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A Decentralized Robot Navigation Algorithm

in Dynamic Environments

=y
Tor
Mo

—

HE

H

=
=

o] ofy ofe miw} A

Gy

K

L.OL
o)
o
Ho

ol

)

B

T

fite)
o]
B

o] 0]z Networked Robots A]Z=E] o] A]



AA Aok 3 A 2¥ol BHAAA FRE AWNFOE <ddte]
we ANFE AAA Hel, 4] A Wik B ARG A
% Zrhdoh T WA, B4 gl Fbdd FRAA a7 W

sho] A|FREA] ARE HAEE7] Y3 AANESE AEFTFo A

o

7]91= : Robot Navigation, Networked Robots, Distributed Navigation,

Voronoi Diagram



FRGA T - 2
DL M AT 2
21.1 Networked RODOLS =« » « + v v v e v memeeeeee e 2
2.1.2 Robot Navigation ......................... 5
220 ASA HAE A 6
2.3 HENo| to]lojr ;M o] g3 A A - 7
LA AR ZT] LTS 8
3.1 Networked Robot A]| =8l FFA] « -+ v v v v e e e 9
3.2 HE o] FOEE o]&3F AR A - 11
33FBAZE AZ A G S - 12
34 RZWHo] FOIE. ... 21
CABHETE 23
AT AEBHOIA B - 25
4.2 A7 2 BA 29

= I T T T R 34
7‘15_]'-57_,“_?__115.]_ ........................................ 35



<2 " EF A 1>

[1¥ 1] Networked robots &] 25 A -« - vvve - 4
[2¥ 2] Voronoi Diagram thAr Zel & A& -« oo v v v 3
[2¥ 3] B2%xo| go]ojaBL a3t Ad} - - v v v v v ]
[22) 4] & O] || R FFEF AT v v e vvveeoneeneeanenn, 8
[ 5] HOAY LudSFP T AHAZ - oo 8
[ZY 6]NRY AR g L - oeriiee 10
[Z23 7IN-R AR Aa] Doz - vvr i 11
[2¥ 8] Request Message?] A -« vvovvvnnn 13
[23] 9] Centralized 7] 0] Ack -+ -+ -vvvcmrerernn- 13
[28 10] Centralized 7|8 AX &ZF------ccov v 13
[2¥ 11] Decentralized 7]}€] Ack (&) - -+ -+ --vovvev 14
[2¥ 12] Decentralized 7182 AXNFZF (LE) -+ - 14
[28 13] BEwo] FOE AT AL oo vrereereen. 15
[23 14] EEXxo0] FQAEE o]£3 B ZE7}X| oA ”
A R e

[1¥ 15] Decentralized 7| B2 AA -+ -vv 0 v 17
[2% 16] AofEe Bigfo] 2 AT HA - v vveernn .. 18

[Z2¥ 17] Centralized Repair Message(&4) I}
Decentralized (71(51 /‘\j) ............................
[2¥ 18] Decentralized 7189 FZ2 22 &4 . ..... .. 20

[2¥ 19] A ZAAIYA Centralized 7|He] 8 87 R 21
[29 20] B2 0] tho]oj 1S o] &3 HE o
[ 21] HEx0] Tho]o] 1AL o] &3 HE WO

[22) 22] Scenario 18] & BAIBE - e o vvrerereenen.. 97



[728] 23] Scenario 28] & AT - - v v v 97
[728) 24] Scenario 39] & BRI - - - v vvee 27
[728) 25] Scenario 49] & BEAITE - - v vreii 28
[23] 26] Scenario 18] & AAFZE -+« v v v 29
[23] 27] Scenario 28] & AAFZE -+« v vt 29
[23] 28] Scenario 38] & AAFZE -+« vt 29
[28) 29] Scenario 4] = AAFE - -+ oo v 30
[23 30] Scenario 18] & AAF AJZF -« v v vv v 30
[2¥) 31] Scenario 2] = A A|ZF e v v 31
[238) 32] Scenario 39] & A A|ZF e e e 31
[ 33] Scenario 48] = AAF AJZF- oo 31
[723] 34] Scenario 18] ©]F A& -+« v v, 39
[728) 35] Scenario 29] O] A& -+ or et 39
[723) 36] Scenario 39] O] A& -+ or e 33
[23 37] Scenario 48] ©]F A7 -+ v vt 33



L AE

o) or BE Jo ™ Er T X o o o M do Jo o o))
O T N g e o o E oy o AN T
JIL o] —_—
mmiw_ﬂ%% %%ﬁ%m@ moop o %i
W R FHE KRR pu RS gy
- T O# = KO . - : e
T oo oo B oy T L Al g T T o o+ X
%_mm%A ﬂHAﬂt % o M L,u
* s =M F RN M ook [
B @ % N o o o= Koo T o R
ce il EEadg omEl 7
X- . 9O oF o) oR X = X o
™ Ow g Clce o B A o XM Wk
- F 3T g5 =Wwmo oo Eod %
™ _ B G0 o K T oy Mo . mm =n JoR 0
oo oz de o = SR o 9o o)
F oK CE T wmy Upoe oo
I N ) D g
P2 Tepgws oz _ % T Z
a?ﬂrﬂ.% ] o =R g8 T« = o
% T - <O o= o S T Mo mox
PP H o w Hewow .Y 73
% oo O gy o M= Z T RY: o BE .
R ~ n o 2 s W ® ® o
o o o2 S g LB x oW T o
o mK o ¥ R N B 00 T
oo Wy o e T o 8 oy
I - B - I -
L AR CH - ST E T ol T
S T P A
B L lﬁr I e T © M_.V \Llﬁ —~ W o
o B T o W o T I Z 3 ™ T o o

S
=

]

A
L

=

}

1

S

uj Fof] =

ZEAI AL 917

=

=

I FAAF
of wel oy =

1

Al
2

#, N-R9



l

Fe AomA o =it Hu A

S|

2k

] 22 A7 Hdo A=

5

of i

SRS

|

=
1o

]
—_

ot

g

S|
=
El

WA, ole 2ho] ARE

A

gt

af oF

Ejj]
=

Mo =

&

o WojxA =t}

3

ng

st
ol

’

A

}

il

3

;.A.A

=, go] Al wek A5 Al

A shol] AR RAA] AR

o

—

NI
<)

Nl
)

10
0

o

i
J_Ho

G
i

uze)

ﬁo
)

Bl
(e
=

2.1 W3+

2.1.1 Networked Robots

Fef o=

5

s

Networked Robots (N-R)[1, 2, 12]o]st HEHAE

et

5

27k 7bs

_04

o Fofzl

3

4

’

i

o

—_
o



b

3|

7FA AL 3l

A=

EET

. .
sEle @

71Ee] 23 A

oL

ofg] io] NS &

S
T

N-R

HA o] e

<)
pud

-
| .

N7E 7HA

Fojel =il 2

)
pul

A
LA

It} 3

&

2.1.1.1 Tele-operated

ol

sto 2

HEe olE

ol
=

bk,

S

188k R ol ohye, F9le AR

o

S
=

Erl_

H

o] 7}

2.1.1.2 Autonomous

o] o
T -

FECEER RS



2.1.1.3 Unique Constraints and Challenges
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2.1.2 Robot Navigation
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[ 1] Source Z2& 9 A=A

1. Search Message <- Num, Open Point, Destination Address, Relay Robots
2. Search Own Area

3. Make Open, Close Points

4. IF (Destination in own search area) THEN

5. END

6. ELSE

7. Send Search Message to Neighbor

8. ENDIF
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[¥ 2] A2 239 Serch Message & 34H

Path Message <- Relay Robots, a Whole Path
Search Own Area
Make Open, Close area
IF (Receive New Search Message) THEN
IF {Destination in own search area)THEN
Send Path Message to Source
ELSE
Add oneself for Search Message in Relay Robots
Send Search Message to Neighbor

- L U

10. ENDIF
11.ENDIF
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A2 23R Path Message A 3 HA

[£ 3]

1. WHILE { Receive New Path Message)

2. IF (Last of Relay Robots in Path Message) THEN

Wait for a little while

Select shortest path

4.

Save the Path Message for a while
Delete oneself in Relay Robots

6.

Add path to sender for a Whole Path

Send Path Message

9. ENDIF

8.

10. ENDWHILE
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WHILE (Receive New Repair Message)
IF (Know about Path to Source) THEN
Send Path to Destination
ELSE
Delete oneself in Relay Robots
Add path to sender for a Whole Path
Send Repair Message to Neighbor who know own open points
ENDIF
ENDWHILE
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[¥ 5] A= Z X Repair Message A7

1. RepairMessage <- Source, Relay Robots, a Whole Path

2. IF (Find Broken Path) THEN

3. Pull out all saved Path Message

4. WHILE (Process of all Path Message)

5. Delete oneself in Relay Robots

6. Add path to sender for a Whole Path

7. Send Repair Message to Neighbor who know own open points

8. ENDWHILE

9. ENDIF
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[24] 1]Path of source (Decentralized)
(1) (k)
Oi’ e OZ-’ i

[4] 2]A lenth of path (Decentralized)

N—1
P - E I Oi(—lf-)l,j-Fl o Oz‘(k)”

, J
1 =1

[%4] 3]Distance of all Robots (Decentralized)

Centralized 7|¥& T4
Decentralized”|

27]¢] Request

[4] 4] Centralized ack traffic

N
cA= 3G

1=1
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[4 5] Decentralized ack traffic
N
DA= >, D,
=1

C'= Centralized Ack
D= Decentralized Ack

[4] 6] Sum of Centralized traffic

TC=a « YR+ 3+ Y,CA,

[4] 7] Sum of Decentralized traffic
TD=a « YR+~ Y,CD,

a = Sizeof Request Message
B= Sizeof Centralized Ack Message
~v= Sizeof Decentralized Ack Message

X,
™

S Zb Ackell ti@ dlolH Ar]E wekel[A8, 9] de ¢

[4] 8] Sum of centralized computation

CC=\+ Y,C

[4] 9] Sum of decentralized computation

A = Requirement for CA
1= Requirment for DA
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Abstract

A Decentralized Robot Navigation Algorithm

in Dynamic Environments

Hak Soo KIM
School of Electronics and Information

Kyung Hee University

Abstract. In recent years, robotics has developed over a
cooperation and coordination with many robots. Robots needs
communication skills and the ability to move the location for
Cooperation and collaboration.

In this paper presents a networked robots system and
decentralized path planning algorithm for multiple robots in large
areas. The existing methods for path planning for multiple
robots has two solution. In the centralized scheme can find best
way to destination. but, Have two problems. First, Inflexible and
Not suitable for environments changes or uncertainties. Because
one robot computes a path to destination, Their complexity is
high and exponential increase in large space. Communication is
similar to that of the scalability. Second, Increase communicate
amounts for compute a path. Decentralized methods using a
localization message. Therefore, Decrease communication amount.

In this paper we consider the problem of finding a best way

_45_



for multiple robots in dynamic environments. We propose
decentralized path planning algorithm. Decentralized methods is

able to decrease communication amounts and low complexity.

Keyword : Robot Navigation, Networked Robots, Distributed

Navigation, Voronoi Diagram
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