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Outline of the Talk

z ,QWURGXFWLRQ

z 5HODWHG ZRUN

z 3UREOHP GHVFULSWLRQ

z 5HYLHZ RI LQWHOOLJHQW QDYLJDWLRQ LQWHUIDFH
¾ /LPLWDWLRQV RI WKH LPSOHPHQWDWLRQ

z ,QFUHPHQWDO URDGPDS XSGDWH ZLWK 557

z ([SHULPHQWDO UHVXOWV

z &RQFOXVLRQV DQG IXWXUH ZRUN



Introduction

z $SSOLFDWLRQV�
¾ �' QDYLJDWLRQ LQ D YLUWXDO HQYLURQPHQW

¾ 7HOH�RSHUDWLRQ DSSOLFDWLRQV

z 3UREOHPV�
¾ 7KH OHYHO RI QDYLJDWLRQ FRQWURO WKDW D XVHU QHHG

WR SURYLGHV LV WRR ORZ�

¾ 7KH IUDPH UDWH IRU FRPSOH[ VFHQHV LV VWLOO QRW
KLJK HQRXJK IRU SUHFLVH FRQWURO�

z 'HPDQGV IRU EHWWHU QDYLJDWLRQ LQWHUIDFH

z 3URSRVDO� XVLQJ PRWLRQ SODQQLQJ WHFKQLTXHV

WR DVVLVW XVHU QDYLJDWLRQ

The Basic Path Planning Problem

Obstacles qgoal

qinit
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Related Work

z 8VHU ,QWHUIDFH �8,� GHVLJQ LQ *UDSKLFV
¾ 'LUHFW PDQLSXODWLRQ PHWDSKRU >6KQHLGHUPDQ��@

¾ $JHQW�EDVHG LQWHOOLJHQW 8, >/LHEHUPDQ��@

z 3DWK SODQQLQJ LQ 5RERWLFV
¾ %HVW�ILUVW SDWK SODQQHUV �IRU ORZ '2)�

>%DUUDTXDQG��� /DWRPEH��@

¾ 5DQGRPL]HG SDWK SODQQHUV >2YHUPDUV��� .DYUDNL��@

z ,QWHOOLJHQW 8, ZLWK PRWLRQ SODQQLQJ
¾ )RU DXWR�QDYLJDWLRQ DSSOLFDWLRQV >'UXFNHU��� /L��@

¾ )RU FRPSXWHU DQLPDWLRQ DSSOLFDWLRQV >.XIIQHU��@

¾ )RU LQWHOOLJHQW QDYLJDWLRQ >/L��@

Navigation User Interface
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q: current viewpoint config
q’: next viewpoint config

2D Workspace

z 0XOWL�VKRW SDWK�SODQQLQJ SUREOHP

z 3ODQQLQJ HIILFLHQF\ LV FULWLFDO�



Defining the Planning Problem: 
Predicting User Intention

current 
viewpoint

A1

obstacles

B1

C

B2¶

B1¶

C¶

B2 A2

Possible Cases:
A: No modification
B: Direct modification
C: Indirect modification

Results:
1. Trivial path: A1, B1¶, C¶

2. Non-trivial path
3. No path

Randomized Roadmap Planner 
Improves Navigation Efficiency

TL
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Improvement: 73% on overall navigation time (VR2000)

5RDGPDS

TJ �JRDO�



Scalability Problem 
for Large Environments

z 3UHYLRXV URDGPDS SODQQHU LV IDVW EHFDXVH�
¾ 5RDGPDS FRQVWUXFWLRQ LV GRQH LQ SUHSURFHVVLQJ�

¾ &ROOLVLRQ GHWHFWLRQV DUH WKURXJK WDEOH ORRNXSV�

z 0DLQ OLPLWDWLRQV�
¾ 5RDGPDS LV WRR ODUJH WR FRPSXWH DQG VWRUH IRU ODUJH

HQYLURQPHQWV�

¾ 2EVHUYDWLRQ� FRQILQHG SUREOHP LQ D ORFDO UHJLRQ�

¾ 3URSRVDO� XSGDWH WKH URDGPDS LQFUHPHQWDOO\�

z 5DQGRPL]HG URDGPDS LV WRR FRVWO\ WR XSGDWH�
¾ 3URSRVDO� DGRSW D VLPSOHU UHSUHVHQWDWLRQ VXFK DV

5DSLGO\�([SORULQJ 5DQGRP 7UHH �557� >/DYDOOH��@�

Algorithm for Generating RRT

Generate_RRT(xinit, K)
1. T.init(xinit); // T is RRT
2. for k = 1 to K do // K is #nodes
3. xrand' Random_Configuration();
4. xnear' Nearest_Neighbor(xrand, T);
5. xnew' New_Configuration(xnear, xrand);
6 T.add(xnear, xnew);
7. Return T

Xrand
3

Xnear 4

Xnew
5



RRT and Update Windows

z )RFXV ZLQGRZ� UHJLRQ RI LQWHUHVW IRU SDWK�ILQGLQJ

z 9DOLG ZLQGRZ� LQFUHPHQWDOO\ XSGDWH URDGPDS DV WKH
YLHZSRLQW H[LWV WKH ZLQGRZ�

:RUNVSDFH

0DJQLILHG :RUNVSDFH

Valid 
window

Focus 
window

Incremental Update of RRT (1)
z '\QDPLF DGGLWLRQ DQG GHOHWLRQ RI QRGHV

z �' UDQJH VHDUFK WUHH IRU FROOLVLRQ FKHFNV

D

A



Incremental Update of RRT (2)

z �' UDQJH VHDUFK WUHH IRU

Experimental User Interface: 
A Maze in VRML 

z 3ODQQHU� LPSOHPHQWHG LQ -DYD�

z 950/ EURZVHU� PRGLI\LQJ LQ -DYD�'�

z 0D]HV� JHQHUDWHG E\ D PD]H HGLWRU LQ -DYD�

3HUVSHFWLYH 9LHZ 7RS 9LHZ



Examples of RRT’s at Different 
Instances in a Large Virtual World

Experimental Data 
for Different Environments

����1�$7LPH IRU HDFK ZLQGRZ XSGDWH �PV�

����1�$1R� RI ZLQGRZ XSGDWHV

�������7LPH IRU HDFK SDWK VPRRWKLQJ �PV�

�������7LPH IRU HDFK SDWK VHDUFK UHTXHVWV �PV�

������1R� RI SODQQLQJ UHTXHVWV

������������1R� RI WRWDO VWHSV

���������3UHSURFHVVLQJ WLPH �PV�

3� ZLWK
ODUJH
ZRUOG

3� ZLWK
VPDOO
ZRUOG

3� ZLWK
VPDOO
ZRUOG

P1: old randomized roadmap planner
P2: new incremental planner with RRT
Small world: 128x128 with 50 obstacles
Large world: 256x256 with 300 obstacles



Conclusions and Future Work

z &RQFOXVLRQV�
¾ 6XFFHVVIXOO\ H[WHQGLQJ WKH SODQQHU WR FRQVLGHU WKH

FDVH RI ODUJH YLUWXDO ZRUOGV

¾ &RXOG EH RI JHQHUDO LQWHUHVWV IRU RQ�OLQH SODQQLQJ
SUREOHPV ZLWK D ODUJH RU XQERXQGHG ZRUOG LQ
5RERWLFV

z )XWXUH ZRUN�
¾ 'DWD PDQDJHPHQW IRU G\QDPLF REMHFW ORDGLQJ

DQG JUDSKLFV UHQGHULQJ IRU ODUJH HQYLURQPHQWV

¾ $GDSWLYH VL]HV IRU YDOLG ZLQGRZ DQG IRFXV
ZLQGRZV ZLWK GLIIHUHQW &38 SURFHVVLQJ VSHHGV


