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o5 mel T Aol wel sloiA,

(@) 4% Aolg AL T Ao] 7183} AL T Aol el A7) o5 mie] FEAE vk

(b) A7 A1 F38 Aol 71w 2 A7) A2 3] Ao] 7'Ml GSPN(Generalized Stochastic Petri Net) 7]%Ho]
Agro] mdgy =8 Ao GSPN Edo] 47| o5 R TFHI = wASH

) 7] 38 Ao} GSPN Edllo] A3 xjo] A7) A1 3 Ao 7| 7] A2 3 Aol 7IH T o= s}
AE s = wA 9

(@) 371 AL FG Ao} A L 4] A2 F Aol A F Ade
o Aol BAE AT AL BHOR sk olF mxe] T A

A1l AeiA,
471 AL F Aol 7 SiiF (Deliberate) T3 Aol 7|WHE EgahaL;

71 A2 F Ao 71 B F (Reactive) F Alo] 7WE Eodshs As SHLR of= oF 2R T3

Aol W,
AT 3
A28t A,

A7) 438 (Deliberate) 3 Ao 7|WL #A4 FZF(Trajectory tracking) F3 Ao} 78S ¥35}aL;

AF7] k58 (Reactive) T3] Alo] 71 DWA(Dynamic Window Approach) 3 Ao 7|HE E3st= AL 54
o= 3 ol BES Fa Ao Wy,

AT 4

A|3&ol oA,

47] F38 Aol GSPN B2 #AA FF(Trajectory tracking) T3 Ao} 7[He] AEE& 93] wslate= EHfA
3 Ade EdxAds, A7) DVA(Dynamic Window Approach) 53 #Alo] 71He] Hels 9js) 23lsli= DA 53
Ael Edlx Ay, A7) #A FF(Trajectory tracking) 53 #lo] 7193} DWA(Dynamic Window Approach) 3}
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(Trajectory tracking) 3 #lo] 713} A7) DWA(Dynamic Window Approach) F3 #lo] 71 A¥%o] H71E
= dA ek
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e stelul e e} A7) A2 FE(Trajectory tracking) F3 Aol 71l A4k e 5o
71z8ke] A7) #AlA FF(Trajectory tracking) 3 Ao 7|l gk A1l EWAAA 22 &(Throughput ) o] AF
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A7) A Er= e L (A7NA, b SF distey & 371 AA FF(Trajectory tracking) 3
Aol 717 237] DWA(Dynamic Window Approach) =) Ao 7|¥e] T o g AlEd oA =S wjo] F3 A=
o v so] AlEdolde B Hwtolthol da AEHE s SR de ol =R
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T3 Aol .

T% 8

A6l gloj A,

471 (¢) @A=,

(c5) 2+7] DWA(Dynamic Window Approach) 3] Ao 7|9Ho) uwlg} F3) AT = Aelol A A7) DWA 53 ZHa
EdR o] wslate A5, 7] AA FF(Trajectory tracking) 3 Alo] 7|yo] A= A<}

(c6) 471 AA FE(Trajectory tracking) T3 Ao 7ol we} F3 Aoj=e AJejelA 7] EHRA +
Edx o] @3l3t= H$, A7) DVA(Dynamic Window Approach) 3] Ao} 7|Ho] MElE= dAES O
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° A4 FF(Trajectory tracking) 53 Ao} 7ol wlzg} 3 Ao
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(e) 3 457 =&
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& Ao, wrh 4A

R

2 02 GSPNS o] &3t o]F 259 Fd Ao W W o] o] g3 o]F X
A= GSPN(Generalized Stochastic Petri Net) 7]¥< o]-&3} S
2o Fo] AAHEF sto] thgst =3 A A5 = U= GSPNS o] §-3
92 o] & o] g3 o] EXol| #t Ao},

gud

I

<ol o]l ZReol F<9l F3 o] (Autonomous navigation)S ¥ TS 8 Ao Z|yo] ¥ E o] Q).

ol9} Fe o]lm BH FI Ao 7|Hel| digk ATl o] F JFKe F sFo] BE Ho]xe] a1y Ao

(Deliberate control) WHI AlA wo]29] HE-&-& Ao (Reactive control) WHel| tjgk o]},

a1y F3 Aol VHe 37 RAZHE Aol YHEHES AESY, AAA A, od7d, 34 A X VEHXA

Fe HollEo] A2 AHHQ A 2 HA5s HoEr, Wi, £33y 8 Alo] 7PHE dolEo] B 3
KeX o

O
el golAe] Beagel tisl Ma FA 452 Uit ey, w3 Fa Ao] He &
Qo] Fash ge AAF ATE FASs AFetA ge Ao WrHw Yok
Say Fa Aol ZMa gy Fa Alo] AW 7ol A% wehel FuHoR A, ox sl Fa Al
AMow td Fa Bd dsl dAT F b ofF 2R T Aol WE RESIE o A4
oltt.
olsh e ARAL FA Ao} W] AAZ Ad, £uF TP Ao} W WP FA Ao} WS FH

o
71§18k AF7F AotE g}, dE E9, 0.Brock®t 0.Khatibi =it ["High speed navigation using the
global dynamic window approach", In Proceedings of IEEE International Conference on Robotics &
Automation, Detroit, Michigan, USA, May 10-15, 1999.s oA 3%]¥ DWA(Dynamic Window Approach) 7]¥ 3}
NF(Navigation Function)& 4}&3}= path planner(J. Latombe, "Robot Motion Planning", Kluwer, 1991.)%
%3} Global Dynamic Window Approach 7]®< ¢3St}

w3k, J. Ulrich®t J. Borenstiene =% T"WFH : "Local Obstacle Avoidance with Look-Ahead
Verification", In Proceedings of IEEE International Conference on Robotics & Automation, San

Francisco, USA, April 24-28, 2000.3 ©l*] VFH(Vector Field Histogram) 7|W-& A|¢tslgtt. VFH 7\H& =+

2 #HA(Local minimum)E 3]3]8}7] 938 look-ahead verifications ©]-&3}IT}.

ol¢o| %=, Stachniss, C.9} Burgard, W.© =% ""An Integrated Approach to Goal-directed Obstacle
Avoidance under Dynamic Constraints for Dynamic Environments", In Proceedings of IEEE International
Conference on Intelligent Robots and Systems, Switzerland, Oct. 2-4, 2002.s °l|A path planing®} AlA
kel 25 39S E33 WS AekEal, Borenstein, J.9F Koren, Y& =% ["The Vector Field
Histogram - Fast Obstacle-Avoidance for Mobile Robots", IEEE Journal of Robotics and Automation, vol.
7, no. 3, June 1991, pp. 278-288.; oA o]& ZXe] FaP& WUE = path monitorE ©]-&3t T4 3
9] (Local minimum) &} AFo]ZE-E#M(cyclic-trap) AL A= WES Aeksiint.
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[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

ZIHSd 10-2012-0015771

374, dAd, FAHQ A toluyule e Hgdt 3 Alo] 7ol Helyo] olF 2ho] FAT 4= 9]
TE 3lo] gekat S8 o] 23 4 e GSPNS o] &3 o]F ZEol F3 Ao] HY W o]Z o] &3l ol
2RSS A

A2 Ad 5
A7) FAe 2wl wEk, ol 2Xe Fa Alo] Wl SlojA], (a) AT Adeld Al T3 Ao JHI} A
1 53 Aol 7IWe] 7] ol 2o TxHE WA (b) 471 Al F3 Aol 71 B A7) A2 F3 Al
7]l GSPN(Generalized Stochastic Petri Net) 7|WHo] H&xo] wHles F3 Ao GSPN mdo
23 %%E] A (¢) A7) T3 Alo] GSPN Rdo] Ao} 7] A1 F3 Ao W A7

| A2
Aol A1 % ol shrl MEEE WAk () A7 AL F0 Aol AW B A A2 F3 Aol AW F Add
A ol ahfol @ 4] olF mie] Fao] AojH: WAR xTEE AL 5Ho Gt ofF 2o T3

Ao) wel olsjA AR

714, }2}7] Al 3P Aol 7IHE S8 (Deliberate) 3 Alo] 7|HE EFsta; A7) A2 T3 Ao} 7|H

Kol
Reactive) 3 Alo] 7|H& £33 4 9l

lo
=
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a8 a, 7] £38(Deliberate) 8 Aol 7|HL2 A% FF(Trajectory tracking) 58 Ao 7|HS FEgs}
iy A7) wk$-E (Reactive) F3 Aol 7]H-S DWA(Dynamic Window Approach) 3 Alo] 7|¥& x3s <
)
%Y

oJ71A, A7) 3 Ao GSPN B AF FF(Trajectory tracking) 3 Ao 7|yHe AeES 9l walsl=
Ef7) F3§ e EWdAAHT, A7) DWA(Dynamic Window Approach) T3 Alo] 7| AeNS 93] &3}3}+= DWA
F& A EARAT, A7) A4 FF(Trajectory tracking) 53 Aol 71" = DWA(Dynamic Window Approach)
T3 Aol 7y

T ol she] MdEs 9F A9 EdlolaE EdetH; A7l (o) WAlE (cl) 73 A7/ A
deEu s dAS, (c2) EZo] A7) A8 Edlol22 olFats WS, (c3) &7 EdF dE
E%X]"Ur 7] DVA A8l ERAAA Z4zhe] ghetuelo] 7| xste] 7] A% FF(Trajectory tracking) F3 A

%471 DWA(Dynamic Window Approach) 3 #lo] 7I¥ie] Aol H7te= @A}, (c4) 47 4% H
7} @T’Pﬂ w2} Ab7) A& FE(Trajectory tracking) 53 Alo] 713} A7) DWA(Dynamic Window Approach)
T3 Alo] 7Y F o= st AYEE dAE 2T 5 ).

A7NA, A7) (¢3) DA A7l EF 3 A9 stgvlE 9 7] A% FF(Trajectory tracking) 3 Ao
7IWel A Al gEol| 7123t A7) AlF FF(Trajectory tracking) F3 Aol 7I¥dl digk 211 EAXA
21214 (Throughput)©] AF&% = A9, A7) DWA 3 A= s2kv|e)el A7) DWA(Dynamic Window Approach)
T Ao 71 g e &8l 71%39 7] DWA(Dynamic Window Approach) 8 Aol 7]l tigt A2
EW@AMA Ael&(Throughput )= AHE3shes GAIE Edetn]; 471 (c4) dAdAE 27 Al ERAA A&
(Throughput) 3} 7] A2 EWMXA 2] & (Throughput) & 2 o= 3z} Aeig 4= Qo).
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ag]a, A7) F3 Ao GSPN Ede Aby] Al FF(Trajectory tracking) 3 A|o] 7]Hel] 3 Eg

95 EWMXA, A7) DVA(Dynamic Window Approach) 3] Ao} 7ol tisk DWA 53] &5 EMXA, 7] ¥

A FF(Trajectory tracking) 3 Ao 7|Hdl Wi EHF F A1 ENAXAM, 7] DVA(Dynamic Window

Approach) & Aol 719l gk DWA 3 ZHx EdAA, A7) A4 FF(Trajectory tracking) & Ao

ZIWoll w2 F3 Aojrt AA Al EdF) AA Zelol2~, A7) DVA(Dynamic Window Approach) 3] #o] 7]
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(Dynamic Window Approach) 38 Ao} 7| o]
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Z

F Az Aololthell o AEHM; 7] 4

= Ehe F
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3]

Xl:>-1?i’

Sow Agdold HAS ue] Fa A W Fy Ao
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}7] DWA =30 A3 Ed;xHe] Hslel= A5, A7 A% FF(Trajectory tracking) T3 Alo] 7ol

AaE = A9 (c6) 7] AlA FF(Trajectory tracking) 3 #lo] 7|Wel| uhe} 3 Aoju= el A

B 8 Aa EdA Mol walsl= 49, A7) DWA(Dynamic Window Approach) F=3 Ao} 7]@o] A&
51

EQAHL A7) A1F FF(Trajectory tracking) 3 Ao}l 71¥e| ulg} 3

e 71 AR B AR AAA 357 7] AAE AL Ao EEARG 2 A
EW@AAE A7) DIA(Dynamic Window Approach) 3 Ao} 7]Wo| ulz} =3
T R £r7t 7] AAE Ve F olgtr "WolA e Sl 7] AAE A2

2 EE A7 DA &5 Sl EF FEolal, F i

A= ERR Y A0 EWAA E== DA 73 Za EdAAY] sEpugelthe ofs) tEd 4 gl

agla, (e) 7 957 55 A9, A7l T Ae] GSPN 2 7 ERAAY mEuE L 7)FE AR
(Reference prior)& ZHE wlo]X|t HJHlo|E &E(Bayesian update rule)ell w} ddlo]E" 4 3]

el EdxAe] gtepngrt 7hed"e] 574 ol A 7] oAt fdle]
Fold mdo] wE} Julo|EH; 7] F Ao GSPN Edol EdxA
$- A7) wlo]#]¢t dHlo]E Z(Bayesian update rule)2] A<= Edlof] w} A

ﬁﬂﬁ 471 53 Ao} GSPN
E E(Bayesian update rule)®
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w gl wWE o] 2R F Ale] WA s T dold All A Ae] VWt A2 T Ao 7ol o]
F 2R TEHEn. E=I, AL FH Ao] 7 A2 F Aol el AEE 93 olF =Xl 3 Al
GSPN RLlo] F=gr}

7|14, F3 Aol GSPN ZAe Al T3] Ao 71 = A2 3 Ao] 7]l GSPN(Generalized Stochastic
Petri Net) 7I®o] A&¥o] RdgdAr. F, 53 Ao} GSPN 22 G4 F38 4oy toluudt 3
3ol mEt A1 F& Ao 7Y R A2 T Alo] VW F o shE AY Jheiles RERE.

St o], ofs =Xl A1 FH Ale] 7| A2 F=H Ao 7Y, 2 FF Ao} GSPN EHe] F=H AH

[e}

oA olF ZEo] FH3A W, T8 Ao} GSPN Edo] Ao wa} Al F3 Alo] 7HI} A2 T8 Ao 7]
H F ol syt AEEy, dEE F=3) Ao Yy wet o]F 2] F3o] AojEt.

oo wE ol 2RO Fa Alo] WA, o]F mRd FHEHE T3 Ao 7S 5 i1% (Deliberate)
T3 Ao} 71E3 8- (Reactive) F3 Ao] 7IWE Edets AL o= . F, B @y @E olF =
2o T3 Ao] WHAANE X FAHNA =2 Hd5S YElNE 5318 (Deliberate) T Ao 7[HI, Tho
valgh g A S A%S YEhE E’}‘Saﬂ(Reactlve) T3 1101 7S AMESE, s Bl FHe]
FE 5 JxF st

A, <38 (Deliberate) F3 Ao] 7|Ho2ZE= #AA F2E(Trajectory tracking) F3 Ao] 7]Ho]
A & (Reactive) T3 Ao 7'M o2+ DWA(Dynamic Window Approach) 3§ Ao} 7]Ho] 2 &F+

oo @
o oo N

@ ar, A& FF(Trajectory tracking) 3 Ao] 7|Hoe 2= =% T[Kanayama, Y. Kimura, Y. Miyazaki, F.
Noguchi, T., "A stable tracking control method for an autonomous mobile robot", In Proceedings of IEEE
International Conference on Robotics & Automation, Cincinnati, OH, USA, May 13-18, 1990.5 o 7RAl= ¥
2 22 M Ao]7](Trajectory tracking motion controller)”} 218%™, DWA(Dynamic Window Approach) 3
g Ao} 7IHerE =% D, Fox, W. Burgard, S. Thrun, "The dynamic window approach to collision
avoidance", IEEE Robotics and Automation Magazine, vol. 4, no. 1, pp. 23-33, 1997.5 o 7§A]%l DWA =A
Ao717F A& AS o= gt

B oulkmo] & #AA F=F(Trajectory tracking) 3 Aol 7|¥He AR A&7 (Path planner)e}, #AZ A7)

(Trajectory generator), 1@]al, #& F2 #|o}7|(Trajectory tracking controller)E X3tst 4= ),

Az ARNE A% A% o] 87 Axe] BEAAA] F2E AT o W, A= Al s 44
P ARE A% AR Ao 90X guwe wFs) "ok o714, ® ugeAs F= A2 andE

4= A8 7](Gradient path planner)’} A8 &= A& & stH, oo we} AR A& oA FEo] LA
= ARl Aol JhsstA B, afdYAE A= AF7)(Gradient path planner)o] wsjxE =& T
Konolige, K, "A gradient method for realtime robot control", In Proceedings of IEEE International

Conference on Intelligent Robots and Systems, Takamatsu, Japan, October 30, November 5, 2000.5 o] A
Ao AAE] Qi uh, 1 AAF AHe ek

83, AY APVE AR A o APdE ARE o]&st Ry AHY AHARE AYAFITE. oF
23] ¥E2%9 FZ%(Non-holonomic constraint)S TEsle HF=gle AB AR7l AT, ofr)H, B
dhdol = #H2 A7) BE-d= g2l (Bubble-Bands algorithm)& o83 58 B-2Z22 #HHB.(Cubic
B-spline courve) 7]¥o] HLHE AL d= 3}, BlE-w= L4128 (Bubble-Bands algorithm)& =&
Sean Quinlan, "Real-time Modification of Collision-free paths", Ph.D Thesis, 1994.; o] FAZ o2 7|4
Hol e wb, 1 AR AW AR,

=

A | DWA(Dynamic Window Approach) 53] Alo] 7| <3l uiel o] tholupuldt 3 oA =& A
S ®HoF=d, 42 A&7 (path planner)d] ) WAE HE2E B&slo] -4 Way-point)S Ay, o
o o AFH AA dugEe FA AL (Local-minimum) FA19 235 &),
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2 A E oF EXA TF5H B9 Fd Aol W, & AEd nket Zo] AZA FF(Trajectory
tracking) & Ao} 713} DWA(Dynamic Window Approach) F3 Ao 7|¥ F ojx 3slpe] AElSs 93t 3
Aol GSPN el 1% F£(Trajectory tracking) =3 Ao} 71" ¥} DWA(Dynamic Window Approach) 53} o]
7)H ol GSPN(Generalized Stochastic Petri Net) 7]Ho] A&¥ o] Rz},

Tl Eel W ole 2o A Aol el F8 Aol GSPN RS EASEE kel 3 Ao
GSPN =4S FAslE Z# ol ~(Place)® EWAA(Transition)ol] thak Abxl Awe [E 1]d yehd =)
Fag='s

[xX 1]
Place Description
PO Navigation ready
Pl Navigation behavior selection

P2(P3) TRACKING | DWA

P4(P5) Planner normal (alarm)
P6(P7)  Reactive normal (alarm)
P8(P9)  Navigational success (failure)

Timed Description Firing
Transition Rate
T0 Start navigation MM =1.0

TI1(T2) TRACKING(DWA) selected by the perfor- A1(A2)
mance estimation

75(To6) planner-warning (recovery) As(Ag)
T7(TS) reactive-warning (recovery) A7(Ag)
Ta6(Tas) planner(reactive)-warning is recovered A6a(A8a)
when TRACKING (DWA) is selected. = %k
T9(T10) Navigation completion using TRACKING Ao(A10)
(DWA)
T1(TI12) Navigational failure under TRACKING  Ai11(A12)
(DWA)
Immediate  Description
Transition

T3(T4) DWA(TRACKING) unconditionally replaces TRACK-
ING(DWA) due to the planner (reactive) warning
T13(T14) Navigation completion (failure) to ready

12 (8 1] Fxste] Ay, F3 Aol GSPN 22 10719 Z#o] 49, 13709 Bld= EAAAT, 4
742l olmtjoolE EMAAS E3atar rt.

=

ZHolaE ol 2H Fd £y FeHE Yehde 73 £ Eeo]=(P0), #A4 FF(Trajectory tracking)

F3 Aol 71'M 3} DWA(Dynamic Window Approach) 3§ Ao 7ol Mele 93 A8 Zgo|~(Pl), #AY F%
(Trajectory tracking) 3] Ao} 7o) wWE F3) Aoj7} Adg Ef7] HAd Zo]~(P2), DWA(Dynamic
Window Approach) 3 Ao} 7|Wol| w2 3 Aoy} XMei=l DVA AE Zo]2=(P3), #7F FE(Trajectory

tracking) F3) Ao} 7o wWE F3) Aoyt A Aol EdA A Z#o|~(P4), DVA(Dynamic Window

Approach) & Ao 7|l wE Fa A7} Hd e
tracking) 3 Ao} 7] wE Zfsﬂ Aoz} &3k AEHQ] E
Approach) 3 Ao 7|Hol| W& F3 Aoj7} & e D

A2A FZ(Trajectory
Z9 ]}‘(PS) DWA(Dynamic Window

lw)
=
=
o
e o

ﬁ
ja)
* gl
[ mE =
)
>
%
2

=
==
[e]
o,
o oy
I
A vy

2 glo]2(P7), A Fao] Tow Fu
H T A Edo)=(P8), 1Ela, AA FPo] AR FEE FI A Zo|~(PIE XTSI
B, BE EdAAe F3 Qe A Zaels F3 A ERAMAT0), AF FF(Trajectory
tracking) 3 Ao} 7IMe] HEs 9 wstske EdA ) A" EWAAHA(TL), DWA(ynamic Window
Approach) F3 Aol 7]We] Hels s

gl DA 3 A" EWMAA(T2), #AX FF(Trajectory
tracking) 3] Aol 7|Ho Wi EF 3 ZFiax EWXA(T5), DVA(Dynamic Window Approach) F3§ Ao
7R gk DVA 58 A3 EWMXA(T7), A4 FF(Trajectory tracking) 3 Aol 7I¥ol tist E7] 53
57 EMNXA(T6), DWA(Dynamic Window Approach) =3 Ao} 7ol o3t DVA 53 &7 EMAAH(T]), #AZ
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Z(Trajectory tracking) 53 #|o] 7|¥Hel st Eg] 8 &H7] k5 ENA|H(Ta6), DWA(Dynamic Window
Approach) F3 Aol 7o oigk DVA 3 3& g5 EWXX(Ta8), #A¥ FF(Trajectory tracking) 3
Aol 7ol digk Ed7] Fa 5 EWAM(T9), DVA(Dynamic Window Approach) 3 #lo] 7] digh DWA
3 ¢k5 EAAAM(TI0O), #A% FF(Trajectory tracking) F3 #lo] 7[Hel tigh Edf7) 58 A EAAA
(T11), 28J32 DWA(Dynamic Window Approach) <=3 Ao} Z|¥Hel wig DWA F3) A= EWXHA(TI2)ES
i

g, olvt]oolE EWMAM-S A4 FF(Trajectory tracking) T3 Ao 7|goz F3 Fof E7 F3
i EWAA(T5)o] welsli= 749 DWA(Dynamic Window Approach) 38 #l|o] 7I|log wul= 3w = DWA A
3 EdX|A(T3), DVA(Dynamic Window Approach) =3 Ao 7oz F3 o DA 53 A1 EWMXH(T
7)ol wstsh= A A4 FF(Trajectory tracking) F3 #Alo] 7[How nie M= EQ Agk EAAA
(THF, F3h AF F 7 &9 Edo)2(P0)E] H3E 93 F3 A3 T35 EWAXHA(TI)H, Fa A ¥
TP ¥ Ed o)~ (PO)E] MBS Hgt F3 i 5 EWAAHA(TI4)S 23Helt).

o714, F@ A EAAAT0)e] shehilE, F $EE(Firing Rate, M) AR AAHM, W wnoA s
No= 100 MAEE AL gvh aea, UeA Eddde) wakae 74 QT 4w Fol o

aea, F Ae] GSPN Rl A, 7 Fa Ao AW A% Wk Edel P, F MY Sdlel (el 4
@ W FgEc. e, 7 F4 Ae) Jlgel A Wrke FA QRel ddRAI Auee nesel
SN

dAad], o]F ZEio] FA Faq A olFste A, HA9
(Trajectory tracking) 53] Ao} 7]|}Ho] 53] Ao} GSPN E o <]3
gt F3 A AWetA HW, AR AYgAeE FEo] dASA &
ol Are] WAl Widgh A9 Fa Aol GSPN Edo] oy gk 3
o]2(P5)7} EAsteitt. AR, F3 Ao GSPN RA olF =2
= DWA(Dynamic Window Approach) 3 #lo] 7S &AdstslA ddk. =S, o5 2ol =2A-E(Local-
trap) ‘&l AH3HA =W, DVA T3 F EWXA(T7)o] TslsiA =

o] Ao 2A& =4 3tg Foltt.

ShH, B dge] w2 F8 Alo] GSPN REE o]F 2R F=3 iU} Toi
A(T9)=} DA F3 &5 ERXA(TI0)NS] sevlg, 5 23

Boll A= eSSt A8 27IEE v AlEold Aatel 723 43 £%(Empirical velocity)E ©l

gafo] Az AL Az Ak ol (£ 1]

o
fi
:Cg‘
2
Mw
g

oA7IA, AME IS A9t A2 9UE, v A Hxola, disty, = A& FF(Trajectory tracking)
T8 Aol 71 AR Ao &) AAEE A T H2o Ho]
83, AY e [ 218 B3 AdEsdn. 9V, 4d 55 A4 FF(Trajectory tracking) T3

)
WA(Dynamic Window Approach) 53] Ao 7|HE& ©@xo2 8 AlE o] &3l AEHH,
oo AlEH el HAgo R AEsE S d2 ),

o

2
2
N
i
&
=

A7NA, tuwi®t diste s& AZA FF(Trajectory tracking) 3 #|o] 7]'H3} DWA(Dynamic Window Approach)
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Fa Ao TPge] wEow ARUIAHNS Wel T Amsh T Agrom, trsle] AR delA ol
2 kgl Aol
B, T A A (5904 312 Fal AFHh (5904 31614 T & Fa A5 AzkeliL, vi, e A

%)
Zoltk. oM, Vi olF 230 v 3 &7 & sl vg A4E Aeus Y, 2

e Vo= Sem/s®E AASE AS 42 3.

2

—

S84 3)

o a,’z'stopt
Jail
“ V tait
e, ol 2o Ax Fi AR g

T ARbol T A AR T ok AW 3 Aoz A EY, A
g FY g8 Mgkl BA Tr 2 71SEH

o714, B W= 1% FF(Trajectory tracking) 3 Aol 713} A7) DVA(Dynamic Window Approach)
T3 Ao] 7|He] T3 dF T duyoz ALgdE 4 9Jornz #HF FF(Trajectory tracking) T3 Ao 7]
W3} DVA(Dynamic Window Approach) 3§ Alo] 7]WHo Aug = Ef7] F3 Au] EdxA(T11)I} DVA 3
Ad] ERAA(TI2)S] F2trEQl Ay R Ape 7 7IRe T3 A =8 A2 AH" dA 7 dF &
8 A7k H&S RFgete AEEr.

A= B0, 3 Aoz AA-Y AA F3F 45 45 Az3F) 200%0]aL, 200% F¢t o]%% Z¥o] DVA(Dynamic
Window Approach) 538 #|o] 7| o & 150%, #AA FF(Trajectory tracking) 53 Ao} 7|Ho=w 50%E F
qst Ag-olE, Aip=1/(150/200)0] 32, Aq=1/(50/200)°] FT}.

) B wgo] wE ol% 2RO F3 Ao] WhHolME #AF F=Z(Trajectory tracking) T3] Aol 7|Hz
DWA(Dynamic Window Approach) 33 Alo] 7| A%S o8t Wy oz A2 S (Throughput)d] A& o] &
stk V1A, s dSS $I%E A g & (Throughput)] AbEel dist /g2 =& fJ. Wang, "Timed Petri
Nets Theory and Application", Norwell, MA: Kluwer, 1998.; o 71A=o] &= v}, 1 AA3 A& AYeFst
o},

ag)a, B oy #A% FF(Trajectory tracking) 53 Ao 7'M 3} DWA(Dynamic Window Approach) 53
Aol 71 458 dSshe o, 73 4o ddste EF 3 95 EWXHA(TI)F DA 3 =
EWdXA(TI0)] &als, & Ay 2 Aps o8 5 9

m& o

o714, #HA FF(Trajectory tracking) T3 Aol 7]1H3} DWA(Dynamic Window Approach) T3 Ao 7|9 <]
212 & (Throughput )& zZ17t Eg7) F3 48 EAXA(TI) 2 DVA 3 &5 EWAXA(T10)9 #3483 2 5
g Ao] 71Hel AA A 35 (Steady-state probability) ol & A&EHE AS A& ),

ol9} o] AtE¥ A& (Throughput)e] &€&l u= F3 -9 A HEE ndict. wabd, A8 F
F(Trajectory tracking) 53] Ao} 7]He] *&]&°] DWA(Dynamic Window Approach) 53] Ao} 7|He]l A&
B} & A9, #AA FF(Trajectory tracking) T3 Ao ]”qoﬂ w2 oAb F3) AJ7ro] DWA(Dynamic
Window Approach) e Ao 7ol w2 o F=8 ARG FHA Hol, Aoz #AHY FF(Trajectory
tracking) =% #lo] 7|Ho] AEHET;. W A= DWA(Dynamlc Window Approach) 3 #lo] 7I§lo] A
g Aol

o714, B o= 12 F=(Trajectory tracking) 53] Aol 7193} DWA(Dynamic Window Approach) 33
Aol 7ol Aes Yehls EF F3 A8 EAXHATY DIA 73 A8 EW@XA(T2)2 #3ks, A, ¥
A2 EUEHSEH, #HA FF(Trajectory tracking) 3§ Aol 7]1'H3} DWA(Dynamic Window Approach) =3}
Aol 71 Ae H7E fd EdF 73 A9 EAHATDZ DA T3 d8 ERXHA(T2)Y] PeE A, 2
N5 o83t A& (Throughput)S AbEstth. o] wf, A3 Ef7] Fa g5 EXHA(T)T DA 3 <
8 EdXA(TION E3ts, S Ay 2 A2 E 3 A ERXHA(TDI DA F33 A8 ENXA(T2)9]
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M

st A B Al W EER, 2 ddgdAs EYA 538 A EJAAMTD) A DA 538 A8 EJRAA(T2)
LS

of wslg, A 2 AE

g, 2 dge] WE ol Xl Fd Aol WRldlA HlA FF(Trajectory tracking) F3 Aol 7|3
DWA(Dynamic Window Approach) 3] #lo] 7]*He] H&E& 93] A4 FF(Trajectory tracking) 3 Ao
7} DWA(Dynamic Window Approach) 3§ Alof 71% Z}Zte] Wd ej7t F7re ). A7IA, AA FF
(Trajectory tracking) 3 #lo] 71" ¥} DWA(Dynamic Window Approach) F& Aol 7|¥e] W& AeHe 7+
=3 A Aesl A4 28 AES s

N
o mf &

L

:It_ﬂ S|

% (Trajectory tracking) =3 Ao} 7199 F8 7 Jel = ooy 2= #AH=2 AsiA H= AN
o] (T

= A

T fe]

Hol WA= AHE ovlsta, A8 58 = A4 FF(Trajectory tracking) 53 Aol 7] +
al

B

JZ&H

FE7E obd AEE v, =, A4 FF(Trajectory tracking) 53 Aol 7o Fa A A
7 7 A ERAA(TS) 0] L3tk AEE on|shAl €t

Toorr o
2 o,

L“

DWA(Dynamic Window Approach) 338 Alo] 71 F8) Axu AHel= ZA-EW(Local-trap) A3 59

F 23o] YA HEah= AHES u|sie |, AHA £33 AEli= DWA(Dynamic Window Approach) 3] A
T3 A Fejrt ofbd AElE owlgttt. =, DWA(Dynamic Window Approach) 3 Alo] 7o 3 4
= DVA 8 1 EWXHA(T7)o] W3}sts AEE onsir).

ol
2 1o

N

e

1 /RLEH

A71A, & Iyl E A FF(Trajectory tracking) F33 Aol 71 WA Aol F7tE 98 A4 %
(Trajectory tracking) =38 Ao 7ol wpe} F3 A== FeEjddA] 7] AAdHE 75 AZE 5 Te) A= A
A3 B4(Np)E 7FEStt. ¥bH | DWA(Dynamic Window Approach) 53 #lo] 7ol WA Aeje H7E ¢
3 4 FUR ols 2H FxUl 7] AAYE VE &5 ol R "X (N E T ESY.

aga, & Ao s Fold R (Poisson model)S ©]83te] o] &E(Transition probability)& AF&E3}
Lo magstl, oy, Fold Bule Folk =3 A (Poisson limit theorem)S =38 GSPN =29
ERI= EdlX M o] 8E 4 e A4 U ¥4 (Exponential density function)®} A TE.

2 iy wE olF 2R Fa Aol WX Z}7e] AB A28 shie] EFo] Fojxjna
2y AMB Al2=Hle] BEF SHgo] ZF AH Al2Ele]l YH el gEd d]-&-shA "),

[
&
oY
i
o2
onl
kI
[
=
X
r
3
2
i
=)
=
N
o}
onl
=3
[
=
X
r
3
2
Lo

N

W3l= N ~ Poisson( A;T.)°|t}. Eg
i ERAA(TT) O] 2Ek= ehHew Neo| getrg AT e Fot
S a2 Hie AE oudict. ala, #4 FF(Trajectory tracking) 53 #lo] 7] A= A
k1

(Np)¢} DWA(Dynamic Window Approach) F3 Aol 71989l 314 (N1)7} o]&5¢] o] EEX¢l Nfrt} &
, Ed F3 A EWRAA(TS) I DVA 3 Fa EAXA(T7)0] w3}stA #rt.
n

=
el whE do] £YA Nfek, 1 &8

ofx

o2
onl
K
rrl
ﬁ
2o
=
2
=
S
=l
=
_1
o2

ol . Mo X
Ho ot
!

27 (5904 4) 9 (5 51 Be) A,

rlo

=1 =

Ny = arg {F,{NI\T.} > Pr{P; = 1}}
N

[4=eF4] 5]

(A TN )
. 1le jte
PININTL) = 2 exp(-\T) = 28 P(N — AT,

N! N N
PriPi}e AEl Pio] EZ &Eolty. d& 59, EF & Zolx(P5)e EFE dEo|th. 181, Fpi) 3
T FTIF ME AT T FokEs X ot A& B9, A% FF(Trajectory tracking) T3 Ao
7ol 8 Aart BAEE Ao A= Aselth. o] wf, [F28H4] 4]9] Fp{} 57t [478H] 5]1E ol &3
HE T3] dg8ste] dEste o= 1o ks AEE 4
o] 714, NpoF NI k& #H4 FZ=(Trajectory tracking) 53 Alo] 7] ¥} DWA(Dynamic Window Approach) 3
Ao 719 Z47re]l g4 8 AdEle] FEol v A "drt. =, olE 2R F3 o] toluusk 7
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[0094]

[0095]

ZIHSd 10-2012-0015771

A5, A4 FE(Trajectory tracking) 3 Aol 7IHe] A Fa JEe gEo] 7] dol Np #to] 4=
AdzE gA Ak olH g A= teoluel ol AlA FF(Trajectory tracking) T3 Ao 7[R0l
DWA(Dynamic Window Approach) =3 Ao} 7oz 3= 4= 3-& ou|stA Hrt.

I

Wﬂx

A, B g mE o)F 2R T8 Alo] WelA], E#X 7 EWAXA(T6)Z DVA 3 B9 =9
A1)zt Edfz) F3 Zx ENXA(TS) 2 DA +3 7 Aol wshEl AIZHRE E] AIZE 9
waigEt, o4, Ef F3 B9 EAXHATE)T DA F3 B3 EWAAH(T8)e] 23} o]HEE t~Exp(-A
, = AIRE 7 gt E A AS g 1R S E mEA "

m o

ml‘%_m

)

o714, HF AR G BH, S EdAd o7 Sdol=(Ph)ek DA EE =
Al gk, ol Bl F3 A EWAA(TS) T DA 73 B EWAA(T7)0] A5 @8 w, H7] A
Zrol F7tete A& om gt

tr =arg{ Fe{t|\;} = Pr{Pi=1} } 4+,
t

A7NA, [F4] 6]leA t= HH AlTkolaL, N FH A EAXA(TS) I DVA F3 B EAdXA
(T7)9] Eh&(A;5, ADoH, t,v °lF 259 F3 W&(direction of heading)& ZA37] Y3 87HE
Al ZFo]tt,

ada, FA} e AE Z2E A4 F5 Uk (Exponential probability density)el 2 ®Hx 3

(Cumulative density function)& <w3tH, [E24 7]& T3] AEdd. 9714, F4 EE(Cumulative
density), F{} 2, [F3H2] 7] verd wiel Zo], A& EHF F3 H3a EWRAXMA(TS)H DA F3 A

A
EW@AH(T7)Y TskE(As, M) & AH, & & EF] &9 Zdol=(P5) T DVA &5 Zdo|=(P7) Y
g0 vl g},

E‘
s
[m

1
S

—

T 7]

St B ‘%} of & O]E 2R F3 Aol W, F A5t g5 AS, T3 Ao GSPN 2] 7+ E

° = AlA(Reference prior)S zZre H|o]x]et JU|olE &
(Bayesian update ru e)°ﬂ w}a} %‘H]O]EE]‘: AL d=z 3t or)A], Ho]x|et PHo]E E(Bayesian
update rule)o] 7]EZH<el 7|dL& =%  TAthanasios Papoulis, "Probability, Random Variables, and
Stochastic Processes", McGraw-Hill Companies, 3rd edition, 1991.s ol 7WA= o] <)

A7IA, 2 Yo mE o] 2RO F3 Aol WA, EWRAM IEM|E F, Ay, As, As, A H|o]X|E
o] E E(Bayesian update rule)d] Fold EElg T3 HJuolExX, EWAHA & E F As, As, Ao,
Mo, A1, A= Hlo]A| ¢k ¢lH|o]E E(Bayesian update rule)d] X4 EdS o] &3le] Puo|EHT. Folx
2
2]

B9 guelEe [£34 8] 2 [F£34 018 Fal FAH, A5 BUS B QuolEE (58

AT |N ~ Gamma(a + Ne, 3+ 1)
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[0100]
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[0108]
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_EQTIN) _ a+N
T CT(B+1)

[s=eF4] 10]

Alt ~ Gamma(a+ 1, B4+ A.)

[&4] 11]
a—+1
A* At
BOV) = 2L
[48h2] 8] Z}7}o —rﬁﬂ A#E 183 71& Abd (Reference prior)S ZbE Fold Fulo] AlZ(Posterior)Z
ek, o714, NE Ed F8 4 EAXNAT)Y DA 38 Fdx EAAAI) I Zo] SAHA ¢S
ERATE

o7d, A&k vkep o] Nfok N1o| 54 SlE on| g},
=

a9, [5eH4 019 ot old 4B Bal AWAAR F1Ee) Ne ghol, [£344 019 B Fd A4 o
MEth  md, [£504 1119 o F4 A5F s, [£84 11]9 g oA 482 Ba AwHAY
7) el 2E Ty Q¥ T 4n Adeld 34 T gz 29

Hop FAHom Aistd, [84] 8] H [ 9]& ol&sto] M ALE HHPIET W, 3 ] ¢4s
F(Trajectory tracking) 53 Aol 7|¥o] Mejel 3149} DWA(Dynamic Window Approach) =3
B Sl Zh2h (7802 919 N gho] #vh. wp EA R A Aq9] QUClEdA s EYA F

& A ERAAAI DA 3 Fa ERAAS] B Sl N glo] €},

T3, [ 10] 2 [58HA] 1118 o83kl Aed NS QUCET w, E F3 Aa el DA 3

il ZEl7E Zhzb A&E AR Hate] g5 [F8H4] 1019 A ghoe® sho] ALk =, [428H4] 1019

Aol N ke AR g A

A719F e iR, ERAA FEE Ay, Ay, As, A [T 9]E S8 uHlolEA, ERXA Tt
B Ag, As, Ag, A, Au, Ape [FI 11]1& &3 dulo|E.
714 hutE g Eol Ade A, [ 9]

F9 B70] dolum Ay 419 84 F o
2 E@AA shebie ) oﬂ@ S0 A5
wo Fa 7ol AFH T Ao} sgel Adue] AT, ol
B 1o aghe Fao wEe Fi A5H0R F

CI5e 9lel B gkt [9H 1109] aghe AT @ olskm AT A%, AT Sol, [£3H4 el
=i IOOﬂ olFe] Fa AP AAHCZA EMXA sEn|E FHo] I F

gro wYsA [, Ao o)F =
odlel Fa Aol AP (584 9]¢

B#E 100 olatz A8t
w AgEo] 3 7] Mt sEHor tA JhestA A4S 5 A €
il

T 2% AlEHAY A&E 3 A AEE = Z2

2on= AAAgeiglah. aEan, olF FelEe] He Abge] WHEAQl kR HEE FEste] 0.8 - 1.4n/s W
el Al 29l =2 A4l on, % 5

agla, AEHolde HLE olF ZREo AEL 0.m= stgon, DA F3 Aol r¥e Huy HWHx &%
(Maximum translational velocity): 0.5m/s®E AASATt. T3, e &5 olF FHoj&o] flx AstoA
5 29 Gl YANA 8 YAE 203 wHE Fyst WFoZ A=3slo], DWA(Dynamic Window Approach) 3 A o]
7189 A 2271 0.28m/s2, A1F F=(Trajectory tracking) 3] Ao} 7| AE £X7} 0.35m/sE A
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[0117]

[0118]

[0119]

[0120]

[0121]

[0122]
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A=Ak, Zga, F3 Ao GSPN REel zZF Edx Ao wElnEEe] 7|3 A ~ AgS 052, A Z
Ape 0.018 AR

AR F oA e AlEeldS dolu gk FollE glo] olE =Ro] G7olM EFwsto]l H44 G, G2, G3
R (7 AR FHe= Aoz AA%Y. aea, tgolyudt oA Algeelde vy gt g7
oMol Adeel WaE Frietr] 9 A=A 0471/\1 tolupe gk gHgoll o] AlEol a2 207 o]E
Follzol = BHolAM, F 3o F4A Gl 8 AlelE &&Edhs Aom AAslu. Zzhe] AlE ol
el 28315 ®bE S8kl

T 32 AAHQ AT theluy st FAoA e AlEHeldY A3E YEhd Ezola, [& 2]& AEHed 2
5 YER Blot},
[¥% 2]
DWA  TRACKING
Mean Time(s) 185.7 115.8
Static Std. Deyv. 126.7 78.3
Success (%) 82 89
Mean Time(s) 105.8 282.37
Dynamic  Std. Dev. 16.3 58.8
Success (%) 100 90

L= 3% [# 2]E F=xste] distyl, AAQ F8 SAoM = #AA FF(Trajectory tracking) 53 Alo] 713
o] H 3 AJZro] DWA(Dynamic Window Approach) 3] Ao 7|HRET 38% A%E #HA Uelwtr. ol E
Z(Trajectory tracking) 3 Alo] 7IRe] B2l F A APt AL ovgrt. 22y, thojuy
St 3 AN AME= EWZ(Trajectory tracking) 53 Aol 712l Ad%5o] DWA(Dynamic Window Approach) <
& Aol 7o Asrtt WA e

o714, DWA(Dynamic Window Approach) 3 Alo] 7|He] AT, = 40] =AH nvle} o], F& &UTE 2
A w A4 Aoz yebgtt. X3, DWA(Dynamic Window Approach) 53 #lo] 7]RolM o] F3 A=

ol% ZXo] I HA A (Local minimum situation)o] ZHHAS o LA},

aga, AR FP AN, AA FE(Trajectory tracking) T+ Aol 7o F3 Azl 7 A F4
S A (Localization error)® Q18 EYUF+ FHoAMY A= A Aol oo o&) Ay, e, AF
% (Trajectory tracking) 53] Ao 7|He AHeL olF Ao&Ed wE A= AAA s i),

AAQl Fa 843 doluua 73 #AclNel AEdold Ar: AL 9% Ao} AWSe] AR A
£He W AR e 4%e et AL 9ike noFa v

9, B ode W T Aol wel A%e BAs] A% AH FaA A4 tholuuld Fa Ao &
g8 BAolA e AFdolde olF =ito] 2079 01% ool Fa 87 ol EAsks AHolA FA9l F
9 87 ABRUClMIN BAF BAXZ Fass Aow FANAT. & 5: A7]e g Fa BAdA A
Belold A¥E EAF 2 rolw, AEeolM @ﬂ—t— [ 3]ol vhepd wop 2t}

Controller  Mean Time(s) Std. Dev.(s)

DWA 207.3 128.2
TRACKING 223.1 92.4
GSPN 117.8 28.0

T 5 9 [% 3]& Fxste] dAdetd, & U] mE F3 Ao} GSPN Edlo] 8w F3 Ao Wy A4 F
ZF(Trajectory tracklng) T3 Ao} 7]} DWA(Dynamic Window Approach) =3 Ao 7|He] sl oz =&
H AfRY €53 Ass RATE S g0 F du. &, Hi 53 AlZte] DWA(Dynamic Window
Approach) 3} Xﬂ°1 7ol wEow Agw AeHut 436 #@A Ebsta, A4 FF(Trajectory tracking)
T Ao} 7IHe] dEo2 HEH HeRo A VERS T

S
3
=N

_16_



[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]
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T 62 B ouye] W ofF mxe 3 Alo] el F4 A¥L
A G2 AXAA ] o] F Zol kil At 7o A= 1 A

62] (e = 69 ()2 @ ¢ T 69 (c)=

o Ff 34 el Eﬁo]‘ﬂr = 69 (b) 2! (c)°ﬂ"14 %% HEL o5 ZHo Ao o] A o
Aol & o]t

T 65 FHxste] A, olF 2Ho] Huk ¥AE G1 Y X9 A= DWA(Dynamic Window Approach) T3 Ao
71MS E& F8A "Hrr. o= A F3 Alo] GSPN Rd EWAAY gnE 7|kl o AEEHE

DWA(Dynamic Window Approach) & Aol 7]¥He] 2] (Throughput)©] #% FZF(Trajectory tracking) 3
Aol 718 e =2 &(Throughput ) Bt} 7] wji-o]t}.

ad]ar, o] ZXo] DWA(Dynamic Window Approach) 53 Ao} 7Mooz Fadl= HAo|A, 62 (a)ol] =
AE @ AR =28 o, = 69 (h)ddl ZAIE vke} o], o]F FelEo| ZntolA . O] o, °o]F =
2o =¥ A3 (trapped situation)ol WA o], DWA F3 A EWAAA(T7)o] &3}84A Hr}.

olo] whe}, F3 Aol GSPN =2 DWA(Dynamic Window Approach) 53] Aol 719& A& FF(Trajectory
tracking) 3 Aol 7[Hog ABsA HY, &= 69 ()9 @ AHoRRH O AFAA AH FF
(Trajectory tracking) 38 Ao] 7|He] we} o]s ZHo] F Ao|F),

a8, &= 69 (o) Z=AlE bk} Zol, A Hel= 2 Rl olF FolE wro] EAetar, o] Wl F3Y Ao
GSPN mdle] EdZ] F3 A3 EUWX Mo %Lﬁ}éhﬂ % o] DWA(Dynamic Window Approach) 3 Ao} 7o = A

T3 ol% 2Xo] k69 (a)9 ® A HAHE DWA(Dynamic Window Approach) 3 Aol 7|Hoz F3 A
oAxe], © AH, & =6 Ao =detA =W, F3Y Ao GSPN ZHe] DA 3 Hi EdAAMo] s
Al A F=F(Trajectory tracking) T3 Ao} 7Moo AFs o] Hx A 62744 T8 Al H ).

A, = 7e A A B4, 449 24 845 ol @ T 7o) Bgw T DAY AFe
oMol A Eel7 Fa& A EAAMI DIA FA A EAAA setule, 05 A 2 A0 WEHE

el agzoltt. o7, wEks A B A7 A2 A8 FF(Trajectory tracking) F3 Aol 7]}
DWA(Dynamic Window Approach) 53 #Alo] 7]He]l AES yepde d&dh viel 2o, 28k A 2 A2 F
g Ao ghn Fo A fulolE Eel uet o] EdT.

79 (a)oll EAIE wpel o], A FAoA 8He] F3 S 4w Fol Aol AET vig- AXSS &

8 ZFF(Trajectory tracking) =3 Ao 7|¥o] £33 Ao
Aol T3 Ao} GSPN =dlo] 4-&3ta &S YeElA "),

ey

2

g, = 7] (b)ol Z=AIE wpeh Fo], Al FY A3 ol g b & gHgoldE= A
101 NoBuk wASHA AR, T Aol AA] A vEbES #1E ¢ 9l ° & gHol A A
% (Trajectory tracking) 53 #lo] 71" =} DWA(Dynamic Window Approach) 3] Ao} 7]®He] Ael t)-&3kA
T3 Alojol] deH oz HEH= AL ot

. £ 8e B wn we o)F =mie] Fa Alo] el W tolua T3 z Aol 4 55312) A Belo] Al
295 e 2 zelt. oA, delud B4L = 6o EAE 61 AW 8 AH g Fa
AR, gu Fde A Eeoldaiit,

= 89 (a)& 7] AlEIIAE B3 4AE" AHY FF(Trajectory tracking) T3 Ao} 7]'H¥} DWA(Dynamic
Window Approach) 3 Ao 7|We] AHgl&e] ¥sl, 5 duo|lE AxE vebd efxojrt.  thojuiulgh F3)
3ol AH  FF(Trajectory tracking) T3 Ao} 7o Hgl&o] 743tar, DWA(Dynamic Window
Approach) T3 Ao 7o Agge] TS 1T ¢ Utk o) tholyuls F FAHAAE olF Aol
E #jito] E (Trajectory tracking) 3 Aol 7ol HHA 45s ovsin, AA o= F3 AHo] GSPN

3] sl7Ao

gl

N
(ot rlot
o ol
Al
AN N

W

m2do] )& DVA(Dynamic Window Approach) =3 Ao 7]Ho] 2 AMEE = AL owv]dit},
= 89 (e 7 AlEdAE B3 SHE AA F3 Ao HsE yepd g Zo|th, & 89 (b)) EA]E
upe} o], 3 AIZE2 AlEFolAe] wrEHo) wEl HaF HgAdcteE e A 3 o= & wtrgo] w
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(b)

2 4 6 8§ 10 12 14 16 18 20
iteration
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throughput [ 107]

—

timels

(a)

10+

—— TRACKING
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110

5 10 15
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l ! |
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iteration

(b)

100 1
901
80 1
701
60 1
501
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201
101

|
20 30 40 50
iteration
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