LENESAS APPLICATION NOTE

RL78/G13 RO1AN4623EC0100
Rev.1.00
Smart Medicine Box with BLE Jun. 30, 2019

Introduction

This document describes a Renesas microcontroller RL78/G13 application for a smart medicine box via RL78/G1D
BLE module.

Target Device
RL78/G13

When applying the sample program covered in this document to another microcomputer, modify the program according
to the specifications for the target microcomputer and conduct an extensive evaluation of the modified program.
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RL78/G13

Smart Medicine Box with BLE

1. Description
1.1 Abstract

The smart medicine box, described in this document, is designed for those users who regularly take medicines and the
prescription of their medicine is very long as it is hard to remember for patients and for their care giver. Also, old age
patients suffer from the problem of forgetting to take pills on time which causes certain health issues like diabetes,
blood pressure, heart problems, etc. The smart medicine box can solve these problems by setting up a time table of
prescribed medicines through a mobile app as given in prescription. Present time will be saved in RTC module and

notification time (RTC alarm) will be saved in Data Flash.

1.2 Specifications and Main Technical Parameters

Technical Parameters

e Power Supply

e Operating Voltage (MCU)
e Wireless Communication
e Alarm Sound

e Operating Temperature:

Specifications

e Function:

USB power supply (5 V) or 3V (2 AA batteries)
3.3V

BLE

Over 80 dB

Ambient temperature

Connect to mobile app via RL78/G1D BLE module.
Record pill taken activities.

Set the notification time according to the message from the
mobile app.

Generates notification sound and display the bright light.
Transmit record of pills taken back to the mobile app.

Low battery voltage alert.

Display real-time data on a 4-digit 7-segment LED.
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2. RL78/G13 Microcontroller

2.1 RL78/G13 Block Diagram
Figure 2.1 shows the block diagram of RL78/G13.

Memory RL78 16-bit CPU
Program Flash 32MHz 41DMIPS
up to 512KB
CISC Harvard Architecture
SRAM 3-stage Pipeline
up to 32KB
Data Flash Four Register Banks
up to 8KB
16-bit Barrel Shifter
System
DMA
4ch Safety Analog
Interrupt Controller RAM ADC
4 Levels, 20 pins Parity Check 10-bit, 26c¢ch
Clock Generation ADC int | Vref
Internal, External Self-diagnostic nternal vret.
POR, LVD Cl.odf Temp. Sensor
Monitoring
Memory
MUL /DIV/MAC CRC Communication
Debug 8 x 1°C
Single-Wire Timers Master
Timer Array 2x1°C
Power Management 16-bit, 16ch Multi-Master
HALT Interval Timer 8 x CSl1/SPI
RTC, DMA Enabled 12-bit, 1ch 7-, 8-bit
SNOOZE WDT 4 x UART
Serial, ADC Enabled 17-bit, 1ch 7-, 8-, 9-bit
STOP RTC 1 xLIN
SRAM On Calendar 1ch
Figure 2.1 RL78/G13 Block Diagram
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2.2 Key Features

Minimum instruction execution time: Can be changed from high speed (0.03125 ps: @ 32 MHz operation with
high-speed on-chip oscillator) to ultra-low speed (30.5 pus @ 32.768 kHz operation with subsystem clock)
General-purpose registers: (8-bit register x 8) x 4 banks

ROM: 16 KB to 512 KB, RAM: 2 KB to 32 KB, Data Flash: 4 KB to 8 KB

Selectable high-speed on-chip oscillator clock: 32/24/16/12/8/6/4/3/2/1 MHz (TYP.)

On-chip single power supply flash memory

Power management and reset function

On-chip power-on-reset (POR) circuit

On-chip voltage detector (LVD) (Select interrupt and reset from 14 levels)

On-chip debug function

On-chip key interrupt function

On-chip clock output/buzzer output controller

1/0 port: 16 to 120 (N-ch open drain 1/O [withstand voltage of 6 V]: 0 to 4, N-ch open drain I/O [Voo withstand
voltage EVop withstand voltage]: 5 to 25)

Timer

16-bit timer: 8 to 16 channels

12-bit interval timer: 1 channel

Real-time clock: 1 channel (calendar for 99 years, alarm function, and clock correction function)

Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

Serial interface

CSlI: 2 to 8 channels

UART/UART (LIN-bus supported): 2 to 4 channels

12C/Simplified 12C communication: 2 to 8 channels

8/10-bit resolution A/D converter: 6 to 26 channels

Internal reference voltage (1.45 V) and temperature sensor

DMA (Direct Memory Access) controller: 2/4 channels

Multiplier and divider/multiply-accumulator

16 bits x 16 bits = 32 bits (Unsigned or signed)

32 bits + 32 bits = 32 bits (Unsigned)

16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

Standby function: HALT mode, STOP mode, SNOOZE mode

Power supply voltage: Vop =1.6t05.5V

Operating ambient temperature: Ta = -40 to +85°C
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2.3 Pin Configuration

Figure 2.2 shows the pin configuration of RL78/G13 (44-pin products).

« 44-pin plastic LQFP (10 x 10 mm, 0.8 mm pitch)
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Figure 2.2 RL78/G13 (44-pin products) Pin Configuration
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3. System Outline

3.1 Principle Introduction

The smart medicine box uses an RL78/G13 microcontroller and a RL78/G1D BLE module and a mobile app. Figure 3.1
shows the system connection and communication diagram.

Mon. Tues. Wed.

-
-
.

iiliila-

UG

RL78/G1D BLE
module

Figure 3.1 System Communication Block Diagram

The mobile app can program the notification time to the RL78/G13, and record pills taken remotely using BLE protocol.
At the time of taking medicine, the smart medicine box generates a notification sound and displays a bright light in
certain pill boxes, so that the patient will know the specific number of boxes from which they should take out medicine.
The smart medicine box can also determine if the patient has taken out pills from the box by checking recording key is

pressed or not. The record can also be transmitted to the mobile app via the BLE module when a recording key is
pushed.

Local Device consists of RL78/G13 as a Host MCU and RL78/G1D as a BLE MCU which ware connected by UART.
Remote Device is Smart Phone which is Android device.

Local Device behaves as a Slave and Remote Device behaves as a Master. RL78/G14 executes BLE communication
with Smart Phone by controlling BLE protocol stack on RL78/G1D via interactive UART communication.

Figure 3.2 shows the MCU board block diagram.
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Figure 3.2 MCU Board Block Diagram
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3.2 Peripheral Functions to be Used
Table 3.1 lists the peripheral functions to be used and their usage.

Table 3.1 Peripheral Functions to be Used

Peripheral Function

Usage

UARTO of SAUO

Communicate with the RL78/G1D BLE module.

Real-time Clock

Real-time clock counting and generate alarm time interrupt.

A/D converter

Detect the switch battery voltage.

PCLBUZ0 Control the buzzer to sound.
INTPO The switch input (SW3) to control the BLE module power ON/OFF
INTP1 The switch input (SW1) to record taking pills action or wake up the

system

ChannelO of TAUO

1 second interval timer for system timers of 10 seconds and 60 seconds.

Channel2 of TAUO

1 ms interval timer

Channel3 of TAUO

5 ms interval timer as the refresh ratio for the 4-digit 7-segment LED

Data Flash

Store the values of the RTC alarm time.

3.3 Pins to be Used

Table 3.2 lists the pins to be used and their function.

Table 3.2 Pins to be Used

Pin Name Description

pP21~P27 Control 7 LEDs which indicate the specific number of boxes
from which the patient should take out medicine to follow the
weekday information

P20/ANIO Analog input for battery voltage detection

P120 Control the power switch for battery voltage detection circuit

P124/XT2/EXCLKS 32.768 kHz crystal resonator connection

P123/XT1

P11/RXDO, P12/TXDO

UART communication interface with the RL78/G1D BLE
module

P41/TO07 Control DC vibration motor
P60 Control the BLE module power on/off
P31/PCLBUZO Control the buzzer

P10, P13~P17, P30, P70~P73, P146,
P147

Control 4-digit 7-segment LED

P137/INTPO Switch input of “SW3”

P50/INTP1 Switch input of “SW1”

Vob Power supply voltage

Vss Ground

REGC Connect this pin to Vss via a capacitor (0.47 to 1 pF) with good
characteristics to stabilize internal voltage.

P40/TOOLO Data 1/O for flash memory programmer/debugger

RESET Reset pin

RO1AN4623EC0100 Rev.1.00
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3.4

What You Need to Get Started

Renesas RL78/G13 smart medicine box demo board
RL78/G1D BLE module

Windows PC

2x Micro USB data cable

RL78/G13 mot file: rl78g13_smart_medicine_box.mot

STEP 1. Program RL78/G13 mot file
Connect the RL78 to the Windows PC via one Renesas emulator (e.g., E1 emulator) and open Renesas Flash
Programmer (https://www?2.renesas.cn/products/software-tools/tools/programmer/renesas-flash-programmer-
programming-gui.html) .

Download rl78g13_smart_medicine_box_ble.mot file (in the folder of “X:\..\Source Code\Program file) according to
the instruction of Renesas Flash Programmer.

| &

File Device Information Help

Operation (peration Settings Block Settings Flazh Options Connect Settings Unique Code

Froject Information

Current Froject: ble smart medicine box rpj

Microcontreller: REF100FG

L
Prog
E Project Information

Microcontroller: RL7E w
Flas| Project Hame:  [ble_snart_medicine_box |
Eri Project Folder: [C:\Users\s5053750\Tocunents\Renesas Fla| | Brovse
[ Communi cation
Tool: E1 - Interface | wire UART [ Wide Yoltage
Bum: AutoSelect Power: 3.3V
Fitmunare | ~
Code Flas!
Data Flask Comnect Cancel

Disconnecting the tool

|Operation completed.

Ganfirmation(Q0000001) : The project setting was chaneed.

Do you want to save it to the project file 7
Selected Yes button.

v

Clear status and message

E¢ Renesas Flash Programmer ¥2.05.01 (Free-of-charge Edition) - X

Eile  Device Information  Help

Uperation Operation Settings Block Settings Flash Options Connmect Settings Unigue Code
Froject Information

ble =mart medicine box. rpj

REF100FG

Current Froject:

Microcontroller:

Frogran File
D:CS_Quick Solution\@5-14 G13-GIIELE Smart Wedicine Box\trunk\Source Cod| [Erawse |

CRC-32 . CZFATEAF

Flash Operation

Eraze o> Frogram 0 Yerify

Start

Cuery the device information. ~
Device Name : RSF100FG

Device Code : 10 00 06

Firmware Wersion : W203

Code Flash {Address : 0x00000000, Size: 128 K, Erase Size: 1 K)

Data Flash (Address : 0x000F 1000, Size : 8 K, Erase Size: 1K)

Disconnecting the tool
iOperation completed.

v

Clear status and message

Figure 3.3 Program MCU mot file

If the flash is programmed with OK, the RL78/G13 demo board is ready.

STEP 2. Program firmware to RL78/G1D BLE module

For the procedure about preparing BLE MCU of RL78/G1D, please refer to the Renesas application note of Bluetooth®
Low Energy Protocol Stack RL78/G14 Host Sample (R0O1AN2807EJ0121 Rev.1.21) chapter [3.1.2 BLE MCU].

It is possible to use “RL78_G1D_CM(SCP).hex” firmware included in the package of BLE protocol stack, which is (in
the folder of “X:\..\Source Code\Program file\ble_mcu_firmware”).

If the flash is programmed with OK, RL78/G1D BLE module is ready.

RO1AN4623EC0100 Rev.1.00
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STEP 3. Connect RL78/G13 smart medicine box demo board and the RL78/G1D BLE module.
Connect RL78/G13 board with the RL78/G1D BLE module. The pins connection is shown in Table 3.3.

Table 3.3 Pins connection between RL78/G13 and RL78/G1D

RL78/G13 Ports RL78/G1D Ports Function
P12/TXDO0O P11/RXDO0O UART (Host MCU - BLE MCU)
P11/RXDO0O P12/TXDO0 UART (BLE MCU - Host MCU)
Vss Vss Ground

STEP 4. Install mobile app

Open the installation file of “BLE Smart Medicine Box.apk™ and install the app in the android mobile.

L\ AR = 47% @ 09:02

BLE Smart Medicine Box

BLE Smart
Medicine B...

Please add your smart medicine box

©Ce0es

Phone Messages  Contacts Internet Camera

A L

= “~
= o 53 Reminder Record Mare

Figure 3.4 Installation of the Mobile App
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3.5 Operating Instructions

(1) The smart medicine box can be powered on via micro USB or batteries. Switch the SW4 to choose the power source
(USB or Vear). Power on the smart medicine box, it will enter the initialization operation. The RL78/G1D BLE module
will be reset, and the 4-digit 7-segment LED will be ON. After 10 seconds, the smart medicine box enters STOP mode.

(2) BLE protocol is used for communication within the smart medicine and mobile phone app.

Click “More” and “Add Box” button, the smart medicine box BLE device of “Renesas-SMB” will be found out. Select
this device and the mobile app will connect to the medicine box via BLE automatically. This setting procedure is shown
in Figure 3.5.

When the smart medicine box connects with the mobile app successfully, the real-time calibration message will be sent
to the smart medicine box via BLE automatically. The RL78/G13 MCU will update the real-time clock to the current
time and display the HH:MM on the 4-digit 7-segment LED.

LA FRIN, =0l 6% B 0206

BLE Smart Medicine Box £ (" BLE Smart Medicine Box - BLE Smart Medicine Box
Renesas-SMB

2:34:56:78:9A:BC

Add Box Unknown device
1C:20:B1.C8:EE60

Unknown device

BD24:02EAIEE

Unknown device

TA4B:CT91:.CE53
Unknown device
76.19:A1:06:5E:80
Unknown device

67:DAFZADTT2A

YUNMAI-S

18:93.DF1ENZE]

Please add a reminder.

Searching, please wait.

Add Clear

f L L L

Reminder Record More Reminder Record Mare

Figure 3.5 Connect the Smart Medicine Box to Mobile App via BLE
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(3) 3 reminder times (maximum) can be set on the mobile app and the message will be sent to the smart medicine box
via BLE to remind the patient to take the medicine. Each reminder time information will be also stored in Data Flash in
the RL78/G13.

Click “Add” button and select “Hour” and “Minute” on the reminder time setting page. When “Save” button is clicked,
one reminder time will be set. This setting procedure is shown in Figure 3.6.

£ =] £ RN =l 46% B 09:07 £ : ] RN =l 46% B 09:08

E ) & =l 46% B 09:09

BLE Smart Medicine Box o BLE Smart Medicine Box

BLE Smart Medicine Box

Hour Minute
S . ;
\\> Reminder Time:07 : 00
s . 5
7 0 ( 9 Reminder Time:12 : 00
raay ; :
Q) Reminder Time:22 : 00
Save
Please add a reminder.
Add Clear Add Clear
Reminder Record More Reminder Record More

Figure 3.6 Adding Reminder time

When “Clear” button is clicked, all 3 reminder times will be deleted. Meanwhile, the corresponding message will be
sent to the smart medicine box via BLE. This setting procedure is shown in Figure 3.7.

v 8 F RN =l 46% 0909 A RN =l 45% @ 09:09

BLE Smart Medicine Box BLE Smart Medicine Box

LCQ Reminder Time:07 : 00
VQ Reminder Time:12 : 00
t-@' Reminder Time:22 : 00

i ? )
Clear all reminders? Please add a reminder.

Add Clear Add Clear
" 5 " 5
Reminder Record More Reminder Record Mare
Figure 3.7 Deleting Reminder Time
RO1AN4623EC0100 Rev.1.00 Page 13 of 35
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(4) If one of the reminder time is up, the RTC alarm interrupt of the RL78/G13 will occur, and the system will generate
the notification sound with the buzzer and display the bright light in the corresponding number of pill boxes. If the user
presses the taking pill record switch (SW1), all notification actions will stop and the medicine record will be stored in

RL78/G13 MCU.

Click “Record” on the mobile app, the smart medicine box will upload the medicine record timeline to the mobile app

via BLE module. And the taking medicine records can be viewed as shown in Figure 3.8.

3 RIS =0l 100% W 1712

BLE Smart Medicine Box

]

Reminder

17:10
17.07
17:06
17:00
16:47
16:46
16:45
16:35
16:34
16:33
16:17

Jun-17
Jun-17
Jun-17
Jun-17
Jun-17
Jun-17
Jun-17
Jun-17
Jun-17
Jun-17
Jun-17

Record

Mo

re

00000000000

Figure 3.8 Taking Pill Records
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(5) The battery voltage can be checked timely if the system is powered via batteries. When the RTC 1-hour interrupt
occurs, the battery voltage will be checked by the A/D converter of the RL78/G13 MCU. If the battery voltage is lower
than 2.5 V, the buzzer on the smart medicine box will sound every 60 seconds to notify the user to change the battery
immediately. If the check battery voltage command is received, RL78/G13 MCU will send the battery voltage data to
the mobile app via BLE module.

Click “More” and “Check the battery capacity” button, and the corresponding warning message will be displayed on the
mobile screen if the battery voltage is lower than 2.5 V, as shown in Figure 3.9.

48 48 3 R ol 45% B 0910

BLE Smart Medicine Box BLE Smart Medicine Box

Delete BOX Delete BOX

I SRR ey I Check the battery capacity Q
Time Correction
Time Correction
Battery voltage is low. Please
change the battery.
ft - ft -
Reminder Record More Reminder Record More
Figure 3.9 Checking Battery Voltage
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(6) When the RTC time of the MCU is not consistent with the time of the mobile phone, click “More” and “Time
Correction” button on the app, the real-time calibration message will be sent to the smart medicine box via BLE. The
RL78/G13 MCU will update the real-time clock to the current time.

Click “More” and “Delete box” button on the app, the smart medicine box information will be deleted in the app. Click
“Add box” button to add a smart medicine box again, as shown in Figure 3.10.

Wom . FR Ll 7% W 18:44 [mE=] % RING 170 38% W 18:37

Smart Medicine Box Smart Medicine Box

I Delete BOX I I Add Box I
Check the battery capacity
I Time Correction I
L H L * H

Reminder Record More Reminder Record More

Figure 3.10 Time Correction and Delete Box

(7) When the system is powered via batteries, the RL78/G1D BLE module can be powered off by pressing SW3 to
reduce the power consumption. However, the reminder times cannot be set as the smart medicine box is off-line. The
taking pills record cannot be sent to mobile app, too. Press SW3 again, the BLE module will be powered on again.

RO1AN4623EC0100 Rev.1.00 Page 16 of 35
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4. Hardware

This section describes the main circuits of the smart medicine box, including the power supply circuit, the battery
voltage detection circuit, the function key detection circuit, the buzzer control circuit, the DC vibrating motor control
circuit, the RL78/G1D BLE module power control circuit, the box LEDs control circuit and 4-digit 7-segment LED

display circuit.

Figure 4.1 shows the board picture.

; RESET

4-digit 7-segment LED
SW1

Buzzer

Sw4
1ISL9120

RL78/G13 MCU

RL78/G1D BLE Module
LED*7 (Box number)

MUI].__‘ Tues. Wed. Thur. Fri

Figure 4.1 Board Picture
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4.1 Power Supply Circuit
Figure 4.2 shows the schematics of the power supply circuit.

|- enD
u2
ISLO120IRTAZ
LI § 3 o
! < EN
L1 LX2 wn e
1uH 2 BAT
VIN |2 VBAT ] | | |||. GND
4 LX1 J_ C10 | |
T W © o] VIN AA
g 2 £ T 10w | 1500F — CON4
Z © O uF
§ & USB 5V i
N ~ [ee] 2
SWITCH 5
4
1L GND| 5
GND USB_5V

Figure 4.2 Power Supply Circuit

I1SL9120 buck-boost regulator enables efficient power management of system power supplies and peripherals such as
Wi-Fi, Bluetooth®, memory cards or LCD modules. This device can deliver up to 800mA of output current (VIN = 2.5
V, VOUT = 3.3 V) and provides excellent efficiency due to its adaptive current limit Pulse Frequency Modulation
(PFM) control architecture.

The 3 V battery voltage is boosted to 3.3 V by ISL9120, which provides the power supply for the entire system circuit:
MCU, the RL78/G1D BLE module, LED, etc.

4.2 Battery Voltage Detection Circuit
Figure 4.3 shows the schematics of the battery voltage energy metering IC control circuit.

R11 RL2 Q18 |
- |- enD
00K 00K |
VBAT AN|0 S8050
P120 R38
2K

Figure 4.3 Battery Voltage Detection Circuit

The system is a battery-powered system. It can inform users to replace the battery when its voltage is lower than a
certain level (e.g. 2.5 V). It uses two divider resistors and A/D converter to monitor the battery voltage divider. An 1/0
port is used to control the power ON/OFF the battery voltage detection circuit for the low power consumption.
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4.3 Function Key Detection Circuit
Figure 4.4 shows the schematics of the function key detection circuit.

SW1_INTP1
swi
— R5
—=o | —
REC/WAKE-UP 10K
SW2_INTP2*
SW2 T
— R6
| VDD

GND||| —
[ WIFLSET 10K

SW3  SW3_INTPO
— R39
L—o0
BLE/WIFI_PWR_ON/OFF10K

* SW2_INTP2 Key isnot used for the BLE
version of smart medicine box

Figure 4.4 Function Key Detection Circuit

In IDLE mode, the falling edge of the SW1 key is used to wake up the system back to normal mode and the 4-digit 7-
segment LED lights up and displays the current RTC time. When the RTC alarm interrupt occurs, the falling edge of
SW1 will inform MCU to stop alarming and send the taking pill record to the RL78/G1D BLE module.

The falling edge of the SW3 key is used to inform the MCU to power on/off the BLE module to reduce the power
consumption when the system is powered by the batteries.

4.4 Buzzer Control Circuit
Figure 4.5 shows the schematics of the buzzer control circuit.

Buzzer

Yolo!

1N4007

pLCBUZO 8 Q1
05 S8050
R4l
100
GND

Figure 4.5 Buzzer Control Circuit

When the alarm interrupt occurs, the MCU outputs the square wave of 0.256 kHz from PCLBUZO0 to the buzzer control
circuit to make the buzzer sound.
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4.5 DC Vibrating Motor Control Circuit
Figure 4.6 shows the schematics of the DC vibrating motor control circuit.

CON3
2 Q9 sS850 R9

VD |I+ ono

100

Figure 4.6 DC Vibrating Motor Circuit

When the alarm is generated, one 1/0 pin output a high level to drive the motor to produce a strong vibration.

4.6 BLE Module PMOD interface and Power Control Circuit
Figure 4.7 shows the schematics of BLE module PMOD interface and power control circuit.

BVDD VDD

R40 P60
ci
CONG 10K
0.1uH L0 vop
ND
GND| 2l oo WVDD,y 100
> oL TP
—RX0 57 pi2/TxDo 4
<51 pavinTP3 0% i
GID BLE IRLML6402  BVDD

Figure 4.7 BLE Module PMOD Interface and Power Control Circuit

P60 is used to control the power supply ON/OFF to the RL78/G1D BLE module. UARTO is used to communicate with
RL78/G1D BLE module.

4.7 Box LEDs Control Circuit
Figure 4.8 shows the schematics of the box LEDs control circuit.

VDD
1

Figure 4.8 Box LED Control Circuit

Seven lights correspond to seven cells. When the RTC alarm interrupt occurs, the corresponding LED of weekday will
be ON. For example, LED1 will light up on Monday and LED7 will light up on Sunday.
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4.8 4-Digit 7-Segment LED Display Circuit

Figure 4.9 shows the schematics of the 4-digit 7-segment LED display circuit.

CON2
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1
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S8050
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Q16

. B
8
4 bit_digital LED $8050
Q13
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Figure 4.9 4-Digit 7-Segment LED Display Circuit

The system uses a 4-digit 7-segment LED to display the real-time clock information. When an alarm occurs, or a SW1

is pressed, the current time is displayed.
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5. Software

5.1 Integrated Development Environment
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 5.1 Operation Check Conditions

Item

Description

Microcontroller used

RL78/G13 (R5F100FG)

Operating frequency

High-speed on-chip oscillator (HOCO) clock: 24 MHz
CPU/peripheral hardware clock: 24 MHz
Subsystem clock oscillator clock: 32.768 kHz

Operating voltage

3.3 V (can run on a voltage range of 2.7 Vt0 5.5 V)
LVD: reset mode, 2.45 V

environment (CS+)

Integrated development

CS+ V8.01.00 from Renesas Electronics Corp.

C compiler (€2 studio)

CC-RL V1.08.00 from Renesas Electronics Corp.

5.2 Option Byte

Table 5.2 summarizes the settings of the option bytes.

Table 5.2 Option Byte Settings

Address Value Description
000COH/010COH 11101111B Watchdog timer counter operation disabled
(counting stopped after reset)
000C1H/010C1H 01011111B LVD reset mode which uses 2.45 V (2.40 V to 2.50 V)
000C2H/010C2H 11111000B HS mode, fHoco: 24 MHz
CPU clock fcik: 24 MHz
000C3H/010C3H 10000100B Enables on-chip debugging
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5.3 Operation Outline

The tasks of the entire system are listed as below: Reset/initialization, IDLE mode, normal mode, alarm set mode, RTC
calibration mode, alarm process mode, take pill record mode, battery voltage checking mode, and Data Flash adjust
mode.

Figure 5.1 shows the block diagram for the tasks transition.

Reset /

Initialization

Alarm Process
Alarm Set Mode

Data Flash Adjust
Mode

Taking Pill Record
Mode

RTC Calibration
Mode

Battery voltage
checking mode

Normal Mode

Figure 5.1 Tasks Transition Block Diagram

(1) Reset / Initialization

When the smart medicine box is powered on, it will enter the initialization operation. The UART module, RTC,
INTPO~1, ADC modules and 1/0O pins will be initialized. The RL78/G1D BLE module will be reset and the 4-digit 7-
segment LED will be ON. After that, the smart medicine box enters the battery voltage checking mode firstly.

(2) IDLE mode

When the system finishes all operation (transferring data via UART, turning off LED, etc.), it will enter IDLE mode. In
this mode, the STOP command will be implemented. Any interrupt (UART receive with SNOOZE mode, RTC interrupt,
INTP interrupt) can make the system exit from STOP mode. The system will transfer to other modes according to the
interrupt request source. If no other interrupt occurs, the system will remain the IDLE mode.

(3) Normal mode

In normal mode, the 4-digit 7-segment LED is ON for 10 seconds. The system will return to the IDLE mode after 10
seconds.
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(4) Alarm set mode

The system receives the command of setting alarm from the RL78/G1D BLE module and updates the alarm minute
register (ALARMWM), the alarm hour register (ALARMWH) and the alarm week register (ALARMWW) according to
the current time and other alarms' time information which have been set already. After that, the latest alarm time data
will be stored in Data Flash as a new record. Then, the system will return to the IDLE mode.

However, there are 4 blocks of Data Flash area (1 KB * 4 blocks). Reducing the erasing time can help extend the usage
life cycle of the Data Flash. So, if one block is full after adding the new record of alarm time, the system will enter the
Data Flash adjust mode.

(5) RTC calibration mode

The system receives the command of RTC calibration from the RL78/G1D BLE module and updates the registers of
second count register (SEC), minute count register (MIN), hour count register (HOUR), day count register (DAY),
week count register (WEEK), month count register (MONTH), year count register (YEAR) according to the calibration
information sent by mobile app in real-time. Then, the system will enter the normal mode.

(6) Data Flash adjust mode

When the current Data Flash block is full, the system will search the latest records of 3 alarms and copy the records to
the next block. After that, it will erase the current block. Then, the system will return to the IDLE mode.

(7) Alarm process mode

When the RTC alarm interrupt occurs, the system generates notification sound with buzzer and displays the bright light
in corresponding number of pill boxes according to the week day information. At the same time, the vibration motor
starts vibrating.

If the user presses the taking pill record key (SW1) within 60 seconds, the system will enter the taking pill record mode.

If the user doesn't press the key within 60 seconds, the system will return to the IDLE mode.

(8) Take pill record mode

In this mode, the smart medicine box records the taking medicine status for the current reminding time. Then, the
system will return to the IDLE mode.

(9) Battery voltage checking mode

When the RTC constant-period interrupt (period: 1 hour) occurs, the system checks the battery voltage by A/D
converter. If the battery voltage checking command is received, the battery voltage high/low status will be sent to the
mobile app via BLE through RL78/G1D BLE module. If the battery voltage is lower than 2.5 V, the buzzer will sound
for 400ms every 1 minute.
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5.4 Flow Chart

541 Main Processing
Figure 5.2 to 5.9 shows the flowchart for main processing routine.
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Figure 5.2 Main Processing (1)
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RL78/G13
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Figure 5.3 Main Processing (2)
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Figure 5.4 Main Processing (3)
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r_rtc_calibration(cmd_temp)

\ 4

current_alarm_num =
r_update_current_alarm_setting()

next_mode = RTC_CAL
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v
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Figure 5.5 Main Processing (4)
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Figure 5.6 Main Processing (5)
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R_PCLBUZO0_Stop();
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Figure 5.7 Main Processing (6)
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Figure 5.8 Main Processing (7)
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BatVoltage =r_get_battery_voltage();
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Figure 5.9 Main Processing (8)
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5.4.2 BLE Main Sequence Chart
The main sequence chart is shown in Figure 5.10.

Local Device asa Slave

Remote Device as a Master

Host MCU BLE MCU
(RL78/G1D) Smart Phone
APP [ (ﬁ CIJ_SItE) ] [ (choLrE) ]
Stepl. rBLE Initialize )
I I I
Step2. GAP Initialize )

Step3. Broadcast

Step4. Connection

Step5. Profile Enable )

Step6. Remote Device Check )

Step7. Profile Communication

Step8. Disconnection

YAV AY YT YA YE

(Go Back to step3. Broadcast) )

Figure 5.10 The BLE Main Sequence Chart
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6. Sample Code

The sample code is available on the Renesas Electronics Website.

7. Reference Documents

RL78/G13 User's Manual: Hardware (RO1UH0146)

RL78 Family User's Manual: Software (R01US0015)

Bluetooth® Low Energy Protocol Stack RL78/G14 Host Sample (R0O1AN2807EJ0121 Rev.1.21)

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

Technical Updates/Technical News

(The latest information can be downloaded from the Renesas Electronics Website.)

All trademarks and registered trademarks are the property of their respective owners.
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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. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to
stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be adequate. When it is dry, a
humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity. Semiconductor devices must be stored and
transported in an anti-static container, static shielding bag or conductive material. All test and measurement tools including work benches and floors must be grounded.
The operator must also be grounded using a wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions must be taken for printed

circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or 1/0 pull-up power
supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements. Follow the guideline for

input signal during power-off state as described in your product documentation.
4. 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 the 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.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program execution, wait
until the target clock signal is 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. Additionally, 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.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi (Max.) and Vix
(Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed, and also in

the transition period when the input level passes through the area between Vi (Max.) and Vix (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these addresses as the

correct operation of the LSI is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems. The
characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms of 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.

10.

11.
12.

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.
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.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
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.
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.
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.
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.
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.
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.
It is 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.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

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

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.
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