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A system for telerobotics in environments without landmarks

CAO Wei-hua, WU Jing-bin, WU Min, CHEN Xin
(School of Information Science and Engineering, Central South University, Changsha 410083, China)

Abstract ; To improve the practicality and efficiency of telerobotics, the authors developed a mobile robot system

which uses a wireless network. This allows robots to explore environments without known landmarks. The system

consists of two subsystems, the mobile robot itself and the remote state monitoring system. Based on the functional

requirements, a hardware structure was proposed with multi-controller cooperation and muliti-sensor information fu-

sion. An improved vector field histogram ( VFH) algorithm was presented. This gave the robot the ablility to do re-

al-time location and laser ranging. The remote state monitoring subsystem served as an interface, giving target data

to the robot via the wireless network. It also monitored the state of the robot in real-time, building up a map of the

remote enviroment explored by the robot. Experimental results showed that this system performs well when exploring

unknown environments.

Keywords:; wireless network ; real-time localization; path planning; map building; telerobotics; SLAM system

H K. Goldbergz 7 Mercury Project W2 H{ & F
Internet B FIZEHLE NG FEBEME ML EE
RRE, BETEMERFRITRAARME EH
REBINEAERFEFEENEL, HEEE &
B \ R B SUR B A TR 1 L B 5% -

STFHEERILE AN S, SLAM ( simultaneous lo-
calization and mapping) FE—TiIE % EE K ThRE?S .
B AT 48— 0k SLAM B3 B =M T5
YL AT, Hb 7T EKF( extended Kalman filter)
i) SLAM & 3:1*% T EM (expectation maximiza-

15 %8 B 37 :2009-04-18.
ESWH: B 8 ARG BN H (60874042).
WEEE: RS9, E-mail; wjbwsb@ gmail. com.

tion) By SLAM B U E TR FRESN
FastSLAM 8.3k > g SLAM BRFE B E 907 1. 3%
B A BRI T B B 2 Akt AR, ST L
BAREHBERS, XX T ERUBRARRE N
BHBHISATNSRBEETEZ.

SR SEf 2 SLAM [EERY, IR T W 48
BRITSAETERRANRERRH TR EE
BIRAHTHEAMACERE THRE BRI E
1 (BFER AR R B AR R B SE A
— e FE FERAINET , LSS A B0
BRI ER B AR EL B M3,
BHAE BRI B TR BRI n T
SLAM B y:f0%E Ze i , IF] et du i hn T 355k 25 09 S 40,



F3H

D4, % TR TR ERENLSEA SLAM &5 - 241 -

AEENMNATHRARRESE.

£t SLAM B3k ) 52 2% A1 S i (R R, 57
T ZEREIME R ZERGE BRE B SPLEA
WG, R TR B B KRR . Bk
115 : ZAE AR B BB I S2 B B AL K R A2 R A0
FT MBI R T . BT O M 481 R A3 5%
THREISARGT D ABRINSATRE(LUT
fifRdlas ) FPlss NERREERTFRE(UT
RIS RG) 2 N ER . ARG & B Web B
FHLEE ARG, IF T #Eiblds A LI Java Applet IEHR
RENBRIERERT , WPl AT

1 Hl#& A SLAM #u s 42 L X

RENFFHE T HFERYLE ATESI SLAM S,
TR LAE N R SRR LR LH 3 N
B ML GBS T BRI AN T 5 800 32m) 7
753, G Y RTHLES AR STt AR AR Hlgs AT 4R
ARSI ER BiR s, Bl 2R REFE R A
AR TR PR, I3 FHLE A m BAR S 30.
F BT IR EE R, Bl AR BB G
A MR G T E 2.

1.1 ZHER

EE PR ARSI, L2 NEEFEE L
B f o8 X BhE ST RIS ARRR R, LA AZEBE
FIRER 2R AP R B B R FHE
M. RSO GBI T 24, WL B B4 — AR
R KRR, LSRR FLIRR 5 2R B
R MR XL T AR Bl 2 TR
WA , BRI FHA R Rl R R A A .

M NARA RIS AR T RE RN ENT
R HEMIBRUNT IHEABINEREE, UES
B RE Y X B, BT e Y B, A
PR AOB,iTE H B S 2845 ARG BE LA EREN
RS 2RI R X0Y, it AR 83 L3
NFEERBIRR PR AR B3 AR s, LR
BBk I, FTREH TR LS A ER B B
FEFR/LL 30 Ho W5 R 5 th A AR B, 7T LA R 0
PlEs AR SR R A B, b, B o] SERt B HLE
ANFEERABARR RS, W 1 fiw.

SR T K AR, DA A GE A b e )
BIHMELRENAS LR EE BB 3. &®
WIGRETZ oo LEE NBIAAR R (2, ,y,) , BE B SR
DT EET A i B S B LA 6 L GBS 28 ik vh )
BEEILE A SRR AL W AL, AL, , -+, AL,
S HRERPLAS ATE A, Aty -+, At, B BGE I Y EE

B ERL T B AR 1 R TS SR AL
I AR O, MIZERL T IHEE, T = 3 Av, 138 ARSI

B L= 3 AL, 75 1, RSB (5, .9,) B

BAEE—A T RE, et ABAL T HELE SR
T,

%, = %, + (Y AL)sin(0y,)
i=1

ytn = yto + ( ZALi)COS(Obot)'
i=1

HH:0<0,, <2
v

b4 ’7 )

Bl RELGRSEE

Fig. 1 Coordinate systems referred in the calculation
L2 REHEAR

PLEs AR R E , B8 B R A5 M B s 2B B 1R %
AR , B T 75 B 38 ' 0 B 2 7 4 4 ) R R
W, AR SCHRH — FF B gk Rg VFH ( vector field histo-
gram) JRHHAMRER  BEL R R T LR
HERREHEE I T ERRBR R BT E
RE —A~ S8 B 1 f A S B @S U R, 3=
DL N2 T 28 3 BT A i . BB~ s s A
ST, VLA B Brieds , S E 360°HTEE , O
B SR H—MUHE. Pla AR RU &R/DIR
3442 Bl 1. B e B 3 77 1) o 0, M 1o e 4%
BERAA

0 = arg(min(C(a))), 0° < a < 360°.

HF:C(a) APLEATE o i LIRS RE, Hit
B

Cla) = ; w,F.(q,a).
S0, B A B AL O 53 AL,
HWR S0, =1F, (0,00 HHLEAHXS B, FH7 )

REARARMS R, B F, (¢,0) HAIMERS
EE(E; F, (g, @) FBOCE RS R BHIEEE; F; (g,



- 242 - BB R & % #®

®5%

) NpLas N Slas A F B An s LB A 1H,
Ha et EA .

BT LSMERATIEEE F, (¢, ) TR EDLE
NI 52 BB i B9 3 4. % AFERE g R o,
F(q,0) SBFAN B B 21 S M B SE R 7 0] 62
PRAREMROL. LRI SRR K, F, (¢, a)
BN, Hlas NBT Bin R 07 M B M. £ TH0E
EEME F,(q,e) WTLAN BRI YIEE B3 185 L4
N, T e NEia SHlde AM B s m &
LHIRAE F5 (g, ) T LA E VLA A8 B AR K83
77 1. BRI, S BUE w0, KA B RS O
—HRUHE , WSS 5518 T UL 17 BXIpla K
S, SEPLSE A B AR M.

B 2(a) BT R HER—ALH. 72X
, Hlas A% A BT I A, 1B
2(b) iR bl a8 AHH 0° ~ 180 K 45 A R IE
77 B RIEEA A, PLE NIB 3 AR TE 40° ~ 55°
1 80° ~95 Kyt /. Hlas NMEWRIEK (2) 18
AT —Bis s Ir A,

- BB
180‘%00

Hirdi @
BETT 41

NS
LIREIN

270°
(a) ERYBERFERIHAE

60 -
50-
40-

—_

= 30
20

1 31 61 91 121
a/(?)
(b) Cla) WETHE
B2 REEEARISE AL E
Fig.2 Example of local path planning
1.3 KEMERE
R RERBOF B plas ATEE A 5 BRI
HAERME B, BRI EHHLES A& d 35 H RS
YRR, SR S E BT BYLE A B0
B BERRYRERF . BEEE S B0 8 6 A
SRR LRSS A IEOR. W, SOt EH BIRR

151 181

Y b, BELEBCEERR , SR EE B R#ETT —E
1, MR B RO EN RS LN R
B, Z BN =ARETT R W RS RS kN
FEES, BV AN BRI Y BE RS, Wil 3 BraR, WA
D HEOtHRE L SRR Z MM, 3 H D W H
D = h/tan(@,) = h/tan(pto x e).

HEB/H. X b BB R EHBRELER,
0, ARG R ARIEELR SBOCR A4 i e/, pto
RN EEEG P OB REER, e N
N DR R AR AR,

Rk, I -4

(b) Bt A
B3 ZETERGRCEMBOLNESRRE
Fig.3 Laser ranging with image processing

5 TOF (time of flight) HOEMEEIEA L, %7 &
HIDE RO A EE B BEERCR 4. T BE HBOG R # S IR
&, AR LERAHER, IS AT ERUE RS
B AR RS AR A SRS B AR, it LA G 75 ¥ BRI
HE YL ABER B/ MR, 58 B I EE vk A
He, 10T RO RO B A TR BE B YRR AL
RN, BA/NE B PR,

BAEREEATR D 82 NMAE R, — A
HIFEAP IR 1) Ll AR RG 5 —EFE RS Y
—ANEERRI, LB B b O SRR AR R AOB,
B BOLMEE AR 72 80 8 AT B B7E¥R
4 R JEENHERYIME B, AR R las A REE
B K51 52) AR SRR R R ER B R Tl 1 B HEA T R
BEARARRN , 15 ke 12631 4 R 975 20 O R A EE B8 Ay
mfE B LA ZEARS;3) R ARG R &1~ AH AT b
fef)E ROE R R E M RHE . HLES AR5 B s
T, BN T 2SR AR, Bx e K A%
WP B A — TR o, e LA A 7 B
IR A — KPR R .



F3H

B4, % TR R T EBIRAEILSEA SLAM RE - 243 -

75 3) PSR, LS AL R R 8S%
JE AT RN AR BHE R, (RIS M H 2h
B 5 RAHIE , B ARTELEEH O,

2 EBEREHA

DNERTE LA B4R BRI SRR BOR , 2
FTRAKXRGH B XA SLE ASE BT HRB B s
IR AR I SE I B AR MR , 0 S e T S S £ B
PRI Bz R P A 7 TR B A 3
2.1 XWEE

ASCHR I PLAS AR ARMO R R By Hx A
AbFREAE Dy A, A T RA B S
linux (2.6. 14P98%) 1 HiRfE R4, E&RBRIE K
v AL S S 2 X AR ) U R e Ty
. PLESNFEAR 279 0.2 m 0. 16 m, HE K
BEAFEEME 4 Frn R ARG EL TLM S S
NI EE, A TRl MR ERIE BUER
BAnA, BaRtlas AMME i EREBE B FLESA
Hatr 28, AT A AR A RS RENFRLH
PLES NGS1T R AT S5 . Blds N FASRAER FF
BEHEP AR BRR, PR AR RER
HRFEREEABARR. IENERRIBDH
HRE RAMFLHMEER, TR K LA
M, BBk B0 BT B B I ET  BE A B AR AL
X, B T2 8B 5 E

#igek

oy

LT HME RS

B4 HLEABELLEH
Fig.4 Robot hardware

PSR ATE N SEHBIMESZELRHFER
BB B S SE BT R B D BE. TR 3 MR ik
AR RG D BRI 5 SRR B Hl e
HfE AR BRSNS B oV B
1l LA Bl %ok v B 138 S A TR ) 3K AR .
B SPSREIGE N & O 55 5 RS Ik 3l
BHRATRE. BRI RESHNE S .

v s e o e i e

Ve ™~

{Catest) (g ) (WG,

v

TR RSy

|
|
|
I
|
|
|
A

{
|
!
|
|
|
!

E F B HLE S

SR

|
|
|
4 :
|

1
\ G e G LD R

“om i s it e o o s s o s v s i s

BS5 HEEABBEHE
Fig.5 Configuration of the robot system
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