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An Observer-based Decentralized Control
for Formation Control of Multi-Robot
Vehicle System

Suk Min Yoon

Dept. of Mechatronics Engineering, the Graduate School,
Pukyong National University

Abstract

In this / dissertation,” an observer—based decentralized controller is
designed to follow reference path and keep formation of multi—-robot vehicle
system. To do this, kinematic modeling of four wheeled vehicle robot is
presented under nonholonomic constraints. To minimize the error between
ultrasonic positioning system(UPS) data and the computed data from the
kinematic modeling using encoder, parameters such as wheel radius and
distance from wheel*to.geometricall center of wehicle -are estimated. A
localization algorithm- using—the datarobtained from UPS and encoder is
introduced to obtain accurate position data of-the vehicle robot. And, the
path tracking algorithm of the single vehicle robot is proposed using the
proposed localization algorithm and LOS concept. Next, an unknown input
observer is proposed to estimate the unknown states in the system with
unknown input. A decentralized observer—based controller is proposed for
formation control of the multi-robot vehicle system using leader—following
method and broadcasting method. To implement the proposed controller, the
control system with embedded controller using S3C2240 microcontroller
based Linux is developed. Finally, the simulation and experimental results
are shown to prove the effectiveness of the proposed controller.
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d1 97 A 2 57

b Z2RF e (Distributed robotics) woFe] A= 1980 ddl SRS
Aoz @ale] gHEl AGvtEe] Y3 e 23 A Z=E(Multi-robot
system)ell gt AF7F Ao 2 AVREJAT. 1 o)) #a Fof A v
28 Al ~El(Single robot system) &= AAHo g ZHo] 3y X ke wAb
A4 8148 A]2~¥(Distributed problem solving systems)el FZ %A}
=719 A4 BRI ZopllaY—Fa. e AFAE Ve E =2
Al2~®l(Reconfigurable robot system)[35], t& =& & A& Multi-robot
motion planning)[33] Zglx TE = L 93 % (Architectures for
multi-robot cooperation)[34] Gol%lt}. o]g| st APAF 5ol =hd 5 5
ZH ok ksl Al 5] YA T AAS olF A HIU

e

F

o 9 2R deie] gF ZRe@ st sl ddE
ST, 1 olf Tl AANL, AlsEle] AEAS Fuisl A7 Falue ol
8 adelt. % UF =Ee ud w¥omi P ovE avdoln

A&sA A 5 JTh ol TF | ZRo
7} (Redundancy)S  7FAH, Foid & =
AN =3 AESA wE= g 2Rog 8 £ o AT AYd njgow

=
b7l 29 AA Al ol Agsargle
AT7F AYHL A

2 FolA Arail15]= AE7HA 270E v 23 Mg ddE dTES
gelste] A 7789 BokR BRI, 1 WEs AvRY v

)

_\'Ii_il
i
Ev)

1) &34 o7+ (Biological inspirations),

2) &Al(Communication),

3) Al2=®l FZ(Architecture), 94 &3 (Task allocation), #|J(Control)
4) 9] 212 (Localization), AHd(Mapping) ¥ ©AFHExploration)

5) &4 94 (Object transport)¥ ZZFH(Manipulation)

6) % Z*(Motion coordination)

7) AT+ 7Fs 8 23 (Reconfigurable robots)



AF7HA T 257 3" AFES] gitEe durygow 99 7 JHA =
TiE TAE FAAA stunke: oFE o] oYyt sty olAte] FAE
A o= R i

g7k dd 23 disl] 914 A2 (Localization)& 3tal AFd(Mapping)
2 grl(Exploration)sh= el A e Add] B2 AF7F FaE o] st
agla Holle olyst WhHEC] ts 2R FokR Fu HEHa gk 1

FAAE olF ol Ale] A e AL mEol Auck & g
AEA Feolth, F, Folzl xAelA A9 A dFeh Ae 2ol
5 a9l Aolth, et A9 wAe] FFel WM odF wH FHL
2FE AR g BFR PAZ G 2wE 5F 22 Bl 9%
QAL ofga vl Fasith 1 olfi S g FFeIME Bl
Aol wjS 2] WEolth, @A £ FA BeE A7t Bus A@Ew
AT, AAl AgEo}] AeHE AL F8 A@Ho|T. AwnHon FFoA
239 A4S ASH) A PHos U AgH= A 9 oge

o =

LBL A]~®(Long baseline system)o]t}. o|A& 7] FHU EZoA]
AG £t w2n =g Agzk Uy, 488 o83 Ao
FE A FAAEE FF o= A JfEEUC. LBL O A|ARS AW
(Seabed)®} &% AHlo] Al S F3 WS = 9= EUWAET(Transponder) S
k7 Az)ste] guje HAIE SAsk=d, RS SAHsE] A o dE
N7 5% 239 £ ARE o]fdlt), LBL Al2HE 2oz HA 379
EWdxEY7E A Awre] AXEojoRE S| SAo] 7hssith. 18
EdxEY AbolY ARle =8 &3 AlZe FAV|d wEA #HeEHY, FHo
14,000m 74#] 7bsetth 12yt o)A 4, 2 g 34 Wske] sk
S0l 27 digell, A5 exte] WAle] EZhFeltt. wEbx  olel gk
E’cxﬂoﬂ et A= o®, LBL-Al~de] /AL gH el TtlEo] B9 &% ¢
A4 AR 55 A 1H3E A g (Sensor fusion) ¥ LdarzlE futo]

=
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¥ dlo
o
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9 vF 2R % ZAMotion coordination) kel A] @%Xﬂ.oi
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control) At A= AE l"%O]EL Al A= A (Path generation)® 4=
F&(Path tracking) &= A uvHolxity Zx2 BAE S3x37FA 9 250
ojFsloF & HA ARE AAste FAE oFH, AR FFS AL"
ARZE e ZHo] o] £ QrE 2R A8 AAHF] Aol EAE
U 28 vs 2R dd Ao EAe 2R 2o HES s
LA ot FEl= s FAsE £A, 7 7R ] HojHT

Oz 239 d3ds APt fFAeked dofAE, stHeEs F8A
(Precision)®} 7}5A) (Feasibility) AloJelA o= A Oﬂ HFS & ZlXA
85l AL zm, tE FHorRE HA A" AR EA 9
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A a1 ste] BFEAS e Ao drkA el
AA Al2=®l AW = W F2(Broadcast communication)S £
A =] g o] B He A2E dXd mE aHE&S 7HE 5 3
2 F2 A9 AT A9 AN AHHYES o]&dtE =A Al
o] A& (Precision)® A (Diversity)olE #|eHS 7FA A gt g4
53 ZQl(Robust)st AX7F Aok AHES 7HIT fof 22 olfE tE
25 Uiy Aojo #d A= AA F IR EREU A MA 2152
1 x4 (Coordination)S #13t] T4 FX(Centralized unit)7} A 15
A5k Bk oopygr Zhzbe]l 2R ok WEzkA AAg aga 7 oHA
TdE Aol 2o digh A EHo] =X AAY] ATHAQ] BERE nPoR
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stE, b 239 gy A E T4 9SS sk 2R V)Tl wEkA
TR BW A=-FF(Leader—following), A% (Behavioral), 7M4} F*%

(Virtual structure)® &3 4 Aot olejgt W5 Fe4d2 T4 9¢&
st B39 7154 Aol AR, AW(Server) &2 XX (Leader)9t
4 9as e 2ol FedtgE Aolg. AHx-3F(Leader—following)
W2 shel YA AgenE A=A (Leader)= AW 3har, vmA] F9jxt=
FE A (Follower)® A|W@krt, 1 7|24 AZLe FFx7 AExbet dA g
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A . 7P R ZVirtual structure) WHS A A=) HE S shve] FLxE,
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F9gto]l Z} A Y FElE WHIEUW, e WA AlAaw]
S Itz 22 Aor|E AAT S Qb FHFoE IA AGE
3 7HA9 S TP WEe]l uF Ziel iy Alojd Qo] f&site

Beard[20]+&= FAlE st EAE Ao wWAS THtew I
2] (Supervisor unit)®} Ao} F-Z(Control architecture)Z A2t} of
27 A7) olgst Fxe] =7 AZ(Instantiation) HEIE oA|S3H7] 935e]
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5 AR P9 Abole] 4E #g(nteraction)S aLE3HA] ke Wk
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Stilwell and Bishop[21]2 #} s 23] fEAE fste], FHA ALl
Hagke] ARy BA1S Tl Fstil YAl vdE d571E 8 dHE
dEFats BAabAlo] WS ArEdut. o g Stilwell[13]S thE Aofd
Ao, dA A4S vHellE dE 5 &5 (Platoon lever function)¢} <17
Al2~®l(Exogenous system)s &3l 5783sh= WHS AlQbgth. Nguyenl6]12-
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A3l, %9 LBL A ~®l(Long baseline

system)¥} A SAF8 L3 91X A]A®(Ultrasonic  positioning
system)< A&gh o3 Azl WM WelAw A5l JhsstH, Aol
2 AZH AAde glANE fAE ASshed ol A 2R Ao F7
AR 953 7 A& 0.6 27F ALY w3 #WH wiabel e 37 %
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AR AR R eAE AR A ug §AS SAelth oldd 5AE

I N T
M 94 54 Axgonny A 2ie AT AHsA W] AaA,
JA% A 98 AN AxHE AFSATh 4G 22 Aols] Sl
Ag mie wAYe FAsty, fEE $EGA PPN olgstel Aid

dolge a7t HAd HEE 59

A= dlolg ek AAl AFHE YA g}
WA 2ol w7 4=(Parameter) S 374 (Estimation) 3t} w74 F4HS 53
s WA Y 259 91 A[2E] 9A] HolHE S Heste],
25 Aojel g 71Eo]l H&E A Q14 daglss Arerh 1l Aljbd
A 124 daelFH LOS(Line of sight) dig]HS o] §3ste] wd A5
2ES o] &% AR FFT LugFS At

Uz 239 dds Aldstr] s WS A T4 Aloj(Centralized
control) W} E4F Aoj(Decentralized control) MHLOE ¥ o] A=H|,
AT e EAE Aol WS AAsih A olokr|gl FEAAY F

A3 FaL-groleol Jh= dHlolH o T ASaE £V i, BE
o8& Fi Wolok 3hi= T Alo] HAEt Hagk dolHy HAgoR
Fi s F Rle b Al _wAo] o frElstth. el ofg g EAF Ao
Ao 2 FHagkel dHolHErs Fia 7] QA e AWM dEFE e
dlolg e} ZH 2R ¢l e HolH ks o] &aA dIFS FAB okt g}
ueha e 23O digk 8 2 AE JEE o FUF gl HEE, ozl
n 2 o] AHEE 7= Al&HlA FHE FASE "X ¥ #=7](Unknown
input observer)®} o]E 7|Hto= &= EiF Aoj7|E FHiARH R A S}
agla B AeE A7) Y8t WMo w B o Po| A& Broadcasting
WAy Ae-FF W28 Aekslt}, Broadcasting W22 12 98 #Z7|E
Zlmro g sl BAF Ae] w2 ow ¥ 5+ o $k<F(Formation level
function) & 7% F3FE(Supervisor computer)ol| Al AAbste]  HbE EAl
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deg BS7IE 7 A ZRAAA A ATl AHEE FEw AJH HRE
o Sal=dl AMEEM, of7|A Y mH] Q¥ »E AF 2R oY HFRE
ojmjgtty, HE-FF WA A M= A5 2R A A" HA=2 FA
dagFol| et Fojxl AHARZE dAS FEE uwet o], FF AP
Z3ro] Broadcasting W43 A7 £4F Alo)7]E JHAAL A= Ak 235
dAst AYE FAstAA dFS FAgT ArE Aor|E S Kl
g5 2o Zinkel AWt E HEZHE AFES AoAIAES sty AlbE
Aoj7iet duglFe] Fads AT s AlEdeldy Ad ARE
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A 2 A gF BF Ao A== FA

2.1 45 2% Ao Al&de] 74

U 22 AolE g Alg 7INE AHlE Fig. 2-1 3 2ol AA %239
$ =] Al2=®l(Ultrasonic positioning system)¥} z}&f Z5-(Vehicle robot) 1&]iL
25 2 (Linux) 719ke] AW Al2®l(Server system) 2.2 A E o] gtk

2 28 YAE AFE] -$ek-FHE 2853 fA Al=ES ALE
shlth. A 2o gaAlEe] e FEE 7w duitE AEEHE F
FA o] dlolHE FFste A =R A 2 AWEkS Q14sH, o3
FA - FH7](Wireless  router)E  E3Fo] AW Alx®lo =z AE3it), A
A|2'le Z o) gRlat 2 5 o il Bj s S i, 9] X °
HAztste] tE 2% Zﬂ‘ﬂ‘-’ﬂ 293 '3°]E1€ Ao, Zh A ZRO=

—— .,W

( Bync gener

‘—-’-.‘._

Fig. 2-1 Base experimentation environment



2.1.1 253 94X A9

2539 A A|2"e Fig. 2-2 (a)9 ¥A17](Transmitter)9} (b)) 5717
(Sync-generator) 123l ()] FA17](Receiver)® A% Q. &9
AAE SAH87] HaliA= HAx 4 g W77 286t 5717+ RF 54 %
10m 4 AlolEE o] &ste] ZHzt A7 1 oA 4 W79 A7
AR FUIANEE HWTL 4 dlo] WAV|ERE ATE @

s g 3 A FHxuAA dEE ol &St Al A E
Algd E2s Sdl YRR dEso

~
X
W
2
ot
s,
e
¥
_|>~_l,
Ho
i
X
-
Db
ok

(a) Transmitter

(b) Sync-generator (c) Receiver

Fig. 2-2 Ultrasonic positioning system



Fig. 2-3 2 2% 239 A4S YeEd Ao =2 A% vq9 58 Aol&
o]g3sto] HAFEe =3 §lo] AFe AF7t 7Hsdt ~7]= Z3K(Skid steering)
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% H(Geared motor) &2tE o] Q& ol sAxS YEMH o2 AA ARl Fig.
2-4 () Y. ol AFES 3 mlolar HAEEFHZE Atmegal28L =

AbgEkaL 9lem, o]E o] galiA
3 WHE AR 2o obF upFol
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253 9A Az FAV|ERH 0.6 2 91X dHolEHE Rlon olF
o] & A 9x o1 QPSS A A 2Ho] 9 Fwe} HAEzES
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/ \
127" Mobile vehicle body
2. Front wheel
3. Rear wheel
4. Front receiver
5. Rear receiver with encoder
6. Embedded controller
7.~Wireless LAN
8. Battery
Fig.'2=3 Configuration of.vehicle robot



5.8

(b) Embedded controller - (c) Mobile vehicle
Fig. 2-4 Vehicle robot
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2.2 Ao N&=" T4

U5 23S Alejshy] 3 Aol Ala"le] A2 Fig. 2-5 9 2t

/

Ultrasonic

Ultrasonic positioning system

Transmitter

Sync-genertor

Ultrasonic

Front Rear
<:>

Front Rear
<:“>

receiver receiver receiver receiver
T g =
RS-232 RS-232 RS-232 RS-232
Embedded controller Embedded controller
S3C2440 S3C2440
Localization Main Localization
Path tracking Formation
controller
JL RS-232 JL RS-232
Mobilewehicle Mobile vehicle
Micro controller Micro controller
ATmegal 28L ATmegal28L
Left rear Right rear Left rear Right rear
motor motor motor motor
Encoder Encoder Encoder Encoder
Left wheel Right wheel Left wheel Right wheel
Vehicle robot Vehicle robot
Leader Follow

@ Wireless TCP

jE Wireless TCP

Linux server system

Wireless router

Fig. 2-5 Configuration of vehicle robot control system
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Y 7o) A A xS 2 dlo] A 2RORRE U 2R AFS
Aostr] fallA Zagh 7F kel X9} AWt HRE ¥4 FHUE
T 5t B4 wyess A dE B4E 7] 9 TCP $4ls
AHESEGl o olE FElA ZF AR 2Rl Had HoHE SAld &S
g 2Ho] A= 4 e viF ol H oukF 2 e =Eyrr 47 9y
Ron, o <lzy #HE mlolaE ZZAMAQl ATmegal28L & ©]&3}H
ALHoz FAHS 259 YA AI=ES Fr|7]d g8 B AlsE
AN ZIL T F7] AEE WAV Al ddeth Tejan 3l 7o A

2 21714

AAE FAHSA Bo. ATmegal28L I FAl7]|=2
dolge A 2R F ZEEH %S e dwid=E AEEY
S3C2440 <l RS232 Algd FAlS o]&3dte] BT Hjtsih ol B

HolHE o]&dte] AA-AFHF =X AXZ <UHsn HA2 FF

O,

o O o of
Mo [0 & 1o ¢

dugES AgsA-Hcrt. g TCP T4 EAS %3t Au A~
A 2o ARE Adddts 9L sl A Aa"y g
AEEHE EF g5 7oA o]Fojxr ol FU a&HoF Alx

g
TSI AP AW A 282 THSE A8 wotFrh

25 2HE vEExY  FEZZl(nonholonomic - constraints)S  7FA] 7]
W&o o] ¥ BBEO gEIhFH | LA 2AS(Kinemdtics  constraint
Eh, NS OEL S Al SlEe e S A o2 &AL

glths “Egol (97] WEel ewety, Bty )Mol

v 9Y AF 2x9 54y RdE(kinematics model)THE
HA 2 253 2 | 2= 229 &84 Rde goua,

54 & 2 Z2ES HAAEAZ T3 Flojth
A 2o A A, o] AR =Rl HwEA
A= AA FEAANA (X, ¥V, 0) otk AF 25 A~ mEgd AgH
] 7| 5=E-2 Table 2.1 o Al vk} 2o}

2 252 4 0 v E 7HA, 7 v ZpAe] 7]k ARl SAl
s Al HAsta Jow, vg#e] v glil =5 3 ghthar
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7hg gtk vk ekt shue] RE|7E FEbEo] glom, 9%
HE = sAld F&stes 3|27F 34 o

Wl o7 olysly, BEAle AAlola 2 Y Hwo| Mgk o
atgFo]l AHFALE COM =(X,Y,Z) 2 %4

aystrg Z = aAeW, g AT
A gk 7HA gk

-

Xq

Fig. 2-6 Coordinates of four-wheeled vehicle
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Table 2.1 Parameters used for AGV system modeling

Parameter Description

(X,.Y,.Z,) AA #3xA

(X, ¥1,2)) s |

COM(X,Y,Z) 2t Z2ie] A4l

a [m] HoukE 53y, 5949 A

b [m] Sk mbe =3y, St Ae

¢ [m] 24 kg Aol A zjel 12

r [m] vl o] wx| =

v [m] A 28 b o 8T E A

! (Effective rolling radius)

v [m/s] A 2ol ARESE

v, [m/s] A 23 AREEEEY x = AR

v, [m/s] g, T B AT oy &

Vo Lm/s] gk 23 | A wF AERY] xF AR
o [rad/s] b ZHe) 5 - ztan

o, [rad/s] 2 28 AR ntF e IAEE

0 [rad] X, 53 x %o Ato] 7t

a [rad] x, &3 A 23] AREEwE 9 Ale] 7}

A mRel P& YL FEs] AN A% 2R A4S
st AE WEE A 2.D7 Lol P, A = EE 4 (2.2)5)

2

STR= Ry



q=[x v 6] (2.1)
cosf —sinf O] v,

q:[)'( Y 9]T= sinf cos6 0| v, (2.2)
0 0 1| @

TE vk v @ Aol HEdvha JPgeth aea Al 54
TEHERoRRY wF ek vpete] A 23] AP SHS vk A
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Fig. 3-1 3D position using ultrasonic positioning system
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N, =diag(0.5,0.5,1) o] t}.

(d (@9 ¥Hdl A= Ads F8l A E volH=RH, Ay
AA AE S EF T olgRt TRt Aq¥M, IEAE
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N, =diag(0,0,0) ] t}.
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Zel A a9 Fagus doig FRom oy @xel meldh.
ZolW A A =il RARsh (Ay] W B ohe) A
2e 7] olfA wETh wed HAEs JtEAE ol gsle] #olR

WHow A4 AAsE Pel Dash,
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Fig. 3-6 Experimental result of proposed localization algorithm
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Fig. 3-7 Way point and LOS concept
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A A ZEe A7 COM(X,Y) D wl A= A} 7 ke

Bl A Py(x;,y,) 7t BB, & myin, 02 W g ole} sl wE o
Was e 4 (B1DS ol&sd A (8.12)¢F ol & F Uvh (FF
=94 1 3A=x)
X—x )x_ , —x )+(Y— -
°= m, =( n)( n+1 n) ( yn)(ynH yn) (311)
My + 1 (xn+l _xn)2 +(yn+l _yn)2
+
xd :mdx”+1 ndx” :xn+u(xn+l_‘xn)
m, +I’Zd
(3.12)
m yn+ +n yn
yd:“:yn—’_u(ynﬂ_yn)
m, +I’ld

2 BADAM w0 T 1 Atole] el vii-golu] o] kel 1 o s7ks-w
Pi(xs3) 7t /P, 009, V70 Agss Mg K o2 vehle v,

AR A L, & 3193 (@el \Hgew (Ae BE A
P, (X, V) 2 AE B8R AL ¢, .47 4 G103 (3153 o]&3dto]
T & koA J% 2% A9H B,(,.7,) 7t 1 A Azyw
n+l WA AR el 9 Bd ARAY n+l WA ARAES n+2
WAl AR elA ol Sish Po] W Sasinl, AF 2Re) A%
COM(X,Y)7} A% 234 P(X,,Y)d =dad - 4A3 ],

Llos = Llosx2 + Llosy2 (3 13)
(xlos’ylos ) = (xd’yd ) +(Llosx’L]0sy) (3 14)
¢, =tan” (y"”—__;) (3.15)

los

71A (lmx’ lmy) = Pd(xd’yd) °f| A1 Pn+l(xn+l’yn+l) 7HA Xg’ ng

H} 3.

baFowe] S% sgtoltt
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ey =y, =Y

Fig. 3-8 & P, A% COM ¢ =4&Sl= Beo|= 1gi=olar, 7
Fo uiZiEE= olek 2t Fig. 3-9 & Fig. 3-8 9 7z} [a#xze] 2
(3.16)2. 2 F3EHE= Qi 1djsto|t},

(@ L, =0.15m, v,;=0.1234m/s
) L, =020m, v, =0.1158m/s
(© L, =0.30m, v,=0.1153m/s
(d L, =0.40m, v, =0.2391m/s

Fig. 3-8 ¥ Fig. 3-9 =%¥ 2oz 2 b7t 78 2Za, A%zl
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Fig. 3-8 Way point and LOS concept
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Fig. 3-10 % 11 & Z}2F A7 A =Ze gk Algdolda A3 Aol
AZF 91A = X =1.0065m, Y =5. 571m, 0 =—1.5684rad olt}. AlEd#olHdz}
e Ay B ER PRE F FTEE AL B S Juh A2 A Ex%
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Fig. 3-10 Tacking movement of lane change in LOS simulation
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Al Egol Ay A% Ay % =g ARE F FFeE A4S 8 & dg. 8
Az 3 A (3.16)9] °x A= Fig. 3-15 ¥ Zon (a)rEHolA
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Fig. 3-13 Tacking movement of U—turn in LOS simulation
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A 47 mA AY BSF7) 7]6kE
A Ao

o3 A% 259 gE Aloj= TA S Alof(Centralized control)¢F F4F

]‘ﬂ(Decentrahzed control) HL/‘]OE UgoAc, S Ao HAle =9}
J*(Centralized Unit)ollAd 2} 2t 2R RE HAHE AFSAY 5359
7—? 230 Ao fJHES 71”’\}1} U, 23& 72 25 AHFTo=mA AojEs:
Tt WAloltk. T Ao WAool T A Aol Azl vk, 4t
Aol WAL 1 Aol HlwA AFdH ot =, T FAY dF 4TS 7
23 gAE =4 Ao7|7t Yol Al EH

2 AdAMe oA AtE  dugEss 283 dT A 2R
: o=

& (Formation) A& 28] vx =€ AF57|5 274]3}3’_, o5 7t
BAF Alo] 7] (Decentralized controD) & AAS}, AQkd wX| 8 #AFH7|E
ZIRto 2 gt B4k Ao e _Fa A4S He HO}(’% AlEdol A B AE S

Tt
o5zt 259 i@ AoE 9l
ANaES mdystt, ozjM g5 % ;7u xﬂomg 7]—Z]u:] 7}
A7) Zh Ak 2R 549 MHEZRY AF WS A1E
o] g3ato] Zb ApgF 2R Eask Ao AsE AAsA "ol oAVIA AWM=
RE A% 2R ARE 9o, dA ¥ ¢ 5 (Formation level
function)¥H& 7} AFaRFo=m dAFett. a8 Zh A 250 Alo)r]=
e A 2R g ARE & FUF gleng JHEOAY 2R g
AH7F w =] ]iE o] Q‘:} uEba o T e m APl EFE A|~E
T AE-A=7](Unknown input observer)E 2z} x}&
d Ao 71 ﬁoo]'o:] g2 A5 284 Ui dHE F4 7HsseSs

239

shelvh
B oAvdae dF A% 9E AE A WY Al Ha
29 2 o Ak aea gy AelE A% PHoR

Ae sh AzYel A me F
sk % AS AsUe o g

E-F%(Leader-following) #4F A

2

= o4
Broadcasting w4F Ao} H-A3}
A 2 ARk
2 WA Broadcasting W'
observer)E 7|Wto & d}= E4F Alo] Wb

o2, o= AHoH ¥ & FTE
= A (Supervisor unit)oll Al Al4HeE §- Broadcasting 41 WHE ©]-&31o]
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VXZ = [vxl vxZ o va ]T (42)

7)
o] 54 QoA #A5E 5 g 2R H A &
EXNELS 3F 7|F(Action reference), 54 #F¥ WS (Dynamic coordination
variables) 18]3l ¥ FF Tt ol mdHET. A dY S e
h(Q) 2% R&EHM, MFPow ni rlseli, BRE 23 HAE 7bsairt
2Ro= FAAE TF] tiES Alojsk=d o], H ¥
| T Al&Ee]l AEE YT dA 2

{$0=A&0+BM0 (4.3)

y(®) = CS(t)

o714, S()=[0, h]' R = AF Az Hej W5 weolw @, 9}
h & A2 Wz ddigs wgel AR v, 2/ A% 231
Azt wesl AF Azedel Ud $E FEE Uit u®)eR”
YO R = 97 ve s F2wgs 22 depdc 4 bzl Sell A,
PP AeR™, BeR™, CeR™"E= 427 45 3he Jrow st Axaw
P4, 98 P4, 29 PFolc},

ek S(f) o BE AWsE HF FA Wb ofje 7t xpF mY
Tbssthd o) Ale] el He® 4 ok et ofeg W
TR} AASE S(t) o) AR F= Wol A HomE F Aol FH Bwe
S8 oEA 9o wEkbd AA) xeE 2ol Aa®E mdol Al (4.3)0]

oft
N
)
olf
r (

c

[ = [}
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Ze] A3l

S(t) = AS(t) + ﬁBiui(t) .
i=1 1=

y;(®=CS(t)

L,2,---N (4.4)
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A2Ele] g2 WE sl Zel wE o]ty
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PHA AR 23 A" 9 dda jHA A 2RE AYE o
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7V4 1] rankD, =m—m, =gq,

74 2] system T & 0 20& BEeE 27w A7 E4@

det(A1-A) =0 (4.6)

7Hd 3 1 system X ¢ R-7IAFo|th & thg 215 U538

sI -A
rank| " =n 4.7

<
el 4 (45)el WE HA Y B271E ofgh A (@.8)3h o] Hol .

7,(t)= Az, (O +B,y, (0 +J u,(0)

S, =Cz;(®+D,y,(t)

(4.8)

)
N
2
>

(DR o} ZM)eR = iwA AP =3 A xEdAq 2gEE

del wElst @Ev)e dE dEE A7 gehdd. A, e R, B e R,

C eR™, D, eR, I eR™" = =70 Badw LS|,
Ao 1] 919 A (@.8)0] theel 2AS WEAY, 24 (4.8)e 2 (4.5)0

gk mx 9l #=viehar s
lime, (=0, V 2(0_),8(0_),u,()
g4 A (4.9% #F7]9 F4 x5 YERATH

e,(t) =S(t)-S;(t) (4.9)

S Aol 1 ol olsl, A8 A (15) 4 @.8)tole] ABAel A=
EEB R EC IEE R
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B2 11 wek odlel 4 (109 Ede]l wEsliL A (‘1D A
G1H7He] BAE wEHE @y U eR™ b 2A@ta 4
Ue 4 U5 o w4 e w370l

A,
Al H<0, i=1-n (4.10)
Ci
AU +B.C, =UA (4.11)
J.=UB, (4.12)
UD, =0, D, =B, (4.13)
CU +DC =1, (4.14)

714, AeR™ s+ D, eR™"™ = gdom, A[] & A4
al

Al (eigenvalue)®] A4HE GElALE (5 A 39 2 %)
|

x| e #=71E Adstr] 98, éi=1n o2 JlAslH 4 (4.1H)2FH
th&-9] 2(4.15)7}F &l %t}

U =1, - ﬁiCi (4.15)

2 (4.15)5 A @1Del digdshd, thEak ol A (4.16)3 4 (4.17)°]
AR

A, =UA-KC, (4.16)
B, =AD,. +K, (4.17)
1714, K, =B,-AD, e R™" o]},
2 (4.15)5 A (4.13)°l didstd ofefe] 2 (4.18)0] -3ixItt.
D.C,D, =D, (4.18)



rankD, =g, /22 4 (4.18)0¢ W=EaE= Pd D & el g,
rankC,D, =q, Z7<& W=
=99 7 vx] fdHe F
21 (4.18)°]] tigk LRt 3

| Rk5atefof gt} o] rankC, =r2>¢q, X3, =
EE} HE= A] F AL Zoloknt Al )
© 2 (4.19)9} o] T,

=D,(C,D,) +G, {Ir/_ -C.D, (CiDi)+} (4.19)

o714+ AwEE qPAEE B A 1 F2) e, G, e R =
dele) AR Aotk A (4,198 A (4.15)

: o A4 sk, okl A (4.20)¢]

dolxith
U, = (In -GiCi){In -D; (CiDi )+ Ci} =1, -ﬁiCi (4.20)
A9 A @20e=25H #dd (I, -GC) = FI5o| F™(nonsingular

matrix) =

$EE Gzh EASE, mnk{D(CD)'Clzg ol
rankU; =n—g,°] g0t

FOo2 F&aiAl T A (416)5 M7= BE K & Alsts Aot

A3 wkek  o)go} A28l =7] e}

2] Azl &9 (C,, UA)7I 7t
S wSIuE, A (4165 HEstA7Ie 88 K, 7 EA%H
=, okl A (4.21)3 22 Z7lo] Ayelith

sl -U,A
ranl{ C }=n, VseC, Re(s)>0 (4.21)
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e 2 oA (C, UA) 7 7H5 218 v5dvs 3 4 (4.16)00
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o] K; 9 459 #HFZ A= A 1

i

(A, C) e =2 s= o
A 41094 (A, C) = dHAsns w=
EAETE 4714 K, &= A3 HA Aol 7]"H(linear quadratic Regulator: LQR

Azge sz K, 7

Method)©.& A A 71538}t
4 2 2HEH 2 (4.16)% s 7IE dE K, 7F AAEE 2 (4.5

b7l A7) Fhs s,

)

ga wA 9

.

A 3 ] vtef gFo F A o] wSEW A (4.5)0 tiE wA 4Y
H=571= A7 7hssith (35 A 98 3 JAX)
rankC,D, =rankD, =¢,, 7 >¢; (4.22)
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Fig. 4-1 Block diagram of unknown input observer
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4.1.3 B4 Ao7](Decentralized controller) 23 7

Aol A= AF Alo] WS VR ow AfEgth T A A 72 23]
BE ARE A5 ol Tl Y e AT 5, 74 2Rl Y
dunks AEdd. 2R3 dd AR A4 AS ArRvks A 24
A7l & EAA 7S AA R

wabE AR el oigh Aleke aHEE 4 (4.24)9 FHE A= 24t
o7& AAZH. AAE AT 7HE2 dat Eh

u(t)=£{3.0).1},i=12,.,N (4.24)

74 1 ] AA A28 (4.25)9 (A,B)—t— ZFA 144 (Controllability) 2}
7} #=4 (Observability) o] .

S(t) = AS(t) +Bu(t) (4.25)

73 2 i WA Aol AlEReM g5 Zhed AH J,(1) = i HA
AES DRE SRR S Lt

3.0 ={y,®.u,@®}, i=12,...N. (4.26)

A4 31 AA NES] Ful = Ao Ee tgv) P,
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Uz 2eF 239 g8 Ao 93t dA A]2E 2] (4.25)= Ful Ao F]
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Sh i WAl A 2o AL AC] AsHe X 9Y B3/1E BeA
WA A 2Re Aol w.
4 (42D% A @259 BYsA ATIAE A (1.28)3) o] EAAT

S(t) = (A—BF)S(t)
S(t) = “'S(0)
21 (4.28)04  Al=Ele] FFAolv I=
L] el PI%H A=, (A,B) 7} 7HAlo
gyetes s 48 Frh 249
A7 /\]i%iﬂ i WA Aol 7= A (4.29)8h o] AL
u, (t) = -FS(t) (4.29)

Fig. 4-2 & "X 918 #37]8 7|We& 3t 24 Aef7]9) BEsdxo|t.
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q

Fig. 4-2 Block diagram of decentralized controller based on unknown input
observer
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A (4299 EeR"™ = 2" d= =
=) %] (Pole assignment) WHOZ T3t Ao wzA dg B=7] 2
(4.8)2 7o s 2] (4.20)9 ¥4 A7) Al 9 w(H) & 4 (4.3003%
ol At

u,(t) =—FES, (t) =—F, (C,z,(t) + Dy, (t)) (4.30)

4.2 g 22, Ao & #57] 24
4.2.1 W¥ 22

2 A fEd e

e — E h
(4.3D)3 o] £AD F AUk (B2 A FH 4 F=2)

X 0 0 ~v.sinf (| X | [cosO O
: Y
Y{=|0 0 wvcosf [ Y/ |+|sing 0 { * ’} (4.31)
; 0-0,
6 0 0 0 0 0 1
o714, v =constrv, , O =const=0 AF3I}E A3 HIFH

(Equilibrium point)<. YEFI T
B AT 2 uoAF etd 90 YerAw Aol sl 1 WA
2 2RI 2 WAl AR 23 dukst #ux ¥EHe 47

q =[X, Y 91]T9]r q=[X, Y, 92] ofth. ZEla HA Alz=wle] H
e St) oF ¥ % (Formation level function)e! %
$<(Horizontal formation function) A 9 2% & F<(Vertical formation

function) A, & 1 (4.32)9} Fo] Aottt

S®)=[6, 6, h h]
h=X-X,+a(6,-6,) (4.32)
hy=Y,+Y,-6+[(6,+0,)
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A7NA, a, B = 2 U9 AF ZEE9 A o HAHE AL
ZAo| A2l A%E(Perturbation) %< UERJE Hoz AEYoAS E3
FaA = Aol th,

XI_XZ
hth 5o (4.33)
2
AR
x1° vx2’ vr E]"I,' —8}-1

Zt7te] A% mie] s B AEEE o, 0, 0 37, A% 2%
2 o] E Aol 9ek MA A|xE WAAS A (4.34)¢F on 7t
239 Aol 4F u,, uy e (4.35)9 2k
S(t)=AS(t)+ B,u,(t) + B,u, (t)
(4.34)

t) = € S(t)
y(® c,

vxl —Vr vx2 _vr
u = , U, = (4.35)
W -, W, —0

r

2 (4319 6,=0, @ =002z 3%, 4 4309 ¥4 A, B, B, =
2 (4.36)% 2. (35 A 5% b D)

0 0 00 0 1 0 0
0 0 00 0 0 0 1
A= , B, = , B, = (4.36)
0 0 00 l «o -1 —-a
v v. 00 0 p 0 p
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4.2.2 Aoj7] 9 #AZ7] AA

A E Aoyl 2 #F7] AAE A% v, 0., a, [ S

v =0.1237, @ =0, a=005 B=0.03 9 o] HAs}. wela A
(4.340)¢] AR AzEe 2 @377 gow, 4 (434)F AAHHAIE AA
Nz=gle] HRE Aojr)E FuAEE o] gdte] 4 (4.38)3 el AAHIL

0 0 00
Aol O 0 00
0 0 00
0.1237 0.1237 0 0
1] a9 0L ¢
1o o 1o 1
¥ 1 05 Nl 1005 (4.37)
0 0.03 0 003
1000 01 00
C,=|0 0 1 0], C,=/0 0 1 0
W 000 1 00 0 1

~0.0075 1 0.0075 - 0.2 0

r | 03403--0.0403 0 03234

.| = 0.0075 —0.0075 -02 0
0.0403 03403 0 0.3234

F=[F, (4.38)

olw], #& y=[-02-02j —02+02; -04 —03]o= Agax,
F eR™, FeR™ = 7 A wit A=le] Ao v o] 5ot}
4 w1periy € =C =1, o, 4 1209 B2 (1, -GC,) <

H| 5] g (nonsingular matrix) & == G, & 2] (4.39)¢ #Zo] A4 sttt
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01 0 1 0 0
1 0 0 0 0 0

G, = , G, = (4.39)
0 -1 0 0 -1 0
0 0 -I 0 0 -I

2 (4.16)3% 2 (4179 K, "EHMATLAB)®| LQR F+E ©]&5ho]
A A A A7 H(Liner quadratic regulator)©.& 8 4 glow Al (4.40)3%
2ol KK, & dAstsit

10 -29195 0 O -29195 10 0 O
K, =|0 0 10 108} Ko'= 0 0 10 0 (4.40)
0 0 0 10 0 00 10

olw] etm'glE C,, Dy AAE G & A (1.16)% 4 (@.18)] Bl

1-0 0 0 0-0 0
- [0 33:3333 -1 1 0 -33.3333
D, = L U=

0 1 0 0 0 0

0 0 1 0 0 0

on Axd Dy, U Agd4-0078en e K, & 4 4149 4

4.15)9] tstel A, B3 J, & 7o,

~10 0 0 0

. |-1.2038 41233 0 0

Lo 0 -10 0 |’
0 0 0 -10
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B - -8.2467 0 -137.4444

0

0
0

1 G, g 4 (4.16)3% 4 (4.18)9

—-1.2038
-10
0
0

—137.4444

0 0
1 0 0
0 0
Robot 1 :
olv] ¢t1 9lE C,, D, 9t 44
AZQ/} U2% ?@_E}
10 33.3333
~ /{00 0
D, =
0.1 0
0 0 1
% Axtd D, Uyo 483
4 (4.15)¢] Bstel A,, B, o J, & Far
~4.1233
. 0
2 = 0
0
~7.0429 0
. 10 0
B, =
0 0
0 0
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4.3 Broadcasting o] &3+ B4t Ao
4.3.1 718 /g € 97

2 Ao 2 e A XS Broadcasting WA oz AP Ao]d=
W 2 AlEEel A A ARE A

Fig. 4-3 ol 270%o]% Broadcasting 412> 2 W9 &g 2HE 9o
HEg AME Alxage] dgsity, §4l §o] SHoA 4B Broadcasting <
Wolgls o golE A% A ZAX 7} shte] AEL ollg, HUd
HEA TS AZFo A= Ee TAES dHAu 5 o el dolH
AEow o STo|AESAA HelHEs HAEd & vk 2gal 7234
o8 H% W2 UDP(User datagram protocol) S AF&3HCE H ATt A=
olefd MAE Edsted A¥e ZE AF 2R An

S
7 % =
& & 349-S Broadcasting WAlS o] &3)e] 7zt gy o g AL},
o

[
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=
=
&
Wi o
2
ot
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>
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o
=
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(@R
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o
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0Q
o
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Q é Vehiclel
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Fig. 4-3 Broadcasting concept
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Fig. 4-4 & 2 (4.33)¢] Broadcasting &4F Ao} ®HAlo] A AL
g3 HAom 2 e g =Eiol Xg ZFo| HgsA &= ol };%94

*

ofN K
N

A y=3omnE A4 A d & FAFEA §49)
Fig. 4-4 9] Broadcasting AB] A|28e 2 tjo] x}zF = 7}
flaciges R 1 qlz[Xl 4 91]T9]F q2=[X2 Y, ez]T'% AE ol 4
w32 Aod ad Mg S®=[0 0, h k] & W4T afw
A AzEe QAR A W oA od +E B b, b W& 7 e

22X o7 AL},
7y apsF 259 Alojr)= thE A s 28 ik ARE & U glen=g,
= o ]
= T

L
o
it
-z
A1)
L3

N

e

e A 2R e dRE vA J¥gow JHA vk webA] 7 2
23] Aojrle] wA SJEE ASE F Ue A oY #AF77F HAFHA
A},
Yok Broadcasting server system
| 5.5(0) = [ 0NN, |
QZ hl’ hz HQ1
Ca /o0
- P I e L I [ : _
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|
3 K
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Fig. 4-4 Broadcasting decentralized controller

61



¢+

Ton

NR

P

ki3

ANz e

o] §-5}e]

ST 714

sheiA ol

ol

Fo] 2 WA

J|

Ty, g °o%

2

g

7104

=
=

=N

fof 1WA A myel

J|

&

Y, & ©

27N% Broadcasting

A

1
R

Fig. 4-5

= = _
! |
| 1 |
[ = . = |
_ 3 s _
| e = | 28
e s | e | zd _
ke | 8 _ S | =
g L e L _
_ = A . L A _
112 = 5 T ]2 = . "
o - b} Y= s 5 Y |
| |:2 |2 £ e | 3 =
[5) + 2 il - 2 |
_ > = ) | — =l
- E 2 X £ —1
Rz EN o Y 5 = > 2 e
+— b e | (& m = _
| = g m D g
2 7] g |
I 3 Z
_ ool S 5 [ E le— = A |
375} (37}
| |
_ _ _
I
_ _ N Wy _ _ _ =S _
<
=
_ IIIIIII =
|
| on
= m - |
| = 2 2
| | |
I 5 & s s
1 95| 322 2
_ o] W =} _Q1
) B
|

Fig. 4-5 Block diagram of broadcasting decentralized controller

6 2



2] JE #ASV|ZHE FAHE A Sl, Sz ek Sy o w AAg 7
ek zyxo A =W o5 K, F,& 4 (4.27) tgdste] &4k Al0]7)
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Fig. 4-10 & 2 WA A% 234 S48 6, %3 4.1 24 Aeksolx

1A Ay 2Red A" v 9Y B3z 249 6, %S UEd
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10 = ?011% 53 %iﬁ%EOJ 0.1237m/s &2 =7 ®t}. Fig. 4-12 oA
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21 (A15)2] Al WAl A2 A (A18)F #o] A Y. 1Ela 4] (A18)E
21 (A1) tidsta 2] (A19)9F 2] (A200S 9< 5 Ut}

0=0 +A0 (A18)
AX =v, cos(6, +A0)-v, cosb,
=v,(cosd cos A —sin6, sin AO)—v, cos 0, (A19)

=(v, cos AO—v,)cos6, —v, sin6, sin AQ
AY =v_sin(60, +A0)-v,sin6,
=v,(sin6, cos AQ +cos 6, sinAf)—v,sin0, (A20)
=(v,cos A —v,)sin6, +v, cos, sinAO
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7F - 2 A A (A19)9F 4 (A20)0= AdPskekd A (A2

AX =(v,—v,)cos6, —v, sin6 AO
AY =(v, —v,)sin6, + v cos6 AO (A21)
AO=0-0 =0-o

2 (A2D= WY Fel= xdskd A (A22)¢F

AX 0 0 —~v sin@ (|AX | [cosO O
AY |=[.0 0 v cosf, ||AY |+|sin@ 0 {v" o } (A22)
A0 |0 0 0 A gy

X, Y, 07 i &S A A XX, AY >Y, AO@—>0 o Hi,
Agsts 9l B4 (Equilibrium point) v, =const~v,, 6 =const=0 &

r X

ol-&3tH, 2] (A22)= 2] (A23)¥ #Ho] EAS 5 Ut}

X 0 0 —vsin@ (| X| |cosO O
Y{=0-0 v cos@ || Y |+|sinG-"0 {
6| [0.0 0 6 H ¥

Y
5 r} (A23)

0-0,

<

of\

3 5]

AA Alz=wle] AE Y S(t) ¢ tE #F = (Formation level
function)?! 4% W& 3(Horizontal formation function) A 9+ 2 o3
&H4=(Vertical formation function) A, = 2 (4.32)9} o] Holgmz §(t) =

2] (A24)¢F 2t
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0

6, o,
}.11 Xl_)_(z+a(w1_wz)
hy Y +Y,+ (o +,)

,

—_

(A24)

2 (A23)9] @, =00°]et 314, h 9t b= 2 (A25)sh ol mEWL

h=X-X,+o(o-w,)
=—v,sin0, (6, -6, )+cos0, (v, —v,)
~(-v, sin@, (0,—0,)+cos 0, (v,, —v,))+a (o, - ,)
=V, — v, +a(o-o,)
h=Y+Y+pB(0+a,)
=v,cos6,(6,—0,)+sin6, (v, —v,)
+(v, cos6, (68, —6,)+sin6, (v,, —v,) )+ B (0, +0,)

=v.0,+v,0,+ B (0 +o,)

(A25)

2 (4.3D2] 6,=0, o, =002 std, 2 (A25)5 ol&ate] 2 (A24)E
2l (4.36)9 S(=AS()+Bu, () +B,u,(t) 22 FF3H 2 (A25)9F 2
(A26)¥ #t.

0 0 00 0 1] 0 0
S(t) 0 000 S(t) 00 0 1 (A25)
= + u, + u
0 0 0 0 1 al ' |-1 —al?
v v. 00 0 B 0 pB
vxl _vr _sz _vr
u, = , U, = (A26)
W -, | 0, —®,
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3E B Ao

el 1] drtste 434

AATA=A ¢ ATAA"=A" 7} A#sd AT & A o duksid
A Holat gt

e 2lo] wEEld AT = A 9 At sl d(Pseudoinverse matrix) o] &t
sty Aty dAgdES Ayt " = FAAXEA4(Complex conjugate
transpose)©] t}.

1 AATA=A

2) ATAAT = A"

3 (ATA)=ATA, A*A=Hermitian %

4) (AA* ) — AA*, AA" = Hermitian 3%

-1 S 1 =1 -1

o) A*=(A*A) N a(A*A) ,A+=A*(AA*) : a(AA*)
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B2 C =gl

C1 285 9% A=d

ATl A 25 oA ALES o go] Vs ngd 913l
A sk AZIMEE e &3 ASE FAVIE FAlste] 7o) 2gvt
LA kel ARE A ol ot Falvlel AAE At E
AAEO itk o= GPS of 7l delek frafsht GPS = f1AelAl ARalel
=8 Aseh oA JRE dFepAnt 2 Aol AAEE 259 A AaEe
RE s71Ae= 2guke] 34l Ads . wilvs da gle 914
s ok B ol W] $A7PF EAGTA sheete Zhzhe] A1) 7t
MR s R3 HAAS SHASR 7F g 7] "ol o =4

=

TOF & Aikste] Alblz 4 ulol wazlsh 5a0] kel AeE Ada.

2eE $A8E ol 4ze PAEe 2eME
FAF o AR MG Qohu WA wAbE 2SE hEe] wabslol
FAVNE oA BRE ANE 5
GPS o AZY F/1: AHz Qe welA 2o Favlel AzY e
olmrth & 25Hz olth.[0]= &3t o|AR8IAe] GPS wrk % B whasl A
A o & A oE, ASET @Ad merd AEY F7le xAol
bsstnE FY G5 wE 94 ANE =4 sbssiA s,

¥ el 48% 2w 9X] A2Ele] A#e Table C.134 Atk

Table C.1 Specification of ultrasonic positioning system

Response Time 0.6sec =.0.15sec *4 7l
Resolution Display unit — Imm
Repeatability — 10~100mm (static)
A% - 7m * Tm
Cover Range FA7] AR AR
FA7], A7) Fol A 2m o]} A
Power Suppl A7) - 9~12VDC
PPy 5217] ~9.0VDC
Ultrasonic 25kHz
RF 315MHz (ASK type)
Output RS232 serial output (115200bps, n, 8, 1)
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C.2 o] A%

B oAgeld AbgE A% mEe A ol AR ¥iv= AEEe
o ol2old gt} o]E e mlo]ARIEAAZ o] L3t ;szﬂ
JH] 2 AEZ tnfo] A2 ATmegal28L & Ab&3le] An|ES Alojsta glow
ATmegal28L 9] AFYF2 th23

5 A2 AVR 8bit Micro controller
- 3kAkEl RICS o719 A (16MIPS @ 16MHz)
- 133 % HW#EAME(Gn lcycle)
- 32 x 8bit HE A 2H + =¥ FEE A 2F/Multiplier(in 2
cycle)
- 16MHz |4 16MIPS progress
v 3 2y} b oH wWkE
- 128K Byte W& 2213 7153+ ISP Flash memory
- 4K Byte EEPROM(10.%+9) for Data
- 4K Byte internal SRAM
- ISP & 913 SPL QIEj o]~
1 JTAG [1g#o] 2~
- W& w229 Programming # On-Chip Debug & $13+ JTAG (IEEE
Standard 1149.1) A|!
0 59 Z3AEA
- g% e gelydd o Real Time Count
- 8214, 10bit ADC
- 7/he AlgY UART
- Master/Slave SPI A2} <lE] o]
- o} g E 7 B Y|
O vlo]ARAEZS] 54
- Power-on Reset, ¢t AYEHE 98 Programmable Brown-out
Detection
- W& RC 24 °]H
- 9t Y F-of QIEHE &Ax
- 6719 sleep RE
- AZEYOH AY THed 29 Fakae
- AA #4 Disable
[1 2.7 ~ 5.5V Operating Voltages (ATmegal28L)
- 0 ~ 8 MHz Speed Grades
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ol AHE FHE 98] DC Geared REE AME3taL glon, 4 749
el ®EZE st AdEbEo] gtk 2% 2 Ul REEVF syl 2R
Aojxe] FAle] FEeo] Ha, 9% S wpriAE et 4 ) BH
oA HZE 2 /e EEdAE dIgrt Wdd BREE ARSSH Qo RE
A}oFS Table C.2 ¢ Zt}.

Table C.2 Specification of DC geared motor(RB-35GM series)

Rated volt (V) 12
Rated torque (kg—cm) 2.0
Rated speed (rpm) 102
Rated current-(mA) <470
No.load current (mA) <120
Rated output (W) 3.14

2 AFAE AEHA FIARE olF AT FE AuHE dots]
{3 gkt AT GaEe] Y, 1 A E AlSHH Table C.3 ¥ 2t

Table C.3 Specification of sensors in mobile vehicle

Center frequency : 40.0KHz = 1.0KHz
SPLs.: 115dB(0dB re 0.0002u bar)
Driving voltage : 1 ~ 20V

Bandwidth : 2KHz

Allowable input power :.0.2W

Ultrasonic ‘Sensor
(KT-400 series)

Distance Measuring Distance measuring range : 10 to 80cm
Sensors Output terminal voltage : 0.4 ~ 2.3V
(GP2Y0A21YK) Average Dissipation current : 30mA
2-Axis acceleration sensor on a single IC chip
Acceleration sensor Low power < 0.6mA
(ADXL202E) 3V to 5.25V single supply operation
Duty cycle Output
Infrared sensor Collector Current : 20mA
(ST-8L, EL-8L) Half angle : £ 15 deg
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Table C.4 9l

7t dHYE HEEY

EZ-S3C2440 9Hv= AEZ&HE= Aol S3C2449A-
g 7o g Exeir)
gom, s=dols
9ty EZ-S3C2440 <vig=

A& 5t
ol S0l TFHH o
TEZ} WWAHo
FAE vpel Zom) Fig. C-1 &

Table C.4 Specification of embedded controller based on Linux

Classification Detailed list
Size 100mm*140mm
MCU 400MHz S3C2440A ARM RISC-chip (ARM 920T)
RAM 64 Mbyte SDRAM
ROMZ2 64 Mbyte NAND-Flash
LED Debugging 4 bits
UART Console 1Port, RS232 Zprot
Ethernet 10/100 Base=T
USB USBsHost 2 port
Sound AC'97(Line-out, Head—-phone)
SD/MMC SD/MMC card socket
TFT-LCD I/F Interface max 640%480
Touch I/F Interface four-wire system
CMI I/F Camera module

Internal connector

288-pins board to board connector

Extension connector

160-pins board to board connector

JTAG

On-board JTAG convertor

Power

DC 5V/1A

107

4%




2SS0 eaee
Lo Xs Ba el w0 e e e O O

LI LALIR IR LRI RIR LIS L R [T LIS LTRITETR LT ETY LR (YL 18 B

Power switch

Adapter jack

Console (serial) port

LAN port

USB connector

Microphone

Sound jack (Line-out, Head-phone)
LCD connector

MCU,; RAM and ROM2

0 0P N1 cEEEST i 0o TSRS

Fig. C-1 EZ-S3C2440 embedded controller
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