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Continuous ~ Hybrid
) control system
Continuous input state
disturbance .-

Output

ﬁm?tlon Continuous

system output

w0

dx(t)L’ $0) X() h() —y.®

V() —; s‘,(-) q0) hO | y,0
d (t)‘—ﬁh']:h'“”x E

Discréte Discrete system
disturbance Discrete output
control input
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gogogoopoooooooooobooooggoooooocooooooooono

OO00oO0Db0oo0ooobboOob0obOob0bOBussU O OOD HDSODODOOO200000
gboboboogobborybuogoooboboooooboboogo



- nvironment
Decision

maker

Controller 1 |4 switch

|42 u ¥
Plant |—

Controller 2

u

Controllerm [

Ul2. 000000000

O000Liberzon O LMD 000000000000 OO 120000000000
gbooobgo

0000000000000 00000000000000000000 (000 Desi-
cision Maker) 000000000000 DODODOOCOOOOOOOOO

gobobbooggobobooooobobboooouobbboooooobobon
gboobobuogbobboooobobuoobboobooobuoobbuoooobbon
gouogobodbodbboobuooboobbooboobbuoobuoooooban
gboboouogobogbogboboobuoobbuoobbodobbuoobboooobn
gbobobuoggobobogognoo

1.1.5 0O00oOooon

gbuogobbbooboobbuboooobbobuobobooobuoobbabod
gboogobuogbbodbobuogbobouoooboobbooobuoooboobobon
gboobgbuobbodbuoobobuoobobobooobobbobboooboon
gogooobobobbbbbbobbtbdddooooooooooooooooon
00000000 [APSY7|00 0000000000000 O00O0O00OO0O0O00O0OOO
000000 [BLHOO[O O 01][MBK01] OO0 OO

O000000000000000 ITS (Intellingent Transportation System) 0 O 0O O
00000 AHS (Advanced Highway Systems) 0 000000000000 [DOKO01)O
gboogbobogbbbbuodgbbodbbobbuoooboobuoobboboon
googobuoobbodgboogbuogoboobboobooobuoonoobuobon
00000000 [DFK*ar][LBYar]

J00000000000000000000000000 [LOSIS|MLGV02][TLI6|D
gubddobdddooodoodoodoodoooooooooobboo
gogoboobobbbbbbobbbbbbdddododooooooooooon



[TPKar][FSDK02] 00 00000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000 IDO00000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000 [JFO1)[BA9S|O
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000

1.2 00000

gboudgbogbogbobbd200dbobogboobouogbboobooboon

gbboodgbbodug2bbuoogbbboooo3aggbboobbooonoobobgn
oooboooboboob!l—wooboboobbooboobobooboboboobo
ooobdobobobobobobobobbobooobobobobo4000b000
gobouogbbogobboobbuogobooogboosbogobbuoobboon
ooooooooool—-yoOoboobobOoboboboobobbobobooboedgD
goobodbbodgbogoboobuoobbuoobooobuoobobuoonoboobn
obOr0booboooon



020 Oooodgd

gbobbooodgobbbooooobbboooobbbooooobbbooooon
gbooggbuogoobbogbbuoobooobbooobobooobbboboon
gbuogbobodbboobboobuoobboboboobbobboobooobon
gboboggbobogobogooobobbuooboobboobuooooobooon
gbboogoobuogobooobooooobboobbobobobbuoobbabo
gboogobuogbbodobogoouoobbuobobobobuogoboooboooon
gbogbobodbboboboobbooobboobuooobuoobooobaban
googobuodgbbogbobuobuogbooboobooobuoooboobobon
OO0 AQOOODOO

21 0O00OOO

gbgbuogobuooboogbuogugboobbuoobboobooobuooon
gbobboogbobobobooobbbooooboo

l.gggbobobugoobbbouoooobbbouooooon
2.000000bboboooooon

. ubbuooonoobuooonooo

4. 000000oobobooad

. bbuuouoobboboboogbbo

6. UDDOooodobbooooobboboo

gbouogobodbbobuogbbodbuoobbuooboboboooboobban
gbbboogobbbooobbboooon

gbouogbbooboboboobooboobbuogbuoooobbooboobbad
gbogbobodbboboobobooobbooboobbodgbooboboobbon
googobodbbooobboobuoobbuoobooobuogobooobooon
gbobbuoooobbbuoooobbboo

O000000000Matari¢[JFO1]000000000O0O0O0OO0O



o o
O €
= oooce 2 a0 s C © 5
s G O o
e G G G
O

21: 00000 (OO0 line, column, diamond, wedge, triangle)

o IO OMN

— boogboodobbuodgbbogbbuoobboobboboooboog

gbouogobgbbbogobodgbbogbbobbuoobbogboooobban
gbogbobbbodgbooobuodgbbuogbbogboboobuooboboobbon
00000000 0Arkin[BA9S| DO O OOOOOO lined columnO diamond[ wedge
OO000000 triangle 0000000 SS0000000000000000000OO
gobobdogz210000400d

gbobouooggbbooooobbogo

22 OJO0Oood

gbuogogboooboobogbbuogbooboobboobooboboobobad
gboboogbbobooobbn

221 0O00O0OO0OOOOOOO

gbouogbuogboobooobuogbboobbooboobbuoobbooboo
gbobbooobobbboooobbboogbbbooon

e JUUOUOOLOODODODO
e U UI0OODLDLDOUOOUODLDLDOUOOODLDOO

00000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000 [TLY60 0000000000000 000000000000000
000 [DOKO1][Des98] 0 0 00
000000000000 (Virtual Structure) 000 22(0)00000000000
0000000000000000000000000000000000000000



moving as structure avoid static obstacle

gain 1.5
| | sp here of influence 50 (m)
7\ minimum range 5(m)
L e ™ g .,-"" > avoid robot
=\ AL Ay, N ) i 2.0
_— (A Ay LN o
= sphere of influence  20(m)
(xe” > EW) T -I\" """"""" N é ‘,a"‘ minimum range 5(m)
L % 1 move to goal
—_—d (Axl’ Ayl). \ 'A 4 \, gain 0.8
I % — .,"‘.‘ ﬁ """"""""" > noise
I . L e N £ gain 0.1
—_— PPt persistenc e 6 (time)
- - g ------ maintain formation
| !" """" (Ax,, Ay,) gain 1.0
= d desired spacing 50 (m)
= controlled zone radius 25 (m)
Virtual Structure dead zone radius 0 (m)

0 22: 000000 (O: Virtual structure, O : Schema based)
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T; = v;cosb;
yi = visinﬁi
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. 1 . .
o = l—{vlsln¢12 — U9sinyy + dwocosyr — liawr } (3.5)
12

92 = W2 (36)
googdoooooooobon

N o= O+ — 06 (3.7)

OO000L,>d0000
gbobbogooboboogoooboogoobooboboooobobooa

cosY1

wy = 7 {oz2l12(1/)f2 — 19) — v18iNY1e + l1awr + prasiny } (3.8)

vy = p1a — dwotanyl (3.9)

gbobobooogon

14 —1
pry = ay (1%, 12) + v1COSY19 (3.10)
oS

000,04, 000000000000000000000000000000

l.12 = O[l(ltliQ—llg) (311)
Gy = aa(yfy — ) (3.12)

gbobobogobuodgboobogooooobboobuogbooobooboobad
0000000000000 00000m0p0000000000000O («0DOO
OooooOooo)ooo
0000000000000000000D000000000“0000000 40
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000000000000 00000000000 (Zerodynamics) 0 0v; = Kj0w;, =
KO600000000

K
01(t) + Uy — By — arccos(ﬁ—Q) (3.13)
1
gog
Kl K siny$ K d
b = \/ (Fre sy, (Do, (3.14)
d d
K1005¢f2
= t 3.15
Pa = arctan g R sini ) (3.15)
goad
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0000003100000 Pentium I 400MHzO O 0O O 256 MB O PC O Linux(libc6
later) 0000000000 DOCOO0O!l—y»0O000000ODOOOOOODODOOOO
OOo0oboboooo400b00b00bO0o0obOOobOoocCcobooboooDo

g3l 0bbougagboo

PC CPU Memory
HITACHI FLORA Pentium II 400 (MHz) 256 (MB)
0OS Language Method

Linux(Debian 3.0)  C, OpenGL(Mesa)  4th-order Runge-Kutta

Oo0dl—ypO00000booboobooboobo320b0boonoon

U032 00000b0b0b00goooouooogoon

Vi w1 Vs W2 D 14 wd ay, Qg

1.0(cm/s) O(rad/s) 1.0(cm/s) O(rad/s) 2.75(cm) 5(cm) 90, 120, 180(deg) 1
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X-Y coordinates Leader Follower 1 Follower 2 Follower 3 Follower 4 Follower 5

T 0 5 8 11 15 -25
y 0 -1 3 5 8 1

OOoboo03200000000000000000000000OIlined columnl diamond[]
wedgel triangle 0 0000 0O0O0O0OO0O0ODOO0ODOOOOOOOODOOOOOODOO
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g if (

) g if(
g = it ( (4.1)
if (

e speed controller

. _ —Vleader 1 (Ufollower > O) (4 2)
folloer +Vteader i (Vgottower < 0) .
0 if (wleade’l‘ - 0)
w = —0.01 if (wleader > O) (43)
+0.01 if (wleade’l‘ < 0)
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