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Abstract; For particle filter inconsistency in mobile robot Simultaneous Localization and Mapping
(SILAM) ,an improved unscented particle filter algorithm is proposed in this paper. To overcome this
phenomenon mentioned above, the algorithm utilizes an iterated sigma point particle filter to generate
more accurate proposal distribution, which fuses the robot’s odometer information and laser informa-
tion into sequential importance sampling routine through iterated update processing. The algorithm ef-
fectively improves the filter consistency and state estimation accuracy, and requires smaller number of
particles. Based on the robot operating system, this algorithm is performed on a platform of Pioneer3-
DX robot equipped with a URG laser range finder to compare with the traditional fast SLAM algo-
rithm. Experimental results show that it creates a same consistency map and the improved algorithm

with only 10 particles and consumes 325 s reduces the number of particles needed and improves the
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mapping efficiency. At the same time, the robot heading error is —1. 486 1°, showing a lower uncer-

tainty of the robot pose. In addition, it indicates that the stability of the improved algorithm is higher

than that of the FastSILAM algorithm by comparing their variances.

Key words: mobile robot; Simultaneous Localization and Mapping(SILAM) ;iterated unscented particle

filter; importance sampling;laser range finder

|

nu\l

AL N Ta) B 47 5 H & 44 & (Simulta-
neous Localization and Mapping, SLAM) &#HL%%
NTEA NI TS B #5705 10 A% I 2 4 2 I B
ML, JF A B 2 B AR b ] A R
SLAM #RE NN E BB AR £
i B4 A

H T Rao-blackwellised ¥ T & I B
FastSLAM & 3 J& % # Montemerlo 3 H 195,
M T 5 5 M K /R 2 8B SLAM )5 %,
FastSLAM B A TFE A /N 3l AT R UE 5T
Xof B SRR 22 R R L B2 SLAM 1
VAT 7 HE B850 FastSLAM & 3 A 4% SLAM
[F] R ) 2% A2 20 ST R P S o e A 1 B8 S AL 2% N LI
0 355 b PR A5 T 56 MR %6 2 2 A4k 1 Ao hy K 4R
AT T i e TR 25 (8] SLAM Bk 19 4E £k
G ME ) 1, $2 8 T SLAM MR % . Kim 250
2 T UFastSLAM 83, HAZ .0 78 T F H JC ik
A5 W ok Al SLAM b i1 5% B R B R AE
UFastSLAM g 5ELRE -, Kim %578 SCHk[5 ] H ik %
- U8 U A A A BT ] R R AT TR, B R
T4 UFastSLAM w0 3 {5 Al o [l &, 45 0 T
kY UFastSLAM 8k,

UFastSLAM . FH JG i A+ 8 3 2 AR (UPF)
T IORS 0 14 22 FHL B Y R B 2 o . UPE
HARZET MUK F ALt m e, &% 8 UPF
1B 2 7 B — A~ I T A5 B¢ o 3R BOUL I {8, 4K i, 7E
SLAM [a] v, e = — A4~ 000 i s 22 4~ X000 i m]
B B A, DR AR S 1 DA AR T O Xl &
0O L RS £ R BLAR S A ok i ot
PRV AT o A A5 R A B 25 BT 0 UL I {5 S DT
PR T M P ) S RN o 3 A B ARG B (] B e D

TREMTERR TR B TirE M.
2 FastSLAM H %

FastSLAM Bk 940 AR TE T F FHAL A% A
RIS EREE u ! = w.e s un MALEE AR
PIREEMAG B 2 = 2,y 2 RAGITHLES AT
X' = e x FIABEHIE © = 0,0, On WIERS
Ja SRR . WA R SRR A AT LSRR R

p(x,0| 2, u) = p(x' | 2 u) .

M
11 pCo. | x. 2 u™. (1
m=1

b SRR Y S R ST P A A 2 T L S X L
e NHEFTAG T P25 5 LI ASE 5 X 3 1] R A B8
XFHE MR pCx' | 2w ) RATKL T U8 37
ae Al TE  AERLAR AP BB RT3 T SR A R 58
b B0 MR A ARG i e it

3 Hatey BT AT K SLAM

FESR I A0 v il Y PR B U A S f R
BERL TS v o0 A T v R L8R DX 3 L 2 R
B AR AL, B2 = R T U8 Dk AR M AR 0 A AR AR
AR % A Sigma A5 T8 7 Kz U8 U S 3 $2 I
AT AL S R, B S TR s
HAR WAy A 2R 3K 7 o3 A

g, | x1szsu1) = NCxu P, (2)
3.1 EEMRHE

T30 67 - 08 U 110 B SRR o R AL A By
B JG R T WA Sigma sk T8 H
3.1.1 XRiEA-F

(D BAFHIAEH] L 8RR

. {xﬂ . {P&"{ 0}
X = =,Piyl = D)

0 0 Q.
Ao i IR R, o — 12
m ART B NI ESE, QR ¥ il



510 9 B J0, A BT ORIk A TE KL T U Y (] I E 7 5 P 561

N7 RHRE . PEY Syt — L BV m BT W — G=0
B P AR BT 2 R J o
() H B X FR Sigma 37 % 4k < w = (L+D +A—=d+pPti=0 |,
%Uﬁﬁ#éﬂi‘%ﬁ%%ﬂ%%%ﬁ&:%ﬁ% Sigma
S A5 B A R B E L Sigma 7 4 5 4R R BE wy! = Wt = mu =1,2,2L)
FEO R 1))
X = Horfr, 28 B R WA 0 43 A 85 B 4 B 1AL
JMW“O) X —A RS A . BRI N 2.
x4+ /(L OPY) L (i=1,2,,L) , 3.1.2 # A Sigma AR AKS L
) — (STET P (e L1, 0,20 6 R SEAT  47 80  ( D  4  H 8 54

P Ak A B3 s B R B R iR 25 3T I AR 4
Gt AR ERY B R /R 2 U8 (Tterated
Extended Kalman Filter, IEKF) /7 i) %% 8 — By £k

(4)
Horbry i FORMEFE P 195 i 9, A= o (L4110 —
149 (O 1) Y/ i —4 9[/\ it é 'i
0= o D) BT/ P RAFEHE ) o oR TR Sigma AR B
B o I A HORE AR JR) AR AN (o = 0,002 BN & 1B T BB T R
i), e RS UGE T Sigma S HE AR A e o
AL E 6 A s = | = [P0 a0

0
(M 2Nk R Sigma 3 £ 15
ajfiiza%ﬁ?@j?iiriu A i RRE T X TR

. . AR s R, Sy ek 8 75 B 7 25 REL G
PURIE S NS . . .
. . O RXIFK Sigma L R4
xu\z]\m\ _ I:x[me\ x;tt[m ;z]\m\:ll (5) A
X = [0 o 1 LT DB
BERERY fCo) R — AR R %L 171‘%’*”43 - ’
an

B~ Sigma 109 4 HTAE ] e B I i g N st
H NSRS - (4
Iy gt — R Sigma &gl Hig Qﬁ% 1 | ZUUE (15) 1 5
W (45 (3 FIH Sigma 32 £ 5 4 JE47T 0000 ) .
- dlm] [i][m] [m] L i][m]
x[i][m] _ f( u[,“] + xl([i][’“] x[ljl['“]) _ ZE - h(xt 9 x[ ) + xr ’ (12)
t t t s t— R 21, -
[ 00, g ) = 2wz (13
Sorb s g7 e AR e R R LB AR 27 W B ) AR IR ) Sigma 21 HL
580 Sigma A1 L BRI R A4 3P T L 7 4 B
(4 AL TR 285 T AR 25 Wb 7 22 T 0 g AR o B B 4 A A4 U ) T

P2 G451 Sigma S8 70 B W

. ‘ COARTS 2R 7
RS B 2 0 il ) G e A T 0 3

M Sigma SC4%# G THR P T7 2R -

GECE P - 21, _ R - R
2L R SEm] — 2 'UU(:’] (Zgi][m] . Z.E”I]) (ZEUEM] . Z‘Em] )T s
it = 20w g (7 =0
2L B o 14
P, — EO,UUE{(XP’][ U ) I — )T, Z’Jm] _ i LT — iy (T — T
(8) i
(15)

s KU R o, AR 22 AT R ) o
k) M B AN T 2R R ST SRR 2R D) Ny %
FARH il



562 e KE TR

5 23 &

S5 AN RLF UL B B DB DA A A
K7 = 3 sy, (16)
Blds ATERSZ] ¢ B9ARSTH R

A = xih A K (=D, A
FLARZS Uy 22 R0 B O
P = P — K ST (KDL ()
DEHRT SRR R AT EE B RAE -
x" ~ NG, P, (19)
QSR AL AR [ 0L 00 B 22 A BRI ARAE , DX
RiT 4 Y B — BT Y AT 2 A X Sigma
SRS TR R PAT (19) A B ZAERAE
3.2 EEMNERITEMERERE
TR T U B SLAM (1 5 B AU 7R
P 5 225 S A B Al 4 S T LNl o A 54
i

Wl = |2allm [~ 6(7(1/2)(:,,7;['"])T(L[E'"] - )
20)
Horpr,

L= (O i 3 s
21)
L ORAF I R W LT 08 DA PR BE Y — > N
B AR R AR AR P ASUE R T B R AR AR AR
B FORAE AR AT RO 2 Dy A o BT 1Y

A RO T RO A
Ny = ———, (22)
DI (e

Horf o MR T BRSO m AR R —
FEAAE . G S 5 2 AU 1 B 7 22 385, ) N
W . BT BB 50 YoM R A L Y N /N T
Z B, TEAT R L K R e B T 2 1 3
(14 k7 3R Ak ) 8
3.3 BUAEZEMNRE

P& 0 A S TG S R T 8 D SLAM Bk ) B

Stepl JEJ% 01 4R 1L

T 1 LA AR S AR A NCa
Py SFEHIMES Q 50U R DL & Sigma s %
PR BT B SRS IHILES AR S0 46 o0 i R 4R

N AR B {2 ) ~ NCa s Po)

Step2 UEPE AT

(DR . F LA N Z sh R f 4%
Tl A w IR PRy 22 Q LR 3. 1. 1 WY Gk
7 T o R WA AR TORAS X S 2
P

(2) F 7 - T SR 5 A L 3 R A B e A IR
(5) 75 M 4k &5 ) F 04T 5

(3) AR B 87 2, X R — AR AR R
AW o W T PS5 YR 2 W
MR R AT 3. 1.2 Ay %R Sigma 50K
RS B, 15 B Z R F 0 32 800 A s SR JE S, 42 X
(19) NFE L A3 A v SR 4 8 — AR, IF 1T 3k 7
N

(4) TR b A AR 0 — e A B S 17 5
ReHE

GOMRIEHLAE AL ZE X AL AE B 2, 15
m" I TR A

4 ROS 2% LA TR LELT
Wk Fk ey SLAM 52 L

4.1 ROS EH SLAM R

Robot Operating System (ROS) J& 2010 4F
Willow Garage /A F & i i —Fh Fl FHL#s A
BERGT . BT — AR ERAE R SR
S5, A A5 BB R AR R IR 2 B A A ] 2 AR Y R
7 HEFEA] T B A% 8 AN ) RE AU R AT (045 B A, o 4
iy — S T ORI ] TR I T S AT £
BURREL S I B2 T . ROS 2 — Fb 43 A 2 2 A At
AR AT A TR 2 A A A SR T IR S
1y [a] 26 RPC BYIE A5 T 32800 S 20 B o e =
OS5 b0 BUR AR AT

TR DR ROS Ab R 1) — Fft i X o 19 1
298200 v B AR A A A S T 2 (Node) 9 2%
BHLE (Master) . 2 30 Il 55 #% (Parameter Serv-
er) .JH B (Massage) . £ # (Topic) .k 55 (Service)
M B0 5k Al (Bag) . Node J& #4738 F AT 55 1
HEFR , Massage J2 F SR 3848 A %) 250908 465 4 vl 4
FAEAT iR B 1 S5 4 FNFE 51, Node 22 8] 3 18 1% 1 T
BT, Topic H THUNEENE, &2 —1



5510 19 B Ju, 45 T IR AR T I T U 0 1 [R) B E A 5 ] A 563
A AT RT3 B D) BE B AR &R S8, 1 AT R $ rosrun SLAM_mapping mapping

BT I B AL % . Master 48 4 4 BR 1 0 0 4
HINBE . Service REWE ARV HE WA HIESEA
mEAT S ., Bag & — i R TR AF A0 RO B

G DL 5=

AICAE ROS 6 B 52 M L 5 3 % Nodes
MK 1 s, Hd,/ base link H2AEEAY Topic,
BT A 1Y) Message #37EIX 1 #4732 H. ; Odometer
9 4 Laser Scan 17 s HDR I s LA THIE B OG
= Bt &4 3] Topicsrosaria T A HEHUAY RosAria
CHH & A 0915 B FE Topic LRSI fFEEH T
il Pionner3 Ml A s Master H] 75 & 7 fi #4711
W} A5 42 s Map Building #2 B R2 3T FHEOLE B
I3 3k 45 A e B AT e P A

F A, ROS H 24 T — A4~ 3D Al 4k T. &
Rviz, AT LATE 5 755 TH] A DX 38 36 8 75 22 /R iy 3 i
Bl —A> 3D Al Ak X 3 T S B i 2%
8 JIT A L, A SO B ok S AR £ B O BT R A Y

Al
. Map
ruilding

Odomerty msg

Laser msg

/base_link

laser msg

RosAria

1 ROS L5817
Fig. 1 Node operation diagram on ROS

4.2 ROS E¥# T
St )]

ALK TE Pioneer3-DX B shifl#w A L k47,
AL AR % — 4 URG-HUKUYO ¥ I # A
Fl—ASFE 081 PC, PC 24 Linux(Ubun-
tul2. 04) F3EATHY ROS R 5, 38 i H 12 ok 4% il
PLEF AHE 3, JF SR 4 BUARR 11 RN O BHls 347 7E &
b AR RN B 7R o R S8 AR SE G AR R B AT Y
TR

$ roscore

$ rosrun ROSARIA rosaria

$ rosrun SLAM_ mapping transform

T RFER E &R SLAM

$ rosrun Rviz rviz

H A1 roscore Hl FHT H A R 4L, rosaria 7
AT PC 5HLEF AL H L transform 17 & {3406
At BRI AR AR A 4 B 58— A AR R T . map-
ping T AR SCHY E L BOREAR 98 BO6 AT BRI
P AL AF B R AS SO A0 ek B 5 R
SLAM,EﬁEﬁﬂ Rviz S0 878, & 2 fros,
HrbP 6 X W oy St 3R 5, B 6 X B £
FEfF 9, D OGS, P oL N 1R i
TR AR

Bl 2 Rviz S 7R
Fig.2 Real-time map of Rviz

AR S 43 i 4d A% G FastSLAM 8 ik Fl gk
PER AT AR R . Bl 3 A MG B8 FastSLAM
BRI A0 R I AR A, TS
02 Mz Bl 5T rh R AT SR A 4 1 R A 5 IR Y W
A o DA 3 B80T 1 5 22 R A 110t ] 2 1 B
AN—FIHEANEF asbsesdse b, B 4 Rkt
GRCR LI VI TR A FE AR S

Bl 3 555 FastSLAM % v b 2 1 b &
Fig. 3 Map built by traditional FastSLAM algorithm



564 e KPE TR 23 %
F2 MMEEMTHBEILER
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Fig. 4 Map built by improved algorithm
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Tab.1 Parameters list when building a consistency map

Algorithm Number of particles/{~Elapsed time/s
FastSLAM
AR SCRE

40
10
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325
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