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Ry MILOEHBEHHDT=6H. DC A ERW-EREBARY FLOE—VELRTIR 10 TILE
gYHLET,
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W LE-HEEAEZEFEDNNICAAL, HRICEY 2DODIS5R (EELEE) OEEREZHEAL
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3.4 REEB®
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- e-Al #H
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E—SDEBEBEROT—20. HREREPCIZEELET,

ACTIVE IREETI S —hH' AT 5 & ERRORIKEEICEHR LET,

(3) ERROR
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4, MCU Y 2 ko x 7iiBR

41 VI bz T7iEE

4112V T b THBEERLEY . ABIESEEH2] [RABBERHATE—FOE Y LANYT b
1 (RX66T REMH)) OH U TILY T hoz7IZ Al #BNE, BERSANEEUTRX 773 1) RXDSP
SATS)EBMLEBELEL > TWET, Yo TV I bz 7ICEAT 2T EERZSEBLTK

fZ&L,
/—{ Application Layer
Main
| call { cal
Motion Sensor
User |/F Ctrl (Al Inference)
r 3 shunt current
/ | Middle Layer data
RX DSP Library «— call (FFT)
1/F module Control module
I Device Layer I
Legend:
T @ ° T o o . l:| : Motor control
5 g E % % § § 2 % sample software
a — o —_—
’ D : Additional software
for e-Al
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41 V7 oz T7HEER
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42 T7AILEERK
4212774 IERERLET,

rx66t_eAl_motor_inference_sample
\
{—application
| b—eAl_src

| MotionSensor. ¢
MotionSensor. h
r_fft_window_coefficient. h

|

|

|

|
—Translator
dnn_compute. ¢
input_image_0. h
layer_graph. h
layer_shapes. h
network. ¢
Typedef. h
weights. h

\
\
\
\
\
\
\
\
—main
main. ¢
main. h

\

\

\

—user_interface

+—board

| r_mtr_board. ¢

| r_mtr_board. h

|

—ics

1CS2_RX66T. h

1CS2_RX66T. lib
rx66t_eAl_motor_inference_sample. map
RX66T_MRSSK_SPM_LESS_FOC_E2S_RV100. map
RX66T_MRSSK_SPM_LESS_FOC_E2S_RV100. rmt
r_mtr_ics.c

r_mtr_ics.h

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\
f—oconfig

| r_mtr_config.h

| r_mtr_control_parameter. h
| r_mtr_inverter_parameter. h
| r_mtr_motor_parameter. h
\
b—driver

| F—inverter

[ r_mtr_ctr|_mrssk. ¢
| r_mtr_ctrl_mrssk. h
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

r_mtr_ctr|_mcu. h

r_mtr_ctrl_rx66t.c
r_mtr_ctrl_rx66t. h
r_mtr_interrupt.c

—————

auto_generation
dbsct. ¢
hwsetup. ¢
intprg.c
iodefine. h
resetprg.c
sbrk. ¢
sbrk. h
stacksct. h
typedefine. h
vect. h
vecttbl. ¢

—Config_CMT1

| Config_CMT1.c

| Config_CMT1.h

| Config_CMT1_user.c
|

—Conf i g_DMACO

| Config_DMACO. ¢

| Config_DMACO. h

| Config_DMACO_user. ¢
|

—Config_ICU

| Config_ICU.c

| Config_ICU.h

| Config_ICU_user.c
|

—Config_SCI8

| Config_SCI8.c

| Config_SCI8. h

| Config_SCI8 user.c

——general
r_cg_cmt. h
r_cg_dmac. h
r_cg_dmac_user. ¢
r_cg_hardware_setup. ¢
r_cg_icu. h
r_cg_macrodriver.h
r_cg_sci.h
r_cg_userdefine. h
r_smc_cge. ¢
r_smc_cge. h
r_smc_cgc_user. ¢
r_smc_entry. h
r_smc_interrupt. ¢
r_smc_interrupt. h

—r_bsp
| platform. h

\

—board

| L—user

| r_bsp.h
L

meu
F—all
L—rx66t
—register_access
iodefine. h

L—middle

F—common
r_mtr_common. h
r_mtr_filter.c
r_mtr_filter.h
r_mtr_fluxwkn. h
r_mtr_fluxwkn. obj
r_mtr_mod. ¢
r_mtr_mod. h
r_mtr_pi_control.c
r_mtr_pi_control.h
r_mtr_statemachine. ¢
r_mtr_statemachine. h
r_mtr_transform. ¢
r_mtr_transform. h
r_mtr_volt_err_comp. h
r_mtr_volt_err_comp. obj

F—control

r_mtr_bemf_observer. h
r_mtr_bemf_observer.obj
r_mtr_ctrl_gain_calc.obj
r_mtr_foc_action. ¢
r_mtr_foc_control_less_speed. ¢
r_mtr_foc_control_less_speed. h
r_mtr_foc_current. ¢
r_mtr_foc_current. h
r_mtr_foc_speed. ¢
r_mtr_foc_speed. h
r_mtr_interrupt_carrier.c
r_mtr_interrupt_timer.c
r_mtr_opl2less.h
r_mtr_opl2less.obj
r_mtr_opl_damp_ctrl.h
r_mtr_op|_damp_ctrl.obj
r_mtr_parameter. h

F—dsplib-rxv3
RX_DSP_FPU_LE. |ib
r_dsp_complex. h
r_dsp_statistical.h
r_dsp_transform. h
r_dsp_typedefs. h
r_dsp_types. h
r_dsp_ver_info.h

L—interface
r_mtr_driver_access. ¢
r_mtr_driver_access. h

TV r—3v/—+h

g

42 T7AIER
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43 FERUYV—XR
431 FARUYV—R—E

R ALICERYYV—RA—EZRLET . ROKFIEARFITEML-FEABEETY . KFLUNDEDHEEED

HMBESEERRIESRL TS,

*® 41 FERVY—R—E&

TV r—3v/—+h

I5H 55 BA
90wy FEERBK NEEIRFHSBEI OV I EER
S12ADH - 3SHERAIE

A U= BRETRIE

- BERREESEAS
CMTO 500 [us]M B —\ILEAT
MTU3 ¥ PWM HH
POE3B BERBEH. HAOEREH
GPIO - 24y F (SW1, SW2) AH

« LED (LED1. LED2) gXT/;HKT 1

- Y TIVEED T O—FIEMES RERE S
CMT1 SHEREY > TY VT ABER (2kH2)
SCI8 )T IVEE
DMACO SCI8 DEEBERFELEICK Y., BET—FLIRIANEE
ICU (IRQ1) WEFLARILOWETY OTEYAARE
/0 R— b+ (P31) IRQLIGFDLRILZEFREEL THA

432 EYAH
R A2(CENYRAHLE-EEZRLET . ROKXFIEARFITEML B YAHLETT, KFLUNSDEY 2
AMBOFHMIISEEHRIZSRLTILZEL,

® 42 FYAHNE-F

B AH & Y AH

EORFEAETT (BBEDa2—1LD | BELANIL AE
(AB3EY2—I) 25 (IPR)

- E—AEYAHNE GBER
JIL—TEYiA#& 1 | GROUPBL1 T3 J_,) L"’ﬁk Ez(ﬁg“@tﬂ)
. - PCEDT—HERIE

(POE3) (OEI1) 15 (&&) SCI8 EE=TEIYAH (TEIS)
(SCI8) (TEI8, ERI8) i R7e I /738

- SCI8 Z{ET5—EIYAH (ERI8)
E—5 &Y AHMIE(B00 1 S)

PERIA (MTU3) INTA209 (TCIV4) 12

ICU IRQ1 12 SYTFILEED 7 O—HEES LARILER
SCI8 RXI8 12 PC oD T—4 2{E

CMTO CMIO 11 E—FEYIAALIEGBOS)

SCI8 TXI8 8 PC ADT—4A%E (DMACEZED 1 H)
DMACO DMACIO 8 BXRTI257907

CMT1 CcMmI1 5 SHEERYLT)VITEE (2kHz)
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UTFIZABITCOEY A NBEESAEZRLET,

@ 7744 :intprg.c
THEOI—FEIAVETIRLTVET,

void Excep CMT1 CMI1(void){ }
void Excep_ SCI8 RXI8(void){ }
void Excep SCI8 TXI8(void){ }
void Excep DMAC DMACOI(void){ }
void Excep ICU_IRQ1(void){ }

@ 7TJ7A4IL% :r_mtr_interrupt.c
SNEREH - NEBEKOES. BERKREEIYAH (TIL—T1EVRAH) BLUVE—F2E|YAH0IE (50
us) ICHEEEMLTVET,

/* Used for e-Al inference processing */

extern float g_current = 0;

extern void r_Config_SCI8_transmitend_interrupt(void);
extern void r_Config_SCI8 receiveerror_interrupt(void);

#pragma interrupt (mtr_over_current_interrupt(vect = VECT_ICU_GROUPBL1))
static void mtr_over_current_interrupt(void)
{
/* Overcurrent current detection */
if (1 == ICU.GRPBL1.BIT.1S9){
mtr_over_current(&g_st foc);
}

/* SCI8 TEI8 (transmit end) */

if (1 == ICU.GRPBL1.BIT.1S24){
r_Config_SCI8 transmitend_interrupt();

}

/* SCI8 ERI8 (recieve error) */

if (1 == ICU.GRPBL1.BIT.1S25){
r_Config_SCI8 receiveerror_interrupt();

}

} /7* End of function mtr_over_current_interrupt */

#pragma interrupt (mtr_tciv4 interrupt(vect = VECT_PERIA INTA208))
static void mtr_tciv4_interrupt(void)
{
mtr_foc_interrupt_carrier(&g_st foc);
mtr_ics_interrupt_process();

/* get peak current for e-Al process */
if(g_current < g st foc.f4_iu_ad)

{
g_current = g st foc.f4 _iu_ad;
by
}
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4.4 A A

B A3 [CAA VRBOIO—Fr—rERLET, A VLBLEE—FFIHLEOERAINE LD E—
S HEEHOEN Y AARELHFLELTOES,

A VB TIEVATLOMYREETL., 21— U2 7 —RANEBE Al HRULEZ )L —TETLE
T A—H A 22 T —RANIE(L 24V RS VN—FR—FDAAT/NA X (SW1, SW2, VR1) ZHWT
DATLEEETOINET, AATNA RADEHREZ VAT LREOCE—AREGEEIESEIZERLE—24
ERBIELET,

E—Z OERENFIEIX 2 FBEDE—FEVIAHANEBTEITIN, VATLRENACTIVED EFIZE—FER
BT A ENHEET,

< A >
main()
E—AEYAHDIE
I (S0us /&) E—4EYAHDIE
‘ E—AEEQWEE (500us /@A)

| 'E'ﬁ/*(w\—?ﬁﬁ@
AHRIBE O R (AD) EERE ()
MotionSensorlnit() |
B I/ l
g - RERE (F)
while(1) | return
T PWM Duty 33 [3%]
board_ui()
| l I ACTIVE REED & ERT
ABfEERALER
MotionSensorMonitor() return
|
WDTZ7
R_MTR_Clearwdt() E—42AlfEnE
I ) AVHERARER (6l T3EN)

43 AL NEBOIO—Fv—+

45 E—4FHIHWE

AETIFSEEHR2] TKABERBE—SF2DEUH LIRS MLEIE (RX66T EEHF) O TILY D
FOTT7HhOERLEHAZHRALES, [HOLVWE—FFIHLEBOEMIISEER2]ZSRB L TCES
LY,

ABIE 24V A VN—ER—FDA—H A U2 T —REZFERTH-OERETEEBRIATLET,

&7 74 )L : r_mir_config.h

LI

#define CONFIG_DEFAULT Ul (ICS_UD)
THEE

#define CONFIG_DEFAULT_ Ul (BOARD_UI)
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AT E—2 EEEEETERBROI-HO1—F A 02 72 —R0HE (board_uiB%) Da—FEEEHZ
TWFEY,

x® 4.3 BEREEETEOLHL

HE THitk (355{E : AID ZTHLE)
El85E E e S fiE | cw 1000[rpm]~2000[rpm] : 08C8H~OFFFH

R T 74IL: main.c
xR BEEK : board_ui()

A

/* */
/* Set speed reference */
/* */

u2_temp_vrl _signal = get vri(Q);
s2_temp = (u2_temp_vrl signal - ADJUST _OFFSET) * VR1_SCALING; /* Read speed
reference from VR1 */

s2_temp = R_MTR_LimitAbs(s2_temp, g_u2 max_speed_rpm);
R_MTR_SetSpeed(s2_temp); /* Set speed reference */

THEE

/* */
/* Set speed reference */
/* */

u2_temp_vrl_signal = get vri();
s2_temp = u2_temp_vrl signal - ADJUST OFFSET; /* Read speed reference from
VR1 */

/* Change VR1 A/D value to rotation speed command value of +1000 to +2000rpm
*/
/* The area near the VR1 center is the dead zone. */
if(-200 >= s2_temp)
{
s2_temp = (intl6_t)(((0.542F * (float)s2_temp) - 891) * (-1));

else 1T(200 <= s2_temp)

{
s2_temp = (intl6_t)(0.542F * (float)s2_temp) + 891;
}
else
{
s2_temp = O;
}

s2_temp = R_MTR_LimitAbs(s2_temp, g_u2_max_speed_rpm);
R_MTR_SetSpeed(s2_temp); /* Set speed reference */
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4.6 FFT AL
SHERDT—42 % FFTAEBTA-ORXI77IVADSP A4 IS UEEHALET, & 44(ZDSP 54
IS5 CHERATIEAHBERLET,

% 44 DSPS4 T3 FERAEH%

B4 EEA
R_DSP_FFT_Init_i16ci32() EHFFTEED/\> FILWEAE
R_DSP_FFT _i16ci32() EHFFT ER(FFT HRZERBTHA)
R_DSP_VecCplxMag_ci32i32() BRHYIRBEERG

AFID RXDSP 54 TS Y #FERLEFFTOY—Xa—KZRLET,

#include <r_dsp_transform_h>

static void fExecuteFFT(intl6_t *pInBuf, float *pOutBuf)

{

uint32_t i;

uintl6_t SamplingHalf = gv_SamplingConditions.m_SamplingCount / 2;

gs_fft_time.data = pInBuf;

/* Real FFT transformation (output FFT result as a complex number) */

R_DSP_FFT_i16ci32( &gs_fft_handle, &gs fft_time, &gs fft_freq);

/*

* Obtain complex magnitude value

* Analysis conditions when FFT length is 512 and the sampling frequency is 2kHz

* - frequency ticks: 2000Hz / 512 = 3.90625Hz)

* - Measurable frequency: 3.90625Hz * 255 = 996.09375Hz

*/

R_DSP_VecCplIxMag_ci32i32( &gs_fft_freq, &gs_fft_mag, SamplingHalf);

/*

* Replace Oth element of calculation result with gs_fft_buf[0].re

* This process is necessary to remove the influence of real number half of the FFT
length.

*/

*(int32_t *) gs_fft_mag.data = gs_fft_buf[0].re;

/*

* Convert to dBFS(decibels below full scale)

* Stepl : Convert fixed point number (1Q15) to floating point number.

Divide FFT library output result (stored in int32 gs_fft_VecCplxMagi32[]) by

(2~15-1).

It is half the amplitude of the A/D full scale value.
* Step2 : Double the result of stepl to get full amplitude of A/D full scale value
* Step3 : Convert the result of step 2 to voltage-ratio(dB).
* Step4 : Subtract 12bit A/D full scale voltage-ratio (72.247199 dB) to convert to

dBFS.
* Note : The maximum magnitude that can be used for dBFS is OdBFS.
ITf a magnitude lower than this is used, a negative number will be displayed.

*/
for (i = 0; i < SamplingHalf; i++)
if (0 = gs_fft_VecCplxMagi32[i])

pOutBuf[i] = (20.0 * loglOf((float) gs_fft_VecCplxMagi32[i] /7 16383)) -
gv_DecibelsBelowFullScale;

/* When the complex absolute value is 0 */
else

pOutBuf[i] = -gv_DecibelsBelowFullScale;
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FFT#IEHED Y —Xa—RERLET, KBITERARY MLEFTOH, BEK W\Z2T%) &FEAL
TWFEY,

static void FfInitFft (void)
uintl6é_t Count;

/* Initialize FFT handle data */

gs_fft_handle.n = gv_SamplingConditions.m_SamplingCount;

gs_fFft_handle.work = NULL;

gs_fft_handle.options = (R_DSP_FFT_OPT_SCALE | R_DSP_FFT_BIT_REVERSAL_DEFAULT |
R_DSP_FFT_OPT_TWIDDLE_DEFAULT);

gs_fft_handle.bitrev = gs_fft_bitrev;

gs_fft_handle_twiddles = gs_fft twiddles;

gs_fft_handle.window = NULL;

gs_fft_time.n = gv_SamplingConditions.m_SamplingCount;
gs_fft_freq.n = gv_SamplingConditions.m_SamplingCount / 2;
gs_Fft_mag.n = gv_SamplingConditions.m_SamplingCount / 2;

/* Set window coefficient according to FFT length */
switch(gv_SamplingConditions.m_SamplingCount)

case DEF_SamplingCount1024:
gs_fft_handle.window = (void *) 116_hanning_fft1024;
break;

case DEF_SamplingCount512:
gs_fft_handle.window = (void *) i16_hanning_fft512;
break;

case DEF_SamplingCount256:
gs_fft_handle.window = (void *) i16_hanning_fft256;
break;

case DEF_SamplingCountl128:
gs_fft_handle.window = (void *) i16_hanning_fftl128;
break;

default:
gs_fFft_handle.window = NULL;
break;

}

/* Initialize FFT */
R_DSP_FFT_Init_i16ci32( &gs_fft_handle);

/* Sampling size */
gv_SamplingSize = (gv_SamplingConditions.m_SamplingCount * 2) -
gv_SamplingConditions.m_SamplingOverlLap;

/* Overlap area of sampling buffer #2 and sampling buffer #1 start areas */
gv_Buffer2tolOverlap = gv_SamplingSize - gv_SamplingConditions.m_SamplingOverLap;

/* End position of #1 frame */
gv_FramelEnd = gv_SamplingConditions.m_SamplingCount - 1;

/* End position of #2 frame */
gv_Frame2End = gv_SamplingSize - 1;

/* (Sampling count/2)**2 */
gv_SquareSamplingHalf = (float) ((gv_SamplingConditions.m_SamplingCount / 2)
* (gv_SamplingConditions.m_SamplingCount 7/ 2));

/* Sampling frequency */
Count = (uintl6_t) (DEF_CMT_CLK8 / (float)
(gv_SamplingConditions.m_SamplingFrequency)) - 1;

/* A/D conversion trigger timer setting */
CMT1.CMCOR = Count;

}
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471 7A—Fx¥—k
X 4.4 (C Al #mLEODJO—Fvy—+rZRLET,

[ 1)

C

AlFEERALIE
MotionSensorMonitor()

PCa~ > Fg#fr

(3% 2]

fPcCommandRecv()
pCcavk?
. . Other
DEF_StartMonitor DEF_StopMonitor (GHEMRBEE S )
PCOYUFERIUT PCOAYURERIYT
BRI SREHE RICEE
R
CMT1Ah 7> BAA CMT1Ah 7> MEIE
R_Config_CMT1_Start() R_Config_CMT1_Stop()
< |
A/DZ it REUS/AHERIEEG
fGetAdData()
F— SRER TR ? o
No
17 L —L5HD
T —REU8?
B A~ bV EEG S S o .
Bl fCalcFrequencySpectrum() ] V¥ TNy 77 o ERERE RS
| [
FFTEE A/DEMIERIEET — 2 1EMR .
fExecuteFFT() fSetADSendData() [ 3]
[ [
EEH. ©— 7 BRIVG A/DEHEFEE
fGetMotorData() fSendFtdi()
T
1

Al¥EIEES
Al_Inference()

A/DRZEIER /Ny 7 712
A/DZEEA IS 2

BETIEEEN
fUpadteMovingAverage()

B THEE S
fGetMovingAverage()

[
A R b IERE

T—RDNF—N—=F v

fSendFtdi()

o GE1] : H#MIE fGetAdData)NDMETY,
( AHERILIER T ) (3% 2] : FRE:MAIF fCalcFrequencySpectrum() R DB T,
[GE3] : &#AIE fSetADSendData) R DILE TS,
E 4.4 A#BRLEIO—Fvr—+
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TO

< CMIT EIY A F ALIE >

A/DYLT INYTTD

EZAARA 2% — FIRTF

—BREFELEEAHRI5%

AP ) Ak

—BRELEEEZAHARIVED
F— " —oo—§lf

oG\ IPIZBEHY ?

E—HAHERDA/DEIRERS
mtr_get_current_adc()
51801 : U B FHA/DEHIERA 4
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AERILIE
MotionSensorMonitor()
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pCa v ¥ FEHT
fPcCommandRecv()

DEF_StartMonitor

pcav > F

cMT1h 7 > RlE
R_Config_CMT1_Start()

DEF_StopMonitor

CMT1h 7 >~ MELE
R_Config_CMT1_Stop()

[
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mil
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fGetAdData()
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{

FERBANRY FVERIG
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fExecuteFFT()
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473 Fv kI—YiE&
ATIZKRBIDRY bD—VEEERLET,

Full connected

Input layer
Q Full connected
7 ~
= ~ Output layer

— Normalcy probability(%)

U-phase

Current
— Failure probability(%)

(DAKE (SN E (HANE

XK 47 Al ETILIEE

(1) AARE (Inputlayer) : FFT MBHEODERT—F2EFANLFET,
(2) BB (Hidden layer) : Full Connect BZERAL TWLET,
(3) tHAAE (Output layer) : EEDAIEEHE BEDRIEEHDOEEREH A LET,

ABITIIR 4.8 DIRREZER. B 49 DREBEREL LT, RETHERRHEOENSNDS e-AlITEST
EEDEAVZHRIEET . AV I P CTRBINERREEERZLTLET,

g
— E RX66T
MTU D
AID
Shunt
register | R66T Evaluation Board
-\-k 24V Inverter Board

X 4.8 IEEZIKEE

RXE6T
MTU |:|‘

A/D

RE6T Evaluation Board

24V Inverter Board

&

X 4.9 EELIREE
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474 ZEBHAETIOEHAE

FEEAETIVEEHIABE. AATL—LT—VEFERLTEEFAETILEMERL. e-Al Translator
EFAVNTY—RT7ALICERLTLEEL, e-Al Translator TEERAETILEEHRT BIE 4.2 TR
T e-Al_src 7AW FEEMBRHALE T A ILFITHEEL TSI, FMFIEE e-Al Translator D 1—
HP—XIZaT7ILESRBLTIEZEL,

e-Al Translator A\t 713 2 #RMED API (dnn_conpute B8%%) (X. &M Al_Inference B Ta—ILL
TWET, FHROLEORIZEKRBAANRY FLIZX LT ALINPUT_SIZE TEZ SN -EHEZHME T 5]
WEBETH>TVET, Al HERLES L UCRTREBICET 23— FIEVRATAICHETERLTLESL,

static int8_t Al_Inference (uintl6_t SamplingCount, float *pSpectrumX)
{

TPrecision *p_prediction;

int8_t Alresult;

TsInt i;

static float data_in[Al_INPUT_SIZE];

/* The pre-processing function and dnn_compute function are called */
for (i=0; i1 < AL_INPUT_SIZE; i++)
{

data_in[i] = pSpectrumX[i+1];
}
/* Call e-Al inference function */
p_prediction = dnn_compute(data_in);
Alresult = (int8_t) ((p_prediction[1l] * 100) + 0.5);

return Alresult;

}
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51 BMEHE

BREZA—Y—JLIERX66T MDY ZILBIETIHERT A VA HREEEEL., TOHELZRT
FTEH5Y—ILTYT, 1 VA F—JLIEFRETY, TRICEEE=2F—Y—ILOFHEBMELZRLET,

- RO BB LE D HI{E
- RX66T M 5EESNTELT—FDORT
-3HERDERT—4
-3HEERT—HDFFT 2DEKEHRT—4
- Al *‘Enﬂﬂ n%
OB BN F 1K
Q@=E1E/\—(0~100%% 10 Z|H TKRR)
Q#iE
-E—VERE
- E—4 [EErk

5.2 *ﬁ%ﬁbnﬂﬂﬂ
BHREZA—Y—IILOEZHEZHBALET, AY—ILEIERBERRTEITS View 2 7] LHERTEZE
175 TSetting 2 71 BHYET,
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DF—4 & START.STOP R4 >
GUI V7 FEBERIL START RE UARFREINET, TRENOBEEIC DN TTREISRLET,

- START /R 2 VT
-PC A5 RX66T HIISEEBERIATY FAEESH, T—FHRX66T BlAMS PC AIZEESH
EXE
-RELET—2ZUTILAALERRLET
- STOP ;R4 VR TR
-PC fllh s RX66T HIIZEFEFLEAT Y FNEESN, T—IWMBEERTLET

Q3 HEBRDEHT—4
IMERDY LTI T—2FUVW EIZTSTOTHRELET,

QR RE It
Q@m 3 HERDKERT—2 % FFT ICKYRIRBARY MLVEHR L, dBFS BIICEM L=V F 7 &2 HE
l/ i -d_ o

@Al HERFE R DB BT BT
AR THASN-EEOERERHTHL, BRI S I THEILEY,

GAI HmIERDEE/ N —
Al B THASINEEEZEDOREERS: 10%ZIJ¢7~}~0)$§,77.J:H-75 ICHRELET.

®AI HmIERDEE
Al R THAShEREOERRZHIETERRTLET,

@EEHDHIE
E— A DEGEHEBRETRRLET,

®@EBRDE—YEOHIE
3 HEROE—VBRIELHETRRLETS. ABITIUBBROE—VEERRLET,

@0 T #aEeEIR
FRyTADOUY R RBERY (CSV 774I) ZHATEMERLET ., CSV 774 ILISWHARET
C KFS4 JET® CSV Location] ZAIILAIZHIMEShET,

- View only
-EET—ADEZZ—DHTVET,

- Save to CSV (divided)
-BETADEZA—FZTL, OTEHALET, KEEET—ESRNIVEBIZTT7AILEHALE
T T—RIFKEAMITEREL, FFTD 1 7 L—LEIZHITSIAET,

- Save to CSV (combined)
- BT —ADEZS—FZTL. AJBHALET, XBEERLEINIT -2 INNMIE SN BEiH
DI7ANEHEALES, T2 IEMERTETEEARICERESINET,
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T—ABBFLEFIZ [5.2.1 View 2T |IORAYTH 1) LT Save to CSV(divided) % #IRT 5 &, T—
ARTRLENS, EEHOT—F2 LEGHE—IVERICOVTDT—EDCSV 774 ILHAZETVET,
59IZERMENE I 7MILERLET

FFT_dbFS_20190409_141215_1.csv
FFT_dbFS_20190409_141215_2.csv
FFT_dbFS_20190409_141215_3.csv
SensorData_20190409_141215_1.csv
SensorData_20190409_141215_2.csv
SensorData_20190409_141215_3.csv
FFT_dbFS_20190409_141215_rotation_current_ai.csv

(> I >< N o< SR < R < T < Sy < |

5.9 Save to CSV(divided)ZRFFICEREINDE T 7ML

E#k[Z"Save to CSV(combined)" Z:&RT 5 &, T—ERRLEAL, EBDT—R2E—DIF L HT-
CSVI27AILEAZTVET, B 5.10I12EKESNDI77MILERLET,

B:] SensorData_20190409_142153_123.csv

5.10 Save to CSV(combined)ZiREFICERIND T 7ML

6. SEEH

[1] RX66T FI—F 12— —XI=a7J)L N— K2z 7# (ROIUHO749)

2] KAMERE—2DEUHLARY MLFHIH RX66T EEMH(ROLANS244)

[3] Renesas Solution Starter Kit 24V Motor Control Evaluation System for RX23T(Motor RSSK)
EikERBAE (R20UT369)

[4] RX66T CPU 1 — REx#kERBAE (R12UZ0028)

[5]RX 77 X! RXDSP 54 735! Version 5.0 (RO1AN4359)

[BIRX 773 7HFOTAHNESEFFT 359> 7)ILF04 5L (RO1IAN40LS)

[7]e-Al FSYRL—% V1.02 21— —X<T =27/l (R20UT4135)

[8] MABHIRIREE e2 studio A—H—XY=a17J/L AFAHA K (R20UT4374)

[9] Renesas Flash Programmer V3.05 75 v a8&AAY I D7 1—H—XI =217
(R20UT4307)
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8% 1. ENEHERR I

1. THEEEIE

AETHHAY HeHEHSE (BHE—FAVTF) FBELRAMOBELTMICITE L FTEA, FLE—2
BHRDRBICESBHDEACHADEBFNERDENAHY TS, REITHHEE L= L TEERHER
EIT3EOBRBLELEYS,

2. FHEIRIE
1 ICABIBAREON— FY T 7REEZRLET,
£1 N—FYT7EE

EHH Ex A—h Tk, BEZF HeE
A — K RX66TCPU A— K ILRHR RTKOEMX870C00000BJ
24V RA UIN\—3 HiR LAY R RTKOEMO0006S01212BJ 1
20VACT7HTH GRA) H 5 DC24V—2A LIt 1
TSR - SME 5.5mm/IKNE 2.2mm
A —TSR
USB ) 7ILE#RS—TIL | FTDI C232HM-EDHSL-0 1
] USB Hi-Speed to MPSSE Cable
EyvAy4s GRA) 2.54mm Ev F. 36 B2 F5DEHLD
EREE—4 75 LADCE—4 YHAHYET TG-55L 1
L (RTKOEMO0006S01212BJ 118 &)
BEE—4AR | Az "—H)LTL—Fk HHAL4 2 2 | Item No:70098
VT WEXvY—mRyI Xty b HMASHAEIY | Item No:72001
410OX7 (FB) 1 O#FH
JLZE GRLED —
I7—Fa—7 GRED 5 4Z Amm, AFE2.5mm DL D 1
E&52mmizhy k
S VAW GRAE) g 2mm D+ D
A N—H)LER (RA) 2.54mm EvyFDEH®D
FRHAPC — GRA) 0OS : Windows® 10 1

oty 1.6GHz LIk

AL UAEY  1GByte ULk

A4 2% 7 xT—RX:USB2.0 (E2Lite B&L U
USB-2 1) 7L — T ILiERA)

T ERARRICE D TREET —RIT/ A ANEETHENHYEY ., TOBRIADRREREZHD
T—INEELSTDERARET >TSS,
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3. BEE—AIRUFOMIIT
BREE— 4 LBETE— A RNVFOMEAFITHEEHBELET, R1ICERkRERLET,

AzR=YATL—} 75 L ZDC
| ] . £—%

R — > A
B2 2894 L3 .

b.{8I

>

oL

]
2.
[
e e
®
®
|

sesesscssetssonecsiidpiiay

c.JEMm
F1: I 7—Fa—TJEIREEFRE—FDRITETCLOAMAYELRAATLESL,
Fiz, BEXV—Ry I Xty FEEET SRICEEFV—RY IRy FOI YT MM T7—
Fa—JHEFIFTLESL,
F2: ISV LADCE—ADBEEINDLSITEDL( LTS,
E3: ISV LADCE—ARFALLNESIC, RELERFYNA—[ZLET,

K1 BREE—4NUFHE
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2ICHBE— ANV TFORBEEMEICOVTRLET,

EE __ B

S8 000N RGEIBOBOETTDEBES
{ sesIsPIas et e e e

L 2 LA N TS
I &
1

LA B L B (]

s eBBBI ]

S essenan i | ®
sessssssssdsasclasa
SeessED eI SDTRESESY

enRaLoFv kM3

M2 BHRE—EANUFOHMEEME

4. USB-L Y F7ILE#RT—TIL
RX66T & PC [EIMD&E{EIZIX FTDI (Future Technology Devices International) #1&@M USB- 1) 7 ILZEH#E
H—TJJL C232HM-EDHSL-0 #FFHL x93,
. HF—JIIESKAE
e RX66TCPUR— K®D CNCIRFICEUA YA (3648, 25]) ZRELTLLESLY,

o X2 %%5%I(Z C232HM-EDHSL-0 % CNC i FDE U AYA [ZEHEL TS, CNC IHFD 27 EV L 28
EViESyr 70y Toa—kL TS,

£2 USBLUTZILEBRTS—TIIVE VERR

C232HM-EDHSL-0 CNCinFEVES
Function Wire color Pin No. Function

FSCLK Yellow 29 SCK8

FSDI Orange 15 TXD8

FSDO Green 35 RXD8

FSCTS Brown 33 IRQ1

- - 28 - 27 (Jumper short) P31 -> CTS8#
GND Black 31 GND

3. USB L) 7K —JILERR
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i. TN REBE

USB VY 7Ty —TJILEZERAT BRI FT2322HL DEFEE— FZERTIADENHYET, LULTOF
JBICHRE>TCEIMEE—FZZEELTLESLY,

@ FTDI#DYA kM5 FT_Prog DYV 7 bz T7%589A—KL, A1 VA —=ILLET,
http://www.ftdichip.com/Support/Utilities.htm#FT _Prog

@ FT Prog MEIMEIZIL.NET Framework 40 A ETH S A, FooO—FLA VA M=)LLET,
https://msdn.microsoft.com/ja-jp/vstudio/ff687189.aspx

® AHoO—FK-AVRF—IARET LS FT_PROG.exe #E£7F 5 LR 4 DEENARTEINET,
FATRLEZBRREZAM 22050 v 0 3dE. BREESNATWS FIDIOTNAANYR Ty TEh
F9, ZZTUSBUUTZILEBRy—IILEERLT, RIBRT7A 2V EWMLTLLEEW, T5 &R
LTINS ARKRFRENET

& EEFROM | & . FLASH ROM

FILE DEVICE ELP
J & " m w
| |Device Tree | Propedty l.a'ue

B 4. FHEAEENRFE®E

@ 5D & 3 IZ8EE— K %#[Hardware]=OPTO isolate, [Driver]—=D2XX [CEE L TL &Ly,

- r
@ FT0I - FT Prog - Device: 0 [LogID ® FTDI - FT Prog - Device: 0 [Loc ID:0x2
@ EEPROM | 5/ FLASH ROM | # EEPROM | 5 FLASH ROM
FILE DEVICES HELP FILE DEVICES HELP
J & d | “ & d P m o
| Device Tree Property Value |Device Tree Property Value
=% Device: 0 [Loc ID:0x216431] RS232 UART | &% Device: 0 [LocID:0x216431] D20 Direct °
5= FT EEPROM 245 FIFO =} FTEEPROM Vitual COM Port
@ =p Chip Details CPUFIFO +)=p Chip Details
# = USB Device Descriptor OPTOIsalate 3 4 =9 USB Device Descriptor
@ =p USB Config Descriptor 4 =p USB Config Descriptor
#=p USB String Descriptors +=p USB String Descriptors.
= =p Hardware Specific - =p Hardware Specific
=} Suspend DBUS7 =P Suspend DBUS7
= TPRORV =p TPRDRV
| 5= PortA l 5= PortA
== J=p PortB
@ Property 2= ';QG:"R?" Property
s Hardware 2 Virtual i
= 245FFO I b 245FIFO irtual COM Port / D2XX
=p CPUFIFO Each channel can be independently configured as RS232 =p CPUFIFQ The driver that is installed and used by each channel can be set
=p OPTO IUART/245FIFQICPU FIFO or OPTO Isolate. See the Datasheets =i dg] by selecting Virtual COM Port or D2XX Direct option.
e Diiver available from the FTDI website for further details.
=p VCP =
= D2XX =p D2XX
9= 10 Pins =P |0 Pins
v ” ”n H NEL =
5. "Hardware™ Driver"s% 7 [ E
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T7I)r—av/—+

® 6DFATRLIERMETZAO%29 )y  LET, EEPROM EERAHAFTA7OTHREET,

@ EEPROM | & FLASH ROM|
FILE DEVICES HELP

@ FTDI - FT Prog - Device: 0 [LoGIE

DeFd - As)m @
Device Tree Property lVaIue
- % Device: 0 [LociD:0x216431] RS232 UART
=y F E:PRDM | 245 FIFO
" j 3SIED DD::: Descriptor (FU R
i T
1= USB Config Deseriptor OFT0 Tetale .
3 =p USB String Descriptors
- =p Hardware Specific
=} Suspend DBUST
=9 TPRDRV
v=p PortA
-=p PotB
T -'-=b Property
Hardware
=p 245FIFO
= CPUFIFO Each channel can be independently configured as RS232
=p OPTO UART/245FIFOICPU FIFO or OPTO Isolate. See the Datasheets
= =p Driver from the FTDI website for further details.
=p VCP
=p D2XX
@= 10 Pins
Device Quiput

Device: 0 [Loc ID:0x216431]

Word MSB
i

0000: 0408 0403 6010 0700 4BAC 0008 1111 OASA PR
0008: 2EA4 12D2 0000 0000 00S€ 0000 0000 0000
0010: 0000 0000 0000 0000 0000 0000 0000 0000
0018: 0000 0000 0000 0000 0000 0000 0000 0000
0020: 0000 0000 0000 0000 0000 0000 0000 0000
0028: 0000 0000 0000 0000 0000 0000 0000 Q000

Ready

X 6. ERXEEE

® ZEELEABRZEMCTSICIER 7 DFRATRLS Program 2L TLES L, B TERLD
EEPROM [CEZAADTHONET,

-
@ Program Devices

- (=] ]

Device List

[V Device: 0 [Loc ID:0x216431]

Device Overview
Device: 0 [Loc ID:0x216431]

Chip Type: ‘FT2232H

Vendor ID: 0x0403

Product ID: 0x6010

Manufacturer: 'FTOI

Product Description: FT2232H-56Q MiniModule
Serial Number: FT287KYQ Auto-Generate

i
[ Only Program Blank Devices

K 7. FTDI F/8( REAEE

@D EEFAHIDPEDL LD, USB VY TFIILEBRTr—TILEPCHALEYSNALTLSESWL, BEHKI S L.

ENLUBH LWOEEE—FTEIELET,
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5. MCUADROM 774 ILEZZFAH

MCU ~ND ROM 77 A LEZRAHAICDODNWTHBALET, MCU IZEEZALEICIX E2 Lite ZFERALFE
T, E2Lite ZEMITAIIaAL—R2ARTIDMUEIZDOVNTIEISEEZEF[4] RX66T CPU h— F EikiiEAE
#SHBLTLESLY,

De?studio

HoFLFoP sy k% esstudio T4 7R— b LT E2Lite BEATEAD AEKIZDOWTIEISEEH8]
e?studio HASRXRIBIEA—H—XY =27l AFHA FESRBLTLEILY,

(@Renesas Flash Programmer

Renesas Flash Programmer T mot 7 7 4 L& EZT AL FEIZ DL TIESEE 9] Renesas Flash
Programmer V3.05 75w Y aEFAAY I bz 71— —XIZaT7IIESRBLTLEEL,

MCU IZEZFAAZEITSITATI LI 7AILDIRRIZIE, Y2 TILY T FAD DefaultBuild/[FR =¥ +
fl.mot ZIELTLIZELY,

6. RIEFHE
BREBEAAELEE—2HIHAE. BEREMAEIIOVTESEENRBIZSB LTI ZEL,
VRLICK 2 E—ZEGHOHEHAEETRISRLET . HFLEEFEIRBICHELET,
- [EEREE
- O: Lt
- MIN : 1000rpm
- MAX : 2000rpm

X 8. E—4 [EEREk D HIE
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TRIZEEORELEEOREEZRLET, XYV TILY I FTRBThEEELERLTVWET, &
[ZhEMR, T7—Fa—THDLENSETHINEBRLTVET., MBI ELLE—FMEFLL
TLESAREEAHIDTRIODE S ICTIT—Fa—TND LT & SITETECAZMR, BESE
TLEEY, BRELTIEE—%2H1000rpm DFFICE—V EERM 0.3ARRITET HEETY,

10. EEDRE

7. SERBW
BHEE—INVFIHEROSERBREZEH LT T . BED A HRBENEONEWNES., BHE—INY
FOERMNEETHEWVWARESELAHYET, TROE—VEERZSEICHABRLTLEZSL, E—VEERE
Al REILERE=2—Yy—/IL0oO5h 5 10 WEOENEZEH L-ETT,

. BWREANVF A BWEANVF B BHEAVF C
:E_g y—" 7 |~ o kS =D, o =4 o - A
EES© | anke E—VEER Al 5B E—V EER Al #EERTE E—YEER Al H#5R1E
' A) (%) A) (%) A) (%)
EE 0.121 0 0.130 15 0.113 13
1000rpm oy
2E 0.306 84 0.407 100 0.285 93
EE 0.124 1 0.141 0 0.124 0
1500rpm ey
2E 0.318 98 0.537 100 0.327 88
EE 0.135 5 0.156 6 0.131 1
2000rpm oy
2E 0.285 95 0.531 96 0.290 96

R EZA—Y—ILDORRE
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{188 2. MCU YV 7 b = 7ETER

1. AEYFEARE
k1 AEUERE
I5H BitHa4 X B30
RAM 40.02KB —
ROM 41.87KB T—AEYay : 11.36 KB
Jog5L€Y 3> :3051KB
2. CPU &7
& 2. CPU &7
I5H A0 28 B P CPU &

E—FE|YAHLEEBO 1 S) 125us 25.00%

E—SE| Y AHMIEB00 1 S) 24us 0.48%

FFT fLI2 (fExecuteFFT BA%k) (¥) 2128.7 s 0.95%

e-Al #:G0I2 (Al Inference BE%) (CF) 316.7us 0.14%
B Y IAAH NIRRT Z Bk <
R0O1AN4821JJ0100 Rev.1.00 Page 36 of 47
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3. AX—b-aVI749L—4%E—&

. 20vYETE

RIIT/VAVIERE—EERLET,

£33 vOvIBRE—E

1EH Bl
VCC 5V
Aoy y FzwvP%ON
FIRIR FIRF
R 8MHz
PLL Hf& SRt x1
PLL EIR& &EfELE x20.0
SCKCR(FCLK][3:0]) x1/4  (FCLK=40MHz)

SCKCR(ICLK[3:0])

x1 (ICLK=160MHz)

SCKCR(PCLKA[3:0])

x1/2  (PCLKA=80MHz)

SCKCR(PCLKB[3:0])

x1/4  (PCLKB=40MHz)

SCKCR(PCLKC[3:0])

x1 (PCLKC=160MHz)

SCKCR(PCLKD[3:0])

x1/4  (PCLKD=40MHz)

SCKCR(BCK][3:0])

x1/4  (BCLK=40MHz)

T REBOREFVHAEEZERALET,

i. CMT1

E—AD3EERODADY T ) UGEM (2kHz) ZERLET,

# 412 CMTL DEBE—

BEEZRLFET,

=4 CMTLDHRE—E

1EHH AR
yBYYUERE PCLK/8
A 2B —\)LBERE 500 s
AURTIYFEIVRAAHZER (CMIL) | BX
N L) JA A2 S IEGL 11

I REHOREFVHREEZERALET,
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iii. SCI8

RX66T & PCRITU Y ZILBIEZT OO SCI8 ZEALET, VU T7ILBIESAVZ 7 —XIZIXFTDI
D USB-2 ) 7ILEH—T )L (C232HM-EDHSL-0) Z{#H L. MPSSE(*1)E— K TErixZTLVE T,
MPSSE £— K CEr% 3 B I121E SCI8 (XFAHRHIE— FIZERE L. SCK8imFm o Ov o E#HALET,

F-oJO—&I#Iz CTS8#iEFEFEALET,

*1 : Multi-Protocol Synchronous Serial Engine

R5(CSCISDEHRE—EEZTRLET,

%5 SCIBDHE—E

15H

BEARK SCI AR E—F

AA—FrEwY MEH RXDS8 #f#F® Low LANJL

F—42Evy +E 9bit

AU none

A+yTEY R 1bit

T—REEHM LSB 77—X +

BREv vy AEs 0wy 4- (PCLKB)

EvkL—F 5,000,000

Evw FrEDaL—Y 3 U#EE B

SCK8 Ui FHEEE oy odh

N— Rz 7 70— CTS8#

EIET—H2NIE DMAC THET 3

RET—20E B YAAY—ERIL—F U TURIET S

TXI8 & SIE L 12

RXI8 &5t lE iz 8

ZIETIS—EIVAHFA (ERI8) EE)!

TEI8, ERI8 & %tlESL (¥ /)L— 7T BL1) LRIL15 [E2]

a— LNy I EERTE EEET. REXRT. REIS—

5 A%+ TXD8 : PA4/TXD8 (37 E)
RXDS8 : PD1/RXD8 (24 E )
SCK8 : PA3/SCK8 (38 Ev)
CTS8 : P30/CTS8# (63 Ev)

T 1 REHOREFVHEZFERALES,

F2: BEEHRIOY U TILA— FTERBRADEOHEELHNTLIEEL,

EET—SHEDIEY FEZEOICT S0, FTROI—FZEMLTLET,
®E T 74 : Config_SCI8 user.c (RA¥—hk -7 L—42THAN)
* & EA% : R_Config_SCI8_Create_Userlnit B${ (A¥— bk -2 7445 L—42 THER)

void R_Config_SCI8 Create Userlnit(void)
{

/* Start user code for user init. Do not edit comment generated here */

/* Set 9th bit to “0” */
SCI8.TDRHL.BYTE.TDRH = OXFE;

/* End user code. Do not edit comment generated here */

R0O1AN4821JJ0100 Rev.1.00
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BEIY>TILY T b

iv. DMACO
# 6 [CDMACO DR E—EZRLET,
% 6. DMACO MERE—&

EH EEE
EHER SCI8 (TXI8) IZEF
EBER T S Ul AR ICEBBERE L - -BIYRAH TSI EVVTT S
EmEE—F J—3ILE—F
BET—2HA4 X 8Ew bk
ERik A4 1 (7FVHr—2 3 VATEERIZHKTE)
BRETTT7 FLR 0x00000000 (7 74— 3 VN TERARIZERTE)
BETTT FLABEH AR A1) ADk
BREERT7 FLR 0x00000000 (Bl&EI—H#HAZEEICTHRET D)
EEXRT FLAEH AR 7 FLREE
B Y AHERTE (DMACOI) AR TEIYAAZHFAT S
2 Y A A ST NE AL 8

I REHOREFVHREEZERALET,

DMACO MERiE% 7 K L RIZ SCI8 D%
¥%& 7 74 JL : Config_DMACO_user.c
*t&BE%L : R_ConfigCMACO_Create_U

BELCREERETH=6H., Taeha—FZ#EMLTWVET,
(AR—F+ 2227459 L—42THAN)
sernit %k (RY—F -2V 745 L—42 TER)

void R_Config_DMACO_Create_UserlInit(void)

{

/* Start user code for user init. Do not edit comment generated here */

DMACO.DMDAR = (void *)&SCI

8.TDRHL.BYTE.TDRL;

/* End user code. Do not edit comment generated here */

}

R0O1AN4821JJ0100 Rev.1.00
Jun.20.19

Page 39 of 47

RENESAS

TV r—3v/—+h




RX66T ' IL—7 e-AlE—2EREBRMYTILY Tk TI)r—3v/—+F

v. IRQ1
R7IZIRQLOZE—EZEZRLET,

7. RQLDHBE—E

1EH EE
i ueke 22 ) Iy
FTORILTAILAE 3
Bl LARJL 12
ERHF PE4/IRQ1 (8 EV)

I REHOREFVHEEZERALET,

IRQLIFFDULANILEREELTIIO R— b HATEH-OTENI—FEEMLTNET,
®E T 74J : Config_ICU_userc (RYX—hk-a2T7445L—42THN)

Dx1%BE% : R_ConfigCMACO_Create_UserInit Bi%k (R<¥— k- 3> 27445 L—% THER)

void R_Config_ICU Create_Userlnit (void)

{
/* Start user code for user init. Do not edit comment generated here */
/* Initial setting of GPI0O used for FSCTS signal inversion */
/* PE4/IRQL(IN) -> ~P31(0OUT) -> P30/CTS8#(IN) */
PORT3.PODR.BIT.B1 = ~PORTE.PIDR.BIT.B4;
/* Set P31 to the output port */
PORT3.PDR.BIT.B1 = 1;
/* End user code. Do not edit comment generated here */
}

Q@*t%BE%L : r_Config_ICU_irql_interrupt BA% (RA<— bk -2 7445 L—2 TER)

static void r_Config ICU irgl_interrupt(void)
{

/* Start user code for r_Config ICU irgl_interrupt. Do not edit comment
generated here */

/* Invert the FSCTS signal */
PORT3.PODR.BIT.B1 = ~PORTE.PIDR.BIT.B4;

/* End user code. Do not edit comment generated here */

}
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4. BEH—E

RBITAA VNEBFERABHE—EZTLES . KFEARGICTEMEEEEL-EHTT,

&8 A UNEFERABHE—E

kg2

Bk

clrpsw_i()

YAHELE

R_MTR_InitHardware()

E— 5 B0 HE

R_MTR_InitBoardUi()

1—HA 2T —ADFHEE

software_init()

RO

R_MTR_InitControl()

=HRY FILE—S & E PR

ics2_init()

" Renesas Motor Workbench™Y — L Z{ERT 5= DL

R_MTR_ExecEvent()

FOC DA X2 FEAT

R_Systeminit() VY B HEED M EAL

setpsw_i() B Y A AEF]

R_MTR_ChargeCapacitor() BREETDORESFH

MotionSensorlnit() Al HEROE DML

board_ui() E—4 HlfH0E

ics_ui() " Renesas Motor Workbench™Y — )L ¥ %4018
MotionSensorMonitor() Al HESRAnEE

R_MTR_ClearWdt() WDT 2 U7

RO ICE—FHIHLEFERER-—EEZRTLET,

®9 E—SHIEHLEEREN—R

A4 Bii;
R_MTR_GetStatus() E—2DREZEE
get_swil() SW1 DIREZ G
get_vrl() VR1 DikEEZ BN
R_MTR_SetSpeed() EERREEREDERTE
get_sw2() SW2 DIREZ BTG
R 10 12 Al #ESRUBFERBR—EZTLES.
5 10. Al HEERALIEfE AR
%2 B
fGetAdData() A/D ZHEERF
fSetADSendData() EWMEREET -2 ERK
fCalcFrequencySpectrum() FFTEEZITL. RRBARY MLZRE
fExecuteFFT() FFT BEDELT
fInitFft() FFT BEO#EAE
fGetMotorData() EBlickk. E—2 BRIE
fSendFtdi() F—4% PCIZ2E
fPcCommandRecv() PC <> KON
fPcGetData() PCav > FOE#E
fUpadteMovingAverage() Al #REREFEST—2 FH
fGetMovingAverage() Al #REBB T T—2IE
fGetSamplingMode YT E— FZENE
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5. EH—E

RILICAIHRBUEBICRAWSIEHR—EZRLET, FEOMBENITOERIEDSP 54 IS EFERALT:

FFT EBIZ{FRT S5 EHTT .

* 11. E#H—E (MotionSensor.h)

MotionSensor.h

RIE(E

B

DEF_PCLKB

40000000.0

PCLKB D& EE
(BEfL : MH z)

DEF_CMT_CLK8

DEF_PCLKB /8.0

CMT1OEME O Y Y

DEF_DefaultSamplingFrequency 2000 Yo7 DT RRBOMEIE
(BAfiL : Hz)
DEF_MinSamplingFrequency 1000 &N T T EIRE
(B : Hz)
DEF_MaxSamplingFrequency 8000 BRRY 2T DT REEE
(BAfiL : Hz)
DEF_DefaultSamplingCount 512 YT U HaERE
DEF_SamplingCount128 128 YT U T#(128)
DEF_SamplingCount256 256 YT VT #(256)
DEF_SamplingCount512 512 YT U T#(512)
DEF_SamplingCount1024 1024 YT VT $(1024)
DEF_MaxSamplingCount DEF_SamplingCount1024 | & K4 > 7 o5
DEF_MinSamplingCount DEF_SamplingCount128 | &/NMp> ) U5 #

DEF_DefaultOverlapSampling

64

F—nN—3 v THROMNHE

DEF_MinOverlapSampling 16 RIN—NR—=F v TH
DEF_MaxOverlapSampling 128 BRARA—N—F v TH
DEF_FFT_NUM_BITREV 240 Ev FRET—TILOERHK
DEF_SamplingRingBuffer 1024 YOTYDGTRV TN IT7D
Y4 X
DEF_HeaderSize 7 BET—2ONYZEBDNA M
DEF_SendAdMonitor 1 “AID ZHEEEaAT UK
DEF_SendFrequencyMonitor 2 ‘BIRBANRYS MILEEaATUR
DEF_StartMonitor 1 “EZA—FIRREITUR
DEF_StopMonitor 2 CEZA—{ZIE"REaATUFR
DEF_SetUpSampling 3 ST THEEREITUR
DEF_PcRecvBuffSize 128 PCHOLDZENY I7HARX
DEF_PcRecvTimeOut 100 PCIOODRIER A LT 0 MEE
(B3 : 10msec)
DEF_Chattering 20 SW BF v 2 1) > J kAR (200ms)
DEF_MovingAverageMinCount 1 Al HRERB TR/
DEF_MovingAverageMaxCount 100 Al HRERB T HRAE
DEF_DefaultMovingAverageMaxCount | 20 Al #RERE T RIKOHAE
DEF_Dispinterval 50 7SEGLED Z R~ f#f&(500ms)
DEF_ShuntCurrentSampling 1 BERE—F
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6. EH—K

RI2ICAHRBLEBICAWNS T O—NILEH—EZRLET, FEOEHITOERIEDSP 4T3 %
ERL- FFTAEIZERT H2EHTT,

*x 12. U A—/\)LEH—E(MotionSensor.c)

MotionSensor.c
Bz EHA & BA
ST_SamplingRingBuffer | gv_SamplingRingBuffer ADHYYTY TR VTN
27
uintlé t gv_SamplingCounter ADY 2T Thoo4
int16_t gv_FrameSamplingEnd ADY TGN T7D
17 L—LOEREKRTAERLM
intl6 t v_ADOBffer[(DEF_MaxSamplingCount * 2 s
B %]D_EF_MinO\[/(erIapgampIing]p ° ) AID ZHREER(U AR)/ VY 77
intl6_t v_AD1Bffer[(DEF_MaxSamplingCount * 2 N
B ?]D_EF_MinO\[/(erIapgampIing]p ° : AID ZHREER(V )3 T 7
intl6_t v_AD2Bffer[(DEF_MaxSamplingCount * 2 s
B ?D_EF_MinO\[/(erlapgampling]p : : AID ZEREER(W A8)/ X 7 7
int16_t gv_RspiSendStatus FTDI #EERT—H X
int32_t gﬁﬁLﬁﬂVecCpIxMag|32[DEF_MaxSampImgC EEMIRIEERS Y T 7
cplxi32_t gs_fft_buf[(DEF_MaxSamplingCount/2)] "R_DSP_FFT_il6ci32"BE#m
EREREIRMT SRE(Y v
T U THI2)
vector _t gs_fft time = {DEF_MaxSamplingCount, "R_DSP_FFT_il16ci32"Bi#1M
NULL} BIB(ARNNY T7ETRY)
vector t gs_fft_freq = {(DEF_MaxSamplingCount/2), | "R_DSP_FFT i16ci32"E8%k®
gs_fft_buf} BIB(H ANy T 7 EFRY)
vector_t gs_fft mag = "R_DSP_VecCplxMag_ci32i32"
{(DEF_MaxSamplingCount/2), B#DsI1H(EAN/NNY T 7 ETR
gs_fft_VecCplxMagi32} 9)
r_dsp_fft t g;_fft_handle = {DEF_MaxSamplingCount, FET B8O/~ KL
int16 t s_fft twiddles[(DEF_MaxSamplingCount+ = N
- gDE_F_K/IaxSamp[)(lingC?)untIZ))] P ( EERF/ Y77
Int32_t gs_fft_bitrev[DEF_FFT_NUM_BITREV] Evw kJN—R/I\y D7
float gv_DecibelsBelowFullScale AD aAUN—RTILRA5—)L{E
(BfL : dB)
BIRBEBMAEDIEER/NY
27
float gv_SquareSamplingHalf (o TY T8 2 DfE
RIRBEBRAEDERA/NY
27
int16_t gv_MonitorStatus FHRIRAR/F L DK EE
ST_SamplingMonitor gv_SamplingMonitor EZA—FEET -2 (BARER
RY RV EDT—3 #1EH)
uint8_t gv_RecvData RET—F(WELDOEICRE
TEANERT H5=-0T—73)
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ST_PcRecvRingBuffer

gv_PcRecvRingBuffer

PCHLDRIEYTINY T 7

uintl6 t

gv_PcRecvStatus

PCOHLDRERT—H2R

uint8_t gv_PcCommand PCALDREITUF
uint32_t gv_PcRecvTimer PCHOLDRIEBERIAT

ST_SamplingConditions

gv_SamplingConditions

YT TN

uintl6 t

gv_SamplingSize

BTNy I A4 X

uint16_t gv_Buffer2tolOverlap YT TNY T 7DA—

N—=F 9 TH 2 TILEE N
uint1l6_t gv_FramelEnd BT L—LETHEZHMN
uintl6_t gv_Frame2End FHT L—LETHAEZHMH

ST_MovingAverage

gv_MovingAverage

Al #RERBSTFHEHDOEE
= AN 4
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/* A/D sampling buffer structures */

typedef struct {
intle_t
intle_t
intle_t

m_AdOvalue; /* A/D conversion result (U phase) buffer */
m_Adlvalue; /* A/D conversion result (V phase) buffer */
m_Ad2vValue; /* A/D conversion result (W phase) buffer */
} ST_SamplingRingData;

/* A/D ring buffer structures */

typedef struct {
uintl6é t
uintl6é t
ST_SamplingRingData
buffer */

} ST _SamplingRingBuffer;

m_Write; /* Ring buffer write position */
m_Read; /* Ring buffer read position */
m_SamplingRingData[DEF_SamplingRingBuffer]; /* Ring

/* Information structures (frame length 128 samples) */

typedef struct {
float

m_FrequencySpectrum[3][DEF_SamplingCountl128/2]; /*

Stores frequency spectrum */

float

float

int8_t

float
(%)moving average */
} ST _Samplingl28;

m_RotationSpeed; /* Stores rotation speed */
m_PeekCurrent; /* Stores peak current value */
m_AiResult; /* Stores Al inference value (%)*/
m_AiMovingAverage;/* Stores Al inference value

/* Information structures (frame length 256 samples) */

typedef struct {
float
float
float
int8 t
float
} ST_Sampling256;

m_FrequencySpectrum[3][DEF_SamplingCount256/2];
m_RotationSpeed;

m_PeekCurrent;

m_AiResult;

m_AiMovingAverage;

Information structures (frame length 512 samples)

typedef struct {
float
float
float
int8_t
float
} ST_Sampling512;

m_FrequencySpectrum[3][DEF_SamplingCount512/2];
m_RotationSpeed;

m_PeekCurrent;

m_AiResult;

m_AiMovingAverage;

Information structures (frame length 1024 samples)

typedef struct {
float
float
float
int8 t
float
} ST_Samplingl1024;;

m_FrequencySpectrum[3][DEF_Sampl ingCount1024/2];
m_RotationSpeed;

m_PeekCurrent;

m_AiResult;

m_AiMovingAverage;
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/* Serial communication buffer structures and unions */

typedef struct {
uint8_t

header */
uint8_t

m_Header|[DEF_HeaderSize]; /* Stores communication

m Cmd; /* Communication control command, 01: A/D

conversion value, 02: FFT processed value */

union {

ST _SamplingRingData m_SamplingData; /* Entity of 3 shunt current buffer

structure */
ST_Samplingl128
ST_Sampling256
ST_Sampling512
ST_Sampling1024
} UN_Sampling;
} ST_SamplingMonitor;

/* Serial communication
typedef struct {

m_Samplingl28; /* Entity of data structures */
m_Sampling256;
m_Sampling512;
m_Sampling1024;

ring buffer structure */

uintl6é t m Write; /* Ring buffer write position */
uintl6é t m_Read; /* Ring buffer read position */
uint8_t m_RingData[DEF_PcRecvBuffSize]; /* Ring buffer */

} ST _PcRecvRingBuffer;

/* Moving average operation buffer structure */

typedef struct {
uintl6é_t
uintl6é_t
uintlé_t
uint32_t
uintlé_t

m_MaxCount; /* Acquired data count */
m_BufferFull; /* Buffer full flag */

m_Count; /* Moving average length */

m_Sum;/* Moving average sum buffer */

m_Ai Inference[DEF_MovingAverageMaxCount]; /* Al

inference value buffer */

} ST_MovingAverage;

/* Sampling conditions structure */

typedef struct {
uintlé_t
uintlé_t
uintlée_t
uintle_t
count */
uintle t
uint32_t
} ST _SamplingConditions;

m_SamplingFrequency; /* Sampling frequency */
m_SamplingCount; /* Sampling count */
m_SamplingOverLap; /* Overlap size */
m_MovingAverageMaxCount; /* Moving average maximum

m_SamplingMode; /* Smampling mode */
m_CheckSum; /* Checksum */
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