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ABSTRACT

This thesis presents experimental research and implemental procedures of

Simultaneous localization and mapping (SLAM) is a well-studied problem in mobile

robotics. However, the majority of the proposed techniques for SLAM rely on the use of

accurate and dense measurements provided by laser rangefinders to correctly localize

the robot and produce accurate and detailed maps of complex environments. Little work

has been done on the use of ultrasonic sensors for SLAM in large scale environments
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nsldiugesiunismsivaeusiwasidonanigy mumﬂgaamuwmaqms TnouruTinadaduae
§19Bsnnmwmiesiiusuiiaringsautaiinseduld
'lumsmqnwuamuaumuum‘swuﬂummjauawmm'\meua-'uww mm’twwuaumu
Anulas EJ‘ULiaqmsmaﬂuwsamwmmﬂuaﬂwmﬂ Lummnwauaﬂumamumazmmm
mmsnmmqLﬂsﬂvmwamnanswmm o1 “lmmvLﬂumsmauauamaamwmﬂaaw
Anaiu nmaanmmumwauqm n'maanmwanl,amwum fimuides viauwiudmsiden
nsnfeingfiezuuddlsesmnya
Tumsdaaiieadhauuinfenfussysumisiulieaigeannn Wewnmsaing
LLN‘I..W\‘I.JUE!TNIG]EJﬂ’ﬁ‘e}"lx‘l’t}ﬁﬂ’mWQ'ﬁm’lFlt.‘lVlFl‘S’JQﬁlUIﬂﬂUWMMHWENN‘)%UEJ‘I.M linssey
mLmuwaemwuaummmﬂmaaumNa'Lmauaﬁammuwwﬂwmmiﬂma g AN
ﬂmmmaauwaamsmmLtwuawmmwuawuu Wissnisugesivhnisasivinmsiedoud
voujusud liiaansafivzvanssszng mﬂaa‘uw‘l‘u’uaqmMuaumﬁnnmaqumuummwm
wmmanuamaua LuaLﬂaauﬁlﬂt,ﬂu's“erku'lﬂamum'3avamaqmwnmwmﬂm’[wmm
uﬂwmmqwuwaﬂq
nsyuaunninuvessiauiilmuisfenslétoyavesdnmuindou tients
Uivupadeyadumisvesiausud iilssainiedesiiedamstrdouiivusmiusudiusyd
mmﬁﬂwmﬂavamagjvi"flﬁt,ﬁ'aL';am’m‘LUa"Lﬁﬂmmﬁmwmﬂavau %’auaﬁﬁﬁwaﬁﬂmm
Renarmundu Inihdeyavesanmuwindeudsndislumsseysumisiiuiuswesiusud
Tﬂﬂmﬂ'smuawuﬂu'lﬂu{]ﬁmuuﬂE} \ALwaTINTLHENIY (Laser Rangf"nder) WULYDIOANSA
Toiia (Ultrasonic Sensor) wagiduiguiged (Vision Sensor) Fuiuaissiionsradusiumia
VOIAMNLING DL

P : e y
YUABUNTINUTBELANEINITONUINTIY 16 3 Yumaufe
ar W o ] ar i a s ts' 4 s '
1. Suteyarumisesiusuinneuseinmaiunsiedeunivusueus



2. Yiuusdeyadumisvesivjusud Inglddeyavesanmuindeunndaslunis
ATz

3. Aunmeidendumisvesingdredeiumisni teldlunmsinnsidoyanss
selundsimhmsirdeuiiuui

2.1.1. msssumunisdaendes

nsl¥ndaslunislunisadrounudl ﬂwmﬁ’waﬂm's'l%mwmmﬂaau'luuuuawa&
néeaiinaiy ietanldlumsiieseimszsenwesduindox Lwauwauaﬂﬂm'l't'ﬂumﬁ
asraunniidely wilgmimuannisléndesie mwﬁlm'«uuuuuuﬂwﬂmﬁmulmmmmu‘lu
uuuawmmanlﬂmulﬂlmmﬂ

m'smmsw:umaimiLsuqﬁﬁuﬁqwmnﬁm (Camera Calibration) Tusrunnesu
wuaumwuﬂ'mLnﬂwmnumwuuummmmuamwa 'Vl'ilumN‘Vi‘ﬁ'UﬂWWW‘EWNLWE)'ELLE"MJ:J&\
Wit svmwmLmuwmmniua'mum uavmwm'(.umwmsﬂw 2.1 Lwa'l,ﬂumﬁmmmwu
mwuuumm muuﬁmmwlu'l.mawsuqmmamumwnﬂamimimmmmumaaa
(Calibrate) 4@ M1 AIWISATADS LAy LUumsﬂwummwuwmammm (Mappmg
Function) 'ﬂaanaaam’lumﬁmﬂmswm‘tun'3 yuImnsHEANSnTuF s A AaTane
(Intrinsic Parameters) ‘vmﬂaamazmﬂamnwwwmﬂizm [4]

i a P a o - a % x
3UN 2.2 Teeediunvesiinea (u, v) uarlaeedusiiiarsannisdadou (Distortion)
ua2ve4 (U, v)



by v i L. = o 2
auuilvindeswaznszanldnseglunuadieatudegui 2.2 dmuald @' v) Wy
a a ' a a a a - i ’ Y -
lneofiunvesinimadu (', v) Wulresduaiiiarsanmsiadiou (Distortion) udazidoy
nswUas u' uay v lakadl

1= 9B+ (el @
awlain
[ﬁ] o [—1(3/7;; _ch{;:it] [v ok, ] det=c—e-d (2.2)

o : ro S o sy w Y v oa P
¥ c, d, e, xc' Uae yc nJummwmlmmmnmsmsmmmgmmamlma xc! uay
yc' %'/Lﬂuamﬂuénawmwehu c,duwas e Q"L’Uumﬂ‘iﬂ‘ﬁﬂﬁLLUﬁQﬁﬂ’]WNﬁ’ILLVIUQ'HB&’SU
Wabuwasll (Affine Transform Matrix) Lw'ﬂvavuumnmmumuﬁmmnnmaimnnaaw

Tdagaly 3 Hladu

Ty u
B~ Vol ¥4 ¥a (2.3)
el Lf(p)
=vu2+v2, f(p) =ay+app + app® +agp3 + - (2.8)

2.1.2. nIszYRUMNAIeLaLYeS

ludauvasmsldiawesaunuiues (Laser Scanner) Tumsadrsunuiitauvilaents
Andaaweiaunuiues Wdasieivdateaiafiusyuy vinmsivuaeuasidonveunudili
aaﬂﬂe'imﬁummamﬁn'lum'imﬁauﬁ'maeﬁaviu dolawesimsaunuazadienin 3 Ty
msﬂw 2.3 u,mmamwu&umumimaauwms ruUsaslimsvawaieliaw 3 Saflaunule
uummmuwauammunﬂmaemnﬂmm mammimwauammuw'lmauawmumuum
uwauamummamnwm‘lﬂL"f}uu.wum 3 3@

m'immLwau'wmL-ﬁum'sLﬂaaumamuauwmaauﬁlﬂm’twauamnmumasﬁ‘lm

mw‘wn'ﬁmaauwumvumwﬂum (5]
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=i Y 1 aa el v s oy o = =
JUN 23 fedumn 3 Tanldnnnsawnulasiawesaunuueslaendilifinnsiedouiives
FvuEUR



MUUANSUARINAN N INLAER AN U S i’fqu.amaﬁmmuﬁanwmnﬂé'aug}nﬂ%’uﬂqq
Auduiusamaudululivesdoya Famuadumiafisvevairesaunuiuesiy
P= {pl,pz,pg,. ,pﬂiﬂﬂ‘lﬂuﬂﬂ Q = {41, 92,93, .-, G4} Lﬂmmmwsaamwumaawuqaﬂ
Tuwsudl it

p(P16,Q) = [, p(Pc16,Q) (2.5)

nazunuiioz wmsmmauqﬂmmmau.ﬂuu,num 3 um‘luum‘ssmumnm‘mmw
P uEUSYBIRTUANT (Grid Map) Ltamamauwuﬁwaqwumamq

p(P16,9) = [TiL, p(x;|0, Y)Pxi (2.6)

diusenaveen ‘umuwﬁﬁlﬁuamuﬂu%’amaanm%vﬂnivuﬁuﬁﬂusmmu 3 ﬁﬁ
Tawen X ={x1, x5, X3 Xy} u,au Y ={yvi.ys y3,. yYm} LLMULLUU%’iﬁiNWUNTUEN’JGmW
A5I9NY FI0g109y WuRa X muanumvmmmqm P InsitAmade uy; wazAinay
wlsusau 3y mnuuanum’lﬂmwmuamwauuwmaauavuwmammmsauanﬂmanum
VLEFAEEN ] IﬂEmm'daUuuﬂaamﬁsuamunmﬂawlﬂuuwwaaLLamwaawmuwmam
Imam{hwmaﬂa 310 waawumaawmaq’[&ﬁ‘lummamwa usaldidugad1dadunisaing
mmauwuﬁﬂuwummanmnam

aﬁmamsLﬂaﬂuuﬂmmwﬁuﬁqﬁé’qmmnﬂms'swﬁuuwahaaa Ima‘[w‘j’mimom
aynuslagdsladisun (Coherent Point Drift Method) ma’i.umssmmmuwglﬂmm i
x; ﬂnaemmmU'lmwjaumwaaumuwmaawu AIBUUUII80 WeITnguuiinI T
rmdiusresingAumLi  luunuiisaes

p(x;10,Y) = ZM+1P(CLJ) p(lecty o, Y) (2.7)

e oy uvueie 1 uay (M -+ 1) luszuuiesguaes Inefus ¢; Snuaudfde
c; € BM*1 &g j fanualmd 1 Tmaﬂﬂml,m C; %vuammmwauwumm x; Gafle

E‘i’J‘UEJE]EJ‘] ‘V]‘J’J&JLUNIFINH'S’NWNN’J‘U@Q'JMQ i]’!ﬂ‘l.lu%.l,U‘UQ’l AdIzHNIN L‘EJ’\ﬂ‘ULLN‘lJ'V]

P(xi|ci, 8,Y) := NIT(O)ttri; ty,j, T2 R(O)T + afl (2.8)

=4 1 = - = ' - o v
e g; = -~ p5} Wumwemardiou iaunsaussmuavdoaves p,,; Waennde

fuituinvesing Iﬂamanm'mLﬁulﬂlmmwuuwaauwuwmaawuw p(q M+1)=w
mmusﬂuuwsaﬂmauumaawumfmm ﬂ'a'tuuju"l.ﬂ"lmawauawum x; Ao



p(xilci, M +1,0) = 2=V (0; 0, R(O)Z.;R(6)" + oF1) (2.9)

dmudrdueudntusidululd auilinrudululdves x; Smaudniudiuge
laganils Mymgiudazdiudosvasivuiiaing je(l, .. M}uazd p(c;;) = (1 - w)—~”—

s

’mnmwal'1aaawummﬂﬂ'muwuwaw'l.mmnuuumaaq ‘lumminmuuﬂmwauwuﬁw

Qo

mam‘lmzmwwum usiaziale LLﬂﬂ’lW'\'l'?ﬁS»Wl LL?IGN'UUWH'HJBUUF]B NITUAMNATUAUWUS

d

Y9V UTIRBMAIE Wuudtassuiu gluuunsiniugy 0 Lﬂumsﬂsvmmmaqaﬂmz
mlmaaaanﬁwmtauﬂﬁsmnuwwauamﬂu’hﬂm

'

Inp(P|6,Q) ~ PeiIin X35 p(ey ) p(xifci ;. 6,Y) (2.10)

Uiudgeuszansnmlasiidanuigde liladadduntserainidigean Tne
ar a L3 1 1] o s A -
PINANNUSYRIAIUEBY Y ¢ = {Cy; C, €3, ., Ey ) YiAWITRUUSIINWAT RN SMOUAND VDS
Toganadldiiy

pepp(xilci;, 6,Y)
qlcqy)

L(q,0) =X, P X1 qlci ) In (2.11)

annsolgaunas q(c) ot} {7 1l'lj}‘“fq(cu) rolunisuszuama g dmsunis
&
mamwmmmauwuﬁ%umuaaﬂq maawum'uui']um'smamumwuuum‘lumsmuu

0 =arg max L(q, 6) (2.12)

L(q,6) = const.+ X, Py XY G ey ) Inp(xi]c ;,6,Y).  (2.13)

nsusuUgesEavsailuiidde manernsalmitdululeluiiliizees 3
Lubin-1ninAain (Levenberg-Marquardt Method) iwssitvdsnisiiaewennsal  ns
gurdnthmneldreutrgnies tielilddfiuiuge § dudumsnssaneiues g lne
'l-uLaaulwm'mu'muLﬂuwadn13Ln1~ﬂauLwa‘lﬁlmmiﬂs"mmuu 0 #iiiusyansam

P(‘-‘ij)ﬂ(xilcijré Y)
EM v mw(xilcijn 6, Y)

G(cij) (2.14)

mam.,Ui.,mmﬂumLa'ummmmwumﬂuwmimmu IWasnndosfuunuisiansii
aswwu-umu.wmam IﬂﬂLsm'mﬂ'rsm's'maaurmuavLaﬂmmu,wuwnuwuwmwmswwu Tag



v = = ° - o ¥ oa [ °
lgauazidoaiigaluwuudraesiinsiany lunisiasuyadredmdnvesnindrantas
o Ha’ = o 1 € s s s J‘ - o
Wsanituiidnassluudaresdusznouian wasanuduiusiviiuiiassseuy suuuy
wuudtaesuandlugui 2.4

i o - oo ; g o qqd 8
JU# 24 wuudiaes 3 Gavildanmsauny 1 sou wazuuusiass 3 Tanlaeinnisawny
10 59U MR

2.1.3. msszyRumiaiasdaniiluiia

dwiunisldnudanitledn arendegnmahnusueedinsseymslusosud Tag
msziﬁas;;aﬂa”ummaqizUuﬁumminuaﬂizﬂsmﬁzijﬁ'\wé’waﬁﬂu,asqﬂa'i':ﬁ lng
mahouezlszneuimesyuudasivesdanitleda dmiunseenuuuszuunivgy
lulaslusiwaiwasvenywwesfnszesnislusosudiiy szuunisinszornsiililuga
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dedygrudanileiiauariugaiudaniledia Insld AT89C51 McU Wuduusenaves
\ W = [ o
NFDBNUUUTZUUAILAN LU nsudnwnataya szuumsdeasdeyauazmsudasdeya Tne
@ =
M3eenLUUITEUU [6] Isiludaguil 2.5

AT89CS1+« AT89C51+
ORI A Y DR By ""‘
Ultrasonic receiver circute i INTO- Display Circuat+' Py
| Piio Alann Circuite 3
|
e ey - RESET~ s -
Reset Circuit Iz
R =
Ultrasonic seceiver cirouts'
Pyse Crystale Crystal XTALI
Ultrasonic transmitter.
XTALL- escillatar sscillators’ XTAL2-
XTAL2, Careunte i
. Wirsless 2 receives =
TXD= §  tranSmifter

= v ¢ ¢ «
JUN 25 Tpssaiisendauisuesgunsnd
dsUsTUUsTYILINIS gasnisivanwesssuuaniy
S=VxT (2.15)

lng S = sggemne T = a1 V= mmisa

lunszyIumsuBINIse0nUUY MISUAITSIYBINAMAEATINEIRA AN
seE Mg sinlarasnsalinsaeumivasarileiawasnisindeuiivondes
funamamged faddinnugndesvesmsmiauazsyogniaiinldluiidetldaran
sanilelialumsmszeznia udnnirinvesdaniledauanddiiulusuil 2.6 msdsasiu
dyanasanilediamud 10-40 kHz MdsdanmsrdnauseniulusinAuninsseluis

|

as 2 a e ' v o o U 4 [y )
Rafide wavazvieuainfiiinlugdaniileliamiuimsupau udiuvasiunsvuavunaiiy

« ar < o o v, v o v v W
fladueuuuiiludygruedusuled sduiinszaweonsindanieiinezasviounduidam

A i - o d

a -] a1 _dw -l
My Anuuansevedantu 2 Juni ngaldesisansuaiiinainfiatng Arraudad

q
i

v o A a = = o v
deoanlinuga V=344 wns/Auit igumgil 20 amiealdva uavsraynadisauanld
Wy S =V (T/2)

gk r=1 T

s

3U# 2.6 msvihnuvesdaniileila



11

R22 i
——1—+¢
1K
CSBAOT
8
- 7
NESSS =
B3] ™ ey 1 =
6
4 2
c21
\___—
/ '—0
P25 3300PF ~

i o PV a
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wsesdsdanileiialudinsenovtennissasdynadansiledn (MSewde
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Adu  dansileuiin) wasuwvasinialwiivesdandtleiin 91nguit 2.7 uneswuasdnygy o
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sanileila CSBAOT wammsosdndalwihasdsdynnalniiiulvuvaadustuduaziioud
- P - -
AL 40KHZ 9MN7995999 NESS55 Mimunaud fa1.44/((R22+2xR23)xC21) Tnafianunse
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Ysumaud R23 e anud miuanun 40kHz Fuudgynuaiuisssusna
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22K :
/ 8 5 CSB40T
CX201064
s 7 1
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IFT ‘Fauw Il_lﬁ);l:

d o e s b g =
JU 2.8 nsiudygnadaninleiin

Wsudyyrudanitledaly IC Cx20106A,CX20106A Wugunsalluasasiluniu
dugudunise umwmaasﬂluumﬂumuﬂssnaumvﬂawmmmﬂ'm Agegauazgusa
vosdaygaurnaid) IC vesdnygruBuisawiniy 38KHz warmuiveseiesdssanialyia
Wiy 40 KHz whanesnwuuldmingauiu CX20106A Feanamrsaldilundosenadiiu
vosdandrleiln wandliiduluzui 2.8 Feezuandiifiuinni 1 Dudygramidn il 2
Whuaees RC Aierugunsaliy vl 3 defuiifiutsey it 4 Wiluaedu il 5y
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=
2.1.4. mMsaEdHuRvaawaN
lunsuitdgmanaulasmldidunisnszaisainuinenduvesszuy Tngazgn
o v ¢ . ] . i = a v a
Aua i dun1suanuaILuuindideu (Gaussian Distribution) slasunfudinisesuienis
nszateaminziluszesuiglamernaisuavainunlsusiu [7]

P(xe) = NCtei e 5i) = T expl=3 (e ~ w8 e — ) (216)

graunsnsiuienisnszatemmiziuludnguvesanimesidoya (information
Vector) uaziumvinddaya (Information Matrix) lnganansadaguannisnisnszatenin
wanulwiladu

T e—%ﬂ{lﬁflnt 3 T -
p(xr) =N ‘(xt; N, At) = ujl_——ﬁ'—exp{—zxt Atxt + ¢ xt} (2.17)
2mAy
1o
A= YY) ne=wene

n19¥iuYeanIsnsesdaya (Information Filter) wualailu ¢ Yupauda nisiiu
anuziiluTusyuu (State Augmentation), N75U3UYU59aR1LE (Measurement Updates),
N15aUAN N AguME (Motion Prediction) kagnisdeunduaniusidrlussuy (State
Recovery)
- 2 =) o oy ‘AL i 3 v v -
msisanuniiluszuu Sasvheudiodueudipdeuiuirsiuadeanisiia
A0 xpy 4 Wl lusEUUMSRIE AR WA s o euldiead

Pesa, Xeymlzh w™ ) = p(peq X0 Ue1)p O omlzt 1) (2.18)
= ) al 1 3 .
wiaguuuunsinGauIuRIUE A (Robot Motion Model) egluzuasinis

Xer1 = fQxp Uppr) + W = f(#xt»utﬂ) . F(xt = #xt) +wy (219

Avualv F iualadou Uacobian) Wsdduves £(x,, ueeq) waz w, Judinis
NIEAWUUUEN (White Process Noise) IgmaniuzUszannuvessyuuliiy

P(xXpy1, Xp,mlzt, ut*t) = N'l(q'tH,A'Hl) (2.20)

Tnen
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Q_l(f(#xt» ut+1) = Fﬂx;)
! — —
n t+1 — nx; = FTQ 1(f(“xtt ut+1) e F#xt)
i Mm
5 5 —~Q'F 0
A't+1 = —-F""Q"1 Axtx: 5 FTQ""F Ax,m
0 Amxt Amm.

Wie Q Wumuuususiusm (Covariance) 09 w,

s - as | el ar ' I Y v
mMsvulgsanuy WeldsuriiaunaingunsalinAnsnszaemnniasdulmild
< v &
Wyl

P(Xe41, Xp, m|ztH Uty = PZer1lXes0, XD (X 41, X m|2E, uttY) (2.21)
leuuumsuFuygianug (Measurement Model) aglugUaums
Zt = h(xt) + Ut ~ h([it) + H(xt — ﬂ't) + vt (222)

el H (Jusmaladouiaiduves h(x) waz v, durnisnseateuuuguay
manuzUszanuvessruulay

Ne<fe + H'R™ (2, — h(iae) + Hizy) (2.23)
A;=A;+H'R'H (2.24)

e R WumnauUsusiusanees v,

oialﬂ%mﬂuﬂgumauﬁﬂzauamuwmﬁuauﬁﬁauwﬁwﬁﬂﬂ NITAAFNIULVRITEUY
annsnvirldmenisavialidfey (Marginatization) Tnalunsdlilfesnisietdsliddyoen
(Marginalize Out) @au¥ x,

D (Xp4q, M| 2% f POy, Xpym|ztt, ut* ) dx,

= N~ (s, Aesr) (2.25)

nsAMniEMAINE9ATIU (Mean) uazmnulsusiu saiidesainluduney
matisanuzdrllussuukarnsuiulianiue fanudndudeddianuslugiioy
AUWIsUTIUT (Covariance Form)

nsfeunduanusiammidlusyuy (Full State Recovery) amnsasuanildan
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At#t Nt (226)

midliflasanlutuneunsiivaniuzidillusyuvuagnisuSulgsaniuy finnw
Aoen15lAINANIATEIULAEA WU TUT I IMBIUsd FelalAndEn1siounduaniuy
uNdlusEUL (Partial State Recovery) @qaziiuss@nsan

2.2 M3naunudunIInsedsud (Path Planning)

2.2.1. asvdumenlsununinlaeniluvesialsuse (Generalize Voronoi
Diagram GVD)
dwiuReulvlunisairndumaiiuaiuiaunmlalsuse (Voronoi Diagram) [8] a¥
[=f a o
Wuslegun 2.9

a) b) <)

o
Ui 29 mashadumafuidiemedainyndludnuas e

MN3UT 29 (@) setfudumaiuiiudsssninag 2 3 Tnsflainidudanfudums
LmulﬂwmmLaummnuua"ummmqm'mumaam

N3 2.9 (b) tududumaAuiiuisswingauazidunss Tadumaiildazdudu
1

mnsﬂ‘w 2.9 (o) sdudumaAuiuysseninngy 2 Immﬂumummmsmmm
duriaaos

Tuduiedurefsveviwaduneuiznisinnamununnlasialuveslalsues
(GVD Edge Tracking Algorithm) senuuuuuvitaemjugudtasgUassnazesuienisnivung
JUsuUMsIAdBUTinusTUUAIUAN ALUUNsasaatHunmTaTsues (Voronol Diagram
Construction) sa8n13finnsmiANaInsalunisiadeuiivesjusuiuassuuuunis
Uidiniusvesdsiinvanafuusud [9)

Pamsinsanaudlunisiedeviivesjusudluanmuindenniuguil 2.10
AUMUITIUEUALAAINILAT 73 WEIIRANIIATUNTITDIUUNUMIBLINADS X, Wag Y,
Wunnwesfmnusnatu x;, W plunisuszgninistuindeuresjueud

=X (2.27)



1%

X =yu (2.28)

Y1 = —Xu (2.29)

= A oy g - @& [
3UN 2.10 WedvusudiigUasspiinuneisaesdng

903UT 210 15, Lﬂmﬂlnaaﬂmnﬂawaa?{qﬂmrmmmumwmmwuauﬂmw
Xar Lﬂummasmﬂma (Tangent Vector) waw y,, Wulinimasund (Normal Vector) va4
W T AMTULNTININ Xy WaY X, SrwansA IS el 0, FTamuduuniinnen
X1 WA Xop UAELININDS 7y ﬁﬁwumﬁuwummﬁuﬁ’uﬁ'izm‘wﬁuauﬁﬁuwﬂnﬁﬁuﬁaﬁm
9218 Ineazldl 1y = 1y = 1 UdE 7 = Il TudusesfwsdmsuanueaIula s
anusasduevaunaIulAslanLaNnIS

r

T 2r = er (230)
X or = YopKS (2.31)
y,27' = —Xork; (2-32)

dwiuiieanung < 2 uanamingils nsasueasnuduwusvesiauysany
p1dulae uay k, Ao Woadndiulea (Algebraic Curvature)%aaanmmwma’lnat,l,a"
mwauwuawaanawaaaaﬂm11'mwﬂﬂ'lnauummsnmwm‘léﬂﬂams'l*'un:,]anim (Chain Rule)

Towiu

r = VpXoyr (2.33)
Xor = VprYork, (2.34)

Var = —VUpXa Ky (2.35)
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d
vy d—i (2.36)

Taei S LLammmmmmaawiﬂwaaaanﬂmwwLUaauu,ﬂaa'hJ WieviusuAiinTg
\ndeui V; ‘uuagﬂummmaﬂmﬂmuavm'smaaumawuaum 16 ¥, 1l

cos(9,) (2.37)

1=krTar

7,.=

NAUNTIUIAUIIA Ve Tuiiupaulis », vesBeinvnsuaziunmis V,, sl
4:!' bl ar s ' - 1 . A @ - ﬂ;
ANULNYIVDINY Pr ﬂﬂdﬂ?ﬂﬂ-ﬂﬂﬁ'}&]k‘dﬂ!ﬁﬂ’lﬂu Vi Luamammngw 2.10

V&2 (2.38)
! 1+x7 gy :
luiiemevinvesnnnedinduilavesdaingatsvessaiilad axdy
X1 %7 =c0s(0,)>0 (2.39)
way
X1 Xy = COS(@[) >0 (2.40)

Tagiidues @, uaz @, WwoEIENIN —-7‘/2 uwaz T/, 'lumunmlﬂawnanmmuﬂ'ﬁ
°uaaﬁﬂwswwuas_m'umuvfuwmwuaumuazaanmmwﬂaq"[ﬂa Farnuduiudussaniians
Uu awnsadinseilddie lneaunisaeszylugunes V., Vag, @, uay @, diuldenis
\ndeuTvasdainrnama e

Tar = =Sin(0,) waz (2.41)
0= (o) cos(@r) = u (2.42)
wardiuawuieay
Teq = sin(@;) uay (2.43)
01 = (7e=) cos(@)) — u (2.44)

| ! | ) o aly v a a4 a
ludusdelaziiuiasngnisduindou u ildanaunisnisindeud wieaunts
TOYN LB UBURINITIMNgUABYI1wBNRIiATIN Uazfienadnuntivesiaueud
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o TV ) a
HaaennaesiureulwaununlaslUvedllsues (GVD Edge) Bunmuasszuuriuny u 9y
g1a8snilenduraslalsues (Lyapunov Function) et

V=-In (cos (@)) + A(Tar — Tar)? (2.45)

e 1> 0 dmsulumenusn —In (cos(m‘ -

——=)) 9% Lﬂuumﬂaa?mwmmmo
é’wwuwmuuﬂumnmqnmauauauwaﬂauaumamu dalumeniiaes (ry — 7,)? 10y
Auansalumsidigidunsveniueud dmiveyiusvesilanitu V s dsdduves

Tilsuawala

7= oo (5 ) cos (25 o (222

2 1+ 1=KeTor 2

(2.46)

° o e »
dwiungniseuay u il V < 0 v:la

ugE %(:f':i:: + ’;"_c:;::) + usin (@'Na ) + 2A(To — Tar) cos(Dy+0,) (2.47)
dou >0 L‘TJummﬁﬂaﬁm‘z’i‘tumsmummsmﬁw

T.ﬂEJUﬂmmfi'uumaaumungu.m%zmaawmn GVD Edge wualﬂaan GVD Edge wils
Fuindomiintuie ilevususliannsoluflmedirmnlSle umwmﬂulﬂlmwuaum
98473 GVD Inunatiy ummaaulﬂa GVD Tvupduiae detlgwiilAnannisiaugedl
ANTOULNULYE GVD Iwum’tﬂammuum

2.2.2. pswudunsfagleannd

funauistaanis (A* Algorithm) utuneuasildlunsdunndunaeilinnzan
(Pathfinding) s¥winagnansym Aenisduvatulassairauunsiw (Graph Data Structures)
flaguit 2.1 Tawaglmmudlunuduinemsaeufiomes w%amsﬁausvuuﬁzymﬂﬁ-'ﬁwé
(Artificial Intelligence) vi3aiale (Al) Mvtirudu naduuinueauRmes [10] ﬂquw 2.12
mm'lwumamﬁtaami Wufmumdunamsiduvesshasesluiny & Fanparilatanmaudi
‘UEN‘WLW] (Area Property) 31a1u15a1adeudilavs el mmﬂuﬂawsaumnmmw WU
wumw i AN MaeeszY mnuummumqmwamma‘LUmLﬂﬂwmwmwumlmﬁﬂw
213 mumamauuﬂsvaﬂ5mwu.avmmLmumaamumsuﬂtﬂm'mameuwwa'\a wAd T
msfumiivuaingjanne sesinisudulgsilaidunsussanaadsana [11] [12) ussyuy
wamioldalumsUszananauuunn aevauasliviu suvildszuudisld [13]



= s ' Y] = o
g‘U‘VI 213 mamamiﬂumu:umaamﬂuuwumwumiwamaau
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£

ﬂmmﬁuuwaaéﬁmu%’umau? ife Yimosendi, da dadu wazilinususmion @
doulilul a.a. 1968 [14] ﬂumam%ﬁﬁ‘mmwmmjawumamﬁwm‘lﬂﬂamﬂ Feadraly
A.A. 1959 Wwamsilseansnmiianiidunar annsthmaiingdannunls wnddsannls

finunmagilirnanirlunshauwifutureyisvedledansy

JUN 2.14 Ukufiuuums e 5 x 7

fumpunisinureisieans NNIUN 2,14 udarudenvesitfiuuumITa (Grid
Map) 9gi38n31lmun (Node) n1sdumiEusad

1. Talmunsusuasllugsidn (Open List) 'uauamﬂu'lmmﬂﬂmLﬂuwauawmm
Wudumaildlunaedeud

2. fumvunsou Mogastugatusulun A vosafianansandeunivle
(Walkable) uafulmmitannsnedouiidluldaduandnuasdomuals A dhilma)
(Parent Node) waslwuniiudag

3. dworlwiniusiusenanwndauasldlumaia (Closed List) unu Filwunviagly
L‘nmﬂmv‘luwmimﬂwuﬂuuan

\Hengaitiidn F dgalumsinisanaasiold laewan Fldann

F=G+H (2.48)

Tawil

G = Fhavauesnsiadeuil (The Movement Cost)

wAutuanlvunEudy andalwunilagiuiimdsiansan

H = Alssanmumsiadieui (The Estimated Movement Cost)

ﬂ%‘%lnﬁ’umniwuﬂﬁqqﬁ’u Weswuadlifudmne i H doziludtgadanin (Heuristic) 14
nsUsBUIAT auaamnlumwmmu.m'm'n.ﬂumﬂﬂ ilesnnlutdunsenanugaitlsl
anusonAauTle Wy funs 1 viedsfiavang
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- e - o o ‘Jﬁ ar o ‘vJ
msvsznugBainildlasruansregnsanyaifinsanludagadne i
o e a0 -ﬁ'
annsadnlalagiinisdessluil

seggmaunu X lng dx = abs(node.x - goal.x) (2.49)
seeemuny Y lag dy = abs(node.y- goal.y) (2.50)
fvuaiv

D 9 YUIATDIVDIMHNUTRUUANTI

J o W =
Node #o ganifdsiansn
Goal fe yauthmuneg

MSUSZUIUAITEEZN9EITAVILE 3 wuUfe

1. msuszanusitadinlasly szavniauiudndu (Manhattan Distance) nioszey
v (Chebyshev distance) s.,aa:mauuuammuﬁa ITHENITINYAADIINUUUAITIUNY
uau uaziNUINEIAe fiiamamsipdeuiiites 4 fia fe YU - 81 - 978 = 9N msﬂw
245

§U~n 2.15 sypymauausndiu

Ussanausyeenialag
Manhattan Distance = d* (dx + dy) (2.51)
2. myvsznmgriadin Taeldsrornislusuanues (Diagonal Distance) szavmilu

- : o v 1a A - -

WUINUBY ABIYEENINTINTNgAABITAAEIY TEeNIIMNUSARULATiAnI9n1TIAR oudl
' (| = o o a - = - as P

wnnd1 nande aunsairdiouitumuedd ilvliimmansindeuil 8 fiema feguil 2.16

o
JUN 2.16 szaymsluwanues
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Usvanassezmalay
Diagonal Distance = D * (dx + dy) + (sqrt(2)*D - 2 * D) * min(dx, dy)  (2.52)
3. mivssnuBaiainlaegldszerniawuugadn (Euclidean Distance) wiaszynig

a «d - - v ow & oaa - '
LLUUE]ﬁaﬂ uﬂn’]'ﬂqﬂﬂt]ﬁ{}uvlww'maia ﬁ\’““ﬁﬂﬂ'ﬂ?ﬁﬂ'ﬁLﬂaaummﬂﬂﬂi{u?ﬂuﬂ“quq\'m’]qqqﬂ
o o w  w -
2 WUULINVIUNANIGRINR FNEUV] 207

S e 1
=GRS i B A

i

JUR 217 stevnauuuyadn

Uszanaszeznalag
Euclidean Distance = D * sgrt {dx * dx + dy * dy) (2.53)

agUMIMIEENIETNINgaRE AN 3 WUy WasUd 2.18 Tnefiduduas, i,
WS Al SEEEIILERAY, SYoeIUMIMIGY, SEEPNILUVEARRMENY

=5 = &
JUM 2.18 Wisuifisumsmszeznaia 3 wuu

d R ] £ 3 v ll; o o 1
Walszuumdtainlaudl sntuviiniseial Fan F = G+ H
wazi913u9asialy
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4. \denlnundifiin F esiigaiulmuaillifarsande uasthesnainendauarld
lugnlafuminuaseus ﬁaq’ﬁmﬁ'UIwuﬂﬁﬁmsmﬁv’wumﬁmmmmﬁ'auﬁ‘lﬂ‘lﬁ wagiu
Tnuniiannsandeuidlvifaduwndauasimuslilmuaiifonsmn Wulrauivedun
sy

3 meummwumnag’l‘uL'mﬂLﬂﬂema’ﬂumﬂwﬂlmﬂfm Tnefiansananlnuaiil
f1 Guaawaﬂ mnuummmmm F 8nass

6. m%wa 4-6

7. vgadumiile
nin‘iﬁ Llvmuadhwmnedinegluendamneauimidumsdisa
nsdift 2. ldwdelnusluwadeldiersanuda wazithwmneddlisgluwaUamneanui
Tifidumsfianseludathwanels

8. Uuiiniduma lnaduvnalaainnisiansandeunduainvuavune wanu
TrususiaudslnuaEusu

2.3 msiadouiivesjusus (Mobile Robot Kinematic)
lunsindeudiveusunssuisdniudonldnnsiedeudiuvuideulaa (skid-
Steering) lumsiafiouil idasaniedeniseeniuutudruvenalng wsghidosesnuuy
szuUBsamiosvuuntsiaauil denaliansuuiiosnalanisidalfedannn wazns
iwdsuiiuvuideulnadiannsalidasslunisiedeudiliuinn il s dunasdalgsiuay
UIBNITNYUTBUFIVBIYUHUR mmmsnm’lﬂﬂsuanﬂ%‘lﬁiuwuﬂsamuammwnﬁn e
maaumﬂ%umumaLmum'lmmmswm'imamsmmaauwummﬂLanmam“mﬁaama
’L‘umsmaaummvLaau‘lmauwvLﬂaaummamsmaaumaamwuuum fIUNS
Lﬂaﬂummﬁwmaauavsmmwwmm"ﬁwuwaqaama Taenislinauddesstindouay
AMUFUNUEIEWIN9GD ma’[umﬂmsﬁvmaumqmsLﬂaaumawuaummumaams -ue
'aan'15ma’mLUuLsawﬁnmnu’tummmwﬁnmmmﬂwuaums (Robotics) mummnw
mmumuwuaumﬂﬂumsmLauasﬂuuum's'zmsnwn'ﬁmaauﬁ‘luwmaq sULUY usiilésy
ANUTENTUIY Lﬂmvwmmﬂaaumuaaaaaua'maﬂaasvwma’lun'\ﬁnmamawuaaa
Fepanuuuinlivngiummaunanuazyieumelueians
ayuvdnnislumsirdeuiivesiusunie mwmm‘:msmaaumawuaum Tagns
LﬁaaulmmqnamamwmﬂﬂmwmaaLsmﬂmmmww memimaawuulmunu
amwmmumamwmamwuu‘] mn'1'nﬂaawuu'isﬂmmmmuwmmimaauiﬂmmq W
'Lml'mmsmmmuavmimmmm willymiinuie msannnliaunsassyauRanani
mmmnmnaaulﬂa‘lm a“uumamﬂmwmﬂwmm'\nmsLaauinaavaqna'imauwwnﬁ
iwdeud indlifawaavanun Sedesiimuweslunimsadusserindeuloaly wiefinng
nginmaedeuiiitestunsianisidevloa [15]
Tumsnuauidlunisfuindeunamesiudionissnedanseudieds {xi, vi}
warnsoua19Bafiviu {xg, yr} fmualiduminiueud p(x y 6] sgluszuuifamilidoud
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¥ =y Qs  at ' i o ar 1 a -J O i
oglunsaudidsmnuduiudszninnseudaduasisusiguit 2.19 Wusunuildlunis
A Tuguvesumsndla [16]

€r =R(0) €,=R(0).[x y 6]" (2.54)

cos@ sing 0
R(6) = |—sinf® cos@ 0 (2.55)
0 0 1

Xz

b o e it

>
> X1

J at 1 i - o d'
JUN 2.19 Madhaususlusyuuidaaidou

luitfarasanemevuoudifuedouan 2 & filssuviuindounsndassaniy
e Feamsindeuitluthiminesialsudeviaoitneiaesnswadouiiindy nistadeud
ma‘mwvm“LéfImam‘swmaauaamamaamnmaawaqm'}aamumw warlumanduiu
dwiunsiedeuiilunedng vruaumwwmsmuuummmmsn‘lumsnawamulﬁ‘[ﬂamﬁ
Fuindeudadremilslumemi wardodntstundoullunenssiudesnsduiiyinty lu
muaaaaivwwumsnwnaumama«amwuaummuJummnmmuumua.,lﬁlmuwanikulm
seiuin

'Lum's°szﬂﬁamwiawa"m{‘mﬂa]ﬁ']’ﬂ'lﬁﬁmsLﬂﬁauﬁlﬂ-ﬂ'ﬂwﬁw?anawé’a wazlu
vusfotudetuindeunasssuiiustaduinmensiaaeuiias I@ﬂauummummmuaq
'Luwau"lmwnaam'uLﬂaauwamuaumaq‘tuunﬁlna wardeituimdoududeiiitosinves
mMsiedouf (Non Holonomic Constraint)

xsin@ —ycosf =0 (2.56)

fensdnssssniadeuiivesderiiliiifivmesmsmsumisvseivueud
dafifesnmsiifumindesuuuuresnisindouit viefetlitumsdifiumsvesnisduinden
Wisuiunandagui 2.20 Wi
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S1R = Sapi S1L = Sz uav §1 = Sp

X1 FX3V1F Y2

™~

\
\
|
1

R M S

A

e---++@

o e i o o it o o v g e e e i 0 S

N
7}(1

= ° ' | ¢ o o '
31.'71 2.20 ﬂ'\LLVT‘U\"‘UE]Q“!uﬁuﬂuﬂﬁﬂﬁ'?ﬂﬁ']'ﬂnaqﬁq\3‘]

’lummL?Juaﬁa%’li’ﬁwé’dumsmﬁ'auﬁafﬂuiﬂmmL%'m?q:;u Wy kae wy, dwmiude
YIIUALA DT MUY aem'Lsnmumﬂmmaawuaummm‘l‘umwm’lumwmﬂaau %
"3 m'lwuwsna"waﬂscmmmmm‘mmmaawmaauwuqummmmm Mndunas
ﬂ‘:l’]!JLi'ﬂWé]EﬂlriU‘ﬂENW‘)Ltﬂa P luiimmanisiedeud +xg maawmaawuwuu’twmw
Sndevilimgaiia ilosann P iWugaitegianarssgninedefaanadie Tnowdsuitlugae
mnahidueimilwosrusdtenns

(Ve = 1/2)rwy (2.57)

Tunamanuwanaswesmstuindeuiususivesdeiiassiuannsavilalnede
Weiunsdunludnves vy fogialdy Lﬁaﬁawﬁmuuluﬁaﬂﬂmm’%’awhﬁné’awﬁa e
mmmwmnumaﬁlﬂma Mvususezvuagiuil insizagiumudafild v, 9udu 0 lu
nsmumummmmm vy nmmsnmlﬂmnmimmm ‘i mm.,aamamlnmmsnmaauw
lusudnald dleguinnseudredstessiaviu saewmgil v, Fudulddudede o vhetigas
AN MUY UL w u,avamswmmm’iwanammaeumaqaa’iumsmmmm
Bunnfinsandevan (uiidvedeninduded 1) fimsmpuludramidsaliinansmui
mMuduiing seuge P‘luﬂsmvnaava 1 myuiiiestnaden nuaumkuu‘[muaamaamflu
wmulasnuiivew, fige P annsadwnnliesnsing imsiensindeuiiesdeien
daulArennaudiiliai d axld w, = ~wp wavmiloufudwmiumsiuiniidedne uus
ImmmpiluhaniwesdedressiliAansmpiinaduniniigs P

w, = —iwL (2.58)
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L
o =

4 ' a v o w - o v
'E'UI.LUUﬂ']‘J'LﬂaﬂHW‘UﬂQ'RWTNﬂ'J'IJJL%']L'UQ'UBQWJ‘I@UﬂUﬂ'NNL%’Jﬂ']‘iLﬂfiE]UVl'llﬂﬁﬁE} 1mmau
+
v=vx=v1+v2=r(w’*—;”-’=);vy=0 (2.59)

W=w;+w, =1 (ﬂéﬂ) (2.60)
A ar e v 1 3 s d 5
Wle r=3rilvesae uay d= szurszvinsdeduindeurivans
&y -f =5 - o @ ] L3 J -
vaumansieiduiugulumsfinvmgfnssuvesszuunaln dvduvusudindou
wmdndeadilanginssuvasszuunaln disldluniseenuuunalniimnzauvosiiusud
wardpadlansasalusunsumunueney
lunsiarsanauuaniiawen stuedou o vadIum P(qc)[xc, Yer 6c] Mg
o = 1 § o o ' = °
W 2.21 Aszoznaelailaidu o Fefidaumindudamune Rge)lxa ya, B Fai1mun
ar @ L ar P
ANNENRUSTIRUALA

¥r

A

Yx

™

0 oo

¢ X 5 Xr

/Xar F

Initial position

P cal o ' a | fala
?L"VI 2.21 L‘JﬂLG]E]TVILtﬁﬂﬂfﬂ’luwuduaa‘WHWN’UmtquE}umwwﬂwa’lﬂ

dmiuusuandafidamidou mnennait msnseilaq egmeldenududadu
v uazmusudan o Insldmuinmendamansidnnysvgnd auudldiusudlusyuud
fifaeideudu

X =1vcos@ (2.61)

y =vsiné (2.62)
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0=w (2.63)

lneld v cos 8 uaz vsin 8 1Wussdusznoumuids vluunu x uazunu y uazsa
ws x, y, 8 ldnanuduiusiisnsdnnseusisda
wustusumisvesiusuiannsoufulliegluguvesssuuiitaifeda
(Polar Coordination) Inglvimuianainvessteeing p > 0

p=—-vcos(f—6) =—-vcosa (2.64)
g = v”E“ (2.65)
b=w (2.66)

Fi o o ' v Ca o
noutlala a = f — 6 FAUTEVIWUNUDNBIVBIFIUEUA [xp, Y] Uarzoena
lugunnmaives pT,mm p=1/(Xa = )2 + (Vg — ¥ silasilouiuszeenaiiléluns
Ltlaauivwwnmmamaﬂmaauasﬂlmw

) = —VCoSa (2.67)
@ =—~w+ %’ﬁ (2.68)
g= 1’%"—“ (2.69)

t 13

wdanmiiudt aunsdedudassuviidadeiuesargndeadle p # 0 dsaunsiu
mmwansa:wumam‘LUa‘m'svUumUﬁmauﬂau“Lunsmwuﬂumumwawﬁﬂ

rn'mnmaLﬂmﬁmiwummﬁmswmﬁ'mswuﬂumLﬂaaummman AmsuriuEuR
Lﬂaaummmanﬂvmmm'emﬂwmummvmmuwumuwnﬂa “saueglmy” dumistagiu
mmmvmauwaaﬂﬂaaanwauamlmum i]4nJumimawvguﬂumvLﬁaauwmﬂwuaiﬂm
wWanune mﬂuf-ﬂ.umiammmé’uwuﬁﬂawauamLUumsmnmeuumlmwmms usluitd
wdLaueisiAen AemsmagAvunusdalulnggredaindeyainn (Dead Reckomng
Method) ‘[un'lsannmw\'nﬁuav'l‘mﬂn'uLﬁaﬂumimqwumsmaauw Tumsinseey mqwu
\papuiily 'I.uwwu.,LﬂumsmwauamamuTﬂmmaﬁﬂamsmmwuwmaamuwu F49zn
°uauawaanuuum’lwmmvaunuumma's u.mn'mﬂuwv';mmwuu-umam{‘luiauﬁw.,m
manam'le'ﬂ,ﬂmmmmuwuwawuaum wazinnsdudiinsaiieldminiuasnndosiu
WUURRDINAPARNT [ty, Eisr]

aundlivadusznouveiusudiiu g, [x, y.6;] warmasiivesrududu v, uas

Wy fivaan by ma‘lﬁmiuﬂanmimaqwuﬁ (Euler Integration)
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Xp+1 = X+ T cOs 6 (2.70)

Yi+1 = Yi+v T cos 6, (2.71)

- 6 = Op+w T, (2.72)
Wi

v Ts = As vio wy T, = AG (2.73)

T =t -1, (2.79)

Tumsmesdvszneunuiluiligiunesinjusuderldteyailinniduléanes
3 & 1 o o & & v ¢ |
lnolvi Agg uay Agg \Wudmsmyuiinldluszesnaineass T, anduldnmeiamnuns
Badunaanusuduuneainedouldu

As = >(Dgg +Ap,), A0 = ~(8pg — Agy) (2.75)

ANuuanslunaTiuadauvesjuyusiamnsahu i dundsue susud

a ° 1w a o i - <

Tasdsganaudueinnsduvisiienisduiinsnsesenensiadoud (smsseemeiindoud
ruIiIvng) wiUsEnaeIiUsEN UM I TeMEUATINaY £, MBMTA IR

XK Xp-1 (olu: (7)) =
Yi| = |Ye-1]+|sin6 0 [AB (2.76)
Bk Ok-1 N !

o wr — v « [ y P o & el v
n1s9mstll e uyadnsratnnisiedauiilunisviiuie Safisanelunsdigs
s 4‘ e dl' <4 -
Tuindeubiimsfuloavieiianisnssnnveailes (Backlash)
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N159DNLUUKALISNITNINTUYDIS U

ﬂ'lsaaﬂuws.,wm‘uaanLaumqmsmaaumawuaummumsﬂw 3.1 §35ms
mﬂuﬂaaswaauauuumaawuwmqw‘lwunwuuumLﬂumwsm (Array) Tnooyaly
wsuilagsyituii mmsﬂLﬂaauvﬂtﬂmumwuwﬁlummmLﬂaauﬁlﬂlﬂ vntiuinsiun
Lﬂwmmﬁumuﬂi'qm malmﬂwmUsvuuazmmsm'sqwuwuwmwumamsmamﬁ et
Aumidumaiiduigaiemnzaniian deldidumenisindeuiiun sruuasimsiese
g‘duu*umimaaummlﬂaw'umaa‘ua’eﬂwmaauﬁlﬂmmaumwmmlm

spwisiiedeuilumudumsiivantdanduseuisioans mnfideiavanadanly
dumnanidaniTlailansanuiusuisnganaoutl udnihinsasnaeuasiavansiidiuimn

'
-

al Il 1Y 1 £t o - a v By [
defioyneiuluuda Yususdvhnisiedouiide lumudumaduiinmm s

J & [ 1 3
UM 3.1 evivsznaulagsmvesssuumsinnuseusus

3.1 wuweiuazgunsafiiinldlunsaireviueus

3.1.1. uainraulnsaiaes

Ua‘smﬂau‘fmsaLaasmaan'lmﬂumsﬂiumm (Arduino Mega 2560) fidnwaizsiaguit
3.2 laeiiduns 1 1Fmeduumnmun1Te 3.1 awa‘msumseua'\mwsuaﬂwmmuwaﬁu
n1snsavdulueuianuarnisifsulusunsumuauitiilausts THAnwdwmiudiiEudu
Anvidedallaqiuiisnmegiussana 600 - 1,650 um
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Microcontroller ATmega2560
Operating Voltage 5V

Input Voltage (recomended) |7-12V

Input Voltage (limits) 6-20V

Digital I/0 Pins

54 (of which 14 provide PWM output)

Analog Input Pins

16

DC Current per 1/O Pin

40 mA

DC Current for 3.3V Pin

50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

1ecm

U 3.2 Tulaseeulnsaiansordgliuih 2560

3.1.2. Wwuwasoaniluin

danslvilanidenlylideiu 3 jufe US020, SR04 uay Z4 Fegu US020, SR04
7V 3.3 figuaniAnlndifssiunslituussnananuaziiuviniu ludiuvesju 24 dagy
3.4 9z1lu sanilydiaildrudyyiuuasidadygiueglunsruoniieadu vialwl

asanTRedeunlilunsmsraiauauniiguiy

L] a ey L v = ' ar o vl
dmivnaaulAvesdaniilelingu US020, SR04 aunsonsavinszaymeasinglai
FEHENN 2 LuRnste 400 wufums laelinnuustiviegi 3 Tadwes Ineldarudluns

A998 40 kHz
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U1 33 uaidaniilaiiagu SR04 uaz US020 maddu

'L'uauwaeﬂmawmaamﬂ‘uuﬂsu Z4 @iNsansIvinT LYy mwaawalmm“avma
6 W2l 256 T30 16 WURWATEY. 645, IGURLNS Imanmmuuumaaw 141 wie 2.5
wuns wagldmudlunisasiaduit 42 kHz
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JUT 3.4 Wuhnmsenviauaynmuessieeidansilyilagu 24
lngiyuiwaing 3 qulutlagiudisnaegii 60 = 100 ymdmsUTu SR04 fu USO20
waz 1,100 - 1,650 dmsuiu Z4

3.1.3. wuwainsavduasadaulul

Wumueesiivsznaumelugavensusesiamamii wuwedinanuss wandy
ﬁmﬁ%maaﬁé’nwmsﬁqguﬁ 3.5 ziimadeusieuvy 12¢ Wanelw 2 1y Tnefhouwodhs 3 3
mans29dulu 3 wnu lutagtuiisnmedi 250 - 800 v

1. Gyroscope Range : + 250 500 1000 2000 °/ s (dps)

2, AccelerationRange: +2+4 +8+ 16¢

3. Compass Range : + 1.3-8 Gauss



31

gﬂﬁ 3.5 WA ITuAnULAde Ul

3.14. wuweiiaszeznisindeuiideyu

L’e)uIﬂWLﬂai’Jﬂﬁ“’EJ“m‘iLﬂﬁﬂu‘YIL‘U\?lﬂJ (Rotary Encoder) naﬂwmvmiﬂw 3.6 sl
mwamnuuamasmwam1LL1nua°aamnuuama‘nnaqmuwuqlm 1n EJI‘UH’]’S&LUﬁGHiyiy’lm
muaamwu’twmmmLuaw‘msw:u*mu‘qmaawmmmaumﬂuanma 4.2 \wuRwes finsould
48 AFampIRUMIInnIsluda Imaumma%amaew 0.28 LYumiung LLa.,uamawaqmwmaa
a4l 4.5-5 Taad %mnﬂums'lﬂw'lumwuaummumﬂmmmaﬂ 1 Was/Audt de91n
mswmLU'wvmqavﬂ'mmams'l‘muuawﬁmmawﬂaawﬂizmm 1,500-2,000 uw

< & ar = o o
3UN 3.6 wugeiinTreznmsndouita

3.1.5. wuwesuasInuind (Optical Mouse Sensor)

mumai’uaamnLﬁwéﬁé’ﬂwmvﬁaiﬂﬁ 3.8 @nsensianisiedeuiidissruunis
Usvaaananiw (Image Processing) A uazidsn 500 cpi IﬂEJﬂ’l‘S’Jﬂi”EJ"ﬂ’]‘iLﬂﬂ’fJuwﬂi]"lﬂ
nsindeuiiluvesiiniwadisdelunny X uazuny Y u.a’smnmwnwawlmmmimmm
AIUMIEEENITeA s lULe 'T,maavnmwmmaﬂnsm‘swmww 3.7 'Luﬂwwm'lmaw
250-1,200 v
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3.3 A1sPRNUUUITUUBLannsalng

nseenuuuTigluan (Arduino Shield) wL\Ju'msaLanmaunawaﬂ'lusﬂﬂaawﬁum
wasnnuasn (PCB) wumﬁaanuuumiwaumE}’Lﬂmmsnmmmlﬂuu‘uasmﬂau‘lmal.aa'imi
glildednsarain Tnsorighifadiiesnuuuiniielimsdouseiusesuazqunsaisineg u
suipuuazhesensihluldin warlesiulymnisdeudefiiawainsiudatlostunisia
293
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3.4 mIeenuuudluiiadanudldau (User Interface)

Tudumsmvgunisiuresjusudldesnuuuligldnuainisanivpumie
Wasuwaimsvhnuvewjusud Tnslidesudlvludnidnvestusunsulaonss Tasnsvhau
annsauvseeniiiu 4 Ussamdail

3.4.1. Command Line

Tudunsmunuuuy Command Line Wunisfinsefuususitiummeinoynsy
aunsnldlusunsudman Serial Terminal wielusunsudue fianunsaideusetoyammadn
oynalumsl¥au \u PUTTY, Terminator, MacTerminal fis3ufl 3.8 Taganunsnuyangu
frdanugunisldanlasedl

PW : ngudsmununisitintn

RS : ngufdamugumssidnszuy

SM : ngufdrUANAdusIAes

SV : nguddseauRivesluewnes

UT : nguerdamunudaniilyie

DS : nauedsPusumsiAABuTive iuEs

CT : nguArdamunsiuazivunfaus PID

cP :nq’ur—i’ﬁ'mwﬂm%uﬁﬁu,axm'smgu

ED : napfdmunubuldnnes

AS. : neufdsmauRNTEUUR LN AX

A

wait Runwait RunPowerOnPowerln...OK
ServoOn

Servo PosMode 90

ServoOn

Servo PosMode 135

ServeoOn

Servo PosMode 45

B

WEANNE

v

(¥] Autoscrol INolineendng v | | 115200 baud

= ' <
UM 3.15 N15AIVANKIUNNS Command Line wainaynsuy
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3.4.2. Windows Forms Applications

YWau191n Command Line Tnsadsdudnsodlénuuuunnsmiindrsueundinty
vusruuluinmsliulaseensiiulnd warlaeldniw ca ibigldnuannsanadununay
nslgnuununsinvisds LﬁamwazmnamaLtazifsmﬁﬂmﬁcﬂ'ﬁ Faguil 3.9

A -k e LA
U7 3.16 TsunsumivRuuasianwauuszuuvanslalasvemiulad 10

3.4.3. Processing GUI

WannnIsuaR AT YU suannarun s @oureiuY Command Line Ju
msuanwdunininueBuuiel ilésuannsasildaemndsty sronadeudusuns
Balaganvazademadeulusunsunieens saelusunsy Processing daifugonsuas
Usziam Open-Source uasamwnsnldadnegunTiinuuy 2 vie 3 S waefd i sonaniua
MU (Interactive) Augldls nawfudadoyauayidenneg fuusudingems
Bluetooth Terminal ﬁagﬂﬁ 4.0 ﬁqgﬂﬁ 4.2

= L] ar 13 =3 1 5
3Un 3.17 AsTEzMUarNesan ledauannanulusunsy Processing



38

kbotCompass

o
JUT 3.19 wuudnaesduiinuanssasnulusinsy Processing

3.4.4. Android Control Applications

iiesnguuuuresnisideusenmsvinuiiiluade 3.4.1 8 3.4.3 Huns
AuAuNsiuuuisoasufweiiumaesnounsy Tunsdiisdusewydsuaniui
Uegq envdiemuliazainlunisldreuiomes Bldinnisrugunsldamilfegluguuuy
woundieduitannsoldvuamsninunasusividn '[.‘US"‘U‘U‘LJQ'UBm’]iLL’rJUﬂ‘iBEJﬂ‘IﬂEJﬂT‘U
TUsunsu Bluetooth Controller wwamimsm'iw FineApps mmmimﬁaumanwuuummu
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13 Bluetooth Terminal Alaguii 4.3 uagvimsaseAdimsvinuvesiususiasiulusunsy
Waenadeaiueidsly Command Line vomiusus

Show Me Set Keys

0.00 1.40
0.00 1.40

Stop Servo Sweep

ShowxY FwdStep

CompassOn ComassOff ~ BackStep

3UN 3.20 TUsunsumva vussuuUidRnsueunsees
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avusen - axiusn fguil 4.28 uardnasmsenFauLimEnFIsaLNS
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My, = My, siny sinp + M,,; cosy —M,; siny cosp (4.8)

looen M fio Arpnudisaunuwaivan uay My, > 0 uag My, >0

o w ar A =
laganunsarmnamuneeiliuadsiivandunsa 37 4.29




56

Ui 4.29 nsmiuanauiiteldvinuesiduieainealufinmasie

. . | . : 5 PR

FINNTTNARDINUI wmﬂaﬂuamuﬂmtmamsmaaa .ﬁ_ﬂ'l'}uﬂfl'lﬂl.ﬂ DULNAYU
v © S _q ) hTI A M v vl Loy
maaﬁmsﬂsugumw*muﬂaw.ausweﬁm:;ﬂmnuuummﬁ'numﬁaﬁa

4.10 Minaaeslszanmumsiunisrasjusudansuwesinszeensiadaui
GEHET
nsnaasIlszaIMA UM TasAuiusEsen19n1se douiivesdesanetnenn
wuwaé’fmzﬂsmmé‘ﬂuﬁﬁauu winnummunithuiaziienmavesiusuduussuuida
Cartesuan Coordinate Systemn Tmalwammnamtﬁuﬂmumaaq (Reference Frame) Aagy
l 4.30 mnuummmﬂsummmwnﬂua-'uu Heading vmwﬂuwﬁmummw'amlmmsﬂ-n
4.31 u.a.,sﬂn 4.32 pudnu

3ﬂﬁ 4.30 au*m.mmamm'mﬁmﬁawmm 30 x 30 LYURNNT2



57

Estimate Robot Poses
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5.2 Ugyniinuuazisudle

5.2.1. ueiaAuAl

Pnmmaaemuit Wiuiiusy wiemieiudidangn maqlu‘[mﬂauimmaa%
uINAT1 70 Wesidun :JT.E)mawluiﬂ'iﬂauimmaaW“uammlm LB INWIULAR Stack
Overflow Faiufsdndudesannislimiheanudidiesn Tasnisthedaulsiiluse way
Muvsteruludnasedudld TAULIR Flash Memory wazionldfefudswesnes
wnuMsauamLUslaense

5.2.2. YamuguuBmeiuarsTuUTuIAtiou

Mnmsvaaemu Welsudygimuauaruiilivemes amudivewamedi
aeavzuanseiuannlutsrudan warasuaninsfudiosanilennuiivewaimofiint
viliiusudiunisiedeudfislusindids dufusesunvsdygraiteulviuenesln
mafuiiieWinuduemedtanstraniniu Tnefiersansinsanisaaesit 4.6 n1smaaes
manudusgrineuhivomawesuasiadiniteaiatu uarldudunuuuudiu
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5.2.3. wulwas

msimimmalasidisugeiiasssznsedeuidwuiinmeainndou eswin
ANUAEIBYAvaIUIgRIHaltiINAe Fenarulvesiiuinfdneautdielunisiaianianis
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dygrnusingg Feaslddsnisnsestoya wu fnsesaraniu (Kalman Filter) , fads
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5.2.4. ddinsadld

Tusiadedlilfuansimnimuse fmisimie s yveneuer 3me
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Interface Bus) %38 i2c (Inter-Integrated Circuit)
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2. WUWAIIUIN
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\UU Timer Interrupts
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LV-MaxSonar’-EZ4™ v
High Performance 3
Sonar Range Finder L4

With 2.5V - 5.5V power, the LV-MaxSonar®-
EZ4™ provides very shori to long-range ¢
detection and ranging, in an incredibly
small package. The LV-MaxSonar*-EZ4™
detects obfects from O-inches to 254-inches
(6.45-meters) and provides sonar range

th

information from G-inches out to-254-inches Q g]%: ;g-? e :f g-;?g: - o
with I-inch reselution. Objects from 0- cl o100 | 254mm]  [KI 0645 | 16.4mm
inches to 6-inches range as 6-inches. The D} 0.100" | 254 mm _L[ 735" [ 187 mm
o ; L E| 0670" | 170mm| [M| 0065 | 17 mm

interface output formats included are pulse F| 0510" [ 126mm] [N[0.038 e |70 mmas
width owtput, analog voltage output, and GlU 1% [3{mmas] [ weight d3grams |
serial digital output, values are nominal

Features Benefits Beam Characteristics

Continuously variable gain
for beam control and side
lobe suppression

Objeet detection includes
zero range objects

2.5V to 5.5V supply with
2mA typical current draw
Readings can occur up to
every 50mS, (20-Hz rate)
Free run operation can
continually measure and
output range information
Triggered operation

Very low cost sonar
ranger

Reliable and stable range
data

Sensor dead zone
virtuaily gone

Lowest power ranger
Quality beam
characteristics

Mounting holes provided
on the eircuit board

Very low power ranger,
excellent for multple

Many applications require a narrower beam or
lower sensitivity than the LV-MaxSonar™-EZ 1™,
MaxBotix" Inc., is offering, the EZ2™, EZ3”, &
EZ4™ with progressively narrower beam angles
allowing the sensor to match the application.
Sample results for the LV-MaxSonar®-EZ4™
measured beam patterns are shown below on a
12-inch grid. The detection pattern is shown for;
(A) 0.25-inch diameter dowel, note the narrow
beam for close small objects,
(B) 1-inch diameter dowel, note the long parrow
detection pattern,
{C) 3.25-inch diameter rod, note the long
controlled detection pattern,

rovides the range readin sensor or battery based ‘ ; : >
Ny T - o ¢ (D) [-inch wide board moved ket to right with
e All interfaces are active * Can be triggered e hoaéi pm;lf}i s b 4 4 D ;
simultaneously extemally or intemally sf':s. el _‘;,II: I:osc:s;r -20 M.
¢ Serigl, 010 Vec, 9600Baud, e Sensor reports the range . AN
: ) : sensor’s range capability.
BIN reading directly, frees up y A
* Analog, (Vee/512) / inch user processor Note: The displayed beam width of' (D) is 161
Pul idth. (147uSlinch u funciion of the specular nature of sonar
= CEN w'Fit » (1#7uS/mch) e Fast measurement cycle and the shape of the board (L.e. lat mirror
* Lcarns ringdown pattern | User can choose any of  |like) and should never be confused with 100
when commanded to start the three sensor outputs  |actual sensor beam width. 5
ranging iy :
¢ Designed for protected *33y B N =
indoor environments A 7
* Sensor operates at 42KHz i .
*  High output square wave & L
sensor drive (double Vec) beam characteristies are approximate
MaxBotix® o
ax O IX Inc. Email:  info@maxbotix.com
MaxBotix, MaxSonar, EZ2, EZ3 & EZ4 are trademarks of MaxBotix Inc. Web:  www.maxbotix.com

LV-EZ4™ « Patent 7,679,996 + Copyright 2005 - 2012

PDANKN e
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Ultrasonic Sonar Module

_Hardware Manual Rev 1ré

S R A

US-100 compact ultrasonic sonar module is a low cost
solution for circuit applications that requires distance
measurements from an object, such as walls, furniture,
and even pets, User circuit initiates a mesurement by driv-
ing the US-100 trigger input to logic HIGH. The US-100,
in response, will send a short bursts of ultrasonic sound
wave, and then outputs a pulse as soon as a returning
echo is detected. The user circuit resolves the distance by
measuring the pulse width of the output pulse. Distances
up to 4.5 meters from the sensor can be measured, with
resolving resolution depending mainly on the user circuit.

Features:
«Technology: 40kHz Ultrasonic Sonar’

*Sensor Range: 2cm- 350cm
(Temperature Compensated)

*Power Input: 3V-5VDC @ 3.5mA Typ -
+Trigger Input 1 TTL
*Echo Output: TTL

=PCB Size: 20x45mm

Figure 1. Ultrasonic Sonar iflustration showing its
major Components.

Important: JP1is normally OPEN {uninstalled).

Table 1. Ultrasonic Distance Sensor Pin Assignments

and Descriptions.
Pin No. 10 Description
1 VCC 5V Power Input
2 Trig Trigger Input active HIGH
3 Echo Pulse output
4 GND ground
5 GND ground

NOTE: The OEM manufacturer of the US-100 sonar module, for unknown reason, will not provide us a user manual
or any other information for that matter. Hence, oll information contained in this document were obtained by actual

measurements and experimentation.

= ch&w’ right 2011
by e-Gizme Mechatronix Central
All Rights Reserved

SN Pagasi 014
www.e-Gizmo.com



ADNS-5050
Optical Mouse Sensor

Data Sheet

Description

The ADNS-5050 is a mainstream, small form factor opti-
cal mouse sensor. It is a user-friendly product with many
built-in features and optimized for LED-based corded
products.

The ADNS-5050 is capable of high-speed motion detec-
tion ~ up to 30ips and 8g. In addition, it has an on-chip
oscillator and built-in LED driver to minimize external
components. Frame rate is also adjusted internally.

The ADNS-5050 along with the 5100-001 lens, LED clip
and HLMP-EG3E-xxxxx LED form a complete and com-
pact mouse tracking system. There aré no moving parts,
which mean high reliability and less maintenance for the
end user. In addition, precision optical alignment is not
required, facilitating high volume assembly,

The sensor is programmed via registers through a three-
wire SPlinterface. Itis housed in an 8-pin staggered dual
in-line package (DIP).

Theory of Operation

The ADNS-5050 is based on Optical Navigation Technol-
ogy, which measures changes in position by optically
acquiring sequential surface images (frames) and math-
ematically determining the direction and magnitude of
movement,

The ADNS-5050 contains an Image Acquisition System
(1AS), a Digital Signal Processor {DSP), and a three wire se-
rial port.

The IAS acquires microscopic surface images via the lens
and illumination system, These images are processed by
the DSP to determine the direction and distance of mo-
tion. The DSP calculates the Ax and Ay relative displace-
ment values.

An external microcontrolier reads the Ax and Ay informa-
tion from the sensor serial port. The microcontrolier then
translates the data into PS2 or USB signals before sending
them to the host PC.

i

Avaco

TECHNOLOGIES

Features

e Small form factor,
ADNS-5020-EN

* Register-to-register compatible with ADNS-5020-EN
* Built-in LED driver for simpler circuitry

* High speed motion detection at 30 ips and up to 8g
» Self-adjusting frame rate for optimum performance
* Internal escillator - no clock input needed

# Default 500 cpi resolution, adjustable from 125 to 1375
cpivia 125 cpi step

¢ Operating voitage: 5V nominal

* Three-wire serial interface

* Only 4 capacitors and no transistor required

Applications

* Optical Mice

* Opticai trackballs

* Integrated input devices

pin-to-pin compatible with



3-Axis Digital Compass IC Honeywell
HM05883L

The Honeywell HMCS883L is a surface-mount, multi-chip module designed for
low-field magnetic sensing with a digital interface for applications such as low-

Advanced Information

e e e P A 331 54 3T e 5

cost compassing and magnelometry, The HMC5883L includes our slate-of-the-
art, high-resolution HMC118X series magneto-resistive sensors plus an ASIC
conlaining amplification, automatic degaussing strap drivers, offset cancellation,
and a 12-bit ADC that enables 1° to 2° compass heading accuracy. The I°C
serial bus allows for easy interface. The HMC5883L is a 3.0x3.0x0,9mm surface
mount 16-pin leadless chip camer (LCC). Applications for the HMCS5883L
include Mobile Phones, Netbooks, Consumer Electronics, Auto Navigation

Systems, and Personal Navigation Devices.

The HMC5883L utilizes Honeyweli's Anisotropic Magnetoresistive (AMR) technology that provides advantages over other
magnetic sensor technologies. These anisolropic, directional sensors feature precision in-axis sensilivily and linearily.
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 lo 8 gauss. Honeywell's Magnetic Sensors are among the most
sensitive and reliable low-field sensors in the industry.

FEATURES BENEFITS
T AN T R, 7k e S R L - - VST = -
» 3-Axis Magnetoresistive Sensors and » Small Size for Highly Integrated Products. Just Add a Micro-
ASIC ina 3.0x3.0x0.9mm LCC Surface Controller Interface, Plus Two External SMT Capacitors
Mount Package Designed for High Violume, Cost Sensitive OEM Designs
Easy lo Assembie & Compatible with High Speed SMT Assembly
» 12-Bit ADC Coupled with Low Noise » Enables 1" lo 2" Dagree Compass Heading Accuracy

AMR Sensors Achieves 2 milli-gauss
Field Resolution in +8 Gauss Fields

» Built-in Self Test » Enables Low-Cost Functionality Test after Assembly in Production

» Low Voltage Operations (2.16 to 3.6V) » Compatible for Battery Powered Applications
and Low Power Consumption (100 pA)

» Buiit-in Strap Drive Circuits } Set/Reset and Offset Strap Drivers for Degaussing, Seif Test, and
Offset Compensation

» I“C Digital Interface » Popular Two-Wire Serial Data interface for Consumer Electronics

» Lead Free Package Canstruction » RoHS Compliance

» Wide Magnetic Field Range (+/8 Oe) » Sensors Can Be Used in Strong Magnetic Field Environments with a
1° to 2° Degree Compass Heading Accuracy

» Software and Algorithm Support » Compassing Heading, Hard Iron, Soft lron, and Auto Calibration

Available Libraries Available

» Fast 160 Hz Maximum Output Rate » Enables Pedestrian Navigation and LBS Applicalions



Atmel

Atmel ATmega640/V-1280/V-1281/V-2560/V-2561/V

8-bit Atmel Microcontroller with 16/32/64KB In-System Programmable Flash

DATASHEET

Features

* High Performance, Low Power Atmel® AVR® 8-Bit Microconlrotier
* Advanced RISC Architecture
~ 135 Powerful instructions — Most Single Clock Cycle Execution
= 32 x 8 General Purpose Working Registers
~ Fully Static Operation
= Up to 16 MIPS Throughput at 16MHz
- On-Chip 2-cycie Multiplier
* High Endurance Non-volatile Memory Segments
= B4K/128K/256KBytes of in-System Self-Programmable Flash
— 4Kbytes EEPROM
— BKbytes Internal SRAM
~ Write/Erase Cycles:10,000 Flash/100,000 EEPROM
~ Data retention: 20 years at 85°C/ 100 years at 25°C
- Optional Boot Code Section with Independent Lock Bits
R SR e St g
- Programming Lock for Software

+E: 3
. mmﬁumwmmw
Sliders

~ OTauch and Qlatrix sequisition
= Up to 84 gense channels

JTAG (IEEE® std. 1149.1 compliant) Interface
= Boundary g to the JTAG Standard
- Extonsive

Debug Support
- Programming of Flash, EEPROM, Fuses, and Look Bits through the JTAG Interface
Peripheral Features

5
!
H
i

g
H
£
f

= Powsr-down Mode: 0.1pA at 1.8V
* Speed Grade:

+0- AMHE @ 1.8V -5.5,0 - 8MHz 2.7V 5.5V
ATrmoga25e0VIAT megazss 1V:

Ao.monm-w'-moan-m
= ATmega6i0/ATmega1280/ATmega128Y:

< < BMHz @ 2.7V - 5.5V, 0 - 16MHz @ 4.5V - 55V
.IT\II”I‘II& t

*0- 16MHz & 4.5V - 5.5V

73




1. Pin Configurations

Figure 1-1.  TQFP-pinout ATmega640/1280/2560
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2. Overview

The ATmega640/1280/1281/2560/2561 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega640/1280/1281/2560/2561 achieves throughpuls approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

2.1 Block Diagram

Figure 2-1.  Block Diagram

I 186 VC3 i‘—.
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ey
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i

— — — — — — — -
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The Atmel® AVR® core combings a rich instruction set with 32 general purpose working registers. All the 32 regis-
ters are directly connected to the Arithmatic Logic Unit (ALU), allowing two independent registers to be accessed in
one single instruction executed in one clock cycle. The resulting architecture is more code efficient while achieving
throughputs up to ten times faster than conventional CISC microcontrollers.

Atmel ATmega640/V-1280/V-1281/V-2560/V-2561/V [DATASHEET] 5
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The ATmega640/1280/1281/2560/2561 provides the following features: 64K/128K/256K bytes of In-System Pro-
grammabte Flash with Read-While-Write capabilities, 4Kbytes EEPROM, 8Kbytes SRAM, 54/86 general purpose
VO lines, 32 general purpose working registers, Real Time Counter (RTC), six fiexible Timer/Counters with com-
pare modes and PWM, four USARTS, a byte oriented 2-wire Serial Interface, a 16-channel, 10-bit ADC with
optional differential input stage with programmable gain, programmable Watchdog Timer with Internal Oscillator,
an SPI serial port, IEEE® std. 1149.1 compliant JTAG test interface, also used for accessing the On-chip Debug
system and programming and six software selectable power saving modes. The Idle mode stops the CPU while
allowing the SRAM, Timer/Counters, SPI port, and interrupt system to continue functioning. The Power-down
mode saves the register contents but freezes the Oscillator, disabling all other chip functions untit the next interrupt
or Hardware Reset. In Power-save mode, the asynchronous timer continues to run, allowing the user to maintain a
timer base while the rest of the device is sleeping. The ADC Noise Reduction mode stops the CPU and all /O mod-
ules except Asynchronous Timer and ADC, to minimize swilching noise during ADC conversions. In Standby
mode, the Crystal/Resonator Oscillator is running while the rest of the device is sleeping. This allows very fast
start-up combined with low power consumption. In Extended Standby mode, both the main Oscillator and the
Asynchronous Timer continue to run.

Atmel offers the QTouch® library for embedding capacitive touch buttons, sliders and wheels functionality into AVR
microcontrollers. The patented charge-transfer signal acquisition offersrobust sensing and includes fully
debounced reporting of touch keys and includes Adjacent Key Suppression® (AKS®) technology for unambiguous
detection of key events. The easy-to-use QTouch Suite toolchain aliows you to explore, develop and debug your
own touch applications.

The device is manufactured using the Atmel high-density nonvolatile memory technology. The On-chip ISP Flash
allows the program memory to be reprogrammed in-system throughan SP! serial interface, by a conventional non-
volatile memory programmier, or by an On-chip Boot program running on the AVR core. The boot program can use
any interface to download the application program in the application Flash memory. Software in the Boot Flash
section will continue to run while the Application Flash section is updated, providing true Read-While-Write opera-
tion. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip, the Atmel
ATmega640/1280/1281/2560/2561 is a powerful microcontroller that provides a highly flexible and cost effective
solution to many embedded control applications.

The ATmega640/1280/1281/25660/2561 AVR is supported with a full suite of program and system devalopment
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators, and evaluation
kits.

Atmet ATmega640/V-1280/V-1281/V-2560/V-2561/V [DATASHEET] 6
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22 Comparison Between ATmega1281/2561 and ATmega640/1280/2560
Each device in the ATmega640/1280/1281/2560/2561 family differs only in memory size and number of pins. Table
2-1 summarizes the different configurations for the six devices.
Table 2-1.  Configuration Summary
! General 16 bits resolution | Serial ADC
Device Flash EEPROM RAM Purpose 1/O pins PWM channels USARTs | Channels
ATmega640 B4KB 4KB BKB 86 12 4 16
ATmega1280 | 128KB 4KB BKB 8 [ By AT 18
ATmega1281 128KB 4KB BKB | 54 6 2 8
ATmega2560 | 256KB 4KB 8BKB | 8B 12 L 16
ATmega2561 | 256KB |  4KB BKB 54 6 e
2.3 Pin Descriptions
231 vcc
Digital supply voitage.
23.2 GND
Ground.
233 Port A (PA7..PAQ)
Port A is an 8-bit bi-directional VO port with internal pull-up resistors (selected for each bit). The Port A output buf-
fers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port A pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port A pins are tri-stated when a
resel condition becomes active, even if the ciock is not running.
Port A also serves the functions of various special features of the ATmega640/1280/1281/2560/2561 as listed on
page 75.
234 Port B (PB7..PBO0)
Port B Is an 8-bit bi-directional O port with intemal pull-up resistors (selected for each bit). The Port B output buf-
fers have symmetrical dfive characteristics with both high sink and source capability. As inputs, Port B pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port B pins are tri-stated when a
reset condition becomes active, even if the ciock is not running.
Port B has better driving capabiiities than the other ports.
Port B also serves the functions of various special features of the ATmega640/1280/1281/2560/2561 as listed on
page 76.
235 Port C (PC7..PC0)
Port C is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The Port C output but-
fers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port C pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port C pins are tri-stated when a
reset condition becomes active, even.if the clock is not running.
Port C also serves the functions of special features of the ATmega640/1280/1281/2560/2561 as listed on page 79.
AT 640/VV-1280/V-1281/V- -2561/V E T
Atmet mega 281/V-2560/V-2 [DATASHEET]
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2.3.6

237

238

239

2.3.10

2311

Port D (PD7..PDO)

Port D is an 8-bit bi-directional /O port with intemal pull-up resistors (selected for each bit), The Port D output buf-
fers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port D pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port D pins are tri-staled when a
reset condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmegaB40/1280/1281/2560/2561 as listed on
page 80.

Port E (PE7..PE0)

Port E is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The Port E output buf-
fers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port E pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port E pins are tri-stated when a
reset condition becomes active, even if the clock is not running.

Port E also serves the functions of various special features of the ATmega640/1280/1281/2560/2561 as listed on
page 82.

Port F (PF7..PF0)

Port F serves as analog inputs to the A/D Converter.

Port F also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used. Port pins can provide internal
pull-up resistars (selected for each bit). The Port F output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port F pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port F pins are lri-stated when a reset condition becomes active; even if the clock is not
running. If the JTAG interface is enabled, the pull-up resistors on pins PF7(TDI), PF5(TMS), and PF4(TCK) will be
activated even if a reset occurs.

Port F also serves the functions of the JTAG interfaca.
Port G (PGS5..PG0)

Port Giis a 6-bit /O port with internal pull-up resistors (selected for sach bit). The Port G output buffers have sym-
metrical drive characteristics with both high sink and source capability. As inputs, Port G pins that are externally
pulled low will source current if the pull-up resistors are activated. The Port G pins are tri-stated when a reset con-
dition becomes active, even if the clock is not running.

Port G also serves the functions of various special features of the ATmegaB40/1280/1281/2560/2561 as listed on
page B6.

Port H (PH7..PHO)

Port H is a 8-bit bi-directional I/O port with interna) pull-up resistors (selectad for each bit). The Port H output bul-
fers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port H pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port H pins are tri-stated when a
reset condition becomes active, even if the clock is not running.

Port H also serves the functions of various special features of the ATmega640/1280/2560 as listed on page 88.
Port J (PJ7..PJO)

Port.J is a 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The Pert J output buffers
have symmetrical drive characteristics with both high sink and source capability. As inputs, Port J pins that are
externally pulled low will source cutrent if the puli-up resistors are activated. The Port J pins are tri-stated when a
reset condition becomes active, even if the clock is not running. Port J alse serves the functions of various special
features of the ATmega640/1280/2560 as listed on page 90.

AT 0/V-1280/V-1281/V- -2 ATASH
Atmel megab4 1/V-2560/V-2561/V [D EET] 8
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23.12

23.13

2.3.14

23.15

2.3.16

2317

23.18

Port K (PK7..PK0)

Port K serves as analog inputs to the A/D Converter.

Port K is a 8-bit bi-directional /0 port with internal pull-up resistors (selected for each bit). The Port K output buffers
have symmetrical drive characteristics with both high sink and source capability. As inputs, Port K pins that are
externally pulled low will source current if the pull-up resistors are activated. The Port K pins are tri-stated when a
reset condition becomes active, even if the clock is not running.

Port K also serves the functions of various special features of the ATmega640/1280/2560 as listed on page 92.
Port L (PL7..PLO)

Port L is a 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The Port L output buffers

have symmetrical drive characteristics with both high sink and source capability. As inputs, Port L pins that are

extemnally pulled low will source current if the pull-up resistors are activated. The Port L pins are tri-stated when a
reset condition becomes active, even if the clock is not running.

Port L also serves the functions of various special features of the ATmega640/1280/2560 as listed on page 94.
RESET

Reset input. A low levelon this pin for longer than the minimum pulse length will generate a reset, even if the clock
is not running. The minimum pulse length is given in “System and Reset Characteristics” on page 360. Shorter
pulses are not guaranteed to generate a reset.

XTAL1

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
XTAL2

Qutput from the inverting Oscillator amplifier.
AVCC

AVCC is the supply voltage pin for Port F and the A/D Converter. It should be externally connecled to Ve, even if
the ADC is not used. If the ADC is used, it should be connected to Ve through a low-pass filter.

AREF
This is the analog reference pin for the A/D Converter.

T -1280/V1 X X
Atmel ATmega640/V. 281/V-2560/V-2561/V [DATASHEET) 9

2840G-AVR-02/2014



Resources

A comprehensive set of development tools and application notes, and datasheets are available for download on
hitp://www.atmel.com/avr.

About Code Examples

This documentation contains simple code examples that briefly show how to use varicus parts of the device. Be
aware that not all C compiler vendors include bit definitions in the header files and interrupt handling in C is com-
piler dependent. Confirm with the C compiler documentation for more details.

These code examples assume that the part specific header file is included before compilation. For /O registers
located in extended IO map, "IN®, "OUT", "SBIS*, "SBIC", "CBI*, and "SBI" instructions must be replaced with
instructions that allow access to extended I/O. Typically "LDS" and "STS" combined with *“SBRS", “SBRC", "SBR",
and "CBR".

Data Retention

Reliability Qualification results show that the projected data retention failure rate is much less than 1 ppm over 20
years at 85°C or 100 years at 25°C.

Capacitive touch sensing

The Atmel® QTouch® Library provides a simple to use solution to realize touch sensitive interfaces on most Atmel
AVR® microcontrollers. The QTouch Library includes support for the QTouch and QMatrix acquisition methods.

Touch sensing can be added to any application by linking the appropriate Atmel QTouch Library for the AVR Micro-
controller. This is done by using a simple set of APIs to define the touch channeis and sensors, and then calling the
touch sensing API's to retrieve the channel information and determine the touch sensor states.

The QTouch Library is FREE and downloadable from the Atmel websile at the foliowing location:
www.atmel.com/giouchlibrary. For implementation details and other information, refer to the Atme! QTouch Library
User Guide - also available for download from the Atmel website.

T 640/V-1 e - -
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