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ABSTRACT

This thesis presents theory and design of Gyro Sensor processing acceleration.
Sensor composes of hardware, software, sensor and servo motor. The purpose of this
thesis to monitor the movement of objects in the 3D axis, and it can check the
status of object in the current environment moreover. it can also calculate the
distance of the objects.

The procedures compose learning the gyro-85 and assembling the necessary
electronic circuits, including microcontroller board (Arduino nano v.4.0), gyro sensor
(gyro-85) and servo motor (MG90s) in order to attributed to determine the
acceleration of the object for considering the range of motion, and then write a
computer program to display the desired value, and servo motor work as an
experiment. It was found that simulation of the distance measurement can show up

with the error in the acceptable level.
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Waguwlasasinaingslua Tuvaueiiane SCL Taouzasings Gunannyilin anmzGudy

(START)
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3. doyadiseeguuda (Data Valid) anmsiiistudaanannzdudu Tneantus
aednfistiuuuas SDA Afadayaiiviinisdnenen eans scL finpdnga

anuziiany SDA  Fosnsil iitelgunsaiduteyaludmsdudn Hu o0 wie "1”
foyaoainenudsundadldluvasiios scL Wuasind wiilelafinuiidonisliin

miteventeyasesanysal anuzaaInfivl SDA Aosrsiinaentiniaiiiany SCL Janus

2
a as

aodngs winiiansilsundasanuzasdnluvnsiiany SCL Sasdngeaguu gunsal

o

wawmeifinuAunsieneateyaszulanummsiluanmevgn wisansiuaudld vii

o
=1

Witayamihnisaeneniinauinwaianadu
4. Fujleya (Acknowledge) infundsninmsdievandayasndidundainiy

\induodsanysal Inemdwgyimsdeatoyan 1 dadendt dnfud (Acknowledge Bit) i

a8
i
-
=
ee
&n
=
=
«©
)]
7
e
Lo
=
22}
>
D
K}
an
2]
Zs
=2
(&3]
e
)
| 2od
"X,
o}
o
[ad
De
)
=
.
o
by
=)
=
=)
afl
=
riod
B
)
=
©
an
&)
=
wad
=5
-
an
V]
Lo
2
=
-
2
=g
=t
calle

as 2 as

HAwPIduNus AudyIuuing aﬁnsmmawwnna'maalumwmma vaamdeinnoagly

u

mmzuuﬁ%ﬁ’uﬁmﬁm “Uél ﬁ'amuvaaanmmamauaum’lwsmm IﬂiU‘UaiJﬁL'SEJUS’E]ULLﬁ'D

5. wgan1sEngnantoya (Stop Data Transfer) edudloans SDA Tinisdsuuuas

173
= '

sefuaednanaluge luvaidians SCL fanuraeingadonanmsiietuiii anemes

(STOP)
£es | | I
£ T 8 !':s L LA W R LN B B T P2 % ¢+ 8 K FOF N OWMoM o7 E3 oW o1y g
sek [T AU FEAAL LN
wos 00 oft]ofi]e 0 =0%h=x 8 00 pft]o 00 0 =04h=xL1SB
S0 — 010 0 0 0T TTTTTTT ] 01710 0 0 0 (T T T T T T IXIXIX] —
W ;JUV‘GN"“QG w g Lo B0 iy I s Ml = |
Py e e g D - [m)
: ig33328588 : #3888 a8
uz fui] o B m o
¢ 9 g ¢ 9

5UM 2.8 msdeasuuu SPI
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b oo i and L I
LTART  ADDERESS RAY  ACK DaTA ALH DATH ALH STOP
coreiion caralfion

3U# 2.9 msdeasuuu 12C

2.3 nsBuARISWA

msBumedini viiemsindmns fo nsddlimisussinanavgamsvieudaas
uinsylanluvinouuiegaiensuausinsindameiu fodrsinistadime wu
punsaiuneduldfudeya wiadayaldsuiouivadusindaiisousoouds (udu e |
viheUszanananauaueInsindmisiiuusasuan NMzAuganustiuwaznaululs sanana
suiiisznanadnalfadioulifieslsifndy nstedenyiliaosussanieo serduad

ot

DULNDTINT WagaIsaRIIaumassny tdeuldgansduwisdumasswilunisisenldnis

& as

USNI9AN UBITPUL d@mariauasdulnassniadonldlunisuiinisild suaniuzvas

guUnsRiBunALIVINAAIL 9
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MIBULADITSWH

A
/1wl
dyyw 1 /| veduwnadi
dumaIinn || / L
RN . <
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b i1/ 7
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Tsunsuso 1%’11‘/
-y o ot
i NFDMADTINN

myiminenudng Msi IR I D uRI TN

USLLNNUBINISOULADT TN

= ¢ at L3 ' el 1 as :’IJd
nsduwesswiamisouvlailu 2 Yssianlnng felife

- Non-maskable Interrupt (NMI) B msduimpsswniigiigliarunsauasle nind

N58uLm I I UTsaniun Fgfeamganisinauyedlusunsuiieyluvnziulaglaill

Jaud wazwdsuluvitulinisaunsalniinsdadumasswiiiin

3

- Maskable Interrupt (INT) #o nsBumeiswvindfigannsauiiasle lnausni
Fiigaziimamimuaitluvneiu iigazegluane Disable Interrupt (D) 30 Enable (EI) 61

winIluvagilinisume iswiinuiuu Iigeglunie Disable  Interrupt  uda

msdumaiininufazlaiunsufiastu uadnlu Enable Interrupt MIdumasswitufae

a

lnsumsauaway wannlinsdumasswididinsiaaiuanudifresnasdumassnm

AN faznanluitodalull

N3AIUANBULAB TN

@l

NIAUANNNTBUABIINIAD N1sAIVANTYTaTinauiuBumaITwiniolil

Wasnnluunvusidngindeinnuideliotay 1y TUsunsuuring Fawaniing

2
o e

BumasT NNl mARAMURANAIATDIUI AN MatuRaRain1sTeAuldlATinAS

as

auasmaudonidesveduimeiiwiiinmn elusunsuurRnuaiouds Jeougaaliiinag

AOUAUDILA
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5 '

o & b & N oo & a € £ a1 o o a fw e Ay
ﬂqaﬂmﬂUﬂqiL‘ﬁﬂﬁiaiL‘UmLLwaﬂQULmafﬁWWUUﬁUﬂ'ﬂ ANAIDULRNBITNN EUQIﬂLLﬂ

- DI @agoun91n Disable Interrupt WuMadnlndfigaglunnizlinevaues

- El 33gaun31n Enable Interrupt TdieTidnunanlioglunenovauss

TimerOne TimerThree
Board
PWM Pins PWM Pins
Arduino Leonardo 9 10, 11 5

Timer0 - An 8 Bit Timer Used by Arduino Functions Delay(), Millis() and Micros().
Timerl - A 16 Bit Timer Used by The Servo() Library ‘
Timer2 - An 8 Bit Timer Used by The Tone() Library

Timer0

- 14w Timer/counter w19 8-Bit (00-FFh)

- S3awes Timer0 anyunsailiousule

- 16T (Prescaler) vuna 8-Bit Aeannsaidendmsnanniu 2, 4, 8, 16, 32, 64,
128 uay 256 fuiuen (Postscaler) andmsu watchdog__@unsaidan
omsdutiu 1, 2, 4, 8, 16, 32, 64 waz 128 lewannsodenldauldegla
QLT

- awnsadenwurasdygnuRninnely nianeueniue RAG/TOCKI

- i Interrupt diansiudsuain Frh luiu 00h (Overflow )

- delduwvasdynnuundnenaisuan ansodenldtesiuiiveunturien
ad

Timerl

v

- 1%W0u Timer/Counter au1@ 16-Bit (0000-¢)

- 3eumas Timerl anunsadougula

- f@MT (Prescaler) aum 8-Bit Ao aunsaidendnsidiundu 1, 2, 4, 8
- awnsadenuuasdyauiinianmelu wieneuen

- Wovihaululnue Counter a8iudunuanmuueniIuaYl RB6/T1CK]



Timer2
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a1m130l Synchronous Audyaauing aeluls wasdnduuuu
Asynchronous Timerl Siasvinauey udiuazagluluun Seep

il Interrupt dlensiudisuan FFEFh Tuidu 0000k (Overflow ) 1IN Enable
interrupt 11 Wloaglulyun Sleep azvilsf lulasneulnsaaes Wake-up
fheaseeadaamesndnusannsondnnuilsgegn 200kHz iese XTAL 7
U1 RB7/TIOSI,RB6/TIOS

anunsnldluga CCP(Capture/Compare/PWM) 161 2 Tnuie Capture/Compare

9
= ]

e Timer1 tuaunsgviafidiinfudy Tu CCP1 agviliiAans Interrupt
CCPR1 fvwn 16 dnusznousig CCPRIH Wag CCPRIL

163U Timer vun 8-Bit (00-FFh) Wuls 256 A7
33awwas Timer2 awiso@ousula
ansaltdynuninildannmmzneluvingu

=1

U Interrupt dienstiuasusn Frh Tdu ooh (Overflow)
fvadaanounsasoan (Postscaler) diA 1-16  fmnsawooadaiainos
(Prescaler) @wnsodensnsidaudu 1, 4, 16 wazddawmasauial (Period
Register)

aru13aldluga CCP(Capture/Compare/PWM) 16 1 Tnunds PWM lunns
AIUAL Duty Cycle veadRyeyIs PWM 8an1av1 RB3/CCP1
dynanerdnnves Timer 2 Sagnldly lugadoans deyasynsu wuvdslasa

(Synchronous Serial Port Module :SSP)
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MIvBnLUULazMsuAYsgUnsal

nnsAnwIliauarmsinuvauruesuasil Microcontroller wdigunsnial
vimsfenvsnUssneuiifunaesiinsaduguavaon ielurasivaassmaivasyy

AT kaen1saTRaeuiiannlumsiadounluunu X v Z  WuluaugadszasAvaaile

as

Fedlusianfe deansurgunsalianaiilunsisasvanniziagduuazinAinismssiives

YuguAnIegUunsainneg aunnuauURATeuIYes Gyro-85

3.1 Sensor Gyro-85

LWuLLD3 GY-85 %QLﬂuiu@a Accelerometers, Gyroscope, Compass %ammsa
vl 3 egslunaniieaiu Wlunisasmaeufidnsindoudt wazaauasaldlunis
El‘J’Jﬁ]ﬁaUﬂ’J?uL%ﬂﬂh’liLﬂéﬂuLLUﬁx‘l“?\ﬂﬂN‘UadLLﬂu B\ @ “tw é’ﬁmmﬁmm‘smﬁéuﬁﬁa

189 Output YB3 Accelerometer gUBNAUBINTBEIINan U Taguudwes XY Z 7

=Y

wils usl Gyroscope inAldneuimdudemionsuidundoulmviniu Weingueail
1 (Y] M 1=l 45 e @ A = a
A1U84 Gyroscope Az dnlulmwsglufinsiadeulm vasannsaduduialalunanieniu
2 - 1 2t 1 2

vulugaysgnoumiody ADXL345, HMC5883L, [TG3205 dedeyaru Bus 1'C T4lunism
AYINSAGEULNING 3 uAu (Axis) Washan1euaInsinioun

ADXL345 Accelerometer  iugugasfivuadniayuia Dudfgildiindaausi
wiUszanEa g viuinfidnauseenuling 3 unu Ae X, Y, Z @wisadnaininussld

04 +16g uazdiAmuazldunila 13 Bit

gﬂﬁ 3.1 A7IAALSS ADXL 345
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HMC5883L Magnetometer vhwthiinauuwimdnvedlaniialdlunismiianig

(Frwieldoonnn) fuiuiadenilaemiluin Digital Compass Wiallufinfdnea

sU#i 3.2 Faaunnalivin HVMC5883L

TG3205 Gyroscope (Huwtaasfiliinmaruiudapily 3 uny

L

Ui 3.3 Farannusauiagu 1G3205

General Specifications
o Hourarlia I'C
o 14lw +3.3 fla 5 vDC
o 143U ADXL345, HMC5883L way ITG3205



AANwE (Specification)
®  umiifisesu -40 to +85 °C
®  523UNTIRU33 -5V
®  MAABUNMSANNTEUNNT 1.8 11T

®  YuIm: 17 mm * 22 mm

1A3983149 (Dimension) Y9 uLYDs

17 mm

18

T UC@:,:IN‘O' $ 2,54 mm
33
—-eN0®
SCL@ -
_ ShA® |
* n_oRoy @
L A_INT: @
J o ewie !
PIN §
217 %o AN85U"Y
| VCC N 115Ul 15 11adlUil Regulate 3.3 Lot
2 3.3V vl 3.3 Toad
3 GND N34
4 SCL PIdIMUITNT vula 12C
5 SDA Ay Iuvaya vula 12C
6 M_DRDY Interrupt Y83 HMC5883L
7 A INT1 Interrupt U84 ADXL345B
8 G_INT Interrupt 194 ITG3205
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3.2 lulaspeulnsatans

Arduino e uwannasufiinsiauiuuy Open Source  imalinwmedoyaviosny
Hardware waw Software  flisuannsadaulaniuin Wausoseniafuesn uwaz
Tswnsuld saflsanmnsomeuns wasdmialadndiy duedngneanuuuinlildeulaie
FriuFamngdmivdiiudu fdnvurlasaianwedog fuaw ¢ Fadunwiilésy
arudislumsideudaiunisiedediineliniu ¢ ogudn uenanilfiansammiivan
laus13aneg dinduls vnlEdanuagantunsdoulusunsy Tagldemusauiu Arduino
Nano V.4 Faduveialulasoulnsaaainsega AVR (ATmega32ud) fianiuin3amea
16MHz uaziinasaussiuliinanding 3.3 v dwiudewsaiuliiliiuisuees lnsvesn

lulasroulnsaiaas wanadsgun 3.4

'g‘ll'ﬁ: 3.4 Arduino Nano V.4



=4 - 4
Serial TX} ® % m |65V
seial R °3 EEROBOT “c
RET pSY |
Y O mE
GO E}zisg-r 85
 QRhEE .
£ 001 il (R84 | -
| b3 THRX L ON
P Extemnd intoruaite Bl .l ' »
D4 A5
Anplay 8 I ? - -
| o5 & o
i PANME W -
i 0é A
Analog 7 PWME m ") ™
3 o7 #2
|z :
oo, 08 a1
JANGIoT o L] - -
§. o les 89 AQ
nglog & PAMl B Za . A
(s:]s] @ AREF ¥
ak (T <2l T o 4 i
b e RN
ol m T e mm B !
r 4 1 02 013 i
natogit 1 » r.]n“__] l A e
4 " i
i l {
:
i

NNSLYDUAD

i
N T R T S R AT T B

GY-85 Arduino Nano V.4
3.3V ol g

GND GND

SDA D2

&L D3
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3.3 Servo Motor

servo WWuddwiildiurhluluszuuaiuaudnlul@ uinnwiasiudri Sevus
wneda “ma” (Slave) luidanumaneues Servo Motor AR Motor Mis1au150daa
wadaAudransaniuauaiesinina uiesruunisiaudug lhuluaiuainy
ABINTT LU AIUANAIIULEY (Speed), AIUANLTIUA (Torque), AIUANLTS AIWIUY

(Position)  IglyikadnsnuANABINTRIANKLINEGIET 1 Motor aznyuludasiuma

parmisdlaiesdagnided Tngldnsaiunuuuuloundu (Feedback Control)  Servo
Motor 1Hugunsalfiamsamuaueiasinsna w3eszuunisviny
Feedback Control fig seUUAIUANTINTIAAOMNAYBITTULINLLUSBUTBURY

AndunaLivenunuuazuIuwsilvidedunvesszuulnilal vy wie Tnddesiuadunn

M—a LR e ——> Servo output

Servo Motor Block Diagram

Electronie Control
Servo Input S Sysiom

WANNITHN9IUVBY MG 60 Servo Motor

idladreduanaiadidiunds Servo  Motor d312933A7UAL (Electronic  Control
System) nelu Servo AgvinseuLarUTsIRanaa AN v sd i niwad it
vieuUadSuiumiseamiideanisli Motor muimdsuilugaiuminiu udrdsidslurin
nsuRuls Motor vyuluSsiumnisiinesns Taeil Position Sensor Wudigugesasein
faudi Motor  Mdauiu Feedback — ndusilisasmunuisudiouiumsunaiie

auauliladumisfineinisegegndasuiug
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windmuanunIvesdyyIniadlin 0.5 ms 67 Servo Motor azvulumanu
Freaugn lunnnduiumnimuanuniuesdymIuiaslifn 2 ms @ Servo Motor 3
viuludaiumisnnngn wivinimuaanuninvesdyaaiadlii 125 ms Servo

Motor ARsnyuinagimuminsinalsnad

0.5ms 1_.25ms 2.0ms

ﬁqﬁummmr?wumaammimwm Servo  Motor  lalasmsiiisusn 1w Servo
Motor anansavsuls 180 a4 lnedl 0 aseldanunitataduiiu 1000 us # 180 o
ATmndeRadiviniy 2000 us insrzariumiiuEsuly 1 ssmagldanuntaiadaneiu
(2000-1000)/180 Wi1iiu 5.55 us

2/ st &

MnMIAANNNIREdL 1 83MU9AY MndBaimualy Servo Motor sy
Wiy 45 esmaemamadiidenislanin 555 x 45 wirdu 249.75 us waviym 0 93A15
BuiinunMaiad 1ms 38 1000 us InswazuuAuNIwadfildimual Servo Motor

wyulUil 45 aeen Ao 1000 + 249.75 Winudszanns 1250 us



Servo-MG90S

aneddy Ao agdsdtynadnIuAL (3-5V)
awduny Ao TG (4.8-6V)

awduImIa  An NS

NO. MG20S

Size mm 22.8%12.2*28.5

Weight g 13.4¢

Stall torque 1.8kg/cm(4.8v) 2.2kg/cm(6.0v)

0.10sec/60degree(d.8v)

Operating speed
0.08sec/60degree(6.0v)

Operating voltage 4.8V

Dead band width 5Ms

Remark Analog Metal Servo




M_Ggu ‘ ;. _‘§‘= |

riatal Gaar OF

o e

Weight (g) 124
Torque (kg) 1.8
Speed(Sec/60deg) 0.1
A (mm) 33
B (mm) 23
C (mm) 29
D (mm) 32
E (mm) 32
F (mm) 16
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3.4 nsUszudanataya

MendIInMsasuigulue e Swasdinsdnaiudunieiliveyassly
JUlUUTIsEUUABINISAD SE8En I wasyy InelsufnyIN1sUssuIaraINAIAIILILRaNIAN

AU wdTahAruslunsesegni

nswraaunlunsdinnnsaduainesa
NSENA1LL59EAIA9R (Constant Acceleration) tufe AusEn1silasuLUadtuy
s & = e .,? Il ° [ s = I3 [y [
dUEne nTMUIAILTINLRNTNRE a1 uA U FanTidanusiiy anlu

NSRS ANuduiinnanuudunsfe Anudursadunsadules

+v

—-£

5U# 3.5 n5aiAudanuad

) v < v—=v0 ] o ' a
AU NFUR SR —— RNU a, Saduaadsi

ﬁ@ﬁu V-Vg = aot
%30 V= Vy+agt

arumvneluaunsife v fuauEium t, ve Wuanudifing t = 0 wieaudidy,
2o \Wuarseamile uay t Wunan  Fwnaunistedufiondiulédn anudiianfiuiu
pgnaiiane aunistiasldldfien t Ay + uas - (1 - t mnedanaineufivsEuiuin
A wasddldlaiansdid a, Wuwinuazau (61 a, Senduay mnodananssluniadia

-X uagiinalinnuianasedsainaualaeil v onvssdsdaniiuuined)
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Vi e o e St e s e ="

z, -gfvrVvvv.-ﬁr....--——v'L.-.----.-

vy

5U% 3.6 NTINSENINAISILAZIAIFMSUAIINTIAIE

mMamszaznitingadeuiila envssmilalaglinsmsagui 3.6 alddanan at 1l
ranadug vusiinalinnudl v ssgenaiingiedounlaluina At fife vat @9

Wugrnandus wWasuwlaliinn ddunssin At MamualaeEuain t= 0 ufiat = t,

i
=

elATraENIavINISIAR DU NIMLA LLasLﬂmzﬂsmaﬁgﬂﬁmLﬁa At vinlndauduuda
N3duinge (Integrate) a3 vAt 2Nt = 0 AUDIt = t, lssosmMivuaauuiIndy
X1 - Xp

Ingdanvalae
t1
XU X0 = f vdt
0

mugy vat (uildng i LS wagnin At Mz vannalEiud vat Ténsm
mwmmuwamaanmw ﬁﬂuwmaa vo Uy, flanunde t - 0 Feildwviaiy

~(v0 +v1)(t—0) Tufle x1—x = @At wasiilounum v = v, + at agld

v—v0 (vO+v1)

wnuAly x1 —x = :

1 -x= v0t+%atl %mxﬁ V =Vg + @t fau t=

v 2 o @ 2w
Wi V- vy = 2ag(xxg) Aaiugnsvzilusiail

__(U‘I‘V)t
FEL T

v =u-+ at

t+1 i
=ut+-a
2
y2i= 1%t Jg¢

guswantilglilamensdin a Wumpsdaviniy
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mevinmsaeusuueiud deisdimeduaifiududeritliteyasglusuuuud

FEUUADINNSAD S¥HENN Uasyy lngssesniausonilagin

@y Roll wagyu Pitch

So =
VO =

dt =

Roll

Pitch

RollAcc

PitchAcc

Xg

Yg

Z8

RollAcc

PitchAcc

s = spt+ fv dt
vV = Vot fa dt
SrgENIaan t
ATMSaTaaT t
ATl AINdI AR LSS
SrHEeIan t - 1
isaxmqﬁnm 1
suprraiiusunsuldlumssusnisuges

W61 Complementary Amuaulaann

= O RollGyro+(1-U)RollAcc
= " PitchGyro+(1-0)PitchAcc

= tan™1(

T
= tanT( X—g)

Zg
= Anuseildanndaianuisdluuny X
= anussildnndianmnsdluuny Y
= amusaiildanirinausdunny z
= 1 Roll AlFndianss

= yu Pitch RldandrinauLss
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NaN13NAaad

4.1 NMINAADINIANTZEENSLARDUNMIULUILNY Y

TuunilazndambamsvaaeuiuAanuissneuses Taslgunsalvinsindoui
AIEAINMLTIAT LTBUNAIINYUYESNIRTANANAIILS LAY TEEENe TagnTSa519LUUY

nsvnaesdnuaizadgsanuitevihnishigunsaiinfeuiidosnnuisendt daguit 4.1

sUN 4.1 gunsoifildlunmismaaea

Taorimuassosmanisnaaaaiu 50 lwufiuns waz 80 wufwas wunuwind
629910 250 N3N wdawnaseenwuulasiaiiwedssuy Ininsnaaoufenseuaila
e’ tasdeyaiiialdainssuudl 3 deya Usznousy szpzve uu Roll wazau Pitch
Tngszozmaldannsuniinsadanuseiiialdandaiannuss damm Roll  waza
Pitch Iefarnnsumsaiildainlalsalauseiiinanuss wasuiilslsalavavannsoda
A Yaw 1 usilasansrinamsslianunsoaundananls Wesmnuaveausdifusns

Tanvililasiafesianyaeilywinis orift vaslalsalay Faluiunld
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5UW 4.2 msvnaaanaszazmsiadauiianuiuiuny Y

MaguweslunuTzuu TagnsiAuaiain 2 36 duairusslukuamsindeud
wnu Y Tesfidiausduiuinnu z - fienduuan 9.8 mss” PINERURHUIWUT
AT 0250 diAiAansensiiuannnisudeeingiadeuii i uuuaidunsiniy
ssppiiivun efiiaedl 250-260 Hutisiiingueailingiuiusheanuseiidnauuas

fDYY MgNAIDENNTEYIU MUFUN 4.2 Farsunsidunsidunsininns snsii

4.1.1 539¥M9 50 WuRes 1nguanAIngIw 2 yanisvaasiUsuuliiouainie

4.1.1.1 MNAapIYan 1

AU LI TURLIRAL Y (m/s2)
10.000

s
(s

5.000

0.000 F e ATNSI TULIIUAY v IVARY &

3

5.000 e

— 1amdy (Aanwmsslunuuny v
WAHY @

10000 -
A5.000 |

-25.000 h
-30.000

3U7 4.3 Aanwsaluwuunu Y
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AN TURUIRAL Y (m/s)

0.6

sseee A E lutwannu Y (m/s)

—ttatdu (arudlunuunu Y (m/s)

300

JUT 4.4 anudiluwuaunu Y iiininnisdufitngmnaimuiss

: d =i
LMIANSTAAAUNTURLILAY Y (M)
0.4500000 : § = 3E-06x2 + 0.0004%- 0.0079
0.3500000
0.3000000
0.2500000
0. 2000000
0.1500000
0.1000000
0.0500000

59

~-SEHENWASAGDUT TUL LI LAY
Y {m)

Twaluioa (szagniomsa
dauriluuwiuny Y (m))

0.0500000, T 50 2300 150’ 20200 Coaso VSsagn  Jasa

3UA 4.5 szpznaimdeuiilubionnu Y Adieennissuiitnsnminimsy

31 ¥
PR e TF S SRS T T, W S M e | TS peer e s — ,{i T e -

s RTIUED XR
—ATIUED Y

e VA0 78

g'd“?i 4.6 Aenusaluluiuny Xg Yo Ze (m/s’)
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4.1.1.2 MINARDIYAT 2

AN TuIRAU Y (m/s2)

30.000
20.000 - —
10.000 o= MRS TUUIAY ¥ () UR
0.000 L e T A i e
T 00 150 200 250 mo  aso  — MBatdu (avmiseluuuny
-10.000 Y(m-‘s?.)ﬂﬂﬁ 2}
L d
-20.000 | &
-30.000
JUM 4.7 Anunssluwnunu Y
a
AN TUUUIRAU Y (m/s) AN 2
0.7

sesesaruE unuawnu ¥ (m/s) gaii 2

—— vdotdu (AmS lumuunu Y (m/s)
4l 2)

350

N 4.8 anuilunounu Y fifiennsuiinsnaiinss
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sraznsAdaui TuLuILAY Y (m) 240 2

0.5000000
y = 4E-06x2 + 7E-05x - 0.0076,4
0.4000000 .
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TUsunsuaual Sensor

Accelerometer

fiinclude <TimerOne.h>

#include <Wire.h>

#include <ADXL345.h>

//include <Servo.h>
//Servo servol;
/¥

5

const float alpha = 0.5;

double fXg = 0;

double fYg = 0;

double fZg = 0;

double pitch, roll, Xg, Yg, Zg;

ADXL345 acc;

void setup()

{

acc.begin();
Serial.begin(115200);
delay(100);
TimerLinitialize(4000); //us
Timer1.attachinterrupt( timerlsr );
}
void loop()
{

/*servol.attach(9);
servol.write(90);
delay(1000);
servol.write(0);

delay(1000);
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servol.detach();*/
acc.read(&Xg, &Yg, &7g);
//Low Pass Filter
fXg = Xg * alpha + (fXg * (1.0 - alpha));
fYg = Yg * alpha + (fYg * (1.0 - alpha));
fZg = Zg * alpha + (fZg * (1.0 - alpha));
//Roll & Pitch Equations
roll. = (atan2(-fYg, fZg)*180.0/M PI
pitch = (atan2(fXg, sqrt(frg*fYe + f2g*fZg))*180.0/M PI;
}
void timerlsr()
{
// Toggle LED
digitalWrite( 13, digitalRead( 13 ) A 1 );
unsigned long time=millis();
Serial.print(time);
Serial.print("\t");
Serial.print(pitch);
Serial.print("\t");
Serial.print(roll);
Serial.print("\t");
Serial.print(Xg);
Serial.print("\t");
Serial print(Yg);
Serial.print("\t");
Serial.printin(Ze);
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Gyroscope
#include <Wire.h>

#include <ITG3205.h>

ITG3205 itg3205;

void setup()

{
Wire.begin();
Serial.begin(9600);
delay(100);
itg3205.itg3205initGyro();
delay(100);
itg3205.itg3205CalGyro();
delay(100);

}

void loop()

{
itg3205.itg3205ReadGyro();
Serial.print("Gyro(degree/s): ");
Serial.print(itg3205.itg3205GyroX(); // Data to Degree conversation
Serial.print(", ")
Serial.print(itg3205.itg3205GyroY();
Serial.print(", ");

Serial.println(itg3205.itg3205GyroZ());

Serial.print("Temperature: );

Serial.println(itg3205.itg3205Temp()) ;

delay(100);
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Servo moter
#include <Servo.h>
Servo myservo
int pos = 0;
void setupl()
{
myservo.attach(9);
Serial.begin(9600);
}
void loop()
{
//for(pos = 0; pos <= 180; pos += 1) // goes from 0 degrees to 180 degrees
/1 // in steps of 1 degree
myservo.write(48);
Serial.print(milis());
Serial.print("\t"); // waits 15ms for the servo to reach the position
Serial.println(myservo.read();
//}
//far(pos = 180; pos>=0; pos-=1)  // goes from 180 degrees to 0 degrees
I

delay(2000);
myservo.write(146); // tell servo to go to position in variable 'pos'
delay(2000); // waits 15ms for the servo to reach the position
//}
//myservo.detach();

}

// servo.read()
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#include <Wire.h>

#include <ADXL345.h>

const float alpha = 0.5;
double fXg = 0;
double fYg = 0;
double fZg = 0;
double pitch, roll, Xg, Yg, Zg;

ADXL345 acc;

void setup()

{

}

acc.begin();
Serial.begin(115200);
Serial.printin("Connect”);
delay(1000);
Serial.println("Start");

void loop()

{

unsigned long time = millis(); // IuLanauay

acc.read(&Xg, &Yg, &Z¢);

//Low Pass Filter

fXg = Xg * alpha + (fXg * (1.0 - alpha));
fYg = Yg * alpha + (fYg * (1.0 - alpha));
fZg = Zg * alpha + (fZg * (1.0 - alpha));

//Roll & Pitch Equations

roll = (atan2(-fYg, fZg) * 180.0) / M_PJ;

pitch = (atan2(fXg, sqrt(fyg * fYg + fZg * fZg)) * 180.0) / M_PJ;
unsigned long t read = millis() - time; // // a1lagtu - Aewd
float f =1/t read; /w1 fan f=1/t

Serial.print("t(ms)=");
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Serial.print(t_read);
Serial.print("\tf(Hz)=");
Serial.printin(f);
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AMANUIN U

lenansAiegUnsaiBiannseiing

Microcontroller arduino nano v.4

The Dreamer Nano V4.0 is a surface mount breadboard embedded version of the
ATMEGA 32U4 with integrated Micro USB. It has everything that Leonardo has
(electrically).Physically, it is just missing power jack to save space.

Using the ATmega32Ud as its sole microcontroller allows it to be cheaper and
simpler. Also, because the 32U4 is handling the USB directly, code libraries are
available which allow the board to emulate a computer keyboard, mouse, and more
using the USB-HID protocoll

The Dreamer Nano v4.0 is compatible with most Nano shield in the market. It's
suitable for projects that require a compact size controller system.

Specification

e Operating Voltage:5V

* Input Voltage (recommended):6.5-12v (VIN) / 5v (Micro USB)

« Input Voltage (limits):6-12V

» Digital I/O Pins:20

¢ PWM Channels:7

* Analog Input Channels:12

» DC Current per I/O Pin:40 mA

e DC Current for 3.3V Pin:50 mA

» Flash Memory:32 KB (ATmega32ud) of which 4 KB used by bootloader

¢ SRAM:2.5 KB (ATmega32u4)
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EEPROM:1 KB (ATmega32ud)
Clock Speed:16 MHz
Compatible with most of Nano shield

Size: 45x20x20mm

Each of the 20 digital i/o pins on the Uno can be used as an input or output, using

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Fach pin

can provide or receive a maximum of 40 mA and has an internal pull-up resistor

(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized

functions:

Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data
using the ATmega32U4 hardware serial capability. Note that on the Leonardo, the
Serial class refers to USB (CDC) communication; for TTL serial on pins 0 and 1,
use the Seriall class.

TWI: 2 (SDA) and 3 (SCL). Support TWI communication using the Wire library.
External Interrupts: 2 and 3. These pins can be configured to trigeer an interrupt
on a low value, a rising or falling edge, or a change in value. See the
attachinterrupt() function for details.

PWM: 3, 5, 6, 9, 10, 11, and 13. Provide 8-bit PWM output with the analogWrite()
function.

SPI: on the ICSP header. These pins support SPI communication using the SPI
library. Note that the SPI pins are not connected to any of the digital 1/0 pins as
they are on the Uno, They are only available on the ICSP connector. This means
that if you have a shield that uses SPI, but does NOT have a 6-pin ICSP connector
that connects to the Leonardo's 6-pin ICSP header, the shield will not work.

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

Analog Inputs: A0-A5, A6 - All (on digital pins 4, 6, 8, 9, 10, and 12). The
Leonardo has 12 analog inputs, labeled AQ through A11, all of which can also be
used as digital i/o. Pins AO-A5 appear in the same locations as on the Uno; inputs
A6-Al1 are on digital i/o pins 4, 6, 8, 9, 10, and 12 respectively. Each analog input
provide 10 bits of resolution (i.e. 1024 different values). By default the analog
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inputs measure from ground to 5 volts, though is it possible to change the upper'
end of their range using the AREF pin and the analogReference() function.

There are a couple of other pins on the board:

» AREF. Reference voltage for the analog inputs. Used with analogReference().

* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a

reset button to shields which block the one on the board.
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Analog 10 PWM DT; ;ME — '!-3;j
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Programming

(download). Select "Arduino Leonardo from the Tools > Board menu (according to
the microcontroller on your board).
The ATmega32U4 on the Dreamer Nano comes preburned with a bootloader that

allows you to upload new code to it without the use of an external hardware
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programmer. It communicates using the AVR109 protocol. You can also bypass the
bootloader and program the microcontroller through the ICSP (In-Circuit Serial

Programming) header; see these instructions for details.
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ITG3200: Triple-Axis Digital-Output Gyro Breakout

Features

The ITG-3200 triple-axis MEMS gyroscope includes a wide range of features:

Digital-output X-, Y-, and Z-Axis angular rate sensors (gyros) on one integrated
circuit with a sensitivity of 14.375 LSBs per °/sec and a full-scale range of
+2000%sec

Three integrated 16-bit ADCs provide simultaneous sampling of gyros while
requiring no external multiplexer

Enhanced bias and sensitivity temperature stability reduces the need for user
calibration

Low frequency noise lower than previous generation devices, simplifying
application development and making for more-responsive motion processing
Digitéﬂy-‘programmable low-pass filter

Low 6.5mA operating current consumption for long battery life

Wide VDD supply voltage range of 2.1V to 3.6V

Flexible VLOGIC reference voltage allows for I12C interface voltages from 1.71V
to VDD

Standby current: 5A

Smallest and thinnest package for portable devices (4x4x0.9rmm QFN)

No high pass filter needed

Turn on time: 50ms

Digital-output temperature sensor

Factory calibrated scale factor

10,000 ¢ shock tolerant

Fast Mode 12C (400kHz) serial interface

On-chip timing generator clock frequency is accurate to +/-2% over full
temperature range

Optional external clock inputs of 32.768kHz or 19.2MHz to synchronize with
system clock

MEMS structure hermetically sealed and bonded at wafer level

RoHS and Green compliant

Applications

Motion-enabled game controllers
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¢ Motion-based portable gaming
e Motion-based 3D mice and 3D remote controls
e “No Touch” Ul

e Health and sports monitoring

ADXL345

Description: This new version adds 2 standoff holes as well as an extra decoupling
capacitor. The ADXL345 is a small, thin, low power, 3-axis MEMS accelerometer with
high resolution (13-bit) measurement at up to +-16 . Digital output data is formatted
as 16-bit twos complement and is accessible through either a SPI (3- or 4-wire) or 12C

-digital interface.

The ADXL345 is well suited to measures the static acceleration of gravity in tilt-
sensing applications, as well as dynamic acceleration resulting from mation or shock.
Its high resolution (4 mg/LSB) enables measurement of inclination changes less than

1.0 degrees;.

Several special sensing functions are provided. Activity and inactivity sensing detect
the presence or lack of motion and if the acceleration on any axis exceeds a user-set
level. Tap sensing detects single and double taps. Free-fall sensing detects if the
device is falling. These functions can be mapped to one of two interrupt output pins.
An integrated, patent pending 32-level first in, first out (FIFO) buffer can be used to
store data to minimize host processor intervention. Low power modes enable
intelligent motion-based power management with threshold sensing and active

acceleration measurement at extremely low power dissipation.

Features and Benefits
+ Ultralow power: as low as 40 JA in measurement mode and 0.1 MA in
standby mode at VS = 2.5 V (typical)
» Power consumption scales automatically with bandwidth
» User-selectable resolution

e Fixed 10-bit resolution
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» Full resolution, where resolution increases with g range, up to 13-bit
resolution at +16 g (maintaining 4 mg/LSB scale factor in all ¢ ranges)

+ Embedded, patent pending FIFO technology minimizes host processor load

» Tap/double tap detection

» Activity/inactivity monitoring

+ Please see data sheet for additional features.

ADXL345-EP SUPPORTS DEFENSE AND AREOSPACE APPLICATIONS (AQEC)

e [emperature range:
-55°C to +105°C

» Controlled manufacturing baseline

» One assembly/test site

« One fabrication site

¢ Enhanced product change notification

» Qualification data available on request

HMC5883L Triple Axis Magnetometer Breakout

This is a breakout board for The Honeywell HMC5883L . The Honeywell HMC5883L is
a multi-chip module designed for low-field magnetic sensing with a digital interface
for applications such as low-cost compassing and magnetometry. The HMC5883L
includes our state-of-the-art, high-resolution HMC118X series magneto-resistive
sensors plus an ASIC containing amplification, automatic degaussing strap drivers,
offset cancellation, and a 12-bit ADC that enables 1° to 2° compass heading accuracy.
The 12C serial bus allows for easy interface. Applications for the HMC5883L include
Mobile Phones, Netbooks, Consurner Electronics, Auto Navigation Systems, and
Personal Navigation Devices.

The HMC5883L utilizes Honeywell’s Anisotropic Magnetoresistive (AMR) technology
that provides advantages over other magnetic sensor technologies. These anisotropic,
directional sensors feature precision in-axis sensitivity and linearity. These sensors’
solid-state construction with very low cross-axis sensitivity is designed to measure

both the direction and the magnitude of Earth’s magnetic fields, from milli-gauss to 8
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gauss. Honeywell’s Magnetic Sensors are among the most sensitive and reliable low-
field sensors in the industry.

Applications

Mobile Phones, Netbooks
Consumer Electronics
Auto Navigation Systems

Personal Navigation Devices

Features

The Honeywell HMC5883L includes a wide range of features:

3-Axis Magnetoresistive Sensors and ASIC in a 3.0x3.0x0.9mm LCC Surface Mount
Package

12-Bit ADC Coupled with Low Noise AMR Sensors Achieves 2 milli-gauss Field
Resolution in +8 Gauss Fields

Low Voltage Operations (2.16 to 3.6V) and Low Power Consumption (100 | A)
12C Digital Interface

Wide Magnetic Field Range (+/-8 Oe)
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MG90S

Matal Gear Servo

MGY0S servo, Metal gear with one bearing

Tiny and lightweight with high output power, this tiny servo is perfect for RC Airplane,
Helicopter, Quadcopter or Robot. This servo has metal gears for added stremgth and
durability.

Servo can rotate approximately 180 degrees (90 in each direction), and works just like the
standard Kinds but smatfer. You can use any servo code, hardware or library to control these
servos. Good for beginners who want to make stuff move without building a motor controller
with feedback & gear box. especially since it will fit in small places. It comes with a 3 horns
{arms) and hardware,

Specifications

Weight: 134 g

Dimension: 22.5 x 12 x 35.5 mm approx.

Stall torque: 1.8 kgfem (4.8V ), 2.2 kgfem (6 V)

Operating speed: 0.1 /60 degree (4.8 V), .08 s/60 degree (6 V)
Operating voltage: 48V - 6.0V

Dead band width: 5 us

. @ @
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PWM=0range (J1I")
Vec=Red (+)
Ground=Brown ( -)

1-2ms
Duty Cycle

et

48-6V |
Power |

and Signal > :

20 ms (50 Hz)
PWM Period

Position "0" (1.5 ms pulse) is middle, "90" (~2 ms pulse) is all the way to the right, "-90" (~1
ms pulse} is all the way to the feft.





