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A case study in real-time UKF-based navigation

for indoor autonomous travel of mobile robots

HUO Cheng-li, XIE Fan, QIN Shi-yin
(School of Automation Science and Electrical Engineering, BeiHang University, Beijing 100083, China) )

Abstract ; A new real-time navigation sirategy was proposed that reflects the requirements and constraints for indoor

autonomous travel of wheeled mobile robots. The unscented Kalman filter (UKF) algorithm was employed to carry

out on-line filtering of mobile robot positional data collected from ceiling cameras and the odometer. This allows re-

al-time navigation and positioning for control of indoor autonomous travel. A series of experiments demonstrated that

this navigational strategy and implementation algorithm can meet real-time high precision requirements. These re-

sults make our strategy a good reference for further research that will lead to practical applications.

Keywords: indoor autonomous cruise; UKF'; real-time navigation; mobile robots

WEE NRRR TN, B3 #l 45 A7 A Bk
B TR SRR R D B
R FR AR S A I W RS AL
PET5 T , H AR B ORIE AL Tk o R 3 A
BATAELHMATR T AEREZEA. BEB,
FRN BRI AR EEARGE M
B SR Hh gk AR R E
I SRR, WA T IR PR 535
R R RTE. X TRESMITENS , K2
BIMAENEREER, FREOREHERF LR
WL, T SER RO a2 B . 7ER Shtlat
N B ERBIHLS T, B H Z R4 N RA I R
JE BN AR SR B 0 , DT S B So-42 il 5% e )y 47 48

U 8 B # :2009-04-13.

E&T A BirR 85 EEE& BB E (2007DFA11530) ; B R F &
ARBFS & iR (863 ) F 4 %F BT H (2006AA047207) ; B
K ARPIEE LB E (60875072) ; HEHFE L AES
B B (20060006018 ) .

B 1EE : ERAL. E-mail ; hehlsy@ sina. com.

DL BRI RERYE s (B2 — R AR A A e et
AR BESTEEN R ERFRR, VLS
BRI, BRI T — ol 1 S e - A SR M 0 O 1k
RATAEENEX.

B R, SSa R R EN B MR AT
T ERHER A ERETE0HE , A BT, A
PRREERETR T, RAE S T LA S
AR . 7 SEBOR T , A R e s LA K
IR %, 72545 R %15 B 1 [] B 32 8 S0 e Ak 3
B E LA B LK.

A — KB B S ALK EN B £ BT
3, DLESR Lt s o 2 , 5 B EIYds s
SRR A AR M, SR A B85 4 (unscent-
ed transformation, UT ) 5 258 59 &8 £ /R 2 uB Ik
UKF"" 7 4k B 328 5 R I S - SO0 AR
RSB AR. RER Y B+ /R 2 18Ik EKFT )
(extented Kalman filter) #f [ %5 , UKF B &



- 296 - BB R & % #®

F4%

St PELE , B T AR R A A, TR R
WX =B RGEBURIT, B AE S T ARGk
SRR

EREREIE T AR B S LHT R
Fri g k. %5 8 2 AFh R shblds A DRI B 72
BEAT R et e iE ik LS BR300 3, AR SOR B R
B —RKshtlas AR E N B R8I L FAEIL

1 BahHl s Az s B fn IR E

1.1 B3l ARISshER

#8255 A ( wheel mobile robot, WMR) 4N
B 1 s URER s £ i 2 NS A — 1 a3
WAL 2 NSRS A B 2 BREE LIRS, IR 2 A
BN EEAR, RGBT A =
B, SEIFE s El.

1 BABIEA
Fig.1 Wheel mobile robot

B TR R BA R IE TR ¥R
%, BRI R T 5 0 T 1A) O 7R Sl kb 0
AR IR X — BB ARKME, B FE
BN, sz E S ST e,
B G T DL 2 % X s SR R, 7E R IRIE , WMR
2 SR BT B 2 1R, Ko v fl e 43 51R AL
e NHF R LR FIe s A T, v B 7 ) R A L
# AWBBIITH , 0, 5 v, 352 WMR 2R FA R
IR E o RYLG AR 1] SRR R X 8
BRI, BIPLER I8 S AL e /. XA WMR
HPRSRTT LA H 2 MRS R b A C R R
AARR TR (x,,7,) REMM o RFR,$X =
(%, , @) "FRPLENRE, Tiu = (v o) MEHIES
FRERI PR A
BELas NHE s B T LIRR
x cosa 0
X=|:jf]=|:sina 0]“+W- (1)

a 0 1

AW RERSE, ERAKEN 0, TEN Q1
IEZR AR, B RIA Y AT, W LR (1) S
R BT

x(k+1) x(k)
{y(k +1) ] = {y(k) ]+

alk +1) a(k)

v(k) - cos a(k) w, (k)

|:'v(k) °sina(k)]°AT+[w2(k)]. (2)
(k) wy (k)

A w,(i=1,2,3) 8 WHERE i & flH2
BB B Lgs A A 5 i B THE N ) & % 3%
-, VEs AR R, Pl NBALE AR DL Bblds
AWEshirm e D ESgN 253, B LIE 3
RERME LR
x(k)
Z%)=Hoxu)+vz[ﬂm]+v (3)
alk)
10
A 2WEME H = [0 1
0 0 1
RARGENES , ERMNIER 0, FZ K4 R WIERS
4370

0
0];V= [V1 Vz Vs]

Ie) : =X

B2 BABIEANSHRR
Fig.2 Wheel mobile robot motion model

1.2 ENBHFRE

AR 7 R LB T T ENK
L TE , RERS PRAEHLEF NMRZEIRBIE 3, 755 T IR
IERGE B T SEBUME, R B RIS 0L B AT i SR bt A
AR, E A A Y 23 B TR DL S ek o 3R BB T
W RRARHNE AN 2RE R, IEANS
LE Nz SR ALE 8. BTR AR B TUELINE 3 Frs , 4
VLB T E A 4 B,



FAH

BRI, % T 0 E A SIALES A KT8 B S SAL 7 - 297 -

B3 BTN

Fi

3  Ceiling camera

B4 FEYLAYPLG LR

Fig.4 Vision scope of the camera

2 BHPBEAZNE ZRFWLHE T
5K
10 S B, T SRR AELEA E 8, Al
FRAET PID RSk B HLEE A O o 1
FEE o, BRYLE AKIRBUE MBS, S xiHLs
A B WS E T T UKF 830 FMEL

2B it

i
I
| B A |
{
HEREE
B5  HLas AR SERHFAL AR

Fig.5 The real-time navigation strategy of robot cruise
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Fig.7 Realization scheme of real-time navigation program

of mobile robot based on UKF
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Table 2 The error comparison of mobile robot based on UKF
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