@lMLET .
CAwd
(

SR5FE Baplas A KESL -
& TERIRIHERE: iREiTiL
O (SR IR, BERISER
© Hy S
& BIRAKRERL
& FREFRBEN




@ | MoBILE ROBOT

BEHLE A AL =

& FHRBILEANRFRRRAREERIRIZ—
& FHTHE AR EI RIIIZT
& B LB AKBURRRAREREE, RIERE URHE;
& SEAL: HLESAHSE B SRR AL E
& H1: HLE RGeS 5 3 UA ] B 4%
& BEIEH: LIME B

Sefir | “fr

| 4 R A
IR

)%‘%Bﬁﬂ@

Systems Engineering Institute



- ———

: (

. 1

Yt i B L B TEAG
asi W, B » )
/ .' =
%ﬁ B
% e —— = LA
[y
o NFRVE, FAIHEREE > T R

o B THMEBE R E AL
KT 5 B bR W5 \
o FETMEERME R E N

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

LBk AR o
@ NHHEZAXN AL E (W0 GPS) & A K)

© UANRREEHRIEF L
® 7 “UANF” 7Y, REUMEBEEZRWMA (BMNEAY, EEMFH

M, AR H bR H RS

& E&%n‘ﬂlWﬁ-é} HE
& R
& HBREER (BE)
& PATHHRFE (FEIITERAHER)
& MEEEMEMATT (RoBMETRD

Systems Engineering Institute




>} | MOBILE ROBOT

e R I "

& (LR E R EZINER M
w, R, HHA ...

& BB E R EA L
an, R il PR R AR BT

® g@%&ﬂﬁéﬁﬁﬁﬁ//“ TREBEREEETHNEHEREE. BT

& RIS REMBIHITTE (EFEERAEER)

& SRR EEM. 2SR ITE




@ | MoBILE ROBOT

RS o
& LI MMERE BT — R

@ BIEH B MMERE, THREENASDIRS BRIV N BRI Z A
2 X — IR 5 &

@ U, BRI RIS 05 LT LA F i
& Plas N ALiEF & TSR B N BEE F 5
& FEERREREE, KEHEBHERE (0, WHEITE

Systems Engineering Institute




'} | MioBILE ROBOT

BATIRGRE . B, SAHREE B

@ HRERMMALIHERE:
N7 B BB KR A AR RS2 AR TR AR
& HER:. FREERGSE (MR
& MRS B RER2IF GRS nFERLO

& BERRmLS (RUFERS BRI BINSANKEI,
@ 'ﬁt){—it EXE'“ ﬁﬁﬁ
& BRA: REWRBR > LF

® %g%ﬁﬂﬁﬂﬁﬁ%@%& (FEER) "eeR B HR/N RRRE, BERERNAR

Q WITHIRE, BHEEHEREERWE

Xi’an Jiaotong University



>} | MioBILE ROBOT

BRERE: RER .

e PE R FRH E Y
(REHY) < > FAERSEH)

& HREKIREMRHARAKRIE (FrE) HITIEHEER.

& AEMEMERIRELIHRERE R, LRFENEMHTHHIAHE .
@ FEREVR:

& MoTHARLER (HREE. MESHR )

® RTHIAIEMEE (B )

@ RTERAFHE L)

® BTl R KR

& AEKHEEM (TH. HFHE )

® ...




@ | MoBILE ROBOT

HRERE: R RERNTR

@ BIEIRZE: Yl NSshHIEER D

& RTBIK LM

(BEED

@ BIhRE: SHERERM, BEEIHNE

& ZEZHWIIN, RTBIZE

@ EBRE: BRTRENER, RBCCENS{AERAT HKIRE
R EETE, BIMEBRE

2375376 LY BR 7

EIRE"E

1 (RZMEAA]) !

® FEBH x WA ELBS. B3 d KRG, y 2ERIRERN dsinAe, HAKER
Z AR, HHBEESBK.

Systems Engineering Institute



ST

Xi’an Jiaotong University



| MoBILE ROBOT

L 1¢
! J

BERE: Z3RIHLEA (2)
@ B3)F

Ax = Ascos(0+A072)

Ay = Assin(6+AB872)

AD — As,—As,;
B b
AS. _ ASr+AS[ ASr—i_ASI (e—’_ASr_AS!\q
COS
: - - 2 \ 2b )
X
As —As
~ Sl 0. A5 Asy) = |y + | 222 i (g 4

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

BHERE: ZHHRSPEA (3) -

k|As| 0
0 KJAs|

T T
S, =V, L, V4V, f3V, f

:| 1 0 -Assin(6 +A6/2)

F,=V,f= Vp(ff) = |:§“£ 5—){ aﬁje_p - g (1) ASCOS(GI+A9/2)

2, = covar(As,,As;) =

Systems Engineering Institute Xi’an Jiaotong University




| MoBILE ROBOT

== = - _ -
Eifi%{%‘: W%&J_ | (Borenstein [5])
© B IEFEBRESSE
22 ) i
S 1 e
= E){—i _’J ﬁlﬁﬁ \ ------------ . o
&tan i \VI| &
% (%ar Yor O0) s b TR, |
S5 XD > > s 'll 4X4m
(Xg*s, TE TR V| sesTomiARo0e (HTEM |\
Yote, 4Xx4m VL R R b
Ogte,) \\ I'l
\ ‘ \‘
AT REL (BT |
\VUEEARED . AR, x|
) otz /|
blf y e |

Systems Engineering Institute

Xi’an Jiaotong University



| MoBILE ROBOT

Eiﬁ%ﬁi‘ i%?.jl‘iif 1 (Borenstein [5]) o
® XU HIEFEHZELRK
22 1)

AR EANE (il
TR EAARR) o A ‘r
VL S5 8] 2301 77 T MR

JEC O\ HR93OTIAVE900 (i =
; T R A | =
A Vz
? R A
N A M\ I e
aeee =y P

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

@
Eiﬁ%ﬂi‘ Tg’%%ﬁél: 1 (Borenstein [5])
& Wi EAERE HIRE U =S
NG AT AR
F)
X [mm]
| | | | >
-50 50 100 150 200 |250
-50 T
5 WIEHATER]
Loy El&\
-100+ .
-150 =
—200“ Xc.g.,ccw .
TN
_250 T bookideadred1.ds 4, WIMF, 07/1985 :E:F% %Iié

Systems Engineering Institute

Xi’an Jiaotong University




@ | ROBOT CONTROL

SRR REAL? "

o« WHATTE AR B PN 5 TR 2 R 50
> ks
> R H R E
o BEWEL CH) Rt Ll
> (HE, WK HEC A ?

AN Bp

Systems Engineering Institute Xi’an Jiaotong University



X! | RoBOT CONTROL

FEDLEAS EBL? o
- BEILE AR —EHEEALRG? 8 AMITLE AT 2L 55 R 2 1102

R TEME AL, 2 HARE A IEIN GBI, SUEaRE) -

« HFITR: BTN BUHESE. EAL. BRARRIFID IR, TR AR R
wAPATE AL, HAERRERE (ARARERD .
> MEATER|—ANBEE, ETTANSHGER: st — A AR ERERT
A E] B AIAIES .
> AT AS AR AR A U B, An MR B AR s
> INELNEEREE, HEMNBIEEB, SRI—BEF.

Xi’an Jiaotong University



| ROBOT CONTROL

\

ET AT AL a

bR &

[/

) H b & bD Afrs >

W

BERR

VR A | At

i | e
21, 3 ] BRI

Systems Engineering Institute Xi’an Jiaotong University




'} | ROBOT CONTROL

B TFAT NS )

o« FTAT NI ST A RIFT R

> ERA DAL E RIS (GREASIRFE I HE—PE) T 5 S,
(EHE CAHE S BB IR

> ERATRAERE, W “BRERAEHEEET DU DA R 47— —
— HLBRER, XML ORI B (A SR TR

> AEEZ], ERTATONNARSG T EA 2L, BME BT R %
Blirere, (B2 M7 N BRI G ok R i (L Ee
AR, AFE) o BSIFAT AL AEHERE 4, PAORUES 5l AT M
AEHIT NG EREEH.

Systems Engineering Institute

Xi’an Jiaotong University



'} | ROBOT CONTROL

HETEEE S .

o TR A S WTEFE B ALK AR

o HLas N ITRA I g B IE I I S AR IR ae O Hcdls Bl s AR 9 A S sth [ 5 e I BT AE AL B
AUSAEEEREAT B, TSI € o

° igq%:‘)ﬁ
> FREE TR BRI W, WA SSERE 7 B2

> WA GICH TN GPLEN T TR N B LLF 020 519
E AL HLSN ;

> UIRPLHEN R 1T Z T TG, @ L A a] LA

o S P e PR — — B SR AR i 5 52

Xi’an Jiaotong University



| ROBOT CONTROL

\
L]

AR ) S .

— 7

Y

JENL | 1o 514

reks >— Y BT >

HA | F%Y

Y

B

Systems Engineering Institute Xi’an Jiaotong University




'} | RoBOT CONTRROL

HETEEE S "

« TR EM RS, HEEARNREZ “EKR” ——HEHERRTT
> A LS A TR T T 7
> bR AT AfORS A B R A ?

o« HlEs NIEDIUH — AR TE E ERoR e AL BB R Tk
> Plas N2Fril =M B Fove i, ©eM —Argerfr B
R E W H AL E ?
> WERH— MEEE S EREZ DA REALE, A XL B R ?

° Tﬁpffﬁi%ﬂ—?
> BURBRABAERE: Plds NMioE HfE— N &
> ARG Hlas Nl e A & A E B

| Systems Engineering Institute Xi’an Jiaotong University



¥} | ROBOT CONTIROL

N—

R BB B A B R .

& FELEH] < B
& K52 A% AR HHE PR il & TR EEALH Ko HR
& HAF, BRBAEAMNT R 1l
& WREENRI (3T B R ) & BEKN: SHREESMETT
& RAEARE; BEFLT, & MARM (HRBA, WSEIFH—
KR TIE T A~ H#.7T)

& XFFffa AL B BE DB R (FR
Hu B ER A1)




'} | MioBILE ROBOT

= AR HIRIRN i

& a) ELERIHLE
A BRI

probability P
_—>.

)\

position x

& b) LRI R i
Rz AN
" position x
@ c) B (M) HuE
R b ol

HAEMEE

o d) Bl G FHAh I
LT

—— -

of topological map

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

MU — RN 4y K .

- BN

B— WX Courtesy of Julien Diard
Dl

V S: &

o: Yy

i A: 77K
S, 8.4,

' '
S
Hlf-/[ @ POMDPs

IR B Y S.S 0.4

BURF IR

Systems Engineering Institute Xi’an Jiaotong University



E G2k

Systems Engineering Institute

/4

Xi’an Jiaotong University







@ | MoBILE ROBOT

TR~ E - 2% o
& M K/NZIA 20 cm?,

Courtesy of W. Burgard

nlim| [ nlyn | nlidn | mlivn

Pl N 512 FE2, 3, AGERRE




¥ | MOBILE RoBOT

Hb B R R o

1. HERE vs. MH
2. FHMERERE vs. RN E

3. KBE vs. tHEF 4

@ EBERRIFTIE

& I (BEh)

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

IR RN TTVA

« IR

> LY ->X.y,0
> B E -> [FE S
> B -> IS

. MR

> JRAGIEIEH, 41: BOLITHH 2, FIRKE
o HHFEA, HHFIED
o FUHIHHAHIEE

> CRIFIE, 21: EZGECHE L THFOE
0O HHEPLE, I
o IIHEHIGHIGE 10K

> BRI, A 1T, T, RIS
o A, FIIFFE
o WEMEBIEEE, RLLREEHE (FELTH

Systems Engineering Institute

Xi’an Jiaotong University



@Elmmﬁmmv

BRI~ s 2T

a) A
b) A—AHLHFLRNER

ESE 2R,

Systems Engineering Institute

(a)

I

(b)

Xi’an Jiaotong University




@ | MoBILE ROBOT

@ BT (ZURREFYD
& EAXRfE: E£AEHEHXA, REMERTREERN!

@/ﬁ\‘

Htr

Systems Engineering Institute Xi’an Jiaotong Universii



@ | MoBILE ROBOT

< [ 72 B
& PRAEREEHEKT

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

HERRTTEE: 7 (3) :
© BIiEM B ITHE

Bl

e goal

H

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

WER R SR (4) o
& BRI - FHADRTHE

Systems Engineering Institute Xi’an Jiaotong University




@ | ROBOT CONTROL

HERTIE: SR (5) 5

o th¥h i

E‘E“] U000

i o = I
EXIE \é—lﬁcj‘% —

e T -
TN
THRTTAL




>} | MOBILE ROBOT

HERRTE: 5 (6) o
& HIHE o

& AREERIEH TR ==

& BENE AT LIS HEH ? =

BATR (ERSITH
AR~ FERRIAIHIAE R0

i




'} | MioBILE ROBOT

WEERTE: MR (7) "
© IR

& HLHl ZHTATAET R
i)yl

& EWREITER
§EJJ

& RPiFHBh BN

Xi’an Jiaotong University



%} | MoBILE ROBOT

RIETOR: H BT BB R "

& FSTHEF RN EIEMEIN TS X 5K A MR )
& BAIRREEHR
& BB
& A B HIE
& FRCERBFR BE “I” HHk)
& WTHEAINGH (BAIILR, T 5B

@ (ARG

& ...




¥ | MOBILE RoBOT

RESR ML, BT (1) =

& EHTHuE R KEA L

& FE—ANMECHAZFBITHRBIILEAN.

& BRWEN—MEHOMIPMLEFE®S, EWMREER “BERE” REFENMLE
ORI L.

& R, BIH—EWERE, IS/ EHMLEIREAHE T .
> MRS EL IR U IS L BB

& WA B AT FBF LA NCLE ) —AMhT, ZAMETAT LS BREREMA TS RE S,
EEIbup = SNl RN S G VA= R E ST

Systems Engineering Institute Xi’an Jiaotong University



¥ | MOBILE RoBOT

/4

R (2) "

M%Téﬁg y A :—,;:Hij;

& BEEH
© FHEMERI ACT (JFHRHEED)

s', = Act(o,, s, )

He, o: HmEHBNE, s,.: EREEERS
@ WInTAwEkE
& BRAIEH
@ RBRAnER SEE

KA, i SMNERRAERBEA, s EFNEERRS
& AT E

Systems Engineering Institute

Xi’an Jiaotong University



@
i
g
N
had
N

ik
il
&

.
==
=]
==

==
==

Systems Engineering Institute Xi’an Jiaotong University



>} | MOBILE ROBOT

BERMER, FETHERIEN (3) o

O e
® k-1 ZIKAMEMT p(k—-1)
& ZhrEERE 2 (k-1)
@ kR ZIBEHEEAN uk)
@ kEZIFMA  Z(K)
® kIZIKHE M(K)

it
& KHZIBE ERME it k-1
& WETHBTEER £ (Kk-1)




@ | MoBILE ROBOT

BT Hh e AL ) AN P B
mwn | O ——E%@'}”‘%ﬁ)mﬁk 4z ‘E%P)

bl
i mgmﬁ//fm///
i
i
X
i e
1. ETF RV TR AR R T
2. HHLB BB I (2) ¥ moespan
3. 36 AT Hb ) R T %
4. STUF0 3 ] O T A I e ‘

5. fditt -> MEEH (e E)

Systems Engineering Institute Xi’an Jiaotong University



¥} | ROBOT CONTIROL

LIRAIR & R/RETEH AL -

® Ly/RA[REN © RI/RBIBIENL

& MEBRMAHBRIREL (5 © AL B AR E L5
AR A, B EH I B A

& MERHHEIRE R

& W, BEFEAEARL. EEA © WRT, WIRHLE NI E P
SR o] o 3 L B FAMK (B, BTFHEA
K, RBHEZENEEET SR , FIRSIRBH
) - TRITEELIEN R, MEBIRER.

A A0 TH 5L HE 77 F] RE 9 R 1
RSN EERR.




P} | MoBILE RoOBOT

R ATFe5E AL (1) =

& BIRAIREAL, FAERMBERR, Rkt
B LB IR

QEH, ATERES (LLE) NFE RS+ E
R

QO FIKEHES, BANZEPEF RS (Bin) KSR ARR

ST, RAHER A RER




X} | MoBILE ROBOT

LIRATRENL (2): MR miATHERAEM

® P(A): A RERIBZE
@ Hlw, pr,=D: tEZIPBA r EALE | FIMER

© RAAE AL HAERE BB RN, RIS T FLLE
.,
® P(AB): T41 B, ARZKEGMEE.

& gﬁn, p(re=11i): GHARRREMA i B, tRZIPLEA r EALE | KR8

Q FIEHM -

—

\

p(AAB) = p(d|B)p(B)
p(AAB) = p(B|A)p(4)




'} | MioBILE ROBOT

LIRATRENL (2): MR miATHERAEM

] [ X pa0)p () |
p@o) | | J
pt (Z‘Ot) IZ p(z“’ot) pt—l(l)
P (3‘Ot) = Z p(3“’ot) pt—l(l)

P @] [p(r=1)] [0.1]
P(2) | | p(ry =1) 0.2
P13 = p(r,=1;) |=]0.35

P(L)] [p(ry=1)] [0.02 i pt(L‘ot)_ Z p(L‘l,.Ot) P, (1)

& p('ll,o) T2y t-1 BEPRES N, LRTAEEHIE Oy t PRSI IR,
AL TIMERBIACT: s = Act(o,, s, ,)

@ I EVORSHIMBE A AIER], B2 ZHePRSHRATRR DA

Systems Engineering Institute Xi’an Jiaotong University



¥ | MoBILE RoBOT

IRATRENL (3) : mRBRATFHEBAEM

& DIH-3rHE N .
p(A4[B) = p(B|A)p(4)
p(B)

& M—MEERENERBRA |, FEH SRS (SEE) BT

p(i|Dp(l)
p(i)

p]i) = P= D

& p(): 7 “BEBEIR” ZifEeRswEx, g pdo)

& plill): FERE B, BIWEWEE (T “HREHA” )
& EBRHE, NHEFEFTRME, EHEMERBEBABE.
& pl): H—WET, MFE I ER=1. CLRESEN i RER




X} | MoBILE ROBOT

IRATRENL (3) : mRBRATFHEBAEM
© M EMZEEALEN—AEE EIRLERM-rU o) = [pU|l,_ 1 0)p(,_pdl,_,

(ACT):
p.(1[o) =3 paIll,0)py(1), =1 L
S
o FREERA I, AR SEE) T —— S,
A . p(i\l)pt(ﬂot)
I: IO’|: : I:l’..’
pt() pt(‘ t ) p(l)

@ L/RWRARE: FEHTIUKBIET— I 21 IR CA R Sl i 2 B sh 7R AR
@ BN

p(h) = p(i\l)z pd[l’,0) p.y (I')




@ | MoBILE ROBOT

L/RARENL: LB

@ Dervish flag A
@ FHEHARHRIEA

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

ORAIREDL: SEBIBEI 1 - FashHE h

R1 R2

R1 R? f
e O—O0—0—0
' H2

H2 H2-3 H3
H1 HI-2 H2-3  H3
s v T VAN Gt
CKMIAEIZETE | 070 0.40 0.05 0.001 0.30
*ﬁ(ﬂﬂ%ﬂ [“Ja‘é 0.30 0.60 0 0 0.05
S ESITME: S 0 0 0.90 0.10 0.15
R EE B | o 0 0.001 0.90 0.50

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

DRAIRENL: SEFIBIT 1 — SR -
& WEBEXS i, FALE 0 EHIFERE

p(n|i) = p(in)p(n) B
Nothing detecte . . . .
n : ) n N Vi =] Pl A\ Closedgdjor det:cted ZZZ = - —
& p(n): A E n BFHEERS
& p(n): HEIEERE Sy et |

® p(ih): FELLE n BB i WHEE (BRE)
& HEE T+ EH
& AR RURAE R

p(”;lf;) = J.p(nt|n'tf: i)p(n', )dn',
® FHTHR - BER 1, Z2EAMNn® B n FFHINEEER TR EKm .

Systems Engineering Institute Xi’an Jiaotong University



} | MOBILE ROBOT

"

TRATRERL: SCHIRFA 1 — 6 =

& S + U _
o BEAEIAPEAS 21 INIBEIRER
BERE: N
® p(1-2)=10 ; p(2-3)=0.2 * I B
HEMRZE (HE) ISR IR (5

& Wik, RE 2-3F I 3. 34, AWRE ; RE 1-2FHE 2 MRS

& BEFL: FHRFMNER, AR

YRR, HAAFTO. N EEN, LLPIF A — L

Systems Engineering Institute Xi’an Jiaotong University



'} | MioBILE ROBOT

LIRATRENL (2): MR miATHERAEM

@ HIIERA (RAMRENMIBE) + ‘ ) ‘ e
1 | -2 | 2 | 23 | 3| 34 | 4
P(1-2) . 1 — _ N }
{pt_l(Z—S)Ho.z}/ >:1 | .
& TAMZ], MPAHILE 2 HIZIEA RS B I BUR1E
(p( 21-2,0)=1 (p( 22-3,0,)=0
p(2-31-2,0,)=0 p(2-32-3,0)=0

J\.
J\

p( 31-2,0,)=0, p( 32-3,0)=1
p(3-41-2,0)=0 p(3-42-3,0) =1
p( 41-2,0)=0 p( 42-30)=1

Xi’an Jiaotong University

Systems Engineering Institute



@ | MoBILE ROBOT

LIRATRENL (2): MR miATHERAEM

@ FEAEMERE (WEER HERTERE: N
R + ‘ 3 ‘ P
pt(||0t)zz p(lll”ot)pt—l(lr) L] 12 lo2 1023 lo3 | 64 lo4
T ' - — =
T ..

f pt( Z‘Ot) = p(2\1—2, Ot) pt—l(l_z) + p(2\2—3, Ot) pt—1(2_3) =1*1+0*0.2=1
p.(2-30,) = p(2-31-2,0,)p,,(1-2) + p(2—32-3,0,) p_,(2—-3) =0*1+0*0.2=0
pt( 3Ot) = p(3‘1_2’0t)pt—1(1_2) + p(3‘2_31 Ot)pt—1(2_3) =0*1+1*0.2=0.2
p.(3-40,) = p(3-41-2,0,)p,,(1-2)+ p(3—42-3,0,) p.,(2-3) =0*1+1*0.2=0.2

L pt( 4‘Ot) = p(4‘1_21 Ot) pt—l(l_z) + p(4‘2_3’ Ot) pt—1(2_3) =0*1+1*0.2=0.2

N\

Xi’an Jiaotong University

Systems Engineering Institute



¥ | MOBILE RoBOT

ORARERL: SEBIBEA 1 - Fh IR

> MWE

@ i “EURFFRHIEMR, HURITHF”

& NEE:

pt(l) — p(i|l) P; (||Ot)

SEIMHE: *

1] 12 | 2 ] 23| 3| 34
| ] | | |

t t

p(i[2-3) REH5H.

* pt(2_3‘ot) =0,

Xi’an Jiaotong University

T




@ | MoBILE ROBOT

JRA]REN: LB 1 - thiHE (5) o
p(if2) e

L
& B “EURTFIRIER, HURITH” T T
. - .
& 24, f
& EASAN “FFRBIER” , IEFHEIRN, RPEXRAMRERN: 0.9;
\ R
i K| TR | em | AT
MR T 0.70 0.40 0.05 0.001 0.30
RESINES 0.30 0.60 0 0 0.03
ot UENMEAR 0 0 0.90 0.10 0.15
For iU 2 7E JREIT R | 0 0 0.001 (E%) 0.50

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

ORAIRENL: SEBIWFT 1 - shitisE (5) o

& AN 1”7 (ATRRFFEEHRTRERE, WA RS HIR 0471 0.6) , TR
AN CTIH” , HRERBELURETHEN: 0.6%0+0.4%0.9,

st SN b S O d{ ﬂ:ﬁiﬂ

i l_‘l%/ I—J}‘/ SE NIT

CRARRIZERE | 070 0.40 / 0.05 / 0.001 0.30
S EINE S 0.30 0.60 0 / 0 0.05
S ES IR 0 (@ (090 0.10 0.15

2 JEFFR | o 0 0.001 0.90 0.50

Systems Engineering Institute Xi’an Jiaotong University



L/RARENL: LB

11— FhfhHuE

@ TR, F24AB/INRM: “LURTFRKIER, AL HRER

Xi’an Jiaotong University




@ | MoBILE ROBOT

ORAIFREN: SLHIRFIE 1 - 3R HLE (5) o
(i3 i
& B “EURFFMMER, GO BERES
© 1E 3 4b, ~ f
& ANEN H , ERMBIE <TIF” , RHERRAMAEN 0, FEHE:

- J \
|k | TR e
AR T | 070 0.40 0.05/1 0.001 0.30
ERLENNES 0.30 060 0 0 0.05
R ES T (E 0 0.90 0.10 0.15
Far i 21 7E R | 0 0 0.001 0.90 0.50

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

OURTTFER: SLHIFFR 1 HiME 5) o

13-4 N
p(i[3-4) 4 . ‘ ) ‘ .
© BHl: “IEHRIFHMAIENRR, GiLZITH” R R
® 7E 34 4, o~ f

& AN “B7, ERUBKELE TR, RPEXNNELRMERN 0, FREA:

"N AR
CRMIARRN L | 070 0.40 0.05 0.001 0.30
SEIINES 0.30 0.60 0 0 0.05
orlEXTmEE (E 0 0.90 0.10 0.15
6 2 7E JER e | o 0 0.001 0.90 0.50

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

ORATRERL: SEHIBTS 1 - SRiMmE (5) -

P(il4) + |
& B “IOARFRMER, HILREIIF Ll rz s g
© fE 44, N

& LKA “FERPIER” , BRIEREN, RPEXTRELSRERN 0.9 ;
R L e
g o | | T
- RINA R R 0.70 0.40 0.05 0.001 0.30
SRESINES 0.30 0.60 0 0 0.05
o ESITEAR 0 0 0.90 0.10 0.15
Ko 2178 B FEC | 0 0 0.001 @o) 0.50

NS THERE, ERFTNTERTPORERNTE

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

TRATRFERL: SEHIFFR 1 — HHHMEE (5) R

+ | |
& B “EIURITTIHIER, AL L " !;! SR
& 1F 4 4, T
® giiloilﬂa “FFRHIERR” , RAMBIHER “ITH” , RPEXNMELRE
% ] R Ky
C BARRIZRPE | 0.70 0.40 0.05 0.001 0.30
EIINES 0.30 0.60 0 0 0.05
K21 0 0 0.90 {0.10 0.15
K 3 B AL | o 0 0.001 0.90 0.50

Systems Engineering Institute Xi’an Jiaotong University



L/RARENL: LB

& TR, EANBRRM: “LIART

ASRME R

11— FhfhHuE

TRHIERE, AR 1

Xi’an Jiaotong University




'} | MioBILE ROBOT

L JRA] R e/

©(2): MEERRATFILEA S

@ BJa 255 IRE:

pt(2_3

N

n( 4

(p( 2o,i)=p(] 2)p.(1-2)=0.324*1=0.324
0,,1)=0 \

p.( 3o,i)=p( 3)p.(2-3)=0*0.2=0

p.(3—4o,,i) = p(i3—4)p, ,(2-3) =0*0.2=0 ////

0.i)=p( 4)p.,(2-3)=0.09*02=0.018

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

O/RARENL: SEBIRE ST 2 — Mg & (1)

© FHREE 5 @M (X, y,0),15cmx15ecm x 1°
@ ETh/EMBENRI R B Py |51+ om)
© BT EMERITEH:
& WHSCEI TR A RE AL B Rz s R A
P(Ljo) = S PU, o) p(l, )
s

& FET A EH: | ==
& BEIEERA, VAL Z
A E | FIBEREIE T AEH :
Iy = pi|Hp(l)
pl)i) = (i) (0,0,0) Courtesy of

W. Burgard

Systems Engineering Institute

Xi’an Jiaotong University



| MoBILE ROBOT

TRTTRERL: SCOIRTAL 2 — M H R (2)

& FERMERERITHE p(i D by = 2L
& TTREHIHE RSB LT B FC R R E —IRZ 1 i)
@ fFRANSAMERBITAER., ERMNE | LRG| WESHEEEME, &
p( Do
® Rix
® NMERZETUHEFBHERS AT UHR
& ([EFANEHRFIEFIZ
measured distance d, [cm] measured distance ¢, [cm] Co | rtesy Of
Ultrasound. Laser range-finder. W. Burgard

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

"

1D 1BH H W ﬂ
1. FF4 N
> FHERA AR, A B
43
2. P NBRABIE BT ‘W ﬂ m
> (UBEE—IRAET, ERT 1253 R
S RAT, A A A
s nmen LT 1
> SRR, BEERREE LRI 4 AR
1230, fhvHERIBEE S AR BN T RE I W W
4, PLEBNERARE BT
> WR A MR AR, AT 2 -
AR R R B T | B

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

L RAIRENSL: SEHIBFIT 2— k& HL B (4)
@ IFABHH:
MAL B 3ER]5, Ehr
AN B 3

—

Courtesy of
W. Burgard

Xi’an Jiaotong University

Systems Engineering Institute



@ | MOBILE ROBOT

"

TR h SRR 2 M Hh I (5) %

@ T@%’fﬁﬁj Courtesy of
@ ﬁ%*ﬂ% 1 W. Burgard

i

: . Orob: ROWILIE »0.i8e y=0,10m rot-i,l

Systems Engineering Institute Xi’an Jiaotong University




@ | MoBILE ROBOT

LR35

R EL:

@ HYHEB:

@ Ea"ﬁ? 2

;)

>

5%

(6)

Courtesy of
W. Burgard

Systems Engineering Institute

Xi’an Jiaotong University



@ | MoBILE ROBOT

"

SARUREM: KPR MEREG

@ %%ﬁﬁj Courtesy of
B 3

W. Burgard

urch: 0. 301208 K’ .Ii‘.".-‘}_ﬂn '.I":i..'.'-.ié-"l ral-ET,

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

SARURSEN: KPP - dEaEeE

@ %%ﬁﬁj Courtesy of
| ® ﬁ'ﬁ*ﬂi’% 13 W. Burgard

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

"

SARTRSEN: KOBT - MEaEe)

@ %%ﬁﬁj Courtesy of
@® BOtHH 21 W. Burgard

Systems Engineering Institute Xi’an Jiaotong University



@ | MoBILE ROBOT

LR35

L

F

REDL: LRI

72 71 R IR 2

& TEIRE KKIAHERET
& TEKRNFHEINE
@ FRRRE
& C&EH T HRERERERSMHITE
& FEHWBREDER—DAHITESHIRNEEE .
& BENLKAE / BT I8
& RARAIENRSES (TRMLE) PHERERERTE,
EERE
& Hln, EFETA A REAEH K 10%
® %ﬁﬁﬁ%ﬁﬁémﬂ, plan, EMRERRBURITEERBEREEZH

& R, DI REVEREEB/NTRENAE, T, P88 ATRIIER.

2— iR HL B

S AHPRES ]

AR 3E — AT AL B

Systems Engineer.

ing Institute



RGURZEVR
Y

wi 24 \

RGUIRAS

(75 BAEAZN)
i WA FGORA M A
) e I .
#g |

T

& iR 2R

Systems Engineering Institute Xi’an Jiaotong University




'} | MioBILE ROBOT

RIREBIEHENE (1) -

& W BT R IR || O |
B g, % o -
HoWAEHE g, T2 o L' SN )

& knkfhitmmm =R d | o\ o

i
~ 2
S = zwf(q_q_i)

@ %*ﬁ%/‘l\ﬁ§ gj = aizw(éfh)z = 221’”;(‘%_‘3;) =0

i=1

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

RIRZ2IBINA (2)
® n=2/, UHELT W :%iz )

1 0 + 1 g
2 1 2 12 2 2
. O o, o, o
oy —_— +
q 1 1 2 2q1 2q2
s 61 +O'2 Gl +O'2
2 2
o, O,
1 1 1 o/+0;. , oo}
> = T = > 2 @+ 0 = 2 | 2
oc° o, o, 0,0, o, +0,

@ BRI E LRI E N,
® BEHHA:

Systems Engineering Institute

Xi’an Jiaotong University




| MoBILE ROBOT

IR EIBBEANR (3) -
© F/RBEBERRN A

M1l T xk+ Kk+ 1(Zk+1 _xk)

Bl =
& A
2
% O 2 2 2
k+1 2 2=Gk_0-1=02_0-2
Gk+cz

& HEEH:

2 2 2 4 2 2
2 o 2 2 O (G + O )—O' O, 0
Gﬁ.’-i—] — Gﬁ.’_Kﬁ.’-i-]Gﬁ.’ (: K K Z K - k=~ z >Oj

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

FIRZBIEIT A (4)

- . e o pN o
& BB BLaAzEzh) “ e el
OAf2T 20
%—’E — W u = velocity 1|
! W = noise _
& B3 T2~~~ =

2 2, 2
Op = Opt o lt = 1]

x(2;) ety y)

& LEAMERELS R AT R IE YN

o~

X1 = xk’+Kk+1(Zk+1_xk’)
- [xk+ “(fk+ 1 tk)] o Kk+ 1[2k+ 1~ Xk — “(’fk+ 1 fk)]

2 2
Gpy Oyt 0,01 ]

2 2 2
> > o..=o.—-—K, .ol
Gk’+Gz Gk—’_Gw[thrl_tk] +Gz K+l K K+17k

Systems Engineering Institute Xi’an Jiaotong University

S ox(r)




'} | MioBILE ROBOT

I THLas NEALH R /R 283
dp i 52 | AN < B it
_Ii A=R:IRTE | &t (%)

ﬁ A \ \
fy{ﬂ I T2 ) 00 00

Kl [ B2
p(k[k). u(k)) .
v
g L PGHIR) | e

7l S
Bl e

Systems Engineering Institute Xi’an Jiaotong University



X | MoBILE RoBOT .
»
(

TP AN A R/R S IEH b
M35 N\ A7 B TR

& EE—, ME|HBALERNZ] k BALE DLEIEFIRIA uk) F=ER

Z3h, W k+1 B2 RS AL E

@ 1:

p(k +1k) = f(p(klk),u(k)) f T TR

B p(kk). u(k)mrzite Pk+1K) prrse.

o(k+1k)=V -2 (kk)-V f +V, f-Z,(k)-V,f'




| MOBILE ROBOT _

m?mﬁﬁiﬁ%fﬁﬁﬁﬁ
Hl.as N7 B T . 45

[ AS, +As, AS, —As, | | . .
) ) r cos(0 + —F ! >
2(K) 2 O+ =2 ) RIS
p(k +1k) = p(k[k) +u(k) = | y(k) |+ Msin(O+Asr2_bAs')
6(K) AS. - As
i b 1
So(k+1k)=V -2 (kk)-V T +V, f-Z,(k)-V, ' L
k |As 0 ptk+1)
s, () = s
0  klAs]
p(k) =

Xi’an Jiaotong University

Systems Engineering Institute




| MOBILE ROBOT 0.5 =
KR
(

FIFHLEASERLI-R /R BB b
XLl

@ B/TH, k+1INZIMDLBEANERSFEEFMERDRN UED HZ(k+1)

& EH, WIS T ARE RS SR A 2 (k+1) &S n, . S
DIF R EIARIE, BT RTRE, MBS, | TRATR AT

& Xt HARZEHIMM, BH 2 MERFLIF R SIS
& Fik, BIURNEHRBIEFLRR (WY, B
& WERTN, BREHIULBBZLITR{SIT
& EANEY, ERH L PHTEE (SRER)

2,(k +1)= ﬁ‘} 5o, (K +1)={G‘“ G‘”}

J ro rr |

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

FIFHLE AR /R B R bl
WL . Bl
HOLE R HRELH B 4 PR ] A B 2
B2 R A R = (e
———————— A N S — ra
il line j
] R
E + .
1l - O 0 T
T ] e
o zj(k+1):{ J} GIEIN
N AR
M R R R R R S R B T R R ZR,-(k+1)=[G“°‘ G‘”}
x [m] x [m] ’ Gra cSI’I’

Systems Engineering Institute Xi’an Jiaotong University




@ | MoBILE ROBOT

FIFHLER A SE LR /R BB
0 & TR

& T—%, HRATHMOHEAE p=(k+1k) FE MK), 7=

AL B FRAUAE 2,
@ DI ENFE BB RFUIFR T

Z,(k+1)=h;(z,, plk +1|k))

@ BATAT LLIER E TN 2 SONEEFTA n, AW B FRME RIS

Z(k+1)= {7, (k +1)1<i<n)

& BREL hy T ESEU T SF ARAR 2 B4R R AR A0 A7 2R O AR AR FE R




'} | MioBILE ROBOT

FFHL38 A S R /R 2 R i
M E M. 5

& WFFW, CGEFAENEINAZ .
& IR I B B 55 BRI SRR V%

>

Systems Engineering Institute

Xi’an Jiaotong University



| MoBILE ROBOT

FAFHLEE A SE AL /R BIEB 8
W E TR B

@ FAEKMERN, WAFEBIIHLENBIRR (R}

W R

W o, . R L, .
— 1 — [
Zr_.f - B e Zr,:‘

Iy i e

@ KB E—WE, Z¥EH#ERBTASH:

N

R
Zik+ 1) = [‘D"] - hf(zf.f,ﬁ(kﬂlk))[ o= ek 110

o re, = e+ 1K) cos(Mo, )+ "+ 110 sin(T e, )

AF %, (k+1)=Vh - (k+1k)-Vh'
_E)(xm. dJoL, E)ozr__;

Vi = | ox a9 08| - 0 0 -~
Br,__ } Br,__ } Brr,f _cos”

E

Systems Engineering Institute Xi’an Jiaotong University




-
'} | MOBILE ROBOT Y e
:

FITHLEE N\ S RLE R AR B e bi)

R OO OO

O KM z,(k+1) (RRBZIIRE) WNB|HIR 2z, ChEF
&) o (EEXD)

Xi’an Jiaotong University



| MoBILE ROBOT

FTHLE A ALK R IR B985

IZEH ?I‘E—'J I"A E@@%I‘Eﬂ
image space model space

D

match j,i

%\

No match!!
Wall was not
observed.

ADLAER!
B
P BE

Systems Engineering Institute

Xi’an Jiaotong University




-

'} | MOBILE ROBOT Y e
cer

{

FITHLEE N\ S RLE R AR B e bi)

@ RNFRFNIFMERMAASERIXT ™. F) , FRATEHF Mahalanobis FEES .
vik+1) - Xy (k+ 1) - vi(k+ 1)< g7

Hr,
vi(k+1) = [z(k+1)=h(z, plk+ 1]k))]
- |:a{| ! Yo "0k + Lx)
7, _W?’}_.;— "3k + 1k) cos(W(xr__i.) + H}(knL 1]k) Sin(W(Ir__f))_

Swi(k+)=Vh = (k+1k)-Vh' +Z, . (k+1)

Systems Engineering Institute Xi’an Jiaotong University



-

'} | MOBILE ROBOT Y e
cer

{

FITHLE MBI BRI b\
peffe
2, (k+D)—hy(z, Pk +D)K) |

v(k +1) = Zj2(k+1)_hi2:(zta p(k +1)‘k)

| Zjy (k+1) - hiI\/I. (z,, p(k +1)‘k)_

© i ERE:
5 (k+1) = diag(Vh,, -2 (k+1k)-Vh, "+ . (k+1))

® UKk (sEHAD - L

Vh

Systems Engineering Institute Xi’an Jiaotong University



'} | MOBILE ROBOT

FIT WA A SE R+ /R 8 U L
fhit: RAR/REIEHE

@ R/RZISH Y i -

K(k+1) = X, (k+ 11k - Vi’ - X (k+1)

& HLES NALE A THE HI B HT

plk+1k+1) = plk+1]k)+K(k+ 1) - v(k+1)

QMWHE

S, (k+ 1k+1) = Z,(k+ 1[k)-K(k+1)-Z;y(k+1)- K (k+ 1)

Systems Engineering Institute Xi’an Jiaotong University



-
'} | MOBILE ROBOT Y e
{

FIF-H158 A SR BB /R B IRk bi'

'lﬁgl . 1D ‘FEE?E,

& NFIDEWREAE h(z,plk+1]k) =z, , AJLAER, f4it58iHE
MBI —4E-E/R ZIRBRE—BH

o (k+11k) o (k+ 1]k)

opk+1) oo (k+1]k) +oq(k+1)

Klk+1) =

plk+11k+1) = plh+1|k)+K(k+1)-v(k+ 1)
= p(k+11k) + K(k+ 1) [z;(k+ 1) =h,(z,, p(k+ 1]k))]
= p(k+11k) + K(k+ 1)+ [z;(k+ 1) -2z,

Systems Engineering Institute Xi’an Jiaotong University



-
>} | MoBILE ROBOT T e
.

(

P HLEASE LR AR BBk b
« W

& W AzirE P(kK) mREmEE
&
® BB AM BRI & (FEAfE) MR
FENESB MU (), BRI
S ANLE (AR E Gt




Systems Engineering Institute,

- A o o
.(ﬂ O Xi’an Jiaotong University,
' A ~ j’ Xi‘an ShaanXi,

Xiandiaotong University 710049, P.R China
Phone: 86-29-82667771

The End

ystems -ngineering nstitute




Z 2K b

Systems Engineering Institute Xi’an Jiaotong University



| MoBILE ROBOT

< N +45° 0 45 | +45°

6. 11:a. MR 4 CL RN RN SR H B R TR RA 98 B2 THRLBE RS s b MO UG 41 41 21 A6 N
RESINER S uke SR REIES EEINER AE VA

16.10: LASERNET & St he % fE B 98 HH 22 35 1 1
R, PATISE e R R AL R B X AGY T .

Xi’an Jiaotong University




'} | MOBILE ROBOT

=
Hft 7 v (MR ITIE) b
E:—“ ZS ] % = = = =
Y
o .
\_ﬁ_J
= JJ:JJEI EI1i1 =

) ——

K7.5 fECamp Elliott 6 FE B, {8 A e Y S S 2 4% 8k
PRGN ZENT A b S i R 2k B A

Systems Engineering | ong University




| MoBILE ROBOT

Fopth e A2 77325 (AERERT5%) b

E [‘g—[‘l!if&" g‘. Y 25 BN e = ~ N .

Ya

Ay 81
82 s
o ./
. /,/
h N 142 /A'
\,/ R Mlis NJ7
N e
| 6 CRan
Y- ——— ———- — L >
R X

» X

|
|
X O \bockiccursel.asd wnf 0719/%

6.1 HEAH = f IR R — AR AR,
ERIEF = AES,, S, Sy Z 1AM = IEAL Ay Ag

Systems Engineering aotong University



Sl Bk (EMER ) 8
VITIERSE: = A=

R B

HATHE P el as HO bl s A HE

Systems Engineering Institute Xi’an Jiaotong University



SN i (EBEARTTE)

Ejll—[.‘m i% E,ﬁ: E‘:EWLHE‘E

il [ B
- 9
F
e [ 1] —
b

Systems Engineering Institute

Xi’an Jiaotong University




| MoBILE ROBOT

FoltE b7 ik (AEMERTTE) b

ENATIE &

(el E

HilX
i
NISTHR 0 ) )
L A e A A
VNt
R
%

ARINLZRS &
FEIX

K16.6 T 78 H i 5 M) Yl ZLANMT FRdT hR, KT K2A

- Navmastert/l#s A\ Al L5 S it i 8 4 _
Systems Engineering | aotong University




@ | MoBILE ROBOT

ﬁﬁﬁiﬁ?‘i V2 (AR TTE)

(IR0 EN
]
I L DC.DC
6.14 [¥ FxDenning Branch#l#s A LaserNavZ! ’6.15 [E rDenning Branchi/l 2% A 7] A
FT WO I KRG E] B FN18IKLIINEF HAR. EmZ w77
32 E e s H bn

Xi’an Jiaotong University

Systems Engineering Institute




| MoBILE ROBOT

HoAth e A2 7732 (AERERTT7K)

SERATHE B4
[ 72 )
NOADs

"l
I"‘
"l‘
llllll
l"
J]'
¥y
Ty

//ng
0. K
B
PC

3000+ rpm

Oy

STROAB

N o
e

6.2 LR AL % HL T S AR (CONACTM) 2R B8, BRI HLER 10 bless e e A % B 2

BNPFOCH,  FESLH BN M AR 25 o

- - ____



@ | MoBILE ROBOT

¥
Qﬁiﬂﬁ ) *’QE‘ -

M—MEBRIFIIEA BT 45,
—EBIIVE AN IZEER H P8R4 B IR R,
KRR THAERRIFR,

(o

(Af Jﬁmf@. X
HARXT T HUER B S L.

SLAM
Fif 5 oL A0 1] 7]

gl




IAZ = == "
XTI g Iﬂ e /1N )

_____ \ = > ARG BAIN B S CH b
] HeEl B T B
— -%j ) > BB YN, BN 15 BT
== e 5 > AG M FILE GRS 19155
'w% / (B, 8
2. B3h: HE R o i IR 5% 1
> Hith L
IR YN IR (B > EEE ‘ Tl
A U
BNL:

. AR, KRB AT BT 5 A T i
P AL EE, AT TSRO 2 s T2 770

SR AAN i o
T vs. 3 T7 A
RIS, SRR R R TR vs. BTN

Systems Engineering Institute Xi’an Jiaotong University



-> Plas AL E

G T
- fn, A ARRAE BE AR « PRI BRI SR

Systems Engineering Institute Xi’an Jiaotong University



TR

DAL B R T
M GRS

RIS £

RN M JBR AN 17 F A 4 2

BBk s
i R

AT
[13 Xm{ljlﬂ »

M={z,%, ¢ [(1<t<n)}

CARERT C

wat || e || B
T & A
LA X80 Fry TRl 2 M A 2|
NI R A YL
YES YES
A0 - |
B2s?
JiR 46 B B RN SR B
FERLPIRRE

T

5 FETHERM R
FO A0



@ | MOBILE ROBOT

&M 2 — A FEPREN BERIR S n
O HEARA Y = (2,3, e [(1<t< n) VKBTS B T

Ct

ocBEMoE T rimeEmSL

U|
o




@ﬁ%ﬁ%%ﬁ%ﬁi:

Q ISV EF -

b P RFALE

> O

XI"an Jiaotong University




/ . r=stLll.»% /rMrErei \

Systems Engineering Institute Xi’an Jiaotong University




@ | MoBILE ROBOT

ARHIFR

5

© RE/MR

@ﬁﬁéfmﬁﬁﬁ%@ﬁ

ryQ>2Nn ———

%y ?ﬂf&/— 1;%

- Pa .—A—‘—-—‘.—.LA \—o y 3

Sy:stems"gineering Institute

Courtesy of Sebastian Th

Xi’an Jiaotong University

™




>} | MOBILE ROBOT

AT "
& BB, BB HHIE M

@ 1'1- %ﬁﬁfﬁ[‘% eﬁL‘%ﬁ%’Jf%’ ’
WE T HEERT A 'S
I

& Biltn, ANA5ERIZER
& X T B, FEEEERCRED




TR BAERREL?

o TR ERXHKNAE L
- PEALIERR AN K &

B BT T b B o ‘
_ XT;E%K%: j‘E/J E%’ JEE%:}B,IEI ° %ﬂ:fgi %ﬁ/ﬁﬁ%ﬁ{ﬁﬂﬂﬁ@ﬂﬁﬁ

Systems Engineering Institute Xi’an Jiaotong University



