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Start positions Goal positions

Start Demanded time

Robot Position| Position to reach

Robot-A | (.6, ()) (7.0) 10 sec.
Robot-B| (0,-6) | (0,-7) 10 sec.
Robot-C| (¢, 0) | 7,0 10 sec.
Robot-D| (0,-6) | (0. 7 10 sec.

(a) Conditions for a sample data

Time

Robot to reach

_|Robot-A | 15.0 sec.|
Robot-B | 12.3 sec.
Robot-C | 10.5 sec.
Robot-D | 11.9 sec.

H Lrob . :
i Sensing area
Pl = i : } ;
iy IS-(';T : ofarobot 5,
12.3+ ) e—olar
10.5+ : sensing area
I i“9 for sensor information pattern
=497
(b) Caleulation of penalty index

Fi | fensin rea for geiting sensor information pattern
Fig. 3.15 An example for getting penalty index to some sample data Fig. 3.16 Sensing area for |

&0
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psl =ps2
pdl = pd2
dist

Lrob

3.18 Meural network In parameter designer

vec[0]
vec[1] -ulllrf",(
vecf2] IO

vee[3 I

( NN for plaza

3. 19 Hierarchical neural netvork systom in parsmeter designer
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Start Goal

Robot = 7
Position(m)| Position(m)

Robot-A (-7,-7) (7,7

Robot-B (7,-7)

BT, (e)it, BREWET
BLEREIDBTUMSRICAEC

for simul ation

Maximum velocity of the robot 1 m/s

NMasi arcelerals : 2
Maximum acceleration of the 1 mfs =

robot
Table 3.4 Values of des

The size of the robot a circle with 0.25m radius

They measure distances 1.psd )

% s],ps2 0.8 N 1.0 [kg]
from the center of the robot,) PP g kel
and the sensing area is aj 7 -
circle with L.“\,[lnfr;u]i pdl,pd2 0.4 Ktrax, Ktray | 4.0 [N/m]

The sensors on the robot

dist 2.0[m] Krob 2.88 [N/m]

Sampling time 0.1 second

Planned path is straight line | : ; | sec/|

= A J rob 3.0[m Dtrax,Dtray [ 4.0 [N sec/m

Planning at GMP with a constant velocity of {m] E

a reference speed ;
Nrob 4 Drob 1.2 [N secfm]

reference speed I mfs

Lrmin 0.5]m] Lblock 1.2[m]
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3.8 Constants for parameter design

in the corridor environment

4

1= -0

nF -

BWT Y3

¥ o o -
iz

®i

iteration for
random multi-start method(ITE)

1000

dimension of
sensor information pattern

4 1'% rad for each)

the number of sample data

40
(10 for each p
7: data for learning NN
3: data for testing )

iteration for learing for NN

100000

the number of units at input layer

4

the number of units at hidden layer

]

the number of units at output layer

4
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density
of robots
[/m2]

value by using NN [sec]

avarage

sample data
for NN

optimal
value[sec]

worsl
value[sec]
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2.59x10

2.60x10

3.98x10
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Table 4.1 Specification o

r

Maximum velocity of the robot

1 m/s

Maximum acceleration of the
robot

1 mfs~

The size of the robot

a circle with 0.25m radius

The sensors on the robot

They measure distances|
from the center of the robot,
and the sensing area is a
circle with 3.0m radius

Sampling time

0.1 second

Planning at GMP

Planned path is straight line
with a constant velocity of
a reference speed

reference speed

1 m/s

Table 4.2 Values of

deslgn parametlers

psl,ps2 0.6

M 1.0 [kg]

pdl,pd2 -0.9

Ktrax,Ktray [1.6x10 [N/m]

dist 0.7[m]

Krob 4.3x10 [N/m]

Lrob 0.9[m]

Dirax,Dtray | 8.0 [N sec/m

Nrob 2

Drob 7.5 [N sec/m]

Lrmin 0.5[m]

Lblock 1.1{m]

80 o< tlrad]

Ld 3.0x10[m]

By ?t—n[rndj




{c) 1 5 sec. {c)1 5 sec
Fig. 4.6 Simulation WITH 7 Simulation WITHOUT

= g gy of A

following another robot”

&

/|l

ar velocity

Average of

t
0Dt 006 008
Density of robots[/m2]
(b)) 7. & sec. .
Fig, 4.8 Simulation WITH | ]
of raleRy WITHOUT a strategy of following anather robot

WITH a strategy of following another robot

lowing another robet”




Cedbbd, BEBEROERNL N
(— A EMMME R —

M+ 3=
StHHOoEAVHKE (D, . DHOAB{HL S
iSO SMF L b . HEB, BENO0.
i /a2 By @ § I fc 2|t E & A Lo,

average of velocity of robots[m/s]

t t t t t 1
002 004 006 008 01 012 004

0. 1 &B/mPolEeds t XAV EBAT IS5 Fa—zvr Lt
Abhs,
A, BRMoed  tOREp LBV ETFO S — L HEHED L0 K %57 —0— WITH a strategy of following another robot
THEHBMARER, LKof, toT—ARRBMcHETE 0TS S, i )
BALEYE, BK6., BOURMAISHE, COBERAS G, BRERSD
EMRE & N Fig: 4.9 Comparison of translati

density of robots[/m2]

WITHOUT a strategy of following another robot

Yiab—bay v OBER, BELE MR Ehi T oL with variety of robot's density
u ok  MTFRA M3 MMz
FiEo b=t YR, AEWEE, =25
iMICLIMYUPFEELL LN, A (o, b)) OfhHIZRT 2
LTtAB-RETSCLE2RLTVE, LECRH TR, HREFL S
EMALLEEANV L2 ABT I LNERTS B,
EBREI. IMOAS A — s UUHBBANEEBIZE, €541
st 2qMYs=x—5nxs 0 —20MAELT, BREBBOS
A-sD3BMEMNTECEIcLy, 3, IMOBEATTOTI I ANT
s a.
EMBN L, COLIUBMBEN LT LN LhiTRaw, KK, vy
cHABE-TVWELSH, v, FOBITARDI TR HKS
ETHE. COFHR, Bof, Fit, HEHHBRRB
SEDNEREOHSESEINGE RS, S HIM+ 25085
CORMIE, BREMBEZRAT<~ARBIENT~<5T
b3 b7 =2%Flg LIBOLSHPENTHARSC &
- HAahs,




Table 4.3 Specification of robots for simulation of

4. 4 RAGF- B IERBEOLB

BHMAEO e #45 F OB i4 < TEMN (homogensous) T = = =
: : Types of robots Type-A Type-B@

Maximum velocity of the robot 1 m/s 0.25 m/s

" . L
T (heterog 1] i h—BNTH S,
RLEBERBSOSTH, EBEB L LHTELG. Thbb, Maximum acceleration of the L s 0.25 m/s®

F kD DR . i+ 2 k&b, BRESD robot = i

CENTEME LD RETEL . EMTI, BREMEE GO o The size of the robot (.25m radius

MR MO LHBEHEL, RELRCBVT6MANO o F, tOBfERE They measure distances

o b i1, EETR, £ b ORAEE ML 'Ciaf‘ﬁt-‘kﬁt;-‘) The sensors on the robot from the center of the robot,
and the sensing area is a
circle with 3.0m radius

Sampling time 0.1 second

1 DB RS O i
WMLicLdr, BRAEBSLVARAVEFTEFTL T i o Ratio of the number of robots

for each type

RIFFLAUYL, 22T, 4, 2, 20O0ES
! M EnT 3.
CERBEFADSEREFL~OBE SN
Medy rFOBE~<2 b, oy bPhaods bLOKB~<2 bao
HEM (a) HOEDihEw,
(Bled, FFhoBlMNoBRIE~O R ~<2 b tod, kL ~ D% 3 Table 4.4 Values of design par
2P DUt (8) DBMllEoF » FPFOBE~S FLEOHE b L

ZhAaQUTH () ORMHEECHHE LD i
v ] ¥ i1 e ,
s hPlad, PLEREMO A 5 b HEEL KL, psl,ps2 0.6 M 1.0 [kgl
FPOBE~2 FroRHMlléos, b LOBE<2 F roRflo N
H#%, RuinEl binaxkl F T4 5, s pdl,pd2 -0.9 Ktrax,Ktray [1.6x10 [N/m]
B2 @ % 2, BFEMER-zLVEEOR Ve H ., b LRBRE AL S

e _ i o 3 H il LT st 43%10 [N
B, BR BEFUEEECLEBIELTOS, +0ubb, BRNSLBHL dist 0.7[m] Krob x10 [N/m]
BEEHEGLEbOTHED, AAURCBOTHBCRIETEC LMl ash s, Lrob 0.9[m] Dirax Diray | 8.0 [N se¢/m

4. 2 Yiav—vaYRLlIBMOAMMONYHORIE ; J
FOBMMELtab—v »2H0, ARV LBHMLRB M L ~BESH Nrob 2 Drob 7.5 [N sec/m)
BCLERY., Yiab—vy vRABE LT, BETRERE2MEST S, o,

ZHMABL, Table &38R/, Type-Ad BV o # 5 b, Trpe-BAiEL Lrmin
hE, BoFs rol M 2=, W 2 z A -1

T - = = & £ , 2
L |:1h||t‘ il.ll_l‘lf_&u.j'_ ey FOWER, 0. 1 & 2L L1, = Bo T‘_:l'llrud[ Ld 1.4x10{m]

w EEMEFig. 410, Fig, L ILEFRT, Fig 4. 1002 — U)o VRS % fif 1y =

GG, Fig. L1, AETERELZUREROWESEERLT VS, FI 0 |

‘ k ERMWEMAERLTOVS, Fig. 4.1 ’ ——qt[rad £

5 MMMER LT b ot S ORBREIEE o 10 L sy By 5 nfrad] |RMINRMAX| 04,16
Fig- TR, Seds P ABERT S0 ILTULEHENRE W,
ig. I RRYT L9, BooMN ., b HNEFS , Mue# o b MEFE LN

0.5[m] Lblock 1.1[m]




() 0 sec




strategy

avelage of angular velocity

no strategies

2
8.96x10

following strategy

i ;
8.64x10 ~

combined strategy

9
7.90x10 ~

N+
s L

meik, NEEHo

s FlloMEERH AL W
E % Atk L

o b

ol ]

8 %ot
ik N
cEHRFEERT
o 8 & fll A

s E—FrAHR,
Lth—BHLRABE~O#IG, LU




¥ 5 =
HEBEHo Ry FRICBY 5
2K b EE O

ey tHOBRSOERE L REROHRA
® et

REA v E—F vagEEHVWE o F
ey FEOMMEND 2 2 -

SWOEEH




Chapter
number

1 Introduction
8

\J
Conceptual Design on )

motion planning system of
multiple mobile robot system

¥ ¥

Global Motion Local Avoidance Planner
Planner(GMP) (LAP)

N

WA C EEmT, Moti .
Motion planning o
Aottt ERT. p 8 ]

robot groups in
multiple mobile
Mation planning of robot system
single robot in "cohesion”
multiple mobile robot switching two kinds of
system impedance model
J

t >

' Experiments

]
Y

)
Evaluation )
)

W
X

Conclusion

Fig. 5.1 The structure «




(BYSFH O E &
i, BA
. ARl

(Group-NBMLT—oOoMEZWE+ 3 Al
{Group-2) M © B}

p-3) R o4

NoWs,
s o iy Ty & B s E(UaTh, Bholl

i
1EMEL, BRRY

o5, COoRREBVWTIE,

BT SiH, BFh

Thbs, RERE b LTwasg@ahia
tohsd, COBEBL - fim(A) o B
U0 (BB =0) | 855, chit,
ML FLLhEVESR 3
1HOXEICEY, AR TREIFoOI

BURRAT<SsRROUNR, 208
(BOEERD]

LR SHE) =W




o < K}

o

fr

AT o B {3 R o &
- In—ulzu‘h T:JIAJ‘\:
M 77
s FBEAE
oy b nm.
fERiEG L

People carrying a certain object together

¥ r.ﬂr]LE’ iR L
# o b BT
HEY=

-FHAo hﬂ-l-..'.u’v'-iv
DT 5 THOE) 2
|-¢J§;‘,|r"r«':91i-‘l-’_'L

EWMENLE,

(b) Group-2: A school of fish

5 .4 MEaadhayR
A F Zlﬂ‘{"xf’\a..l.“[',
% WI'-'::.\f-‘B. SRR
L5, tEBR(B)DMEERS
/ % \ cEhERM EERBIOTES
f ‘%’ -y ORBALEBENETF
% HoWMTRLABEEISRGRE

(e} Group-3: Several persons vho g0 to the same direction ina crovd

3
F

ig. 5.2 Examples of groups in the natural world




I MERSAyE—Fragh) £HivkedE s FROBMFHNORE

R - 5

HEEE S BB,

Status of
Environment
Index of Danger Cohesion o BT :
\ / B b HE VR

nnection model) 1 £ ) . . BF o FE
\» Decision Making of Each Robot wWhHBGEREAERARD, 3:F & & o R

Th b,

b o Al

I ; H o FHEEE 2 ik ic & BholilBsxXk8T 35

>

( Behavior as a Robot Group

[P

KR EA L

Fig. 5.3 Concept of the propos

{od1aS Lron!

f{od13> Lros)

iwe:
odyy&Lon® A

BERANERTTET A
L €5 & (indepentdent m )
2, RG.N~GDEx0LE
SEFLERICERE
RERE, BN

- & i 4%




Robot k
(belongs to another
Group)

Index_of_danger

Another 3
Robot j
Robot .
i Fobs (belongs 1o
i the same Group)

Fixed

(a)Connection Model (b) Independent Model
Fig. 5.4 Impedance Models betveen _ko‘:\-‘J_'.u

oo
hoBHIEMAND S S,
Aot LTEAT S (Fig
coORBHPoFES k1 £J2
i o
BEZETG,

~ob k05 8

b, 038 obm, n

DR c 3 -

148 A




Environment ¢

Calculation
Index_of_danger

Index_of_danger

Yes

= - Independent
Connection model ( B
mmld
L

Fig. 5.7 Method for selecting impedance =m

£

X
Y

@
Y

nl
‘i

AB:
C

{a) Small Coh

Fig.

5.8

the same group

: another group

{b) I



albb—rp ¥

v, PO

HEECHCLTHERW
falb—4ar@ME LT,

HelV-Th

Table
EAMahT
dMoFHoRvwERIEYT
DEHEMD
; SEME L
-3

WEWbDD, o#f 5 b M fEo g b L o et 2

AKEC B+ 5 & Bt
FicHLTT HMa EEM VT, + i

10 # K

tHWELTLS

lbe— a9 ¥ a0

HEMELT, HOEONOHME A M- G0 ¥ialb—vg YBREF

g 5.10, Fig, B5.1L1¢
.

(Fig

10(a), Fig

DHosLE, ol b, ThFMLOVNYUBRESE
S. 1)) . 150Kk, RagEoD5R, to kR

T3
SEFAOE{ VBRI EFLICEBLTEDY, BhiiNkadhoa28635 (Fig 5.10

(b)) DL,

oD hit, BhERIELTWS (Fig. 5 11(b)) .

4 5 i

KR, BAROAR1 ABDoE, b A BEH->TWSE (Fig. 5 10(c)) @it

LT, K o @ H ik,

1L6HDoFy FHPRECHW->TVE (Fig 5.11(e)) . 6

P, ¥<xToeX, PHEHRMCHELTVSE (Fig. 5.10(8), Fig. 5.11

(@) . cvkn, ok

SEXKEVWHS, BHLtoHETSMAA (BRI &M

Mt sFEERE, MET—ERLbOoHPEILYL., ARNTHR, BAOH

crsfiRokazoREEREL T,

e 5 ]

IMEADeEs thooREEA
5. coffifd, FELTVwSfiomiklEnof
OFEHIRELTERESTHS, T4, BHoBRBOR
AIBMIZMVEICLETT,. TP, 2955 E
» bR D EH va. 73A7F
BHELTWALY, FEHEEL
ER2TOMNO 2 75 UOTEOMME O
tedhbhaRUATooMMBoRED

ool FogNlibha,

TWS oKy b

-]
Wwhef
%

donlfolol KM, &R0

2TWS, ¥HHs,

&0 ok,

s A ROWNTHL, BaEeodlsd, BeRooMSoWme 2.

Group-A

Q000 : A Robot Group

Fig. 5.9 Simulation envi
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Maximum velocity of the robot

1 m/s

Maximum acceleration of the
robot

=
I mfs =

The size of the robot

a circle with 0.25m radius

The sensors on the robot

They measure distances
from the center of the robot
and the sensing area 15 a
circle with 3.0m radius

Sampling time

0.1 second

Planned path is strai
with a constant velocity of
a reference speed

reference speed

1 m/s




Radius U{-Ihc circle

7.5
for start/goal positions 7.5 [m]
Number of groups 10
Number of robots .

for one group

7 kinds (0, 10, 20, 30, 40,

cohesion 50, c0)[N]
Table 5.3 Parawetsrs for robots
M 1.0 [kg] Lrob 0.9[m]
Kitrax Ktray | 4.0 [N/m] Krob 3.24x10%[N/m]
Ditrax,Diray | 4.0 [N sec/m) Drob 3.6x10

[N sec/m]
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e S : controller larget position
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velocity of angular velocity of
drived wheel A
B ; TTESTNED T commanded pu
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driving motor steering motor I
1 & -
| interface
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steering motor

step angle 0.9°
current 0.4A[ phase
voltage 12V
resistance 300

geared by 2:1

driving motor

voltage 12V
torque 30 g-cm
velocity 3,600 rpm
current 185 mA

max. velocity 0.05[m/s]

weight

3.0kg

size

L 280> W 165 X HI90[mm]

interface board
—_—

control board
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maximum velogity

0.05[m/s]

step velocity

0.0025[m/s]

maximum angular velocity
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step angular velocity
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step of target position

0.0025[m]
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Table 6.4 Cond

tions for ths

experiment

Robot

Start
Position(m)

Goal

Position(m)

Demanded Times
1o Reach(sec)

Robot-A

(0.1,-1.5)

(0.1, 1.5)

60.0

Robot-B

(-0.1, L.5)

(-0.1,-1.5)

60.0

Maximum velocity of the robot

0.05m/s
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oy

Maximum acceleration

5
0.2m/s"
of the robot il

The size of the robot a circle with 0.25m radius

They measure distances|
from the center of the robot,
and the sensing area is a
circle with 3.0m radius

The sensors on the robot
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Sampling time

0.5 second

Table 6.5 Design parameters for robots

parameters

set (1)

sel (2)
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Lrob
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Table 7.1 Conditions for the plaza

Radius of the circle
for start/goal positions
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L Number of robots

4 kinds(5, 10, 15, 20)
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