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ABSTRACT

Developers have applied Electromyography signal (EMG) by using a device
called Myo Gesture Control Armband. It is a sensor that detects electric signals from
muscles while making a hand gesture such as fist, finger spread, wave in and wave out.
Then it will send EMG signal via Bluetooth and process in microcontroller board to
control the rotation of the motor and makes the robot car move in different directions.
Such as forward, backward, tum left and turn right. This project can be a model for

further development by using hand gestures to control other form of robot.
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2.3.4 Layout & Pin out Arduino Board (Model: Arduino UNO R3)

Digital Ground
Digital |70 Pins (2-13)
|

Serial Out (TX)
Senal In (RX)

Analog Reference Pin

USB Plug —
Reset Button

In-Circuit
Serial Programmer

ATmega328
Microcontroller

External Power Supply

Analog In
Pins (0-5)

3.3 Volt Power Pin

5 Voit Power Pin

Voltage In
Ground Pins

3“1]‘7‘1 2.3 U857 Arduino Uno R3
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Lﬁ'mauﬁm L PinO, 1 W TX,RX Serial, Pin 3,5,6,9,10 wag 11 Wuwr PWM
2.3.4.5 ICSP Port:Atmega328 L{unasnildlusunsy Bootloader
2.3.4.6 MCU Atemega328 Huwesafldlusunsy Bootloader
2.3.4.7 1/O Port Analog /O fiasinn AO s A5

2.3.4.8 Power Port lWidsavnavasaiianasnisanelnldiuisasnieuan Usznausme

alidse +3.3V, +5V, GND, Vin

2.3.4.9 Power Jack $Ulvlan Adapter lnsflussfuagsyming 7-12 v

23.4.10 MCU 993 AtmeealéU2 t8u MCU fivianiaiidu USB to Serial Tae

Atmega328 wfnsioudu Computer W11 Atmegal6U2

@

2.3.4.11 Digital Ground 991999 MIUIRTYAUAY1uATMeA

[V

2.3.4.12 Ground Pin n8edsdmivinsedudyyineunden



2.4 Layout & Pin out Motor Shield Driver (Model: L293D)

Digital I/0 Pins(2-13)

Serial Out (TX)
Serial In (RX)

Digital Ground

Analog Reference Pin

2 servos Motor

2 stwepper
STM L293D gRccEmotor

2 DC Motors or
1 Stepper Motor

2 DC Motors or
1 Stepper Motor

STM L293D

> © O' 0203l
2389
alo (2]
Analog In Pins(0-5)
Voltage In Pin

Reset Button

External Power
Power |solation
Reset Pin

3.3 Volt Power Pin

5 Volt Power Pin

Ground Pins

sU#l 2.4 U3 Motor Shield Driver 293D

Motor Shield Driver (Model:L293D) uuasafilédmsunistunames Tnsdaunsn
Funszuadaidedlsliiiu 600 mA Suussuiisnglviusomesldiud 4.5 Wi 36 V aunsn
Aeuasuuvaia Arduino Uno R3 ieseldauldas Taenisvineuazld IC 12930 Hundn
Fefidnwauifu H-Bridee anunsodunatneduszian DC Motor Stepper Motor UWag Servo
Motor lalaeivuaiirniauazanuisalaenisusuen Pulse Width Modulation d@2umdng
vayuainvzUsenauluse

2.4.1 Reset Button Iﬂﬁ'gﬁaﬁaamﬂﬁua%ﬂﬁL%'amiaagjﬁ’u Motor driver ¥11n113 Reset

2.4.2 1C 74HCT595N 1dlumsfndeiuditayaiuuasinoisgiu

2.4.3 1C L293D l9lun1sdvusinasine@uisanvuaiianiawasminuisivasuamasie

2.4.4 1/0 Port Digital I/O #ausiun DO 53 D13

2.4.5 1/O Port Analog I/O fausivn AO &l AS

2.4.6 External Power Terminal ldsauvasinsanneueninensailelildlwidss
ANUBsA Arduino Suuseuladaud 4.5 v e 36 V

2.4.7 Power Isolation 9¢d Jumper S msuidaylvidosiiunannuesa Arduino (wn
Foansliiidssannsuenvion Jumper son)

2.4.8 Digital Ground Pin a2 dsdmsuinseaudyguninea

[V

2.4.9 Analog Ground Pin 9n9198sdmsUTnszaAudtygneuden



2.5 HM-11 Bluetooth Module

g‘d‘ﬁi 2.5 HM-11 Bluetooth Module

HM-11 Bluetooth Module 1uwmalulad Bluetooth 4.0 amnsanIUAuHIUAE: AT
Fagndariunisidause UART wuveynsu 198U TL cc25a1 daldndsemsmidlisendaly
wazdiaamamnsalv q Afndn Bluetooth fuauwmii1 awisaiamanuusIvesdyay
sennAwdusrezviiengunsalld sesfunadeusedmiu Android 4.3 $uly dwiu
105 sesusaust 105 7 $uly uagdannsotnuldsufufvaunsallalasreulnsaaeiodng
vasnenglule

AuANTALUYE9 HM-11 Bluetooth Module fi¥sdaluil

2.5.1 walulad Bluetooth Low Energy 4.0

2.5.2 fszelumsiensieluaninwndomdn(lifidsinng) il 30 wns

2.5.3 amunsaivdsteyalalaglidniadiuaulud

2.5.4 s033umsldids AT command

255 annsavhenudulsvis Master Aflumsniunuugyslugadnilé) uag Slave
2.6 uamaslHAINsTTUENSS

2.6.1 naNN1sVNUVBINBADS INAINTZLEAN S

msvhnuvesemeslifinszuansailefiussfunarininssuansadilulusewmes
Iwihnszuanssasdriusssusueeuiomees wasdnlulutaanensiaeiifieatns
auuuiméndy waglwihnszuansedndiumisaslnadrluluwemeauuuslivgn (Feld

. P o ' & 1 3 ' n.; 1 a v & & = e
coil) LWEJ?{S'Idﬁu’]MLLML‘Mgﬂ?J’JLMﬁE] ‘U’ﬂﬁ]‘ﬂufﬂ’]ﬂﬂU’ISJLLLFL‘MﬁﬂWQﬂBQﬁ?UV]ﬂ?"IQ‘UUU’i}S&JWf’Wl’N

Weaiy Han1seanfuin iiinusslaludmoisiuinasusalsnes

35Ul 2.6 DC Motor



2.6.2 dauusznavvesuatnasiniinszuanse

wolwasininsruanssiindnuildiu Massadruazdnlsznovadiofuniostiin
Infhnszuanss fdiuussnouiidgrdymilouiu fguiednuuznisusnadieiu unndsiy
asamai Ul dusewmesinihnszuansuilosoussiulunsdliuowes vnlvuoines
mgmﬁmwé’qnaﬂﬁum dulsznoundnquesawmesininszuanss Ussneudedausineg fail

[
o [V Y]

2.6.2.1 wnansuiuGn (Field Coil) Avunainiigniuadfudiudmanidn
a W s o v oede = & | < @ - R | =3
fndulassewmes Yivtiniadaudwdndunile (N) wazdnld (S) unuwiimdnansunain
=|eLy < 4 ' ] - ) v &
nliluveainaruinenauiu aunduuwmanazifadudiadnauseulnesalvuaines

2.6.2.2 Uau3inan (Pole Pieces) ﬁaLmuﬁ’m%'maﬁ’wmmmaumLL&JLwﬁﬂQnﬁm
Aannulasiwamosaulu PaivanyinunonuHuIansouUsg 8atauiu (Lamination

P a = ° W 1) |

Sheet Steel) iNaann1siinnszudlnaiu (Edy Current) Nagvilinuidivesaunuusivian
anas Piwimanyiwilidndadrawuudwdniiaudngedn wiutauuwiming s
Radnuntnvestkwdnyi lilassuivensuaaswas

2.6.2.3 lasauainas (Motor Frame) fladiuiudaniuaiguanvesuoines

=t 1 1 t:] v 1 a - o/ v g £ o
wazgadiuetnui (Stator) vesueimaslinelusiuiudhUsvinievesaiwmes laswamaivin
v o a ) | | v} | v a |
nihAadunsAure sduLswinansemstudmd nlAn AU LIIIEN ATU95
I J ‘4 = -y L

2.6.2.4 9131393 (Armature) AvduiAGiou (Rotor) gndafniuinan (Shaft)
Way 58T UM TUYUMETITBITUNITVYY (Bearing) faensiuivehainudnudLuneg dadeou
iy gnigzIesesniduaius elituvnaineisiuiass (Armature Winding) ¥aaInens
e iidurnalneuingauIu Seswnainelsuvesazlvaaiaiusguasiiaulniueson
LULIRIRaIRB15LResHY Uaiwunalneisiunasdalituprauiinmees a1siusiaasuansiy

1 3 n.j ] 73 « ¢ ti :J
YDIEUMULIMANTER Y lienSiiesvauaiioud

oy 1 { A 1 d! =f - ;23 L2

2.6.2.5 Aeuifiuamas (Commutator) faduindaundndiuvils gnoafadiiu

prslesuasinariniu asudmmesinninuimesnadsusznaudisefiuiugy

NIINTTUBN UiazuvmeawasradneuiilamasgnuenaenaIndumeawIului (Mica) 813

[
o o

4 = § o v o & a 1 = ] v
Waes Asudmmasvmhidusasulswulnasanangunanulseanu Lwaaﬂiﬂwmmﬂ

REPTRH

2.6.2.6 wUsadu (Brush) Aeddudanuaouivames viduwisdmasunEau
MnAfueundaunsindnaunmeun deliudwazihlwinled faiesidesuiuwlse
dnufieluunseulnnsaisnodnn wussduimhiisunssulwaseanuvassny srerly

Tvrauiwsnes
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2.6.3.3 N15AUANLUY PWM (Pulse Width Modulation) fig inatindmsu

L3

muAsITnIAuasawsiaslddyauevinauuuitneaveslulasiuswagesaiuny

L &

& = 1 - = ! I aa v o ld' i:l
PWM ABNAUANTTANALUIMUUUAINTY 198 d@9A1nanaa 0-1 Ima’[uafgfyjmmmamw A%

g

'
@ o =3 o

O o ) ) o Y] a
AIVANTEETAA Y INgavdy gras sty Aagvhliaussiueiovesdyauaind

U

Aeiuie dmduliga PWM 2as Arduino dinnnuaziden 8 bit wio Ysule 255 sueiv faiy

AdyeyInd 0 Taaada 5 Taad azgnuanadudyarnuuuiineald 0 89 255 Fusiawnse

Weudndrusnuanavasaduanfiseals

- Tng 10a wansdayeyias PWM 91 10% duty cycle i S¥edayaradunis on av
1T 10% vesprudygiu way sxiivrsdyann off Wi 90% vesmudyaiu

- 1ny 10b uansdayry1es PWM 71 50% duty cycle e S9asdmaralunis on vz
Ju 10% vesmudy i waz avitedyanu off Wi 50% vesaudyayiu

- Tay 10c uansdayayos PWM 71 90% duty cycle fie fivredmyayalunis on ay

\u 10% vesaudmnn waz azdidasdyanu off 1y 10% vesmudyau

{ On = High Lavel Off = Low Level

!
1
e |
3
‘8

- . " Nm—% i LA — - -~ - —_

90%

gﬂﬁ 2.9 uansdryqns PWM auamasn duty cycle fishagiu
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2.7 MYO Gesture Control Armband

‘gﬂﬁ 2.10 MYO Gesture Control Armband

MYO Gesture Control Armband 1w guUnsal EMG Sensor AUl ulagus v

Thalmic Labs suasnuwauiiusenaulusme EMG Sensor 31uiuvianua 8 Channel Tuisias

(]

aa a - ) <l 9]
Channel d8tannsawia Surface altlunisnsiadunisiudsuntasueadayarialniin
) A Wy d gy o o o | | | W & LY
nauiale Falduannisfiisunda Electromyography msiganaiiingiuideidnisudunse

{ a A & | v “ vy & ) v =
Lﬂaau1ﬂ’3 ﬁﬁ]3Lﬂﬂ"ﬂ'!ﬂﬂQimaNaQﬂQQWUNTULﬁUUixﬁ’Wl LW@iWﬂﬁWNLUQ%UUmWNW@Qﬂ’]? YINT

< s @ |

Sea @ w & = o 8§ v ) v A a &
dnAaudygaulwitues Jevinliaunsansiaduaiudymimnnanils ieliasizinig

A 7}

o v & Va0 %l 9 3l o < 57 S Ol P2 w My & f
YINeuLanaIuile fuauiiviuitndeulslunianisunndinadnsieilsadelyidu ualy

o A

Ua90ul3e4ues Wearable Device Alizuidunilunuimunniuinlinisnsiandeyyin

<

Jululevagmnuazsiasiunniu

d 1 s 1 8 1
MYO Gesture Control Armband MYO mmmlﬂuaumaﬂuqﬂnmima 9 TanUN14
dyyraul¥ane Bluetooth nanqgnesnuuunidmivlduutuasuiiamesldvauy
a wa . A 83 & 1 Vs i¥ ¢
52Uy URN"S Windows Uag Mac ieltaulunmsdanusies lddresduaudumesidn s

° ' o a
WA ULAUDIU ﬂ%ﬁ]LautﬂﬁJ LASBUY anunane



UNa 3
ao

A5ANUUNISIVY

3.1 Block Diagram

Hand Gesture

YIMN190949il LU NSMile

a

MYO Armband

ATITUANYULRWILTRIA I EMG nviTnevesile

-

Bluetooth Module HM-11

SULAZAIUBLEIN MYO Armband tunng Bluetooth

U

e

Arduino Uno R3

ndyn s EMG wnussananailiumdmunisi@eulusunsunlanivuall

&

Drive Motor Circuit (L293D Motor Shield)

JUAA9N Arduino Uno R3 WAZAIUALNITYINNILYRINELNDS

"

Car’s direction

AuANTAaTnBINsITatsAuAdeunluldmusaInis

4 . e s -] L3
3U# 3.1 Block Diagram nseUIun13sudeysy1ad EMG uﬂﬂmmmamai
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3.2 Msidaura MYO Armband fiu Bluetooth HM-11

% P ..

g'd‘ﬁ 3.2 MYO Armband waz Bluetooth Dongle 4.0

MYO Armband #38lunisideudafuszuuujdiniseafiidu Windows way Mac #1u
mansideusiolimsugysdslunindaudeduiiudosld Bluetooth Dongle 4.0 fivnagian
Thalmics Lab Ifnaneenunlagi@nizdmiu MYO Armband (dsuidnfiuiasesneuimesiile
Susuldsry MYo Amband wiiilesangunsaiiinisddnsialadldlilassend fie Bluetooth
Module HM-11 az Arduino Uno R3 @slumsldemuassliannsatinnuszndldify Bluetooth
Dongle 4.0 l¢f fdmviadiosiinaidiansa MYO Armband iy Bluetooth Module HM-11
Tnanse Ao Wovinmsilisaindsis Myo armband wax Bluetooth Module HM-11 Widasgunsal

Azdeusaiurumaugysinsaludi

5Ul 3.3 MYO ARMBAND uag Bluetooth Module HM-11

lun1sideusie MYO Armband fu Bluetooth Module HM-11 $1dudesdmanilsuuas
83 Bluetooth Module HM-11 Insiiderou 189970 MYO Armband ldanunsaideuselé
wileufiugunsaliiagly §dasinléin Firmware fignifmuntulasgimun Valentin Roland
drmiuldlunis Flash Bluetooth Module HM-11 1t i dpudauas Yudsdagyatu Myo
Armband lslasnssgunsaliilélunts Flash Bluetooth Module HM-11 fifssalus

- Bluetooth Module HM-11

- Arduino Uno R3

- Firmware CC2541

CC Loader Program
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CC loader Sketch

CC loader Program
waeg Firmware CC2541 1L | [—
e
Debug Clock & '- Reset

VCC

5UM 3.4 maifleusiansasdwdunis Flash HM-11

FUADUNIS Flash HM-11 sralusunsy CCloader
L. fi92993iaguT 3.3 uazdnlvanlda CCloader.ino asluuasa Arduino Uno R3

2. {Waniwina Cormmand Prompt Jusn uazuvinogueslnalusunsy CCloader aslu

'gﬂﬁl 3.5 msdadialusunsu CCloader.exe Ty Command Prompt

3. yhmsidenweinued Arduino Uno R3 Milieusestiupauiaimes , faguadld Firmware

& % 2 =f = [ ﬂ:J
CC2541 uay Ysginnaeauasa Arduino ﬂuﬁﬁ’l"u Arduino Uno R3 adtaantUuusetani 0 )

Command Prompt

gﬂﬁ 3.6 M3 import Firmware Tulusunsu CCloader.exe 611 Command Prompt
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.:.‘ o dl 1 a I .
4. [UswnsuagsuyinuLas@ousanu HM-11 Bluetooth Module 814 Arduino Uno

R3 wayyinns Flash Firmware CC2541 asly

“ile open?
**UARNING: File’s size isn’t the integer multiples of 512 hytes, and
the last block will be filled in up to 512 hytes with BxFF?
lock total: 274

[Enable transmission...
Request sent already!
0 -t
If there is no respond last for 3s, please press "Ctrl+C" to exit!?

* And pay attention to :
fad 1. The connection betuween computer and Arduino;
2. The connection bhetween Arduino and CC2540;
3. Whether the device you using is Leonardo or not;
4. Other unexpected errors.
M'****mﬂ“*ﬂ**ﬂﬂﬂm/

Haiting for respond from Arduino...
ploading firmware...

3 5 e 8y
26 27 28 29
446 47 48 49
66 67 68 69
86 87 88 89
185 186 107
[ [t S
137 138 139
153 154 155
169 1786 1721
185 186 187
281 282 203
212 218. 219
233 234 235 4 3 2 2
24950200 251 4252 22538 75t 255 256 25° 25 259 26 261552
264 265 266 267 & 2 278 2% Upload successfull
v
File closed!?
omport closed?

gﬂﬁ 3.7 TWUsunsy CCloader flash Firmware CC2541 adlu Bluetooth HM-11

3.3 N33UTaYariin1991n MYO Gesture Control Armband

AuauliAa1997 MYO Gesture Control Armband aa1sans3adulgannnsaanldves
Aldanudszneuluie dynia EMG(Electromyography signal) , Motion Sensor Wi 9 uny
Fausznaulude Accelerometer (3 unu) Gyroscope (3 Wnu) , Magnetometer (3 kNU) WAL
N15A9193UYMM 1900 LaglAnfiuaIm1agWmun Thalmic labs lnsinisldteyanisnsiadu
vimnevesilelidiuiu 6 vamedaedy wiszaiuisathunldldfnederinisdeusetu

ADUN UMD IHIUTENAKIT MYO connect ﬁm&@’ AU Thalmiclabs Todeudiu n15d1viTn1eves

2 ot o

flovia 6 vimauussgndldivlassaud §aavinlaidenld Library MYO bridge voafWaiun

U

Valentin Roland snvinmsuSaugauazunlvainidiu lnensifeuddalsunsuasly Arduino IDE

°

Fardmdngildauiivelui
MyoBridge bridee(brideeSerial); sddan1sifandasewing MYO Mu Bluetooth HM-11
bridge.enablePoseData(); Mdsoynwilitdsdioyanmisnin MYO Bluetooth TUfl HM-11

]

bridge.setPoseEventCallBack(handlePoseData); Fds hold ﬂaa&aﬁuqlﬁ"umxﬁﬁwﬁmw
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™

ARDUINO

5U#l 3.8 MYO Bridge

wennslunisileulusunsulu Arduino IDE Wannsasudeyavimeain Myo Tvins

muguuamesliiadoulmld fe finvindouTusunsalsi Arduino Uno R3 $usdiayarimenn
Myo Wifivlilushuusimtudnivuusiuluteuisuiudeyavasdiamun Thalmic labs 4
legnslddayaviimisvesiialidouau 6 viimne 1dun WAVE IN , WAVE OUT , DOUBLE TAP ,
FINGER SPREAD , FIST waz REST famindoyafiuunsafurimisuesiiosis 6 vimasdula

KU

Y & a0 = a o o & da v o s ¢ v oW <
BUNAUINNATIUN ﬂ"ﬂ3L'ill'ﬂ']ﬂ’]aﬁwL°UUu\lqa’]WiUﬂ?UﬂﬂﬂJaLmaiLLﬁﬁgmq ﬂ\‘lzlhﬂ 38

WAVE QUT Motor Driver L293D

‘, t Speed and

MYO Armband  [mEE| Bluetooth HM-11—|- Arduino Uno R3 |M®| direction of

" " motors

MYO Bridge Library

5U 3.9 MsulSsuiilauviimaiinsaaduann MYO fu MYO Bridge Library

MyoPose pose;

pose = (MyoPose)data.pose;

if (bridge.poseToString(pose) == "MYO POSE DOUBLE TAE")
{
i++;
}
if (i%2 != 0)
{
if (bridge.possToString(pose) == "MYO POSE_REST")
(
motorl.r: (RELEASE) ;
motor2.r (RELEASE) ;
motor3.r (RELEASE) ;
motor4.run (RELEASE) ;

}
else if (bridge.poseToString(pose) == "MYO_ POSE_WAVE_IN")
{

motor2. run (FORWARD) ;
motorl.run (FORWARD) ;
motorl. s d (250) ;
motor2.s ==d (250) ;

< ) | v 1 =k )
U7 3.10 fedrdlaneglunldlunsisuiieudymin
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n1seenkuulasesvasisavusudldlusunsy Iustrator Tuniseanuiuy waz

E
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139mm
2/mm

mm-—» =< — <«—7mm

27/mm 2amm 1emm zzmm

116mm
20mm
13mmI
20mm
+ o
samm T
mm
139mm 13mm
A - %
semm
1i2mm I
[ ] L
w Apisit

o | ApIsit

- | MYODUINO

< ) a o <
JUM 3.12 Tasasndiuuinasisoieanwuululusunsy Illustrator
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3.5 Schematic and PCB

[
i — 4
Teader Hvader ¢

=0

Un 3.13 PCB

o)

P1 Dg- DT Aen UB=i 3 D 3 Adrs

[peé6o00o0o00000000 [Eoccocoo][ooocono0aal

YO-U2 DAIASLATU DhTASK
[Pcoooec0c0oc000000) X o] [oo

E‘Uﬁ. 3.14 Schematic
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N1SNABDILAZNANITNAAD S

4.1 NANIINAFIUNITNTIVTUNINIIVD9ADA28 MYO Armband
lunmsmegaunisivdsdeyasening MYO armband Fail EMG SENSOR vianun 8 fafu

Bluetooth module HM-11 Sudeyau1Uszaiananiu Arduino UNO R3 Taenisifleuldnlu

TUsunsy Arduino  IDE Lﬁaﬁe%yawmﬁmmﬁmd'suﬁﬁaqmsﬁﬂﬂlﬁaaﬂmmﬂ MYO

Armband uazmsI9@aUNaNLINIUNIS Serial Monitor TulUsunsy Arduino IDE

MYO_POSE_FIST
MYO_POSE_REST
MYC_POSE_WAVE_IN
MYO_POSE_REST
[MYO_POSE_WAVE_OUT
MYO_POSE_REST =
MYO_POSE_DOUBLE_TAP
MYO_POSE_REST
MYC_POSE_FINGERS_SPREAD
MYO_POSE_REST
MYO_POSE_FIST
MYO_POSE_REST

MYO POSE_WAVE_OUT
MYO_POSE_REST
MYO_POSE_DOUBLE_TAP

LA NAOR. nmam A - e I B —

Autoscroll No line ending ~ 115200 baud Clear output

W

UM 4.1 Serial monitor uanstavmneil MYO Gesture @ansansraduls

o

VMU IUR MYO Gesture Armband @13150n5293ulafiogvanundiuau 6 vimns leun

Y

s

WAVE IN (unilawtwida) , WAVE OUT ( Tunileoenainda ) , DOUBLE TAP ( faltlauay

o &

%uneiuaoinsa ) , FINGER SPREAD ( nnsila ) FIST(Rile) uas REST ( lalinSeilavselyl
1 a!. 1 d 1 ﬂ!‘ o 1 é v a ° 13
wanwvimglag)  Famudiniswasuainviimanisludednviamanialusiuiiagyinlvinng

s 1 ﬂi‘ } dl 1 IJ | 1
Wi?‘ﬂ’*ﬂUﬂWﬂ’NﬂlﬂﬁJﬂ'ﬂNﬂﬁ?ﬂLﬂaau WY NNSUABURINNN FIST L{‘]U'ﬂﬂ‘ﬂ’lx‘l FINGER SPREAD

'
s

visfinsraduldnduiduy WAVE OUT uddaresnatewdu FINGER SPREAD dswalsiends

k4

hlumuguuaimesindaulmiaiisuainidenis



4.2 52892n15WaNARIENIN9 MYO Armband ﬁ'usmjuauﬁ

23

A a 1 v e [ -9
TEENIEINNTIAIUANTAYULUAAIY MYO Armband Teifiszazmslaifiu 15 was win

iuszesiisajusudaznganisviieuuagseruninasiinisieusedyyimugysinn MYO

Armband 8nA59 39aziSuedounls

4.3 HANTTNAFDUNTNYUVDINBNDIANINTNNINSIAREU YD elle

= ' a
M13199 4.1 HANTNAFBUMINYUTBWBWDINYIIMIINsiAdaulmvesile

MANIINITNYUVDINBLADTUABLHD

“VII']VI'N"UB\iﬁE] do o da o g o fv o
UBIMDIAIT 1 | WeWasHAN 2 | walmeifafl 3 | wawnaiaadi 4
Laivgu Laivgu vy Taiviagu
REST
é'l-— | I I | '
K o viuaadn | viguntdy Tainyu Tainyu
WAVE IN
Taingu Taivygu vumwdy | vigumudy
[ < @ [
vaumudy | munudn | oyuendy | viygusady
FINGER SPREAD
"
/ Q—\-—— \\
( ‘al‘ / [ o o 4
S viguaandy | ovueandn | viguowdy | vygumuda
FIST

*DOUBLE TAP

* DOUBLE TAP uvhiilflumsisusiuvieneasudstayavivnwesila



4.4 wannagaun1siafsulnlIvessauuimuimnnisindsuluivesiie

= P ' | .-_d
M58 4.2 wansvadauNTsiedeulmvessausuiauvimInsinasulmvedile

Y199 4ile nsiadeulvavassayueud
@ neAtle
REST
&
. ey
WAVE IN

LgEI’J?J’J']

AN
2\ o
e DR8MAY

FINGER SPREAD

e -
W e LU

FIST

*DOUBLE TAP

* DOUBLE TAP Wuvihiillumsiusunieveasudsdayaviimmesile



undl 5
d3UNaN1IeuasYaLauauY

5.1 d@5Unan1sivy

nseuausausudmenisidviinuesdie Tnaldnsasedudyrandiuielnd
UShauuusig Myo Gesture Control Armband @ufiugunsal EMG SENSOR #henisiifeise
fuvesalulasroulnsatae fumensdeanslimeugysitodoyadygralidssnanads
msliuemesduindeu 9nmnadaunuivimmsesiiefiannsadauenldisiuau 6 v
1A FIST,WAVE IN,WAVE OUT,FINGER SPREAD, REST, DOUBLE TAP

ileglduanaiveiemuinnismuausavusudlidunih nsnds deade uanden
vndulumuidailaidoulilulalasroulnsaass winudgmlunisivlswiimiesin
vivmailslugdnvimilduiuiiogiipueamedoulunsnsetugedmalidaihuldly
nspuAuNeInediianuAanatn ilinisiadeulmvsssruoudla Suluauigly
ABINTT

ssedlunsdousenfaunsanuausausudldasiiszezliiu 15 was Ssiuegiv

anmuandouiarAsinunduvnsiuiie momsdeudetndessfossesuniinsdause

Sy nugysidnlulifdsasanunsoruausaviusugie
5.2 Ugynmuazguassn

- MYO Armband fa4l4 Bluetooth Dongle Tun1sUavinanuwingu tiesaindalud
gondwIslasesiu Adaildlunisln & a pauilvirldifiearirli Myo sglulvun

Sleep fautirzldndsnutiosuniass sl idusroznarnuivinliuunnenuale

o ) v a | o v o )
- MYO Armband flvuinasseuiilimnzduglindisevastrawvudn vlwileauld

4 1 1 s L7 i A 1 - M v
Huueilinefuazazldaiusansiadudyaiu EMG lhilesannuwiudidninsaldls

o o

alaufurnavesgauld

EQ

d: 1 1 %] 1 5 - L% v v =
- NMIYDUADTEIING MYO Armband AU INYUBUA iAN1sInvaIladenInUIIn

g

e | v d | | a 1
souidnyaauugysangunsaidus dwaldnisfeunsldiaiosnw wazldawnse

AIUANIOVUBUALA



(1]

2562

(3]

(5]

[7]

26

UTTUIYNTY

Electromyography [eaula] 1ihiisléinn http://haamor.com/th/ dudu 4 nuamius

Myo Bridge [eaulayl] 1Whislaain https://github.com/vroland/MyoBridge

duAu 5 NUAMUS 2562

Myo Support [aaulai] iWhisl@ann https://support.getmyo.com/hc/en-us

dUA 5 NUAIWUS 2562

Motor Driver L293D [aaulatl] 1hdisldain https:/lastminuteengineers.com/1293d-

motor-driver-shield-arduino-tutorial/ @uAu 6 Qumﬁ’uﬁ‘ 2562

Bluetooth HM-11 [saulau] 1w18alaan https://www.elecrow.com/bluetooth-low-

energy-module-hm11-cc2540-p-859.html #UAY 6 NUAIWUT 2562

nMsAuANNBINaINIELanse [paulad] wWhilldann

http://aimagin.com/blog/motor/?lang=th Aupu 7 Qumﬁué 2562

Hand posture and gesture recognition [paulail] 1Wialaain
https.//www.researchgate.net/publication/304298597 _Hand_posture and gestur
e_recognition_using_ MYO_armband_and_spectral_collaborative representation

based_classification
#UAY 8 NUATNUS 2562

Signal Processing [aaulad] Wihdielaain https://signalprocessingsociety.org/our-

story/signal-processing-101 HuAu 12 Qnmﬁ'uﬁ‘ 2562



NMANUIN N

lanAgsntsuasluvasalulasaaulnsaiaas



P=! o = &
Code #l4lun15u1vimisvesilaundenisaruaulainas

#include <AFMotor.h>
#include <MyoBridge.h>

#include <SoftwareSerial.h>
AF_DCMotor motor1(1);
AF_DCMotor motor2(2);
AF_DCMotor motor3(3);
AF_DCMotor motord(4);

//SoftwareSerial connection to MyoBridge
SoftwareSerial bridgeSerial(2,3);
//initialize MyoBridge object with software serial connection
MyoBridge bridge(bridgeSerial);
int i=0;
//declare a function to handle pose data
void handlePoseData(MyoPoseData& data)
{
//convert pose data to MyoPose
MyoPose pose;
pose = (MyoPose)data.pose;
if (bridge.poseToString(pose) == "MYO_POSE_DOUBLE_TAP")
{
i++;
}
if (i%2 != 0)
{
if (bridge.poseToString(pose) == "MYO_POSE REST")
{
motorl.run(RELEASE);
motor2.run(RELEASE);
motor3.run(RELEASE);
motord.run(RELEASE);

}

28



else if (bridge.poseToString(pose) == "MYO_POSE_WAVE_IN")
{

motor3.run(RELEASE);

motord.run(RELEASE);

motor2.run(FORWARD);

motorl.run(FORWARD);

motorl.setSpeed(250);

motor2.setSpeed(250);

4
else if (bridge. poseToString(pose) == "MYO_POSE_WAVE OUT")

{
motorl.run(RELEASE);
motor2.run(RELEASE);
motor3.run(FORWARD);
motord.run(FORWARD);
motor3.setSpeed(255);
motord.setSpeed(255),

}

else if (bridge.poseToString(pose) == "MYO_POSE_FIST")

{
motor1.run(FORWARD);
motor2.run(FORWARD);
motor3.run(FORWARD);
motord.run(FORWARD);
motorl.setSpeed(150);
motor2.setSpeed(150);
motor3.setSpeed(150);
motord.setSpeed(150);

}

else if (bridge.poseToString(pose) == "MYO_POSE_FINGERS_SPREAD")

{
motorl.run(BACKWARD);
motor2.run(BACKWARD);
motor3.run(BACKWARD);



motord.run(BACKWARD);
motorl.setSpeed(150);
motor2.setSpeed(150);
motor3.setSpeed(150);
motord.setSpeed(150);
}

//print the pose

Serial.println(bridge.poseToString(pose));

//Serial.printin(poseString);

}
void setup() {

//initialize both serial connections

Serial.begin(115200);

bridgeSerial.begin(115200);

//wait until MyoBridge has found Myo and is connected. Make sure Myo is not connected to
anything else and not in standby!

Serial.printIn("Searching for Myo...");

bridge.begin();

Serial.println("connected!");

//set the function that handles pose events
bridge.setPoseEventCallBack(handlePoseData);
//tell the Myo we want Pose data
bridge.enablePoseDatal();

//make sure Myo is unlocked

bridge.unlockMyo();

void loop() {
//update the connection to MyoBridge
bridge.update();

}

30



AMANUIN U

Datatsheet



FEC

Arduino Uno R3

Ground and AREF : .
b Digital Inputs/outputs Serial transrnlt.ter and
pins receiver pins
ICSPforuse & (e &
interface ¢ g

Reset button

e »
~" beside a number

of bin means it used for

USB Plug (5 V) PWM output
ICSP for
ATMEGA16u2- mu Atmega328

microcontroller

_ ) ATMEGA328P-PU
' microcontroller

External Power

Supply
AC _DC adaptor ' ‘ O REART N ;L\‘A:,U(; Iﬁ}
Power pins Analog Inputs
INTRODUCTION

Arduino is used for building different types of electronic circuits easily using of both a physical
programmable circuit board usually microcontroller and piece of code running on computer with
USB connection between the computer and Arduino.

Programming language used in Arduino is just a simplified version of C++ that can easily replace
thousands of wires with words.



ARDUINO UNO-R3 PHYSICAL COMPONENTS
ATMEGA328P-PU microcontroller

The most important element in Arduino Uno R3 is ATMEGA328P-PU is an 8-bit Microcontroller
with flash memory reach to 32k bytes. It’s features as follow:

* High Performance, Low Power AVR
* Advanced RISC Architecture

131 Powerful Instructions — Most Single Clock Cycle Execution
32 x 8 General Purpose Working Registers

Up to 20 MIPS Throughput at 20 MHz

On-chip 2-cycle Multiplier

O O O O

* High Endurance Non-volatile Memory Segments

4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
256/512/512/1K Bytes EEPROM

512/1K/1K/2K Bytes Internal SRAM

Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

Data retention: 20 years at 85°C/100 years at 25°C

Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program

True Read-While-Write Operation

Programming Lock for Software Security

0 O 0 O O 0 0i0 O

® Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator

Six PWM Channels

8-channel 10-bit ADC in TQFP and QFN/MLF package

Temperature Measurement

6-channel 10-bit ADC in PDIP Package

Temperature Measurement

Programmable Serial USART

0O O 0O 0O O 0 0 0 0



o Master/Slave SPI Serial Interface

o Byte-oriented 2-wire Serial Interface (Philips 12 C compatible)

o Programmable Watchdog Timer with Separate On-chip Oscillator
o On-chip Analog Comparator

o Interrupt and Wake-up on Pin Change

» Special Microcontroller Features

Power-on Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and
Extended Standhby

0O 0 0 0

* |/O and Packages

o 23 Programmable 1/O Lines
o 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF

» Operating Voltage:
o 1.8~ 515V
e Temperature Range:
o -40°Cto85¢C
e Speed Grade:
o 0-4MHz@1.8-55V,0-10 MHz@2.7-5.5.V,0-20 MHz @ 4.5- 5.5V
* Power Consumption at 1 MHz, 1.8V, 25°C

o Active Mode: 0.2 mA
o Power-down Mode: 0.1 pA
o Power-save Mode: 0.75 pA (Including 32 kHz RTC)
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e Pin configuration

T
(PCINT14/RESET) PC6 [] 1 28 [1PC5 (ADC5/SCL/PCINT13)
(PCINT16/RXD) PDO [ 2 27 [1PC4 (ADC4/SDA/PCINT12)
(PCINT17/TXD) PD1 [] 3 26 [1PC3 (ADC3/PCINT11)
(PCINT18/INTO) PD2 [] 4 25 [1PC2 (ADC2/PCINT10)
(PCINT19/0C2B/INT1) PD3 [ 5 24 [1PC1 (ADC1/PCINT9)
(PCINT20/XCK/T0) PD4 [| 6 23 [1PCO (ADCO/PCINTS)
vee 7 22 [1GND
GND[]8 211 AREF
(PCINT6/XTAL1/TOSC1) PB6 [] 9 20 [1 AVCC
(PCINT7/XTAL2/TOSC2) PB7 [ 10 19 [ PB5 (SCK/PCINT5)
(PCINT21/0COB/T1) PD5 [ 11 18 [ PB4 (MISO/PCINT4)
(PCINT22/0COA/AING) PD6 [] 12 17 [ PB3 (MOSI/OC2A/PCINT3)
(PCINT23/AIN1) PD7 [] 13 16 [ PB2 (SS/OC1B/PCINT?2)
(PCINTO/CLKO/ICP1) PBO [] 14 15 [J PB1 (OC1A/PCINT1)

ATMEGA16u2- mu microcontroller

Is a 8-bit microcontroller used as USB driver in Arduino uno R3 it’s features as follow:
e High Performance, Low Power AVR

* Advanced RISC Architecture

125 Powerful Instructions — Most Single Clock Cycle Execution
32 x 8 General Purpose Working Registers

Fully Static Operation

Up to 16 MIPS Throughput at 16 MHz

0O 0 0 O

* Non-volatile Program and Data Memories

8K/16K/32K Bytes of In-System Self-Programmable Flash
512/512/1024 EEPROM

512/512/1024 Internal SRAM

Write/Erase Cycles: 10,000 Flash/ 100,000 EEPROM
Data retention: 20 years at 85°C/ 100 years at 25°C

O O O O O
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Optional Boot Code Section with Independent Lock Bits
In-System Programming by on-chip Boot Program hardware-activated after reset
Programming Lock for Software Security

* USB 2.0 Full-speed Device Module with Interrupt on Transfer Completion

0O 0 0 O

(0]

Complies fully with Universal Serial Bus Specification REV 2.0
48 MHz PLL for Full-speed Bus Operation: data transfer rates at 12 Mbit/s
Fully independent 176 bytes USB DPRAM for endpoint memory allocation
Endpoint O for Control Transfers: from 8 up to 64-bytes
4 Programmable Endpoints:
— IN or Qut Directions
— Bulk, Interrupt and Isochronous Transfers
— Programmable maximum packet size from 8 to 64 bytes
— Programmable single or double buffer
Suspend/Resume Interrupts
Microcontroller reset on USB Bus Reset without detach
USB Bus Disconnection on Microcontroller Request

* Peripheral Features

e

o]

o
o}
(o]
O
O

One 8-bit Timer/Counters with Separate Prescaler and Compare Mode (two 8-bit PWM
channels)

One 16-bit Timer/Counter with Separate Prescaler, Compare and Capture Mode(three 8-
bit PWM channels)

USART with SPI master only mode and hardware flow control (RTS/CTS)

Master/Slave SPI Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

* On Chip Debug Interface (debug WIRE)

* Special Microcontroller Features

o}
6]
O
0]

Power-On Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Five Sleep Modes: Idle, Power-save, Power-down, Standby, and Extended Standby

* |/O and Packages

o 22 Programmable I/O Lines
o QFN32 (5x5mm) / TQFP32 packages
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* Operating Voltages
o 2.7-55V
e Operating temperature
o Industrial (-40°C to +85°C)
® Maximum Frequency
o 8 MHz at 2.7V - Industrial range
o 16 MHz at 4.5V - Industrial range

e Pin configuration

@
(8]
v adal
a7
£z
il s)
Q 8 0qa 2 =,
S LN vy
« I OQ Ay A
i o N e O s o e Y
~" 32313029 28272625
XTAL1[] 1@ 24[] Reset (PC1/dW)
(PCO) XTAL2[] 2 23[] PC6 (OC.1A / PCINT8)
GND [] 3 22[] PC7 (INT4/ICP1 / CLKO)
vcec [ 4 21[] PB7 (PCINT7 / OC.0A / OC.1C)
(PCINT11/AIN2 ) PC2 [] 5 TQFP32 20[] PB6 (PCINTE)
(OC.0B/INTO)PDO [] 6 19[] PB5 (PCINT5)
(AINO /INT1)PD1 [] 7 18] PB4 (T1/PCINT4)
(RXD1/AIN1/INT2) PD2 [] 8 17[] PB3 (PDO/ MISO / PCINT3)
"9 10111213141516

|y Sy S - - - |

PD3
PD4
PD5
PD6
PD7
PBO
PB1
PB2

(TXD1/INT3

(INT5/ AIN3
(8S/PC
(SCLK / PC

(RTS 7 AIN5/
(PDI/MOSI/PC

(XCK AIN4 / PCINT12
I HWB / AING / TO /



OTHER ARDUINO UNO R3 PARTS
Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode (),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of
20-50 k Ohms. In addition, some pins have specialized functions:

o Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These
pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

o External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a
low value, a rising or falling edge, or a change in value.

o PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

o SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SP| library.

o LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value,
the LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AO through A5, each of which provide 10 bits of resolution
(i.e.1024 different values). By default they measure from ground to 5 volts, though is it possible
to change the upper end of their range using the AREF pin and the analogReference() function.
Additionally, some pins have specialized functionality:
e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire
library.
There are a couple of other pins on the board:
e AREF: Reference voltage for the analog inputs. Used with analogReference().
* Reset: Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.
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ARDUINO UNO R3 SCHEMATIC DIAGRAM
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Bluetooth HM-11

Product Description

This is a SMD BLE module used in our BLE Bee and Xadow BLE. It is based on TI cc2541

chip, enables robust network nodes to be built with low total bill-of-material costs and highly
suited for ultralow power consumption systems. The module is small and easy to use, with the
preprogrammed firmware of manufacturer, you could quickly build BLE communications via

its AT command. Supporting BLE communications with iphone, ipad and Android 4.3.

Features:

.
-
-
-
-
-
-
-

LTS

®  Bluctooth protocol: Bluetooth Specification V4.0 BLE

e Working frequency: 2.4 GHz ISM band

® Interface way: a serial port

®  Open environment within 30 meters can realize communication between modules

® To send and receive no byte limit between modules

®  Modulation method: GFSK (Gaussian Frequency Shift Keying)

e  Transmission power: - DBM, 23-6 DBM, 0 DBM, 6 DBM, can be modified by the AT command

e use TI CC2540 chip, configuration space of 256 KB, support the AT command, the user can according to need to

change the role (master, slave mode) and the serial port baud rate, name of equipment, matching parameters such as

passwords, use agile.

®  power supply: + 3.3 VDC 50 mA

®  working temperature: - 5 ~ + 65 Centigrade

Specification:
Specification Value
Microprocessor CC2541
Resources Support the AT command, the user can according to need to change the role (master, slave mode) and

the serial port baud rate,name of equipment,Matching parameters such as password, the use of flexible.

Outline Dimension

13.5mm x 18.5mm x 2.3mm

Power supply

3.3V

Communication Protocol

Uart(3.3V LVTTL)

10 counts

2

Key input 10

LED Indicators 10




Electrical Characteristics:

Specification Min Typ Max Unit
Max Input Voltage -0.3 3.6 Vv
Working Input Voltage 2.0 33 3.6 \%
Transmit Current 15 mA
Receive Current 8.5 mA
Deep Sleep Current 600 uA
Operating Temperature -40 125 *C
Pin Definition:
| ? | 8) . B
7mm | imm !
. o]
b K
n K E
b K
b i K T0
| dauitids K j
n [
om 5 W © N "
A 1 V.
5y l )
Pin Name Description Pin Name Description
1 | UART _RTS UART 9 pARE Power supply 3.3V
2 UART _TX UART 10 NC
3 | UART_CTS UART 11 RESETB Reset, active low at least in 5ms
- UART _RX UART 12 GND GND
5 NC 13 PIO3 10 port, used for connect to DHT11/DS18B20
6 NC 14 PIO2 Digital input, output
7 NV 15 P101 LED indicator
8 NV 16 PIO0O Button pin
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L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

= 600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

= 1.2A PEAK OUTPUT CURRENT (non repeti-
tive) PER CHANNEL

= ENABLE FACILITY

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

= INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solenoides, DC
and stepping motors) and switching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input is provided for the logic, allowing op-
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appli-
cations at frequencies up to 5 kHz.

BLOCK DIAGRAM

SO(12+4+4)

Powerdip (12+2+2)
ORDERING NUMBERS:

L293DD L293D

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking

The L293DD is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

OUTH) [OUTS Uss

3

IN1

Us
18
AR

ENAB
LE1 i

13

4'5.5!?
14,15,16,17

1n52L28301-81

0UT2 0UT4 /il

July 2003
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L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vg Supply Voltage 36 V
Vss Logic Supply Voltage 36 3
Vi Input Voltage 7 )
Ven Enable Voltage 7 Vv
lo Peak Output Current (100 us non repetitive) 1.2 A
Ptot Total Power Dissipation at Tpins = 90 °C 4 W
Tsig: Tj Storage and Junction Temperature - 4010 150 °C
PIN CONNECTIONS (Top view)
Ay
ENABLEY |1 18] Vg
LY
INPUT 1 (T 2 19 [1J INPUT 4
OUTPUT 1 (O] 3 18 [TJ OUTPUT 4 outPuTy  [I3 %] OUuTPUT 4
GND 4 17 GND
(1 - GND 4 13 GND
GND (] 5 16 [T GND
GND (T} & 15 [1TD GND GND 5 2l eno
GND (T 7 14 [T GND
OUTPUT 2 (] 8 13 [TJ OUTPUT 3 QUIFUT? @& "l outeura
INPUT 2 (T 9 12 1D INPUT 3
INPUT2 7 10 INPUT 3
Us (T} 10 11 [T ENABLE 2
H92L29301-82 Vs 8 9f] ENaBLE 2
5.6574
SO(12+4+4) Powerdip(12+2+2)
THERMAL DATA
Symbol Decription DIP SO Unit
Rith j-pins Thermal Resistance Junction-pins max. — °C/W
Rih j-amb Thermal Resistance junction-ambient max. 80 50 (%) °C/W
Rih j-case Thermal Resistance Junction-case max. 14
(*) With 6sg. cm on board heatsink.
2/7 KYI




L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24V, Vss =5V, Tamb = 25 °C, unless
otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin 10) Vss 36 \
Vss Logic Supply Voltage (pin 20) 4.5 36 \

Is Total Quiescent Supply Current | Vi=L; lo=0; Ven=H 2 6 mA
(pin 10) Vi=H; lo=0; Ven=H 16 24 mA
Ven =L 4 mA
Iss Total Quiescent Logic Supply Vi=L; log=0; Ven=H 44 60 mA
Current (pin 20) Vi=H; lo=0; Ven=H 16 2 mA
Ven =L 16 24 mA
ViL I1r:3p)ut Low Voltage (pin 2, 9, 12, -0.3 1.5 \
ViH Input High Voltage (pin 2, 9, Vss<7V 2%, Vss \
12,19) Vss > 7V 7N 7 v
I Low Voltage Input Current (pin ViL=15V -10 HA
2, 9,12, 19)
liH High Voltage Input Current (pin | 2.3V <V <Vss—0.6 V 30 100 HA
2, 9, 127 19)
VenL Enable Low Voltage -03 ™ Vv
(pin1, 11)
Ven H Enable High Voltage Vgs <7V 2:3 Vss V
(pigy 1y 11) Vss > 7V 23 7 v
leniL Low Voltage Enable Current VenL=15V -30 - 100 HA
(pin1, 11)
lenH High Voltage Enable Current 23V <VenH<Ves—- 06V +10 pA
(pin1, 11)
Vecegaygd | Source Output Saturation lo=-0.6A 1.4 1.8 \%
Voltage (pins 3, 8, 13, 18)
VeE(satiL Sink Output Saturation Voltage | lo=+0.6 A 1.2 1.8 \
(pins 3, 8, 13, 18)
VE Clamp Diode Forward Voltage lo = 600nA 1.3 V
tr Rise Time (*) 0.11t00.9 Vo 250 ns
t Fall Time (*) 0.9100.1 Vo 250 ns
ton Turn-on Delay (*) 0.5 Vito 0.5 Vo 750 ns
tofr Turn-off Delay (*) 0.5 Vjto 0.5 Vo 200 ns
(*) See fig. 1.
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L293D - L293DD

TRUTH TABLE (one channel) Figure 1: Switching Times
Input Enable (*) Output
H H H 05V _/.. _______ N\
L H L v, §
H k z i S
L L Z
Z = High output impedance | | AT T T T T T - 09%
(*) Relative to the considered channel = o e Sl 0.5¥o
- —— . o -l-ED'an
tr t¢
y |
S-Ln lon lott
Figure 2: Junction to ambient thermal resistance vs. area on board heatsink (SO12+4+4 package)
Rth-jamb
t*Csu)

DIE PAD -14Bx22B8sq.mils
— DIE SIZE-128x138sq.mils
Pd-1U
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N
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L293D - L293DD

(5 () ) O [ AN N N A N

DIM. i ol OUTLINE AND

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
a1l 0.51 0.020
B 0.85 1.40 | 0.033 0.055
b 0.50 0.020
b1 0.38 0.50 | 0.015 0.020
D 20.0 0.787
E 8.80 0.346
e 2.54 0.100
e3 17.78 0.700
F ¥10 0.280
| 510 0.201
L 3.30 0.130 .

Powerdip 16

Z .27 0.050
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L293D - L293DD

— . s OUTLINE AND
MECHANICAL DATA
MIN. | TYP. [ MAX. | MIN. | TYP. | MAX.
A 2.35 265 | 0.093 0.104
A1l 0.1 0.3 | 0.004 0.012
B 0.33 0.51 | 0.013 0.020
C 0.23 0.32 | 0.009 0.013
D 12.6 13 0.496 0.512
E 7.4 7.6 | 0.291 0.299
e 1.27 0.050
H 10 10.65 | 0.394 0.419
h 0.25 0.75 | 0.010 0.030
L 0.4 1.27 | 0.016 0.050
S020
K 0° (min.)8" (max.)
L
1 E h x 45
[ )
(& 4 A
D (4 UA M|\
B » K A1l c
H
|
D
Oooonononnl -
20 11
E
1 0
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