, r_cg_it.h, r_cg_pclbuz.h,
r_cg_sau.h, r_cg_intp.h, r_SENSOR.h, r_cg_userdefine.h

static void R_MAIN_Userlnit(void);

Disables interrupts by the DI instruction. Then starts the real-time clock operation
and disables the constant-period interrupt and alarm interrupt.

None

None

None

[Function Name] R_INTC8_Start

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Enables INTP8 external interrupt.
r_cg_macrodriver.h, r_cg_intp.h, r_cg_userdefine.h
void R_INTC8_Start(void);

Enables the INTP8 external interrupt.

None

None

None

[Function Name] R_INTC10_Start

Synopsis Enables INTP10 external interrupt.
Header r_cg_macrodriver.h, r_cg_intp.h, r_cg_userdefine.h
Declaration void R_INTC10_Start(void);
Explanation Enables the INTP10 external interrupt.
Arguments None
Return value None
Remarks None
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[Function Name] R_INTC11_Start

Synopsis Enables INTP11 external interrupt.
Header r_cg_macrodriver.h, r_cg_intp.h, r_cg_userdefine.h
Declaration void R_INTC11_Start(void);
Explanation Enables the INTP11 external interrupt.
Arguments None
Return value None
Remarks None

[Function Name] R_IT_Start

Synopsis Starts 12-bit interval timer operation.
Header r_cg_macrodriver.h, r_cg_it.h, r_cg_userdefine.h
Declaration void R_IT_Start(void);
Explanation Starts 12-bit interval timer operation.
Arguments None
Return value None
Remarks None

[Function Name] R_IT_Stop

Synopsis Stops 12-bit interval timer operation.
Header r_cg_macrodriver.h, r_cg_it.h, r_cg_userdefine.h
Declaration void R_IT_Stop (void);
Explanation Stops 12-bit interval timer operation.
Arguments None
Return value None
Remarks None

[Function Name] R_RTC_Start

Synopsis Starts real-time clock operation.
Header r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
Declaration void R_RTC_ Start (void);
Explanation Starts real-time clock operation.
Arguments None
Return value None
Remarks None

[Function Name] R_CSI01_Start

Synopsis Starts CSIO1 operation.
Header r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
Declaration void R_CSI01_Start (void);
Explanation Starts CSI01 data transmission/reception.
Arguments None
Return value None
Remarks None
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[Function Name] R_PCLBUZ0_Start

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Starts buzzer output controller operation.
r_cg_macrodriver.h, r_cg_pclbuz.h, r_cg_userdefine.h
void R_PCLBUZO0_Start(void);

Starts buzzer output controller operation.

None

None

None

[Function Name] R_PCLBUZ0_Stop

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Stops buzzer output controller operation.
r_cg_macrodriver.h, r_cg_pclbuz.h, r_cg_userdefine.h
void R_PCLBUZO0_Stop(void);

Stops buzzer output controller operation.

None

None

None

[Function Name] R_RTC_Get_CounterValue

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Reads real-time clock counter value.

r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h

void R_RTC_Get_CounterValue (rtc_counter_value_t * const counter_read_val) ;
Reads the real-time clock counter value.

rtc_counter_value_t const counter_read_val: [count register value that was read]
None

None

[Function Name] R_RTC_Set AlarmOn

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Starts alarm interrupt processing.
r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
void R_RTC_Set_AlarmOn (void);

Starts alarm interrupt processing.

None

None

None

[Function Name] R_RTC_Set_AlarmOff

Synopsis Stops alarm interrupt processing.
Header r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
Declaration void R_RTC_Set_AlarmOff (void);
Explanation Stops alarm interrupt processing.
Arguments None
Return value None
Remarks None
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[Function Name] R_RTC_Set_AlarmValue

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Sets alarm conditions (day of week, hour, and minute).

r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h

void R_RTC_Set_AlarmValue (rtc_alarm_value_t alarm_val) ;

Sets the conditions for alarm generation (day of the week, hour, and minute).
rtc_alarm_value_t alarm_val :Jtime of alarm]

None

None

[Function Name] R_RTC_Set_ConstPeriodInterruptOn

Synopsis

Header
Declaration
Explanation

Arguments
Return value
Remarks

Sets the generation period of constant-period interrupt and enables the constant-
period interrupt.

r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
void R_RTC_Set_ConstPeriodInterruptOn (rtc_int_period_t period) ;

Sets the generation period of constant-period interrupt and enables the constant-
period interrupt.

rtc_int_period_t period :[period of constant period]
None
None

[Function Name] R_RTC_Set_ConstPeriodInterruptOff

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Disables constant-period interrupt.
r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
void R_RTC_Set_ConstPeriodinterruptOff (void);
Disables the constant-period interrupt.

None

None

None

[Function Name] R_SENSOR_Init

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Initializes accelerometer.

r_cg_macrodriver.h, r_SENSOR.h, r_cg_userdefine.h
void R_SENSOR_Init (void);

Initializes the accelerometer.

None

None

None

[Function Name] R_SENSOR_Transmit_Check

Synopsis Waits for completion of data transmission/reception of the accelerometer.
Header r_cg_macrodriver.h, r_cg_userdefine.h
Declaration void R_SENSOR_Transmit_Check (void);
Explanation Checks if data transmission/reception of the accelerometer is complete.
Arguments None
Return value None
Remarks None
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[Function Name] R_SENSOR_ write

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Writes data to accelerometer.

r_cg_macrodriver.h, r_cg_sau.h, r_cg_userdefine.h
void R_SENSOR_write (void);

Writes data to the accelerometer.

None

None

None

[Function Name] R_SENSOR_read

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Reads data from accelerometer.
r_cg_macrodriver.h, r_cg_sau.h, r_cg_userdefine.h
void R_SENSOR _read (void);

Reads data from the accelerometer.

None

None

None

[Function Name] r_rtc_interrupt

Synopsis
Header
Declaration
Explanation

Arguments
Return value
Remarks

Processes real-time clock interrupt.

r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h

void r_rtc_interrupt (void);

Performs the appropriate process according to the real-time clock constant-period
interrupt or alarm interrupt.

None

None

None

[Function Name] r_rtc_callback_constperiod

Synopsis Processes real-time clock constant-period interrupt.
Header r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h

Declaration void r_rtc_callback_constperiod (void);

Explanation Increments the 10-second counter each time the real-time clock constant-period
interrupt is generated every second. When the counter reaches 10, initializes the
counter and starts buzzer output.

Arguments None

Return value None

Remarks None
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[Function Name] r_rtc_callback_alarm

Synopsis Processes real-time clock alarm interrupt.
Header r_cg_macrodriver.h, r_cg_rtc.h, r_cg_userdefine.h
Declaration void r_rtc_callback_constperiod (void);
Explanation When the real-time clock alarm interrupt is generated, disables the alarm interrupt
and writes the backup operation status value as the operation status.

Arguments None
Return value None

Remarks None

[Function Name] r_csiO1_interrupt

Synopsis Processes CSI01 transfer end interrupt.
Header r_cg_macrodriver.h, r_cg_sau.h, r_cg_userdefine.h
Declaration void r_csi01_interrupt (void);
Explanation If there is data to be transmitted, reads received data and starts transmitting data to
be transmitted. If there is no data to be transmitted, reads received data.

Arguments None
Return value None

Remarks None

[Function Name] r_csi01_callback_receiveend

Synopsis CSI01 transfer end function
Header r_cg_macrodriver.h, r_cg_sau.h, r_cg_userdefine.h
Declaration void r_csi01_callback_receiveend (void);
Explanation When the number of received CSI01 data bytes reaches the specified number, turns
off the receive end flag.
Arguments None
Return value None
Remarks None
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[Function Name] r_intc8_interrupt

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Processes INTP8 external interrupt.

r_cg_macrodriver.h, r_cg_intp.h, r_cg_userdefine.h

void r_intc8_interrupt (void);

Detects the rising edge of the INT1 pin of the accelerometer.
None

None

None

[Function Name] r_intc10_interrupt

Synopsis
Header
Declaration
Explanation
Arguments
Return value
Remarks

Processes INTP10 external interrupt.

r_cg_macrodriver.h, r_cg_intp.h, r_cg_userdefine.h

void r_intc10_interrupt (void);

Detects the rising edge of the INT2 pin of the accelerometer.
None

None

None

[Function Name] r_intc11_interrupt

Synopsis Processes INTP11 external interrupt.
Header r_cg_macrodriver.h, r_cg_intp.h, r_cg_userdefine.h
Declaration void r_intc11_interrupt (void);
Explanation Detects the falling edge of the snooze button input.
Arguments None
Return value None
Remarks None
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5.7 Flowcharts

5.7.1 Overall Flow
Figure 5.4 shows the overall flow of the sample program described in this application note.

( = )

Initialization function
hdwinit()

main()

( - )

Figure 5.4 Overall Flow

5.7.2 Initialization Function
Figure 5.5 shows the flowchart for the initialization function.

C hdwinit() )
|

Disable interrupt IE—0

System function
R_Systeminit()

|
C return )

Figure 5.5 Initialization Function
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5.7.3

System Function

Figure 5.6 shows the flowchart for the system function.

(

R_Systeminit()

Disuse peripheral
I/Oredirection function

Set up I/O ports
R_PORT_Create()

Set up CPU clock
R_CGC_Create()

Set Real-time clock
R_RTC_Create()

Set up 12-bit interval timer
R_IT_Create()

Set up Buzzer output
controller
R_PCLBUZOQ_Create()

Set up Serial array unit
R_SAUO_Create()

Set up External interrupt
R_INTC_Create()

return

)

PIORO register « 01H
PIORL1 register « 00H
PIOR2 register «— 00H
PIORS3 register « 00H

Figure 5.6 System Function
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5.7.4 I/O Port Setup
Figure 5.7 shows the flowchart for 1/0 port setup.

( R_PORT_Create() )
|

| Set up Port registers | PO register < 00H
P3 register « 02H

P12 register «— 00H
P13 register < 00H

Set up Port mode control
registers PMC12 register < FEH

| Set up Port mode registers | PMO register < 80H
PM3 register «— FCH

| PM12 register « FEH

C return )

Figure 5.7 1/0 Port Setup

Note: Refer to the section entitled "Flowcharts" in RL78/G13 Initialization Application Note (RO1LAN2575E) for the
configuration of the unused ports.

Caution: Provide proper treatment for unused pins so that their electrical specifications are observed. Connect each of
any unused input-only ports to Voo or Vssvia a separate resistor.
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5.7.5 CPU Clock Setup
Figure 5.8 shows the flowchart for setting up the CPU clock.

C R_CGC_Create() )

Set up high-speed system Clock CMC register < 12H : XT1 oscillation mode in which
/subsystem clock high-speed system clock is unused
and subsystem clock used.

MSTOP bit < 1
XTSTOP bit < 0

No Contact the oscillator manufacturer for
Oscillation stabilization information about the oscillator circuit
completed within waiting - constants for the subsystem clock and the
period? timeout period for oscillation stabilization.

Yes

Select CPU/peripheral hardware MCMO bit «— 0 : Selects main system clock (fuan) as
clock (fCLK) CPU/peripheral hardware clock (fc.x).

CSS bhit « 0 : Select high-speed OCO clock (fi) as
main system clock (fyan)

C return )

Figure 5.8 CPU Clock Setup

Remarks: CPU clock setup (R_CGC_Create()) determines whether stabilization of subsystem clock oscillation is
completed within a waiting period (about 1 second). This period is specified with constant
CGC_SUBWAITTIME inr_cg_cgc.h.

Caution: For details on the procedure for setting up the CPU clock (R_CGC_Create ()), refer to the section entitled
"Flowcharts" in RL78/G13 Initialization Application Note (ROLAN2575E).
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5.7.6 RTC Initial Setting
Figure 5.9 shows the flowchart for the RTC initial setting.

< R_RTC_Create() >

Supply clock signals to real-time
clock circuit

RTCEN bit < 1: Starts supplying input clock signals.

Deactivate real-time clock RTCE bit < 0

Disable real—t_lme clock/alarm RTCMK bit — 1
match interrupts
Clear real-time clock/alarm match .
interrupt request flag RTCIF bit <0
INTRTC interrupt priority level: RTCPR1 bit < 1
Select level 3 (lowest) RTCPRO bit < 1
Initialize real-time clock RTCCO register < 0AH
- Set interval of constant-period
interrupts to 1 second
- Select 24-hour system
- Disable 1-Hz output
Initialize real-time clock counter SEC register < 00H

MIN register < 00H
HOUR register < 00H
WEEK register < 03H
DAY register < 01H
MONTH register < 01H
YEAR register < 20H

Initialize alarm function WALE bit < 0

- Disable match operation for WALIE bit < 1
alarm function

- Generate alarm interrupts

< return >

Figure 5.9 RTC Initial Setting

Note:  For details on the procedure for the initial setting of the RTC (R_RTC_Create ()), refer to the section entitled
"Flowcharts" in RL78/G13 Real-Time Clock Application Note (RO1IAN2590E).
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5.7.7 12-Bit Interval Timer Initial Setting
Figure 5.10 shows the flowchart for the initial setting of the 12-bit interval timer.

< R_IT_Create() >

Supply clock signals to
12-bit Interval Timer

Deactivate 12-bit Interval Timer ITMC register < 0000H

Disable 12-bit Interval Timer interrupt ITMK bit <1

RTCEN bit < 1:Start supplying input clock signal.

Clear 12-bit Interval Timer

interrupt request flag ITIF bit <0
INTIT interrupt priority level: ITPR1 bit <1
Select level 3 (lowest) ITPRO bit <1
Set compare value of ITMC register —03FFH

12-bit Interval Timer

v

( return >

Figure 5.10 12-Bit Interval Timer Initial Setting
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Enabling clock supply to RTC

- Peripheral enable register 0 (PERO)
Enable clock supply to the 12-bit interval timer.

Symbol: PERO
7 6 5 4 3 2 1 0
RTCEN | IRDAEN | ADCEN | IICAOEN | SAULEN | SAUOEN 0 TAUOEN
1 X X X X X 0 X
Bit 7
RTCEN Control of 12-bit interval timer input clock supply

0 Stops input clock supply.

1 Enables input clock supply.

Controlling 12-bit interval timer operation

- 12-bit interval timer control register (ITMC)
Set the interval period of the 12-bit interval timer to 31.25 ms.
Symbol: ITMC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RINTE | O 0 0 ITCMP11-ITCMPO
0 [oJolofloJolafafJalafafJalafa]1]2

Bit 15
RINTE 12-bit interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
Bit11to 0

ITCMP11-ITCMPO
Set 12-bit interval timer compare value

Note: For details of register settings, refer to the RL78/G1F User’s Manual: Hardware.
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5.7.8 Initial Setting of Buzzer Output Controller
Figure 5.11 shows the flowchart for the initial setting of the buzzer output controller.

< R_PCLBUZO0_Create() >

‘ Disable clock output/buzzer output ‘ PCLOEDO bit « 0: Disable buzzer output

Select Fsub/2 for output clock at
PCLBUZO0 pin

Set port function of buzzer output pin

CKSO register < 09H

P14 register < O0H
PM14 register < FEH

A

< return >

Figure 5.11 Initial Setting of Buzzer Output Controller

Controlling buzzer output

- Clock output select register 0 (CKS0)

Symbol: CKS0
7 6 5 4 3 2 1 0
PCLOEO 0 0 0 CSELO CCSs02 CCso1 CCS00
0 0 0 0 1 0 0 1
Bit 7
PCLOEO PCLBUZO pin output enable/disable specification

0 Output disable (default)
1 Output enable

Bit3to 0
CSELO | CCS02 | CCS01 | CCS00 PCLBUZO0 pin output clock selection
0 0 0 0 fvain
0 0 0 1 fvan/2
1 0 0 0 fsul)
1 0 0 1 fsun/2 (16.384 kHz)
1 1 1 1 foun/27(256Hz)
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Setting buzzer output pin
- Port register (P14)

Set the port output data value.

Symbol: P14

7 6 5 4 3 2 1 0

P147 P146 0 0 0 0 P141 P140
1 1 0 0 0 0 1 0

Bit 0

P140 Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

- Port mode register (PM14)
Set the pin I/O mode.

Symbol: PM14
7 6 5 4 2 1 0
PM147 PM146 0 0 0 0 PM141 PM140
1 1 1 0
Bit0
PM140 P140 pin 1/0 mode selection

Output mode (output buffer on)

Input mode (output buffer off)

RO1AN4303EJ0100 Rev.1.00

2018.09.28

RENESAS

Page 33 of 63



RL78/G1F Door Lock Check Using Accelerometer

5.7.9 SAUO Setup
Figure 5.12 shows the flowchart for SAUO setup.

C R_SAUO_Create() )
|

| Supply clock signals to SAUO | SAUOQEN « 1

Set up SAUO operation SPSO0 « 0000H
- Set up SAUOQO operation clock
Operation clock 0 (CK00): 8 MHz

Set up SAUO channel 1
(CSI01) operation
R_CSI01_Create()

|
C return )

Figure 5.12 SAUO Setup

Notel: For details on the procedure for the initial setting of the SAUO (R_SAUOQ_Create ()), refer to the section
entitled "Flowcharts" in RL78/G13 Serial Array Unit for 3-Wire Serial 1/0 (Master Transmission/Reception)

Application Note (RO1IAN2547E).
Note 2: For details of register settings, refer to the RL78/G1F User’s Manual: Hardware.

RO1AN4303EJ0100 Rev.1.00 Page 34 of 63

2018.09.28 RENESAS



RL78/G1F

Door Lock Check Using Accelerometer

5.7.10 SAUO Channel 1 (CSI01) Operation Setup

Figure 5.13 shows the flowchart for setting up SAUO channel 1 (CS101) operation.

( R_CSIOL_Create() )
|

| Stop CSI01 operation |

Disable CSIO01 interrupts |

Clear CSI01 interrupt request flag

Set CSIO01 interrupt
priority level to 3

Clear CSIO01 error flag

|
Set CSI01
Operation clock: CK0OO
Trigger: Software trigger
Interrupt factor: Transfer end interrupt
CSI communication mode:
Transmission/reception mode
CSI operation mode: Type 1
Transfer: MSB first transfer
Data length: 8 bits
Baud rate: 76800bps (8MHz/104)

Set CSl pin
Initial value of SCKO1 pin: High level
Initial value of SO01 pin: Low level

Enable CSI01 pin output

Set P73 to output mode
Set P74 to input mode
Set P75 to output mode

C return )

STO register «— 0002H

CSIMKO1 bit «— 1

CSIIFO1 bit < 0

CSIPR101 bit « 1
CSIPROO01 bit « 1

SIR01 register <~ 0007H

SMROO register «— 0020H
SCROO register « CO07H
SDROO register < 6600H

SO0 register «— OFODH

SOEQO register « 0002H

PM7 register «~ D7H
P7 register « B8H

Figure 5.13 SAUO Channel 1 (CSI01) Operation Setup

Notel: For details on the procedure for the initial setting of the SAUO (R_SAUOQ_Create ()), refer to the section
entitled "Flowcharts" in RL78/G13 RL78/G13 Serial Array Unit for 3-Wire Serial 1/0 (Master
Transmission/Reception) Application Note (ROLAN2547E).

Note 2: For details of register settings, refer to the RL78/G1F User’s Manual: Hardware.
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5.7.11 Initial Setting of External Interrupts

Figure 5.14 shows the flowchart for the initial setting of external interrupts.

R_INTC_Create()

C )

Disable INTPN interrupt
Clear INTPN interrupt request flag

Set INTPn interrupt priority
to level 3 (lowest)

Set effective edge for external interrupts

Set P42, P76, and P77 to input port.

C )

return

INTP8
PMK8 bit « 1
PIF8 bit «<- 0

INTP10
PMKZ10 bit « 1
PIF10 bit < 0

INTP11
PMK11 bit « 1
PIF11 bit < 0

INTP8
PPR18 bit « 1
PPRO8 bit < 1

INTP10
PPR110 bit < 1
PPRO10 bit < 1

INTP11
PPR111 bit « 1
PPRO11 bit «— 1

EGNO register «— 00H
EGP1 register « ODH

Set rising edge for INTP8 pin, INTP10
pin, and INTP11 pin.

PM42 bit « 1
PM76 bit « 1
PM77 bit «— 1

Figure 5.14 Initial Setting of External Interrupts
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5.7.12 Main Processing
Figure 5.15 shows the flowchart for main processing.

=

Main initial setting
R_MAIN_Userlnit()

counter_val: Structure variable (obtaining current time)
Initialize local variables alarm_val: Structure variable (alarm set time)

Enable interrupts IE«1

Initialize accelerometer
R_SENSOR_Init()

Turn on LED P130 « 0

Unlock

Which position? —

Lock

Clear interrupt source for
accelerometer

Turn off LED P130 « 1

Set door state flag to Locked

g_open_flag < OFF

Door check opration

A 4

( return )

Figure 5.15 Main Processing
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5.7.13 Main Initialization Setting
Figure 5.16 shows the flowchart for the main initialization settings.

C R_MAIN_Userlnit() )

Disable interrupts

Start operation of RTC
R_RTC_Start()

Stop operation of Const
Period Interrupt

R_RTC_Set_ConstPeriodint

erruptOff()

Stop operation of Alarm
Interrupt
R_RTC_Set_AlarmOff()

Start operation of
serial array unit
R_CSI01_Start()

Start operation of INTP8
Interrupt
R_INTC8_Start()

Start operation of INTP10
Interrupt
R_INTC10_Start()

Start operation of INTP11
Interrupt
R_INTC11_Start()

A 4

C return )

IE<0

Figure 5.16 Main initialization setting
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5.7.14 RTC Operation Startup
Figure 5.17 shows the flowchart for starting the RTC operation.

< R_RTC_Start() >

. RTCIF bit < 0
Enable Real-T lock |
nable Real-Time clock Interrupts RTCMK bit < 0
Start Real-Time clock operation RTCE bit < 1

v

< return >

Figure 5.17 RTC Operation Startup

5.7.15 Disabling Constant-Period Interrupt
Figure 5.18 shows the flowchart for disabling the RTC constant-period interrupt.

G_RTC_Set_ConstPeriod Interru pto@

L RTCCO register < 80H
Stop Constant-period interrupt RTCMK bit — 0
Clear Constant-period interrupt RIEG bit < 0
status flag
Clear INTRTC interrupt request flag RTCIF bit < 0

< return >

Figure 5.18 Disabling RTC Constant-Period Interrupt
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5.7.16 Disabling Alarm |
Figure 5.19 shows the flowchart

nterrupt
for disabling the alarm interrupt.

C

R_RTC_Set_AlarmOff() >

Stop Alarm interrupt

Stop Alarm operation

Cancel generation of interrupt on
matching of alarm.

Clear INTRTC interrupt request flag

C

return >

RTCMK bit < 0

WALE bit < 0

WAFG bit < 0

RTCIF bit < 0

Figure 5.19 Disabling Alarm Interrupt
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5.7.17 SAUO Channel 1 (CSI01) Startup
Figure 5.20 shows the flowchart for starting the operation of SAUO channel 1 (CSI01).

< R_CSI01_Start() >

Configure CSIO01 pin SO0 register < 0FODH
- Initial value of SCKO01 pin: High level
- Initial value of SOO01 pin: Low level

Enable CSI01 pin output SOEQ register < 0002H

Start CSI01 operation SSO0 register <— 0002H

Set CSIO1 interrupts

CSIIFO1 bit < 0 : Clears interrupt request flag.
CSIMKO1 bit < 0 : Enables CSIO01 interrupt processing.

v

( return >

Figure 5.20 SAUO Channel 1 (CSI01) Startup
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5.7.18 INTP8 External Interrupt Enabling Function
Figure 5.21 shows the flowchart for the INTP8 external interrupt enabling function.

< R_INTCS8_Start() >

Enable external interrupt of INTP8

< return >

PIF8 bit — 0
PMKS8 bit < 0

Figure 5.21 INTP8 External Interrupt Enabling Function

5.7.19 INTP10 External Interrupt Enabling Function
Figure 5.22 shows the flowchart for the INTP10 external interrupt enabling function.

< R_INTC10_Start() >

Enable external interrupt of INTP10

< return >

PIF10 bit < 0
PMKZ10 bit < 0

Figure 5.22 INTP10 External Interrupt Enabling Function

5.7.20 INTP11 External Interrupt Enabling Function
Figure 5.23 shows the flowchart for the INTP11 external interrupt enabling function.

< R_INTC11_Start() >

Enable external interrupt of INTP11

< return >

PIF11 bit < 0
PMK11 bit < 0

Figure 5.23 INTP11 External Interrupt Enabling Function
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5.7.21

Accelerometer Initialization Function
Figure 5.24 shows the flowchart for initializing the accelerometer.

C

Initialization of accelerometer
R_SENSOR_Init()

)

Stop measurement
R_SENSOR_write
(SENSOR_POWER_CTL, 0x00)

Set measurement format
R_SENSOR_write
(SENSOR_DATA_FORMAT, 0x0b)

A

Dummy-read interrupt request
R_SENSOR_read

(SENSOR_ACT_TAP_STATUS,0x01)

Set active threshold value
R_SENSOR_write
(SENSOR_THRESH_ACT, 0x10)

Dummy-read interrupt request
R_SENSOR_read
(SENSOR_INT_SOURCE,0x01)

Set inactive threshold value
R_SENSOR_write
(SENSOR_THRESH_INACT, 0x10)

Set output data rate to 50Hz
R_SENSOR_write
(SENSOR_BW_RATE, 0x09)

Set detection axis
R_SENSOR_write
(SENSOR_ACT_INACT_CTL, 0x44)

Start measurement
R_SENSOR_write
(SENSOR_POWER_CTL, 0x38)

Set inactive detection time
R_SENSOR_write
(SENSOR_TIME_INACT, 0x05)

Check for measurement start
R_SENSOR_read
(SENSOR_POWER_CTL, 0x01)

Set SENSOR interrupt
R_SENSOR_write
(SENSOR_INT_ENABLE, 0x18)

Check for measurement start
R_SENSOR_read
(SENSOR_DATAXO0, 0x06)

Set active output to INT1
R_SENSOR_write
(SENSOR_INT_MAP, 0x10)

Convert obtained value into acceleration

C

END

Figure 5.24 Accelerometer Initialization
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5.7.22 Accelerometer Data Write
Figure 5.25 shows the flowchart for the accelerometer data write.

[arguments]
R_SENSOR_write() address
value

Set P31 output to Low
(Set CS pin of SENSOR to Low)

A
Store SENSOR register address in tx dataf0] « address . .
wransmit data array g_tx_datal0] < Store SENSOR set value in transmit g_tx_data[0] « value
data array
Set number of transmit data to 1 byte g_data_length « 01H )
4 Set number of transmit data to 1 byte g_data_length « 01H
Turn on transmission flag g_receive_end « 1 ) .
Turn on transfer monitor flag g_receive_end « 1
R_CSI01_Send_Receive
- - - 0 R_CSI01_Send_Receive()

R_SENSOR _Transmit_Check() R_SENSOR_Transmit_Check()

Set P31 output to High
(Set CS pin of SENSOR to High)

Y

< return >

Figure 5.25 Accelerometer Data Write
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5.7.23 Accelerometer Data Read
Figure 5.26 shows the flowchart for the accelerometer data read.

[arguments]
R_SENSOR_read() Address
num

Initialize local variable i to 0

A 4

‘ Initialize local variable i to 0
Set P31 output to Low
(Set CS pin of SENSOR to Low)

Store value of SENSOR register
address where R/W bit is set to 1 (read)
in transmit data array

Set transmit data array [i] to 00H

g_tx_data[0] «— 0x80 | address i < g_data_length ?

No

Number of read data > 2 bytes?

Increment local variable i by 1

Set multibyte bit of SENSOR register
address value to 1

g_tx_data[0] « 0x40 | address

Turn on transfer monitor flag g_receive_end « 1

Turn on reception flag

g_receive_end « 1
R_CSI01_Send_Receive()

R_CSI01_Send_Receive()

R_SENSOR_Transmit_Check()

R_SENSOR_Transmit_Check()

Set P31 output to High
(Set CS pin of SENSOR to High)

Set number of receive data

g_data_length < num v

< return >

Figure 5.26 Accelerometer Data Read
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5.7.24 CSI01 Data Transfer Start
Figure 5.27 shows the flowchart for starting the CS101 data transfer.

< R_CSI01_Send_Receive() ) [Argument]]

*tx_buf  : Transmit data
tx_num : Number of transmit data
*rx_buf : Receive data

‘ Initialize status flag ‘ status <~ MD_OK
status : Variable in RAM

) 1 or more
Number of transmit data < 1?

Set number-of-transmit-data
counter

Less than 1

g_csi0l_tx_count < tx_num

Set status flag to indicate error ‘ g_csi01_tx_count : Variable in RAM

status <
MD_ARGERROR ‘

Set transmit data pointer ‘

gp_csi0l_tx_address < tx_buf
gp_csi0l_tx_address : Variable in RAM

‘ Set receive data pointer ‘

gp_csi0l_rx_address < rx_buf
gp_csi0l_rx_address : Variable in RAM

‘ Disable CSIO01 interrupts ‘

CSIMKO1 bit < 1

Pointer error of NO
transmitted data?

Set transmit data in
YES buffer register

SIO01 register
< *gp_csi0l_tx_address

Set transmit data in
buffer register
SIO01 register
< OxFF ‘

Transmit data pointer + 1

gp_csi0l_tx_address
< gp_csiOl_tx_address + 1

<

‘ Number-of-transmit-data ‘
counter - 1
g_csi0l_tx_count < g_csi01_tx_count- 1

‘ Set CSIO01 interrupts ‘
CSIMK01 <0

‘ Function return value: status ‘
< return )

Figure 5.27 CSIO1 Data Transfer Start
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5.7.25 Waiting for Accelerometer Data Transfer End
Figure 5.28 shows the flowchart for waiting for the accelerometer data transfer end.

< R_SENSOR_Transmit_Check() >

Yes

Is reception flag
(g_receive_end) ON ?

No
\ 4

< return >

Figure 5.28 Waiting for Accelerometer Data Transfer End
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5.7.26 Door Check Operation
Figure 5.29 to Figure 5.32 show the flowcharts for the door check operation.

( Door check operation >

Shift to STOP mode

INTP11 interrupt (snooze button)

AX .
‘X INTP8 interrupt (lock)
AX

AX

INTP10 interrupt (unlock)

RTC interrupt/alarm interrupt

Which operation status?

SW_WAIT (snooze button)

OPEN_DOOR (unlock)

Hold mode

CLOSE_DOOR (lock)

A

Others Unlock mode

Lock mode

AS

Figure 5.29 Door Check Operation (1/4)
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C

Lock mode >

Clear SENSOR interrupt source
R_SENSOR_read

(SENSOR_ACT_TAP_STATUS, 0x01)

R_SENSOR_read
(SENSOR_INT_SOURCE, 0x01)

Disable RTC constant-period interrupt
R_RTC_Set_ConstPeriodInterruptOff()

Disable alarm interrupt
R_RTC_Set_AlarmOff()

Turn off LED

Stop buzzer output

R_PCLBUZ0_Stop()

C

End >

P130 « 1

Figure 5.30 Door Check Operation (2/4)
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C

Unlock mode

)

Clear SENSOR interrupt source
R_SENSOR_read
(SENSOR_ACT_TAP_STATUS, 0x01)
R_SENSOR_read
(SENSOR_INT_SOURCE, 0x01)

Obtain SENSOR value
R_SENSOR_read
(SENSOR_DATAXO, 0x06)

Change 10-sec count start counter to OFF

Disable RTC alarm interrupt
R_RTC_Set_AlarmOff()

Enable RTC constant-period interrupt
R_RTC_Set_ConstPeriodInterruptOn
(ONESEC)

Set 10-sec counter to 0

Turn on LED

ON
Is 10-sec count start flag
OFF?
OFF
v
End

)

g_open_flag « OFF

g_10s_timer_count « 0

P130 « 0

Figure 5.31 Door Check Operation (3/4)
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< Hold mode >

OFF

Is hold mode valid flag ON?

ON

Turn off wait mode valid flag

g_wait_enable_flag — OFF

Read RTC counter value
R_RTC_Get_CounterValue(&counter_val)

Less than
Obtained second count 30
value > 30?
30 or
more

Obtained minute count + 1

counter_val.min++

Obtained minute count + 1

counter_val.min++

Less than
Obtained minute count 60
value > 60?
60 or
more

Set minute count to 0

counter_val.min < 0

Obtained hour count + 1

counter_val.hour++

) 4

Less than
Obtained hour count 24
value > 247
24 or
more

Set hour count to 0

counter_val.hour < 0

Set alarm time

alarm_val.alarmwm < counter_val.min
alarm_val.alarmwh < counter_val.hour
alarm_val.alarmww < Ox7F

Disable RTC constant-period interrupt
R_RTC_Set_ConstPeriodInterruptOff()

Enable alarm interrupt
R_RTC_Set_AlarmOn()

Disable buzzer output
R_PCLBUZO0_Stop()

Set alarm interrupt time
R_RTC_Set_AlarmValue(alarm_val)

C

End >

Figure 5.32 Door Check Operation (4/4)
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5.7.27 CSI01 Transfer End Interrupt Processing
Figure 5.33 and Figure 5.34 show the flowcharts for the CSI01 transfer end interrupt processing.

< r_csiol_interrupt() )

Set value of overrun detection
flag in err_type

‘ Clear error flag ‘

Overrun error has Error

occurred?

Successfully

NO

Number of transmit data =
1 or more?

YES

NO

Pointer error of received
data?

YES ‘ Read receive data

*gp_csiOl_rx_address
< SIOO01 register

Read receive data

sio_dummy
< SIOO01 register

‘ Receive data pointer + 1

gp_csi0l_rx_address
< gp_csi0l_rx_address + 1

NO

Pointer error of transmitted
data?

Set transmit data

YES

SIO01 register
< *gp_csi0l_tx_address

Set transmit data

SIOO01 register
«— OXFF Transmit data pointer + 1
gp_csi0l_tx_address

< gp_csi0l_tx_address + 1

Transmit data pointer - 1 ‘
g_csi0l_tx_count < g_csi0l_tx_count- 1

Figure 5.33 CSIO1 Transfer End Interrupt Processing (1/2)
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NO
Number of transmit data = 0?

YES

NO
Pointer error of received data?

YES

Read receive data Read receive data

< SIO01 register < SIOO0L1 register

sio_dummy *gp_csiOl_rx_address

Data transmission completion
processing
r_csiO1_callback_sendend()

. ;

4

< return )

Figure 5.34 CSIO1 Transfer End Interrupt Processing (2/2)

5.7.28 Data Reception End Processing
Figure 5.35 shows the flowchart for the data reception end processing.

C r_csiO1_callback_receiveend() )

Clear Receive flag g_receive_end < 0

< return )

Figure 5.35 Data Reception End Processing
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5.7.29 Enabling Alarm Interrupt
Figure 5.36 shows the flowchart for enabling the alarm interrupt.

< R_RTC_Set_AlarmOn() >

Stop Alarm interrupt

Start Alarm operation

Cancel generatlon of interrupt on matching

of alarm.

Clear INTRTC interrupt request flag

C

return >

RTCMK bit < 0

WALE bit — 1

WAFG bit < 0

RTCIF bit < 0

Figure 5.36 Enabling Alarm Interrupt
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5.7.30

Enabling Constant-Period Interrupt

Figure 5.37 shows the flowchart for enabling the RTC constant-period interrupt.

G_RTC_Set_ConstPeriodInterrupto@

Initialize status flag

RTC interrupt interval normal?

Argument:period

status < MD_OK

No

4

Reconfigure real-time clock

- Set interval of constant-period
interrupt to 1.0 second

- Select 24-hour system

- Disable 1-Hz output

Clear Constant-period
interrupt status flag

Clear real-time clock/alarm match
interrupt request flag

Enable real-time clock/alarm match
interrupts

Set status flag to indicate error

RIFG bit < 0

RTCIF bit < 0

RTCMK bit < 0

Return status flag

A

< return

)

status < MD_ARGERRORMD_OK

Figure 5.37 Enabling RTC Constant-Period Interrupt
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5.7.31 INTP8 External Interrupt Function

Figure 5.38 shows the flowchart for INTP8 external interrupt function.

C

INTP8 interrupt processing
r_intc8_interrupt()

)

Change status to lock mode

4

C

return

)

g_operation_status <~ CLOSE_DOOR

Figure 5.38 INTP8 External Interrupt Function
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5.7.32 INTP10 External Interrupt Function
Figure 5.39 shows the flowchart for INTP10 external interrupt function.

INTP10 interrupt processing
r_intc10_interrupt()

Turn on 10-sec count start flag g_open_flag « ON

Change status to unlock mode g_operation_status « OPEN_DOOR

v

( return >

Figure 5.39 INTP10 External Interrupt Function
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5.7.33 INTP11 External Interrupt Function
Figure 5.40 shows the flowchart for INTP11 external interrupt function.

C

INTP11 interrupt processing
r_intcll_interrupt()

Start 12-bit interval timer operation
R_IT_Start()

Shift to HALT mode

12-bit interval timer
interrupt occurred?

Stop 12-bit interval timer operation
R_IT_Stop()

No

Is P77 at High level?

Yes

Hold mode

In hold mode?

Other than hold
mode

Store status in backup status

g_status_backup <« g_operation_status

Change status to hold mode

Turn on 1-minute count start flag

A

C

return >

g_operation_status <~ SW_WAIT

g_wait_enable_flag < ON

Figure 5.40 INTP11 External Interrupt Function
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5.7.34 RTC Interrupt Processing

Figure 5.41 shows the flowchart for RTC interrupt processing. The constant-period interrupt and alarm interrupt are

generated by the same interrupt source.

RTC interrupt processing
r_rtc_interrupt()

Alarm interrupt occurred?

Clear alarm detection status flag

Alarm interrupt processing
r_rtc_callback_alarm

No
— Constant-period interrupt occurred?

Yes

Clear constant-period interrupt status flag

Alarm interrupt processing
r_rtc_callback_constperiod

4

( return >

WAFG bit < 0

RIFG bit <~ 0

Figure 5.41 RTC Interrupt Processing
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5.7.35 Alarm Interrupt Processing
Figure 5.42 shows the flowchart for alarm interrupt processing.

Alarm interrupt processing
r_rtc_callback_alarm()

Disable alarm interrupt
R_RTC_Set_AlarmOff()

Turn off 1-minute count start flag g_wait_enable_flag < OFF

Read backup status into operation

status g_operation_status <« g_status_backup

Other than
In unlock mode? unlock mode
Unlock mode
Turn on 10-sec count start flag g_open_flag « ON

4

< return >

Figure 5.42 Alarm Interrupt Processing
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5.7.36 Constant-Period Interrupt Processing
Figure 5.43 shows the flowchart for constant-period interrupt processing.

Constant-period interrupt processing
r_rtc_callback_constperiod()

Start 10-sec counter g_10s_timer_count < g_10s_timer_count + 1

No
Exceeds 10 seconds?

Yes

Clear 10-sec counter to 0 g_10s_timer_count < 0

Starting buzzer output controller
operation
R_PCLBUZO_Start

A

< return >

Figure 5.43 Constant-Period Interrupt Processing
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6. Sample Code

The sample code is available on the Renesas Electronics Website.

7. Documents for Reference
RL78/G1F User's Manual: Hardware (RO1UHO0516E)
RL78 Family User's Manual: Software (RO1US0015E)

(The latest versions of the documents are available on the Renesas Electronics Website.)
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas.
For detailed usage notes on the products covered by this document, refer to the relevant sections of the document as well
as any technical updates that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

%, The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

%, The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

%. The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LSI is not guaranteed if they are accessed.

4. Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has
stabilized.

% When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

% The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of the internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, implement a system-evaluation test for the given product.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product’'s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.
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. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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