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Abstract: Both uncertainty about the pose and the environment maps,simultaneous localization and map building (SLAM)
becomes so complex in unknown environments.So this paper introduces a local optimal parameter approach:first to build local
optimal environment maps by local optimal robot pose,then to find out local optimal robot pose by local optimal environment
maps.Localization and map building are performed recursively until the task is completely finished.The experiment results indicate
that the SLAM finished by the modified SLAM based on Particle Filtering (PF-SLAM) is more accurate than the normal PF-
SLAM.It gives a new method for robot SLAM in unknown outside environments.

Key words: local optimal parameter;SLAM;particle filter algorithm;Bayesian rule;occupied grid map

A R R IR P A LB AR B AL A 3 8 4) 2 (Simultaneous  Localization and Map Building, SLAM ) & T AL 35 AL 2 Fe
R AR AT FHEALAO R ) I TIF B I 2 3k — AP B3R A (A By KAL) A2k, B 3l At By 3R A 9 1 K0 2 B ¥R
PG FRBEH B, Tl it By 3R AR 09 2RI 30 ) F- R By 3F AR 0945 48 | dm Sb SO HEAT, BT B A By A ST A 0 4 4 Am A S M 0 BRI
B, RBEREN, AARAGILTEFIEE SLAM 5% (Particle Filtering—SLAM, PF-SLAM ) )b, s it 69 SR 3 T LB A

SLAM i 42 w7 5 4 6 ff 0 J Aol B G S 69 AR 20 L, A AL AAE R Jm b & S0 K IR ) B 5E A3 A 3 B B SR ARAT 09 0 5
Tt in] : By 3 AR AR 5 ) B A Ao i P 0 TR0 ST o U et ATAL 5 A A 3

SCREG 41 1002-8331(2007)30-0026-04 STk bR B : A
1 5%

B BHLEs ABEAE LR , % o7 ) U A 0 AN i ] 61
) R DTG, 8 2N A R T P g A7 ) R N7 45t [ )
B2 2T P T 2R E R RREE . ARITTE
R HLE AARER F GPS St e 4 R BEAT EAL,
i BR8N TR0 s AR R M, L2 R AT e
B XBTHLER AT EAE H BB ESATE A T FE 5%
e 3157 SR R =11 W [ 5B s B S e v
X ARFL BN A R E 075 b [ A gt ) 481, S FR A SLAM
(Simultaneous Localization and Map Building,SLAM),

b SLAM [a) B0 157 i B2 Smith Al Cheeseman™2{di F{7~
JER IR 2 e %% (Extended Kalman Filter, EKF) 3 #1745 1 -
20 43K, EKF J715 A SLAM [a) @ 5T i) 2771, HAEA ]
MBI TRT EKF 49 SLAM 83K, BB SLAM [ i
FHIRN, AL EKF J7ik e 7 Hot B4 2etk . X7
Ham ki , Joie ki Jr P i B A+ 5, R e
2/ 5 ] PR IE AN BT 7 RE FE M LS A SRR

h By R 5 TP24

Hi AR ER

RLFUEE M P SR 2 1% (Sequential Monte Car—
lo)®3 28z ( Bootstrap Filter ) "5y, ¥E 58 .1 ( Condensation
Algorithm)m,'E'fE Markov BN —FPSEH 7% o 1T AT 3
BRI 2 B e B i — R B LS s R L
AGEE (Belief) o KIIEHE L RTE T EREB R E MRS
JE, AIRE T2 5y LRI DL L “ZB2E” (Robot Kidnap-
ping )}, [R]HRL T8I 71V A —Fh T Bayesian fliitH)
RN S FEAL R S T LR A R e i) 2 fk A
ARSI ) BT T 64 30 B R B hE - iR 2D SR B L SE ) I
g R S U s 153 R = vy ¢ o I S AL R B |
JCHY B IS Y, $ 4 1 N T AL s N RE A R T ] 1 €
Faeuo- 10 iy TR SRR B PR SLAM 7 v B H B A
RLFURIE R A RS BRI IR 5 A5 3 P 4 e e T
AT

LRI BB TR IR B SLAM HEFRZ A bR R
FUEIE SLAM BVERIFR A PF-SLAM(Particle Filtering—SLAM,

JEAI0 H B R B RFFFFH4 (the National Natural Science Foundation of China under Grant No.60475028).,

PEH W A SERIBE(1970-), 55, WA, SRRSO SALER A RIS E (AR (SLAM) MBI R i i s FARAR(1945-), 55, bz 1t
A, SRR R I R S I S 5] 5 WK (1968-) , 35 it B0 Wi AR ST, W URAL B L E S S 4] AL
5 NAE AR b BRI (1984-) , o, WM A: | BF5T SSUSRS ahbL 2 A M5 SRS A0 2



AN, T, FRE, F TR TR BB Sl A SLAM %ot B %

2007,43(30) 27

PF-SLAM ) #5325 e v A P& 1) e 5 B 2% L 42 ) i [l U Y
Jiike MANHHREBIPLES N LR A B0 PRITEHL P R AN T Y
[l FASA S O PRSI R A ML N L R AN HE Y
g b TER R AREAET  bRERE TR IEB A SLAM 5
TR TE 5 B ROAIS TR B S, R332 i Ph A BLes
AL ZEANHRE I PREEHIE] . HSERRRH v AL AL 280 AN
S PR S5 1 1] 14 ANTH S 4 TR ) AL e A SRR T8 B0 B
AR B, JF HREE LG ARIZ3), — iR ZES
B ERERZE , RS A TE e AL A ] SR B R
FEE AR S P 2 K, A o 2 L3 2 53 0 249 TR SR A T e B R 5
R AR bRER RS TRL I SLAM Bk b e
[l Y75 95 10 R P s il me O (4 R R U O ) A4 Jey s DR AH 2 6 B0
J5id, BIE I ey i (L i 37 2 G et o) i i DL ) PRI i ], P i
W R i PRI SRR R i L %, A BEA T
RGE 2R R R A AR

ASCE SN EPRERFE TR I8 SLAM J7ik ARG 2
HIBCHERY) SLAM 71k , e idd SE R e MR 7 IE AN o

2 FRUERRL-DEDE SLAM 313k
2.1 RiFIEDE VLI (PF)SE AR UL

LB EEVER A SR AT N ANBEHUREAR S=(5)1(x ,
W )siz1 - NYFETRALEENTE ¢ 200 R0 205 B Bel (x)=p (xl
do..)o XH x, FRTEETZ ¢ WLES NDLZERE B w, SRR «,
BIRUEL s ..., FEREITZ] 0 BUBTZ) ¢ (%I . BEAR G250 5 B
AR ZS T (N FE B N SRR (5 1 2 R AR I ) B 1=
0,1,k B— BRI EAG Z={z0, -+ 2 ) HIRES 2, X B v,
B AR BEE v= (200 y0,0,) 0 REHIRANT :

xk:ﬂ Npt s Uy W) (1)
X, AIBFHN R EAE ) 5w, R PR

MEETTFEH -

z=h(x,,M,v;) (2)

XHL M FIRIEEHIIE 50, AN RIS
XHAHEILE A

Bel(x,)=p (s )z, 1,2, " s 19 20) (3)

Fi2 18 Bayesian ERIR] IS ELEHHE .

Bel(x )=p(z/|xnuz—l 5 7Z0>p(x/|u[-l » 1 920) (4)
/' pzluy,do.py)

FEHE Markov fBeis , I EER o, SHF M T RONE Z, =
{0, sz} AXE L ZE x, AR B

p(zlx,uy,,20)=p(z)x,) (5)

2558 x0T w IRES xRN TS R HIRZS o HHEH]
u ., Bl

pCalv sy 20)=p (wlo s, uy) (6)

XA, e T AT UL, IRAE -1 I ZI B IRZS A
o WA

Bel(x, )= L p el -+ 20)
' p(zllu,_l,do.....,_,)

Bel(xl-l )dx,_l (7 )

TR A TR SRR Hop e L
p(z,lul_, o)

XA L g AHDZENIERY, WAL g N R RS . E SONE

=np(zlx,) | p(wloi,u,)

FEME RS (Importance  Function ) , F 3 U L1 I H92: 00 1
REAT E 20
2.2 bkl PF-SLAM 31k

PRy PF-SLAM BRIl 1 R, iZE R A ENL
A QIR Bk A m) B AR Tk . BDHASE & i bLEs
NALZERA P b ], [ S B i AN 8 B PR B I DR
(L GIRE YN A M TR sReS A e TR )| R N DA%
PRSP B 5 1 CRI R TG BE ) BRAH N A2 RS . PHE
b TR RGN T PR PP-SLAM HikZ1d 055 ik
PeACIZ TR E 2SS, BB 45 2 6 PR L 28 AL 2RI
SEPER RS A

g | (HUBAGCEWE ) i Amiisifion
5 < R SCHARERR

U, PR AR
L EAR%4(0,0,0), LI
LB A O
S N SR

% Jo kL Py ke b BRI
pit
e

ERLUSEET

™ IR TFIERT A
N RFLRHSARE.
i SRR PR

SEHRL T4 A

fhHLER AL

1 bRUER PF-SLAM 3L R

3 Mkl PF-SLAM %53k

BARMNEE b AR R AR T ARiER) PF-SLAM &%
G HT5 UGEARMAAZ IR B 42 e sh , Bl e 245 20 B e PR
HLES AL E AN E IR . (HSZBRR A, AT E DL g
DAL A IR B R ASHETRAY |, IR Fh A e SRl ik
THOPLES AR R AY , I HREEYLES ANBZ3h, —J7
MR ZE S — 7 RIIRZE  ASHLE A SERCE LI 61
FRAKRE EERAR IR R)SE A5 IS Sk DL A2 55 B0 9 AR S At mi
SRS LHL

IR RBRIER) PF-SLAM S A SEbrfd B T AR B,
PR ) PF-SLAM &k, S0 PF-SLAM &k 4%t
AN E BRI AL AT AP H A B FH L 2
HO L, RICEE Sy STE B  , SE i A I e i o — AN K
ST HE HU R PUAT (5 845 B B AR 50 25 S (EN S 330 Bl Y Y
P, 4RI AR L) , 4R B A 25 SRk TR B — W &
) JRI AR 2 5 s PRI R 53— DR R0 SRy R F AR 45 SR 4 (b 3
AR FESER, W% 4 R T A4S SRR TR 00 Ja
SR P AR SR O B TN T B B R AR B4 T E
PEROMLES A LA E AR

SERRA, — R FALES A B8 S SRUA I SAS Rk S AL
SRNTEARFNIIZH A SLAM [u) 8, 32 SRR £ S IR T AR
T BERRSCER E AT B S JR I A% R 55 AL AR
RAFFRIZEE, T HLE AR HZA 15 SLAM 1T



28 2007,43(30)

Computer Engineering and Applications 7+EN TR 5 M

Ferp, R HECR IRZEEOR , I HREETTREE s i 80, 1R
IRFESTORIE K, 2 BRI EU R IE A S L2 A\ E
PP A RS ) R 3R . ZE T LRI, kst Pr-
SLAM B75 5% M P8 TR AL AR TS Bl 9 BEAE R A32 25 , SR
JHIEE S5y B AR AE ) 37 200 B Joy F Y Bl P ) BRI .
BEE) PF-SLAM S8 BRI 2 B

(O IRINDE S} ElA
define x4(0,0,0°);

- i . .
draw N, samples x, from the known p(x,),give the samples

the equal weight u:;,:\lf ,(i=1,2,+*,Ny) ,using Su:{(x:, ,w;) ); (i=
No

1,2,++,Ny)} approximate p(xo);
@ SRR
for each i=1,--*,N,:

v .
draw x, according Py, uy )

!
ORI RS
for each i=1,-+,N,:
;L:;k
w ; =w/" .
@R AR
for each i=1,-+,N,:
X,
u:’,‘ =;/"p(zk\;;'/‘ )

normalize all weights:

S/:((;,’ .1:’; )si=1 2o NG

approximates
p(xlZ,)
OX T R R IR g IR IN A
if Ny<Ny

for each i=1,---,N,:

draw j from 1,:--,N,; such that
X ~1
Pr(j=0)=w,

[
X=X,

Si=((x, vw, )zi=1, -+, Ny}
p(xlZ,)
©. i
if local localization OK go to @, else 2o lo ®
@.F;
it SLAM finished go to ®),else go to @
@.45H

also appmximales

P2 Wolky PF-SLAM 3530 3%

4 LEER

PRIERITE Fg P ) 25 N B RS ERBE (RIERES v B i e 1
BY) . FRESHUENE 3 BroR, K/ A 1000 emx1 000 cm, E il
ARALES NAB SN PGEE ,  5A x,(0,0,0°), SEPRE A%
x7(360,710,91.5°),

B SERIRECAE R AR R, I AR A B R AR

SETEFHSO I o e SO G B A B ) I R i ) B g
0.5°, MIEHLIEIRIE R LT Bayesian JFERAMHAEHLE 1S,

FHFRIER) PF-SLAM A QMRS HUE A 4 s, 1%
FHLEE AR AT 2,(300,650,100.1°) ; HETT LB biE
HLES NAB BRI N, 8 R 2R K, KA —AVH
R RS SRR, 1] 5 G PF-SLAM Bk EaY
RS HLE , 15 B ALES N2 4 v,(360,702,92.6°) , 13 B 1%
2010 em, AEEIRE N 1°, BOMREHMLTE N T SLAM {155 ; [&l
5 h A MR R K BE BT 250 20 om, IZ IR R THLEEA
AR BR3P R )

Y

900
8007
700
6007
5007
4007

3007
200
10034

04

~1004 e e e e e
—100 0 100 200 300 400 500 600 700 800 900

P 3 SCRnBrBEHb P B LS A ig 2 2 el

ylem |

400,

— 100 [ |
—-100 0 100 200 300 400 500 600 700 800 900 x/cm
4 By PF-SLAM 81 4t (G ERBE b %]

ylem#

~100 0 100 200 300 400 500 600 700 800 900 x/cm

€5 Bdkit PE-SLAM 8 &t ity BRBEHb %]

5 e

SCULE R MO PR-SLAM &3 % R i 50 4
SRR VA5 SRR T HLE ATE AR SLAM A 5E {2
YA I RS BE B HLs ATEAR S 2 SR FR 8%



A, A, ZRE, T AT RTIRMEEH LS A SLAM H# H %

2007,43(30) 29

[t 7 AN AT ] ) A A2 i ] PR 4 M 5 ) A s RV i )AL, ;4
BER A JE e AU B 5T SR T A SR
(ks H 2007 27 A)

%% 30k :

[1] Smith R,Self M,Cheeseman P.A stochastic map for uncertain spa—
tial relationships[C]//Proceedings of the International Symposium on
Robotics Research.Cambridge MA:MIT Press, 1987:467-474.

Smith R,Self M,Cheeseman P.Estimating uncertain spatial relation—

2

—

ships in robotics|M]//Autonomous Robot Vehicles.[S.L.]: Springer—Ver—
lag, 1990:167-193.

Williams S B,Dissanayake G,Durrant—Whyte H F.Field deploy—
ment of the simultaneous localization and mapping algorithm[C]/
Proceedings of the 2002 IFAC World Congress on Automatic
Control.Barcelona, Spain: IFAC Press,2002:861-866.

Fox D,Burgard W,Dellaert F,et al.Monte Carlo localization:effi—

3

—_

[4

[}

cient position estimation for mobile robots[C]//Proceedings of the

National Conference on Artificial Intelligence, Barcelona, Spain,

1999:1322-1328.

Lenser S,Veloso M.Sensor resetting localization for poorly modelled

(5

[t}

mobile robots|C]//Proceedings of the IEEE International Conference
on Robotics and Automation.San Francisco:IEEE Press,2000:
1225-1232.

Gordon N.A hybrid bootstrap filter for target tracking in clutter|]].
IEEE Trans on Aerospace and Electronic Systems,1997,33 (1):
353-358.

Jensfelt P,Wijk O,Austin D,et al.Feature based condensation for

[6

—_

[7

—

mobile robot localization[C]//Proceedings of the IEEE International

Conference on Robotics and Automation.San  Francisco:IEEE

Press,2000:2531-2537.

[8] Adams M,Zhang Sen,Xie Li-hua.Particle filter based outdoor
robot localization using natural features extended from laser scan-—
ners|C}//Proceedings—-IEEE International Conference on Robotics and
Automation.New Orleans,USA:IEEE Press,2004:1493-1498.

[9] Fox D,Burgard W,Dellaert F,et al.Monte Carlo localization for
mobile robots[C]//Proceedings of the IEEE International Conference
on Robotics and Automation (ICRA).Detroit, USA:IEEE Press,
1999:1322-1328.

[10] Murphy K.Bayesian map learning in dynamic environments [C]//
NIPS-99.Marriott, USA: MIT Press, 1999:1015-1021.

[1

—

Murphy K,Russell S.Rao-blackwellized particle filtering for dy—
namic Bayesian networks|C}/Doucet A,Freitas N,Gordon N.Sequen—
tial Monte Carlo Methods in Practice.Lorne, Australia:Springer —
Verlag,2001:499-515.

Montemerlo M, Thrun S,Koller D,et al.FastSLAM:a factored solu—

tion to the simultaneous localization and mapping problem [C]//

(12

—

Proceedings of the AAAI National Conference on Artificial Intel—
ligence.Edmonton, Canada: AAAI Press,2002:593-598.

Montemerlo M, Thrun S.Simultaneous localization and mapping with

(13

[t}

unknown data association using FastSLAM[C]//Proceedings of the
IEEE International Conference on Robotics and Automation (I-
CRA ).Taipei, Taiwan: IEEE Press,2003:1985-1991.

Doucet A.Convergence of sequential Monte Carlo methods|[R].Univ
Cambridge, U K,Signal Process Group,Dept Eng,2000.

[15] Lee Dongheui,Chung Woojin,Kim M.Autonomous map building and

[14

[}

smart localization of the service robot PSR[C]/IEEE International
Conference on Intelligent Robots and Systems,2003:454-459.

(F#E14 10)

— AN AOHELR S  IZHELAR B T2 3 A pkarad
A2, WZ TR A1 EE A AT B R0, A AT
FEZAN ALK | )i 45 B2 B0 RS, 7 B AU IR TR R
FbRER R , B R SEBL BRI A R SR T 2% . B
TRBYFZA I A B THLR B IR 2R ) 5835 45 )2
BHRAF R UL A SRR il , R TR 2R
B s i Bk RO RE SR S5 IFEHH T 45 2 IR PE BB R |, i
X o HA R, (R H :2007 £ 7 H)

PESCE

[1] Pearlman L,Welch V,Foster 1.The community authorization ser—
vice:status and future[C]/Proceedings of Computing in High Energy
Physics 03(CHEP’03),La Jolla, California, 2003.

Chadwick D W,Otenko O,The PERMIS X.509 role based privi—
lege management infrastructure[J].Future Generation Computer Sys—
tems,2003,19(2):277-289.

Alfieri R, Cecchini R, Ciaschini V,et al.From gridmap —file to

[2

—

3

—

VOMS : managing authorization in a grid environment|J].Future Gen—
eration Computer Systems,2005,21 (4):549-558.

Welch V,Foster I,Kesselman C.X.509 proxy certificates for dynamic
delegation[C]//3rd Annual PKI R&D Workshop, NIST, Gaithersburg
MD, USA,2004.

Alvaro A,lIvan D,Joris C.Trust and security in virtual organiza—
tions[C]/6th TFIP Working Conference on Virtual Enterprises(PRO-
VE 2005), Valencia, Spain,2005.

RFC3281-An Internet attribute certificate profile for authorization

[4

—_

(5

[t}

6

—

[EB/OL].[2005-08-22].http: //www.ietf.org/rfc/.

[7] Glenn W ,Marty H.Policy and enforcement in virtual organiza—
tions[C]//Proceedings of the Fourth International Workshop on Grid
Computing.Washington, DC:IEEE Computer Society,2003:125-132.

[8] RFC 2904 -AAA authorization framework [EB/OL].[2005-09 -03].
http : //www.ietf.org/rfc/.

[9] Assertions and protocol for the OASIS Security Assertion Markup
Language (SAML)[EB/OL].[2002].http ://www.oasis—open.org/commil—

tees/.

[10] Smith M, Thomas F,Enqel M,et al.Countering security threats in
service—oriented on—-demand grid computing using sandboxing and
trusted computing techniques|J].Journal of Parallel and Distributed
Computing,2006,66(9):1189-1204.

George A,Stefanos G, Costas L.Security policy configuration issues

1

—

in grid computing environments[C}/LNCS 2788:the 22nd Interna—
tional Conference on Computer Safety,Reliability and Security
(SAFECOMP 2003),2003:331-341.

Lorch M,Cowles B,Baker R,et al.Conceptual grid authorization
framework and classification [ EB/OL].[2004].http : //www.ogf.org/gt/
docs/..GFD-1.038.

[13] Blaze M,Feigenbaum J,Lacy J.Decentralized trust management|C/

[2

—

Proceedings of the IEEE Computer Society Symposium on Re—
search in Security and Privacy, 1996:164-173.

[14] Li Jian—in,Huai Jin—-peng.COTN:a contract-based trust negotiation
system[]J].Jisuanji Xuebao,2006,29(8):1290-1300.

[15] Li Ning-hui,William H W, Winsborough J C M.Distributed cre—
dential chain discovery in trust management[J].Journal of Computer

Security, 2003, 11(1):35-86.



