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ABSTRACT

Mobile robot movement has many forms such as two wheel drive with different
motor speeds, Mecanum drive with three motors. To switch between platforms, developer must
rewrite motion control part which is complicated and time-consuming task. This problem can be
alleviated if there is a middleware to handle this control layer. A set of sensor enable the
command to be executed using the same command for each robot and obtain the same result. The
proposed system can be designed to display the robot’s status and position. Such information can
be collected in a database, and the administrator can view from a PC anywhere. When accessed,
the system shows the robot’s status and the current position on the factory map in real-time via a
web browser.

This system reduces the time to change the robot's motion pattern by approximate

50%. This is possible because of the ability of circuit hardware and control systems.
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linsasniniude uavzesiuiu daunzing 45 09 1azdeaINITDINAIVUIUNY
Y a 19 o [ A A Y o = [ . . =< 9 =
Tdamnd Tidesnesiiyunu msndouiozlnann151@e201 Omni drive 994041
o < ] @ [ ] [

Jacobian/Inverse-jacobian matrix 1UMIA1WIUANNS 18 015 UA U LA TUN15IL418031 Mecanum

. S A = . A A . Y v A
drive UM TIAADUNUUD holonomic NFIAADUNLUL Mecanum drive wlussvunaouee
TupurmsiadsunaIurILazLuIAIUYa uamsadounlunuirdie tazu azdoels

WAINIUINANG MINIVBIABILIINE M T U UOUANT IFI Ao

WHEEL
DIRECTION

WHEEL
DIRECTION

WHEEL

WHELS DIRECTION

DIRECTION | ;

%

MECANUM ROBOT

MNN 2.11 msmﬁauﬁu‘u‘u Mecanum drive

2.4 Design HNIIN
' S 3 ~ a v A 1 o o '
Y HIUAN Mobile Robot “VIQﬂWﬁ@]fl@ﬂiJﬂu’ﬂ%ﬂ“UuiJﬂﬁ@@ﬂ!mU Glumumﬂﬂgag 3
y : { . v Y o
U 5TVUMITIAARUR (Mechanism) 3¥UUN133UY (Sensor) LAY TE VUM ITTINUNUNULAL
v Aa . . ] & dg’ (5 ) Y v o~ ) .
andule (Application) miaammunuaumwuagﬂummw"lﬂi&mm ﬂwuuumim Mobile

1 J a o { Y v A ' A
Robot i1 lugaamnssuueud KIVA* 199058M Amazon Nl#iansnasaun 3o

* From “Coordinating Hundreds of Cooperative, Autonomous Vehicles in Warehouses,” by Peter R.

Wurman, Raffaello D’ Andrea, and Mick Mountz. (2007, July 13-17). AAAI 2007, pp. 1752-1759.
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a A 4 a ] { a 4 @
Uszansnmlugudnszaedud uoud TETRA-DS 1V Andaiiio 19 1unswainn Mobile

Robot (Mobile Robot Platform)

MWN 212 YUoud KIVA 399 Amazon (410) {UsUd TETRA-DS IV(121)

A ~ ' S5 . P} A A

ﬂallﬂmimaaummamumm Kiva ita¥ TETRA-DS IV Gl“]fﬂ'lilﬂﬁ’i]u'ﬂu‘]_lﬁ
. . . 1 I ' Y o A Y s P '

differential drive Iﬂﬁlﬂu&lu@] Kiva "lutmazammmaaumsmamaiﬂizuﬁmﬁmﬂﬂmu
. o a v Jd 1 AY v o Y A
(brushless DC motor) Pittman N194 1 nladaa G]E]W”IH%@W\I’EN Brother 8913101% 25:1 UlﬂENﬁ’e’)‘Vl

o & Ay v v Ay g 0 o A A
MIUVURANIS wmuwmuazwmuamﬂu (caster) ﬂ@ﬂﬂi%ﬂ@ﬂﬂg Tﬂﬁl caster ATUUUINTSUU
o a A g Yy o A \ v s o Y
ﬂuﬁzmauagmaclﬁaawwummzwumuiuvgu TETRA-DS 1V leammnszuﬁﬁau"li

11159813 (brushless AC motor) 184 100 06 6a31MA 15:1

H 4 { ] 4
MR 213 52UUMIINABUNVRIUIUA KIVA

* Meet the drone that already delivers your packages, Kiva robot teardown, Robohub [ﬂﬂu”lau],
quAuiie 1 QMﬂTﬁuf 2559, 310 http://robohub.org/meet-the-drone-that-already-delivers-your-packages-

kiva-robot-teardown/
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[ a A a 1 I . ISP a

na Inflosiumsaelaudsiauinavesiueud Kiva ez TETRA-DS IV fiog 2 wilalaglu
1 4 4 A a
nusua Kiva fﬂﬂ‘lafl Infrared distance sensor Lﬁﬂﬂi?%ﬁﬁ]ﬂﬁﬂﬁﬂﬂlﬂﬁxﬂz 8-15 IHUALUNT

=Y 9 1 [ a d‘ = [ 1 =\ d'
wazlnuyuy eenuuuTaglenesnanaaseus Welmsyuussau luneusimsasuuas
o [ 1 1 o . .
Aldansoasasumssuld damluueud TETRA-DS IV 19 Ultrasonic distance sensor
TUNTATIVAOUVTINAVINTEEL 2-400 t5UMUAT 1Az 1% Limit  switch  A0AUNUSUIND

ﬁi’)i]ﬁ’f)ﬂﬂﬁ“]fuizﬂgiﬂg

M 2.15 gUnsalnsndumssuszezInd

]
=1

1 d A ci v A 9 Yo
EEA NI ﬂmﬂunuaum A® 13999 (onboard controller) ﬂﬁﬂﬁui%ﬂTﬂﬂl@gaﬂ]’lﬂiﬂﬂTﬂ
S A o Yq Vo o s A A A ' s
LYULYD T ‘Vii’f)f’ﬂﬁﬂ"l]”Iﬂﬁjﬁl‘;l)'ﬁQQTHVlﬂﬂQﬂJﬂm@i L‘Wi’)ﬂ')'].lﬂﬂﬂ?ilﬂﬁ@ﬂﬂ igﬂﬂﬂQTNﬂNﬁuﬂuﬁ

= 9 = 1 A 1 9 A [ 4 t4
WADINTEVVYDY) NITIFONAD /O TEUUMAIUANICADIADAITNY LFULEDT Lla%@‘ﬂﬂiﬂ!
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[ ]

o 4 @ [ ¢ A o a [ 4 4 1
ﬂlﬂlﬂaﬂu A20619 [5UTOT NAIANITY LIDAR uag GPS %Zﬂﬂﬁ@ﬁ@ﬁ’]ﬁTﬂﬂﬂ’]ilcd]fﬂllﬁ@u‘ll‘ll

g

2 o 4 s
E)lq!ﬂ'ii] (Serial) ’qﬂﬂimmm‘nmiwmﬁ@u éfmmi Digital NOIAN Wgﬂ CAN BUS Gluﬂ']i

KRN

MW 2.16 WITAIUANWDIADS LAz ATEAT 1T a10UDIUOUA Kiva

@ o 1 @ 4

NITHANUYD Kiva ﬁ'Nﬁ)'iﬂ']ﬂﬂﬂllﬂWlﬂ51%&&ﬂ5ﬂﬂ1ugﬂwwu1ﬁuﬂ1ﬂ FPGA

o o o v Jd
(Field-Programmable Gate Array) i‘]Jﬁ’ﬂJui},Hmﬂﬂuﬂan]’lﬂ encoder UASVYVUDIADINIU FET

{ 3| @ a ' y
(Field-Effect Transistor) a9y full-bridge 93 FET gﬂmuuiﬂimmﬁaszmamm%’@u
o Y A A 1w 7 A :J, Y o @ g ' & Y
'Nfl]ii’f)\Wn‘HHTTIL“]f'EJllW?JﬂTJQ‘]JﬂiﬂlVIL‘i’if‘]’f)TNW?JﬂHHﬂU’N%iWﬁﬂ ANLLE %ﬂﬁﬂﬁTilliﬁTﬂ
U a J v a [ [ J 1

NADY YNHMYARNAU 1FUIFOS N UTY YAVTHITIANITNAINU 19051 1Fniaelszuana

3 s A A a I
Lﬂullﬂmﬂ@uimam@i 32 1@ Freescale MPC5123 77140 400 MHz 4 PowerPC 11uszuy

Uiiams
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Laptop or PC
DRSP—HAL Request

Ethernet ar Wireless LAN
/" TETRA-DS TCP/IP B
" DRCP )

DRSP—HAL Services

Drive Service sensor Service etc. Services

RS—-232 R5—232 Serial/etc.

Power Board Drive Board Sensor Board etc. Board

1 T 4 .
External
[Powm Dwices] (I;Iﬁu-Molms) ( Sensors ) ( Devices )

| vy

.

MW 2.17 HAAIAITNMI TOA15524HINQUn5al v UEUR TETRA-DS IV

2.5 Robotics middleware
< s oA A o 1y o Y
WuszvureranINgneoNUUUNUNSIANTI AUANUFUFOULAZANUHABTAY
% s o Y A o v A . .
oI55 aaaNuFuGFouluMIToas 1uszAY Low Level 29151 I Robotics middleware
[ Y 4! ] < o " Yq 9 . d'd 1 d' o [ Y
pgna1ea I ueuAs UL 111814 middleware filiog 199197153 191UT WALV
gunsal WnWaudadeasiai middleware Y111AIBAUDI Robotics middleware Nlenanly
ilag1iufe ROS (Robot Operating System)’ aeiaranitlaldalavs inmlhaeniauin

nannale INMssnanagaasaiial

® Robot_Operating System, Wikipedia [pou'lau], @udwile 26 liguieu 2560, 910

.https://en.wikipedia.org/wiki/Robot Operating_System
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M 2.18 Talduea ROS

L g { @ %
v iuninlaldves ROS Nlatinsswanineadnieilagiiu ROS Ao

&%

a oA 3 4 @ 1 S a {a o
igﬂﬂﬂgﬂﬁﬂ'li?!Uﬂuﬁ ‘H%{@ Framework ‘lJE]\‘lﬂTiWﬁlN"IH.ufJuﬁﬁ Willow Garage (’LISH‘VI‘I?I’J"!]EJ

4 i1
Wueud lu USA) Aaduiuin e lgiuruoud PR2’

MNA 219 1UBUA PR2

’ PR2, wiki.ros [0aulau], @uduiio 1 n3ngiawu 2560, 91 http://wiki.ros.org/Robots/PR2
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a wa 1 4 ] [

Jo lanfsevvesmsldszunliianmsyueud (ROS) Ao Taseadivazutisoaniy
Module Tagazinthiivewuiuesluuaas Module ROS 1¥msAnsodoaisiuaas Module H1u
o ' { ] 4 J I
Aananvesszuy wu siimsnldeuudasms lauiueudninuwaaresy 2 de'lihilu 4 do
1< o Fa A 9 ] @ = o [l 9 a vAa
nansaim Idhemsiz ROS Feasteyariuainais dnaredivesmsIdszuulians

] 1 a o

ROS Nf® 15913 Million Objects Challenge ABNTABUYUIUA Baxter' UDIUTHN Rethink

. £ & 1 4 g o Aa a A I = Y o
Robotics mqu/gusJumu:uumaTmmmammuuazwmﬂuﬂmﬂu mmsaa’ou”lﬁmmmmu

v v

:} 4 v Aav Y o A 9 a 1 d‘ = Yy Y I 4
H1°) BNUVYBY Iﬂﬂuﬂﬁ%ﬂ%gﬁﬂuiﬂﬂuElumiﬂugﬂ”liﬁﬂﬂ"l]ll ARANN) LUDLITIUIUAINLLYT

TU5UNTUAINANVUTLUUAAIA (Cloud Computing) LazIHHUBUARIDUY A 1NTOHEUIY

q

[

[ Y
Fagiaeanula lagludesTusunsulmi waladdg i liinanmswaunludnvugiild fe

g

J o A

usuanndrdearsiulaidinluns iz usudnnda ldmuainavesjusudiiuie ROS

Q

g

(Robot Operating System)

MW 2.20 7 yuendn191uTasen s Million Objects Challenge

* A robot learns: Baxter’s video takes first place, News from Brown [aau"lau], Auduilo

1 NTNYIAN 2560, 910 https://news.brown.edu/articles/2015/12/baxter
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13 Monitor yuguaiuilvgtiuegldnuusudninuaasanal 1
A 9 a A o"dl a d? ~
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Tidqualvinsdaniu vesTagazihwudunses cNC Jmuanie i Tusunsuaziam

HIUM315oNAD Ethernet LAN davoya lidaiesniugw

Chameleon
1.3 MP Fujinon CCTV Vari-Focal
Mono USB 2.0 G (2.8-8mm Lens)
Camera
Keyence
5R-750 series

barcode reader

Ethernet LAN

Omega
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: TEIETETRTEIETETE
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Az
x
s
A
n
L
n
B
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E B B 2 o a
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M 2.22 dreg1anihne Tdsunsy

TuTs991u

Ethernet LAN
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o { 4 [ M [ 3 4

uenINMIAsIaeuMshau TUsunsungnadndudiamnsadanuaafuoua

1aTuszaunits daulu mobile robot 1URGINY fix robot HANITHINU VMUY IQ WIFI
A 1% A ' o A A ~ VY P P A

Wioszun1medun maziueudzinaoui Tasaziimsdedoyavod isuiwes Ndod 3o

o
ginsaloue

Wow ko R R W

Mwin 223 @redaniie Isunsuniugu

N13A3IVAOUNITNINIUUVY web monitor IMIIZAUNMTUAAINA NNADANITLTA

9
$uFuan Araa1u Tu mobile robot MiTleun13ATIVA0UNTHINIUFIVTZUY web monitor
M1z linmsdetoyasuIuIIN 19U Ndoa Yoya9zAed Real Time aaoaai1 v limiug

AUNITATIVEDU WIU5ZUL web monitor

) d
2.7 MITZYAWMHUIVDIHUBUA
2.7.1 Laser range finder
A s Y v ' v Y o 7= o w1
msnvusudzdanmadonaey Idiu szdeserduginsainlanudidyse
v Y 1 S A A 1 P ] [ o Y
MITUVeIuIuA NEeNI wumes Feaunsaulseonauanyazmsthiaula 2 Uszan
A . . J . 1o 9
Aol5zan Active 1182152100 Passive Um0 15210N Active dzdsdyanmoon liudise
[ [ 1 % 1 4
NMSAZNOUNAUNIVOITYY IV 1 101505 IATZYZNIY (Laser range finder) dIUIBUIHDS
1 1 [} 1 @ o [ 4
Uszinn Passive vz5uiT0yan199 lalagludesdedyaruoonlunszqu dedrusuyos

Y
Ysznniilaun ndes3d o (Computer vision)
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WA 2.24 Laser range finder

o ] 1 4 4 . I {1 4
NI YMLUHUIVOIUIUA (Localization) nJuﬂizmumiﬁvguﬂummmmueﬂ
o Y] Y1 A ~ ~ :J‘ I A Ao Y Y 4
mgmmmmﬂmmgwi;ﬂslﬂ“luuwuﬂ Tagununiueniuupui Ao1vua 3araniind)
A I A A 9 9 @ ) ] ) T 9 an A
ERIRATITARTR] wﬁﬁwﬂﬂwa@uﬂ NUNITITYAUHUI NITTSYAULHTUIAIYIT Monte Carlo 1D
9 [
ms51¥n1susuiagy (Random Sample) lun1swigimeudusuaunisidudoudio
a 4 ] o { ] ] o ]
ADUNUADT LBU miﬂm’;mixuuﬁﬁmm”lmmuauqq N3oMUIU IAEINFY NTLVIUMNST
Y d‘ﬂ) [ A A o [ A dd‘ ~ =y 1 1
[FINAAVNADIDIATAUNITNINOUNNTA AT Monte Carlo ¥30 MC NFOITYNDNDYINN
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Simulation-based $19619A1INIAINDUAIBIT Monte Carlo 8nAI0619MTHINUNINAY A8
o o a1y o A A ¥ 11 A 44 4 o A ~
AU T ﬁwumﬂugqmmimmmwuwNﬂau IUANNUNTHATUINTANATBUNNANNDA
o ] I . g { Y @ 1 ay { o Y
A AUy (Probability) Wunveaenanlden dasraruveansuilaniulalu
o =& 4 4 4 2
.naununsulannszoeludivasunavua
2.7.2 Odometry
o ' ' J o 9 an A a ' A '
N1TTTYA NN UIVDI UIUA Mmlalagdznsnizeni Odometry ~ A® N13TLYN
1 4 A A 9 ] o 1 a 1 1 s A =} [
ﬂuﬂumﬂa@uﬂ”lﬂ”lﬂﬂlu'izﬂwnmm"li A UIALAEZNAN TN VDIN UIUALUDINY VN

a [ o a v o ! ] 4
%qmiuéfu ANHUSMINIIUYDIITNSG Odometry ﬁ]$‘L!‘1J%114’31!i@UﬂTiﬁMuﬁé’ﬂﬂlﬂﬂﬁuﬂu@

2 9

9
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IﬂEJGlG]sf} Encoder mnuum%’m&am aundasnauduaszeenie AU Lagnan19ns
A A ) 1 ] <Y ax 3 = Y 1 o 1 Y o
AADUN NMTISYMUNRUIVDINUIUAAIYIT Odometry U ITUANNYNADI LUUIIADUUNA
a Y v a3 J A . 1 L4 =K o
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MITTYAWHUUDIUBUA TAg1FNIZUIUNT Image processing 77981991 N30l
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2.8 MnaeUNVeIHUBUAGAIHATIA
Tuilaquiuiinisii platform M3AAOUNUDI Mecanum Drive 1114 lugaaivinssy
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8 L -Fault Flags
Y10 Timjer capture l
LED Status Encoder ‘

MW 3.1 MIPONUUVYULUA Mobile Robot

1INMIANHINIRIIUVBIHUEUA FUIUUUDIUEUR Mobile Robot ttazANHIN
' J ] J . Y ' £ Y 1
mmmuwﬁuiﬂﬂiwmﬂmuwﬁ Tﬂﬂ‘vguﬂuﬂ Mobile Robot wlseneauniey 3 943U Glﬁulﬂllﬂ

I [ J E4
sruumMaAdeun szuumsiud uazszuumsdenunurunazdaduly Tuauddeiiyjaiy

Hq Yo . A s ] Y
ﬂ'l’i@ﬁ]ﬂll‘].l‘].l’)ﬂﬁ]i‘i/’lcl,‘lfﬂﬁ Mobile Robot ‘VII‘T'I?J'I?ﬂﬂi$Qﬂﬁﬂ1§1%Q1u]lﬂWa'lﬂﬂa18
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3.3 23999 Feedback Controller
o s o A A A ° Y &
NI1TIDOITY LB ULEDT N%ﬂumimmﬂaauwmmsmwmmmaummaﬂﬂ BN
' @ A A g ' o w A =2 q Y o o A I
ﬁ’Ju"lJ‘]_ll,ﬂﬂ’Ouﬂfl’ﬂl,ﬂu’d’J‘Llﬁﬂﬂﬂlﬂlqmiﬁ]ﬂﬂﬂ’ﬂnﬁWﬂﬂﬂuﬂﬁﬁl’ﬂﬂlmll %1ﬂ§ﬂ‘1/l 3.2 L‘lJ‘Llﬂ’lﬁ

] I ] [ [
9901111 Motor Drive Control Iagazuaiioantily 2 muﬁa @IU 2999 Feedback Controller NU
199357UN01ADY H-Bridge

Motor Drive Control
Address, Mode Battery 12v - 36v

I 2 =
= ' = =| Mot
g |.%C micu S [HBridge Drive |Z|
= - AVR Atmega328 a_| -Mosfet Drive o
= UART -Mosfet
8 S -Fault Flags

v /0 Timer capture l

LED Status Encoder

MNN 3.2 N1999NLIUU Motor drive control

o
o
(=]
=
(D 1

MNA 3.3 219951128152 0aNaVU Motor drive control
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< ] Aa o ' . A o o o .
Wuesniielszuianai@n@eguu Motor drive control IWBFUR1AI91IN Main
o 4 < 4
controller ~ 11&491% 2995 H-Bridge tWonauguauiwemes meluieazilsznen MCU
Atmega328 BIFUMTIHIUMIIFOUAD UART H30 12C Mdandaauvzeoglugiiun Protocol

v 3 [
Molud MCU 920imsnIuquaNIE 198900In03 R85 UUAILAN PID Aleszuutoundy

'
1A

S o <
(feedback control) Iﬂﬂi“j’f}ﬂTﬂ]lgfi]"lﬂ Encoder Y9dUBIADIUIATUIUAIINLILASTSYSNINVON

J
pRI k]

M319N 3.1 gﬂgmu Protocol ﬁﬂl%’ﬁmu Motor drive control

Byte | name Value swazden

1 Start1 O0xFF Start Packet 1

2 Start2 O0xFF Start Packet 2

3 length 0x07 ANUEIVOITOYA

4 Id 0x01 — ID ¥®4 Motor drive control Tﬂﬂ‘ﬁ O0xFE %Lﬂumiﬁwm

0x14,0xFE | WSaununavyea

5 Read/Write | 0x01,0x02 | 81UWT0IV8U

6 Mode 0x01-0x04 | Truadida

7 Value 0x00-0xFF | m@auls

8 checksum 0x00-0xFF | AA U9 AADIVBY Packet ATUIDIDIN ((length+id+

Read/Write + mode+ Value)&0xFF)*0xFF

Y] d
3.4 2993UUNBIND3 H-Bridge
19939UNOIADT H-Bridge 1/52n0UA8 Mosfet 1105 IRF7862 311U 4 @Iy IC
Drive Mosfet 1105 A3941 @22993€101305095UMININUN 5.5-30 Volt oa5unszue 1y

ABILBIN 20 Amp HAZANNAGIA 40kHz



Y @ J
ﬂTWﬁ 3.4 NITVUNDIMDT H-Bridge

$ % 4
Vnﬁ]ﬂﬁ 3.2 ANUYNIEUDN /O YU NITVVUOIADT H-Bridge

PIN aonuisud s1eaz08n
V+ TyliAaInsH1IN 5.5 30 Volt
5V (out) Ivloon 5 Volt 50ma
GND ylidssuemosdaay
OUTA Output A 11J&a Motor
OUTB Output B aléia Motor
PWMH LOW NdYa s PWM
PWML HIGH 91 Control Option
DIR LOW PIMNHUANANIINTHYU
RESET HIGH Reset IC Drive Mosfet 11n58l Fault
FF1 LOW Fault flag 1
FF2 LOW Fault flag 2
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/ & o P
ﬂ1§1\1ﬁ 3.3 UAANNITAINIUUDINITULUDIANDT H-Bridge

PWMH PWML DIR OUTA OUTB Operation
H H L GND V+ Forward
H H H V+ GND Backward
L H X GND GND Brake Low
H L X V+ V+ Brake High
L L X zZ zZ Coast

X = Tderulodnezdlu L w50 H; Z = high impedance (luiimigouse)

seh 3.4 ANUYINY Error ﬂl@ﬂ?ﬂ%isﬁﬂll@mﬂ{H-Bridge

Flag State . Disable Latched Until
S1EaZ1980
FF1 FF2 Outputs Reset
L L 1@ No No
L H AA1993 Yes Yes
H L PUNYNYA No No
H H Tolynddn Yes No

3.5 99NUUUWMUIEIY Middle Level
1 . d' 9 [ o o'/ o‘/ d‘ d' d‘ 1
a9U Middle Level N1%1umssusdanazaaaumsnaoun 1agsiy n15iaeuae
gunsaivatgediudidieiy  @rumsdeuueuAIEdIIURIY COM Port Tudiuves
H 10 I~ 1 1
Middle Level @n15anaz@euTlsunsuuy Platform Arduino 1@ Iag'lisuiluazdosdony
. ) A4 o aw A4 4
Mini PC masuiidamandoudn awnsaFonlsllsunsuniugumsnasunain llsunsun

weou'ld Taeasa
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M e L e e e e

: Low Lewvel :

[} ]

IMu : Motor Motor Motor Motor :
: Drive Drive Drive Drive :

. i | Control Control Control Control |

[} ]

[} ]

[} ]

] 1

]

| 2C/UART
OLED 128764 K—— —————————— R '

Arduino PIN Qut

Main Controller e /O Digital 0-13

AVE AtmegaZ2aB0

Bluetooth(BLE) UART— B Analog 0-7
% / | H"._
0 o
110 il
) N Other PIN Out

30 1/0
Q ISP. Uart, 12C

MNN 3.5 7INTIUNITDNLUY Middle Level

drmvearuedszauanaludiu Middle Level 9219 IC Atmega2560 1n5123im3
A ' P = Yq ¥ ' . 1 .
woudoglnssinvainate uazl VO 1M 15110091 50 pin - N13oonuuy ua UV Main
4 ' ' a3
controller Lﬁaaﬂmmqqmﬂ“l,umiaammmzﬂl%’uaiﬂ Arduino 2560 3139 Main controller
Y o @ . 9 4 . 9 @ o Y
HAIMINTOONULVIT 1UaAYAL Shield 1F¥UDTA Arduino 2560 M11lsEnouden il
. .
ansoeuTlsunsulasld Arduino IDE Fuilunis@euTusunsy Microcontroller 14119

N8 ANUFUFUT 0

b
L]

MNN 3.6 UBTA ArduinoMega2560



36

MNA 3.7 UD3A Low level

v 9
Tudmueues a Middle Level 1 1deonunvd uisznen 1Ud 18 Motor drive control

$112U 4 1, IMU, OLED, Bluetooth %30 Wi-Fi 1u@a, RGB Led, Piezo waiiniifigaae 11
1.
2.

Y
~

Motor drive control #281/3zuanagee]un13AI1UAY 1995 H-Bridge
IMU e 11y e as295 anuSuFaym tazanuds
OLED 904aaIna Y11A 128%64 pixel

Bluetooth ,Wi-Fi IN@ﬁQﬂﬂiﬂﬁﬂﬁiﬂéﬂﬂﬁ

RGB Led lluaasaniug

Piezo 8114

v ¢ v
3.6 i’)ﬂﬂ!!ﬂﬂiﬂiﬁﬁi"lﬁ NOINDI llas ad

36.1 In3aads
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4' 9 [ 4 A dgl
HMNN 3.8 Zﬂjﬂix‘]ﬁiﬁﬂlﬂ\‘]ﬂuﬂuﬂ Mecanum NOBNUUVUY

[ oA A 9 v A 9 d‘ A
Yusuanesnuuuie lanaaen199sdin 1 azl¥n1saasun 11y Mecanum
. . < ] s A Ay v a vy @ Y o
Directional 1Huusuanuunsanaoud layniame TaslidesmyuaalasTaseasieinn
a a A @ 4 o @ ] S
pgilition AWMLY 2 adwas aalae laser cut tazdugdIaensny anyauzveIUsuan
S Y & Y o Y a A 1 4

ponuUDY 4 do o IHa s onadeUMIHILYe9199s lABNsZANTa W vinaueud 25

*¥22 (HUAINAT QI 10 (HUAINAT
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Small Wheel

Main Wheel

i ' Y
Y ' .
A 3.9 31/Tasead 19909y Omni NovnuUVTY

' s v A P A A L. . Yy @ a
WusuaneonuuuAaN 2 92 19n151AeUNUUD Omni Directional 11UY 3 40 1Tudn
{ y { a 1o o @ a . . .
sduunamsandeui lannianialaelus uiludesnyuda doeonil (Omni Directional

=

v W J a 1 [y a 1
Wheel) 92gnoanuiinomos 119 luia 120 09m5gnIenu avoontiuaazaoszl Main wheel

FIHYUTOULNUTUUNA 1ag Small wheel 11131 90 09511 A1 Main wheel 25 *25 I5UANAT 9

30 IBUANAT

3.62 UDINDT

MWN 3.10 vorwosnlFluszuudundon
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Namiki motor
Namiki DC Motor 22CL-3501PG
12VDC 120RPM 1.8A

Shaft Diameter : 4mm Body Diameter : 22mm

[ IS)

d s Ao 0 q YA o £ ¥
Lﬂuu@tﬁ@iﬂ@ﬁﬂﬁ UaRANIT1NA 80:1 ‘VIﬂ“Villf‘ﬂfN?N 4 Encoder 1111 AB 3U1NTDU

E1)

fudwemes awnsnjfigmanazszey lumsnyuveneines

3.63 40

418013
Hub ©5. 18028

H 1 1 4
mwi 3.11 Ao lFlurueud Mecanum

40 Mecanum U119 60 HAAINAT YOIUTHN Nexus Robot 141U galasaasia

1{['1! ﬂuﬁ’ Mecanum

‘! ‘E;/_Ag'

H 1 1 4
mwi 3.12 Aol luruoud Omni
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3.7 STUUAILANMIFINISZEUNS (Middle ware)
MI0BALLLITZULAILANMTAINITEAUNaN Mmaadalnseadiaveamsidon

Tdsunsy Taefnmsafegduuunasgiulumsasvauruend Iaunssesfumsdeny

Sroguimudeiu il Fuuens iy v dsuiuiuglunsedeutives

1 4 o 4 { 1 o 1 1
WUIUA Mobile Robot Ao $1uIUdpMazUnUUMIMAOUNVDIUIUALTZIANAINY 19U

q u

1 4

Y Y J o o A A Y Y 1 J u'us/l @
NUIUA 2 00 "l]gnl"]ﬁ\l’ﬂl,ﬁ@i TUIU 2 A0 mima’aumUlﬂﬂnwuwamuﬂmmammmﬁmm

L)

Y Y Y 4 A 1 o ' ' % . Aq ¥ 7o o A
fuzm’aaw34u"lﬂmwmmammﬁ’mmmu munuﬂm Omni ‘1/]1“11 UDLANDT 1UIU 3 A1 NI1TN

A Ay (v v & 7o o ) Y A o o A 4
%ma@u‘n“lﬂmwumummmm 3 m%wyu"lﬂmuwmmm 2 AAUNMUU INDNITHINTD

o Y 1 A ° Y ] .
'if)ﬂiﬂzﬂll‘ﬂ'ﬂﬂ'lﬁi%\ﬂﬂﬂﬂﬁlu@lﬂﬁﬁ'lﬂﬁﬁﬁl Tﬂﬂlﬁﬁ]gﬂ'lslﬁﬂWiﬁ\N'lu Motor drive control

A Jd o ] . A o < o 1

“ri'ﬁﬂﬂﬂlﬂﬂillﬁﬁgﬁﬂ]@giuzﬂﬂlﬂﬁ ob]ect memmmmiumwummmm ATINUN IZYSNN
o Y 1 [V [ ] o Y 4 A A 9y Y 1
1/1']11’?\1']8]@]@ﬂ13%@ﬂ13 mﬂmamammwmiwnuaumaaauﬂﬂmwm AIUVBITSUU

@ o o @ A A ] o Y
AIUANNITAINITTSAUNAN ﬁ]%‘Vﬂf‘ﬂﬁfﬂﬂfﬂiz‘ﬂll‘ﬂ‘ﬂﬂ'ﬁLﬂaGUﬂQTMﬂiglﬂﬂﬂuﬂuﬁﬂigﬂuh

uazdeau 1Jda Motor drive control fifiinua 13 i limsiieziinluiszgndld luguuudieg
Y dgl
ladean

9
A A

Ao 1 4
1uﬂ1u3%ﬂuLW®ﬂﬂﬁEJ‘UmiE]ﬂﬂ!!,‘]J‘US$Uﬂjﬂﬂﬁ]31%}ﬂuﬂuﬂ Mobile robot 2 gﬂLL‘U‘U
A AA | Aq YY . Y Jo v W ] J . . .
NI UNAD uu‘nﬁlﬂma Mecanum Drive hmmaimmu 407 NUNUIUA Omni Directional
J o 1 J 3 v o W 1 .

Drive LL‘]J‘]_IGlGIijﬂJ’eJL@]’eJ’i 387 HUIUATNN 2 :JJ’IJLUJ‘]J im"'ummmﬂiﬂmﬂmmumm High Level
1 A < [ ) [ M
Tﬂﬂﬁmﬁmmazmmgimﬂﬁ'ﬂmzuummumimmsszﬂmmq iz‘U‘Uﬂ’J‘UﬂﬁJmiﬁQmi

o o o . . 3 Jd 1 4 < s
FZAUNAN ITNINITATIUIN Jacobian matrix ﬂlamuﬂummazﬂizmw Lﬁammwmnmmm

HaazdouaziMIFIIUaIUYBI Motor Drive Control 10 11

9

MNN 3.13 ‘V!"LlfJuﬁ’ Mecanum Drive a2 Omni Directional NWaIU1U

9
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3.7.1 mimﬁauﬁgm‘u Omni Directional ﬁmé}ﬂ

MNA 3.14 anyaemMIAaeUi IUNANIIA19 Y8 Omni Wheel

lumsaruquuagdemsldindounaziinannmsanonnmsndouiuuudesdo
o 2 A J A A a Y @ v o d o 1
'l Falumsiueuaszinaoun L luieanialas szdeserdoanuduiusvosdimia
a o v 9 o I Ya 4 1 9 A Y ] o A
uaz MmN Iedmiede Ml lanansnninesusaaazde 113 nueuarz el
D g o Y1 Y oy q¥ 1Y A a v <
maladreanuiuils azawnsadmivalai midesdeliudazdedeaniamaladisnnnus,

Py 2 am Sa , @ 4
!,‘I/n"l’i FINTUVVIF NI Inverse Kinematic AIUEAIIUNINDN 3.14

Ve Wheel2 A

120° Va

WA 3.15 Inverse Kinematic Free Body Diagram
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5UUDY09 Omni Directional FUADFIAUHMUIVDILAAZADITHINY 120 099N
{ 09/' Y o o ] o 1
Tasil Main Wheel 1tag Small Wheel @4n1051 90 0971 1117 1ddumuannaesvouaazdo
Y
@ (% <3
A9 V,, V, 18z V, A4NINAULAY Main Wheel 1nu X unuanuia lunuiunu X tagunu Y
3 ) Y 4 S Aaa I 4
pnuaNuE luuny Y e nyusudanyuamudsiinadly uan (1) gagudnais
1 o 3
Husualuszey R,

v

1NANUTURUTaana1291 197 1daun1s  Inverse Kinematic  aattarad luaunisa

3.1-33
v, =V, sin60 +V, cos60 + W, R, (3.1
v, = -V, sin60 + V, cos60 + (R, (3.2)
V, = -V_+ OR, (3.3)
Tagi
A I a 9 v
v, O ANULTUPUAUUDIAD |
A 3 a 9 9
v, A9 AULTAFIULTUUDIAD 2
A S a 9 Y
vV, A9 AU AUBUTUVDIAD 3
A S a 9
\'A Ao ANSATeaU ununu X
A S a 9
Vy IR R IE TS, N ST TETIT (TR
= 3 A A A @
(VI 9 ﬂ'J']iJLi'JL“D'QL‘I‘JJGlUﬂ'lilﬂa@uﬂﬁiguﬁﬂUﬁ'JLEN
A v A 4 ' 4
R,  f0 FANIINYARUIVDIHUEUA

A A o ' <3| A = Y1 J v &
NNANNMIMIIARDUNAING (Tumsafe Uy i usuATUmaUIas Y
o | { o 2 a
#2'11A20 (Translate and Rotate) Tagluauns MR, Wumeuisivuaanus nFawlums

WUVBIHUBUALAAZAD

372 msmﬁauﬁgmu Mecanum Directional
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S
72 N

RN s
NN
L2/ NN 77/

7252 SN
27|
eIz
AR
SXY

MNN 3.16 anpaUrMInaoun 1UNAAN1E199 Y99 Mecanum Wheel

TunmsauquuazdinmsIiinasunazlinannisnaio Omni Directional Galun1si
1 4 A ~ a 9 [ [ % 4 o ] a
Huosudazinaoun 1) luianielag szdeserdeanuduiusvesdumianazfianiainisna

o "9 o I Ya 4 1 9
AL UNOD ‘Vﬂﬁl‘ﬁllﬂﬂﬁﬂ%uﬁﬂm@ﬁ‘ll@ﬁlma$aﬂ

MNA 3.17 Mecanum Wheel
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V1 = Vdsin(0d+ 7t/4 )+VO (3.4)
V2 = Vdcos(0d+ /4 )-VO (3.5)
V3 = Vdcos(0d+ /4 )+VO (3.6)
V4 = Vdsin(0d+ 7t/4 )-VO (3.7
Tagn
A < a Y 9
v, Ao ANUTAFIFUVDIAD 1
A < a Y 9
v, fio ANWSAFUTUVDIAD 2
A 3 a Y 4
v, fle  ANWSAFUTUVD9AD 3
v, fe anuiaduduvesde 4
A 1< ] 4
v, AB ANUFIVOIRUIUA [-1, 1]
0, #e Aemeveaueud 0,2 7]
A <3 ]
Vg A9 anuElumanyudn [-1, 1]

5UUVYD9 Mecanum Directional 92319 ugduunmnaeniaia Tagldununyu

9 ] [ 4 o 1 4
GU’ENQﬂﬁmmﬁ$%qﬂllﬂil\ifjuilﬂﬁNGUﬂ\iﬂ’Jﬂuﬁluﬁ

3.8 9@NUUUWMU libraries HAZAIXIIUMNTTINY

' 4 ' 1 ] o [
Tudauved Libraries 1o 10 d1eaemsiGon ldnuszuieguuumsianniu 2

v
o/ o o [

a7 A9 SUMAINGIU High Level uaymsninuiie’lifl High Level 1a@ Libraries 99

9
v o

AWT0AANINY Arduino IDE luauveg Core Qg libraries @W%ﬁ Function ﬁﬁﬂﬂiﬂgﬁ) Motor

Drive Control tta 31uny mandeuiidn 13denu



45

Mini Pc

I Com Port
Low Level
Motor Motor Motor Motor
Drive Drive Drive Drive
Control Control Control Control
T 12C/UART T T

Main Controller
AVR Atmega2560

PN 3.18 MNTINMTIFOUABD F2HINEIU Low Level N High Level

A4 Libraries ﬂﬁﬁﬁlﬂi%ﬂu Motor Drive Control ﬁgm%wiaﬁu Main Controller
] ' d H (%
TagMII%ouAD LU serial @8R5 115200 1 Motor Drive Control 911 T1/sunsunsosy

o o . : o . [ . { ] 1
A17991N Main Controller H39¢1839A2 Motor Drive Control 111 Object NETOFIIURIY

@

. . A 9 d? o Y . 1 = < o
Libraries Na319971 1asa1u15901% 1A 141 Motor Drive Control U1az@29¢ % ID 1UUDIA 104

9

Tumsdaauazdoaivua ID 499 Motor Drive Control 11/@2e9nA5

#19619mM 3159019911 Motor Drive Control

#include "iDrive.h"
iDrive_results allDriveResults;
iDrive allDrive(MODE_UART);

allDrive.InitDrive(&allDriveResults);
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Function U®4 Motor Drive Control

class iDrive

{

waitRes);

public:

iDrive(uint8_t mode);

uint8_t InitDrive(iDrive_results *drive);

int32_t Get_Encoder(uint8_t ID);

uintl6e_t Get_Speed(uint8_t ID);

uintl6_t Get_MaxSpeed(uint8_t ID);

uint8_t * GET_Buffer();

uint8_t SET_SPEED(uint8_t ID,uint8 t DIRECTION,uintl6_t SPEED,uint8_t

uint8 t SET DVI_TIME(iDrive_results *drive);

uint8 t SET_PID(iDrive_results *drive);

private:

uint8_t Wait_Res();

uint8_t TxPacket(uint8_ t bID, uint8 t ins, uint8_t *Parameter,

uint8_t bParameterLength);

}s

void Send_Com(uint8 t *data,uint8_t length);
uint8_t RxPacket(uint8_t bRxPacketLength);
uint8_t checkSum(uint8_t start,uint8_t stop);

Function U84 Middle Level

class iDrive

{

public:
MobileRobot();
void SetDrive(uint8_t ID,float P,float I,float D,uint8 t TIME,uint8_t

ENCODE_DIV);

void SetAllDrive(float P,float I,float D,uint8 t TIME,uint8_t

ENCODE_DIV);

//void SetSpeedSetSpeed(uint8_t ID,uint8 t DIRECTION,uint8 t SPEED);
uint8 t SetSpeed(uint8_t ID,uint8 t DIRECTION,uint8 t SPEED);
uintl6_t TestSpeedMotor(uint8_t ID);

int32_t ReadEncode(uint8_t 1ID);

uintl6_t SpeedMaxMotor(uint8_t ID);

uintl6_t ReadCurrentSpeed(uint8_t 1ID);

void ReadAllCurrentSpeed( MotorData *motorValue);

void SynchronousSpeedMotor(MotorData *motorValue,double gaint);
void SetAllSpeed(MotorData *motorValue,uint8 t directionMode);
void ReadAllEncode(MotorData *motorValue);

void MecanumVector(MotorData *motorValue,double speed ,double angle,

double rotation);

rotation);

void MecanumRotation(MotorData *motorValue,double speed , double

void OmniVector( MotorData *motorValue,int cTheta, int direction_X ,

int direction_ Y ,int rotate,int speed /* 1*/);
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3.9 2NUULWAITZUUSTYAWHUS
[ d‘ 9 o ] [ 4 d' o Y 4
msaammumuﬂﬂumﬁzumgmuwamuﬂm mimzmlwuuﬂummmm
o ' o 9 Yy aa A = Y Y J
53‘]?!@]']“141!\1EUﬂQ@ﬁl@ﬂﬂ?ﬂjuﬂﬂﬂqﬂuﬂa1ﬂﬁﬁ IBU NITIAADUNAULTY ms“lwuuwai LYY

v Y
Absolute position 88191%U Stargazer, GPS 130383 19UHUN Robot Mapping 11u3detiaia

v
o

] 4 o 1 @ .
gy ldueudaausaszydwmisvesdneanisluios Tagld Monte Carlo algorithm

N

£ g . . A o ] 1 4 AAa "9 A A
CRISIEY Randomized algorithm (WD TS YAUKUIVDINUIUADINUNUNNUDYLUAY HIDUNUN

U

d'QJ o dg,
NI
o
3.9.1 Lidar Laser [5UI¥03

. 7 =gy S ¢ .
Lidar Laser 1511403 N 1% 220l ussuisos 152100 distance scanner 111 360 9971

[

[ o @ 4 1 { ' § QBJ} 4
NannNITNNINIU ﬁ@ AITULEDT %gﬁﬁﬁuﬁﬁuuagﬂa@ﬂnﬁW 1”ﬁ3u%ﬁuuuu%$ﬁlcﬁulcﬁ@5 A

3
szozn Jaszoz luyuivyull TaeldvwanmsazNouveuds Laser szoziiannioialdne

4 % < ' @ J o o @
0.2 - 6 1A% tonyUATUHHITOD 92194 output iU 5282321194 1vuIes NUMTINToTAY

v 9
1 laser gnazRouu lulaaz o AUA 0 - 360 DI

NN 3.19 Lidar Laser

' RPLIDAR 360° Laser Scanner, robotshop [891'lau], @UAUIe 7 wwieu 2558, 910

http://www.robotshop.com/en/rplidar-360-laser-scanner.html
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Item Unit Min Typical Max Comments
Distance Range Meter({m) TBD 0.2-6 TBD White objects
Angular Range Degree nfa 0-360 n/a
<0.5 <1.5 meters

Distance Resolution mm n/a n/a -

<1% of the distance All distance range
Angular Resolution Degree nfa =1 n/fa 5.5Hz scan rate
Sample Duration Millisecond(ms) nfa 0.4 nfa
Sample Frequency Hz nfa =2000 2010

Typical value is measured when

Scan Rate Hz 1 5.5 10 RPLIDAR takes 360 samples per

scan

MW 3.20 Lidar Laser Specifications

Wo3a04 Lidar Laser 929naan11/szuianail Mini PC niielszuianaiiogludn

1 J I ' ] <
VDI UIUA ﬁjjﬂﬂj'lmlﬁjaluﬂ'li Scan Y5218 SHz-6Hz ﬁdﬁfljau‘,amu COM Port AT1ULI7

9 Y o 1 ] J
115200bps VIUAVSYNIVINTSVIUNTUBINTTTSUYAWHUIVDIN UYUA

7.4 Hz (443 RPM)

MNN 3.21 7109 13910 Demo Application
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#RPLIDAR SCAN DATA
#COOUNT=
#angule Quality

ICg

LRSI 5

£l =] O LN

[T+

|‘;_;|

4

M 3.22 @081903aN 10910 Lidar Laser

'
a A

9 . I Y ' [ ]
VDUAUDN Lidar Laser Lﬂuﬂlay’ammisﬂzizwaw Sensor ﬂ'Uff\iﬂ@GU'J'NgluLLﬁﬂZ
~ VA 9 (] I Aa A 1 a 1A 3 4
B3F1N Sensor YU ﬂ'WIllﬂﬂuafl!ﬂullﬁﬁlﬂ@ﬁﬂ’]ﬂ')’mNﬂ‘Wﬁ'lﬂf]Q‘V] 1 !ﬂ@il“ﬁu@]

3.9.2 Monte Carlo localization
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