RE N ESAS Application Note

Renesas RA family

RAG6T1 Motor Failure Detection Example by TensorFlow Lite for
Microcontroller

Introduction

This document describes Al based failure detection example at BLDC motor system with Google TensorFlow
Lite for microcontroller. With Renesas RA6T1 Motor Starter Kit, supported software tools, and external
Motor Bench, small Al running on RA6T1 eastly detects anomaly condition when the motor system
encounters hardware problem. this example will show developer how Al model will be created and integrated
into real system and will become first step to design predictive maintenance solution with real system.

Because the example is reference only and Renesas Electronics does not guarantee the operations resulting
from use of these instructions.

Supported Kit
RSSK-RA6T1

Supported FSP Version
FSP v 2.0.0 or later
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1. Overview

Figure 1-1 Motor Failure Detection Example System Block Diagram shows the high-level system block
diagram of the RA6T1 Motor Failure Detection Example with TensorFlow Lite for micro. This is an e-Al based
motor system containing the learned DNN and brushless DC motor control MCU software. The judgment
result is displayed on the PC software.

MCU
4 ™\

_ | Motor '
Vector * PWM "| driver _P@

Al inference sensor-less Motor &
result
motor control Load
ADC

v
Serial Comm | Al Pre-

. | —
inference process /

Shunt
resistors

Figure 1-1 Motor Failure Detection Example System Block Diagram

1.1 Pre-Processing
The Pre-Processing in this example performs the following operations.

1. Collect AD converter values of the three-phase current and generate an FFT frame.
2. Pre-processing before learned DNN input data

A. FFT processing of data frames (frequency spectrum generation)

B. Feature point extraction from frequency spectrum (learned DNN input data generation)
3. Al inference

The system’s brushless DC motor control employs the sensorless vector control method to monitor the 3
shunt current control with the A/D converter. In this system, focusing on the fact that the waveform of the 3
shunt current changes depending on the state of the motor, this 3 shunt current is used as the input of
trained DNN. A/D conversion values are accumulated for a fixed time to obtain waveform data on the time
axis.

In input data pre-processing, a frequency spectrum is generated via FFT making it easier for Al to detect
feature points of the 3 shunt current waveform. The FFT inputs data units with coefficient of 2 as one frame,
but also generates a frame to partially overlap the preceding and following frame to detect changes at frame
breaks. This is a common method often referred to as “overlap analysis.” In addition, in the e-Al system with
limited storage area, reduction of the DNN network layer is a benefit, allowing extraction and use of areas
around the input data feature point.
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1.2 Al Inference by TensorFlow Lite for microcontroller

TensorFlow Lite for Microcontrollers (TFLu) by Google is tool for embedded engineer to run TensorFlow
models at microcontroller. it is portable, small memory footprint and supporting useful features for embedded
Al.

here is list of features.

Has compatibility with TensorFlow

Made for Microcontrollers: it supports BareMetal system and run without RTOS.

Open source project: source file, examples can be cloned from GITHUB. Supporting ARM CMSIS NN
Low memory footprint and easy to optimize system: operations can be selected to reduce memory.
Supports Post-Training Quantization

C++11: MCU Tool chain can support

Further detail can be found at https://www.tensorflow.org/lite/microcontrollers

In this example, simple Al by TFLu is made to detect normality and anomality by following layers.
(1) Input layer FFT-processed U-phase shunt current data is input to the input layer
(2) Hidden layer The hidden layer uses the fully connected layer.

(3) Output layer The output layer outputs the probability of normality and anomality.

Figure 1-2 shows the Al model configuration.

Full connected
Input layer
Full connected
—| % Output layer
G Q<K\ = Normalcy probability(%)
Current .
C.)% = Failure probability(%)
(1)Input layer (2)Hidden layer (3)Output layer
Figure 1-2. Al Model Configuration
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RAG6T1 Motor Failure Detection Example

2. Hardware Configuration

This section discusses hardware configuration of the RA6T1 Motor Failure Detection Example demo. This
example is based on the hardware described in User’s Manual [2]: “Motor Control Evaluation System for RA
Family - RA6T1 Group” and additional two hardware for communication and motor load. All components can

be shown at
Figure 2-1. RA6T1 RSSK with Motor Bench for demonstration
Item Name Manufacturer Spec/Model No. etc. QTY
Evaluation RA6T1 CPU card Renesas RTKOEMO0000B10020BJ 1
board Inverter board Renesas RTKOEMA170C00000BJ 1
24V AC adaptor (general) refer to Inverter board doc 1
USB serial converter module | FTDI FT232RL 1
Motor Brushless DC motor Tsukasa Electric | Tsukasa Electronics Co. Ltd. TG55-L- 1
Co. Ltd. KA 24V
(bundled with Inverter board)
Motor bench Universal plate Tamiya Inc. Item No:70098
Planetary gear box set Tamiya Inc. Item No:72001
Use one 4:1 gear unit
Rubber foot (general) - 4
Air tube (general) External diameter: 4mm, internal 1
diameter 2.5mm
Cut to 52mm
Banding band (general) Width: 2mm 4
Table 2-1 List of Hardware
RO1AN5636EJ0100 Rev.1.00 Page 5 of 25
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2.1 CPU Card — USB connection module

FT232RL communication module is required between CPU card (CN10) and USB port at HOST PC.
Physical connection shown at Table 2-2 should be supported in design.

Table 2-2 USB-Serial converter cable pin connection list

FT232RL module

CN10 assignment

pin assign (CPU card)
Function Pin No. Function
X 3 RXD
RX 2 TXD
VvCC N.C -
GND 4 GND
RO1AN5636EJ0100 Rev.1.00 Page 6 of 25
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2.2 Simple motor bench assembly
This section describes how to assemble a simple motor bench. The complete bench is shown in Figure 2-2.

Universal plate ' Brushless DC

motor

Airtube | | Banding band | 'Rubber |
(Notes: 1) ‘ (Notes: 2) oot

a.Top view
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b. Side view
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c. Bottom view

Notes1. Connect the air tube before fixing the planetary gear box to the universal plate.
Make sure the tube is inserted securely into the base of the shaft.

Notes2. Tightly secure the brushless DC motor to the board with the bands.

Notes3. Screw as a stopper to fix the brushless DC motor.

Figure 2-2. Simple motor bench - Appearance
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Figure 2-3 shows the position of the holes for the banding band to secure the load motor.

Top view Bottom view

90000 STRTOTRTODTOSIOTOIDTOIDTODZRDEDDO
9900 STgprSRPTRBIBIDTOLBDIDBDIDRLS
L0 B B L B BN AL B0 B0 L AL B B L B B
L B B K B B B AL B0 UL B0 B L B B B B
e 9992 O OO
' e L L B B

19 s DBODR

rs o220

i1sssssvssssnssdonaoe
‘.....l.l.."."'i%%au;
98090998t IRIRIRIOIDIOIOIDODDIODDDDR

@ : Screw £ Nut

Figure 2-3. Simple motor bench - Parts location
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3. Software and Tools

Table 3-1 lists Software and Tools required. For Failure Detection Demo Example, Project contains Motor
application and Al application with TensorFlow Lite for Micro. Data Collection Tool and Training Tool will be

used for Al model development.

Table 3-1. Software and Tools

Item

Description

Operating Environment

OS: Windows® 10

Integrated Development Environment

e?studio Version: 2020-10 (20.10.0)

(IDE) Build Id: R20200922-0919
Tool Chain GCC ARM Embedded 8.3.1.20190703
FSP 2.0.0-alpha3+20200828.140790d2

Tools in demo package

Data Collection Tool
Training Tool
Demo Project: RA6T1 RSSK version 1.00

Demo Project can be imported into e2 Studio in following steps.

Select File and chose Import

File | Edit Source

Open File..
(3 Open Projects fr
Recent Fles

Close Editor

jose All Editors

Refactor Navigate Search Project
AltShiftsN >

om File System..

>

Curlsw
Ctrl+Shift+W.

Convert Line Delimiters

by Import..
Export.

Properties

Switch Workspace

Restart
Exit

Alt+Enter

Figure 3-1. Project Import -1

Select Projects frm Folder or Archive then go Next

& e
= Install

& Oomph
= Run/Debug
& Team

(& Tracing

& XML

s
T Renesas CC-RX/CC-RL (C5+) TOUT b

S

Figure 3-2. Project Import -2
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Chose Archive then select archive to

be imported then select Finish

o x

<k

Figure 3-3 Project Import -3

Now project is imported to your environment and it creates directory structure such as Figure 3-4. Directory

Structure Figure 3-4.

F—. settings
—ra
F—ra_cfg
F—ra_gen
F—script
L—src
F—application
—Comm_tool
L—eAl_Inference
L—tensorflow
F—tensorflow
|  F—core
L—lite
—
F—ocore
F—kernels
Fmicro

L—schema
L—third_party
—flatbuffers

F—gemmlowp
—ruy

F—benchmarks

F—examples

| L—MotorExample

L—Mode | AndInputImage
Fkernels

Fkernels_nn
F—memory_planner

L—testing

Figure 3-4. Directory Structure
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4. Failure Detection Demonstration

4.1 Overview
Figure 4-1 shows the system operation flow. The following is an overview of operations.

USB-
2“ 3 Serial
UWV A converter

Current @
> 2 Shunt -

> < Register | RAGT1 Evaluation board

Display degree of
abnormality and current

AA
YV
AA

Motor

T 24V Inverter Board waveform data in tools
PC
RABT1
Motor SIW
ADC Buffer - - Serial IF oy o
* A/D conversion value
uwy of 3-phase current
current U-phase current data * Rotation speed

e-Al Module

Preprocess
« Al inference result
* Frequency spectrum

of 3-phase current data

= FFT processing « Inference
+ detect feature points
of frequency spectrum

Figure 4-1. System Operation Flow

O Execute sensorless vector control on motor
When power is applied to the 24V inverter board, it is also applied to the RA6T1CPU board, which starts the
motor driver operations. See Reference Documents[1] for details on board operations.

@ Execute pre-processing for motor drive current data, determine anomaly using e-Al inference

1. A/D conversion value accumulation
CMT1 generates the 2kHz sampling frequency and acquires the A/D conversion value of the motor 3
shunt current. U and W phase among of 3 shunt current are input to the 12-bit A/D converter. One
frame (512 samples) of A/ D conversion values are accumulated for the FFT. From the next frame
on, A/D conversion values are accumulated by overlapping 64 samples of the previous frame.

2. Data pre-processing
The MCU performs the FFT operation using CMSIS DSP. The frequency spectrum resulting from the
FFT operation is converted into dBFS. This sample software defines 0dB = 4095 LSB Full Scale.
Next, the peak value of the frequency spectrum (excluding the DC component) and the previous and
successive 8 samples (A/D conversion values) are selected to extract the frequency spectrum
feature points.

3. Alinference
The extracted feature points are input to the trained DNN, and the probability of the two classes

RO1AN5636EJ0100 Rev.1.00 Page 11 of 25
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(normal and anomaly) are output by inference. In this example, the probability of anomality is taken
as the degree of anomaly.

FFT & Inference M
Motor controls 50us cycle

(' Current controls ) Initialization Initialization

Initialization Current yalue Apply FFT processing | | __| Send Current Data, FFT
acquisition I_. to current data | Spectrums and Result
1 | 1 | of inference
Position and .
. . | Inference with TFL | =T~ -
Speed estimation |
Main processing 1 | |
| Collect Current | |

Data

— Process Flow
= =" Data Flow

Figure 4-2. Demonstration flowchart

@ Serial communication with PC
Using CN10, data is transferred to the PC using a USB-serial converter cable.

@ Display degree of anomaly and current waveform data in tools
The received data is displayed in numerical values and graph form in the DataCollectionTool (GUI tool) on
the PC.

Figure 4-3 shows images of the system in normal and anomaly states. Normal state is defined as when the
drive motor and load motor shafts form a single line and anomaly state is defined as when the axis of the two
shafts is deviated. In this example, normal and anomaly states are recreated using a simple motor bench,
coupling the drive motor and load motor shafts with a tube.

5

Normal -
=)/

Figure 4-3. Images of Normal and Anomaly States

4.2 Preprocessing specifications

The RA6T1 Motor Failure Detection Application described in this document (referred to as “target system”
below) preprocesses motor drive current data for use as Al input data. The following outlines the
preprocessing used by the target system.

Framing

- Frames the A/D conversion value of motor drive current

RO1AN5636EJ0100 Rev.1.00 Page 12 of 25
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FFT
FFT is performed on the A/D conversion value of the motor drive current framed to detect the feature

value.
Data extraction
- Extract data in the vicinity where the feature is detected.

The following describes preprocessing performed on the actual target system.

@ shows the A/D conversion value of the motor drive current which is used as input data. This data must
be framed every 512 points. To avoid missing data when collecting data, the frames are set so that 64
points overlap the previous frame. The waveform is output for 3-shunt current.

Frame 3 (N=512)

Frame 1 (N=512) I — Frame 2 (N=512)

64 ‘
v

vV VT VYV VVTLY

=
o
-

Vi Vv ivyy vy

Figure 4-4. A/D Conversion Value of Motor Drive Current

@ Feature values cannot be detected on the time axis, so the framed motor drive current A/D conversion
value is FFT processed and converted to the frequency axis, as shown in Figure 4-5 graph (a). In the
target system, features are detected around the peak value of the fundamental frequency outlined in

yellow in Figure 4-5. Data Preprocessing Flow graph (b).

@ Atotal of 16 points before and after the peak value where the feature value was detected are extracted,
as shown in Figure 4-5 graph (c), and used as input data. Only the U phase is used as data for the Al

model.

1 Frame (N = 512) f cy spectrum(256 points)
requency spectrum(256 points Window size = 16 points

2100
s Extraction
(3 axes)

(@) (b) (C)

Figure 4-5. Data Preprocessing Flow
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5. Al Model Development Flow

Figure 5-1 shows the flowchart of Al model development. This section describes the development sequence
based on this flowchart.

C Al Model Development Start )

Get 3 shunt current A/D conversion value data — Data Collection
| - - Data Collection Tool

Preprocess obtained data

Train Al modelwith preprocesseddata

~ Al Model training and testing
- Training Tool

Test Al modelon PC

Qutput .tflite and covertto C array — Al Model translation
Write program to MCU — MCU programming
B - e2studio
Evaluate device ~ Device evaluation

- Data Collection Tool

< =~ )

Figure 5-1. Al Model Development Flowchart

5.1 Data Collection

This section describes the sequence for collecting data using the Data Collection Tool. Two types of data are
collected: data for training and data for testing. Testing data is used by the Training Tool when testing the Al
model.

Data Collection Sequence

@O Connect the PC and hardware using an FTDI-manufactured USB serial conversion cable and execute
the DataCollectionTool_for_RX.exe file. For instructions on connecting the hardware, see Reference
Document [1]. If you open the exe file before connecting the PC with a USB serial conversion cable, the
error shown in Figure 5-2 will appear on the screen.

Initial setting X

e There are no FTDI device.

Figure 5-2. Error Dialog
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@ Change Communication Setting from 5000000(default) to 3000000

5 Data Viewer

View Setting

r Sampling Parameter Settings —————————————————— Communication Settings

com AL v
Sampling Frequency [KHz] @
5T 3000000
Framo Size

Overlap Size CSV Location

C-¥CSV Location¥
e _

View Settings

Sampling Interval

Figure 5-3. Screen Shot During Data Collection

@ From the dropdown list in the lower right corner of the window, select “Save to CSV (combined).” The
Training Tool supports the CSV format output in this mode.

@ Press the START button in the lower right corner of the window to initiate data collection and display
graphs. To stop the collection and display, press the STOP button found in the same place.

& Dvta Viewer - @ =

RENESAS

View | Sefting

se) ==

2072 <

on Spood [IEIT  (rpen)
of

rent 017101

Figure 5-4. Screen Shot During Data Collection

® Next, rename the file used for collected data. Change the names of the files using the naming
convention Abnormal_No~.csv and Normal_No~.csv, as shown in Figure 5-5.

Before renaming After renaming
@ SensorData_20190902_152253_123.csv (Abnormal data) @: Abnormal_No1.csv

E33) SensorData_20190902_152310_123.c5V (Normal data) A% Normal_Not.csv

Figure 5-5. File Renaming Example
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5.2 Al Model Training

This section describes the sequences for training and testing the Al model using the Training Tool. To re-
train and test the Al model, use the training data and testing data previously collected by the Data Collection
Tool.

Al Model Training Sequence

)

Prepare three folders ahead of time and name as follows: Training data, Testing data, Al_Model. Store
the collected training data and testing data in their respective folders. The Al_Model folder is for storing
the output Al model.

Execute the e-Al_Training_Tool.exe file. Make sure the program is set to Training mode.

Specify each data folder. Specify the folder that stores the training data as “Training Data Set.” Specify
the folder created for the output Al model as the “Output Al Model.”

Click START to initiate the training. Preprocessing of the training data will start. When the progress bar
shows “100%”", preprocessing is complete and “dataframe.csv” is created in the folder where the
collected data is stored. When preprocessing finishes, the sequence proceeds to the training process.
When training finishes, “Training completed” is displayed as shown on the left in Figure 5-6. If a problem
is detected during preprocessing, operations stop and “Training failed” is displayed.

[ = Al Trsining Teol (RX66T Motor Failure Detection) - b3
@® Training O Testing
Training Data Set
Qutput Al Model

Loading and Preprocessing 00% Start

Loading and preprocessing completed.

The amount of data set i s 2650

Turacy of the trained Al model is

99.81%
The Al model is saved in C/RX66T e-Al Motor Failure
Detection Sample Software_ToolSampleData/
Al_Model

Figure 5-6. Training Completed Screen Shot

Confirm that the files shown in Figure 5-7 have been created in the Al_Model folder.

E:: epoch.png
| | test_model.hs
ﬂ test_quant_model.cc

', test_guant_model.tflite

Figure 5-7. Al Model Storage Folder
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® Copy data of “test_quant_model_tflite” at “test_quant_model.cc” to “g_motor_model_data” array in the
\src\eAl_Inference\tensorflow\tensorflow\lite\micro\examples\MotorExample\ModelAndIinputimage
\motor_model.cc and compile project to get RA6T1_RSSK_1.elf

@ Programming the RA6T1_RSSK_1.elf to the RA6T1 CPU board and execute it.

6. Demonstration

This demo example has confirmed by following data set. These are enclosed in project.

Normal data — 850, 900, 950, 1000 rpm
Anomaly data — 850, 900, 950, 1000 rpm

96% Accuracy is achieved in validation and 850 — 950 rpm was confirmed for normal / anormal detection in

real hardware.

Training accuracy(%)

Training loss

Training accuracy inference
00

<
a

v
=
L

™~
vl

=

=

o

s
L

e
3
o

o
%
s

o
N
o

Validation accuracy inference
108

—— epoch300

Validation accuracy(%)

75

50 1

W‘r L i

—— epoch300

T T
100 200 300
Epoch

Training loss inference

T T
100 200 300
Epoch

Validation loss inference

—— epoch300

Validation loss

—— epoch300

Epoch

Epoch

Figure 6-1. Al Model Storage Folder
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7. Support Tools

7.1 Data Collection Tool

7.1.1 Overview
The Data Collection Tool is software that collects and displays 3 shunt current data and Al inference values
from the MCU. The software comes in an EXE format executable file and does not require installation.

7.1.2 Functional Explanations
This software tool has a View tab for displaying all information and a Setting tab for setting up operations.

7.1.2.1 View Tab

Figure 7-1 shows the display layout used in the View tab. The numbers in the figure correspond to the
numbered function descriptions below.

2 Oata Viewer - 8 x

@ RENESAS

Figure 7-1. View Tab Layout

RO1AN5636EJ0100 Rev.1.00 Page 18 of 25
Oct.26.20 RENESAS




Renesas RA family RAG6T1 Motor Failure Detection Example

O Data acquisition START/STOP button
The START button is displayed when the GUI software is started up. Each function is described below.

- the START button is pushed:
- Data Send Request Commands are sent from the PC to RA6T1, and data is sent from RA6T1 to the
PC.
- Received data is displayed in real time.
- the STOP button is pushed:
- Data Send Stop Command is sent from the PC to RA6T1 and data acquisition ends.

@ 3 shunt current A/D sampling results (magnitude waveform)
3 shunt current sampling data is plotted on a graph as U, V and W.

@ 3 shunt current FFT result (frequency characteristics)
The 3 shunt current waveform data in (2) above are transformed into the frequency spectrum via FFT,
converted to dBFS and plotted on a graph.

@ Moving average waveform of Al inference result

The moving average of the abnormality probability output by Al inference is generated and plotted in a
waveform graph.

® Al inference result indicator bar

Displays the abnormality probability output by Al inference in a stacked bar graph in 10% increments.

® Al inference result in percentages

Displays the abnormality probability output by Al inference in percentages.

@ Numerical value of rotation speed

Displays the motor rotation speed in numerical value.

Numerical value of peak current value

Displays the numerical value of the 3 shunt current’s peak current value, which, in this example, is the U
phase current’s peak value.

© Log function selection

User selects whether to output log (CSV file) from dropdown list. The CSYV file is stored in the “CSV Location”
folder immediately under the C drive in the initial settings.

View only
- Only monitors various data.
Save to CSV (divided)

- Monitors various data and outputs logs. This setting outputs the sampling waveform and
frequency spectrum (dBFS) displayed in (2) and (3) to the file independently for each phase. Data
is recorded after a line feed for every FFT frame.

Save to CSV (combined)

RO1AN5636EJ0100 Rev.1.00 Page 19 of 25
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- Monitors various data and outputs logs. This setting outputs the sampling waveforms and
frequency spectrums (dBFS) displayed in (2) and (3) together in a single file. Data is added until
the acquisition record is completed

RO1AN5636EJ0100 Rev.1.00 Page 20 of 25
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7.1.2.2 Setting Tab

Figure 7-2 shows the display shows the display layout used in the Setting tab. The numbers in the figure

correspond to the numbered function descriptions below.

[ owa vewer

View

10

Seting

-Sampling Parameter Setiings

Sampling Frequency

Frame Size

Overlap Size

Moving Average

W

- Communication Setings

con [ENRE @
Bou

CSV Location

C¥CSV Location¥ .
-
@

- View Setiings
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Figure 7-2. Setting Tab Layout

@® Sampling parameter setting

The trained DNN in this example is optimized to the default setting except for the moving average.

Sampling Frequency
Specifies the sampling frequency (1/2/4/8 kHz, default: 2 kHz).

Frame Size

Specifies the FFT frame size (128/256/512/1024, default: 512).

Overlap Size

Specifies the FFT frame overlap size (16/32/64/128, default: 64).

Moving Average

Specifies the moving average of the graph for the Al inference result (specified range: 1 to 100

times, default: 10).

@ Communication setting

COM

Displays the name of the FTDI device connected to the PC.

Baud

Specifies the Baud rate for communications between the MCU and PC (range: 9600 to 5000000,

default: 5000000)

@ CSV storage location setting

Specifies the CSV file output location when the View tab is set to output logs.

@ View settings

Specifies the update interval of the view tab (1/2/4/8/16/32/64, default: 1)
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7.2 Training Tool

The Training Tool is software that trains and tests the Al model. The software comes in an EXE format
executable file and does not require installation. It is bundled with trained DNN and can be retrained. The
following is an overview of the Training Tool operations.

+ Al model training
+ Al model testing
+ Testing preprocessing

7.2.1 Function Descriptions

This software has two modes: Training mode, which trains the Al model, and Testing mode, which tests the
trained Al model.

7.2.2 System Requirements
This training tool needs following software installed in PC.

Python 3.5.3
Keras 231
Numpy 1.16.3
Pandas 0.25.3

TensorFlow 2.1.0
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7.2.2.1 Training mode
Figure 7-3 shows the screen layout when in training mode. The numbers in the figure correspond to the
numbered function descriptions below.

Bl Al Training Tool (RX65T Motor Failure Detection)

. - i
@_) ® Training o Testlngl

Training Data Set  C/RX66T e-Al Motor Failure Detection Sample Software_ToolSampleData/Training Data @
Output Al Model  C/RX65T e-Al Motor Failure Detection Sample Software_Too/SampleData/Al_Mode (@
B Lo ' i @
75 Loading and Preprocessing 100% Start 4
@ Loading and preprocessing completed 100 TraINING accuracy inferance _ validation accuracy infarence
£ 100 —— epoch

The amount of data setis 2650 el
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Figure 7-3. Screen Layout in Training Mode

@ Mode selection
Select between Training and Testing mode.

@ Training Data Set folder setting
Select the folder that stores the training data.

@ Output Al Model folder setting
Select the folder for the Output Al Model.

@Start button
Starts to pre-process the training data and then trains Al model.

® Loading and Preprocessing
Displays the status of the training data preprocessing.

® Training Status display
Displays the status of the training. The accuracy and loss of the Al model are plotted in the graph.
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7.2.2.2 Testing Mode

Figure 7-4 shows the screen layout when in Testing mode. The numbers in the figure correspond to the
numbered function descriptions below.

B A Training Tool (RX5T Motor Failure Detection) - x

O Training @ Testing

Testing Data Set . TrainingioolTraining Dal ware_ToolSampleData/Tesfing Data @
Input Al Model C:IRX66T e-Al Motor Failure Detection Sample Software_Tool/'SampleData/Al_Model @)
@@ | Loading and Preprocessing 100% Cg)

@ Loading and preprocessing completed

Testing completed

The testing result is saved in C:\RXG6T e-Al Motor
Failure Detection Sample Software_Tool
\SampleDataiTesting Datalinference.csv.
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Figure 7-4. Screen Layout in Testing Mode

@ Testing Data Set folder setting
Select the folder that stores the testing data.

Set Input Al Model folder setting
Select the folder that stores the Al model to be tested

@ Start button
Starts to pre-process the testing data and then tests the trained Al model.

Loading and Preprocessing
Displays the status of the testing data preprocessing.

@ Testing Status display
Displays the Testing status.
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8. Reference Documents

[1] Motor Control Evaluation System for RA Family User's Manual (R12UZ0078EJ0100 Rev 1.00)
[2] e2 studio Integrated Development Environment User's Manual: Getting Started Guide (R20UT4374)
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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 /O
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 Vi (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 V. (Max.) and Vs (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 LSl 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
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