LENESAS APPLICATION NOTE

RL78/G13 RO1AN4261EC0100
N Rev.1.00
Smart Medicine Box Nov. 30, 2018

Introduction

This document describes a Renesas microcontroller RL78/G13 application for a smart medicine box.

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.

RO1AN4261EC0100 Rev.1.00 Page 1 of 39
Nov. 30, 2018 RENESAS



RL78/G13 Smart Medicine Box

Contents
L. DS CIIPLION o 3
R R Y o =3 £ - Vo PRSPPI 3
1.2 Specifications and Main Technical ParametersS........cccooccvviiiiiee i 3
2. RL78/GL3 MICIrOCONTIOIIET oottt e e e e e e e e e e ennes 4
b R = 4 T e I = Lo ot 1 =T 1 = o PRt 4
2.2 KBY FRATUIES ...ceii ettt e et e e e e e s e et e e e e s e e e e et e e e a e e e e e e e e aannne 5
2.3 Pin CONTIQUIALION ..ottt e e e e ettt e e e e e e e e st e e e ae e e s e snnnbeeeeaaeeesannnee 6
3. SYStEM OULHNE oo, 7
3.1 PrinCiple INTrOQUCTION ...ciiiiiiie ettt et e e s bb e e e s eaneae s 7
3.2 Peripheral FUNCLIONS 10 D8 USEA .......oeiiiiiiiiii e 9
3.3 PINS IO DB USEA ...ttt e e e e e e e e e e e e re e e e e e e an 10
3.4 What YOU Need t0 GEt STAMEA ......eeiiiiiiiiiiiieiie e e e ae e e e e e e as 11
3.5 OPErating INSTIUCTIONS . ..ciiiiiiiie ittt s s et e e s et e e s e nbe e e e e nbe e e e enreas 14
N = L0 ATV PSP 20
4.1 POWEE SUPPIY CIFCUIT ..ttt e ettt e e e e e e s ab bt e e e e e e e e e annbbbeeeaeae e s 21
4.2 Battery Voltage DeteCtion CilCUIT.......cciii it e e e e e e e e reeaee e s 21
4.3  Function Key DeteCtion CIFCUIL .....uuiiiieiiiiciiiiieeee e st e et e e e e e e s s e e e e e e s snnrnraeeeeee e s 22
A = 10 74~ G O o ¢} 4 oY I O 1 o] U T SRR 22
4.5 DC Vibrating Motor Control CirCUIT.........ooiuiiiiiiiiie e 23
4.6  Wi-Fi Module Power Control CirCUIT........oouuiiiiiieeeie it e e e ee e e e e 23
4.7 BOX LEDS CONTIOl CIrCUIT ..eiiiiiiiiiiieiiie ettt e ettt e e e e e e nbr e eeaaae e s 23
4.8 4-Digit 7-Segment LED Display CirCUIt.......cuuveiiieeiiiiiiiieeee et e e e e e snrnaneeea e 24
TR 1o ) ALY = = PP 25
5.1 Integrated Development ENVIFONMENT ........uiiiiiiiiiiiiiiiee e a e 25
L © o) (0] I =37 (SRR 25
5.3 Operation OULIINE ........uuiiiiiee e e e e e e e e e s st r e e e e e e s srnrrrerreaaeanan 26
Lo 10 1LY @ 1 - SRR 28
5.4.1  MAaIN PrOCESSING . .uueeiiiiiiiiee ittt ettt ettt et e a et e e s et e e s aab b et e e eab b et e e anbbe e e s anbeeeeannneas 28
5.4.2 UART Receive Interrupt SUD-ROULINE ..ot 36
6. SAMPIE COUER ettt e e et e e e e e e e e e e 38
7. Reference DOCUMENTS . ..oooiiiiiiiiiiiiiii ettt e e 38
RO1AN4261EC0100 Rev.1.00 Page 2 of 39

Nov. 30, 2018 RENESAS
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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 USB power supply (5 V) or 3V (2 AA batteries)

e Operating Voltage (MCU) 3.3V

e Alarm Sound Over 80 dB

o  Wi-Fi 2.4 GHz

e Operating Temperature: Ambient temperature

e Power Consumption (Whole System): 71.6 pA (STOP mode, Wi-Fi module is powered off)

Specifications

e Function: Connect to Renesas 10T Sandbox via WeMos ESP8266 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

Program Flash
up to 512KB

SRAM
up to 32KB

Data Flash
up to 8KB

System

DMA
4ch

Interrupt Controller
4 Levels, 20 pins

Clock Generation
Internal, External

RL78 16-bit CPU
32MHz 41DMIPS

CISC Harvard Architecture
3-stage Pipeline

Four Register Banks

16-bit Barrel Shifter

Safety Analog
RAM ADC
Parity Check 10-bit, 26¢ch

ADC

Self-diagnostic

Internal Vref.

POR, LVD Cl.odf Temp. Sensor
Monitoring
Memory
MUL /DIV/MAC CRC Communication
Debug 8 x12C
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 x8) x4 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 I/O [withstand voltage of 6 V]: 0 to 4, N-ch open drain I/O [Vop withstand
voltage EVoo 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

CSl: 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 <16 bits = 32 bits (Unsigned or signed)

32 bits +32 bits = 32 bits (Unsigned)

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

Standby function: HALT mode, STOP mode, SNOOZE mode

Power supply voltage: Vpp=1.6t05.5V

Operating ambient temperature: Ta = -40 to +85C
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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 WeMos ESP8266 module (Wi-Fi moduleN°®) and a
mobile app. Via a Wi-Fi module, it can link to the Renesas 10T Sandbox. Figure 3.1 shows the system connection and
communication diagram.

Renesas
loT Sandbox
Mon. Tues. Wed Thur. Fri i i 5
g ! i ESP8266

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 MQTT
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 Wi-Fi link when a
recording key is pushed.

Figure 3.2 shows the MCU board block diagram.

Note: The WeMos D1 module may not be a certificated device for emitting the radio frequency in some regions. You
need to do the certifications (like FCC / CE / TELEC) by yourself if it is necessary.
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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 WeMos ESP8266 module.

Real-time Clock Real-time clock counting and generate alarm time interrupt.

A/D converter Detect the switch battery voltage.

PCLBUZO Control the buzzer to sound.

INTPO The switch input (SW3) to receive the demand of power ON/off the Wi-Fi
module

INTP1 The switch input (SW1) to record taking pills action or wake up the
system

INTP2 The switch input (SW2) to send the demand of configure the Wi-Fi
module

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

Channell of TAUO 20 ms interval timer as the timer for key dithering elimination.

Channel2 of TAUO 200 ms interval timer as the WeMos ESP8266 module reset 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.
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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

P21~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/RXDO0, P12/TXDO0O UART communication interface with the WeMos ESP8266
module

P41/TO07 Control DC vibration motor

POO Control the RESET pin of the WeMos ESP8266 module

P60 Control the Wi-Fi module power on/off

P31/PCLBUZ0 Control the buzzer

P10, P13~P17, P30, P70~P73, P146, Control 4-digit 7-segment LED

P147

P137/INTPO Switch input of “SW3”

P50/INTP1 Switch input of “SW1”

P51/INTP2 Switch input of “SW2”

VoD 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 I/O for flash memory programmer/debugger

RESET Reset pin

RO1AN4261EC0100 Rev.1.00 Page 10 of 39

Nov. 30, 2018 RENESAS



RL78/G13

Smart Medicine Box

34 What You Need to Get Started

e Renesas RL78/G13 smart medicine box demo board

e Wi-Fi Internet access (2.4 GHz only)

e ESP8266 WeMos D1 Mini board, v.2.3.0
https://wiki.wemos.cc/products:d1:d1 mini

e Windows PC

e 2x Micro USB data cable

e WeMos ESP8266 module bin file: main_smb_iot_sandbox_no_tls.ino.d1_mini.bin

o esptool.exe flashing tool

https://github.com/Medium-One/m1_cloud_io/blob/master/esptool.exe

e 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://www2.renesas.cn/products/software-tools/tools/programmer/renesas-flash-programmer-

programming-qui.html) .

Download rl178g13_smart_medicine_box.mot file (in the folder of “X:\..\Source Code\Program file”) according to the

instruction of Renesas Flash Programmer.

e
File  Device Information  Help

Operation Qperation Setting Block Setting Flash Option Connect Setting Unique Code

Froject Information
Curvent Froject: 123.¥pj

REF100FE

Microcontroller:

e Create New Project - *
Frog

E Ereject Information

é Renesas Flash Programmer V3.02.01 (Free-of-charge Edition) - X

File  Device Information  Help

Operation (Qperation Setting Block Setting Flash Option Comnect Setting Unique Code

Froject Information
Current Froject

REF100FE

Microcontroller

Progran File

smart_medioine_box rpj

25+l 78213 smart_medi cine_box\DefaultBuildirl 78213 _smart medicine box. mot

Browse. ..

Flash Operation

Erase > Program >> Verify

CRC—32 : ECTCCE2L

Start

Microcontroller: EL7S ~
Flas Project Hame: |smart_medicine_box |
Br| Project Folder: |D:\nyRFFproject | [ Browse r
[ Communi cation
Tool: E1 v Interface | wire UART [JW#ide Voltaze
Toel Fum: AutoSelect Fower: Home
Renesas
Loading P
Connect Cancel

Clear status and message

Werifing data
[Code Flash 1] 0x00000000 - 0x000003FF
[Code Flash 11 0x00002000 - 0x00003BFF
[Code Flash 1] 0x00000000 - 0x0000D3FF
[Code Flash 11 0x0000FCO0 - 0x0000FFFF
[Data Flash 1] 0x000F 1000 - 0x000F 15FF

Digconnecting the tool
(Operation completed.

size: 1K
size: 7K
size: 1K
size: 1K
size: 1K

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.
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STEP 2. Flash the WeMos ESP8266 module

Connect (via 2x Micro USB data cable) the ESP8266 board into Windows PC. Install Windows USB driver
(https://wiki.wemos.cc/downloads) for WeMos board, which will allow the Windows PC to communicate with and
flash the WeMos board.

Open the device manager. Under the 'Ports' dropdown, the USB Serial Port # (COM#) of WeMos ESP8266 Module can
be got.

Open the Command Prompt and change directories into the folder (“X:\..\Source Code\WiFi Module\esptool flashing
tool””) where the files of main_smb_iot_sandbox.ino.d1.bin and esptool.exe tool are in.

In the command window, copy and paste the following command and replace COM8 with your COM# then press
"Enter".

esptool.exe -vv -cd nodemcu -cb 921600 -cp COM8 -ca 0x00000 -cf
main_ smb_ iot sandbox.ino.dl.bin

s of data

closing

r1al port time
al port t1imeou to 1000 ms

Figure 3.4 Program WeMos ESP8266 Module
If the flash is programmed 100%, the WeMos ESP8266 module is ready.

STEP 3. Connect RL78/G13 smart medicine box demo board and the WeMos D1 mini board.
Connect RL78/G13 board with the WeMos ESP8266 module. The pins connection is shown in Table 3.3.

Table 3.3 Pins to be Used

Pins on RL78/G13 MCU Board (CON5) Pins on WeMos D1 Mini Board

Pin No. in CON5 RL78/G13 pin ESP8266 pin Function
1 Vbb 3Vv3 3.3V
2 P11/RXDO D7 GPIO13 (software TXD)
3 P12/TXDO D6 GPIO12 (software RXD)
4 P60 RST Module Reset
5 Vss G GND
RO1AN4261EC0100 Rev.1.00 Page 12 of 39
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STEP 4. Install mobile app
Open the installation file of “Smart Medicine Box.apk” and install the app in the android mobile.

G 5 B RIS %0 88% W 18:36

Smart Medicine Box

Smart
Medicine B...

Please add your smart medicine box

CE O oD

Phone Messages  Contacts Internet Camera

f L

= 7
U o 5 Reminder Record More

Figure 3.5 Installation of the Mobile App

About the MQTT information for each demo
In the sample program, some medicine boxes ID and MQTT ID and password have been registered. Please choose one
number by the selection in the smbinfo.h file, which is shown in Figure 3.6.

If users want to change the smart medicine box 1D, please rebuild the project in CS+ or e?studio to generate the mot file
again. Then implement step 1 and step 2 again to program the MCU flash and WeMos module flash again.

* File Name : smbinfo.h

* Version T V1.00.00

* Device(s) : RSF100FE

* Tool-Chain : CCRL

* Description : This file declares smart medicine box device ID and MQTT information.

* Creation Date: 2018/6/6

ek e e e o e o e o e o o o e e e v v e e vk e vk e v e ok e ok o ok o o e o e o o ok o e e o e e o o o ok e ok e o e ok ok ok o ok o ok

//#define SMBOO1
//#define SMBOODZ2
//#define SMBOO3
//#define SMBOO4
//#define SMBOO0OS
//#define SMBOOG6
#define SMBOO7

//#define SMBOOS
//#define SMBOOYS
//#define SMBO10

Figure 3.6 Smart Medicine Box ID and MQTT Information Selection
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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 Veat). Power on the smart medicine box, it will enter the initialization operation. The WeMos ESP8266
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) The WeMos ESP8266 module should be configured first. The LED on the Wi-Fi module will blink at different timer
intervals to indicate the different working status, which is shown in Table 3.4.

Table 3.4 Wi-Fi Module Working Status Indication

Wi-Fi module LED blinking interval Wi-Fi module working status description
4s Wi-Fi connection is failed.
1s Wi-Fi connection is successful.
MQTT connection is successful.
500 ms Wi-Fi connection is successful.
MQTT connection is failed.
100 ms In Wi-Fi ssid and password setting processing

When SW?2 is pressed for over 1 second, the RL78/G13 will send the Wi-Fi set command to the WeMos module, then
the WeMos module enters the Wi-Fi setting mode. The Wi-Fi ssid and password can be set through the mobile app. The
smart medicine box device ID and MQTT connecting user name and password will be sent to mobile app as well.

Press the switch of P51/INTP2 (SW2) on the smart medicine box for over 1 second to let the WeMos module enter the
Wi-Fi setting mode. Open the mobile app and click the “More” and “Add Box” buttons. Enter the local Wi-Fi ssid and
password, with which the WeMos ESP8266 module can connect to the router. This setting procedure is shown in Figure
3.7.

Eom - B RING 10 88% W 18:37 Eom - $ RINE 544 88% W 18:37 Eom - 3 RINE 74 88% W 18:38
Smart Medicine Box Smart Medicine Box Smart Medicine Box
WirFi Please select WiFi Wi-Fi Renesas Router
pod B Password Password 12345678
oK oK
year and |

Reminder Record More = 8] M

Figure 3.7 Config the Smart Medicine Box Wi-Fi

When the WeMos module is connected to the broker (Renesas 10T Sandbox) successfully, the LED on the Wi-Fi
module will blink at 1 second interval when the network connection is successful. If not, please delete the medicine box
and add it again according to the step 2.

RO1AN4261EC0100 Rev.1.00 Page 14 of 39
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(3) MQTT protocol is used for communication within the smart medicine and mobile phone app. When the smart
medicine box is added successfully, the real-time calibration message will be sent to the smart medicine box via MQTT
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. At the same time, RL78/G13 will send the response through MQTT to the mobile app to
indicate that the smart medicine box is on-line.

The smart medicine box’s on-line or off-line status will be checked automatically. If the smart medicine box is on-line,
the “Add” and “Clear” button will be enabled. If the smart medicine box is off-line, check the LED blinking status on
the Wi-Fi Module. Check the Wi-Fi and network connection and wait until the LED blinks at 1 second interval, click
the “Reconnect” button again. Or go back to (2) to add the smart medicine box again. This setting procedure is shown in
Figure 3.8.

LQom . BRI 0.1 87% W 18:43 @om

Smart Medicine Box Smart Medicine Box

Smart medicine box is off-line.

Connecting... Please add a reminder.

OK

Add Clear

L L

Reminder Record More

f L

Reminder Record More

Figure 3.8 Smart Medicine Box On-line Checking
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(4) 3 reminder times (maximum) can be set on the mobile app and the message will be sent to the smart medicine box
via MQTT to remind the patient to take the medicine. Each reminder time information will be also stored in Data Flash.

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 3.9.

Eom

FELE FELE

Smart Medicine Box

Smart Medicine Box Smart Medicine Box

Hour Minute

Lfg Reminder Time:09 : 00

18 o [/Q Reminder Time:18 : 00

ICD Reminder Time:22 : 00

Please add a reminder.

Add Clear Add Clear

# 5 # 5

Reminder Record More Reminder Record More

Figure 3.9 Setting 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 MQTT. This setting procedure is shown in Figure 3.10.

FELE

Smart Medicine Box

Smart Medicine Box

(/9 Reminder Time:09 : 00
[/9 Reminder Time:18 : 00

)y

[/'\) Reminder Time:22 : 00

p o

lear all reminders? -
Cle Please add a reminder.

Add Clear Add Clear
e 5 f 5
Reminder Record More Reminder Record More
Figure 3.10 Deleting Reminder Time
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(5) 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), the smart medicine box will upload the medicine record timeline to the

mobile app via MQTT through WeMos module.
Click “Record” on the mobile app, the taking medicine records can be viewed as shown in Figure 3.11.

@om . BRI 2 87% W 18:42

Smart Medicine Box

17:40 Sep-27
15:40 Sep-27
14:34 Sep-27
14:10 Sep-27

0000

f L

Reminder Record More

Figure 3.11 Taking Pill Records

(6) 4-digit 7-segment LED is used to display the real-time data. Each time the switch of SW1 is pressed or any interrupt
occurs, the 4-digit 7-segment LED will be ON for 10 seconds.
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(7) 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 command is received, RL78/G13 MCU will send the battery voltage data to the
mobile app via MQTT through WeMos module.

Click “More” and “Check the battery capacity” button. 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 3.12.

@om . Wom - BRI . 87% W 18:44

Smart Medicine Box Smart Medicine Box

Delete BOX Delete BOX

I ST R I Check the battery capacity B
Time Correction
Time Correction
Battery voltage is low. Please
change the battery.
® - L -
Reminder Record More Reminder Record More
Figure 3.12 Checking Battery Voltage
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(8) 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 MQTT
automatically. 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 3.13.

E@om - BRI 2. 87% W 18:44 o B RINE .0 88% 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

f® LH " LH

Reminder Record More Reminder Record More

Figure 3.13 Time Correction and Delete Box

(9) When the system is powered via batteries, in order to reduce the power consumption, the WeMos ESP8266 module
can be powered off by pressing SW3. 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 WeMos module will be powered on

again.

RO1AN4261EC0100 Rev.1.00 Page 19 of 39
Nov. 30, 2018 RENESAS




RL78/G13 Smart Medicine Box

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 WeMos ESP8266 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

WeMos ESP8266 Module sSwi

Buzzer
Sw4
RL78/G13 1SL9120
LED*7 (Box number)
Mon. Wed.
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.

VDD C7

Iﬂﬂl- GND
8
220F

R23

|I' eND
60.4K
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LX1 & 5 T VBAT+ [ 1] |
= VIN | [ - eno
4l vq 1 I*tcw .
— VIN Li-2
T W @ 150uF CON4
Q I 2 10uF
g 8 © ol UsB 5V 1
N ~ oo 2
SWITCH g
4
USB_5V

GND

Figure 4.2 Power Supply Circuit

1ISL9120 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 3V battery voltage is boosted to 3.3 V by ISL9120, which provides the power supply for the entire system circuit:
MCU, the WeMos ESP8266 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 R12 Q18

VBAT+ —L 11—

100K
BAT_ANI

|l oD

S8050

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_REC/WAKE

swi
— RS
—o0
10K
SW2_WIFI_SET
swW2
—_— R6
GND I||—‘—° - voD
10K
SW3  _SW3_WIFI_ON/OFH
e
Lo

10K

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 WeMos ESP8266 module.

The falling edge of the SW2 key is used to inform the MCU to send the Wi-Fi module configuration command to the
WeMos ESP8266 module.

The falling edge of the SW3 key is used to inform the MCU to power off the Wi-Fi 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.

GND

Figure 4.5 Buzzer Control Circuit

When the alarm interrupt occurs, the MCU outputs the square wave of 0.512 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

R9

It enD

100

Figure 4.6 DC Vibrating Motor Circuit

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

4.6 Wi-Fi Module Power Control Circuit
Figure 4.7 shows the schematics of Wi-Fi module power control circuit.

VDD CONS
RAO \wi.Fi oNjOFF WIFL RST 1 [ 16
S 2 15
oK 2 A0 RX—2
D0 sCLDI—3
RXDO 5| Bgﬁ/ﬁgo SDA Bg 7
TXD0 6 m
& p7/Mos! Da—H— !
£, D8 GND—°—| ' GND
8 9
kﬁ/ 3v3 5V
Q20 ESP8266_WEMOS
IRLML6402

Figure 4.7 Wi-Fi Module Status Control Circuit
P60 is used to control the power supply ON/OFF to the WeMos ESP8266 module.

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

VDD

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.
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; 8050
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4_bit_digital LED $8050

Q15

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 switch
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 (R5F100FE)

Operating frequency

High-speed on-chip oscillator (HOCO) clock: 16 MHz
CPU/peripheral hardware clock: 16 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

Integrated development
environment (CS+)

CS+ V6.01.00 from Renesas Electronics Corp.

C compiler (CS+)

CC-RL V1.06.00 from Renesas Electronics Corp.

Integrated development
environment (e? studio)

e? studio V6.1.0 from Renesas Electronics Corp.

C compiler (e? studio)

CC-RL V1.06.00 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 11111001B HS mode, froco: 16 MHz
CPU clock fcik: 16 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

IDLE Mode

Alarm Set Mode

Alarm Process

Data Flash Adjust
Mode

Taking Pill Record
Mode

RTC Calibration
Mode

Battery voltage
checking 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~2, ADC modules and 1/0 pins will be initialized. The WeMos ESP8266 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. Then, the system will enter the normal mode.
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(3) Normal mode

In normal mode, the 4-digit 7-segment LED is ON for 10 seconds. The system will transfer to other modes according to
the interrupt request source. If no other interrupt occurs, the system will return to the IDLE mode after 10 seconds.

(4) Alarm set mode

The system receives the command of setting alarm from the WeMos ESP8266 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 normal 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 WeMos ESP8266 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 return to 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 normal 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.

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 normal mode.

(8) Take pill record mode

The smart medicine box will publish a message, which means the user has taken the pill on time, to the mobile app via
MQTT through WeMos ESP8266 module. Then, the system will return to the normal 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 data will be published to the mobile
app via MQTT through WeMos ESP8266 module. If the battery voltage is lower than 2.5 V, the buzzer will sound
every 1 minute.
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54 Flow Chart
5.4.1 Main Processing

Figure 5.2 to 5.9 shows the flowchart for main processing routine.

o D

L]

System initialization
R_Systeminit();

Reset WiFi Module

L]

Periphery functions start
R_UARTO_Start();
R_RTC_Start();
R_INTCO_Start();
R_INTC2_Start();
R_INTC1_Start();

L]

RAM variables initialization
r_ram_var_init();

L]

Start receiving command head
R_UARTO_Receive(rx_buffer,
CMD_HEADER);

!

4-digit 7-segment led display
initialization

v

mode = BAT_VOLTAGE;

|

case
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Figure 5.2 Main Processing (1)
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U RTTr

finished?

Yes

Turn off all LED

v

R_TAUO_Channel0_Stop();

v

STOP();

v

r_normal_mode_start();

v

mode = NORMAL;

Y

10s timer is up?

y

mode = next_mode; mode = IDLE
next_mode = NORMAL;

A

Figure 5.3 Main Processing (2)
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eleting alarm No

command?

A 4

r_del_alarm(cmd_temp); r_set_alarm(cmd_temp);

l¢ I

current_alarm_num =
r_update_current_alarm_setting();

v

valid_index = r_pfdl_update(cmd_temp);

Yes

urrent block of Da
Flash is full?

A 4

No next_mode =
DATA_FLASH_ADJ;

A

Send OK message
R_UARTO_Send(ok_tx_buffer
, OK_CMD_SIZE);

v

r_normal_mode_start();

next_mode = Yes
ALARM_SET
v
No next_mode = NORMAL:
I
v

mode = next_mode;

Figure 5.4 Main Processing (3)
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r_rtc_calibration(cmd_temp);

h 4

current_alarm_num =

r_update_current_alarm_setting();

h 4

Send OK message
R_UARTO_Send(ok_tx_buffer
, OK_CMD_SIZE);

y

r_normal_mode_start();

next_mode = RTC_CAL

Yes

No

y

next_mode = NORMAL;

h 4

mode = next_mode;

Figure 5.5 Main Processing (4)
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60s timer is up?

Yes

R_PCLBUZO0_Stop();

A

Turn off all LEDs

A

current_alarm_num =

r_update_current_alarm_setting();

v

r_normal_mode_start();

next_mode =
ARM_PROCE

No

No
next_mode != No
TAKE_PILL
Yes
h 4
next_mode =
ALARM_PROCESS;
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A

next_mode = NORMAL;
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hl

A 4

mode = next_mode;

Figure 5.6 Main Processing (5)

R01AN4261EC0100 Rev.1.00
Nov. 30, 2018

RENESAS

Page 32 of 39




RL78/G13 Smart Medicine Box

R_PCLBUZ0_Stop();

v

Turn off all LEDs and
vibration motor

A
| | r_take_pill_record(tp_tx_buffer); | |

y

Send taking pill message
R_UARTO_Send(tp_tx_buffer
, TP_BUF_SIZE);

y

current_alarm_num =
r_update_current_alarm_setting();

y

r_normal_mode_start();

next_mode = Yes

TAKE_PILL

A 4
next_mode = NORMAL;
I

No

A

mode = next_mode;

Figure 5.7 Main Processing (6)
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valid_index = r_pfdl_block_update();

next_mode =
TA_FLASH_AI

No

Yes

A 4

next_mode = NORMAL;

A

y

mode = next_mode;

Figure 5.8 Main Processing (7)
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A 4

BatVoltage = r_get_battery voltage();

batv_tx_buffer = 'bL";

v

BatVoltage >
BAT MIN_VOLTAGE

BatVoltage <
NONE_VOLTAG

batv_tx_buffer = 'bL";

A
batv_tx_buffer = 'bH";

Disable RTC constant period Change RTC constant period

interrupt

interrupt to 1 minute

Change RTC constant period
interrupt to 1 hour

o
«

next_mode =
BAT_VOLTAG

h 4

No

next_mode = NORMAL;

mode = next_mode;

Figure 5.9 Main Processing (8)
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5.4.2 UART Receive Interrupt Sub-Routine
Figure 5.10, 5.11 show the flowchart for UART receive interrupt sub-routine.

Cr_uano_cal Iback_receiveend())

!

Yes

- - Receive command header ? No
(A command header is received) (Command data
are received)
= > Start receiving alarm set data >
! P Startreceiving RTC calibration data >
‘m > Start receiving smart medicine box >

device ID or MQTT information command

Command header?

b Start receiving battery checking
command

default Invalid command header ple |

Start receiving command header data

e D

Figure 5.10 UART Receive Interrupt Sub-Routine (1)
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a - next_mode = ALARM_SET ‘ |
"| Copy command data to command buffer

i next_mode = RTC_CAL
> | ! >

Copy command data to command buffer

Command header?

> next_mode = BAT_VOLTAGE —>
default -
A 4
Start receiving command
header data
A 4
B
Copy command data to command buffer
|
medy, Send MQTT praject ID >
SUECEEY Send MQTT user ID —P
mank
— Send MQTT API Key .
ommant
data? —= | Send MQTT user registered password ———
mid
" »| Send smart medicine box device ID ————
A 4

Figure 5.11 UART Receive Interrupt Sub-Routine (2)
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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)

(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. 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 LSl 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. Nolicense, 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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. 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.

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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