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Abstract Due to uncertain time delay of data transmission over Internet, teleoperated
Internet robots cannot accomplish the desired actions of the remote operator in time. This
paper investigates a novel approach, user intention modeling, to compensate the uncertainty
with the robot autonomy. The user intention to control and operate the networked robot is
modeled and incrementally inferred based on Bayesian techniques. Consequently, the robot
can autonomously execute the task without frequent interactions with the user, and this
decreases data transmission over Internet and improves the efficiency of the whole system to
a great extent. Experimental results demonstrate the validity and feasibility of the proposed
method.
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A SE (WA e 2 — RS TR P AL 1 L SE R BRI R AL AS A SR B 05 B AL, I PR
P64 R AN 2 BT EA MBI ERBBAT" ™. i TS REE TR E, BT
VAR A 76 0% 38 TRE B 7 SR A 5. SR 1T — A 78 70 B SE AR AL SR WP m AR LA A S H 3R 5
HA RS IER, @ X R REMERN. FEEE, B AR5 B % m bn iy )5 5 2
M, I PXTALES AN A G] SERR B SRETFIRE . 1 24 1A B 0 o 4 A, A
P ] B4 £ B SR A T A e RB B AR R S B I RE . (EX R — TR B AR S, AN LU
HEEHE. B Internet BJFE A e, MHLES AL B H B 509 H AT S A0 LR
H e, FAR E R E A R T LE A — B i A e X A . 7R
e, BEEE TEHSMARZI, REMZEEAMESSEN AE. I3 AW A £
BARBE/NE TR SR, HWSIATHNE, RHERELESH. AfTEZER “F
8 F 7 (hands-on) B B EEEH], TRERIEN H BV A TR 3762 1 L5 58 56 A
R Bt B 457

A SR — TR B P 245 B B AL AN FE i vk, BIGE kX P R @ AR I SR AL A A
BB, DS RIS N Z B A H, MR T A5 2 S B X 5 41 i s

2 AP EREEA

ULt B B R E 28R TR FARRBILABARSE ", Rl BEEN— RS
R P W B SR B R G HOIRS R B MER A . TEA TR, FroeiEm R4
HEAFMELERE, &MWEEEZ M &L A& RIS ENAZ Pk e 6 8
A B, ZAFREE A IRBR T 4@ MRS MR ¢ B ZIFTHLEE A B 28R
P w18 2 & FEIRAE B, TEA7E B AT ¢ BT 26 P B ELRES.

SMEEE S Dy = {di,di—1,- -, di,do} FTAPlas NFBUWERIH — RFE A0 2= F A P
A, di(0<i<t) & BZIWMME. &INMAH v RAHPER, BHPELLILES AN EE
BRI, v B t WZIAPWEER, U BRMANREIIAE &, —H, a8 AFA
MEHAPFORIER, BEREF PR THAPAERMEZEEMNSERS M. B8 ¢ 1A
RTBIET A WRINME, MR P(U|D,) RTEBA S B 2 L ¢ B2 6 i B B R 1. 6
m, P(Uy = w|Dy) RARHLEFNNHTE ¢ B2 P B ECH v WHERE. B EMEE S A
Pl N B AE AR A P e A8 . 76 D Y, 8 v RREFRER IR, o R
A, MM EIREVLAR RS AE VM C RoR. FEBERAES R, LA A5 382 H B 4 %
wfE R o AP MA o, BN ERBH —2LRRA {c, v, 1,00}

AT G TRBEAGE, IR ERETHITRREED/RARY, I AL E
SEHASET HIPRESZ R o . AP EEWHR, TEES—BZE ST ERE
FE K %1 (Probability density function, PDF) P(U; = ug|Dy). X4 H W0 B -

MG B fEIZ M B AT R B A ERAHE S, #d PDF P(U; = w|Dy1)
A P e Y ETE R B ERATRMREK, BRTEE w ASE— 2SR we NS %
BAHE R v AR, EFEFMMEEE Plulvi1,u—1) BBBHE L. B PDF 41T

P(U; = w|Di—1) = /P(Ut = u|ve—1, Upm1 = us—1)P(Us—1 = wg—1|Dyp—1)dus—1 (1)

P(ug|vi—1,ui—1) TS ERA L —ZIEE R v . MMBEMERREE R v B, A/
MESLHEE v R,

KIEWY B iy Bol ik 58 iR P R ASIETE L — I BB By PDF. 25 & H #i
WAPERE, B tBZH SN o FMEMSLTFRRTHNE Doy = {di—1, -, d1,do}. H
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Bayes Rule, 5% /53 PDF:
P(Ut = ut|Dt) = 7’]P(Ct|Ut = ’U,t)P(Ut = ut|Dt_1) (2)

A, 0 BAREACHR. Ple|u) RERPREN ue TIHLAFANE FEERE] ¢ B
B mREAEMMEBRAR, P(Uo = u) FHANRIEEN AT ERIES G LK —Z 0.

3 Lk

A E T —MELRERRERS, it T Bl AR P B R e LR
%, BIHLAR ANREAS S DAAE 8 B ORI NE P S e B 5. A3 SO Bk FE i AR A8
BN =GR u = (z,y), A EZENA AL y BRERIEE « 45, Hrmd
il 8 Mg, TRV NB M EGRLZD). ARmCEEE, ERSE o Wk
N x, RARFRFERN BRI AN EELAHIR. R 1 A0 TE&NRERPIETREE. R
LR A FRERE X, #—212 1 Bayes Rule, 2 (1) Ml (2) & AKELILH.

1R R HTREE

Table 1  Establishing attributes and their possible values

B =}
GSEH X € {b1,bz,- -, b}, n FREPHEEL
R E Y € {f1, fasr s fm}, m AERHR LR ER BRI
BHE U e {ur,ug, -, ur}, k FF nFl m HFH

WELEBR Ve {b1,ba, - b}

EHlme C € {robotForward, robotBackward, robotLeft, robotRight, cameraLeft, cameraRight, zoomOut, zoomIn}

P15 2 RS N EER 22 ST HEA. RE PR REL R, LR AR YA R 7 f A
TERERT 7 BFCIRGLA & T A A 8T A AT B BT A 4% C F—RIIFE
EHHRESEGEESAES, XY THAWELZNESRE. MAR B NEFEHAR A
M—EEHIEASE C . BT AP YEIVLE RS E IR A B ITRES.

B 1 BREZILAR AU AT A A2 3| 12, 18 fil 24 20 J5 W B9 B BT R
S, X MY RIRAFE LW 5 ABREELN 3 BBKE ENMBEHEZEX 15 A7)
REMEEME). 8 U MR REZRITCHE AP L EE.

%3 HEITHRZAT, ME MR EEIEEC YR HTS —SEE R
EHRNEZEAE, XMBIVBZANZIVIGELER XK. NE 3L, IS AREIE
B2 REr AR EEE. % 1220, BRETMErEH P BEEHA EMHIW
BUMAER. X T —NESLRIS . EETEN R RE IR I A R i B IS8, It
BRSNS — T AW, B 12 58, ARELE 7B &A:, BB T i
W E, FELAmA TR AR Z ARG B R R IR T XA EE. B
128182, UrRMA P ELERZHENHHERKWMEE, HESE 214 LE, REHK
KT D EMEE, HXTN R K 0.18. it BB AN ES, HLEBRADLREH
EAPMELERE. RI\EMITOEE, P88 EEER PSRN, FEEA R
RWEZAr. ARLRUEA T B ik ae s AR HEwT A P B
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Fig. 1 User’s intention inferred probability distribution after 3, 12, 18, 24 steps without time delay
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Fig. 2 User’s intention inferred probability distribution after 3, 18, 24, 30 steps with time delay
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Rk, B L—LRAL, 5o R R E SR E RN, FUE T HA A
M. flan, 26 24 LR, B 2§ U AR IRE R EIER(E R 0.145, /NFE 1 A
B 0.165. £ SEMZ IR, B 2 765 30 2, RZ T2 B L8 BB RE & 28 AR (E
0.025, X /NP RT— L8 5 24 25 o J5 TR B A RL2ZH 0.05.

4 g —3 TAR

AT — PO B Ik, BRI DU S BRI P R E AT A, A P AT o A
e RRARERF RN P H R . ARIEHEETER, TRBEE, Yl e H Ei
MR AT H P TERAT 8. B P 4 HLae AR GEREAR T Xl IR 5 /9 BRI/ T A
RESERT AL, R TS e M PERE. SER A RN T iz Ok A e A AT P
R ATEH OTIR R R SR i — P i AR B TR o T B A PR PR
e, ECEREA BRI TSR, B0, Ty R pyE A — ik, 6
12 TR RS NERIEES F, WREFEARHT I .
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