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Knowledge and Model for Manipulation Using Tools with a Virtual Hand in Virtual Space

Kenji FUNAHASHI* ™, Takami YASUDA?, Shigeki YOKOT?, and Jun-ichiro TORIWAK?

Abstract — This paper describes a generalized data structure for virtual tools used in virtual
world with a hand. The proposed model contains the knowledge, such as the shape of the tool,
how to use the tool with a hand, and how to manipulate objects by the tool. Introducing this kind
of data structure, we can separate the models for virtual tools from virtual manipulation system
itself, so that any type of tools is introduced in a very simple manner.

Key Words : virtual manipulation, virtual hand, virtual tool, data structure of tool, knowledge of tool
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Fig.1: Operating method of virtual manipulation
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Table 1: Manipulating virtual tools with input devices in real world
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Fig.2: Grasping check for tool
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Fig.3: Check points and check lines for interference
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Fig.4: Knowledge for virtual tools
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Fig.5: lllustration of knowledge base for a virtual tool(1) (spoon)
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Fig.6: lllustration of knowledge base for a virtual tool(2) (tweezers)
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4 %<tweezers.kto> tool & object relation file J 000000000000 7|
. /e e T e T T = |
NumCPoint: 3 wOoooos3 :
| cPoint# 0 (0Vn 0 60) »ODOo0ODO 600000 oo
|CPoint#1 (Ovn 1 60) %001000600000 10
CPoint# 2 (pro .5 (add (OVn 0 60) (OVn 1 60))) OO OOO00,10000
] % 0OO02000 | |
NumCLine: 0 wOoooooo |
oo | NumCPlane: 0 %ODOOOO 0 | |
h<eX. 1st>
Kitgol-fgle list file : NumManip: 2 yOoOoooooo 200 : |
umber: Manip# 0 ¥yOOOODooMOoOO)Dooooo
FileName: ¥ NumOpe: 8 w8Oooooooooao |
file://$(HOME)/tweezers.ktf LetTo 1 15 ; %OD 1,00000 5(cm)000 |
FileName: ... /spoon.ktf | Letvec 10 ; ¥yOOOODOOVv,00000000000 | |
FileName: ... /scissors.ktf LetVec 2 1 ; yOOOooDOov,00001000000 |
FileName: ... /knife.ktf | Distvec 1 2 F 1 ; w,,\,0 000000000 /000 |
FileName: ... /chopsticks.ktf | MoreTo 1 1F12; %>H0000000001L,000 | |
CpInObjTo 2 0 ; w0ODO2000000000000001,000
I AndTo 0 2 3 ; %l,,1, 0000000000000 1,000 | :
|Iﬂ'rue30bjMvWHand;%DDI3DDDDDDDDDDD |
I | Manip# 1 ¥yO0OOOD (00000000 0)doooao | |
| NumOpe: 7 wOoOOoDoOoOooooo )
I | LetTo 113 ; %OO 1L,00000 3(emOoon |
I L e Vv
//0’-——-—__.__.___.—7\.\
w<tweezers.ktf> tool format file C £<t|]weDezDeEls.Dk%fl.jl 'DStD>D°bDJ ect-file list file >
Yy OOODODODOOOO [~—_x0ooooooooooo _——"
| Number: 2 % OO0 2 |
%y 000000000000
OListFile: file://$(HOME)/tweezers.kof.list | wOOoOODO0OOOD0000000 |
% 000 III_D O III_D OO0O0o0oooooo | gé;elzge_\mtla:5f|;eg//?(gOME)/tweezer_R.kof |
ToolHandFile: file://$(HOME)/tweezers.kth Translate: -10, 10. 0 |
% 0000000000000000000 | SmoothoN |
ToolObjFile: file://$(HOME)/tweezers.kto | wooioooooooooooooOoOoo |
\ | FileName: file://$(HOME)/tweezer_L.kof |
S T T T 7‘| | %<tweezer_R.kof> object format file |
%<tweezers.kth> tool & hand relation file | w JOooOoooooooo |
(__%DDDDDDDDDDDD ______ —|/ |
| %000 |
| NumTGD: 1 wooooo 10 | | VerNum: 61 %wOOO 61
| ) | | | Vertex# 0 0,0,0 wOOoOOO |
| ToolGraspDynamic# 0 woooooooood | | | Vertex# 1 20, 0, 0 |
| | NunTos: 2 %wOOoOoo 2 | | Vertext 10 3, .63, .48 |
| ModeTGD: 1 | | | Vertex# 11 3, .63, .1 |
I | : |
| ToolGraspStatic# 0 woooooooOoO | | | PolyNum: 74 wooooo 74 |
| “é_D#DO.DDDDDDD?S(;DDDDDDDEBODDDDD| | | Polyver# 2, 3, 5, 4 4000000000 |
mn -ee, —100, ..., 5 - :
| | Fin# 1 0, ... 0, I || polyvers 55, 54, 60 |
|, | PolyVer# 58. 59, 60
Obj# 0 VO0: 11, -7, -8.5 vi: 0, 3.38, 1.78 | |
I Obj# 1 Vvo: 11, -7, -8.5 Vi: 0, 3.41, —1.78I | | LinNum: 0 %OOoooooo |
| |
| ToolGraspStatic# 1 %00 1000000 " : :
Fin# 0 ..., <180, ..., ..., 180, ... : .

: Fin# 1 ... 10, ..., ... 20, ... : : | %<tweezer_L.kof> object format file |
| %'DDDDDDDDDDDDDDD(DDDDD,BDDD)| N /l
Obj# 0 VO: 11, -7, -8.5 V1: 0, 3.58, 1.78 ) ~—— =
| obj#1 vo: 11, -7, -8.5 vi: 0, 3.3, -1.78 .~ T T T —

- - vV

0suddooooooooooobooooboon
Fig.8: An example of data structure for virtual tool (tweezers)
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Fig.9: Data interpolation for manipulating tweezers
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Fig.11: Examples of virtual manipulation using virtual tool with virtual hand



jbdbobobodoboooooooooooooooooooooooooooooooo

0000000000000
0000000000000000000000
000000000000
0000000000000000000000
000000000000000000000
Oooo0o0o0O0O0O000

00000, (OO00DO0O000000000

0000000000000000000000

oo

0000000000000000000000

00000000000000000000000

00000000000000000000000

00000000000 O0000000000

0MO00000MO00000MoO000000

00000O0O0000000000

00000000000000000120000

00000000000000000000000

000000000000000000000020

frame/sec. 00 0000000000000 0000

0000000000 0000000000000

000000000000000000MmO 19

frame/sec. 000 0000000000000 00O0

00000000000000000000000

0000000000000 M0 18 frame/sec. 0 O

000000000000000000110000

00000000000000000000000

00000000000 12frame/sec 000000

00000000000000000000000

00000000000000000000000

0000000000000 00000000000

00000000000000000000000

00000000000000000000000

00000000000000000000000

00000000000000000000000

00000000000000000000000

0o

5000

gogooboobooooooobobobuoooonon
gooobooboboobooboboooboon
ggoooooboboboboboobbbooodoooaa
goooboobboobobooboobooo
gogoboobbooooooobobbooouoon
goooboobobobobooboobooo
gogooobobboooooooboooonon
gooobooboooboobooboobooon
ggooboooogd

10 15 20

25

no interference (hand - tool - obj eCtS)-| frame/sec.

F T N N S T S N S N N N S S S N

Z9rspingtool without manipulating object

- -

Ol20000000000000D0DOO
Fig.12: Rendering frame rate for three conditions
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