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void setup() {

pindode(d, OUTPUT);
!

void loop() {
digitalWrite(4, HIGH);
delay(26070;
digitalWrite(d, LOW);
delay(26070;
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GND

11 3y3 GND3
2 1 EN/RESET GPIO23/SPI MOSI
3 1 GPIO36/ADO/SVP GPIO22/WIRE_SCL
4 1 GPI039/AD3/SYN GPIO1/SERIAL TX
-3 1 GPIO34/AD6 GPIO3/SERIAL RX
8 1 Gpio35/AD7 GPIO21/WIRE_SDA
;— GPIO32/AD4/TOUGCHS GND2
—8 1 GPI033/AD5/TOUCHS GPIO19/SPIMISO
% GPIO25/AD18/DAT GPIO18/SPI CLK
12— GPI026/AD19/DA2 GPIO5/SPI SS
11 1 GPIO27/AD17/TOUCHT+ GPIOT7
12 1 GPI014/AD16/TOUCHS/HSPI SCK GPIOT6
13 1 GPIO12/AD15/TOUCHS/HSPIMISO  GPIO4/AD10,/TOUCHD
14 1 GND1 GPIOD/AD11/TOUCH1/BOOT
15 1 GPIO13/AD14//TOUCH4/HSPLMOSI  GPIO2/AD12/TOUCH2
18 1 GPIO9/FLASH D2 GPIO15/AD13/TOUCH3/HSPI S8
17 1 GPIO10/FLASH D3 GPIOS/FLASH D1
]g GPIO11/FLASH.CMD GPIO7/FLASH DO
19 1 5y = GPIO6/FLASH SCK
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[RE2] 24 v FEBICEANLERBEAZELZT 5, TROY 7 VERTIEIR Y %
ML EDE S m ¥y 7 AT D,

R3] %2 KN AA v F &9 L LED 235 X 9127 % (digitalRead BI%0)

[BE4] EALT 07T I ZIZOWTHE L, HliABz N7 n 7T MIWET 5, A
A v FEMFIZONC LED BN 58047 5 £ 9129 % (attachInterrupt BE%0)

%% . http'//gammon.com.au/interrupts
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[RE5] AA v TFDOAT =2 A% ) TNEEFETPCIBZD LT D, HlIEAA vF
DI SN TWDHIT "%, S TORWEITY 2 EE Lt 570 &, PC iV
TBEHY 7 b WS (RealTerm, TeraTerm 7¢ £, Arduino IDE O = ¥ f§5E %
AT HREW)

RealTerm http://realterm.sourceforge.net/

TeraTerm http://sourceforge.jp/projects/ttssh2/

L1 ay3 GNDS3
2 1 EN/RESET GPI023/SPLMOSI
3 1 GPIO36/ADD/SVP GPIO22/WIRE SCL
4 1 GPI039/AD3/SVYN GPIOT/SERIAL TX
3 1 GPIO34/AD6 GPIO3/SERIAL RX
? GPIO35/AD7 GPIO21/WIRE_SDA
GPIO32/AD4/TOUCHS GND2
8 1 GPI033/AD5/TOUCHS GPIO19/SPI MISO |31 GND
1g GPIO25/AD18/DA GPIO18/SPL CLK
12— GPI026/AD13/DA2 GPIO5/SP1 88
GPIO27/AD17/TOUCHT+ GPIO17
12_{ 5pI014/AD16/TOUCHS/HSPL SCK GPIO16
13 1 GPIO12/AD15/TOUCHS/HSPIMISO  GPIO4/AD10/TOUCHO
14 1 GND1 GPIOG/AD11/TOUCHT/BOOT
L 15 | Gpio13/AD14//TOUCHA/HSPI MOSI  GPIO2/AD12/ TOUCH2
GND 16 1 Gpiog/FLASH D2 GPIO15/AD13/TOUCH3/HSPI 88
17 1 GPIO10/FLASH D3 GPIO8/FLASH D1
18 1 GPIO11/FLASH CMD GPIO7/FLASH_DO
19 1 5y T GPIOS/FLASH SCK |22 GND
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TERL DT ¥ U RV HE D, F72 attenuation HEREIC L » CTHIEEBIEL VU EEXD
Z L bk B, http//trac.switch-science.com/wiki/esp32 tips
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L 3v3 aND3 38
—Z | EN/RESET GPIO23/SPLMOSI |—L
i— GPIO36/ADO/SVP GPIO22/WIRE_SCL %
—2 1 GPI039/AD3/SVN GPIOT/SERIALTX |25
5 | Griosa/aDs GPIO3/SERIALRX |34
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——| GPIO32/AD4/TOUCHS oNpz |2 ™
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13 1 GPICI2/ADI5/TOUCHS/HSPLMISO  GPIO4/AD10/TOUCHO
14 { Gnpt GPIO0/AD11/TOUCH1/BOOT |22 GND KXM52-1050
L35 | Ghiois/anias/TouchasHspI MOSI  GPIO2/ADI2/TOUGHZ |24
GND 16 | apiog/FLASH.D2 GPIO15/AD13/TOUCH3/HSPLSS |23 |
17 1 GPIC10/FLASH D3 GPIOB/FLASH.DT |22
18 | GpIoi1/FLASH.CMD GPIO7/FLASH.DO |21
19 | 5y — GPIOS/FLASH SCK |22




int ax,aw.az;

void setupi) {
Serial.bezin{3600);
}

void loop() {
ax = analozReadi4);
ay = analozRead(l);
az = analozRead(?);
Serial.print{ax, DEC): Serial.print(” ");
Serial.print{ay, DEC): Serial.print(” ");
Serial.printinfaz, DEC);
delay (5000
H

4 JEERCVEEE Y —RVP 7V (3%20180220 iEFT : GPIOO 1B DR — M2
%, http://esp-idf.readthedocs.io/en/latest/api-reference/peripherals/adc.html)
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PWM HAZFIHLTRC (F¥ay) —RE—XZENT,
Z I IEMRICEARE L TV RC Y —RE— X OBRENC I KERNLE T E TH USB
HETIXRALR S 5 7= DAEREIR (5V) 22721, RCY—FROERIZIZ 26 HD,

o EBUIBIA v X, HDEIVEIY 2T urERWD, EHICROBITE DR, 272
LE— & ZBRE 9 5 5 LEIE I IEI RV Z VW 5,
> ANUFFITOFEEFTTRY v o0 [EFT/EDFE] REEZSZRT 5,
> NUHEfHTOFE httpl/www.youtube.com/watch?v=S5{7jueQHr8
> BUANUEAITFERZE httpi//homepagel.nifty.com/x6/elecmake/solder.htm

PWM 5 L O'RC Hr—RE—& OfIH A IETH 21X FFLCTHH,

e httpsi//toshiba.semicon-storage.com/jp/design-support/e-

learning/brushless motor/chap3/1274512.html

e http!//berry.sakura.ne.jp/technics/servo _control pl.html

ESP32 ® RCYV—RT7A4 77V &ffi),
https://wak-tech.com/archives/1534
https://github.com/RoboticsBrno/ServoESP32

WIZK 5 IZRT EHICRC —RE—H LBIREZERT S, ZORKEXTIXAC TX X
@ 5V H71% ESP32 @ 5V A1l I TWD, 2L > TUSBHAE LR THEME
T5E912%, ACTH7ZD GND & ESP32 @ GND Okt 2 5iu 2 &,
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g— GPI03G/807 GPI021 AWIRE SDA %

—I GPoz2/a04/TOUCH GND2 - [

—— cPos/ADs/TOCHS GF19/5P M0 |21

—2 1 GPinsE/eD18/DAT GPO18/SPIoLK 20

18 1 5rinze/aD19/De2 GFIO5/SPISS |22

% GPI02T/AD1 T/TOUCHT + GFID17 %

—— GPI014/ADI6/TOUCHS/HSPISCK crots -k

151 GRI12/A015/ TOUCHE/HEPIMISO  GRID4/ADI0/TOLCHD |-

14 o5 SERVO

o Ee GPID0/ADI1 /TOLCHI /B00T  f==2- 1 eADARTES
L35 ] Gepramoiasoucramseimost | GRIos A0 3 TOUGHE 'S
GND 18 | copgsmasH e GRD1E/AD3/TOUCHS/HEFISS |22 ‘5 e

% GPION0/FLASH D3 GPIDS/FLASH D1 % 3[0 2[0

18 1 GRin11,/FLASH CMD GPOT/FLASHDO |2

19 1 5 — GPInA/FLASHSOK |2 J_

GO G
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7 PC o0y U 7ViEfE T — T%~&@k%%ﬂﬁ¢éowiﬁwg®ﬁ@%%
%oy PCHNZ Y 7VEEY 7 R TRV, v 2a—7TPWMES %8215,
JVARE, 2OV ARIBEITEE S B0 I oT0D ) UA Y s A a—TF THELEENWT
HOGETZOHEHZ AL B OMEETY Y 7T v L, LA— MIRHTHZ L)

2 T VIEE T PC b DA S 242 7- 9121 available B3 A iV 5, A2 XX 6 D
XoITh b,

void loop() |
int incomingByte:

if(Serial.available()>0) {
incomingByte = Serial.read();
CCTHELNTELF—IIE L0
}
delay (19);
}

6 RC #—AR & U 7 Vi@EfE
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ESP32 X 8bit @ DA Z#igi% 2ch Ff> T\ 5, % @ Arduino BREEIZIZT I/ H )1 &
L T analogWrite BSOS HE SN TV AN ZUE PWM IZ X 28U 7 e 71 Th
%o ZHUCxt LT ESP32 13 FEERIC DA EH 2479 Z &N TE D,

FREES] M 7 d X 91T dacWrite % & ffi - T DA H A %47\, HAEEE A 0 2 a—
FTHERT D, ZOHITIE GPIO25 (DACL) b ENn5, ok H BN
SIND. FWEOBBB X OEREE, 2205005 loop D AR &K X,

lint i=0;

void setup() {
}

void loop() {
i=(i+1)%255;
dacWrite (25, i)
}

7 dacWrite BEEC X AT Fu T HA

FXRT U TRBEOMEE L TA Y7+ U EETS (K 8), ZORIEETIIRDZ &R T

NTN5,

O DANPLDAINEEZ CL & RLICEDNAARNAT 4 VX THEIRD T >~ b,

Q@ A7 7 G B AR NIM4580) O LA iR A THAbE, MHdE=R1Z R1. R4 TH&

o

HERFOA 7 v FEBJEA R2 & R3 TREL, 47 7D VHI AL,

C3 LAY T AL DIEPUC L D AA AT 4 NV ETHDOBERRS T > b,

AXTH Xy I IPOATT U RAE—=TITHI),

o Bfgo T UV omMEICER, HEAXT T OMNE TS (ZHUTRED)

s AXTF UV X v ZIFERICEMTTELXATEHVD, AT LAV v OGS
TGN Y=

s AT UYVOEMEa— NTEDDL LT D,

http://www.jarl.org/Japanese/7 Technical/libl/konden.htm

© ® @

FRT AR OV T Fat R F TEET 5,

http://picavr.uunyan.com/op_amp.html

http://kaji-
lab.jp/ja/index.php?plugin=attach&pcmd=open&file=OpAmplIntro.pdf&refer=people%2
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7038 ESP32 @ DAC oD N TEHEA VY 7+ 0 2B 5T 2L B AETH Y . N ITN
HHTHIITA LT o IR IIAE,

R4

=1
—_—

23]
A

N

=]

GND

GND

AUDIOJACK
1 ®
2
C

GND

=N

11 vz GND3
2 { en/ReseT GPI023/SPLMOSI
21 GPIOZ6/AD0/SVP GPIO22/WIRE SCL
;— GPI039/AD3/SYN GPIO1/SERIAL TX
R4 ——| aPIo34/AD6 GPIO3/SERIAL RX
—=—{ GPI035/4D7 GPIO21/WRE SDA
L GPI032/AD4/TOUCHY GND2
| GPI0s3/ADS/TOUCHS GPIO19/SPLMISO
B ) = Eaggggmgwg/gp\; GPIO18/SPLOLK
5 . - 21 GPI026/AD19/DA2 GPIOS/SPLSS
g  AUDIOJACK L1 Gri027/AD17/TOUCHT + GPIO17 -
Lo 12 1 GPIO14/AD16/TOUGHE/HSPTSCK GPIO16 &
2G :: GPIO12/AD15/ TOUCHS/HSPLMISO GPIO4/AD10/ TOUCHO SERVOT
121 e GPIO0/AD11/TOUCH1/BOOT - ACADAPTER
12| GPIO13/AD14//TOUCHA/HSPIMOSI  GPIO2/AD12/TOUCH2 -O ;
— GND 15— GPI0v/FLASHD2 GPIO15/AD13/ TOUCH3/HSPLSS < 50
R GND = GPIO10/FLASH D3 GPIO8/FLASH D1 [O Q
r - 13 1 GPIo11/FLASH.OMD GPIO7/FLASH DO
¥ 2 18 1 sy = GPIO6/FLASH SCK _L _L
+
100k 100k a0 GND GND

8 Tru M LART TR

[FREE9] SITRLIEEHE, arFrdREDE X, ZORIEMEROHIERITN D
Dy ZHUIZE o TO0~33VOEEAINIEDLHIZRDETFREINSD, Cl & RLIC

12



KDNANRRT 4 N ZIZK DTy bATREBEEITNL< 22 (B 21X httpi//sim.okawa-
denshi.jp/CRhikeisan.htm FJH), 4 ¥ 7 4+ OEBUEN 32QD L &, C3 LAY 7+
NCEDNANAINRAT A NZIZE DIy b4 7 AT 2D,

RBIOX S MBI R A —T 4 FEEIX, A Y742, AC—I R EOAFPERIN
TIEHELDTANALRRTZ A NVE OESERPEIND T LICER, AN EEmEFICEH LT
WIEAEE & B 72 2 O ZEARIRg 7238 Y |

[FR-E10] FRRICERE A ER L, [RRRE 8] D ATJEIEITK L CA ¥ 7 4 v &2 BV £ T ]
WCHD (EffiZeA Y7+ b2 b ), EledvrRa—7CTHDEE Z i
BT D, ZOEEFHBIZDAR— MO LTRSS TNDITT THD, EOLH IR
o TNDH, Elle®h (B b f{iEEOEA, I Rail-to-Rail)

[FRE11] PCINHDY U TIVIBETA Y 7+ L OFELZHIHT 5, 1-8 DEEZ XD L TR
LIT77 YTV R BES L1295, PCANEZ Y TVBER Y 7 S TRV, [FRE 7]
DY —AEBEZICTIIZEN., -2 CIIERREEREEOK > EH1+57-%, micros 4
x2S, micros BIEIIT v 7T AEEIRE B BIFEE TCOR 2~ A 7 v P HAL T
TR TH Y . ThE 1/1000000 §AUXBAE DKL HAL TR Hiv D, Bl 213 f[Hzl
DJEREHEOFEH LT WS, BEORZN tlsl ThiuX, sin@z )i s 4
ERV, EREEH 757 LaX 9 1IRT, AvnRa—7 TRBEOZE(L 2
WD, HEMICEISET D LRBEROEIEABIE SN DT T Th D, 225 loop B
O—JHHNZ D> TV DR 2R D K,

ftidefine PI 3.141592653589793

unsigned long time;
Tloat freq = 1000.0;

void setup() {
]

void loop() {

time=micros () ;

dacWrite (25|, (int) ((1.0+sin (2. 0«P1* freq * time/1000000.0))*127.0));
}

9 micros B¥ & AW IEREH S
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7 5MF1FD DA (SPIBIEIZ & H7R— b DYRIR)

ESP32 21X SPL EEEY 2 — A EEAE SN TV, ey Z & TR— M &HEET
HZENHRS, T 2Tl 8ch @ 10bit D/IA R— K 2 EH 4%,
SPILEEIZOWTIEI FRETHE, 7 PP RXZHMEL TV D Z L ASHIHE,

http://en.wikipedia.org/wiki/Serial Peripheral Interface Bus

AT D DA Z8ffags & LT 8ch10bit D/A =22 /3—#% LTC1660CN Z % (X 10), Z
DEFIFIT—F L — X BbALTOHEEZ RN TVWEIDOTERLT—F L — AR,
DA WG OEIRE 7T FOMICEBELEDTZOD a7 Y2 Avd, 10pin i F &
VN, Koz 2pin 1F7 7 REBVIZLTND,
http://akizukidenshi.com/catalog/g/gl-02794/

ESP32 (2% SPI, VSPI, HSPI ® 3 ff#H?D SPI@EE Y 2 — s TWn5s, 20 )

H SPLIINE 7 7 v o= AE Y LO@dEHIZEDIL, Arduino BREETIZOZ VO EL 5

(VSPL, HSPD# {5 Z L1272 b, ZOT7A 77V IIRHICEFHEERH LI TH D
(2017.12 H7E)

http://trac.switch-science.com/wiki/esp32 tips

https:!//lwww.mgo-tec.com/blog-entry-esp32-oled-ssd1331.html

https://lwww.mgo-tec.com/blog-entry-esp32-spimode-hspi-vspi-hispeed.html

https://github.com/espressif/arduino-

esp32/commit/3198f25¢19105{f933da4fdb33f132304bb3afaf
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51
%“L:‘

P$4
P$5
Pg6
P§7

8]

JP1
E L0
o =0
ACADAPTER 8
GND 1{) L{)
;IO- O
0l -
1 D
GND eﬁ_
GND

-
-~

il

[

10 8ch DA "R— FEIE (10pin DIFFEFE VRS 2pin X7 T K& 5VICLTW

T
FE

%)

B2l FRoOV AT e T aEEN L, Avn R a—T o TEIBA B
o DI IR LT X EFERICEETS (CSE 2 NI T ETH, £
YBRAI—=7D b Y HOEVLOHE HIHKRTWD, 2507 u—7zff, CS B
Z N VU HA{E 5 & 3 %, http//download.tek.com/document/55Z-17291-3.pdf
http://download.tek.com/document/3GZ-24924-0.pdf ),

ZODREEDEA I ED LD RBRICH D7, £ 51T LTC1660 DT — X 2—
FOZA I TF v — b EHB L TR,

16bit DT —ZE5I 70T KL ED LD RERICH D0, El-Eibid LTC1660
DT —H — kLl L T4 D,
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#include <SPI.h>
// VSPIFRERE
#tdefine SCLK 18
#define MOSI 23
ftdefine MISO 19
#idefine GS 5

short spiData, DA:
char channel = 0;
int t=0;

void setup() {
Serial.begin(9600);
SPI.begin(SCLK, MISO, MOSI, CS):
SP1. setFrequency (1000000) ; |
SPI. setDataMode (SPI_MODEO) :
SPI. setHwCs (true) ;

1

void loop() {
t = (t+1)%2:
if(t==0) {
DA = Ox3FF;
Jelsel
DA = 0:
]
spiData = (((channel&0x07)+1)<<12) | ( (DAROX3FF) <<2) ;
SPI. transfer16(spiData) ;

}
11 8ch D/A #1528 LTC1660 2 &3> 7,

.. fidl Trig'd M Post 7.500.us TRIGGER
*‘ TrrrrrorT T T T T T N

Type

12 HIEE & OBIg

(R 13] Fy¥ RNV EREL CELEEZH N TE 28 EERT 5,
void DAout(char channel, float voltage)
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LTC1660 OF7 —4% > — h & B2 NHF v U RIRED HiEEE 2%, BEZ 0.0 05
5.0 £ TD float THEH KD L II1CT 5, £D LT, 8h ZNENNBIRE LR
LEWEEOEZ R AL, A r R a—FClEABET 5, EMREER T
57O 11] o FEE WS,

7272 L 8ch 43 ® sin B¥%& U 7V A AZEE T D ITIEREE 23030 loop JE I E <
LM LWL LR, Ly, ZOMEEMRET 57-01I2iddH 500
setup BB CHAT —2 07 —7 v () Z1ERKLTHEL,

17



8 DC E—4X DI

MAXON 4 DC &= — % (RE25, 10W, 118746) Z Bi#E 4 %, i+ 2 DC £—X(ZiF= =
— 4% (HEDS5540, 500CPR (CPR: count per revolution) 23Tk v | iz 5HHI L 728
LT HENTE S, HAIKIEH 7Y v IC @ BD6222HFP 21 4 %,

T A= ONTIEFIAIX TR THE T 5, FHZ 4G E— NIZOWTHEBET 5,
http://ednjapan.com/edn/articles/1203/16/mnews012 2.html

http!//www.geocities.jp/horie_ryu/page010.html
Arduino BIEEO = a2 —F|\ZHOWTIIFEHICKREO Y A "3 bH 5,

https://playground.arduino.cc/Main/RotaryEncoders

SEIETFRObOEAND,

https!//github.com/PaulStoffregen/Encoder

TFATZVIEXIDEDA=a—0b, (A7 yF| > 94TV IN—R] > [T4
T VEEH] TRRENDHTAT TV ~vH—T % T, "Encoder” THZETNITHTL 5,
LA L 2017 4 12 ABE, ZOHETA VA =325 L ESP32 A— K&+ AR — LT
WRWAR=U g UPRA VA=V ENTLEIDT, FETZIP YV rm— 125,
kFiz7 72 AL, ICloneordownload| TZIP ¥ 71— K, %D Arduino ® IDE »»
A AR — T 5,

https://[www.mgo-tec.com/arduino-ide-lib-zip-install

B 18 #5312 5V, GND, T ¥ v x/V AB #8675, RBHMNTF v o x/Lid 5V &
L33k A— LD THET 22 & (INEIAT vy 7\, HEWS AET DL L), T
Ty THEHE L CHE AEERBROBBICRESEE LD Z ERZN,

EUEE

Ia—4 HikE AR BHES
Pin 5 FroxrB 1
Pin 4 Vee 2
Pin 3 F v URILA 3
4

Pin 2 F oIl
Pin 1 Gnd 5
* a9 4 FS1$3400.506 F A DIBE

BFEARD B r—T I
X XIS : 3409.506

a4 % (Harting 918.906.6803) &

A—VRTHEOUBEICERAME. o0 asc

X 18 =va—F v EE (HEDS5540 D~==7 /1 X Y)
V—Za— RiIkD &k 51272 5(GPIO B> 21,22 #HVTW5), 500 2L R —FHDx
A=k 4EEE— R THHA LTS (—EEM V270, U T VIEEIIR R OHE
MWD ZNE TR @EICEHEL TV,

18



#include <Encoder.h>
Encoder myEnc (21, 22);

void setup() {
Serial.begin(921600) ;
]

long oldPosition = 0;

void loop() {
long newPosition = myEnc. read() ;
it (newPosition != oldPosition) [
oldPosition = newPosition:
Serial.printin(newPosition);
]
]

X 14 =yva—FEHEbrIrrars s a

[RrE14] Tra—XEHn, TE—ZDOEHRAEEZFH, >V 7 VEEIC L > T PC
WCERLETALSCT D, AEIZT T ACER L THRRT 5, FlE - Wi HEIc—
B EHTE2n OBENERIND0FERT S,

(2E) ~Af aickdrzra—FEHIZESEZRBERNC /2D LT FORY ZIE LR
AL, THEELDHZENH S, ESP32 TEOREAULAMKRBEIETHLIN, b LAET
AT T FEH IC(LST7366 55) & WA 7 EOXERNEE LUy,

WRIZE—Z ZBRET 25, H7 U » PREIBIZOWTEIFZIEX TR TEET 5,
http://[www.picfun.com/motor03.html

T EkEh (H 7'V v VBEED) 1355 5 32 Tl 72 PWM I X 0 BRAGICHIE LT A5,
A [Eff 9% BD6222HFP @ /213 1.27mm E v F72 0 Tl O MR~ F (2.54mm) |2
B D0EN DL (K 16), vy FEMEMR A O BRiT BD6222 O FEA A3 % b2 82
filt L722nWE D129 52 & (hicgham B 7Y GND IZHft S 41TV %)
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15 BD6222HFP Ot F 45 H#i

BD6222HFP OWNHE Y = — /L L4, BEEEXRIZX 16 DX BV, FinRin HFE T
TUANVANEMZ D &T, Elg, WlE, 7L—F%, A My TE2EBT D,

B & GND OFIZ 10uF O =7 o adkte, =207 HIXERELED 2 5L EOTED
HOLLDOEHERST L,

#%it4 5 X oz —ZERENH OB IT ESP32 @ 5V EIR & IZBNCHET 5, GND [F+o
B Snianz &,

Table 2 BD6222HFP

BD6222HFP = e prvm
vrer e 1 VREF | VREF AIZEEAA
— LN e 2 OUT1 | AT
i , dEx dB=x 3 FIN il A F(IE)
i e b J21] 4 ];‘| 4 GND GND
y T 5 RIN FEA AGH)
@ é s 6 ouT2 H hiEF
e o o 7 vce | EBR
FIN GND GND
Fin 2 RDNDAR222HFP
Table 5 HE{EX
FIN RIN VREF | OUT1 | OUT2 &) {5(OPERATION)
a L L X Hi-z* Hi-Z* | R4 231 (L)
b H L vCcC H L EZ(OUT1—0UT2)
c L H vce L - #¥5(0UT2—0UT1)
d H H X L L TL—F(F1)
e PWM L vCcC H PWM | EFR(PWM #liil A)
f L PWM vCcC PWM H HEIR(PWM I A)
g H PWM VCC | PWM L ES(PWM #li B)
h PWM H vCC L PWM | i##z(PWM HlfiIB)
i H L Option H PWM | ES#z(VREF #lf#)
j L H Option | PWM H 85 (VREF i)

*HIFEZ Lid, HA RS EASHOFF ORBTY. A5 - UL—LRREY. M- FHRREARBIZE>TLETOT, TREEEIL,
X : Don't care

16 WHEY 22—/ ET4, BEEEXRBD6222 v==7/15L1)

20



E—Z 2 BE T 5 BRI ERH OZENMERZ NN D, ZOBEFRITELEORE. I L OERR
DYy FOEENARETH 5D (CVCC EJR: Constant Voltage Constant Current power
supply), —fxI7Z2 @ & LT, HllRERAmMO & IZEEEERSE LTEHx, Zhz B
Sl L TR EBMERICARD, ZHICKVEROY I v F&ED
ICRELTEL ZETYa— MEZLDEEORENT 5, %
7o Y Iy MERZ MBI S 2 & T, EERRE LTS
b d D,

AR TITYPNTEREE 12V, EitY I > b 0.3A FREIZERE
T 5, TO®REIK EORBENRRTIVUIERY X v & 1.6A FLE
I R 5,

CVCC EIRIZHOWTIIH 21X Fre THE T 5,
http://okwave.jp/qa4105361.html

http://www.kikusui.co.jp/knowledgeplaza/powersupplyl/powersupplyl j.html
K 17 DY TN TE—XNEIK 2L 2ERT 5,

T|nt t=0;

void setup() {
pinMode (32, OUTPUT) ;
pinMode (33, OUTPUT) ;
}

void loop() |
t=(t+1)%2;
if(t==0) {
digitalWrite(32, 0).
digitalWrite(33, 1):
Jelse{
digitalWrite(32, 1):
digitalWrite(33, 0);
}
delay (1000) ;
]

X 17 ®—% FIANREENTH AT a s T A
[ 15] H7Y v VEBICBITAA Ny 7 T L —FOFEWZ A2 50 CallE X,

X 16 D777 varr—7/r, Fin & Rin 12 PWM 12O F5FE L2 5bET
ERDE 18Xty Ny 7EBXUOBKTCHAERKIECEsEE2 61D,
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void motor (float p)
{
if(0) (
ledcWrite (1, 0);
ledcWrite (2, (int) (p*65535.0));
Jelse|
ledcWrite (2, 0):
ledcWrite (1, (int) (-p*+65535.0)) ;

!

void setup( {
ledcSetup (1, 20000, 16); // channel 1, 20kHz, 16-bit width
ledcAttachPin(32, 1); // GPIO 32 assigned to channel 1
ledcSetup (2, 20000, 16); // channel 2, 20kHz, 16-bit width
ledcAttachPin(33, 2): // GPIO 33 assigned to channel 2

}

18 H7 VU v VEK%Z PWMEEI§TAY I Arrur I s (—H)

%l— GNC
;— 3v3 GND3 % = Eg——v-ek
2 EnReseT GPIO23/SPLMOSI [ —o1 B e
—32 1 GPI036/AD0/SVP GPIO22/WIRE-SEE B4 1 ver
—£ 1 GPI039/AD3/SVN GPIOT/SERIALTX |35 PS5 L et
—5 1 GPI034/ADS GPIO3/SERIALRX |2 P86 L oer
-8 1 GpPI035/AD7 GPIO21// 33 P L 6g
; &PI032/AD4/TOUCH9 Pi8 | Bk
GRI033/ADS5,/ TOUCHS GPIC19/9 L
1(9) GRI025/AD18/DAT GPIO18
K 12 [Plo26/AD19/DA GPIOY
A1 1 BR027/AD17/TOUCHT+
12 1 BRI014/AD16/TOUGHS /HSPLSCK
% BRI012/AD15/TOUCHS/HSPLMISO  GPIO4/AD10/
GND1 GPIOO/AD11/TOUCH .
L % GRI013/AD14//TOUCH4/HSPLMOSI  GPIO2/AD12/ ACfDAP
GND 7| FRIo9/FLASHD2 GPIO15/AD13/TOUCH3/ e,
41 Brloto/FLasH DS GPIO8/F i<
N <2 BAIO11/FLASH.CMD GPIOT/F
B BY| 'WI GPIO6/FLA
GND GND
162 =R
veo |7 T
LL - MOTOR CVGG
L3 AN o+ oumt B 1() 1()
5 RN out2 8 2(} 2{}
GND A2
BD6222HFP  GND GND GND

19 = a—FHEARYVERBIOCH 7Y v URE
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X 20 =ya—FHARYVERBIOCH 7Y v VRIKER

[FREE16] U TIVEE TS 2150 . Bz florward). blackward)x A 119 5 & [Eiis

S EERE) Y DV | hGgh), Wlow)Z AN T H-NTHERELT I DL Lo IcH X,
PWM Oil#EE %%k % 50Hz, 1kHz, 20kHz &2 (bS8, RO OE(L, T—F )
LRTHEEBEEL, BLEE L, 20kHz IZRE L, 250 PWM AN @Y OH
TN TNDEME I E A r Aa—7"C 2ch [RIFFIZEHH L THERRE L, (B3 5<
20kHz TIIBEENCTE TWVeWEd, ZHUTEEE > MEIZEKRT 2, 2o Z Lizon
THMRD L) ZDkIE 20kHz OF%E THW D,

FREE17] — TN EEE S B T TV DR, BIRIX E ORERNLTWDED, -2 DF—

[

Z OEERE FTIDIR ([REeo0 25 1), BRI EORERN D2, ZOEN TR
BT D08~ BE X (F—U—F:DCE—%, WKEN),

RH18] TOIMLIZEY, DC ==X OENZH T2 21T 5, (ZOEZIE FREISHEN

R HEEd %)

TAIMTOFEBNE

1.

2.
3.

Ol W]
O X2
@ A M=o
@ RrFoibl

Ny R =Dy

R U L ofET;
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BEORED S, ETFEEH

DRI REYE: opia

TN E D60 EE

RbITF, NSNWICET AR LY

Rk RU L1 AT 7 RU LDV

REER R UL 2 NUHY A KU LT

4. Xy 70U I

5. AT T\broft; (THEY ZhET, KEmERET)

® 06600 6

125

ZHUBRIIT A I BEENUCHT LT — 7 TEET S (¥ 21),
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21 & E—F LHIEER

[ 19] P Hl#NZ L0 BRIONALE (FIHIALE TR () K o2 L, EREMNT,
WFzFTEEESETHDL, EORDD, T4 v &2 biIF D~ RSRDL L 9ITT 5,
RBIDOLEEON—TEBAZFHAIL, B2 1kHz L —7DEFF SN D L0235, 20
TeOIZIIRIES 2 7 A ~FIV IAZLZME > TS, loop BRI Tt 72 wait ZHkATHR
Vo Z O BRFTEN D 23R WER D RARICEHRIT 2,

[FR-E20] PD Hl# X 0 BAOALE (WIINLE TR W) IZ2 ) L i L, BIRZ T,
WTFEFCREESECHRD, 97D h, £72 PCOLALERSZEY (B 21X right),
l(eft)) . F—A— RFEHFT-NBEHTLHLHICEL, 2B DO OFHEDTZDIZIL
WMABNETH LN, LT N—TEAMEZFIIL CZORM At ZHNCHET L Z &
W—T7RHEN BN LT & OO T-8)

[RE21] PID #IIZ L0 HROOBLUE Z#>8E2, #uE L L CiIfl i —Bohl#z 24T
9, ZOLE@ PID #lEL, BAEME L BEHLE & OEIIH L TITY, £72 PC 7D
B A (B 21T rGght), 1eft) . F—AR— FaE#+7-NCEEEFMNEDL D X 91
X,

[FRRE22] bOGHICEOMD [BE) #RKBLT 5, 29 Licha, HOAELBAT-AE
IOV iABLE] EBZ, ZODVIABZREIZIHE] LT ) Z3Rm 3 UL S v O BER T
BT&E 2D, ZOWAIER (TREH) @< THXIVEWERRBELTE 5137 Th 5,
B @WHBIEEREZERT 5, 2oL xor—TFE#% 100Hz, 1kHz, 10kHz &
L, REFARERBE SN ED X ) ICET 02D,
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9 PCT7OYSALIZKET—2AX2Y - Processing MEA

0 B THHE Y Y D SO ZFAMR D FEEHE Lic, AETIZPC 7 r 77 Az v

leTr—2aXrroRkEEZD,

2B PC Mo ey Vs L L C Processing & W B
(https://processing.org/), WILEDEBREBIR CHLLZHT L5720, SEH LI Z &R TT

BE LS A CTUTOREICHETZ &, 0 mORIE 2 i BIC/ER L THEED D, I

U ~DOEIRIZ ESP32 @ 3.3V &% WA,

(23] 22, M 23 YT NT T T AEGRR LT ESP32 (ZHH S 7o EEE
oY OBEBEE Y TIVERFEICTPC THRRT 5,
Z D%, Processing D7 vV T LhEEHL, 7 —%% CSV 7 7 A WX THRFT 5,
PrintWriter 7 7 2 Z {14 %, Processing O~V 7 %22, ¥ —AR— REEROBEE
PR ENnF—EM Lo bR A A L, 100 RS L OMRAFEL TR T T2 X951
T2,

irt ax,av,az;

void setup() |
Serial.bezin(9216007;
I

void loopl) E

analogRead(4);

ax =
ay = analozRead(0);
az = analozRead(?);

Serial.write(ax>>8);

Serial.write(axd0xFF);

Serial.writelaw>>8);

Serial.write(avB0xFF);

Serial.write(az>>8);

Serial.write(azf0xFF);
ldelay(?U);f/wait for 20ms
1

22 IEEEVHY AL Ta s S s (ESP32 )
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import processing serial. =,

e Serial myPort,

String COM_PORT="COM3&", //CONES. ETET 5
int time=0;

3 int ax=0, ay=0, az=0.

void setup( [ // setup() runs once

size(256, 256) .

frameRate (60) ;

i) PR — RIZHEER. EBEIE021 6kbps|ZERE
myPort = new Serial (this, COM_PORT, 921600) .

awl) loops forever, until stopped

void draw() { // dr
color (255, U 0):
EU

colaor ox
color ¢y
color oz

color 255, 0);
color (0, 0, 255),;

..-’_)) bﬁ

i T (myPort. available()> =6) {
myPort. read() * 256,
ax + myPort. read{}
myPort. read() * 256,
ay + myPort. read{}
myPort. read() * 256,
az + myPort. read{}

2]
=
o

(time+1) %256,

Jiellipse(time, ax/16, 5, by //uJEiE
Jiellipseitime, ay/16, 5, 5).//yEiE
z).ellipseitime, az/16, 5, 5,/ /zfEiE
niax, " 7, ay, " 7, az);

D

X 23 MEERCHEZFEAHLY TV TF e 7T A (Processing fH)

J:;.E*j‘ > 7V ClX Processing 1 Draw Bh ¢ U 7 LilfE#17-72, L)L Draw B4
ﬁ B 60fps THAM SN TH L, L @mBEERW LUIERR T —Z &z T 5%
WZIERAD D 5,
Processing D V7 VT A 77 V329 LELGEICHAHREAAEZ L > TWVWS, £9°
serialEvent BIA4 E#+ 5, F72 bufferUntil E'Q%Z%ﬁﬁb\f\ FETE D LT DRI REIZ T2 0T
serialEvent 75%?%%?‘5 £ T5, TNHIEFBEEO~NTTHENEFEZHR~LZ L, Zoft:
FZAE D 72D, T = ORBIRFEDOLT (LB 7 v ¥ LIES) ZIRET 2MENH D
7= *lﬁl??)ﬁ_ D DOEZIEEIT 1byte 2.5 (K 24),
FLZOR, 7y X m T BEN T = PIBRBND Z L 2T BN H D, S EIO
AD ZH#3 1ch H7-29 12bit THDH DT, Z D EAL, FAL 6bit TORETIUL, T—X 1L
T 0-63 OFEHICINE D, 7 v # OEfE %z B 213 0xFF(8bit 3T D& JuE, 7—4
CHREXTFNER D LRIF R D,
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— > )\ ' J
XehT—%4 vEhT—4 BT —4%  7Y3(0xFF)

Y ) Y

00 6bitT—%4 00 6bitT—4

X 24 T—XFE 7y ZDH

BEAA NOT—F EimAHTICE LT, 7—4% 0O [P E ] BNIELWI & ERFET 5 EN
HETHDH, mbed A A NHDT =X, mbed v 2 ZEEBTLHX A I 7, PC
DTV TTREEITDHHAILT, REICED YT — 20 bhhE > Tnd 0 Lt/
WL, ZEA&T—Z D231 NENLIGE > TWDHAREE L & 5,
ZOMEE R T HT=0I12iE, H—I2 PCAIN BT —FFEDY 7 =X MEE% mbed {l
WCED HIENEZBND, D RN, K 26 DL HICPCloTa s T HATT
v B EPIRINCERRT D WO HiEbH D, UK > THIEIDOFEAAH LFFIZT — % DY)
NWHMNIELLS BikEn s,

void serialEvent (Serial p) |

ax = p.read() * 64, //upper 6bit
ax = ax + p.read()
ay = p.read() * 64,
ay = ay + p read()
az = p.read() * 64,
az = az + p.read()

while(p. read() 1= OxFF).// D waEF T uy

I1F(WriteToFile==true) {
output. printinfax+” “+ay+” “+az)

25 VUTNARYFHNTDT v ZDIER (Processing)

bufferUntil (2 X 2FI 0 IAZRBEBOERIL, 25 LBV AL & LT, serialEvent
BN W OIEOH SN D b S W DICHREDO R WA T AT 2 E 8B D, HlziX
serialEvent BI%%i%. bufferUntil 3FFEI 7= R OB#EIZ (£ 72 Processing @ setup BE%
KO HRWI BID) FHIND 0 E LR, BIZIXZUT K> T, FEEZIALT 7 A LR
SN TOWRWKREBTT 7 A VEZIRBNECLFHONTRELD, 29 Le/ 73
BIENZ RN —E FAET D, 29 LIEAZITR LTT KRy 7 2RI S /02 &
GRd24]  IEEE PO 3O E 1kHz Tidk L2\, ERLoffiiz 2512, ESP32
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75 1kHz (1ms ) CTAD £#i, vV 7VEEEITV, 7 —X Zitékt X, ESP
MOF — &2 FAGHIEZ EMICT 720X 26 285104 A ~—EIViAR%EITH, 1ms
JAMICRBEITE TWD Z & 2 MR T 5720, W42 T XV H 1 OIREE % 45 0]
HESH, FvnRa—7CEET S,

ESP32 (X &R0 fERE D & A ~—E| 0 AL Z R H K 5,
http://www.lotsharing.com/2017/06/how-to-use-interrupt-timer-in-arduino-esp32.html
https://lesp32.com/viewtopic.php?f=19&t=2481

https://techtutorialsx.com/2017/10/07/esp32-arduino-timer-interrupts/

https://github.com/espressif/arduino-

esp32/blob/master/libraries/ ESP32/examples/Timer/RepeatTimer/RepeatTimer.ino

Afhttp e, iotsharing. com/2017/06/how-to-use- interrupt -t imer- in-arduino-esp3? . html
Afhardware timer
bw_timer_t ® timer = MNULL;

void [RAM_ATTR onTimer(){
Serial.print In("here™);

]
I

void setup() |
Serial.begin(921600);

timer = timerBegin(0, 80, trus); HR AT = A — ) LEEE. S0MHzAE0 T i ckhi sl I
timerbttachInterrupt (timer, &onTimer, true); A/IFCHE LT
timerblarmirite(t imer, 1000000, true); AEE U EERDERTE. 1§4=1000000
timerblarmErableltiner); FR A2 —E
Serial.print In("start timer™);

]

void loop() |

I

X 26 #A~—FVABLOYTINTa s T A

|-501% Processing llo> Draw PO EHNAKTE LR WEHIO FIEER, 626U 7L
15 % USB2.0 R CTIT72 > TV A 72, FRZ TR LW R Y @5 3 5EERIC 1 500Hz F2
DHEETIThh TS, Db~ 2 OEETIE 1kHz TH 7Y U 7R TETH,
PC TORMSGRZNITIEME: 1kHz /L — 7 TiX72\v, PC & ARzl — 7 & 4Rk 9 D BRI
XML 25, BERHEAL— IR D~ 2 VATE/BIELIRETH D,

B 7 DJREFEFHA e ETIE R DO GHRA LB L 22 503, U T E A LN KLE T
WA, v 2 EOAEVIRIFETHZ &b L<fTbivs,

[FRE25] DC E—# &K E Y Y2 W filifl 247 5, IEE R %% DC E—2 K

29



RO T L IRICED AT, DCE—X 2 FITE-> T L ThH, WITT L I BEIKEIC
B LT D, FHAROHIEL — 71 1kHz £7213 2000 EEBRET D,
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10 EiRAEIE

AEMEHA L TV AR — it Wi-Fi 8 X O Bluetooth FDE Y =2 — /L & Ffo,

10.1  BluetoothSerial

BluetoothSerial 74 77 U Z %, HHTRD Arduino-ESP32 BB ChiLXF v m—
RITBE R,

https!//github.com/don/BluetoothSerial
https!//blog.rogiken.org/blog/2018/04/11/esp32%K3%81%A7bluetoothserial% K9%80%9A
%E4%BF%A1%E3%82%92%E3%81%97%E3%82%88%E3%81%86%EF%BC%81/

http://web.is.tokushima-u.ac.jp/wp/archives/646
https://techtutorialsx.com/2018/03/13/esp32-arduino-bluetooth-over-serial-receiving-

data/

http://web.is.tokushima-u.ac.jp/wp/archives/664

PC I C#% Bluetooth 7 /31 A& BN 2 &2 U T /VR— F SR T2RBEIC A 2 DT, 2D
BRITBEHEDOLY TIVBEET 07T LeFEITTR,

723 Z @ BluetoothSerial IZFAED & Z AKREET — & OFEITIIR Z OFFE,

(AR EE26] Z v a Y —7R % Bluetooth #&H T PC L #{ET 5 X 91275,

10.2  Wi-Fi (ESP32 &7V RAKRA > & LTETE)

Wi-Fi (B L T OV U T ARN—F 20T HFHPFiEE 7> Tnd, Lol ESP32
IWiFiDOT7 78 ARA L P LTRET DI LbAHE (7 LEW), —2B872Th
x50 TETZOFEZHND,

27 X 28 (Z ESP32 & Processing DV 7 /V7 v /T AExad, ESP32 D71/ T A
Tl loop B TlE7e < =D H @ while LT[RV — 7 ZE-> T %, Loop BAEIF N
IR IS 2 72 DI L TV 5,

http://mukujii.sakura.ne.jp/esp2.html
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#tinclude <WiFi.h>

static const char *ssid = "ESP32Wifi”; //Change here
static const char *passwd = “password”; //Change here
const [PAddress ip(192, 168, 0, 33); //Change here
const [PAddress netmask (255, 255, 255 0):
WiFiServer server(5204); //Port id. Change here

void setup() {
//Serial for error tracking
Serial.begin(115200) ;
//Start WiFi access point
WiFi.mode (WIFI_AP):
WiFi.softAP(ssid, passwd).
delay (100) ; //wait for event SYSTEM EVENT AP_START
WiFi.softAPConfig(ip, ip, netmask):
IPAddress myIP = WiFi.softAPIP();
Serial.print ("AP Started. mylIP address: “);
Serial.printin(myIP);
server. begin();
Serial.printIn("Server started”);

void loop(} {

}

char rev;

WiFiClient client = server.available():
if(client) {
Serial.printf ("New Client™):
while (client. connected()) { //Main loop is here
if(client.available()) {
rev = client.read();
client.write(rov+10);
}
}
client. stop();
Serial.printin(“Client Disconnected. ") :
}
delay (100) ;

927 Wi-Fi 0¥ 7 7n 55 A(ESP32 )

import processing. net. *;
Client myClient;

void setup() {

print ("Welcome to Wifi Access Point sample code.¥n");

myClient = new CGlient(this, “192.168.0.33", 5204);

int ¢=0;

void draw() |
int t;

c=(c+1)%100;
myClient.write(c);

t = myClient. read();
printin(“sent:”+c+"received: "+t) ;

28 Wi-Fi ®% > 77 a7 5 A(Processing 1)

FR&E27]

EReY I Ta T AEIN L THD, IP T RLART 7B ARA 2 FD

AR, SNAT— REIMERICE XD 2 &, ESP32 OEFEZIAL B Kb oTzb L, PC NG
Wi-Fi O7 7B ARA v hEHEL, #6tT 5, D% Processing 8L THh b, B
TEDFER L ZDBELEZ VAR — 325, PCMTL Y 7VBEBIToTE=ZY 7 %AT
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10.3  Wi-Fi (SMERIL—3 Z M)
BT OO IR 7228008, IRITAMR L — 5 2 = HIEZ R L TH D,

#include <WiFi.h>

const char¥ ssid = "PutWifisSsID";
const char® password = "PutWifiPassword™;
WiFiServer server(80);

void setup()

{

[

Serial.begin{l15200);
delay{10);

Serial.println{);:
Serial.println{):
Serial.print("Connecting to ")

void loop(){
WiFiClient clisnt = server.availakls({):
if ({client) {

Serial.println({ssid); Serial.println{"New Client."):
WiFi.begin{ssid, password); while {client.connected{)) {
while (WiFi.status(} != WL_CONNECTED) { if {client.avail =
delay{500); char ¢ = clisnt.read({);
Serial.print{"."); Serial.write{c);:
1 clisnt.print{c):
Serial.println{""); }
Serial.println{"WiFi connected.™); }
Serial.println("IP address: "); client.stop();
Serial.println (WiFi.localIP({)); Serial.println{"Client Disconnected.™);:
server.begin(): }
}

X 29 Wi-Fio¥r7rruss5 A0 2 (ESPS2 )

28] EReY TN T e T A BN L THD, IP T RLVART 7B ARA L FD

£, NATU— REIMMERICE 2D Z L, Processing MlIIXANEI & K& Az DML
ROV, 2OV TNVTIHIP T RUARHBEITHY Y Tondled, U T7L%
— XN TEEEWRTL02E I BB D, T OB TIEAR— FESEZ 80 FIZL T
W5,
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o 2MH K, 10 EOFHH
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V V V w V V V V VYV V
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MR (T3> 7)) OB FIELHEEL T ZE 0, FIIELEE LVMESFHME S L
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[1] ESP32-DevKitC Getting Started Guide
http://esp-idf.readthedocs.io/en/latest/get-started/get-started-devkitc.html

[2] ESP-WROOM-32 https://ht-deko.com/arduino/esp-wroom-32.html

[3] ESP-WROOM-32 DataSheet
https://www.espressif.com/sites/default/files/documentation/esp-wroom-
32 datasheet en.pdf

[4] ESP-IDF B8, Arduino BREE& 135720 ESP32 O X COMEELFIHTE 5L oI
720 £9, https!//www.mgo-tec.com/esp32-idf-howto-01
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