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On a Goal-Directed Reactive Navigation Method for a Mobile Robot

RN A .

RO R -

(Yong-Hwan Oh - Do-Young Yoon - Sang-Rok Oh - Gwi-Tae Park)

Abstract - This paper proposes two contributions. One is an analysis for the limit of the subject of goal-directed
reactive robot navigation, and the other is an effective navigation method employing the scheme of the subject. The

analysis for the subject is presented in order to clarify

the limit of the method. On the basis of the analysis, a

safety—guaranteeing and deadlock-free reactive navigation method is newly proposed. The proposed method has a simple
behavior-based frame such that it can make the required navigation tasks such as obstacle avoidance, deadlock resolving,
and etc. with a very small set of behaviors in entirely unknown environments such as a living room, an office, and etc.

Some results of experiments show these validities.

Key Words : Reactive navigation, Goal-directed navigation, Mobile robot, Behavior-based robotics, Deadlock
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Aol Az R ZNstE R FYPV A (ab-
solute navigation [1])o] =7]$X) &< (localization) =T &
o] 4% AAH<(global) ABE o] L3l el uka}H <l
Z 3 (reactive navigation) W& AN ZREH Jd&= Aoz
A9 A (local)ol 2 Ao Q) (relative) H RS o]&3 o] 28
1oz WHFH O Z(step-by-step) AEEZ AAsE=E RS
Aoz gk olFA AHFHolxn, FEH oy Eds
o] AHo) &7 wEo] WAIEHQL FY PHgL P
A EAHE ZHNA Aok [2-3]. 2HY BAHQA F3
gGeg T2 HEESE @AM HEAL o
AAe F3H ANads FASEH Ao FoT o
AHEEEE St gt 4] AgAUd F3 P
F3 AL ELde AR B FH A2y
A F3 BAE AR F Ajzde st 242 A
ALgE R QS-S B 5 A (3], [5-7] vE9 EFHoA
W FY Al2de HgyQd F3Y wro] xR s u)F o]
g2 v gy BRest FUpen el dold g2
& AUAHA FY st warHQ FY WA 2tz g3
g AA7tE AA3E Heol Wadth EEF A3 wAp F
8 92 (goal-directed reactive navigation)& ¥HARA kA ¢
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AFo|AW gEsAE YT HRH/BAY Fy PN
ERYolam 2 £E Yok AU of wAe AP
A EEReR B3t We4e AssA sSed o Fust
AEAQ Holy] wWolrh Teju ok 2Ro| BEHoD
daer] 98 H499 A9AA Frold. ZEAY @
AdHe Fust ARG YHzE BEP I 2k
37 Weolt. @A 9NN TRz Wy
mhe BuAd Ag 25 Asss 29 P 3
He Aust wmsl 2 o g ¥ A Fuen
2 4 U weN 2EAY AYE AT wegwRe
Yoz a7 WEel A Yelo) SER Aurc A9%
Q WHoz ASE 4 7} A B Bo) BeH Fu
A A2golt §5 Axw(beacon)& HALE BFT 2
AdA%d N2 glol 47 SERHo2 YPRE A2
71 e 18]

o EEL $4 o ZEA AP WAl Ty WA @
AE BHAoz ANST o AP AAHY T AFL
AT W AL 3o BN ol WUTA) ALgalok BTt
o A4H WIS BB Ftu oD T AAZ o
98 2o ERddA st BEY A% WA FY 3
g Mzol AL o WAL B3 AS 7] ¥H(behavior-
based) A2 HA[Q1E FHLE st o8 B wed

Heo Ao} TZEMH ANEFPAAM 8F7sE 48 7HA o
FES AFHez FI3Y F Yo ASTE F3Y P ¥
Ab F3 owkAe] BAE & 4T HEZ FEY F UTh
D £ =BolhE 229 A& FUL AY 22 A F
& T3 Ao AR FFE AT 2R Ao BF
=4 ]

7 st



2. REHE X WAL TH Wy

1©

stolof et 24

2R3 A% 9 FY S AL 71EY o Wy
Zo| qth. o] WASd e AN A (potential field) HA[10],
Wy wa}sty] 4 (wall following)(11] 59 71E2<Q1 WAL
F3) B2 gAHA EFH WH(local target switching)
upal[3] Z3 A $F(harmonic potential field) H21[12] 57
Ze 7B WA EAAES ¢3isiy] dd Ad”
WA se] gtk olEE HAELS HMNHL duFY FH
ol AEHeln F£F ATt Y “Td P B
e AYPolA AgHoE FY T F UE FRY AP
BhAlL 23] walo] EAstEsI e, AAAE "ol £9
B3 AE] e AFE olE 7129 AFAME FeolE F
Atk o] Uige BEFIE “ofye” ojth o] =& oy F
Zxd Ak wA Fa B FAE £z AT
HALE s AN Y Azte EAEL F3 Fo aEAd
B)(deaklock)el W)= Holt} o] EAE 2EY 3 AY
Al AofolA LAEE EAY, T UE EAR FRE
37t QAT ol v HAEr] HE& EAolTh wEA
WALZR s whale] FARL mAAdd tId BHE 539
o & glth A4 Fg dngdEy ZEY AA FA g
2 717 /1AL sz BAE AFF o AFEL dEE
o whAlFd WA o] BE Hia e REolA E49
durgdg A HAAE ge=o [3), [11], [13-14]
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1. AA ZAo g 713

Assumption 1.1: A}& 7154 AR = A XMy &
FRo o Wz G AAM doly #o|t
Assumption 12: AAel 74z ¥ F9 A, Fol
g 59 Z7]d wste FE3] #.

Assumption 1.3 <& A3E<H(short-term) AA T A ¥
A HARE AL 5 Ut

2. 78 gudFe dd 713

Assumption 2.1: #EAZHAA By At dndFL
@TEAANH] wWASE ZASE YA (deadlock detection
point)$} mAAFeEo)A Hejn} A Az He A
(end of deadlock point)9] F 749 SAHE AHgdt

Assumption 1.1& sl F8 dndFo] XY AF W
Al F3 waee @ech Assumption 128 #l% 3 dF
7} @naFe Z2doA FuF AliFH(nominal) €A 7}
obde TEY. ZEL FYPAF7] AT LnyEFe AH
o3 AR e AA FEe AFY FFo &It wo
Age] EAQL QA £ Q= dndEo] gAE vH AA
o} o] 2R3 23 Yo #A HAE sMAE AN AJxd
2 B3 2RolPYH BAE AaT o] HI it dF
Eo] 2R oy Aol HNSHEH ofd maFe} 23
&% Ndow YA @3 2 AAG $3Ee BxHgon
Zt Zolth Mal FEAEo] WX HdT FHo H ¥
AR g 9% APES 2x WL AN ZR HHAE o)L
HA A 5 Yok ol o E BHAA EvH, 2RAA

oleld AA Azdg FAste el ® she) AU 4
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AMo|7|E st} o] mRAME o] RE wWANZ FY ¢
2g&HA 98¢ F2A Frh. Assumption 1.3 2a4
e $2sy) 98 Jage) gz wWeF 2R o
A A F9 ARg A dsA }n AGHA AN Y
@4 dolg ¢o oy FRE HL4HA Fevd THY
gl MAee & & god Ban 1 AHE Rl
Brlssit. 28 A FAde HRE At § A
2 e 7572 A (odometry) & AHEEHE ol ot &)
Nz ste AL FYPAYA AR ARHA A7)
AA G HolHZ o] &8 ¥T RAGF FYL AL
A Heje FRZ AgBkE Zojth oFA dojA
AR #e ARES 7)19FAC sl Brh vAHez
Assumption 2.1-& mAAE A guFel "agd FFF
9l Apgtoitt, mAAel] WA @ P4 BEHo
g2 ga= 73 AFL AN TALHE BAYLE £ A
o, ad4dE H4g 9% 79 %L e BEHPA &
g8 & glv) W maAgeie ZFAHAAY FY A
WEA getel gk webd A4 F8 AFN nF 4
Ao F3 AFS vy 4 wAged] wa
s "o Wasty, uastxe mage Aol
vy 91E mAdY g& AFe ¢ 9
WA} e gAe o] F 7lXe] 53H
23 FElEA Agsta o
o WAFY gmEE ael st e
ge Rggee 2EHoz Pt 54 3Fe Ny(a)s
sz, madeele #9 dFe Ny(a), of Age) &
shx 23 A Nog Agsd weA 28 492 wxi
St A4E9 3% D(a, N,)olztn sta =3 AH87h
3 RE AR F 724X ¥y 7& A AMEREHY
o 2xdose Wiz, aeln AFY A4HQ F94
ANz ZEFHAl A4 AFoz wFE P @
A% s, (r,a)8 s, R(N;)& 230 aztygeyg A

A AUA =HE AR g gl sk

o 7

N
2 %
dr U

4o lo
:
A2

=1
SA4A

to o X
N

2 T A
Hoyo ox di
CN

Ol

N
N
X
o

()

¢

2] =)

ofr

o

1=

-

r-\lkli
> "

2F
=2

Conjecture 1: ¢28F ool A 449 AFe] A
p O R(N,),p O D(a, N,)Iq 2223 s,(r,a)&
M A¥e ¥4 BE T AT

Theorem 1: AHHA A doje] Fehe] RPN FHe] 7}

3% Assumption 1.1, 1.2, 1.3, 21& &3t SEXFE WA}
Z3 g¢udFEL AR gk

Proof: 282 D(a, N,)9 Aol o84 24 9 A
g Nyol 2aiq2 D(a, N,)oN 228 4+ 93,
Az 92X Ny gayg 2xde =28 4 it 2
& oj| AA pold g2 27 s.(r,a)g #A
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Aol ek A7 prk p O D(e, N,)olwd 22& peA
Nyg 27 522 oA 2349 wad 2ol Conjecture
19l gstl p O R(N,)olmz zxe sy azNz 5
Az AF pg wuA "z, pe 2% 24 s, (r,a)s 7
Aoz Age Nyoz vy oq p O D(a,N,)dl”
T 322 2R oA maAAEHd wAA @ o FHo]

Hoto] MiEHT AT 2R AFTHY BEYPoZ FY&
T2 284 922 Theorem 1L Folo)

oA A" p O R(N,),p O D(a,N,)& AR =
Z4d 2&3d, £ FEOD(False End Of Deadlock Point)2}
BE & 3t &, Holx HAF s ol4te] FEOD7E A
371 3t 2RE wAgHd A wAute 4 gk 29 1
o] Theoremo] W3tuA 3= vlE po=3 9o 3=
229 AAM A2de YN oo & 27 s,(r, o)
T EZL Yo Hols AYL 1 ¥F P& FAAGE
dngEFS s FY aAAYgR FEHE 99
D(a, N,)tel Az r(Ny)el wrso} ¥& 47 itk
E odg ¥ A= ol 2FE 5o
%= Sl FEODE 7HAA &+ ZA+=E A4
Hoz 7|dg AL ofyrh I3 194 A
YT Exdozo IR HA dolEHE ZET
Ao #AA HY r& Fadod EY Jdd made
TEOD(True End Of Deadlock point) 13} FEOD 244
S HAoE TLT ARE @A Bk

! N\ |
RN i
s

020,

@b\\\ N

ad 1. AN matdel ©§E(FEOD)S of
Fig. 1 An example of the shape of false end of deadlock
point,

H4A wE £ gtk o
7)e BEgoze wyRel AL Y
E AT A Me Ax g3, AA diojele 2y
goz Ao & &, Tl Ee] A& Ao
2 xole ot} o] AL A 13 264 g¥aA
Fd3g. & 492, &4%F “local target switching” ¢
2 &3¢S AHEgnid oA sMAE FEODE 44 ¢85
7 Atk 29 294 2Eo] loop 19 ZHEL w9 =2EL
9 AL W) TEYL MY BEALE wRo 1
713 BEHes e AFS AL3A "Hot o] MAFe
E 2R joop 1E& BEIFHY 9L wrigr €9 AH
(opening point) Aol =3 @224 & ZAsld T3
S oA 499 ExPoz upFo APstd HAZ loop 2
& 539 Bxdez FHIEA 4 AHolth o o &F =A
s.(r, "Local Target Switching” )= 2E8%(Q%) &

A AAe weolyrt ‘FAR'#E detiie Helth a8y 2
oM AAREFH 2L A 24 AFE o3chd loop
3ol AR & Aol EAEA |t o] FEOD: 23 2%
S OA B2& FHE fEEa o mA o dudFe
EoE Y di EnYFY =S oo 4 F
EHozo 3L 23 £ Y& AHelrh

X target

4, virtural
L target

a8 2. "Local Target Switching” €X2z!{ &0l of st FEOD
Fig. 2 An FEQD for the "Local Target Switching” algorithm.

= o d24 13144 s.(r, "Yun”)e 213
Azl Wgolt, & ExAozo A nALHES 7A
o WY uerly) Yo FI ML viRAEN F)3}
7] A& #Agtstel BEEH oz AT oA ZolE
7} AFEte AR 2F AFPoez Adse RAorh o A
2o [13]o]4 A= “bench”, “corner’, "dead-end” T ¥
Ble] AFeMe 2 2AEstA T, dA FEODe <44 2E



7 k. A So 1Y 29 Ze rAEY AYeME
BH ARY A3 APAMRE BERAAY AYT Folg
7l NAsm 2ol 4 Agg v Nyoz wogd m
A4e2 A mAez o Age D(”Yun”, N,)d &
I A A& FEOD7 9tk 99 dEA BERol
g WAl FY gugEe AHFA Yol

AT B H2D E48 RLY A W £ 3
%¢ FEOD7} B BAAAL AN 481 & Age &
S A 2ot AuEA A9, 53 FeAA @

rlo
i oh‘.
2

AE olg AUE 4 gems WA 33 wae ww
Aol obd AGHY A} tFo] AgHAF T Rolch

A 0]
olvd F WAy AMYL BE AYoA BEHOR ¥
g sigol old, *&‘%’“‘;ir% AANEE e &FF BHAL F
g Adste Ao wHEFIHof & AHolth A= A&
Exo] &5 WEY %} (Noise) WE & ¢t i
Ao = wl15] Sol o3 F FEHA H2 49
AEAHQ ol o3 g AFdAME HFHY F34 dad
Zo shte g V189 AdA= ZHEE ZAYHE AZ
Fe drtz Agd FEoz ¥U)dtdortt i oljd A
oA TS AAAMREH vy AMzE FAY &5 HAL
F8 W g A} o WAL fwsx AT L

89 4EAY F9¢ AdY F 9 Tl

B

7] 9l (ego-centric) A F2el AA @EQP #2 71 F
29 9™ HAAY FP AR
o] AAAQ F2E& FH7u i% Aoy Tz 9
ste] Tt ALEFHolH 73 E BE YFE I3 4
& A e Y948 e ) JEE AL R F
TZE o A4 P AFES T AUgrHA 84 9
(general primitive behavior)s} &1l =3t5 3§ ¢ (dedicated
to specific mission)2] Al 7FA] gFLigtez FAEHA ).

led
3]
ﬂ
n[)l

AAAQ A ME SE5W AT el ety 2R
W e FA2EL HiuAM ExHozy wWazts o
A g7t wek 2Rl Ao Ao Eolu ﬁﬂ(box
canyon) 22 e ofal& AFL dY & AFA
2R FY& A&t o Ao WA HE 2 AHE
g535l7] Y5t dd e gelrte PS5 A Eo o)A
A FE wbale] s Akl F2olvh A Ee] ALE
Fa A ol HIY N2 FHAAH dndEF L T
il
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B = {InSafety, Mv2 Target, DetcDlock 1)

InSafetyst Mv2Targete 824 #P2A FYo b
3 gREY BRE JFEL o T 71X 24 HHE HA
3 zgor wrEo] ¥ £t Qv oYY ded FEI} o
shdeltt, InSafetye 289 3
ZA3le ALEd FEFHA gv A 4H

g4 FAsE 9EE ok o W A2 AF F7]
(planning step) =ttt FojEo] gl FE4 AYol s B
goz 2Ro) o]FEA R3A st Witk oF £E&
7V e FelEe EWAE =2EA RaxE F9 &

& Fzs9 AR Mv2Targete InSafetys] 23
A BEA &9 AFE olF LI oM 2EE A
2gdoz g3A st Mv2Targete “E2 %% (Target)”
o] "ol uwa W3E si/A¥ S 7Hs (parameterizable)
ol o] ¥ kA9 a4 Frt HAS zHo 4R
o] @A AMEo] wEol X LUy (emergent behavior)7}
A= FAE 3, = Aof, 2AFH L, FEY =
g 59 FPo] o g dFEol Fydt £ & sy
39 DetcDlocke nz4ug

AR &= 9L 3= 53

@ PHolny,
32. 3522529 ot Ae {§X|

AT 7% S Y3l TR &9 olF I FH9
IA74& sl dAFojoF ) o]F WY SHAA B
W A I3 e F FHRE ?ﬂ—% F = [16], &
U= 93 FH({ree space)S FAF & WAoliy, ok
E AYAL ojgds WHolrh AU WAL Az Wy
of AGHT wE 2R o]F WFL B Ao YPoz §
2pgtste] g Aol AR 01‘34 o] w WEke Tz Z R

A Aj2dle]

Axe} d&A 3607 9
Z&3 o(sonar rmg)-4
A8 o r FApssho *}%5}9&5}. 89 InSafety= %
23t 4 wEko] o] F 3yl AT ARE BI3HAo
RS B3 WdFonE THRo] o)A RIEEF F4
WgHoz 28 EAE W3S Ao (virtual locking).
InSafety= &3 o] FA=HYCH

O InSafety 17|
£v: Lock virtually the unsafe directions

(2)
tomoveto.

|'UI = dmm/ts_lj;

2 %7}
e A, A2 AW £, 2 BAE A Arel S%
Aot ol® AT Y] Y4 A¥E BH: W4
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VAR LWL S3D% 43k 2004%F 4R

& o AL 29 F Utk & =FAAM AT 16789
228 AME o]f8e WS FEo HRIY o 3§
o] =RdAE Mw2Targe &} o)gstnz st B3
& o] InSafetys) ostdd AL werh o HE 19 3
d YebAdk 2y 3014 HolE= wist Zo| wek oW g
A7} Qs Bl InSafetyol st FRTE iAo
Adte LA P ke AVNA @S HFeE 339
A Bk ol g JHEAQL 2R FAHS FF HH L o¢ B
daln® AFHAQL Waeltt, qustd olFds ofH
ES A9T vz 25 FiERY FES A 1343}%]
@olx H7| wEoltt =& AAFE & He HIA
FE, F2 B2 TH 2L nwuy < IL”'—"{*JEH‘—E
InSatey’t A9 A e 2z 3 g Y
g AEFoZ st AA=YA HEE
= dF#8% InSafetys= ¥a wes}y)
PAE A= 2olx 84 Lo g

L
gln

obstacle

L:Locked, F:Free (by InSafety)
4> original desired direction to move by Mv2Target
3 modified direction by InSafetry

2 3 W InSafetyo] ot Kzt AEY

Fig. 3 Safety guaranteeing role of the behavior InSafet

2R &5 FY A EFE YA Ao T}
243 dA4ME HA3] (FA Aol) Aok, AR
FeME g8y (AR Ao) E3FolA |t ()M &
7t 2HE FolBe Eud A HHIGES 7§
AL B F Uth 99 e £xe olF Wike
235t InSafety= 2Bz oz 288 g4 222
& A2 FAEEE jo)

) rlr

oX
o W H

do N M r-[o v

o

e
roh

33. ZxHEe g

3§39 Mv2Targete 23S EXE ZxHe wgosm
o)Al s}, Mv2Target €4 24 #9924 o 717
FYsted 7d@dg. 78 e g 2ok

[e]
'tS_
[e]

A
=2
o7 =
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OMv2 Target
Zv= /L1 @
where, t : target position vector from

currentpoints.

tr AAQ YN EXxHoR AHAY o] YgE HF

49l Ady 2Ewoz EusAl st A¥e A 9o
A AN &, TAgHel WA G N 2RE

Mv2Target| rger— giobaigoa o A B AGAA &
#He ZxHE Pt FAA

3.4 9 o2istr)

Be weprty] dndEe 0 FelEolt mAEdlA
Ay ed olF H-&5A 2olv Wyo|th 1y} o] ¥H
gelzty] 1ES AAR FEse AL dAdx¥ezw aoA
& do] ottt ¥y gesr] Ve BE xS A
A AN e 2H AME ALt Fde] " 4 g

Z5F9 g9 gerty] gxgFol on HEHUY Turen
nout[14]¢} Bemporad{18]= HHozREH A 44 A

W

E #FAstEA gug wgErtr] Y5ty 2R A AX
wHEkzb(heading angle)®] 3] =9 (posture feedback)®4& A
£39d. 971 F FS 2T o A4 PEHe HuE o
B3 gy A 22 A ¥R = (1,9,0)8
otk x 7HA sl Tustel[19]e 2 E3 & fslo #HR =2
& AHEE7)E FETh dubEQ) Hee wWHe HLo o
re Ando[20]7} gl Y& W W (front wall)”, ”
$EA tli»"ﬂfront—nght wall)” 59 2 7IH=2 BER/sY
g AW wetrty) ¢ngEe uE FEsEnh
Sl Aol dutHe ¥
W4 4RE Tase Zelt [21l
}xol7| = st} [21]e1 A Yata:s 2
F rtbg A Fozel HHd AR
g Agozw Iasiuy= gAY W
< < 5E gd9 ¥ug 4 nHg
Qo gdon dd weriy HHd Ay o2 ¥dol
H 7H7e AS e dWdoez Zolele A$ AE & A
3, Bag @A & 538 fevhe Hol gk £
=

&

s

7

s

Y > ro

dre MR H49 Hd gertr] 7%E 84 34
InSafetyst Muv2Targetg ol&slo] Tdsgch o
3 F2E TEo] o FAA fdAM &
&9 g ddE BF FEIC At ¥4
gty 71% & Mu2Targetd] “target’S (H)elA e vl
o} 22 foz Al T

OWall —following

< v is made by Mv2Target with

Lt= Zc+ /4, the robot. )
where, ¢: current position vector of
therobot.
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(@2 9w welrty] wA da InSafetys] ejain A<k
& wowx Age] @t oA InSafetystes) 2oz
EQE guo sdd AMFHA &3, O QA YHo
Zolelz] gron B3 FMT Ydte HEg F wet
Jte B9e TR o Wy m}awm dn2Ee 29

4o A9stact. Mv2Targete 2R& $&23W (k&

s =

Y

zxuhoz gar&stn, o= InSafetyd] 9std $&4
Wl 7t At7he FelEe] flt wEgez WEHUA &
A2gA HEdA Fo|AA ¥ AT AHE FABEA
Has PP Yoz FolA vk o ¥Y uwelry]
WAL thge AWste upsl 2ol AAYHE dET U
o= solA gk W (4)9 HH weprir] Fae FEY
3 B o AAAHY ZFE 7RG iyt Foe
84 JPYAER TGE T HH, Hu] FHE nd 2

27F 1, WA dFAT o] DoAA FEIHE FA
¥ devt glx, Hudg APsA JYstes EAE Adx>

A A7 ot o] RE HHE werr &7 ALY
o] t&d Fe a4 #9Y InSafetyst Muv2 Targete)

gate] Bgo} A Zold

9

InSafety
!“'\ ¥ Mv2larget

a8 4 #9| M2Target2t InSafet of 2/ 8F {3 )
at7t7|
Fig. 4 Wali-following by Mw2Target and InSafet

RARNE A2ey] 98 LRSS AN 2R 2
29 T 74 Aoz o foldrh eld FYME @3
AHUE daste $AB WA FA BALe Easn ded
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2 =FoA Agtsts e BEHoR w2 HTES 7]
g £ d= FHoln, o] wf H FA=lete HHEL
E7)1H A

D 2348 A 9y - 9 28] S W4

ol d WAH ANE LA oy wAHe
A7) AA BEA AQAQ AAY F ARE
AR P 71ate] Agstelol Bk B wEME 4
Fe F AY FoA9 FAAAA & AA 2
ol-gatsict. @9 DetcDlocke) matae) 77 <
dEe 9F A7 FUAe) ASFHE F AY F7]0A
AR A5e FEe Ayl HAL @ -2
A FHANE ‘0ol ARE R-& ANA Aohe A
uhEo 2 A ohs Ak

Jb

=
=2
al
,1

mlo 2

w—-1

| Ez(t k) —z(t—k—1)]
W—1

123 y(E—k)

where, x(t), y(t) : position coordinate

at time ¢ obtainedbyodometry,

W width of time window

—y(t—k—1)] =0 (5)

G FAALAN g A7 AN FRY LFIEA
& 3@ Holth W} o ANAANHFA uI o gHoE
A%sod thgd (6)3 2ol 78 Beltk

[z(2), y(t)]"=

g vigAg mAge 22 dndEFe FYPAAAYG
ol T3 ox8 T AU|YAFQ HFre HHA
HEZold HA o&Edte Aotk (6)& F AAAA e A
Hd FHAMFE FHHA Ao A AAE e
2 s 9E (G)= Ad A gE}A d1 ded] dS
8 99 HFVE Ags] R wrh He mAdY PR 1
Q2kE ZHAA €rh B vddM BHE uieh o] mas
B AR @5 F A Gz Fel A AgsHEz E—
AN nRGHE tHFe A BAY A¥eld. 19 5
o (59 da& dEaAc 2 5eM Zxo] mAGE
wAE WEAl O A YolAe] wEAQ Fo] deojum, 1
BHEAH FPo] HZE RS dAFA FAW oW Feol
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Fig. 5 Limit cycle in deadlock region
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2 1 NESFYe ds #EI|E

Table 1 Criteria for autonomous navigation

Criteria Condition Success Failure
voiding exiet i BASS |1t doesn't collide | If collide
Detecting When cyclic If detect
deadlock behavior occurs deadlock If cannot detect
Resolving When deadlock If escape from
deadlock is detected deadlock If cannot escape
Measured by the ratio of (current
Speed Control velocity to maximum velocity)/(degree
of clutter of the faced environment)
Arriving at goal When start If arrive at goal I If cannot arrive

= 2 Mg Hautof st EAAIE [%]
Table 2 Some examples of statistics of performance: Failure rate [%]

Arriving
) Avoiding Detecting Resolving Speed
Criteria at
obstacle deadlock deadlock Control

Episode goal
1 3/47=6.4 3/21=14.3 4/18=22.2 36 0/3=0
2 3/61=4.9 5/26=19.2 3/21=14.3 80 0/6=0
3 1/52=1.9 4/21=19.0 3/17=17.6 85 1/9=10.1
4 2/50=4.0 3/24=125 2/21=95 76 1/4=25
5 1/35=2.9 3/18=16.7 4/15=26.7 83 0/4=0

W type I 3 = A7t 2ASA YU
APt a #FAads AA 72A (false alarm) £3= X
2o ugE wANYT ol BES F§ Ay g
HAEe wAAHo) WX e HASHINE 2t
la FnZol 9ato] W WA Y1 £V ZE
2 Foge oa Foh

% 29 ma4e gA gz W, = 100 [sampling
x|z 238 do Aol W, 7t #AQel wak (7)ol

A Z10E AAY ZAEE Heo] Frkste RS AU

Ak o] (N 4FES 29 109 vehlich

o oz M JH
lo & o o oY

o}

deadtock detection rate [%)
38
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2 =fe ZEH A% W FY P FAE GNP e s S
T84 Aot A9 el EE Ao HEE F AT a8 10 Zoy AR It 0= ol Iyl whE mMEA
e X A WAL 3 Ao ERo] i TEAHY Ef X8
SEHA Y HLES AAsA Fig. 10 Deadlock detection rate with maximum available

width of time window for moving sum.
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Moving direction J, j =0,1,1,+,15, is locked in oreder
not to move to
if any one of following conditions is true;

condition 1 : sona'r‘[j] < |v|t

condition 2 : 50"‘"‘[] k]+ Trobot =

Trobot
cos((4—k)0)’
sonar[j+ k] + rops <

k=1,2,3

condition 3 :

Trobot
cos((4—k)8)’
the measured distance by Jth sonar

k=1,2,3

where, sonar[j] :
Sensor,
sonar|[j & k] : the kth neighbor sonar values
from J, j £ k result in the circular
index within 1 to 15
T obot - TObOt radius
| v| : decided speed for next step,
t : sampling periode
€ : equally distributed angle of sonar

sensors, 22.5° here
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