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Controllable wheel chair for upper and lower limbs

disability person
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ABSTRACT

This thesis presents the design and implementation of a controllable
wheelchair for the upper and lower limbs disability person or elder person. This
wheelchair is driven by a DC motors, sensors and a micro controller unit. The direction
and movement can be controlled by 3 methods, manual joystick, head tilt and
manual on smart phone for a caregiver. The angle of user's head tilt is measured by
using linear acceleration sensor that is suitable for hand disability user. The wheel
chair also has an automatic notification on smart phone to a caregiver when user call

for help.
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2.3.2 1A5985790UY H-bridge

|8 =1
b —| g& EF_,‘ s
10 . £0

1 Q2 q Q4
Ls-ﬁ'——i b & £ ’——.\‘Ls-a

JUM 2.6 2935 H-bridge

& g £ " . o v Ao
JGCEREERRITENT H-bridge Us¥naunie Switching Element Yuinfnsanseua
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2.3.3 N15%197UYB4 H-bridge (Static operation)
2.33.1 HS_A uax LS_B whnszuadasud 2.7
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—_—

b ] o] F s
0 p £D F-‘

Q2 | Q4

e L

A

M1

gﬂ'ﬁ 2.7 HS A uay LS B uinszua
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2.33.2 HS_B uay LS_A thnseua faguil 2.8
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| ] —a
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b £ pi—es

UM 2.8 HS_B uay LS_A thnseua

< =l ' v o v o A
luguh 2.7 uazgun 2.8 laimstil HS_A wag HS B vhaundeuduiilosnae

WbAAaN1saR9swuREIIU LS A uay LS B

2.3.4 uadwnn
MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor) ¥inutinfisa
sensvuawmilauiu Switching Element fefiveswoamndadnonszualige snangaudes
2.3.4.1 NeAMAUD91995TULBIABS H-Bridge tuazUsznaudiey P-
Channel uag N-Channel Tud1u High side uag Low side AI1N&16U 97 Source U4 P-
Channel agnsusesulidowainas %aﬁmaﬁua@?wiw 7-15V Juwnizdivn Source w09
N-Channel agviwiidu Ground
23.4.2 leeglu Switching state wnsoansifierdnaos MOSFET

Waguan 12V 18w 0V ude oV 1fu 12v ﬁ’zymum‘ﬁ'mmu Gate Driver %ﬁgﬂ'ﬁwmguﬁ
29
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HS Gate driver

LS Gate driver

dl s d .
3UN 2.9 dyyaunaiuau Gate Driver

Y1491 Gate kae Source avillassairuadousiivdsyqadrmils wandre
o g w W & < v al ] °
nIzuaseyi sy Gate dudsuulaslude Tunsddl HS was LS gnanglwmderinay

2/ ar ! = & s a' [} = at 14
WIguNU Q%WU'}?Lﬂﬂﬂ’]i“UE}U‘WUﬂGEUW 2.10 ‘V]’]'LWLﬂﬂﬂTiaﬂ?\ﬁ]'ﬂﬂ

Overlap Zone

High Side Off

HS Gate driver

LS Gate driver

Low Side On

JUA 2.10 MsUABuLUMTDITEAULSIAUY Gate Liladnenseua
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gﬂ‘ﬁ 2.11 nN135am2993 (Shoot Through)

N3UT 2,11 aenuinfinnsdrelwludl HS A uaz LS A wieufu SuilkiAn
M38n2995 M38138nBn0E1931 Shoot Through Fso13ad19AEemunn MOSFET la 34
FomnistostuldlviAntu Tneld2993 Shoot through Protection titelsliAnN"S Overlap
Wi0dn29959Y ﬁ“:’dﬂ?uﬁ’aw%’uﬁfyzgmmmulﬂﬁﬁﬂmi Overlap T Feondaay i

U $ 5 1 o vV a é LU
A84n13 @1u150l9as e vinlmAnn s Iwaauals

2.3.5 nMsuuvsuleaunu PWM
PWM %30 Pulse Width Modulation Junsuagandyaaiifulsd iy
fio Duty Cycle lngazfinnsnnananiuy High vesdyaoadawieufivaniug Low fgu

2,12

=n.

0% duty cycle

|_| ﬂ ﬂ r|_ | 10% duty cycle
[ [ 1 [ 25% duty cycle
' | I | L | i I | | 50% duty cycle

L || 80% duty cycle

100% duty cycle

JUN 2.12 Duty cycle
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Fyayos PWM aziludygnaithundieli H-Bridge teailuauauauiia

L

wialsenuasawasle Tnafiisn1seuiussi

Max power « t,, (Z.1)
t

Average power =

108 Average power Ao fnduady

Max power Aa Maaelwos Wedunsvuasdeeiiioq

= q’ & o =l o v
t, Ao sezianfinaimevinuiinssualvavilvivygu
! AD TTELIAWIINUAVEY PWM

2.3.6 2995TULDMDINTZUENTS SE-HB4O-1
fivazBoamanaiaeeluil
2.3.6.1 Output: Single motor driver
- Motor DC Supply 12-24 V 40A (Max.)
- Full-Complementary Power MOSFET Driver
With ultra-fast reverse recovery protection diodes
2.3.6.2 Input:
- Full Opto-isolated ground and input interface signals
- Input Signal : 3-5V / 8 mA TTL - Level
2.3.6.3 Drive Mode: independently with:
- Break / Free run Stop
- Direction Control
- Speed Control (PWM Drives)
2.3.6.4 PWM Frequency: 400 Hz - 2000 Hz
2.3.6.5 PWM Duty Cycle Range: 0 - 100%



16

ASNA 2.1 MIYIUYE995 H-Bridge lunismivaunenes

EN/PWM IN1 IN2 N394 D4
uaLAaS
GND X X Free Run Stop
5V / PWM GND 5V Vi ULAUNT
5V / PWM 5V GND NUNSUNA
5V 5v 5V Fast Stop / Break
5v GND GND Fast Stop / Break

iaiduilduamesininssuansdunsiuindoudiilvg asldiuniuauly
nmsmuAnfianslunsiedeun widwsulSgarinusifaiiaveididuiiannseldnig
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= [y A o o a < - v &2
voefswrvaeldnu ieiludssianaiiessyiianienisiad euivesididusaly

WULYBSAULTITNAUTUREINa NN S us e LUl

2.4 \BULYDINTIVINAIIULTS

2.4.1 MEMS

SSUULﬂ%‘QQﬂaIWﬁﬁﬂﬁﬂﬂﬂ (MEMS : Micro Electro Mechanical Systems)
mngde seuvaundndaus 1 lilasuasis 1 fadwns Tnendatusomealulagnisain
seiiulunseu (Micro fabrication) Fafiunssuiunisdenfutunszsuaunsilélunisudn IC
(Integrated Circuit) uaglduUszyndldlunisa¥rssuuinieanalwiinganiai las
Uszneumedesdiuvan liud duiidussuuiedenauardniidusidnnseding Tnedoui
Juinsesnassindeulmvieindeuiiileufvanihilanihdivils uasssuudidnvseinday
munumsinaelmvesszuuiena wiaifudeyailldannisedoulmvierdeuiives
ssuuipsena Tneluudamaluladszuuiadesnalwiianiaesmnesinds maluladi
Aeatesiutaguianssurunsiilflunisadnedudin MEMS wiensussnausiududoy
MEMS agenaunisuszgnildgunsaifiiiiu MEMS uenanil ssuuauadn (Microsystem)
47130 Microchemical reactor %38 Microthermal system Wag Smart material %ﬂgﬂl‘ﬂu

Y a ) a i @ E Y] v &
ANWIUEVBIATBINTIVIU (sensor) NIBUNAINNUANAINIU (power source) F¢IALTU
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MEMS saewgufiu frethsvesnisiissuy MEMS snldeuunsvanglutiondu léun MEMS

Accelerometer Wag Gyroscope

2.4.2 %AnN15-U DALY UBULYDTIAAITULSS
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2.4.3 nalnn13n 579 inANUIsBLaIERT I aBudy

FBrsmluildludenmsnsntaauginih Fafsdesiunmsdsuwasam
yidulumuusumaniiedoud Bnsideduisiianuiug fanuedes fmsnssae
wrusuasilassauiizoudelunisaig Soililinadessuasiifinsusudeuly

a o o € o s < [ ' o ¥ =l a £ 1 5 d 3
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o

lassafenlugunsasnada@usa) wazdeseimeanigluiiadouimiiidusadu

NTWNN
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D 79 52ueieTe I NUNUINAYVISE

MOTION MOVABLE MASS

FIXED ELECTRODE

& :J = o |
EUVI 2.13 ﬂ']'iLﬂaﬂuVlmaﬂﬂaaﬂa@“am@ﬂ'}qﬂﬂ

ﬁ’l%%‘dﬂ’l‘iﬁ]'ﬁ’]"ﬂ’?ﬂﬂ’Jﬂi,lil‘m%&uﬁﬂwﬂiﬂﬁﬂlﬁL‘lﬁJULLUUﬁﬂULﬁH’]ﬁ%’ﬂLL‘U‘U@:NEm"]\i
NNgUR 2.13 LAAINITATIVIAAIINUUUGNARIS UTenaudigiwaniniouiiaiuise
\ndeudele Frnsegnioutvaliudanasswiamaninddneuvizedidnlnsnanausy
#¥ninnisiedouiivesudumanduiudfudalaiinacdt (d1 uag d2) wagvinlfiannas
LUﬁEJULLUaamwm; (C1 uag C2) TngnIATUIANULANAINTEWIN C2 way C1 anunsam

lAa1nn1siedauiuasian 9N uLNaY

SILICON
SUBSTRATE
FIXED ELECTRODE EE
o 7 MOTION ==
— X
MOVABLE MASS MOVABLE
MOTION X didliares
ELECTRODE

e = =
C di>d2, MOTION] C1<C2 T .

FIXED ELECTRODE | 4 < d2, MOTIONt  C1>C2 SILICON
di = d2, NO MOTION C1=C2 SUBSTRATE

JUN 2.14 anussiinentasiuinamdeuiiag)

nsinfeufiveiaditndaudliiinainnisssninniauasiliiAnnis
Wasuuwasmugivnzalunmsanainanuss lunslisdninseuvundoudeld
wazkuuasil Tnewdensaturiounluguiuuyuny adagltansnsandsumaugldnniuan
aunsansanduldeduiugunniuuagilinnuamnsalumsiuiianuduluisnndy

o v @ = = ' o & P o ©Y oa o
‘D’)ﬂéﬂ“ﬂ 2.158 LLﬁﬂQ‘L‘MLVIUQQﬂ’]3L‘U@NWEJLLUU?JU']UQWU'DUQJ'W‘UU IﬂfﬁﬂLL‘Nﬂﬂmﬂﬂﬂﬁﬁﬂiz’ﬂﬂ
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YUz IndvwavgTu Fsaraunsansianulaedu

SILICON
SUBSTRATE

=
MOTION % MOTION
X = x
=

V1

Vi

MOVABLE
MASS OR

V2 ELECTRODE V2
- -
- I .
e 7
- -
AXIS OF
Vi SENSITIVITY v

MOTION MOTION
x X

SILICON
vz SUBSTRATE V2

o 1 & L7 s P P a
sUn 2.15 ﬂ"ﬂiJLNVILﬂEJ'D’UENﬂ‘UlI’JﬁLﬂﬁﬂﬂﬂﬁa’lﬂ‘]ﬁl’]

u

wsenulnihazrunisveedyyin warnseuedyyrausunIuesn MNLLAY
gnudaaduidnealasld ADC uazdariruludadnines FIFO fiuvasdynineunsuiy
nszuateyauvuguuiu andudeyauuvruuivaunsowadlilaglilusinneauuuounsy

1 U dd 1 U s ﬁ. I u I:ll
WU 12C %158 SP neufiszgnaaludalaadiioyszuananaly AguN 2.16

MULTIPLE CIRCUIT FOR
MULTIPLE AXIS

|
mux |
TO SELECT |
OTHER |

ORDER OF AXIS
FILTER |
|

FIFO

—CLK

12C, SP1
ADC H gl [-DATA
INTERFACE [TINT1

—INT2

ELECTRICAL CIRCUIT

o = [ ]
sUN 2.16 Uﬁaﬂlﬂawﬂ‘m‘umLﬂ‘iﬁN’mﬂ'ﬂuL‘N
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2.4.4 ANSINAMULSILUURABLAY

SILICON SUBSTRATE
HORIZONTAL
MOTION
DETECTION

VERTICAL MOTION
DETECTION
H
ANCHOR SUSPENSION
' D
FIXED
[(— ELECTRODES
——

MOVABLE
= MASS

APACITANCE
SENSING

CAPACITANCE
SENSING

—
MOVING

LI L <=
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2.4.5 MIABNBUYATIAAIINLIS
2351 wuudistonduiges syyrrvesauinisduasifioud
wuwesnevausmFeruilunssuaIs i Fetold Tneunddusnamenywslianunse
wdeulmildlnauiundigas 10 Hz §a 12 Hz Fommiiuufinsuensuresluras 40 Hz fs
60 Hz JuifeawadmiumansndunisiBeamionmsiadeulmuesuywd
2.3.5.2 avwils (mv/g vi3e LSB/g) Wudusdusinainsasuutas
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wuwesaunsninlddafinuls amuududlunsiafezanas dyarasunudadudeds
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% ° cd o vy a & } i
dldanansaduunnubivesgunsaiiideauuluanauliddeiiaudlag aneluds
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ALDNTEY
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| I Ao L4 = 1 1 !
2) Fremansanidala () Wudiesenineuuinanaunsiiige

- L3 o 1 o = =
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2.4.6 ADXL345 Digital Accelerometer

JUN 2.18 ADXL345

ADXL345 (e innnuissiuy 3 uny Svuisdnumuizansunisleey
lugunsalvuemam Tasfimuasdongetia 13 Oa wazannsaiaeusiligean + 16 ¢
E2 (2 2/ aa =Y Y =2 v d’ 1
Toyaieanneylusuteyadineagean 16 Un uazanmnsadnfaldiiunisdousouuy SPI
130 12C 19 dm15U ADXL345 anansainanuissanns suidesannusaliiugle siusviaamgs

€ @ Y dl' = = = = [

LUVAAUDULARIINASIAABULINS BNISNTZULNN IneilmnuaziBungadia 3.9 mg/LSB 1w

Tansatnniswasuwlasanudeslatesndt 1.0 °



M5 2.2 Ae3UneInIsideura ADXL 345

ydaude A1a5U"e
GND GND
vee usaules 3.3 v
CS Chip Select
INT1 Interrupt 1 Output
INT2 Interrupt 2 Output
SDO Serial Data Output
SDA Serial Data (12C)
SCL Serial Communications Clock

2.5 f’\"mmuqu (Analog Joystick)
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ﬁ’wumuauﬂisnauﬁ:lF_Jm"'sﬁwumuuuuu%’Uﬁﬂlﬁf&wmuaaaﬁﬂuLLmLLnu X hay
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AuMIUEeITuI i mdesrdetunsaiuseds diudnuiagdeludingie vinateves

iisgazdeludiuaialulasreulnsameiiiosweanussiuoudoniioluliauauiiams

Y

g‘dﬁl 2.19 Analog Joystick



23

] o 7 q‘l} [ 5 [ =
dmsussuvraanalluiuaglylulasaaulnsaaaslunisuseananadienig
¢ W e ) i v & & ¢
MNFUEDsLazAIvANMsTuteneslun s Tundeudilu Tnsacldlulnsaoulnsians
Arduino ei’m%’um'sﬂizmawaﬁﬂmqLLazmmquLﬁuuaémwé’ﬂ wazazly NodeMCU Tunig

o J o < ar v a o
L‘U’E]i.lGl'EJ‘33‘U‘U’L‘Viﬁ'm’]‘iﬂﬁﬂﬂﬂiﬂUiﬁUUﬁﬁu‘UaiﬁlﬂLLaSLLaUWﬁLﬂ‘ﬁu

2.6 vasalulasaoulvsaiaasviinensglu (Arduino)

L 9

Lﬂuuaﬁmluiﬂiﬂauiwnaai‘msaga AVR L%‘Juua%’mﬁmmxﬁm%’us@l‘%mu’h’fam
dl = ;7 ¥ o a v 1 8/
Wasnnausadnwuaglyrauladie auisauhluwaunlaegimainuats Uszneuludae
= oW ¢ I P ol [T | =
U1 Input Uaz Output Fsdunsaserugunial,uein wiowugesauqls Fulvataiuiie

o/ £ A 1 [ A o/ 1 L4 .
iﬂﬂﬁUﬂQTMﬁaﬂﬂqi‘U@ﬂD:IL‘UQ']UV]LLﬂﬂWNﬂU EUW 2.20 Uamamag19uase Arduino MEGA

...... eneerrenns

SUT 2.20 veda Arduino MEGA

2.6.1 AuduURvaIUDsA Arduino MEGA

ue$a Arduino MEGA 14138 7-12V Taelddn ATmaga2560 71l
miganudunaY 256 KB usy 8 KB Fsllvrdunauazviionding 54 11 awnsaldonudy
vmesn PWM la 15 91, v1ew1dondunm 16 v waz UART 4 9 Tasaiuiinianiauy
vainfte 16 MHz Wensiedayassuinmeuiumeitimedn USB uuuainlslaonss 3ni
JUwuumsesnuuudieenuuulisesiunmsldnusiuiuluganeldlnenss Taesessunis
WANNTUSUNSUULURAANDSY Arduino senafinguuuuArduino MEGA anansaldeldlag

FWHUNIY C++ 5095UMSEUUURTRNS Windows, Linux wag Mac OS
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o ICSP for 16U2
o USBinterface
= MISO |

sck §
Reset o

interrupt 1
intermupt 0
interrupt 5
interrupt 4
interrupt 3
interrupt 2

(i2C) sCL
(12C) SDA
SPI

5V pins
23
25
27

use 29

ICSP for
ATmega2560

{ PWM on
44,4546
(SPI) MOSI
(SPI) 8§

use for digital
ground

710 12V
DC input,
center
posilive

use for
reset

analog ground
not I12C
not 12C

UNO shields
can cover up

a ) ¢ a s .
U7 2.21 msldamumesadunnuaziondunveauesa Arduino MEGA

2.6.2 YINBINBUNALALIDIANAYDIUBSA Arduino MEGA

nsldnuvmesndunauasiodinavesuasn Arduino MEGA wansfissui 2.21
Tneflneazduadsoluil

- USBPort: T¥dnlanlusunsuanaesiumeiludvesa suluislnidssde

- Reset Button: YaSidamsvhauvesueiaidesesnisliuesnduall

- ICSP Port: Tafd1miulusunsy Visual Com port U Atmegal6U2 wag 14
dmiulusunsu Bootloader

- 1/ Port D0-D53: Digital 1/0 w1 DO &4 D53 uenanni U Pin 989

[P
¥ al

NUINDU diaiudae 1w Pin0,1 1Uuw1 Tx waz Rx WUV Serial 39 Pind4, 45 uay 46
Wudwsunisidam Pwm

- MCU Atmega328: [{unmheussinanavasuain

- I/OPort AO-AL5: anansafuldvia Digital input uaw Output sailuFedeygal
au1den

- Power Port: Usznauseausesulwidss +3.3 V, +5V, GND, Vin 1unads
wsaduldsavesvada WespenisanelWliiuasesmeven

- Power Jack: $ulwain Adapter 7-12 V



25

- MCU ATmegal6U2: Wumbeussananaiivimiidu Uss to Serial lpg

ATmega2560 FeAnfpiUARURIMDSHIU ATmegal6U2

2.7 NodeMCU

NodeMCU faguit 2.22 dsznaulushe du lulasreulvsaiaesuarluga WiFi
aunsnhlldnuunmililasaeulnsaiaesti NodeMcU luga ESP8266 HuTaisonves
Tuvaslugadiniufnsedearsuuninggiu Wikl vhaudiseiuussduliia 3.0-3.6v 7
nszudlniihlaewndes 80mA Tnglunsthluldswiuduimesuindugasldussdiu 5v Fedos
lHsasuissiunnaaadielililugaiadone nsuailugaaunsalfnugeaniio 200mA
puf 40MHz el nugunsaiivhaumiainuaud Wy LD nsuanina
Toya52A5INUB5A Arduino Tag NodeMCU dnansasessusids deep sleep 1fionTs
Useudandaan dsagldnseuationndn 10 mA wazanursiiennaunldnudsioyasionan
founnd 2 ms viadldail Low Power MCU 32 5 3al4i3sulusunsaitodeauld
NodeMCU #12495 Analog Digital Converter ﬁﬁﬂﬁmmsméﬂummﬂﬁmmm Analog wag
wlaadudeyarineainmaziden 10 On vienldfiaamai -40 fiv 125 ssrivadea
NodeMCU agfnnafiu WI-FI wuv Serial Jsanunsafoulusunsuaslulugu TagldTusunsy

Arduino IDE aaafiuni1sid Arduino

€

(12
ARARARAR®

HHHHHHHY

T
<

P M

3.3v

olUmmtie

sUf 2.22 wngunsaives NodeMCU
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2.7.1 Yayaniewmaiinvas NodeMCU

2.7.1.1 Tuga ESP8266-12E Mngluiilulasmeulnsaians 32 On
mheAuTmuuLaY ANy 4 MB wazluga Wik Tush

2.7.1.2 ¥ CP2102 dwmiuulasdyyrauwase USB (Hu UART il
\WeusensufamefdmiuTUsunsuTuwS

27.13 W¥lidsantouen +5v fhsaspuauussiulidosdimiy
gunsal 3.3V nazudlithgege 800mA

2.7.1.4 S wesn SPI dwmiufnseiu SD Msa

2.7.1.5 Taind RESET wae Flash dwmsulusunsudisuuaslu

2.7.1.6 flv1Bunauazui01dnaRInes (seFuLsIdiu 3.3V) T34 16 U1

2.7.1.7 Y8ummounden 1 9o @mnsaduuseiulnngs 0 89 +1vdc
iihgrasuasdygrasundondudeyaiineaiiiauazsen 10 Jn

2.7.1.8 flunnssdwmiudegunsalviathluadeuuunnsasussend

< & )
oanuuuduleladyain

2.7.2 MINAUlUSKISUUL NodeMCU
2.7.2.1 AT Command

Tngluudvesndiulvgarilifisuuns AT Command Feazaelnld

o
aa

muqﬂﬂizﬁmé'}ﬁlﬂuiuLﬁml‘%’maﬁmuaw\huwa%maqmu Blialuiinanlunisledy
ESP8266 ielvianunsaidousie Wir fululasreulnsamesiu 9 ledeiufsatuveda
Arduino

2.7.2.2 NodeMCU Development toolkit

\Juiisuuas eLua dw¥u ESP SoC Tae Espressif 1il§uuad 3381454
1 Espressif NON-OS SDK 2.0.0 A1ufi1ds NodeMCU toolkit awgnasluda ESP8266 ru
Suwmefiva Serial UART Tnefliilsuuasuns NodeMCU taglsfaninsatufinuouwdinduiiu
arsUAlusm LT unayves ESPE266 wazdiliiSunldlusunsuueundintunnasaiisy

syuuluy
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2.7.2.3 Arduino IDE

\unisatuayudu ESP8266 Tansaldausauiu Arduino vils
annsaiaulsunsusensldiiidunazlausdves Arduino Tnedwinamlusunsulyiiu
Tuga ESP8266 uaziSenldauldlnonsuiiolnldau EsPe266 Tnsuniuds Arduino ae
Useneuluielavs3ifivssloninnelunisussandldlunsdoansuuy Wi lidee
umslfszuulndlumbeanuduasihauiunida sb, gunsal SPI uay 12C Aanfuayy

Tuga ESP8266 avgnifinasly Arduino IDE (nestu 1.6.4 waglminiv)

2.8 Tugadaansliaeugys HC-05

5U 2.23 Tugaugys HC-05

HC-05 Tugaugysneguil 2.23 Wulugalfaneilddeansds Bluetooth
Serial Port Protocol lae Serial Port L{]ummg"m Bluetooth V2.0+EDR (Enhance Data
Rate) fimnaialunisuegianiudedaya 3 Mbps THauluaud 2.4 GHz 5993 Baud
Rate: 9600, 19200, 38400, 57600, 115200, 230400 way 460800 laslur1unfiasd Baud
Rate 38400, 8 Data Bits, Stop Bits 1 uazliil Parity Bit annsalfideusedugunsaiugys

auqla lnegluga HC-05 ImsimusnauiRvideudedmsad 2.3
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= wa = i
AT 2.3 ﬂEUHMUG]‘UWL%BNGI?J‘UGQIMQQUQM”E‘ HC-05

mt%wiawaﬂu@a HC-05 wiihflvosundouse
STATE anurvasluga
RXD Feuturdwoslulasreulnsaiand
TXD Beufuniuveslilasreulnsaiaos
GND GND
VCC \Foufuusesiy 5 V w3 3.3 V
EN \Feuduusadu 5 V iledaenisiih AT Mode

2.9 lugalwuesnsrainsrezdansilada

UM 2.24 lupawuwesasainsyezdansluiln HC-SRO4

HC-SR04 (uimuimeidmiunsiaduinguasiaszozmauuvldduda Tnold
fyeuoudesdansilefia %aLﬁuﬂﬁmﬁaaﬂmu?fguﬁunihﬂ'rﬂﬁﬁwaquwa’ AN INTE Y
Iiaud 2 - 400 Wwuins annsodelinuiulilasroulnsamedlding Twdmiluns
v ansedl 2.4 wanspaanwaznalnivedugaueesnsiainssordansluda

HC-SR04 wazm131991 2.5 wansnismvunandsusiaivuaselulasasulvsaaas



13199 2.4 Audnvazmliihvedlugawusessansilada HC-SRO4

Electrical Parameters HC-SR04
Operating Voltage DC-5V
Operating Current 15mA
Operating Frequency 40KHZ
Farthest Range am
Nearest Range 2cm
Measuring Angle 15 Degree
Input Trigger Signal 10us TTL pulse
Output Echo Signal | Output TTL level signal, proportional with range
Dimensions 45*20*15mm

= o | ' W ¢ ¢
AN 2.5 NSMRUATITaNRD HC-SR04 fuvasalulasaaulnsaiass

Pin Symbol | Pin Function Description
VCC 5V power supply
Trig Trigger Input pin
Echo Receiver Output pin
GND Power ground

2.10 Tu@mﬁm Buzzer

E‘U‘ﬁ' 2.25 Buzzer Module
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lugadis Buzzer lugunsaidtygyrandes annsathluuszandldldvarnvans
W gUnsaludasieu uindunan Wudu Tnelassaduneluusenouludmeniudiees
Tumsuvasdyaaliidudygrandes aunsoldldswinuesalilasroulnsaaesls

Taemss Tun1eil 2.6 wansrnsifousievasluga Buzzer

A5 MN 2.6 ﬁwa‘ﬁmammaL%amiamaﬂmaa Buzzer

In1sidausie AND5UY
vee IFee 33V -5V
I/O Input
GND GND

2.11 Firebase Realtime Database

Firebase floszuugutoyaiigneanuuuunliifu APl uas Cloud Storage
d195URmUN Realtime Application 5895unany Platform %4 10S App, Android App,
Web App Imagna%’w%umﬂﬂmﬁmj'ﬁLﬁ%uﬁ’hﬁﬂﬁ’wmawmiamammsﬁ’u@tﬁﬂlﬁwaﬁﬁ’u
AUABINISVRIAU waziin1swaunlWaiunse backend vnifivdeyastuion unly
wnannasuATuIRTdmSuTnNmuILaUnE LAY ‘sae%’w%mmﬂﬂ‘szmwﬁﬁmlﬁmu
Festoluil

- Firebase Analytics u3n133ias1zvideya laaldinaluladuiain Google
Analytics WWalldwIuuulidinuiinaudeyalag

- Firebase Cloud Messaging (FCM) 1Juszuudsdaninuusaiou Tnsldsuns
LidrAnusuadeniny

- Firebase Storage U“‘imiﬁuﬁlﬁu%’m&a wlitiunw Fdle wiolwdvuialvg)
MnuoUnaAATurasldusgul Google Cloud Storage

- Firebase Remote Config f918lun1sufuugenisfeAvasueundindy
dmiuuuusisaiigg Tuueundinduainszeslna amnsaldsufu Firebase Analytics
dtermungldeuusndungu 1§

- Firebase Crash Reporting f31e41un15uAs1aaswaUndinduiisossuss i0S

WAz Android
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UBLADT
Jamiudenldrasdunewmeinssuansauuy H-Bridge Ju SE-HBAO-1
Fagutl 3.10 Flumsmunuuaweslituirdeutuanszinlneliveialulasrevlnainnsd
Arduino @319&5yeyraudmasa (Pulse Width Modulation) Tnadeudyarauiinanliiu
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5UT 3.10 29stuneimainsEuaRTILUY H-Bridge U SE-HB4O-1

EJ 1 s s "
AT 3.1 Msmuaudtgussiiulniiliiulees H-Bridge

INPUT H-Bridge 1 (wawa31) | INPUT H-Bridge 2 (1a1na$2)

fiamsvonfnady | PwMm IN1 IN2 PWM Nt | IN2

(%) V) (V) (%) V) V)
STAY 0 . - 0 - -
FORWARD 48 0 5 48 5 0
BACKWARD 48 5 0 48 0 5
LEFT 48 0 5 0 - -
RIGHT 0 - - 48 5 0
BREAK 100 0 0 100 0 0
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Joystick Arduino MEGA
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START

Input Data
xXy.sw

Mapping value XY
And Detect SW
button

H-Bridse Movement
Mode Control

al o ° v a v &
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\du ADXL345
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Msi¥eumalguwas ADXL345 duuasalulasaaulnsaiass Arduino

5 o ;2 = :J ¥ 2/ q”
Wy anunsavile 2 Iuuede Ius SPI uazluue 12C Tufidazsdanldaulvug 12C Fadunis

P o aa [y ) d ' W a
\WeunadaaAinea lny ADXL345 lasasfunisWaudsuuy 12C Tud a1519% 3.3 wanawn

nsLauRe ADXL345 whduuasalulasroulnaiass Arduino

‘3‘ ﬁi I ) .
A15799 3.3 N19lausia ADXL345 Whtuuesalulasreulnsaiass Arduino

ADXL345 Arduino Nano
GND GND
VCC 3.3V
CS 33V
SDO GND
SDA Ad
SCL A5
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1) MIBuAoYAINwUYDTAIMT AT ADXL3A5

gﬂﬁ 3.17 WUWesAULT LAY ADXL 345

NNFUN 3.17 uanaguesauisudadu ADXL345 Fewy
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Wumimuwinldnaunsii (3.3) fsaunisi (3.5)

X g = X,55 X ScaleFactor (3.3)
Vg1 = Vi X ScaleFactor (3.4)

214 = Z,.55 X ScaleFactor (3.5)
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198 ScaleFactor @ mmmamﬁ'am‘uaaﬂ"}%’@;‘;ammda

M v ad | o o A v & el 1
wlsanauges Tnsazudsidsulumutisainula (Sensitivity) Fidenld wu Eenldittns
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O — tal'l_l xom[LSB] (3'6)

2 2
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. -1 Yourl 58]
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2 2
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3) msUiuisuanuulugilunisiayuideaues ADXL345

nswwgeinusudadu ADXL345 unldnsaainyu
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L]
raadaulaense Aetulunisuiuiiouasyinisdnmumen offset (Ayplg]) wazen

J . 1 ' 1 o © | 'Y = = ¢ '
Gain (Gain ) voeAnANITAazLNY ol lumA1UTuiisuluannsi (3.11) Fadudn

! a ¥ oA A & 5 =t o 2
AULTUTUAUNHIUNTIALUEAITUARIALAR DULA? (ACa,,-bmte[g]) MNnTuTnhlunaunis

WeAInAyISsaRaly

Aorrlg]= 0.5%(4,,, +d ) (3.9)
Gain = O_SX(_A"i_A—"SJ (3.10)
g
A — Aaur[g] i AOFF[g} (31 1)
Calibrate[ g)

Gain
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START

Read LSB

Data X,Y,Z

from adxl|
sensor

eck max-m
LSB angle
condition

Record value of
each axis angle and
show value in serial

monitor

U7 3.22 wudsnsienrestdsunsudafivAmiusadadugegauagsinan
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RIGHT
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SUN 3.23 dnwrmsdnnasuasanuisudady ADXL345 uufswe
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Luaunuuan) wisanasnige (luwwiunuav) (Peak) odrasanisaluaaniinivun (DUR

. P o a e w . Y |
Time) lagagiin1siiusseznaniofiiinnusadaduuis (LATENT Time) 138ne diunns
\{in Double Tap %Lflums;ﬂﬁnﬁﬁmm‘s Tap Ma9aInMsiia Tap ASausnatgluseegiian
#iimus (WINDOW Time) Tuguil 3.24 uamanisifia Tap waz Double Tap Tagfinsimun

ala s v fo @ W a a
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ﬂ FIRST TAP ﬂ SECOND TAP

J _ M\J " THRESHOLD
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CATENGY | TIME WINDOW FOR
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q

| SINGLE TAP DOUBLE TAP
i INTERRUPT INTERRUPT
1

INTERRUPTS

5U 3.24 n151fin Tap waw Double Tap

= o | ala i v o ) v w
A% 3.5 Munusslame snldauimusileidunisdndamne (nterrupt)

AU AN85U"Y Scale Factor
0x1D Tap Threshold 62.5 mg/LSB
0x21 Tap Duration 625 us/LSB
0x22 Tap Latency 1.25 ms/LSB
0x23 Tap Window 1.25 ms/LSB

° ) A a vy v &
d@mdunismuguiietn/Annsldfsvenuauindiduas

[N

Amualiiniaiie Tap vesuwesanusudady Jadunisesrasuaimnusadadud
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M5 3.6 MImuauiBduiuilsidudadane (nterrupt)

=
waulung
ANEq NNSVEUATH UNVINIY

(Interrupt)

Wasdsweluaugg 1

msiUa/Aansldfsvearuauiaidu Tap

START
Input Data
XY,Z

y

A5

Convert Data(X,Y,Z)

to Angle(zet, psi,phi)

and Tap/Double Tap
Detection

Direction
Decision

Send serialto MEGA
via BT

Ui 3.25 wnulansvirauvesiusunsudiunmusuiiamavudsee

Tugu# 3.25 uaasunuiinisireureslusunsuluday
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Bluetooth Module

Arduino Nano

ADXL345
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H-Bridge Movement
Mode Control
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Receive data
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esp web
srver

‘

send calibrate value
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levels for forward
condition

FUN 3.30 ukwian1svinaureslusunsusEuuwaBANaInL S g

3.1.5 ﬂ'l'iﬂﬂﬂLLUU'iﬁU‘ULL‘t!}’\‘lLﬁEJUHW‘i‘li‘IJ

3U% 331 lugawuwesnsiainssezdansiledn HC-SRO4

gaahldidenlilugainuieesdanslailn HC-SR04 faguil 3.31 ludauves

&/

szuumsudaisumsuuingnisinundaingidu nsluvariigldauldtinsauauiiang

v X a v A P Y 7 1 & v MY Y |
veunBlubiindouiinesvaciy flivuazliausausiudundals Jaldlugadngn



70

1usw‘uLﬁamuﬂ%’uszawaﬁmqmaﬁﬂwé‘qLﬁ'lé’yL'ﬁuLLasehLﬁam%’uﬁaulﬁﬁ’wﬂ%mﬂﬁ
N3

dmiulugaiwuimes HC-SRO4 agUsznoulUmeddsdansilada (11 Trig) was
iiudansalaila (11 Echo) Tumsldanulugaszdesteudyaraiadiiaunieiad 10
us L9ivn Trie flau QWﬂﬁqu@awL'%TlaJeiqé’m"agmﬂﬁmﬁmé’amﬂﬁﬁﬂﬁ“mm?{ 40 kHz
U 8 Qﬂﬂﬁuaanlﬂmaﬁ’aa’aé‘amﬁ[mﬁaﬁwé’mwL%fﬂummﬂﬁqquﬁﬁuq FA11580

o s e =l v a O v w 15
AnnaensuIndssluonialaanaunisi (3.12) ndusisusanslednazlasu QTRTalY

4
€

agviouaningiiegluszey lasauniaadvesdygnasioudlisuiasiuiussorms

'
=l

1aingiegvsennly

1

v, =3314(0.6067) (3.12)

=l s @ =l
los vV, fie Sasudndesluenid on/s)
T #ogawgil ()

o o a L

Wudansilelnazmesfudyguiaviouinnisnsenuiuing Wenmudasuislunms

iwdeuvasdaadsuazinaildlumafiunidlundu agaunsefuiumsssginees

2
s ot

Inguuqldanaunsi (3.13)

PR (3.13)

air 2

] o as

- i 3 P =
Iﬂﬁ} $ Aa 'SSEJSWNiS‘WJ'NL‘?jUL‘ﬁﬂiﬂU?WQWﬂﬁULﬂUQG’Iﬂﬂ'ﬁEVIU (m)
v = [ 2 = !L
air A8 OATUIUASIIUDN (/)

¢ Ao namedwdsdddlumsipunelundu ()

]
=l o

lunsldnulugaeuees HC-SRO4 Tasseymiesewinaiaidunas ingiiaging

oanld lagvimsifouselugaidrfuuedalulasroulnsaiass Arduino Mega miunns

WauMB AN 3.7 lnegumgiivies 25 ¢ snsufrueadusdluenmeszAuanleise

INAUNSH (1) v =331+(0.6067)
v =331+(0.606x25)



71

v, =346.15"
Ay

A1 3.7 msﬁamia‘lmga HC-SRO4 wihriuuesalulasaaulnsaiass Arduino MEGA

HC-SR04 Pin Symbol | Arduino MEGA Pin
VCC GND
Trig 5V
Echo A3
GND L

Tumsiauldsunsussuuudaounmsvuiuaglddds pulsein() Tunstiu
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HC-05
Bluetooth Module

3UT 3.35 msrdsesiarluga HC-05 Tulwim AT Command

0@ COM4 e@ COM4

o kg
] MASTER (najuiiiindiiu)

SLAVE (nAdsiidsue)
OK << AT
+VERSION:2.0-20100601 <<< AT+VERSION?
0K
+ADDR:99d3:34:91135a <<< AT+ADDR?
OK
+ROLE: 0 « AT+ROL
OK
+PSWD:1234 AT+PSWD?
OK
+UART:115200,0,0 AT+UAR
OK
+CMOD: 0 T+CMODE
OK
+BIND:98d3:32:20£3ac <<< AT+BIND??
OK

0K <<< AT
+VERSION:2.0-20100€01 << AT+VERSION?
OK

+ADDR:98d3:32:20£f3ac << AT+ADDR?
OK

+ROLE:1 AT+ROLE?
OK

+P5WD:1234 < AT+PSWD?
OK

+UART:115200,0,0 <<< AT+UIART?
0K

+CMOD: 0 AT+CMODE?
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+BIND:98d3:34:91135a < AT+BIND??
0)’¢

U‘?‘i 3.36 mamﬂ'ﬂma HC-05 Tulvium AT Command
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Parity Bit)

None Parity bit)

Ada AT Tuga HC-05 lun1pads Tuga HC-05 Tunnasy
AT+ADDR?
98d3:34:91135a 98d3:32:20f3ac
(Bluetooth Address)
AT+ROLE= 0 1
(Module Role) (Slave Mode) (Master Mode)
AT+UART= 115200,0,0 115200,0,0
(Baud Rate, Stop Bit, (1 stop bit, (1 stop bit,

None Parity bit)

AT+CMODE=

(Connection Mode)

0
(Connect to Specified

0
(Connect to Specified

ADDR) ADDR)
AT+BIND=
(bind Bluetooth 98d3:32:20f3ac 98d3:34:91135a
ADDR)
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Connect WiFi by
ssid&password
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Create web server
port 80
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Connect to firebase
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FIREBASE_HOST&&
FIREBASE_AUTH
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Send my ip address
to firebase database

Wait to recive
notification

status

recive
notification

noti =0

status

noti = 99

Send notification

response to firebase
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3.1.4.5 Maifeunosewine NodeMCU Web Server LaguaUndindy
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ctl :
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= .
< C | ©® 192.168.137.2472ct1=10 ¥ | @ %
ctl :10

3 Apps Y Bookmarks project » Cther bookmarks Jctl :10
ctl :10
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ctl :10
crl :10
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ctl :10
ctl :10
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Connect WiFi by
ssid&password

v

Create web server
port 80

v

Connect to firebase
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FIREBASE_HOST&&
FIREBASE_AUTH

v

Send my ip address
to firebase database

Wait to recive
data’s client

Check ctl tag

Y

Send value to MEGA
Via the serial port
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3.1.5 N1saanlUUNAIUILaUNWALAYY MIT App Inventor 2
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USuiiiguauuaiugh
yuiing I yu 0 (846n) AUAANALAREY

(2367) Asafi 1 | a3edl 2 | adeit 3 AyLady (24¢11)
-90 -89.20 -88.89 -89.89 -89.33 0.67
-60 -60.57 -60.52 -60.50 -60.53 Q.55
-30 =30,19 ~20.21 -30.08 -30.18 0.18
0 0.22 0.22 0.45 0.30 0.30
30 30.11 30.22 50.11 30.15 0.15
60 60.39 60.51 60.40 60.43 0.43
90 89.78 89.50 90.00 89.76 0.24
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15199 4.8 nanisadounTIviany ¥ vearuwesluszurunisiadeuln X-Z nds

Usuliguanuuaiug
. o | A WU Y (2967) 4
WUNIIN1TI0 - ANARIALAGDU
(29f) e asedi 1 | adadt 2 | adedi 3 Aruuade (23¢)
(2977) '

-90 0 0.67 0.44 0.67 0.59 0.59
-60 0 2:2% 1,55 2.00 1.93 1.93
-30 0 0.45 0.25 0.67 0.45 0.45
0 0 -0.22 -0.44 -0.45 -0.37 0.37
30 0 023 0.45 0.23 0.30 0.30
60 0 .23 0.23 0.00 0.15 0.15
90 0 -0.22 -0.23 -0.22 -0.22 0.22

A1399% 4.9 nan1svageunsIatayy ¢ veuwulwesluszurunisiadeulnl Xz ud

USuiisuausiugh
quﬁﬁqms’i’m W ¢ (93e1) AMUARIALARDY

(GRR) s 1 | afeit 2 | A% 3 Fhagmaﬁa (9461)
-90 89.11 89.33 88.89 §9.11 0.89
-60 60.67 60.57 60.58 60.61 0.61
-30 30.19 30.28 30.20 30.22 0.22
0 0.22 0.45 0.50 0.39 0.39
30 30.11 30.23 30.11 30,15 0.15
60 60.40 60.51 60.40 60.44 0.44
90 90.22 90.45 90.22 90.30 0.30

dafasanauiinlilussuiunisides x-z Inslussuuiasiien

uinduegsuiu 2 yu Ao yu 6 insevivdaunu X wazuy ¢ finssvdewnu Z ludw

uu y dugildulndifiss 0 0san lesninunu Y azgnlfiugauyulunisiBesnes

wulgai Swhbiliingunssiduuny Y Sadlefinsananueaiaiedeulunisnaing
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1 ¥ o s = 1 (-] 3 o d‘ ni v 1
%Lﬁmﬂumwﬂmmwmm'sﬂwmemPmmLLuumuuummwmmmﬂaauwuaarm
LﬁEJ‘Uf“fUﬂ13msm’ﬁ’mudaumsﬂ%’mﬁaummmuﬁﬂ

4.3.2.2 NAN1INAEDUNIATIVTAYULB LB AT ULYe S lusEUIUNIS

wAeulmn Y-Z

3UM 4.33 msvaaeuiayuidedluszuiy v-z

a [y al =
luguit 4.33 uansnsnsaatayudesluszuiu Y-Z ssuv Faduy
o v v oW a a v 1 v (YR
sruimnualiaenadosiunisideesdsveluneiuntuazdunds Saununs
14 A:Y & Vel = @ - ol £ 2/ [ o w [ !
mupumalulilianuzirmadumdaunluirmiuazasndwmudiiy Tnevinisdu
Ayudsdluudazunuann Serial Monitor ¥nsdudinuanisiavanun 3 ade daum
Anadeiielivinuaaiamdourein1snsisTayuBeswenauies lumsied 4.10 A

A519% 4.12 LaAINAN1SVIAdEUATIRIRYIB B asauweslussuunsedeuln Y-Z Aoy

NM5USUWIBUANLLUEN
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E:‘I s A 1
157199 4.10 WNANTINAFDUATIVINYL 7 ‘LI’ENL%UL‘UBﬂUi:ﬁUWUﬂ’ﬁLﬂaﬂUlﬁ? Y-Z AaUnIs

YFuiiguauuaiugn

yuitvin | Ay Wy 0 (29f1) A1UARA

n1339 339 ¥ @ 4 % 4 . y \Afay

s || G A 1 | Afeli2 | Al 3 | Ayuiade .
-90 0 -1.94 -1.28 -1.f2 -1.65 1.65
-60 0 =212 -1.78 -1.55 -1.48 1.48
-30 0 -1.63 -1.62 -1.40 <155 1.55
0 0 -3.09 -3.07 -2.84 -3.00 3.00
30 0 =169 -1.91 ~1.92 -1.84 1.84
60 0 0.48 0.24 1.20 0.64 0.64
90 0 -0.23 -1.87 ~2.33 -1.48 1.48

3N 4.11 nansvadeunsIvinyn y ssuwuwesluszuunisiadeulw Y-Z founs

USuifigumnuuaiugn
w5 in Yy (29A1) ANUARIALARDY

GRGR)) adedl 1 | aedl 2 | afeil 3 AyuLaAY (GNY)
-90 -87.54 | -87.33 | -86.72 -87.20 2.80
-60 -61.82 | -63.48 | -62.41 -62.57 2.57
=30 -31.75 | -31.54 | -32.06 -31.78 L78
0 “0.95 -0.71 -0.72 ~0.79 0.79
30 28.92 2922 31.27 29.80 0.20
60 61.94 62.58 60.62 61,71 1.71
90 87.19 86.82 87.16 87.06 2.94
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= Y = ]
f19199 4.12 HANITNATABUNTIVINY Y @ ‘uaaLszmmaﬂu'ixmunﬁmaaulm Y-Z A9UN3

iuiiigunnnuwiugn
yuivinnnsia 1 ¢ (9977) AMUAAIALATEUY
(2961) A%edl 1 | adedi 2 | adeil 3 AyLRAe (2461)
-90 91.51 92.34 92.80 92.22 222
-60 61.84 63.55 62.46 62.62 2.62
-30 32.41 31.90 31.60 31.97 1.97
0 i 151 213 1.86 1.86
30 28.98 29.30 2135 29.88 012
60 61.94 62.58 60.65 61.72 bl
90 92.80 9257 91.63 9255 233

lums1eit 4.13 Ban13199 4.15 uanwan1seaounTIvinyuBssasageilussuiums

wasulm Y-Z ndinmsusuiiisuainuusugn

A390 4.13 wanismeaeuaTIviayy 6 veusulwesluszurunisiadeulu Y-Z ndenng

Uiuigumuusiugn

uiivin | Ay uu 0 (93f1) AINARIA

n1339 334 o 4 § . . y \nfay

it | ey | T 1 | A3Wi2 | aseli 3 | Ayuiade -
-90 0 0.22 0.23 0.22 0.22 0.22
-60 0 -0.23 -0.45 -0.22 -0.30 0.30
-30 0 0.00 0253 .23 .15 0.15
0 0 -0.22 0.22 0.22 0.07 0.07
30 0 0:22 0.45 0.22 0.30 0.30
60 0 0.22 0.23 0.45 0.30 0.30
90 0 022 0.22 0.00 0.15 0.15
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399 4.18 nansadeunTvinyn ¥ veawueslussuunsiedeuln Y-Z wdanis

Usuiisuauiaugh
yuivinsia Ny (29A0) ANUARIALAT O
(4f11) Azl 1 | adedl 2 | a%eit 3 | Anade (29A7)
-90 -89.78 -89.77 -90.00 -89.85 0,15
-60 -60.31 -60.30 -60.12 -60.24 0.24
-30 -30.11 -30.42 -30.31 -30.28 0.28
0 -0.22 -0.45 -0.23 -0.30 0.30
30 30.47 30.27 30.16 30.30 0.30
60 60.11 60.31 60..22 60.21 0.21
90 89.56 89.30 89.78 89.55 0.45

A9 4.15 HANITVAABURTIVIANL ¢ veururesluszuunsiadoulm Y-Z ndnis

USuiisumsLsiugh
w1 4 ¢ (23e) ANUAANALATDL
(GRR)) aseil 1 | adedt 2 | adadi 3 Fi'ugmaﬁ'al (246)
-90 90.00 90.23 90.22 90.15 0.15
-60 60.31 60.51 60.31 60.38 0.38
-30 30.31 30.42 30.28 30.34 0.34
0 0.22 0.45 0.32 0.33 0.33
30 30.47 30.28 30.39 30.38 0.28
60 60.12 60.31 60.22 60.22 0.22
90 90.44 90.22 90.00 90.22 0.22

]
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v o ! c‘ o ! i
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Hu 6 duasiiagulndifios 0 asen losvinunu X azgnldifuganyulunisidesves
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1 i
e a1 =

wiuilumnmafagundimsuiuiisuanuuiugduiidmiueainedouiitosnda
WiguiumsnmaiaguneunsUiuiisuauusiue
NNIINAFDUNITNTIVINYUL BB VRAYULLOIAMLSITUdY ADXL345 Wuin
lguLas ADXL345 aunsniayudasldlndidssduayuais SafeRansandiniiy
ﬂa’lﬁlLﬁﬁ@u%é’\?ﬂﬂ‘iﬂ%}ULﬁHULLEii”JULUﬂ’Iﬁ’ﬂlpJL‘SEJ\‘H}SLﬁu‘lﬁ’jﬁﬁﬂ’s’luﬂa’mLF]%E]UE:]@?M 1.93
99A7 (91NM151971 4.8) MnifnteumsUFuiisuiinnunaiardeulunisSayuBeegean

5.36 941 (AINAI517 4.6)

4.3.3 N15AIVANAANILINBIduREfsYE

4

JUP 434 duvaguigeseusadadu ADXL345 vufsue

mﬂmiwmaauﬂﬁs’l"t’fﬁwxmammﬁmwﬁluﬂﬁmé‘auﬁ lnelvgnaassaiuld

gunsaluufiswy Tlwuiwes ADXL345 Tsumiseguufiswedasui 43¢ 9anifuaeyiinns

WesAswelulufiemnaa 5 fevns leun neAlla (Asueainsa), indeunludrantn (Rufsee
dy £ 2 = =l {24 dy = = s =

av), wdeneie (19e9Aswrlun1egne), 1Eenun (BeeAswelun19v) waznounds (Wufsuy

Tu) 2gwuin Serial Monitor veauasalulasaoulnsatassludrumuauiianisuuisye
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a o 3 o 1 o P o 1 |
LLaWQNamﬂwq‘ﬂﬂm’lﬂlﬂ']iLaﬂﬁﬁi@%%ﬂﬁﬁﬂﬂaaﬁWi@ﬂﬂULLaﬂQNaWQHNLQUQWﬂigwqm'BLL@ag

WNUINBY (6,1, )

l:'j L 74 M e =l = F .
Wogmaaatlailafinisidusdswelulufirmndlag Serial Monitor uansnagnug

- ) = o o = = P o 1 ' Y a v '
vgatls (STAY) Aegui 4.35 GellyunsiBesvasdsueiinssideusazunusnedatosdn 30

Y

NG

JUNIIDYIVRATHENNIZYINAD

1] 1 4 o L4 1
HAATHNUDI9DIUDEQT 30 B49A

- FNFER B EmEN R

U7 4.35 gnaaeslildiinsiBesfisue Serial Monitor uansanuzwgnils (STAY)

Wegnnasadydsyrliuiuadludrandt Seral Monitor uannaaaiuy
iwdpuilUTami (FORWARD) faguit 4.36 deilunsideswesdsusldun uu o finseah

J ' = =1 2/ 1 A [ ! o a
ABLNUDINEY -Y WUAIYUUBYNIN -30 89N baE ¢ NNTENINDUNUD19DY 7 JTUAHA

11NN 30 DA
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P el e o — -y
2et, psi, phi :-4.88 -31.7¢ 32,25 || Directica : FORWARD

yu Y dAyaniounda -30 e
yu ¢ fAmuuINn 30 aaA

9149411 (FORWARD)

d) L5 - c’?’ k74 at = 2 L%
Wogvnaaasedswriuludamds Serial Monitor LARIKAAN U DDHNAS
(BACKWARD) fla3U# 4.37 aiailyun1siBesvasdsuzld yu w finsevideunudneda v audl

1 I ﬂ' o I U _ = | 1
ATYUNINATT 30 89N bhE T ¢ NNTENIRNBUNUD19DY Z VUATYUNINNTT 30 D9A

yu P dAmuunnd 30 oeAn
Bl 1
yug AN 30 pedn

3.77 ' Direction : BACKWARD

U7 4.37 {naaasefsuziuludramds Serial Monitor wansdauznosnda (BACKWARD)
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4w a o Y % . . a8 v
Luaﬁg‘mﬂaadLEJENFT‘EHSIU‘V]’NQWU?I’IEJ Serial Monitor BEAINAdED 1 UE LA EIYY

o sJ 4 a = 1 o -] 1 ¥ = a1
(LEFT) megun 4.38 Galiyunisidosvesdiswyld s 6 Ainsgvideunus1eds X sgilayy

Y

1 - o I d =y = !
4111731 30 94A1 bEsdd @ NNIENMFDLNUDINDY Z UAIYUNINNIT 30 99A0

——
"

-

-8

b i ol e i o
§ENERCN = - el

Y @ TAYUUINNGT 30 DeAn

yu ¢ fiAunINnn 30 s Iy

-5

UM 4.38 dvaapudusdswrlumasinudne Serial Monitor uan

AN UL

(LEFT)

A v S o v : ; =3
ilagvaaeudyedsurlunieduean Serial Monitor WamInARIULIREI921
(RIGHT) laguil 4.39 BadlyunnsiBuvasfsuzld yu 0 finsesivviaunudneda X axfidmu

teunin -30 8eN uazss ¢ Ansevhsiounud1eda Z sgfieniuuanniy 30 e

o — o —— o —
s, )

pufppe—————————C
yu @ iiAyuiiasndn -30 aefn

97T 44.67 l

zet, pai, phi :-43.@2 -2.1% 44.85 ’
1| Sending = & et |

JUT 4.39 fmeasadesfiswelumaduui Serial Monitor ua

;{ 434 ¢ ilAmuuInnda 30 s '/
- .. - e i

PNENTULLEE7971 (RIGHT)
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o @ 9/ £ o a o

dmsunsnageuldauiiidudndeng (Interrupt) Tu3UN 4.40 Serial Plotter

! 1 = 1 aai!/ :t! =l ]
uansnmveassdadulundazunulusazidvaastegluaniug STAY Ssaeiinnse

a w o 1 o v al o o v a ' .
LWUAUNTENINBUNY Z gedn Lilegvaaswindsyy 1 asudialdifin Tap wuia Serial
Plotter lugu# 4.41 uansmadausadaduiinssvivvieuny Z uazuny Y fldanasegng

v @ I s a a ¢ PR 3
sdudndvingluaniuganiy Sudunisifamgnisel Tap lnglugui 4.42 Serial

. a a | = ) a

Monitor Ni@UAIUANTNANIIIZILARIADIUE Tap Wazgdrufimuauyanalnduindeuay

-
wansrasnuzlUdsUlnInnIsAIUAY

o1

115200 bawd

U7 4.40 Serial Plotter uanansmeanusaduduluudazunuluanius STAY
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Uanslddsweniunu

o

I 180
TRY
MANGE MHODE TO JOYSTICK

H
4 Autoscroh

N\

anue Tap

3Uf 4.42 Serial Monitor uanaLE CHANGE MODE (Tap)

NMmeassmUANANILAIBilumsAsvelasldisugefanusadudy

ADXL345 Wuin mmsamuquﬁﬂmﬂﬁaﬂwgns’faa LATEIUTOLY U TUTATIZ L

WUaAamsléfsvzaruguiindidule Metadeulvdianidunismaasadau

Hozifiuen
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af =l | =
4.3.4 nsUsuiiiguAtteulviirnisvasyana

A v/ s - 1 ‘d = 1
Weldanlnusmsusuideudidouluiiana lulasreulysataesludumunau

s 4 aa [ v r.?f = 1 1 1 < !
nalnfuindeuniAnegiuiididuardsdrinugys Welilulasaoulnsainesludiuniuna

U
a | o @ al = = o i =
vufisweidgluuaiinisduiiieu luguil 4.43 fa3Uil 4.48 Serial Monitor uanana
& | o IV Y P [7 ] - o
”LuiﬂﬁﬂauimaLaas’lumumu@uuumwlmsmﬂwﬂiuLﬁmﬂ,u 4 fiEne lawn wasunly

119N, NOUNAY, LBEITY LaIAEY Iigneaouazideadswrlunuiianielaeidesuin

UDUAUAIILHDINTG

zet, psi, phi :19.15 2.54 19.33 || Direction : LEFT || Sending = §

motor : €5 || psiF : -30 phiF : 30 zetl : 19 phil : 19 zetR : -30 phiR : 30 psiB : 30 phiB : 30
CLBL

zet, psi, phi :19.01 2.52 16.19 || Direction : LEFT || Sending = S

motor : €5 || psiF : -30 phiF : 30 zectl : 1% phiL : 195 zetR : -30 phiR : 30 psiB : 30 phiB : 30
CLBL

zet, pai, phi :18.49% 2.11 12.€2 || Direction : LEFT || Sending = §

motor : €5 || psiF : -30 phiF : 30 zetl : 12 phil : 18 zetR : -30 phiR : 30 psiB : 30 phiB : 20
CLBL

zet, psi, phi :19.08 2.32 Ufuiitsudouluuy LEFT =5

motor : €5 || psiF : =30 ' : -30 phiR : 30 psiB : 30 phiB : 30
~TRT

Zet, psi, phi :16.75 2.33 18.91 71 ﬁi‘**"fﬁl' LEET _LL Sending = §

motor : Q || E3EF : =30 phiF : 30 "zetL : 18 phil : 18'zetR : -30 phiR : 30 paiB : 30 phiB : 30
zet, psi, phi :18.81 2.52 1%.00 || Direction : LEFT || Sending = §

= v A A = & v
JUM 4.43 mydFuiiuaeuluiianadeidie (LEFT)

CLBF
psi, phi :-8.62 -20.53 22.42 || Direction : FORWARD |1 Sending = 2
motor : €0 |1 psiF : -20 phiF : 22 zetlL : 18 phil : 18 zetR : -30 phiR : 30 psiB : 30 phiB : 30
CLBF
zet, psi, phi :-8.60 -20.27 22.1€ || Direction FORWARD Sending = 2
motor : €0 || psiF : -20 phif : 22 zetl : 18 phil : 12 zetR : -30 phiR : 30 psiB : 30 phiB : 30

viuiflsudouluyu FORWARD  [:o" @ FORWARD || Sending = 2 o
v 18 phil : 18 zetR : -30 phiR : 30 psiB : 30 phiB : 30

zZet, psi, phi ;=8.71 —“J‘= 2. E 1| Direction : FORWARD || Sending = 2
motor : €0 || {;31F + =20 phifF : ::‘:e:; : 18 phil : 18 zetR : =30 phiR : 30 psi® : 30 phiB : 30

CLBF S

Set, psi, phi :-9.04 -20.31 22.40 li Direction : FORWARD || Sending = 2
BOLOL U PN T S0 Py T 22 zetl @ 18 phil @ 18 zetR : -30 phiR : 30 psiB : 30 phi3 : 30
zet, psi, phi :-5.03 -20.51 22.58 Direction FORWARD || Sending = 2

;gﬂﬁ 4.44 nsUsuiisua@eulafiavandeuiilud o (FORWARD)
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zetR :

motor : 70 || psiF : -20 phiF : 22 zetl : 18 phil : 18 -22 phiR : 22 psiB : 30 phiB : 30
CLBR

zet, psi, phi :-22.48 -3.97 22.87 || Direction : RIGHT || Sending = 4

motor : 70 || psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -22 phiR : 22 psiB : 30 phiB : 30
CLBR

zet, psi, phi :-21.94 -3.95 22.33 || Direction : RIGHT || Sending = 4

motor : €7 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 PhiR : 22 psiB : 30 phiB : 30
zet, psi, phi :-22.17 -4.20 22.61 || Direction : RIGHT || Sending = 4

motor : 70 || psiF : -20 phiF : 22 zetLl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 30 phiB : 30
CLBR

zet, psi, phi :-22.20 -4.17 22.63 || Direction : o

motor : 70 || psiF : -20 phiF : 22 zetl : 18 phi UWLﬂUULﬂW‘Wl{“ RIGHT  4is : 30 phis : 30
CLBR

zet, psi, phi :-21.93 -4.16 22.37 irection : RIGHI .4 Qﬂﬂ”'ﬂL s

oo v U TT PoIr T =20 prar v 22 zetl : 1€ phil T I¥ zetR : -21 phiR : £E1p318 t 30 phiB : 30
zet, psi, phi :-22.20 -4.17 22.63 || Direction : RIGHT || Sending = 4

motor : 0 || psiF : -20 phiF : 22 zetl : 18 phiL : 18 zetR : -21 phiR : 22 psiB : 30 phiB : 30

e =l U & = dy
gﬂﬁ 4.45 myUuimeuaRoulafinniadeannn (RIGHT)

ETCCF PUIy PO U EY LU G LI EE T T REECC IV v CATCIVRINE T TCIULIY =
motor : 75 || psiF : =20 phiF : 22 zetL : 18 phiL : 18 zetR : =21 phiR : 22 psiB : 20 phiB : 21
CLBB

zet, pai, phi :-5.87 20.52 21.41 || Direction : BACKWARD || Sending = 3

motor : 0 || psiF : -20 phiF : 22 zetL : 18 philL : 18 zetR : -21 phiR : 22 psiB : 20 phiB : 21
zet, psi, phi :-5.7% .23 21.11 || Direction : BACKWARD || Sending = 3

motor : 75 || psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 20 phiB : 21
CLBB

zet, psi, phi :-5.75 20.54 21.41 || Direction : BACKWARD |1 Sending = 3

motor : 41 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zectR : -21 phiR : 22 paiB : 20 phiB : 21
zet, psi, phi :-5.87 20.32 21.23 || Direction : BACKWARD || Sending = 3

motor 75 11 psiF : -20 phiF : 22 zetLl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 20 phiB : 21
CLBB

zet, psi, phi :-5.41 16.93 20.71 || Direction : BACKWARD | Sending = 3

motor : 75 || psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 PhiR : 22 psiB : 1% phiB : 20
CLBB

zet, psi, phi :-5.43 19.80 20.59 || Direction : BACKWARD || Sending \Jﬁil.'ﬁuutﬂﬂﬁlﬂﬂll BACKWARD
motor 75 |1 psiF : =20 phiF : 22 zetl : 18 phil : 18 zetR : -21 !

CLBB 1

zet, psi, phi :-5.41 19.93 20.71 ‘}_:;,- t2ion : BACEWARD || Sending = 3 1
motor = U T psalf T =JU PRIF : 22 zetl : 18 phil : 18 zetR : -21 pRIR™ 22 psiB : 14 phiB : 20
zet, psi, phi :-5.43 20.00 20.78 || Direction : BRCKWARD || Sending = 3

3Ui 4.46 msuFuiteudrdoulviiamanasmss (BACKWARD)

vasnmsifieuiisuaeuliian fnassmeasuldmsidosdsueniugu

fimnalagldenouluyuBesiiviudiouil dunaraiidnis Serial Monitor neiladnanss

lildiinsiBesdswzlulufianislag Serial Monitor uanasaaniusvgnils (STAY) fagui

4.47 suwiuldindyunsdesesdsvadulumuteulvgaisiiuiuieuls
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U7 4.47 Serial Monitor uansanugneaila (STAY) mueuluiiviudiou

zet, psi, phi :-9.79 3.11 10.28 || Direction : STAY || Sending = 1

motor : 0 || psiF : -20 phiF : 22 zetLl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-9.79 3.32 10.34 || Direction : STAY || Sending = 1

motor : O |l psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-10.02 3.53 10.64 || Direction : STAY || Sending = 1

motor : O || psaiF : -20 phiF : 22 zectl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-10.43 3.94 11.17 || Direction : STAY || Sending = 1

motor : O || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-10.23 3.53 10.83 || Direction : STAY || Sending = 1

motor : 0 || psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 PhiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-10.€4 3.53 11.22 || Direction : STAY || Sending = 1

motor : 0 || psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psl, phi :-10.€7 3.9€ 11.40 || Direction : STAY || Sending = 1

motor 2 0 11 paiF : 20 phiF : 22 zetL : 18 phiLl : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
Z8t, psi, phi :-10.84 3.73 11.48 |INpirection : STAY || Sending = 1

motor : 0 || psiF : -20 phiF : 22 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-10.67 3.75 11.33 || Dired™ion : STAY || Sending = 1

motor : O ||| psiF : -20 phiF : 22 zetLl : 1€ phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi~T=IU.TT 3.53 I3 TT DITECCION © SIATTT enaing = 1

motor : 0 || psiF : -20 phiF : 22 zetl : 1% phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zZet, psi, phi :-11.01 3.51 11.5€ || Direction : STIAY || Sending = 1

motor : 0 || psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-10.64 3.73 11.25% || Direction : STAY || Sending = 1
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P Y al = v v 1 1Y) 3 .
LNE]fﬂ‘lﬂﬂa'E]GLaﬂdﬂi‘lﬂgiuﬂ\lﬂﬂia\‘llﬂ’ﬂqﬂﬁuq Serial Monitor LaAINaANTUY

< <l 1 v v & v oa a =l
indeuilddnemi (FORWARD) Aaguit 4.48 aviiuldindiyunindesvesdsueduluniy

Roulvfimandeunludrmiiusudieuly

zet, psi, phi :-8.00 -23.7¢ 25.23 || Direction : FORWARD || Sending = 2

motor : 0 || psiF : =20 phiF : 22 zetL : 18 phil : 18 zetR : =21 phil 22 psiB : 19 phiB : 20
zet, psi, phi :-8.24 -23.83 25.38 || Direction : FORWARD || Sending = 2

moter : 0 Il psiF : -20 phiF : 22 zecL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psai, phi :-8.08 -23.54 25.05 || Direction : FORWARD || Sending = 2

motor Il psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-7.82 -23.38 24.81 || Direction : FORWARD || Sending = 2

motor : 0 |1 psiF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 phiR : 22 paiB : 1§ phiB : 20
zet, psi, phi :-8.22 -23.55 25.11 || Direction : FORWARD || Sending = 2

motor : 0 Il psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-£.02 -23.37 24.87 || Direction : FORWARD || Sending = 2

motor : 0 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zerR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-7,.72 -23.98 25.35 || Direction : FORWARD || Sending = 2

S il b2 2er ] 18 phil : 18 zetR : -21 phiR : 22 psiB : 16 phiB : 20
zet, psi, phi :-7.95 -23.48 24.96 || gtion : FORWARD || Sending = 2

motor : 0 |1 psiF : -20 phiF : 22 zetL : hil : -21 phiR : 22 psiB : 16 phiB : 20
zet, psi, phi ;-7,78 -23,49 24 60 || Direcrion' BD 1] Sanding = 2

motor : 0 [7| psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20 -1
zet, psi, phI"T=T 7 -23.97 25.0% |1 Ditection : FURRRRD 11 Sending = 2

motor : 0 |1 psiF : -20 phiF : 22 zetL : 18 phil : 18 =erR : -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-7.84 -23.00 24.44 || Direction : FORWARD || Sending = 2

U7l 4.48 Serial Monitor wanan ARl (FORWARD) mnudeulefiusudiey

Y
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4 o P = v Y ) . W
LM@Q‘V]G]ﬁENLGEJ?I‘SES‘UUI“IJ’UNWEN Serial Monitor EAINAADIUE DD YN

L2 O:‘ } A | =l =l A = L
(BACKWARD) #isgut 4.49 asiiiulddfiyunisiBesesdsweduluaudovlefianisaesnss

Cl L) v
nusuaulA

‘:et, pai, phi :-10.70 22.25 24.95 || Direction : BACKWARD || Sending = 3
|motor : 0 Il psiF : -20 phiF : 22 zetL : 18 Phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB 20
Zet, psi, phi :-10.7€ 21.48 24.27 || Direction : BACKWARD || Sending = 3
motor 0 |1 psiF =20 phiF : 22 zetl : 18 phil : 18 =etR : -21 PhiR : 22 psiB : 1% phiB : 20
[zet, psi, phi :-10.93 21.39 24.27 || Direction : BACKWARD || Sending = 3
motor : 0 Il psiF : -20 phiF : 22 zecl : 18 phil : 12 zetR : -21 phiR : 22 psiB 19 phiB 20
zet, psi, phi :-10.97 21.46 24.35 || Direction : BACKWARD || Sending = 3
motor : 0 || psiF : =20 phiF : 22 zetl : 18 phil : 18 zetR : =21 phiR : 22 psiB : 19 phiB : 20
zZet, psi, phi :-10.71 21.60 24.35 || Direction : BACKWARD || Sending = 3
motor : 0 || psiF : -20 phiF : 22 zectl : 18 phiL : 18 zetR : -21 PhiR : 22 psiB : 19 phiB : 20
|=et, psi, phi :-11.14 21.83 24.78 || Direction : BACKWARD || Sending = 3
motor 0 1l psiF : -20 phiF : 22 zetl : 18 phil : 12 zetR : -21 phiR : 22 psiB 1% phiB 20
zet, psi, phi :-11.12 21.91 24.87 || Direction : BACKWARD || Sending = 3

i0 11 pail =20 phiF : 22 zectl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
I:et. psi, phi :-10.96 22.12 24.9 Direction BACKWARD || Sending = 3
|mo:or : 0 |l psiF : =20 phiF : 22 z : 12 phil : 12 zetR : -21 phiR : 22 psiB 19 phiB 20
|zet, psi, phi _:-10.96 21.73 24,61 1| lon : BACIWARD || Sending = 3
motor 0 \l[ psiF : -20 phiF : 22 zetL : 18 phil 12 zetR : =21 phiR : 22 psiB 19 phiB : 20'
zet, psi, phi :-10.92 22.04 24.86 || Direction : BACKWARD Il Sending = 3
|motor : O || psiF : -20 phiF : 22 zetl : 18 phiLl : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
|zet, psi, phi :-10.70 21.79% 24.52 || Directioen BACKWARD || Sending = 3
|motor ¢ 0 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB 1% phiB 20
zet, psi, phi :-10.4% 21.81 24.44 || Direction BACKWARD || Sending = 3

3U7 4.49 Serial Monitor wansan1uzaasmda (BACKWARD) suiteuluiusuiiiay

Wlagnaasadusdsurluniafudne Serial Monitor uansuadaugiiede

I = =

(LEFT) fegudt 4.50 aziuladnflyunisid

Usuieuld

=l = d' a a‘a’ 3/ =
gevesAswe lulumudaulafianiwdendqedi
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zet, psi, phi :18.70 -0.42 18.70 || Direction : LEFT || Sending = 5

motor : 0 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
zet, pai, phi :18.63 -0.42 19.64 || Direction : LEFT || Sending = 5
motor : 0 || psiF : -20 phiF : 22 zetlL : 12 phil : 18 zetR : -21 phiR : 22 peiB : 19 phiB : 20
Zet, psi, phi :18.37 -0.63 18.38 || Direction : LEFT || Sending = §
motor : 0 |l psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :18.83 -0.42 18.84 || Direction : LEFT || Sending = 5
motor : 0 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : =21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :18.70 -0.42 18.71 || Direction : LEFT || Sending = 5§
motor : 0 || paiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 peiB : 19 phiB : 20

zet, psi, phi :18.70 -0.21 18.70 || Direction : LEFT || Sending = 5

motor 2 0 1) paif : -20 phiF : 22 zetL : 19 phil : 18 zetR : -21 PhiR : 22 psiB : 19 phiB : 20
zet, psi, phi :18.57 0.21 18.57 Qirection : LEFT || Sending = §

motor : 0 || =20 phiF : phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi LEFT || Sending = §

=
)

motor ¢ 0 || AF : -20 phiF : 22 zetl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20]
Zet, psi, phi :18.83 0.00 18.83 || Direction : LEFT 1| Sending = §

motor : 0 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :18.77 0.21 18.77 || Direction : LEFT || Sending = 5

moror : 0 |l psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 1% phiB : 20
Z8t, psi, phi :18.83 -0.42 18.84 || Direction : LEFT || Sending = 5

A ] . & 1% Al o v o
JUW 4.50 Serial Monitor wassan ugideddie (LEFT) audeulafivsudiou

ld v - = v é & é‘/
\WaRvaaedesdsuelun19d1ue Serial Monitor LaRINAAD UL LAY
W d' Y oo = . L =
(RIGHT) A4gu# 4.51 ﬁ]xLﬁulmmqmmﬁawa&ﬁiwLﬂulﬂmwut.qaul‘uwﬂwwaLﬁmmm

Usuesuly

e® COMS5

zet, psi, phi :-24.15 -0.21 24.15 || Direction : RIGHT || Sending = 4

moter : 0 || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-24.05 -0.21 24.05 || Direction : RIGHT || Sending = 4
motor : 0 || psiF : -20 phiF : 22 zetlL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-23.85 -0.63 23.86 1| Direction : RIGHT 1|1 Sending = 4
motor : 0 || psiF : -20 phiF : 22 zetlL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-23.96€ -0.21 23.96 || Direction : RIGHT 1|1 Sending = 4
moter : 0 || paiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-24.32 -0.€3 24.33 || Direction : RIGHT || Sending = 4
motor : O || psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR ; -21 phiR : 22 psiB : 1% phiB : 20
zet, psi, phi :-23.96 -0.€2 23.97 1| Direction : RIGHT |1 Sending = 4
imotor : 0 || paiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20

Zet, psi, phi :-23.39 -1.04 23.41N]| Direction : RIGHT || Sending = 4

motor : O || psiF : -20 phiF : 22 z : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, pesi, phi—<wl23 42 1l 47 23 52 11 Dizg bon 2 BICHT Ll Sending = 4

motor : O || | psiF : -20 phiF : 22 =etl : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20]
zet, psi, phi :-23.€€ -1.25 23.70 || Direction : RIGHT || Sending = 4

motor : 0 |l psiF : -20 phiF : 22 zetL : 18 phil : 18 zetR : -21 phiR : 22 psiB : 19 phiB : 20
zet, psi, phi :-23.96 -0.83 23.98 || Direction : RIGHT || Sending = 4

motor : O || psiF : -20 phiF : 22 zetL : 18 phil : 18 zectR : -21 PRiR : 22 psiB : 19 phiB : 20
zet, pai, phi :-23.88 -0.41 23.88 || Direction : RIGHT || Sending = 4

U7 4.51 Serial Monitor uanssnusdens (RIGHT) mudeuluiivsudiou
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a < & @ 3
'I,ug‘dw 4.52 L‘f‘Juﬂﬁmﬂaaum'ﬁLﬂaau‘uumammw Serial Monitor

wanska val iy 180 Fadumisimuaninunirewaddmiuiees H-Bridee Tnoidunis

a' v @/ g s o v 41 :l{
WnAINRadve sy PWM silneine Slwihwmyudsaausaseuiigetuaud

2 = P o oF [ & ¥ = -
ﬂ?’]ﬂlLi?LWUQWQVﬁ]gkﬂﬁauwwquﬂﬂqﬂlﬂ 'ﬂxL'Vi‘u\lﬂ?']llﬂ?ﬁLLﬁﬂQ%NL@HQIULLU?LLﬂu Y 9

o 1 4 1 - 1 A
anvialdnnmuweimmmsadaduninnit 10 esm lugud 4.53 uang

PWM vugfiunsatndes Inedayanamaieas 1 Dudygradunn uag

2 Ay FNeYe2933 H-Bridge

© coms
|

val : 180
value :5€

= FORWARD
val : 180
value :0

zet, psi, phi
= FORWARD
val : 180
value :0

= FORWARD
val : 180
value :0

zet, psi, phl :-

zec, pai, phi -

t=-4.31 11.79 12.

zet, psi, phi :-4.31 11.7

4.

31 11.79 12.%58

= FORWARD
val 1 180
value 10

= FORWARD

zet, psi, phi 1-4,27

val T 180
value :0

= FCRWARD
val : 180
value :0

= FORWARD
val : 180
value :0

zet, psi, phi @ .27

4

zet, psi, phi :-4.2

:Eiuwi

7 11.93 12.69

v

Moleewdng | 11500bad | | Cear output |

as

11.93 12.6€% - - - - J
\ LUYIRTIINIIMNAIT0LLINNTIT 10 83m

PWM = (180/255)x100 = 70.59%

T 4 & y
3UN 4.52 Serial Monitor waAINaN1TLARBUTUNIRIATY

U

¢

GRIRTRITGRENT

AU UNUNYLATY

L7 A7)
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Period
36.000H=z

3UN 4.53 dyqrasbunmuazionding PWM 4843993 H-Bridge Unistumsanaiden

A L
4.3.5.2 MINAADULATDUAINNANATY
luguit a.54 :Juniswadeunisimdeuliunieaiadu Serial Monitor
) & & o Y o g ) = o
WAAIHE val in1Au 0 FduNIsNIUUARNNNINNAFE NS U99T H-Bridge Imm‘dum‘mqm
Uoudnayra PWM sitlsinamesinilgamyuiiievranninuiivo i siduliaunss
iwdpuamanliedwynua lagsduldhiinsuanaadoddunmiwny Y finsatnld

PMNBUYBTANUSUTNFUTDENIN -10 B9AN
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 coms
I
val : O

value :86

zet, psl, phl :=1.9%1 -11.07 11.24
= FORWARD

val : 0

value :144

zet, psi, phi :-1.91 -11.07 11.24
= FORNARD

val 1 O

value :0

zet, pai, phi :-1.66 -11.21 11.34
= FORWARD

val 1 O

value :0

zet, psi, phi :-1.€6€ -11.21 11.34

val : ©

value :96

Zet, pei, phi :1-1.43 -10.7% 10,89
rrrrrrr

val 1 0
value 1152

zet, psi, phi :-1.68 -10.84 10.97
e \ wirTRIATINdsadeniauniy -10 pam

value :0 . e PWM = 0%

zet, pai, phi :-1.68 -10.8

= FORWARD

val 1 @

value :56

2et, pai, phL :-1.6€ -10.98 v

9 Autoscrol Molneendng | |11500bed | | Cewr out |

4.4 N1SNAFDUITLUULILADUNISYU

wuuuIafsunMsvutaginudedinnsmuauiiamanisiadeudiliossnds
A 1 a/ =l = v o L2 1 L2
Werzdsiyyaudsauduioulifldeumsu lasvhnisvnaeunisasiataszosvinsesing

wazmsuiusoudlinuiiieTngegiundwonmaiiuluszesiooni 50 wuiumg, spox

9 Y

LA 50 Luflms 89 100 lURLLAT UALIEELIINATT 100 WURWAT JUNaNaUY Serial

Monitor

<1

luguil 4.55 Wedngagvirannsundaididudusresisenit 50 lwufluns Serial

]
=i

Monitor WaAINANANINODENAILALAITNTIINUIROTISLEY 38 LURLAS

L]
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© coms - o X

I Serct
£

Buzz Buzzillillil
val : O

value 110

- Bk d01uy BACKWARD
30 .
Ban__mermiiiinl WUIRQATLES 38 cm
value :10

B

38

[Buzz Buzzlllillil

Buzz Buzzllllilll

val : O

value :10

= BACKWARD

38 -
| O] stoscron Toleendng .| [115M0bad . | Cewoutput|

= ; ; v o v o
3U% 4.55 Serial Monitor LAMINENTITATIINVINONTEHZUDY 50 LUURLUAS

P d o [ 14 o v 1 5 I = = =
IUEUW 4.56 LlJEI'JG]QE)gﬂ’NQ'Iﬂﬂ']UﬂﬁQLﬂWSLﬂUi'SEJSG‘NLLW 50 lwURLNAT 09 100 WURALLAT

]
=

Serial Monitor WAAINATIANNNBUVAILALNITATITNUINONSELY 96 WwURLIAS

4

An1uz BACKWARD
Bizs_ pusaasianaa: wui’qqﬁi:u: 96 cm

Eod
s

U7 4.56 Serial Monitor wananan1sas anuingiissoysiaud 50 lwufwns d 100

LUURLUAT



153

e o«

o A o [ o o o ] a o
lugud 4.57 iiatngagirsandunaniaifulussozuinndt 100 wufuns Serial

q U
Monitor LEAINANAN NOBENAILALNITNTIINUINON L 104 FYUALLRN T

9

© coms - n} X
l |
VAl T O Py
value :10
= BACKWARD
Buzz Buzz33333333
val : ©

value :10

dn1uz BACKWARD
wu’)’ﬁqv"ii:ﬂ: 104 cm

104
Buzz Buzz33333333
val @ O

value :10

= BACKWARD

Buzz33333333

10
ACKWARD

Buzz Buzz33333333

value :10
= BACKWARD

Buzz_ __ Burz33333333

val : 0

[ Autoscrol Molneendng . 115200bsd .| | Clear output
- S— pep— | |

U 4.57 Serial Monitor Wanswan1sasIawuingiissezannnii 100 wufias

4.5 ns\ausiafiaansluszuuiididuaiuauld

4.5.1 madaudedoasszvindiuniuauiirmevudsesuazdiuniuauyn

s - i1 c’l‘ <
nalnTumdausindi iy

lumsieansiuiulugadoansliansugysseninsdumunuiiamauudswe

v &g

(Slave Mode) wazdaunrunuyanalnduindouilAndidu (Master Mode) aviinnsda
NANNIINAIUATUANTIAYG A93UN 4.58 Serial Monitor Landn1sdsAiiamsweaingidy
luanuziadoudiludrant (FORWARD) Ferimunlidudrvindu 2 lngfiduniunuyn

s = Vs U 1 .
ﬂﬂiﬂ‘UULﬂﬁﬂu%ﬁlﬂiUﬂ’l 2 LWUNU
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@ coms - o x

Arduino Nano (Slave)
Arduino MEGA (Master)

T, PYL, T SO I TN T DITeCLION TN )
8L, psi, 6 35.7

zet, psi, € 35.75

zet, pai, L 35.21

zet, poi, &€ -35.02 3¢.

FUATYIANIY FORWARD = 2

Sending =
| Sending =
| Serding =

zet, pei, phi :-7.65 -34.46 35,

| -
MAMANIY FORWARD

zet, pai, phi
zet, psi, phi
zet, psi, phi :
zet, psi, phi :
zet, psi, phi :
Iet, pei,

[ I R I

pal ¢ 120

I

|

I

| Dirscticn :

| Direcrion : FU
Il Directic

I

|

I

|

|

|

I

zet, pai, P [ji Sending =
iet, psi, | | Sending =
zet, psi, | | Sending =
et, psi, ||l Sending =
et, psi, I =

irectic
Direct
|1 Directio:
11 Dire

tet, pa1,
zet, psi,
zet, pai,
et, pai,

Mnm&u v 1S00bad Cear autput

L N O T O U PR

‘d 1 U = 1 = s 1 s ‘J 1
UM 4.58 msdnfianeandumuruiiemaludidunivaunalnduiedeuninuugys

I A | ) | d v & LA
Uaﬂﬂ’]ﬂﬂTﬁﬁﬂﬂ"lWﬂﬂ’NLLﬁq aQUQQUﬂﬁJﬂaIﬂWULﬂaauml;ﬂ']ﬂt%u%ﬁﬁﬂqsﬂﬂﬂq

o L] a a o as = - o o & . -
wieliidumuguiirmeuuAsveyhnmsuuidleudeulviianis fa3uil 4.59 Serial Monitor

]
=

uansmsasmiiusuiisuluiiemamdeunludrat Feiwualidurvingu 60 Tasdidiy

AUANTIANULATYEAYIATUA 60 LUy

.lgcow - o «x
[l Arduin__o MEGA (Master) Send Arduino Nano (Slave)

| Direction : FORWARD || Sending = 2

:22zetl : 18 phil : 1 : -30 phiR : 30 paiB : 30 phiB

1 Szze-n"' : FORWARD || Sending = 2

1 22 zetl ¢ L : 18 zetR : -30 phiR : 30 psaB : 30 phid
'Uﬂ’l‘|“]£1ﬂEJUVIF' FORWARD =60
2 |1 Directicn : FORWARD | ..ni"'; =2
+ 22 zetl : 18 phil : etR : -30 phiR : 30 peiB : 30 phiB

Ar1USuiB Ui FORWARD =60

phiR : 30 pedB : 30 phid

| Direction : FORWARD || Sending = 2

2 zetl @ 19 phil : 18 zetR : -30 phiR : 30 psiB : 30 phiB
WARD
i 16 zetR

FORWARD

zet, pai, phi

rhil + 18 +a#@ » -4 I natR o A rReR

watnr o 011

‘iU‘VI 4.59 m'iaam’lvmnmummmalnﬂuuLﬂaau"l,ﬂ&Nmummummqmuuawﬁ
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4.5.2 msldeauneuniindunaznnsioastiu Web Server uy NodeMCU
A o - 5 =) a [ = 2 d&
WwemmsensseUnainduuuaniinuszsnglomsuvealeundindune
1 s A
11 “testsendudp” Asgun 4.60

5UN 4.60 woundiadiu

1 2
=

ngnAnfsuuansaly

4 o a a o X v = & v v 0w
wavnisialeunalntululnasnumi Screent Fauduwinsldaudmsu

v w o o o v X a w o £ k4 o
mMstugummuienuUaendulunisldenningidudagui 4.61 fldazdoninisnsen
Username waz Password 1Juddn “kmitl” uaz “da” awdrsu ieviinisnatu Login

a w a w & 4 g o 0w v &4 a
LounalATUIElAvI Screen2 Funndalumhaaduiunmsauauingidu
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Username

Password

J o s
UM 4.61 wiScreen2dwiuni1snsan Username wag Password

windeyanglinuuaundindunseniulingsiu Usemame uag Password 7
gnees asuanstoraudasioududeninu Text 91 “Username or Password Incormrect”
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Wsunsuildlunisiudsdoyamdsazasunuindidu

#include <Wire.h>

#include <SoftwareSerial.h>

#include <math.h>

#include <stdlib.h>

#include <Pushbutton.h>

#define BUTTON NOTI 11

#define BUTTON PINCARA 12

#define BUTTON PINCARJ 13

#define BUTTON PINJOY A2

Pushbutton buttonNOTI (BUTTON NOTI) ;
Pushbutton buttonCARA(BUTTON_PINCARA);
Pushbutton buttonCARJ (BUTTON_PINCARJ) ;
Pushbutton buttonJOY (BUTTON_PINJOY) ;
int m = 1;

int n = 0;

int ‘but;

byte b;

int adxl;

//int zet,phi,psi;

int zetlL, phil, psiL;
int zetR, phiR, psiR;
int zetF, phiF, psiF;
int zetB, phiB, psiB;
//int zet2,phi2,psi2;

int esp;
int s;
int s2;
int etil;
int recv;
int noti;

//double xcal,ycal,zcal;

LIVELILERII I EIP 7700080777 071777177

#define DEVICE (0x53) //ADXL345 device address

#define TO_READ (6) //num of bytes we are going to read
each time (two bytes for each axis)

byte buf2[TO READ] ; //6 bytes buffSler for saving data

read from the device

//string buffSler to transform data before sending it to the serial port
int regAddress = 0x32; //first axis-acceleration-data
register on the ADXL345

doukle xg, vg, zg;

double zet, phi, psi:;

double xcal, ycal, zcal;

int. x, ¥ , 2} //three axis acceleration data
LELTLITITIIIEL LTI T2 I I F PP 77077700000 700101011
int xAxis;

int yAxis;

int swB;

int X

rhE N

int wval;

int speeds;

int xPin = AO0;

int yPin = Al;

//int buttonPin = 2;



int xPosition 0;

int yPosition 0z

//int buttonState = 0;

CALILLLLTE LT LT LLL L ELLL LA LLL T
#define pwml
#define pwm2
#define inll
#define inl2
fdefine in21
#define in22

v W N W o

ink & 7
int Mode;

LILETELLLLLLTEETL TP FE LTI 70777 7007170070000 70707070077070777
//backward buzzer // defines pins numbers
const int trigPin = A3;

const int echoPin = A4;

//int buzzerPin = A3;

const int buzpin = A5;

// defines variables

long duration;

int distance;

int buzstate = LOW;

unsigned long previousMillis = 0;

const long intervall = 100;
const long interval2 = 300;
const long interval3 = 500;

LELILILL LTI EII LTI EE 7007107177177 77

void setup()

{
Serial.begin(115200);
Seriall.begin(115200);
Serial2.begin(115200);

Wire.begin() ; // join i2c bus (address optional for master)

zetL = 30; phil = 30; psil = 0;

zetR = -30; phiR = 30; psiR = 0;

zetF = 0; phiF = 30; psiF = -30;

zetB = 0; phiB = 30, psiB = 30;

LELETTEELL TIPS LI TP I I 7 0007777707777
//Turning on the ADXL345

writeTo (DEVICE, 0x2D, 0);

writeTo (DEVICE, 0x2D, 16);

writeTo (DEVICE, 0x2D, 8);:

delay(100);

pinMode (pwml, OUTPUT) ;
pinMode (pwm2, OUTPUT) ;
pinMode (inll, OQUTPUT) ;
pinMode (inl2, OUTPUT);
pinMode (in21, OUTPUT) ;
pinMode (in22, OUTPUT) ;

pinMode (trigPin, OQUTPUT) ;
pinMode (echoPin, INPUT);

pinMode (buzpin, OUTPUT) ;
Mode = 1;

speeds = 100;
val = speeds;
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}

void loop()

{
//mode 1 app40 2 adx145 3joy50

val = speeds;

espserial () ;
checkCLB () ;

adx1BT () ;
readadxl () ;

//slope();

//detectdirectionCAR() ;

F
swChange () ;

//if (buttonJOY.getSingleDebouncedRelease()) {
if (buttonJOY.isPressed()) {

Stop ()
//delay (1000) ;

if (Mode == 1)
{
appcontrol () ;

if (esp == 45) {
Mode = 2;
delay (500) ;
Serial.println("CHANGE MODE TO ADXL");
delay (1500) ;
}
if (esp == 50) {
Mode = 3;
delay (500) ;
Serial.println ("CHANGE MODE TO JOYSTICK");
delay (1500) ;

if (Mode == 2)

{
// adxl1BT() ;
adxlcontrol () ;
if (adxl == 6) {

Stop () ;
delay (100) ;

}

if (adxl == 7) {



Mode = 3;
delay (500) ;
Serial.println ("CHANGE MODE TO JOYSTICK");

delay(1500);
return;

if (esp == 40) {

Mode = 1;
delay (500) ;
Serial.println ("CHANGE MODE TC APP");
delay(1500) ;
}

if (esp == 50) {

i
1
{

Mode = 3;

delay (500) ;

Serial.println ("CHANGE MODE TO JOYSTICK") ;
delay(1500) ;

(Mode == 3)

readjoy () ;
// adx1BT () ;
joycontrol () ;

if (esp == 40) {

Mode = 1;

delay (500) ;

Serial.println ("CHANGE MODE TO APP");
delay (1500) ;

}
if (esp == 45) {

Mode = 2;

delay (500) ;

Serial.println ("CHANGE MODE TO ADXL");
delay (1500) ;

}
if (adxl == 7) {

}

Mode = 2;
delay (500) ;

Serial.println ("CHANGE MODE TO ADXL");
delay (1500) ;
return;

//delay(200) ;

Serial.print("val : ");
Serial.println(val);
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void swChange () ({
if (buttonNOTI.getSingleDebouncedRelease()) |
delay(500) ;

//for(int 1i=0;i<=5;i++){
Seriall.write(99);

VA

Serial.println(" NOTI") ;
delay(1000);

return;

}
if (buttonCARJ.getSingleDebouncedRelease()) {
delay (500) ;

Mode = 3;

esp = 0;

Serial.println ("CHANGE MODE TO JOYSTICK");
delay (1500);

}
if (buttonCARA.getSingleDebouncedRelease()) {

delay (500) ;
Mode = 2;
esp = 0;

Serial.println("CHANGE MODE TO ADXL");
delay(1500) ;

}

void slope() {
if (psi >= 10 && phi >= 10) {

val = speeds + 60;
}
else if (psi <= -10 && phi >= 10) {

val = speeds - 100;
} else val = speeds;

}

void adxlcontrol ()

{

if (adxl == 1) //range of adxl for which the car remains stationary

{

Stay ():
}
else if ( adxl == 5)

{

Left();

}
else if (adxl == 4)
{
Right () ;
}



else if (adxl == 2)
{

Forward() ;

}
else if (adxl == 3)
{

Backward() ;

}

/* else if (adxl== 6)
{

Stop () ;
}
else if (adxl== 7)
{

Stop () ;
J57
else {
Stay();

voild appcontrol ()

{
if ( esp == 10)
{

Stay{) s

}
else if ( esp == 20)
{

Left ()

}
else if (esp == 30)
{

Right ()
}
else if (esp == 15)
{

Forward() ;

}

else if (esp == 35)

{

Backward() ;

}
else if (esp == 25)
{

Stop():
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else {

Stay () ;

void checkCLB() {

Liffelh gtl=55
if (esp == 60) {
/*psiF=psi;
phiF=phi;*/
Serial2.write (60);

Serial.println ("CLBF");
}
if (esp == 65) {
/*zetL=zet;
phil=phi; */
Serial2.write(65);

Serial.println ("CLBL");
}
if (esp == 70) {
/*zetR=zet;
phiR=phi;*/
Serial2.write(70);

Serial.println ("CLBR");
}
if (esp == 75) {
/*psiB=psi;
phiB=phi;*/
Serial2.write(75);

Serial.println ("CLBB");
}
if (esp == 80) {
/*zetlL=30;phiL=30;psil=0;
zetR=-30;phiR=30;psiR=0;
zetF=0;phiF=30;psiF=-30;
zetB=0;phiB=30,psiB=30;*/
Serial2.write(80);

Serial.println("reset CLB");

}
Serial2.write(0) ;

/*Serial.print (" psiF : ");
Serial.print (psiF);
Serial.print (" phiF : ");
Serial.println (phiF);

Serial.print (" zetL : "™);
Serial.print (zetl);
Serial.print (" phil : ");
Serial.println(phil):
Serial.print (" zetR : ");

Serial.print (zetR);
Serial.print (" phiR : ");
Serial.println (phiR);
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Serial.print (" psiB : ");
Serial.print (psiB);
Serial.print (" phiB : "):

Serial.println (phiB);*/

}
void readjoy () {

xPosition = analogRead (xPin);

yPosition = analogRead (yPin);

// buttonState = digitalRead (buttonPin);
X = xPosition - 510;

Y = yPosition - 510;

}

void joycontrol ()

{

/*xAxis=analogRead (A0D) ; //AQ
vAxis=analogRead(Al);//Al

Seridl print ("% = ")
X=xAxis-510;
Serial.println(X);
Serial.print ("Y = ");
Y=yAxis-510;
Serial.println(¥);*/

/*
xPosition = analogRead (xPin) ;
yPosition = analogRead (yPin);
buttonState = digitalRead (buttonPin);

Serial.print("¥X: ™);:
Serial.print (xPosition);

Serial.print(™ | ¥: ™);
Serial.print (yPosition);
Serial.print ("™ | Button: ");

Serial.println (buttonState);*/

serial .print ("X: ")
Serial.print (xPosition);

Seridl.print ("™ | Xs ")
Serial.println(yPosition);
// Serial.print (" | Button: ");

// Serial.println(buttonState) ;
Serial.print("X: ");

Serial.print (X):
Serial.print(" | Y: ");

Serial.println(Y);
// Serial.print (" | Button: ");
//Serial.println(buttonState);

/*if (button.getSingleDebouncedRelease()) {

Serial.println(" BUTTON DebouncedRelease ");
Stop () ;
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delay (1000);
c=0;

}
if (button.isPressed()) {

Serial.println(" BUTTON ISPRESSED");

Gt

}
if (c==15){

Serial.println(" change ");

c=0;
delay (1000);
}*/

if (Y < -200 && 0 <= X < 50)
{

Backward() ;
// Stop();
}

else if (Y > 200 && 0 <= ¥X < 50)
{

Forward () ;

}

else if (X < -200 && 0 <= Y < 50 )

{
Right () ;

1

else if (X > 200 && 0 <= Y < 50)
{

Left();

}
else if (buttonJOY.isPressed()) {

Stop();
//delay(1000) ;

}
else
{
Stay():
}

// delay(200);



void readadxl () {

readFrom (DEVICE,
from the ADXL345

//each axis reading comes in 10 bit resolution, ie 2 bytes.
Significat Byte first!!

//thus we are converting both bytes in to one int

regAddress,

186

TO_READ, buf2); //read the acceleration data

Least

x = (((int)buf2([1l]) << 8) | buf2[0];

¥y = (((int)buf2([3]) << 8) | buf2([2];

z = (((int)buf2[5]) << 8) | buf2[4];

Xg = x * 0.0039;

yg =y * 0.0039;

zg =z * 0.0039;

xcal = (xg - (0.0078)) / 1.0218;

x = xcal / 0.0039;

ycal = (yg - (-0.0429)) / 1.0335;

y = ycal / 0.0039;

zcal = (zg - (0.0995)) / 0.9848;

z = zcal / 0.0039;

zet = atan2(x, sqrt(pow(y, 2) + pow(z, 2))) 180 / 3.14159265; //x
psi = atan2(y, sqgrt(pow(x, 2) + pow(z, 2))) 180 / 3.14159265; //y
phi = atan2 (sgrt(pow(x, 2) + pow(y, 2)), z) * 180 / 3.14159265; //=z

//we send the x y z values as a string to the serial port
/* Serial.print("x, y, z :");
Serial.print (x);
Serial.print (™ ");
Serial.print(y):
Serial.print (™ ");
Serial.println(z);*/
/*Serial.print("zet, psi, phi :");
Serial.print (zet);
Serial.print(" ");
Serial.print (psi):
Serial.print (" ");
Serial.println(phi);*/

}

//Writes val to address register on device

void writeTo(int device, byte address, byte wval) {
Wire.beginTransmission (device) ;
Wire.write (address); // send register address
Wire.write(val); // send value to write
Wire.endTransmission(); //end transmission

}

//start transmission to device

//reads num bytes starting from address register on device in to buff array

void readFrom(int device, byte address, int num, byte buff[]) {

Wire.beginTransmission (de
Wire.write (address);
Wire.endTransmission();

/

Wire.beginTransmission (device) ;
Wire.requestFrom(device, num);

int i 0
while (Wire.available())
{
buff[i]
i++;

Wire.read();

vice); //start transmission to device k
//sends address to read from
/end transmission
//start transmission to device
// request 6 bytes from device

//device may send less than requested (abnormal)

// receive a byte
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Wire.endTransmission(); //end transmission
}
void setRegisterBit (byte regAdress, int bitPos, bool state) {
readFrom (DEVICE, regAdress, 1, &b);:
if (state) {
b |= (1 << bitPos); // forces nth bit of b to be 1. all other bits
left alone.
}
else {
b &= ~(1 << bitPos); // forces nth bit of b to be 0. all other bits
left alone.
}
writeTo (DEVICE, regAdress, b);
}
void detectdirectionCAR() {
if (abs(zet) < 30 && abs(psi) < 30 && abs(phi) < 30) //range of adxl for
which the car remains stationary

{

Setial.println (™ SIEY "),
}
else if ( zet >= 30 && phi >= 30 && abs(zet) > abs(psi) && abs(phi) >
abs (psi))
{

Serial.println(" LEFT ");

}

else if (zet <= -30 && phi >= 30 && abs(zet) > abs(psi) && abs(phi) >
abs (psi))

{

Serial.println(" RIGHT ");

}

else if (psi <= -30 && phi >= 30 && abs(psi) > abs(zet) && abs(phi) >
abs (zet))

{

Serial.println(" FORWARD ");

}

else if (psi >= 30 && phi >= 30 && abs(psi) > abs(zet) && abs(phi) >
abs (zet))

{

Serial.println(" BACKWARD ");
}
else |
Serial.println(" STAY ");
}
}
void espserial() {

if (Seriall.available() > 0)
{
esp = Seriall.read();
Serial.print ("value :");
Serial.println(esp);
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Seriall.write(0);

void adx1BT()
{

if (Serial2.available() > 0) {
adxl = Serial2.read();

Serial.print (" adxl :");
Serial.println (adxl);

}
else ;
// Serial2.write(0);

}

LLLETAL LT L L LA LT AT
void Stay()

{
Serial.println(" = STAY");

val = 0;

digitalWrite (pwml, LOW);

digitalWrite (pwm2, LOW);
}
LLLE LTS TTEL L LA ELL T LB LT LT LT
void Forward()

{
Serial.println(" = FORWARD");

if (psi >= 5 && phi >= 5) {

val = speeds + 80;

}
else if (psi <= -5 && phi >= 5) {

val = 0;
} else val = speeds + 20;
//val=val+20;

digitalWrite(inll, LOW);
digitalWrite(inl2, HIGH);
digitalWrite (in21, HIGH);
digitalWrite (in22, LOW);

analogWrite (pwml, wval):
analogWrite (pwm2, wval):;

}
TVECLIL LTI L L LT LT AR LT LRI LE

void Backward ()
{

Serial.println(" = BACKWARD");
if (psi >= 5 && phi >= 5) {

val = 0;



)
else if (psi <= -5 && phi >= 5) {

val = 0;
} else val = speeds;
val = val;

digitalWrite(inll, HIGH);
digitalWrite(inl2, LOW);
digitalWrite(in21l, LOW);
digitalWrite(in22, HIGH);
analogWrite (pwml, wval);
analogWrite (pwm2, val);

1% LLLILOACELLL LN LT B CLLA AL LB LA LT

// Clears the trigPin
digitalWrite (trigPin, LOW);
delayMicroseconds (2) ;

// Sets the trigPin on HIGH state for 10 micro seconds

digitalWrite (trigPin, HIGH):
delayMicroseconds (10) ;
digitalWrite(trigPin, LOW);

189

// Reads the echoPin, returns the sound wave travel time in microseconds

duration = pulseln(echoPin, HIGH);

// Calculating the distance

distance= duration*0.034/2;

// Prints the distance on the Serial Monitor
//Serial.print ("Distance: ");
Serial.println(distance);

if (distance < 50)
{

unsigned long currentMillis = millis();

if (currentMillis - previousMillis >= intervall)

previousMillis = currentMillis;
if (buzstate == LOW) ({
buzstate = HIGH;
} else {
buzstate = LOW;
}
digitalWrite(buzpin, buzstate);
}
Serial.println("Buzz Buzzli111111").:
}
else if (distance < 100 && distance >= 50)
{

unsigned long currentMillis = millis();

if (currentMillis - previousMillis >= interval?2)

previousMillis = currentMillis;

if (buzstate == LOW) ({
buzstate = HIGH;
} else {

buzstate = LOW;
éigitalWrite(buzpin, buzstate) ;
éerial.println("Buzz_____Buzz22222222");
;lse if (distance < 150 && distance >= 100)

{

unsigned long currentMillis = millis();

{

{
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if (currentMillis - previousMillis >= interval3) |{

previousMillis = currentMillis;

if (buzstate == LOW) {
buzstate = HIGH;
} else {

buzstate = LOW;
}
digitalWrite (buzpin, buzstate);
}
Serial.println("Buzz Buzz33333333").;
by

}
PTTTLLLET DT LS AL TS T L LS LT T LA LTSS
void Left ()
{
Serigl.println (" = LEFT");

val = val + 40;

digitalWrite(inll, LOW);
digitalWrite(inl2, LOW);

// digitalWrite (inl2, HIGH) ;
digitalWrite (in21, HIGH) ;
digitalWrite (in22, LOW);

digitalWrite(in2l, HIGH) ;
digitalWrite(in22, LOW);
analogWrite (pwml, HIGH);
analogWrite (pwm2, val);

}
LLLLLLELLEL LT LA AL LELL AL L F 1
void Right ()
{

Serial.println(" = RIGHT");

val = val + 40;

digitalWrite (inll, LOW);
digitalWrite (inl2, HIGH);
//digitalWrite (in21,HIGH) ;
digitalWrite(in21, LOW);
digitalWrite(in22, LOW);

digitalWrite(inll, LOW);
digitalWrite (inl2, HIGH) ;

analogWrite (pwml, wval);
//analogWrite (pwm2, LOW) ;
analogWrite (pwm2, HIGH) ;

}
LIEELTLEELEEPIL I P70 7707777707777/
volid Stop()
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Serial.println(" = STOP");

val = 255;

digitalWrite (inll, LOW);
digitalWrite(inl2, LOW);
digitalWrite (in21, LOW);
digitalWrite(in22, LOW);

analogWrite (pwml, val);
analogWrite (pwm2, wval);
}
LELEEELL LS L E LT LA T LB AL AL L A L
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TUsunsuead1e Web Server Nldfinsadoanssenitauaunandunazuase

lulaspoulnsiaas

#include <ESPsa2esWiFi.h>
#include <WiFiClient.h>
#include <ESPszeWebServer.h>
#include <ESPs266mDNS.h>

#include <FirebaseArduino.h>

#include <SoftwareSerial.h>

#include <Wire.h>

SoftwareSerial NodeSerial (D2, Da); // RX | TX

const char* ssid = "Petch-WIFI";
const char* password = "0859078578";

#define FIREBASE_HOST "testi-cassd.firebaseio.com"

#define FIREBASE AUTH "VXqOiOBFRgvSdqvEKRzBLYbATGbHEZ1TiW3a0Q2sk"
#fdefine FIREBASE HOST "testprj-t4fe.firebaseio.com"

ntdefine FIREBASE AUTH "sUfwenlFnohkezJyjIvUaisyhigncmASewdimgLw"
String ip ;

St¥ing ste ;

i ekl

int wvalue;

String data ="";
int motor_ speed;

ESPszssWebServer server (so);
/MiFiClient client;

const int led = 13;

void handleRoot () {
digitalWrite (led, 1);
server.send (200, "text/plain", "hello from espe266!");
digitalWrite(led, o);

}

void handleNotFound() {
digitalWrite (led, 1);
String message = "File Not Found\n\n";
message += "URI: ";
message += server.uri();
message += "\nMethod: ";
message += (server.method() == HTTP GET)} ? "GET"™ : "POST";
message += "\nArguments: ";
message += server.args();
message += "\n";
for (uints t i = 0; i < server.args(); i++) |
message += " " + server.argName(i) + ": " + server.arg(i) + "\n";
}
server.send (404, "text/plain", message);
Serial.println (" NotFound ARG ");
digitalWrite(led, o)
}

void setup (void) {



Wire.begin() ; // join i2c bus (address optional for master)

NodeSerial.begin (115200);
pinMode (Dz, INPUT) ;
pinMode (D3, OUTPUT) ;

pinMode (led, OQUTPUT) ;
digitalWrite(led, o;
Serial.begin (115200);
WiFi.mode(WIFI_STA);
WiFi.begin(ssid, password);
Serial.println("");

#Wait for connection

while (WiFi.status() != WL_CONNECTED) ({
delay (500);
Serial.print(".");

}
Serial.printlo("™™);

Serial.print ("Connected to ");
Serial.println(ssid);
Serial.print ("IP address: ");

ip=WiFi.localIP().toString();
Serial.println(ip):

if (MDNS.begin ("espsse) {
Serial.println("MDNS responder started");
}

/#server.on("/", handleRoot) ;

server.on("/inline", []() {
server.send (20, "text/plain", "this works as well");

I

server.on("/", [1() {
String ctl = server.arg("ctl");

#String state = url.substring(02);
#String value url.substring (3);
/motor_speed = value.tolInt();

Serial.println(ctl);:
str=ctl;

I

server.send (200, "text/plain", " recive value ");
)i

server.onNotFound (handleNotFound) ;

server.begin() ;

Serial.println ("HTTP server started");
Firebase.bEgin(FIREBASEMHOST, FIREBASE_AUTH) ;
Firebase.setString ("ip", ip);
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Serial.println("connect firebase");
}
void loop(void) {

server.handleClient () ;

1f(str=="nt") {
Firebase.setString("noti", "3;
Str=ll]!;

}
if (NodeSerial.available () >0

valué=NodeSerial.read();
#Serial.print ("value :");
i#Serial.println(value) ;
}
if (value==g9){
delay (500);

Str:lrnt llr,
Serial.println (" NOTI™) ;
delay (1000);

}
ctlmstr.telInt ();
NodeSerial .write(ctl):
Serial.print ("ctl :"):
Serial.println(str);
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#include <SoftwareSerial.h>
#include <Wire.h>

SoftwareSerial ntn (10,

#define
#define
fdefine
#define
fdefine
#define
#define
#define
#define
$define
#define
tdefine
#define
#define
fdefine
#define
#define
tdefine
#define
#define
fdefine
#define
#define
fdefine
#define
#define

ADXL34s DEVID

ADXL34s RESERVED1  0x01
ADXLass THRESH_TAP
ADXLa345_OFSX

ADXLa4s OFSY

ADXL345 OFSZ
ADXLz45_DUR

ADXL34s LATENT

ADXL345 WINDOW

ADXL34s THRESH ACT
ADXLa4s_THRESH_ INACT
ADXLa4s_TIME INACT
ADXL34s ACT INACT CTL
ADXL345s THRESH_FF
ADXLa4s TIME FF
ADXLa4s_TAP_AXES
ADXLa4s ACT_TAP_STATUS
ADXL345_BW_RATE
ADXL34s POWER CTL
ADXL345 INT_ ENABLE
ADXL3a4s_INT_ MAP
ADXLass INT_ SOURCE
ADXLa4s_DATA_ FORMAT
ADXLa4s_DATA

ADXL34s FIFO CTL
ADXL34s FIFO_STATUS

#interrupts PINs

#define
#define

rinterruptsrupt bit position*/

#define
#define
$define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define

ADXL345 INT1_PIN 0x00
ADXL34s INT2 PIN o0xo01

1m;// RX, TX

0X00

0x1D
0xX1E
ox1F
0X20
0x21
0x22
0x23
0X24
0x25
0X26
0x27
0x28
0x29
0x2A
0x2B
0x2C
0x2D
0x2E
ox2F
0X30
0x31
0x32
0x38
0X39

ADXL34s INT DATA READY BIT oxo7
ADXL34s INT_SINGLE_TAP_BIT o0x08
ADXL3a4s_INT_ DOUBLE TAP_BIT o0xo05

ADXLa4s INT ACTIVITY BIT

0X04

ADXL3ss_INT_INACTIVITY BIT 0x03
ADXLsa4s INT FREE_FALL BIT o0xo02
ADXL34s INT_WATERMARK BIT 0x01

ADXLa4s_INT OVERRUNY BIT

ADXL34s_DATA READY 0xo07
ADXL34s SINGLE TAP 0x06
ADXL3ss_ DOUBLE TAP 0x05
ADXL34s ACTIVITY 0204
ADXLa34s INACTIVITY 0x03
ADXL345 FREE_FALL o0xo02

0X00
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#define ADXLsss WATERMARK  0x01
#define ADXLass OVERRUNY 0X00

byte interrupts;

byte b;

int s

int d,m;

#define DEVICE (o0x53) #ADXL345s device address

#define TO_READ (s /mum of bytes we are going to read each time (two
bytes for each axis)

byte buf2TO_READ] ; //6 bytes buffSier for saving data read

from the device
#string buffsier to transform data before sending it to the serial port

int regAddress = 0xa2; //first axis-acceleration-data register
on the ADXLa4s

double xg, yg, zg;
double zet,phi,psi:;
int zet2,phiz, psiz;

double xcal, ycal, zcal;
int %; ¥ +%7 //three axis acceleration data

int zetLl,phiL,psiL;
int zetR,phiR,psiR;
int zetF,phiF,psiF;
int zetB,phiB,psiB;

void setup () {
Wire.begin() ; // join i2c bus (address optional for master)

ntn.begin (115200);
Serial.begin (ns200; // start serial for output

#Turning on the ADXL345
writeTo (DEVICE, ox2D, o0);
writeTo (DEVICE, ox2D, 16);
writeTo (DEVICE, ox2D, 8);
delay (100);

#set activity/ inactivity thresholds (o255
writeTo (DEVICE, ADXL34s THRESH ACT,constrain (75, 0256);
writeTo (DEVICE, ADXL34s THRESH INACT,constrain(7s, o, 2:5);
writeTo (DEVICE, ADXL34s_TIME INACT,constrain (i, o, 258);
delay (100);

#look of activity movement on this axes - 1==on; o0==o0ff
setRegisterBit (ADXLa4s ACT INACT CTL, &, 1);
setRegisterBit (ADXLsss ACT_ INACT CTL, 5, 1);
setRegisterBit (ADXLa4s ACT_INACT_CTL, 4, 1);
delay (100);

#nlook of inactivity movement on this axes - 1==on; o0==off
setRegisterBit (ADXLass ACT_INACT CTL, 2, 1);
SetRegisterBit(ADXL&ﬁiACT_INACT_CTL, 1, 12
setRegisterBit (ADXLass ACT_INACT CTL, o, 1);
delay (100);

#look of tap movement on this axes - 1==on; o==off
setRegisterBit (ADXLa4s TAP_AXES, 2, 1);
setRegisterBit (ADXLas TAP AXES, 1, 1);
setRegisterBit (ADXLass_TAP_AXES, o, 1);
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delay (100);

#set values for what is a tap, and what is a double tap (o258
writeTo (DEVICE, ADXL3ss_ THRESH TAP, constrain(2o, o, 258);//625mg/LSB 20
writeTo (DEVICE, ADXLa4s DUR, constrain (100, o, 255);//625us/LSB 100
writeTo (DEVICE, ADXLa4s LATENT, constrain (240, o, 258);//125ms/LSB 200
writeTo(DEVICE, ADXL3a4s WINDOW,constrain (255, o0, 255));//1.25ms/LSB 255
delay (100);

#set values for what is considered freefall (o0-255)
writeTo (DEVICE, ADXLz4s_THRESH FF,constrain(7, o, 258);//(5-9 recommended -

625mg per increment
writeTo (DEVICE, ADXLass TIME FF,constrain (45, 0, 256);// (20-70) recommended - 5ms

per increment
delay (100);

#setting all interruptsupts to take place on int pin 1
setRegisterBit (ADXLass_INT_MAP, ADXL34s_INT_SINGLE_TAP_BIT, ADXLas INT1 PIN );
setRegisterBit (ADXL3s INT MAP, ADXL34s INT DOUBLE_TAP_BIT, ADXLas INT1 PIN );
setRegisterBit (ADXLass_INT_MAP, ADXLas INT_FREE_FALL_BIT, ADXLa4s INT1 PIN ) ;
setRegisterBit (ADXLass_INT_MAP, ADXL34s_INT_ACTIVITY BIT, ADXLass INT:1 PIN );
setRegisterBit (ADXLass_INT_MAP, ADXLass INT INACTIVITY BIT, ADXLass INT1 PIN );
delay (100);

#register interruptsupt actions - 1==on; o==off
setRecgisterBit(ADXL345_INT_ENABLE, ADXLa4s_INT_SINGLE_TAP_BIT, 1);
setRegisterBit (ADXLa4s_INT_ENABLE, ADXLs4s INT_DOUBLE_TAP BIT, 1);
setRegisterBit (ADXLass_INT_ENABLE, ADXLass INT FREE FALL BIT, 1);
SetRegisterBit(ADXL:MS_INT_ENABLE, ADXL34s_INT ACTIVITY BIT, 1);
SetRegisterBit(ADXL?AE:_INT_ENABLE, ADXL34s_INT_ INACTIVITY BIT, 1);
delay (100);

zetL=30; phiL=30; psiL=0;
zetR=-30; phiR=30; psiR=0;
zetF=0; phiF=30; psiF=-30;
zetB=0; phiB=30, psiB=30;

}
void loop () {

if(ntn.available () >0 {

m = ntn.read();
Serial.print ("motor : ");
Serial.print (m);
Serial.print(" || ")

else ;

readFrom (DEVICE, regAddress, TO_READ, buf2); //read the acceleration data
from the ADXLa4s
#each axis reading comes in 10 bit resolution, ie 2 bytes.

Least Significat Byte first!!
#thus we are converting both bytes in to one int

®x = (((int)bufznn<< 8 | bufzo);
y = (((int)bufzp)<< 8 | bufzp);
z = (((int)bufas)<< 8 | bufau;

Xg = X *00039;
Y9

Y *0.0039;



Zg = Z *0.0039;

xcal = (xg- (-0.0527))/0.9965;
X = xcal/o.0039;
ycal = (yg- (-0.0468))0.9984 ;

y = ycal/0.0039;
zcal = (zg- (-0.0468)/0.9750;
z = zcal/0.0039;

zet = atanax, sqrt (pow (y,2+pow (z, 2))* 180/3.14159265; / /%
psi = atanay, sqrt (pow (x,2)+pow (Z, 2)) 180/3.14159265; / /v
phi = atanasgrt (pow (%, 2+pow (y,2), 2) * 180/3.14159265; / / z

rSerial.print (x):

Serial.print(" "“);

Serial.print(y);

Serial.print(" ™z

Serial.println(z);*/

rSerial .print(" psiF : ");
Serial.print (psiF);
Serial.print (" phiF : "):
Serial.print (phiF);
Serial.print(" zetL : ™);
Serial.print(zetl);
Serial . prifti(™ phEiE ¢ " ;
Serial.print (phil);
Serial.print (" zetR : ");
Serial.print(zetR);
Serial.print(" phiR : ");
Serial.print (phiR) ;
Serial.print (" psiB : ");
Serial.print (psiB);
Serial.print (" phiB : "):
Serial.println(phiB);*/

if (m==60){
psiF=psi;
phiF=phi;
Serial.println("CLBF");
}
if (m==65){
zetL=zet;
phil=phi;
Serial.println("CLBL") ;
}
if (m==70){
zetR=zet;
phiR=phi;
Serial.println ("CLBR") ;
}
if (m==75){
psiB=psi;
phiB=phi;
Serial.println ("CLBR"):;
}
if (m==80){
zetL=30; phil=30; psiL=0;
zetR=-30; phiR=30; psiR=0;
zetF=0; phiF=30; psiF=-30;
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zetL=0; phiB=30, psiB=30;
Serial.println("reset CLB");
lelse ;

igetinterruptsource clears all triggered actions after returning value
readFrom (DEVICE, ADXLss INT SOURCE, 1, &interrupts);
#double tap

Serial.print("zet, psi, phi :");
Serial.print(zet);
Serial.print (" ");
Serial.print (psi);
Serial.print ("™ ");
Serial.print (phi);
Serial.print("™ || Direction : ");

if((interrupts >> ADXL3ss DOUBLE TAP) & 1){
for (int i=o; i<1; i++) {
Serial.println("Double tap");
ntn.write (7);
delay (100);

}
telse if((interrupts >> ADXLas SINGLE TAP) & 1){
for (int i=o0; i<s; i++) {
Serial.println("tap"):
ntn.write (s);
delay (100);
}

lelse

detectdirection();
ntn.write(d);

Serial.println(" "):
Serial.print(" || Sending = ");
Serial.println(d);

#delay (500);
}

/Mrites val to address register on device

void writeTo (int device, byte address, byte val) |
Wire.beginTransmission(device); //start transmission to device
Wire.write (address); // send register address
Wire.write(val); // send value to write
Wire.endTransmission(); //end transmission

}

/reads num bytes starting from address register on device in to buff array

void readFrom(int device, byte address, int num, byte buff[]) {
Wire.beginTransmission(device); //start transmission to device k
Wire.write (address); //sends address to read from
Wire.endTransmission(); //end transmission
Wire.beginTransmission (device); //start transmission to device

199

Wire.requestFrom(device, num); // request 6 bytes from device
int i = o;
while(Wire.available()) //device may send less than requested (abnormal)

{
buff([i] = Wire.read(); // receive a byte
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i++;
}
Wire.endTransmission(); //end transmission

}
void setRegisterBit (byte regAdress, int bitPos, bool state) |

readFrom (DEVICE, regAdress, 1, &b) ;
i1f (state){
b |= (1 << bitPos); // forces nth bit of b to be 1 all other bits left
alone.

}
else {
b &= ~(1 << bitPos); // forces nth bit of b to be o all other bits left
alone.

}
writeTo (DEVICE, regAdress,b);

}
void detectdirection() {

if ( zet>=zetL&&phi>=phil, &&abs (zet) >abs (psi) &&abs (phi) >abs (psi))
{

d=s;
Serial.print ("LEFT") ;

}
else if(zet<=zetR&&phi>=phiR&&abs (zet)>abs (psi)&&abs (phi) >abs (psi))

{
d=4;
Serial.print ("RIGHT");

}
else if(psi<=psiF&&phi>=phiF&&abs (psi)>abs(zet) &&abs (phi)>abs (zet))

{

d=2;
Serial.print ("FORWARD") ;

}
else if(psi>=psiB&&phi>=phiB&&abs (psi)>abs (zet)&&abs (phi)>abs (zet))

{

d=3;
Serial.print ("BACKWARD") ;
}

else(

d=1;
Serial.print ("STAY");
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ANALOG
DEVICES

3-Axis, =2 g/+4 g/+8 g/x16 g
Digital Accelerometer

ADXL345

FEATURES

Ultralow power: as low as 23 pA in measurement mode and
0.1 pAin standby mode at Vs = 2,5 V (typical)
Power consumption scales automatically with bandwidth
Userselectable resolution
Fixed 10-bit resolution
Full resolution, where resolution increases with grange,
up to 13-bitresolution at £16 g (maintaining 4 mg/LSB
scale factor inall g ranges)
Patent pending, embedded y g t system
with FIFO technology minimizes host processor load
Single tap/double tap detection
Activity/inactivity i
Free-fall detection
Supply voltagerange: 2.0Vto 3.6V
/0 voltage range: 1.7 Vio Vs
SP1(3- and 4-wire) and I°C digital interfaces
Flexibleinterrupt modes mappable to either interrupt pin
Measurement ranges selectable via serial command
Bandwidth selectable via serial command
Wide temperature range {(-40°C to +85°C)
10,000 g shock survival
Pb free/RoHS compliant
Small and thin: 3mm X 5mm X 1 mm LGA package

APPLICATIONS

Handsets

Medical instrumentation
Gaming and pointing devices
Industrial instrumentation
Personal navigation devices
Hard disk drive (HDD) protection

1l
ing

GENERAL DESCRIPTION

The ADXL345 is a small, thin, ultralow power, 3-axis accelerometer
with high resolution (13-bit) measurement at upto 416 g. Digital
output data is formatted as 16-bit twos complement and is acces-
sible through either a SPI (3- or 4-wire) or I°C digital interface.

The ADXL345 is well suited for mobile device applications. It
measures the static acceleration of gravity in tilt-sensing appli-
cations, as well as dynamic acceleration resulting from motion
or shock. Its high resolution (3.9 mg/LSB) enables measurement
of inclination changes less than 1.0,

Several special sensing functions are provided. Activity and
inactivity sensing detect the presence or lack of motion by
comparing the acceleration on any axis with user-set thresholds.
Tap sensing detects single and double taps in any direction. Free-
fall sensing detects if the device is falling. These functions can
be mapped individually to either of two interrupt output pins.

An integrated, patent pending memory management system with a
32-level first i, first out (FIFQ) buffer can be used to store data to
minimize host processoractivity and lower overall system power
consumption.

Low power modes enable intelligent motion-based power
management with threshold sensing and active acceleration
measurement at extremely low power dissipation.

The ADXL345 is supplied in a small, thin, 3 mm x 5 mm % 1 mm,
14-Jead, plastic package.

FUNCTIONAL BLOCK DIAGRAM
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Fax: 781.461.3113 ©2009—2010 Analog Devices, Inc. All rights reserved.
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ADXL345

SPECIFICATIONS

Ta=25°C, Vs = 2.5V, Vooyo = 1.8 V, acceleration = 0 g, Co = 10 yF tantahum, Cyo = 0.1 uF output data rate (ODR) = 800 Hz, unless

otherwise noted. All minimum and maximum specifications are guaranteed. Typical specifications are not guaranteed,

Table 1.
Parameter Test Conditions Min  Typ' Max | Unit
SENSOR INPUT Each axis
Measurement Range User selectable 12,44, £8 16 g9
Nenlinearity Percentage of full scale 05 %
Inter-Axis Alignment Error $0.1 Degrees
Cross-Axis Sensitivity * +1 %
OUTPUT RESOLUTION Each axis
All g Ranges 10-bit resolution 10 Bits
+2g Range Full resolution 10 Bits
+4 g Range Full resolution " Bits
489 Range Full resalution 12 Bits
+16 g Range Full resolution 13 Bits
SENSITIVITY Each axis
Sensitivity at Xou, Yo, Zour All g-ranges, full resolution 230 256 282 LSB/g
+2 g, 10-bit resolution 230 256 282 LSB/g
44 g, 10-bit resolution 115 128 141 LSB/g
+8 g, 10-bit resolution 57 & 71 LSB/g
116 g, 10-bit resolution 29 32 35 LSB/g
Sensitivity Deviation from Ideal All g-ranges 1.0 %
Scale Factor at Xour, Your, Zour All g-ranges, full resolution 35 39 43 mgASB
+2 g, 10-bit resolution 35 39 43 | mgAsB
£4 g, 10-bit resolution 73 7.8 8.7 mg/ASB
£8 g, 10-bit resolution 14 15.6 175 mgASB
+16 g, 10-bit resolution 286 312 345 | mgASB
Sensitivity Change Due to Temperature +0.01 %/°C
0g OFFSET Each axis
0 g Output for Xeur, Your -150 0 +150 | mg
0g Output for Zour ~250 0 +250 | mg
0 g Output Deviation from Ideal, Xour, Your +35 mg
0 g Qutput Deviation from Ideal, Zoyr 40 mg
0 g Offset vs. Temperature for X-, Y-Axes 04 mg/*C
0 g Offset vs. Temperature for Z-Axis +0.8 mg/*C
NOISE
X-, Y-Axes ODR= 100 Hz for £2 g, 10-bit resclution or 0.75 LS8 rms
all g-ranges, full resolution
2-Axis ODR =100 Hz for £2 g, 10-bit resclution or 11 LS8 rms
all g-ranges, full resolution
OUTPUT DATA RATE AND BANDWIDTH User selectable
Qutput Data Rate (ODR)* %> 0.1 3200 | Hz
SELF-TEST®
Qutput Change in X-Axis 0.20 210 |g
Qutput Change in Y-Axis -2.10 ~020 (g
Qutput Change in Z-Axis 0.30 340 |g
POWER SUPPLY
Operating Voltage Range (Vs) 20 25 36 v
Interface Voltage Range {Vooua) 1.7 1.8 Ve v
Supply Current CDRz 100 Hz 140 HA
ODR< 10 Hz 30 HA
Standby Mode Leakage Current 0.1 HA
Turn-On and Wake-Up Time” ODR= 3200 Hz 1.4 ms
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Parameter Test Conditions. Min  Typ' Max | Unit
TEMPERATURE

Operating Temperature Range —40 +85 %
WEIGHT

Device Weight 30 mg
1 The typical specifications shown are for at least 68% of the d fparts and are b f on the worst f =1 except for 0 g outputand sensitivity,

which represents the taeget value, For 0 g offset and sensitivity, the deviation from the ideal describes the worst case of mean 21 0.

1 Cross-axis sensitivity is defined as coupling between any two axes.

*Bandwidth is the ~3 dB frequency and is half the cutput data rate, bandwidth = ODR/2,

* The cutpat format for the 3200 Hz and 1600 Hz ODRs is different than the output format for theremaining ODRs. This difference is described in the Data Formatting of
Upper Data Rates section.

¥ Qutput data ratesbelow 625 He exhibit additional offset shift with i I temperature, depending on sedected output datarate. Refer to the Offset Performance at
Lowest Data Rates section for details.

# Self-test change isdefined as the output (g) when the SELF_TEST bit « 1 (in the DATA_FORMAT register, Address 0x31) minus the oulptit {g) when the SELF_TEST kit =
0. Due to device filtering, the output reaches its final value after 4 x v when enabling or disabling seil-test, where 1« 1/{data rate). The part must be in normal powrer
operation (LOW_POWER bit = Oin the BW_RATE register, Address 0x2C) for self-test to operate correatly,

" Tum-on and wake-up times are d ined by the defined bandwidth. At a 100 Hz data rate, the turn-on and wake-up times are each approximately 11.1 ms. For
other data rates, the tum-on and wake-up times are each app dy 1+ 1.1 in mili I whete 1 = 1/(data rate),
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

ADXL345
TOP VIEW
(Mot to Scals)

Voovo SDA/SOI/SDIO
GHND
RESERVED RESERVED
=] NC
GHO INT2
Vs INT1
o

Figure 3. Pin Configuration (Top View)
Table 5. Pin Function Descriptions
Pin No. Mnemonic Description
1 Voovo Digital Interface Supply Voltage.
2 GND This pin must be connected to ground.
3 RESERVED Reserved. This pin must be connected to Vs or left open.
4 GND This pin must be connected to ground.
5 GND This pin must ba connected to ground.
6 Ve Supply Voltage.
7 (3 Chip Select,
8 INT1 Interrupt 1 Output.
9 INT2 Interrupt 2 Output.
10 NC Not Internally Connected.
n RESERVED Reserved. This pin must be connected to ground or left open.
12 SDO/ALT ADDRESS Serial Data Output (SPI 4-Wire)/Alternate I°C Address Select (1°C).
13 SDA/SDI/SDIO Serial Data (°C)/Serial Data Input (SP| 4-Wire)/Serial Data Input and Output (5P 3-Wire).
14 SCL/SCLK Serial Communications Clock. SCL Is the clock for I'C, and SCLK is the clock for SPI.




ADXL345

P’C

With €S tied high to Vopvo, the ADXL345 is in 1°C mode,
requiring a simple 2-wire connection, as shown in Figure 39,
The ADXL345 conforms to the UM10204 FC-Bus Specification
and User Manual, Rev, 03—19 June 2007, available from NXP
Semiconductor. It supports standard (100 kHz) and fast (400 kHz)
data transfer modes if the bus parameters given in Table 11

and Table 12 are met. Single- or multiple-byte reads/writes are
supported, as shown in Figure 40, With the ALT ADDRESS pin
high, the 7-bit I'C address for the device is 0x1D, followed by
the R/W bit. This translates to 0x3A for a write and 0x3B for a
read. An alternate I'C address 0f 0x53 (followed by the R/W bit)
can be chosen by grounding the ALT ADDRESS pin (Pin 12).
This translates to 0XA6 for a write and 0xA7 for a read.

There are no internal pull-up or pull-down resistors for any
unused pins; therefore, there is no known state or default state

for the CS or ALT ADDRESS pin if left floating or unconnected.

It is required that the CS pin be connected to Voo vo and that
the ALT ADDRESS pin be connected o either Vopus or GND
when using I’C.

Table 11. I°C Digital Input/Output

Due to communication speed limitations, the maximum output
data rate when using 400 kHz I°C is 800 Hz and scales linearly
with a change in the 'C communication speed. For example,
using I'C at 100 kHz would limit the maximum ODR to 200 Hz.
Operation at an output data rate above the recommended maxi-
mum may result in undesirable effect on the acceleration data,
including missing samples or additional noise.

_Vooro

ADXL345 Rp | PROCESSOR

Figure 39. FC Connection Diagram (Address 0x53)

If other devices are connected to the same I)C bus, the nominal
operating voltage level of these other devices cannot exceed Vioo

by more than 0.3 V. External pull-up resistors, Re, are necessary for
proper PC operation. Refer to the UM10204 FC-Bus Specification
and User Martual, Rev, 03—19 June 2007, when selecting pull-up
resistor values to ensure proper operation.

Limit"

Parameter Test Conditions Min Max Unit
Digital Input
Low Level Input Voltage (Vi) 0.3 x Veows v
High Level Input Vohage (Vi) 0.7 x Voowo v
Low Level Input Current (I) V= Voowo 0.1 HA
High Level Input Current (1) Vis=0V =01 HA
Digital Qutput
Low Level Cutput Voltage (Vo) Viovo <2V, la=3mA 0.2 Veswo v

Viowoz 2V, loo =3 mA 400 mv
Low Level Output Current (o) Vo = Vol ma 3 mA
Pin Capacitance for=1MHz V=25V 8 pF

' Limits based on characterization results; not production tested.

HOTES
1. THIS START IS EITHER A RESTART OR A §TOP FOLLOWED BY A START.
AREAS REPRESENT

2. THE SHADED

WHEN

THE DEVICE IS LISTENING.
Figure 40 FC Device Addressing
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Table 12. 1*C Timing (Ta = 25°C, Vs =23V, Vooro = 1.8 V)

Limie??

Parameter Min Max Unit Desaription
fa 400 kHz SCL clock frequency
t 25 ps SCL cycle time
t 0.6 ps thc, SCL high time
1) 13 s tiow SCL low time
t 06 Hs tp, 38, Start/repeated start condition hold time
ts 100 ns oy oar, data setup time
St 0 09 Hs tp, oar, data hold time
tr 06 Hs tsy s, SEtUp time for repeated start
te 06 Hs tiu 510, stop condition setup time
te 13 us tour, bus-free time between a stop condition and a start condition
tio 300 ns ta, rise time of both SCL and SDA when receiving

0 ns 1w, rise time of both 5CL and SDA when receiving or transmitting
i 250 ns tr, fall time of SDA when receiving

300 ns tr, fall time of both SCL and SDA when transmitting

204 01G7 ns tr, fall time of both SCL and SDA when transmitting or receiving

G 400 pF Capacitive load for each bus line

' Limits based on characterization results, with = 400 kHz and a 3 mA sink anrent; not production tested.

¥ All values referred to the Yo and the Vs levels given in Table 17,

¥ s the data hold time that is measured from the falling edge of SCL. It applies to data in transmission and acknowledge.

A ransmitting device must internally provide an output hold time of atleast 300 ns for the SDA signal (with respect 10 Viems of the SCL signal) to bridge the
undefined region of the falling edge of SCL.

“The maximum t value must bemet only if the device does not stretch the low period () of the SCL sgnal,

£ The maximum value for t Is.a function of the dock low time (ta), the clock rise time (tie), and the minimum data setup tme (s, This value is cafoulated as

Lo = 3 = 110~ Cohrimd.

" Cuis the total capadtance of onebusline in picofarads.

/N

C

START
ONOITION

£\

Figure 41, FC Timing Diagrom

} 7

REPEATED
START
CONDITION
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INTERRUPTS

The ADXL345 provides two output pins for driving interrupts:
INTI and INT2. Both interrupt pins are push-pull, low impedance
pins with output specifications shown in Table 13. The default
configuration of the interrupt pins is active high. This can be
changed to active Jow by setting the INT_INVERT bit in the
DATA_FORMAT (Address 0x31) register. Al functions can

be used simultancously, with the only limiting feature being
that some functions may need to share interrupt pins.
Interrupts are enabled by setting the appropriate bit in the
INT_ENABLE register {Address 0x2E) and are mapped to
either the INT1 pin or the INT2 pin based on the contents

of the INT_MAP register {Address 0x2F). When initially
configuring the interrupt pins, it is recommended that the
functions and interrupt mapping be done before enabling the
interrupts. When changing the configuration of an interrupt, it
is recommended that the interrupt be disabled first, by clearing
the bit corresponding to that function in the INT_ENABLE
register, and then the function be reconfigured before enabling
the interrupt again. Configuration of the functions while the
interrupts are disabled helps to prevent the accidental generation
of an interrupt before desired.

The interrupt functions are latched and dleared by either reading the
data registers (Address 0x32 to Address 0x37) until the interrupt
condition s no longer valid for the data-related interrupts or by
reading the INT_SOURCE register (Address 0x30) for the
remaining interrupts. This section describes the interrupts
that can be set in the INT_ENABLE register and monitored

in the INT_SOURCE register.

DATA_READY

The DATA_READY bit is set when new data is available and is
deared when no new data is available.

SINGLE_TAP

The SINGLE_TAP bit is set when a single acceleration event
that is greater than the value in the THRESH_TAP register
(Address 0x1 D) occurs for less time than is specified in the
DUR register (Address 0x21).

Table 13. Interrupt Pin Digital Output

DOUBLE TAP

The DOUBLE_TAP bit is set when two acceleration events

that are greater than the value in the THRESH_TAP register
(Address 0x1D) occur for less time than is specified in the DUR
register { Address 0x21), with the second tap starting after the
time specified by the latent register (Address 0x22) but within
the time specified in the window register (Address 0x23). See
the Tap Detection section for more details,

Activity

The activity bit is set when acceleration greater than the vahue stored
in the THRESH_ACT register {Address 0x24) is experienced on
any participating axis, set by the ACT_INACT, CTL register
(Address 0x27).

Inactivity

The inactivity bit is set when acceleration of less than the

value stored in the THRESH_INACT register (Address 0x25) is
experienced for more time than is specified in the TIME_INACT
register (Address 0x26) on all participating axes, as set by the
ACT_INACT_CTL register (Address 0x27). The maximum value
for TIME_INACT is 255 sec.

FREE_FALL

The FREE_FALL bit is set when acceleration of less than the
value stored in the THRESH_FF register (Address 0x28) is
experienced for more time than is specified in the TIME_FF
register (Address 0x29) on all axes {logical AND). The FREE_FALL
interrupt differs from the inactivity interrupt as follows: all axes
always participate and are logically AND'ed, the timer period is
much smaller (1.28 sec maximum), and the mode of operation is
always de-coupled.

Watermark

The watermark bit is set when the number of samples in FIFO
equals the value stored in the samples bits (Register FIFQ_CTL,
Address 0x38). The watermark bit is cleared automatically when
FIFO is read, and the content returns to a value below the value
stored in the samples bits.
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Limit!
Parameter Test Conditions Min Max Unit
Digital Output
Low Level Output Voltage (Vo) loe =300 pA 0.2 x Voo v
High Level Output Voltage (Vo) low = =150 pA 0.8 % Veswo v
Low Level Qutput Current {la) Voo =Vor, mx 300 HA
High Level Output Current (lo=) Vo =Vorme -150 HA
Pin Capacitance fee= 1 MHz V=25V 8 pF
Rise/Fall Time
Rise Time (ta)? Crono = 150 pF 210 ns
Fall Time {t:)* Cuoas = 150 pF 150 ns

' Limits based on characierization results, not production tested,
# Rise time is measured a6 the ransition tme from Vou mes 10 Vi m of the interrupt pin.
FFall dme is measured as the transition Hme from Vo e 10 Vs, me of the Interrupt pin.



ADXL345

Overrun

The overrun bit is set when new data replaces unread data. The
precise operation of the overrun function depends on the FIFO
mode. In bypass mode, the overrun bit is set when new data replaces
unread data in the DATAX, DATAY, and DATAZ registers (Address
0x32 to Address 0x37). In all other modes, the overrun bit is set
when FIFO is filled. The overrun bit is automatically cleared when
the contents of FIFO are read.

FIFO

The ADXL345 contains patent pending technology for an
embedded memory management system with 32-level FIFQ
that can be used to minimize host processor burden, This buffer
has four modes: bypass, FIFO, stream, and trigger (see FIFO Modes).
Each mode is selected by the settings of the FIFO_MODE bits
(Bits[D7:Dé]) in the FIFO_CTL register (Address 0x38).

Bypass Mode

In bypass mode, FIFO is not operational and, therefore,
remains empty.

FIFO Mode

In FIFO mode, data from meusurements of the x-, y-, and z-axes
are stored in FIFO, When the number of samples in FIFO equals

the level specified in the samples bits of the FIFO_CTL register
(Address 0x38), the watermark interrupt is set. FIFO continues
accumulating samples until & is full (32 samples from measurements
of the x-, y-, and z-axes) and then stops collecting data. After FIFO
stops collecting data, the device continues to operate; therefore,
features such as tap detection can be used after FIFO is full. The
watermark interrupt continues to occur until the number of
samples in FIFO isless than the value stored in the samples bits
of the FIFO_CTL register.

Stream Mode

In stream mode, data from measurements of the x-, y-, and z-
axes are stored in FIFO. When the number of samples in FIFO
equals the level specified in the samples bits of the FIFO_CTL
register (Address 0x38), the watermark interrupt is set. FIFQ
continues accumulating samples and holds the latest 32 samples
from measurements of the X-, y-, and z-axes, discarding older
data as new data arrives. The watermark interrupt continues
oceurring until the number of samples in FIFO is less than the
value stored in the samples bits of the FIFO_CTL register.

Trigger Mode

In trigger mode, FIFO accumulates samples, holding the latest
32 samples from measurements of the x-, y-, and z-axes. After

a trigger event occurs and an interrupt is sent to the INT1 or
INT2 pin (determined by the trigger bit in the FIFO_CTL register),
FIFQ keeps the last n samples (where n is the value specified by
the samples bits in the FIFO_CTL register) and then operates in
FIFO mode, collecting new samples only when FIFO is not full.
A delay of at least 5 ps should be present between the trigger event
occurring and the start of reading data from the FIFO to allow
the FIFO to discard and retain the necessary samples. Additional
trigger events cannot be recognized until the trigger mode is
reset. To reset the trigger mode, set the device to bypass mode
and then set the device back to trigger mode. Note that the FIFO
data should be read first because placing the device into bypass
mode clears FIFO.

Retrieving Data from FIFO

The FIFO data is read through the DATAX, DATAY, and DATAZ
registers (Address 0x32 to Address 0x37), When the FIFO is in
FIFO, stream, or trigger mode, reads to the DATAX, DATAY,
and DATAZ registers read data stored in the FIFO. Each time
data is read from the FIFQ, the oldest x-, y-, and z-axes data are
placed into the DATAX, DATAY and DATAZ registers,

Ifa single-byte read operation is performed, the remaining
bytes of data for the current FIFO sample are lost. Therefore, all
axes of interest should be read in a burst (or multiple-byte) read
operation, To ensure that the FIFO has completely popped (that
is, that new data has completely moved into the DATAX, DATAY,
and DATAZ registers), there must be at least 5 ps between the
end of reading the data registers and the start of a new read of
the FIFO ora read of the FIFO_STATUS register (Address 0x39).
The end of reading a data register is signified by the transition
from Register 0x37 to Register 0x38 or by the CS pin going high.

For SPI operation at 1.6 MHz or less, the register addressing
portion of the transmission is a sufficient delay to ensure that
the FIFO has completely popped. For SPI operation greater than
1.6 MHz, it is necessary to deassert the CS pin to ensure a total
delay of 5 ps; otherwise, the delay is not sufficient. The total delay
necessary for 5 MHz operation is at most 3.4 ps. This is not a
concern when using 'C mode because the commuinication rate is
low enough to ensure a sufficient delay between FIFQ reads.
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APPLICATIONS INFORMATION

POWER SUPPLY DECOUPLING

A1 pF tantalum capacitor (Cs) at Vs and a 0.1 pF ceramic capacitor
(Cre) at Voo placed close to the ADXL345 supply pins is
recommended to adequately decouple the accelerometer from
noise on the power supply. If additional decoupling is necessary,
a resistor or ferrite bead, no larger than 100 £, in series with Vs
may be helpful. Additionally, increasing the bypass capacitance
on Vs toa 10 yF tantalum capacitor in parallel with a 0.1 yF
ceramic capacitor may also improve noise,

Care should be taken to ¢nsure that the connection from the
ADXL345 ground to the power supply ground has low impedance
because noise transmitted through ground has an effect similar
1o noise transmitted through V=, It is recommended that Vsand
Vopvo be separate supplies to minimize digital clocking noise
on the Vs supply, If this is not possible, additional filtering of
the supplies, as previously mentioned, may be necessary.

Figure 43. Application Diagram

MECHANICAL CONSIDERATIONS FOR MOUNTING

The ADXL345 should be mounted on the PCB in a location
close to a hard mounting point of the PCB to the case. Mounting
the ADXL345 at an unsupported PCB location, as shown in
Figure 44, may result in Jarge, apparent measurement errors
due to undampened PCB vibration. Locating the accelerometer
near a hard mounting point ensures that any PCB vibration at
the accelerometer is above the accelerometer’s mechanical sensor
resonant frequency and, therefore, effectively invisible to the
accelerometer. Multiple mounting points, close to the sensor,
and/or a thicker PCB also help to reduce the effect of system
resonance on the performance of the sensor.

”! ‘

MOUNTING POINTS
figure 4. Incarrectly Placed Accelerometers

TAP DETECTION

The tap interrupt function is capable of detecting either single
ordouble taps, The following parameters are shown in Figure 45
for a valid single and valid double tap event:

=  The tap detection threshold is defined by the THRESH_TAP
register (Address Ox1D).

e The maximum tap duration time is defined by the DUR
register (Address 0x21),

®  The tap latency time is defined by the latent register
(Address 0x22) and is the waiting period from the end
of the first tap until the start of the time window, when a
second tap can be detected, which is determined by the
value in the window register (Address 0x23).

e The interval after the latency time (set by the latent register) is
defined by the window register. Althcugh a second tap must
begin after the latency time has expired, it need not finish
before the end of the time defined by the window register.

H FIRST TAP q SECOND TAP
N
)z - /MWU’MI

T T e LWt FoR
___I,tm-l ru.m\___i
{LATENT)
8]

E INGLE TAP x?gmm.e TAP
 — — i

Figure 45, Tap interrupt Function with Valid Single and Doublke Taps

If only the single tap function is in use, the single tap interrupt
is triggered when the acceleration goes below the threshold, as
long as DUR has not been exceeded. If both single and double
tap functions are in use, the single tap interrupt is triggered
when the double tap event has been either validated or
invalidated.
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Several events can occur to invalidate the second tap of a double
tap event. First, if the suppress bit in the TAP_AXES register
(Adkdress 0x2A) is set, any acceleration spike above the threshold
during the latency time (set by the latent register) invalidates
the double tap detection, as shown in Figure 46.
TR

£ v L 4 A\

=
TIME LIMIT + i F
FOR TAPS LATENCY TIME WINDOW FOR SECOND #
DUR) TIME (LATENT) TAP (WINOOW) £
Figure 46. Double Tap Event nvalid Due ta High g Event
When the Suppress Bit Is Set

A double tap event can also be invalidated if acceleration above
the threshold is detected at the start of the time window for the
second tap (set by the window register), This results in an invalid
double tap at the start of this window, as shown in Figure 47.
Additionally, a double tap event can be invalidated if an accel-
eration exceeds the time limit for taps (set by the DUR register),
resulting in an invalid double tap at the end of the DUR time
limit for the second tap event, also shown in Figure 47,

INVALIDATES DOUBLE TAP
{\ S AT START OF WINDOW
L
o FORTAPS
& {ouR)
TIME LIMIT i |
e o LATENCY e vopowron
(LATENT) ML TAC RN
===l mE LmiT =1
FOR TAPS l
Lo - =
\ i
- |

4
(

INVALIDATES
DOUBLE TAP AT
END OF DUR

Figure 47. Tap interrupt Function with Invakid Double Taps

Single taps, double taps, or both can be detected by setting the
respective bits in the INT_ENABLE register (Address 0x2E).
Control over participation of each of the three axes in single tap/
double tap detection is exerted by setting the appropriate bits in
the TAP_AXES register (Address 0x2A). For the double tap
function to operate, both the latent and window registers must
be set to a nonzero value.

Every mechanical system has somewhat different single tap/
double tap responses based an the mechanical characteristics of
the system. Therefore, some experimentation with values for the
DUR, latent, window, and THRESH_TAP registers is required.
In general, a good starting point is to set the DUR register toa
value greater than 0x10 {10 ms), the latent register to a value greater
than 0x10 (20 ms), the window register to a value greater than
0x10 (80 ms), and the THRESH_TAP register to a value greater
than 0x30 (3 g). Setting a very low value in the latent, window, or
THRESH_TAP register may result in an unpredictable response
due to the accelerometer picking up echoes of the tap inputs.

After a tap interrupt has been received, the first axis to exceed
the THRESH_TAP level is reported in the ACT_TAP_STATUS
register (Address 0x2B). This register is never cleared but is
overwritten with new data,

THRESHOLD

The lower output data rates are achieved by decimating a common
sampling frequency inside the device, The activity, free-fall, and
single tap/double tap detection functions without improved tap
enabled are performed using undecimated data. Because the
bandwidth of the output data varies with the data rate and is
Jower than the bandwidth of the undecimated data, the high
frequency and high ¢ data that is used to determine activity,
free-fall, and single tap/double tap events may not be present

if the output of the accelerometer is examined. This may result
in functions triggering when acceleration data does not appear
to meet the conditions set by the user for the corresponding
function,

LINK MODE

The function of the link bit is to reduce the number of activity
interrupts that the processor must service by setting the device
to look for activity only after inactivity. For proper operation of
this feature, the processor must still respond to the activity and
inactivity interrupts by reading the INT_SOURCE register
(Address 0x30) and, therefore, dearing the interrupts. [fan activity

intersupt is not cleared, the part cannot go into autosleep mode.

The asleep bit in the ACT_TAP_STATUS register (Address 0x2B)
indicates if the part is asleep.
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SLEEP MODE VS. LOW POWER MODE

In applications where a low data rate and low power consumption
is desired (at the expense of noise perfe ), it is recommended
that low power made be used. The use of low power mode preserves
the functionality of the DATA_READY interrupt and the FIFO
for postprocessing of the acceleration data. Sleep mode, while
offering a low data rate and power consumption, is not intended
for data acquisition.

However, when sleep mode is used in conjunction with the
AUTO_SLEEP mode and the link mode, the part can automatically
switch to a low power, low sampling rate mode when inactivity
is detected. To prevent the generation of redundant inactivity
interrupts, the inactivity interrupt is automatically disabled
and activity is enabled. When the ADXL345 is in sleep mode, the
host processor can also be placed into sleep mode or low power
mode to save significant system power. When activity is detected,
the accelerometer automatically switches back to the original
data rate of the application and provides an activity interrupt
that can be used to wake up the host processor. Similar to when
inactivity occurs, detection of activity events is disabled and
inactivity is enabled.

OFFSET CALIBRATION

Accelerometers are mechanical structures containing elements
that are free to move. These moving parts can be very sensitive
to mechanical stresses, much more so than solid-state electronics,
The 0 g bias or offset is an important accelerometer metric because
it defines the baseline for measuring acceleration. Additional
stresses can be applied during assembly of a system containing
an accelerometer. These stresses can come from, but are not
limited to, component soldering, board stress during mounting,
and application of any compounds on or aver the component. If
calibration is deemed necessary, it is recommended that calibration
be performed after system assembly to compensate for these effects.
A simple method of calibration is to measure the offset while
assuming that the sensitivity of the ADXL.345 is as specified in
Table 1. The offset can then be automatically accounted for by
using the built-in offset registers. This results in the data acquired
from the DATA registers already compensating for any offset.

In a no-turn or single-point calibration scheme, the part is oriented
such that one axis, typically the z-axis, is in the | g field of gravity
and the remaining axes, typically the x- and y-axis,areina0g
field. The output is then measured by taking the average of a
series of samples. The number of samples averaged is a choice of
the system designer, but a recommended starting point is 0.1 sec
worth of data for data rates of 100 Hz or greater. This corresponds
to 10 samples at the 100 Hz data rate. For data rates less than
100 Hz, it is recommended that at least 10 samples be averaged
together, These values are stored as Xon Yoo, and Zuyy forthe 0 g
measurements on the x- and y-axis and the 1 g measurement on
the z-axis, respectively,

The values measured for Xoeand Yo correspond to the x- and y-axis
offset, and compensation is done by subtracting those values from
the output of the accelerometer to obtain the actual acceleration:
Kaerva = Xatwas — Xog
Yacrui = Yoaas — Yor
Because the z-axis measurement was done ina +1 g field, 2 no-turn
or single-point <alibration scheme assumes an ideal sensitivity,
Sz for the z-axis, This is subtracted from Z.y, to attain the z-axis

offset, which is then subtracted from future measured values to
obtain the actual value:

Zog=Zag~ Sz

Zacroar = Zaagas ~ Zog
The ADXL345 can automatically compensate the output for offset
by using the offset registers (Register 0x1E, Register 0x1F, and
Register 0x20). These registers contain an 8-bit, twos complement
value that is automatically added to all measured acceleration
values, and the result is then placed into the DATA registers.
Because the value placed in an offset register is additive, a negative
value is placed into the register to eliminate a positive offset and
vice versa for a negative offset. The register has a scale factor of
15.6 mg/L.SB and is independent of the selected g-range.

As an example, assume that the ADXL345 is placed into full -
resolution mode with a sensitivity of typically 256 LSB/g. The
part is oriented such that the z-axis is in the field of gravity and
Xy ¥ and z-axis outputs are measured as +10 LSB, ~13LSB,
and 49 LSB, respectively, Using the previous equations, Xy, is
+10 LSB, Yoy is =13 LSB, and Ze is +9 LSB. Each LSB of output
in full-resolution is 3.9 mg or one-quarter of an LSB of the
offset register. Because the offset register is additive, the 0 g
values are negated and rounded to the nearest LSB of the offset
register:

Xorserr = ~Round(1044) = -3 LSB

Yorruer = ~Round(~13/4) = 3 L.SB

Zopruer = ~Round(9/4) = ~2 LSB

These values are programmed into the OFSX, OFSY, and OFXZ
registers, respectively, as 0xFD, 0x03 and OxFE. As with all
registers in the ADXL345, the offset registers do not retain the
value written into them when power is removed from the part,
Power-cycling the ADXL345 returns the offset registers to their
default value of 0x00.

Because the no-turn or single-point calibration method assumes an
ideal sensitivity in the z-axis, any error in the sensitivity results in
offset error. For instance, if the actual sensitivity was 250 LSB/g
in the previous example, the offset would be 15 LSB, not 9 LSB.
To help minimize this error, an additional measurement point
can be used with the z-axis in a 0 g field and the 0 g measurement
can be used in the Zicruu equation,
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AXES OF ACCELERATION SENSITIVITY

Ay
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Figure 56. Axes of Acceleration Sensitivity (Carresponding Output Vaktage Increases When Accelerated Along the Sensitive Axis)
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Figure 57. Qutput Response vs. Orientation to Gravity
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Using an Accelerometer for Inclination Sensing
by Christopher J. Fisher

INTRODUCTION

One common method for determining the tilt or inclination of
asystem is to integrate the output of a gyroscope. Although this
method is straightforward, error associated with null bias stability
can quickly compound as the integration period is increased,
causing an apparent rotation even when the device is stationary.
In some applications, where the net acceleration or force on

a system over time is gravity, an accelerometer can be used to
measure the static angle of tilt or inclination. Such applications
inchade gaming, horizon detection in digital cameras, and detecting
the heading of a device in industrial and medical applications.
The underlying assumption in inclination sensing with an
accelerometer is that the only acceleration stimulus is that
associated with gravity. In practice, signal processing can be
performed on the signal output to remove high frequency
content from the output signal, so some ac acceleration can

be tolerated.

Inclination sensing uses the gravity vector and its projection
on the axes of the accelerometer to determine the tilt angle,
Because gravity is a dc acceleration, any forces that result in
an additional dc acceleration corrupt the output signal and
result in an incorrect calculation. Sources of de acceleration
include the period of time when a vehicle is accelerating at

a constant rate and rotating devices that induce a centripetal
acceleration on the accelerometer. In addition, rotating an
accelerometer through gravity causes an apparent ac accelera-
tion as the projection of gravity on the axes of interest changes.
Any filtering of the acceleration signal before calculating the
inclination affects how quickly the output settles to the new
static value,

This application note discusses the basic principles for converting
the output of an accelerometer to an angle of inclination. This
discussion includes how to calculate the ideal inclination angle
for a single-axis, dual-uxis, or triple-axis solution. In addition,
some basic information about calibration is included to reduce
etror from offset and sensitivity mismatch,
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TILT/INCLINATION CALCULATION

Single-Axis Tilt Calculation

In applications where inclination sensing is needed only overa
limited angle and with a somewhat coarse resolution, a single-axis
device (or a single axis of a multiple-nxis device) can be used.
For example, in Figure | a single axis (the x-axis in this example)
is rotated through gravity. Because this approach uses only a
single axis and requires the gravity vector, the calculated angle
of inclination is accurate only when the device is oriented such
that the x-axis is always in the plane of gravity. Any rotation about
the other axes reduces the magnitude of the acceleration on the
x-axis and results in error in the calculated angle of inclination,

g AN
19 10 E

Figure 1. Single Axis Used for Tik Sensing

Referring to basic trigonometry, the projection of the gravity
vector on the x-axis produces an output acceleration equal to
the sine of the angle between the accelerometer x-axis and the
horizon. The horizon is typically taken to be the plane orthogonal
to the gravity vector, For an ideal value of | g for gravity, the
output acceleration is

Axovr[g] =1 g x sin(6) (n
‘When using a single-axis solution, note that the sensitivity—
that is, the change in output for some change in input—of the
indination calculation decreases as the angle between the horizon
and the x-axis increases, approaching 0 as the angle approaches
490° This can be seen in Figure 2, where the output acceleration,
in g, is plotted against the angle of inclination. Near 90°, a large
change in inclination angle results in a small change in output
acceleration.
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Figure 2. Qutput Acceleration vs. Angle of Inclination
for Single-Axis Inchination Sensing

Because the inclination calculation is done digitally, the output
acceleration is presented as a constant acceleration per least sig-
nificant bit (LSB), or code, obtained cither from an analog-to-
digital converter (ADC) or directly from a digital output part.
Because the output resolution is a constant acceleration, the
resolution in degrees of inclination is variable, with the best
resolution close to 0° and the worst resolution at +90°,

Figure 3 and Figure 4 show the incremental sensitivity for 1°and
0.25° inclination angle steps. The incremental sensitivity is the
output change, shown in mg, per inclination angle step, or

$[gl =g » [sin(N+ P) - sin(N)) @
where:

Nis the current angle,
Pisthe step size.
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Figure 3. incremental Incknation Sensithvity for 1°Steps
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These curves can be used to determine the minimum necessary
resolution when measuring the output acceleration in oxder to
meet the desired inclination resolution for the entire range of an
application, For example, designing for a maximum step size of 1°,
a resolution of at least 8 mg/LSB is necessary for a range of £63°.,
Similarly, to achieve a maximum step size of 025 for a range of
463 requires a resolution of at least 2 mg/LSB. Note that, if enough
dither is present, oversampling can be used to achieve better
resolution.

216



AN-1057

Because the output of the accelerometer obeys a sinusoidal

relationship as it is rotated through gravity, conversion from

acceleration to angle is done using the inverse sine function.

A
0- sm"f——( or L8] 3)

L le

where the inclination angle, 6, is in radians.

If a narrow range of inclination is required, a linear approxima

tion can be used in place of the inverse sine function. The linear
approximation relates to the approximation of sine for small angles.

sin(@) = 8, 6«1 (1)
where the inclination angle, 8, is in radians.

An additional scaling factor, k, can be included in the linear
approximation for inclination angle, which allows the valid
range for the approximation to be increased if the allowable
error is increased.,

where the inclination angle, 8, is in radians.

Conversion to degrees is done by multiplying the result of
Equation 5 by (180/n). Figure 5 shows a comparison between
using the inverse sine function and the linear approximation
with k equal to 1. As the magnitude of the inclination angle
increases, the linear approximation begins to fail, and the
calculated angle deviates from the actual angle.

T———r—T
| = INvERSE SINE
== LINEAR APPROXIMATION

5

8

CALCULATED ANGLE. 8, ¢ (Degrees)
3

&

50
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B

ANGLE OF INCLINATION, # (Degrees) H
Figure 5. Comparison of Inverse Sine Function and Linear Approximation
for Incknation Angle Calculation

Because the calculated angle is plotted against the actual angle
of inclination, the lincar approximation appears to bend near
the ends. This is because the linear approximation is linear only
when compared to the output acceleration and, as shown in
Figure 2, the output acceleration behaves similarly as the actual
angle of inclination is increased. However, the inverse sine
function should produce an output that is one-to-one with the
actual angle of inclination, causing the calculated angle to be a
straight line when plotted against the actual angle of inclination.

As an example, if the desired resolution of inclination sensing is
1%, an error of $0.5” is acceptable because it is below the rounding
error of the calculation. If the error between the actual angle of
inclination and the calculated angle of inclination is plotted for
k equal to 1, as shown in Figure 6, the valid range for the linear
approximation is only +20°, If the scaling factor is adjusted such
that the error is maximized but kept within the calculation round
ing limits, the valid range of the linear approximation increases
to greater than +30°,
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Dual-Axis Tilt Calculation

One limitation of single-axis inclination sensing is the need for
a high resolution ADC or digital output to achieve a large range
of valid inclination angles, as shown in Figure 3 and Figure 4.
Another limitation is that a single-axis measurement cannot
provide a 360° measurement, because the acceleration generated
atan inclination of N® is the same as the acceleration generated
at an inclination of 180° - N, For some applications, this is accept
able, but for applications that require higher resolution or the
ability to distinguish angles of inclination in a complete 360°
arc, a second axis, as shown in Figure 7, or a second sensor is
necessary. If a second sensor is used, it should be oriented such
that the sensing axis of the second sensor is orthogonal to the
sensing axis of the first sensor.

o

+Y

Figure 7. Two Axes Used for Tilt Sensing

There are three major benefits to including a second axis in
determining the angle of inclination. These benefits are
described in the following sections.
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Constant Sensitivity

The first major benefit of using a second axis is due to the orthogo
nality of the axes. As in the single-axis solution, the acceleration
detected by the x-axis is proportional to the sine of the angle of
inclination. The y-axis acceleration, due to the orthogonality, is
proportional to the cosine of the angle of inclination (see Figure 8).
As the incremental sensitivity of one axis is reduced, such as
when the acceleration on that axis approaches +1 g or -1 g, the
incremental sensitivity of the other axis increases.
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3 / X
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OUTPUT ACCELERATION, Agyr (g}
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ANGLE OF INCLINATION, 8 (Degrees)
Figure 8. Output Accekeration vs, Angle of Incination
for Dual-Axis Inchnation Sensing
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One method to convert the measured acceleration to an incli
nation angle is to compute the inverse sine of the x axis and the
inverse cosine of the y-axis, similar to the single -axis solution.
However, an casier and more efficient approach is to use the ratio
of the two values, which results in the following:

sor & = sin(@)

——— = tan(d) (6)
1g « cos(6)

(7

where the inclination angle, 8, is in radians.

Unlike the single-axis example, using the ratio of the two axes
to determine the angle of inclination makes determining an
incremental sensitivity very difficult. Instead, it is more useful
to determine the minimum necessary accelerometer resolution,
given a desired inclination resolution, Given that the incremental
sensitivity of one axis increases as the other decreases, the net result
is an effective incremental sensitivity that is roughly constant.
This means that the selection of an accelerometer with sufficient
resolution to achieve the desired inclination step size at one
angle is sufficient for all angles.

To determine the minimum necessary accelerometer resolution,
Equation 6 is examined to determine where the resolution limi
tations are. Because the output of each axis relies on the sine or
cosine of the angle of inclination, and the angle of inclination
for cach function is the same, the minimum resolvable angle
corresponds to the minimum resolvable acceleration.

As shown in Figure 3 and Figure 4, the sine function has the
greatest rate of change near 0°, and it can be shown that the
cosine function has the least rate of change at this point. For
this reason, the change in acceleration on the x-axis due to a
change in inclination is recognized before a change in accelera
tion on the y-axis, Therefore, the resolution of the system near
0" depends primarily on the resolution of the x-axis. To detect
an inclination change of P*, the accelerometer must be able to
detect a change of approximately

AA r[g) = 1g = sin(P) (8)

Figure 9 can be used to determine the minimum necessary acceler
ometer resolution—or maximum accelerometer scale factor—for a
desired inclination step size. Note that increased accelerometer
resolution corresponds with a reduction in accelerometer scale
factor and with the ability to detect a smaller change in output
acceleration. Therefore, when sclecting an accelerometer with
the appropriate resolution, the scale factor should be less than
the limit shown in Figure 9 for the intended ind ination step size.
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Figure 9. Minimum Accelerometer Resolution
for a Desired Angle of Inclination Resolution

Reduced Dependence on Alignment with Plane of Gravity

The second major benefit of using at least two axes is that unlike
the single-axis solution, where tilt in any axis other than the x-axis
can cause significant error, the use of a second axis allows for an
accurate value to be measured even when inclination in the third
axis is present. This is because the effective incremental sensitivity
is proportional to the root sum-square (RSS) value of gravity on
the axes of interest.

When gravity is completely contained in the xy-plane, the RSS
value of acceleration detected on those axes is ideally equal to

1 g If tilt is present in the xz- or yz-plane, the total acceleration
due to gravity is reduced, which also reduces the effective incre
mental sensitivity. This, in turn, increases the inclination step
size for a given accelerometer resolution, but still provides an
accurate measurement. The resulting angle from the inclination
calculation corresponds to the rotation in the xy-plane.
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1f the system is tilted enough, such that very little scceleration due
to gravity is present in the xy-plane, the inclination angle step
size will be too coarse to be useful; therefore, it is recommended
that tilt in the xz- or yz-plane be limited.

Complete 360° Tilt Sensing

The third major benefit of using a second axis is the ability
to distinguish between each quadrant and to measure angles
throughout the entire 360° arc. As shown in Figure 10, each
quadrant has a different combination of signs associated with
the x- and y-axis acceleration,
»90°
" 1

ZAXIS » XAXIS +
YAXIS -~ Y-AXIS +
*180" o
KAXIS ~ XAXIS -
YAXIS ~ Y-AXIS ¢

weae

Figure 10. Angle of Inclination and Sign of Acceferation
for Quadrant Detection

The inverse tangent function returns a value in Quadrant [ if
the operand, Axour/Avour, is positive; if the operand is negative,
the inverse tangent function réturns a value in Quadrant 1V,
Because the operand in Quadrant 11 is negative, a value of 180°
should be added to the result of the calculation when the angle
is in that quadrant, Because the operand in Quadrant I11 is
positive, a value of 180° should be subtracted from the result
of the calculation when the angle is in that quadrant. The
carrect quadrant of the calculated angle can be determined by
examining the sign of the measured acceleration on each axis.
Triple-Axis Tilt Calculation

‘When a third axis is introduced, the orientation of the sensor
can be determined in a complete sphere, The classical method
of rectangular (x, y, z) to spherical (p, 9, 8) conversion can be
used to relate the angle of tilt in the xy-plane, 8, and the angle
of inclination from the gravity vector, §, to the measured
acceleration in each axis, as follows:

g= mﬁ.z[:ww ] )
rouT

3\

A,
&= cos™ S_— (10)
J.'\?xorrr +Alvour + Alzoor

Given the assumption that the only measured acceleration is due
to gravity, the denominator of the operand in Equation 10 can
be replaced with a constant, ideally 1, because the RSS value of
all the axes is constant when the only acceleration is gravity. The
angles are shown in Figure 11, where Figure 11c shows 8 only in
the xy-plane, and Figure 1 1d shows ¢ as the angle between the
z-axis and the gravity vector.

™, Z

Figure 11, Angles of Spherical Coordinate System

Due to the similarities between the equations for the triple-axis
method and the equations for the single- and dual-axis methods,
the analysis of the triple-axis solution is the same as for the single.
and dual-axis methods combined. The measurement of @ benefits
from the ratio of two orthogonal axes, and a desired inclination
resolution requires a minimum accelerometer resolution as
described by Equation 8.

The measurement of é corresponds to the measurement of the
inclination angle for the single-axis solution, along with the method
for determining the minimum accelerometer resolution needed
for a specific inclination angle resolution over a desired range.
The difference is that the use of the inverse cosine function to
determine ¢ results in a maximum incremental sensitivity when
¢ is 90" and a minimum incremental sensitivity at 0° and 1807,
A plot similar to Figure 3 and Figure 4 can be generated by
substituting cosine for sine in Equation 2. It is important to

note that although 0 ranges from - 180° to +180%, § ranges only
from 0° to 180°. A negative angle for § causes the angle of 8 to
become negative,
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An alternative method for inclination sensing with three axes is to
determine the angle individually for each axis of the accelerometer
from a reference position. The reference position is taken as the
typical orientation of a device with the x- and y-axes in the plane
of the horizon (0 g field) and the z-axis orthogonal to the horizon
(1 g field). This is shown in Figure 12 with 6 as the angle between
the horizon and the x-axis of the accelerometer,  as the angle
berween the horizon and the y-axis of the accelerometer, and

$ as the angle between the gravity vector and the z-axis. When
in the initial position 0f 0 g on the x- and y-axes and | gon the
z-axis, all calculated angles would be 0%

Figure 12. Angles for Independent Incination Sensing

Basic trigonometry can be used to show that the angles of incli-
nation can be calculated using Equation 11, Equation 12, and

Equation 13.

f= :an"[ Asour } {n

;;AJ vour + A’ zoor

y=tan Avour (12)
;JA?x,ovr + A 200t

i m-i[--mm—-“"z"'” ”2“"”] (13
AI.D!ST

The apparent inversion of the operand in Equation 13 is due to
the initial position being a 1 g field. If the horizon is desired as
the reference for the z-axis, the operand can be inverted. A posi-
tive angle means that the corresponding positive axis of the
accelerometer is pointed above the horizon, whereas a negative
angle means that the axis is pointed below the horizon,

Because the inverse tangent function and a ratio of accelerations
is used, the benefits mentioned in the dual-axis example apply,
namely that the effective incremental sensitivity is constant and
that the angles can be accurately measured for all points around
the unit sphere.

CALIBRATION FOR OFFSET AND SENSITIVITY
MISMATCH ERROR

The analysis in this application note was done under the assump-
tion that an ideal accelerometer was used. This corresponds to a
device with no 0 g offset and with perfect sensitivity (expressed as
mV/g for an analog sensor or LSB/g for a digital sensor), Although
sensors come trimmed, the devices are mechanical in nature,
which means that any static stress on the part after assembly of
the system may affect the offset and sensitivity. This, combined
with the limits of factory calibration, can result in error beyond
the allowable limits for the application.

Effects of Offset Error

‘To demonstrate how large the error can be, imagine first a dual-
axis solution with perfect sensitivity but with a 50 mg offset on
the x-axis, At 0° the x-axis reads 50 mg and the y-axis reads 1 g.
The resulting calculated angle would be 2.9%, resulting in an
error of 29, At £180° the x-axis would report 50 mg, whereas
the y-axis would report 1 g. This would result in a calculated
angle and error of -2.9*, The error between the calculated angle
and the actual angle is shown in Figure 13 for this example. The
error due to an offset may not only be large compared to the
desired accuracy of the system, but it can vary, thus making it
difficult to simply calibrate out an error angle. This becomes
more complicated when an offset for multiple axes is included,
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Figure 13. Calculated Angle Error Due to Accelerometer Offset

Effects of Sensitivity Mismatch Error

‘The main error component due to accelerometer sensitivity in
a dual-axis inclination sensing application is when a difference
in sensitivity exists between the axes of interest (as opposed to
a single-axis solution, where any deviation between the actual
sensitivity and the expected sensitivity results in an error).
Because the ratio of the x- and y-axes is used, most of the error
is cancelled if the sensitivities are the same,
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As an example of the effect of accel sensitivity mi h,
assume that a dual-axis solution is used with perfect offset trim,
perfect sensitivity on the y-axis, and +5% sensitivity on the x-axis.
This means that in a 1 g field, the y-axis reports 1 g, whereas the
x-axis reports 1.05 g, Figure 14 shows the error in the calculated
angle due to this sensitivity mismatch. Similar to offset error,
the error due to accelerometer sensitivity mismatch varies over

A simple calibration method is to assume that the gain is 1 and
to measure the offset. This calibration then limits the aceuracy
of the system to the uncalibrated error in sensitivity. The simple
calibration method can be done by placing the axis of interest
into a 0 g field and measuring the output, which would be equal
to the offset. That value should then be subtracted from the output
of the accelerometer before processing the signal. This is often
1to as a no-turn or single-point calibration, because the

the entire range of rotation, making it difficult to comp
for the error after calculation of the inclination angle. Skewing
the mismatch further by varying the y-axis sensitivity results in
even greater error.
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Figure 14. Calculated Angle Etror Due to Accelerometer Sensitivity Mismatch

Basic Calibration Techniques

When the errors due to offset and sensitivity mismatch are
combined, the error can become quite large and well beyond
the acceptable limits in an inclination sensing application. To
reduce this error, the offset and sensitivity should be calibrated
and the calibrated output acceleration used to calculate the
angle of inclination. When including the effects of offset and
sensitivity, the accelerometer output is as follows:

Avur [g] = Ao + (Gain x Ascrus) (14)
where:
Aceris the offset error, in g.
Gain is the gain of the accelerometer, ideally a value of 1.
Aucrue is the real acceleration acting on the accelerometer and
the desired value, in g,
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typical orientation of a device puts the x- and y-axesina 0 g
field. If a three-axis device is used, at least one turn or a second
point should be included for the z-axis,
A more accurate calibration method is to use two points per axis
of interest (up to six points for a three-axis design). When an
axis is placed into a +1 gand -1 g field, the measured outputs
arc as follows:
Aure[g] = Acr + (1 g % Gain) s
Acrelg] = Acrr ~ (1 g% Gain) (16)
where the offset, Ao, is in g.
These two points can be used to determine the offset and
gain as follows:

Aare [g] = 0.5 % (Augy + Ay) (17)
Gain = 0.5 % (—A"' """’] 18
lg

where the +1 gand ~1 g measurements, Avigand A, are ing.

This type of calibration also helps to minimize cross-axis
sensitivity effects as the orthogonal axes are ina 0 g field when
making the measurements for the axis of interest, These values
would be used by first subtracting the offset from the acceler-
ometer measurement and then dividing the result by the gain.

Avir ~Aer
Ry aend 19
Ayerve L] Ot (19)
where Aour and Aoware ing,

The calculations of Acsr and Gain in Equation 15 through
Equation 19 assume that the acceleration values, Ay, and Ay
ar¢ in g. Ifacceleration in mg is used, the calculation of Aoy in
Equation 17 remains unchanged, but the calculation of Gainin
Equation 18 shotdd be divided by 1000 to account for the change
in units.
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