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Combination of Two- and Three-Dimensional

Space for Solid Modeling*

Hayato Yoshimori

Abstract

This paper proposes a hybrid 3-D modeling system that inherits advantages
of both modeling on 2-D plane and modeling in 3-D space. To integrate 2-
D and 3-D modeling environments into a unified modeling space, a slant rear-
projection display is employed as a drafting table that gives users 2-D constraints
and provides a 3-D work space by using LCD shutter glasses. To interact with
objects in the unified modeling space, an input device which combines a lightpen
for 2-D plane and a 3-D tracker for 3-D space is introduced.

In the proposed system, users can perform a number of modeling operations
both on 2-D plane and in 3-D space according to the nature of each operation.
The boolean operation, for example, is implemented to perform in 3-D space,
because it becomes easier by giving users ability to understand the relationship
between objects and to move objects with 6 degrees of freedom.

As a result, each operation in the proposed system becomes more powerful
than those of conventional 3-D-CG softwares, so users can create complex models

easily and efficiently.

Keywords:

virtual reality, 3-D modeling, immersive modeling system, computer aided design
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ggob,dgggbbbobbbdoz2uoogbgdobo,bboobbodoooobdan
goag.

gbbooubd2000bodabooabobobbooob,bboobooan
gogodgboobboobboobooo. obo,obbbobbouboog, oo
gogboboobbobodobda,gboobboobooooooobo,bibo
gogbobo.gobb,bo0400b0b0bb00o00bouobooooaag.

1. 0000000000 oOoooboooooo,0oo0dooooooooo
O0o00DoOooooooon “X-axe”, “Y-axe”, “Z-axe”

2. 000030000,000 10000 20000000000000004
OO0 “EditPlane”

J. bdoobobobobub zoobooboboboooobooboobobo
Ob00oo0ooboooogg “Zonly”

4. 0000DLOO0O00O0bObOO00OooOobobobobbOoboo 20b0b0bO0boOoa
goobobbobooboboooooobobouoboonbog “Snap2D”

o0,000b0b0oboooboobob0obooboooooboooon “Close”
goobbbooooob.bogbobboboooobbbouooobbbooo
gobboobobdoobo,dgooboooboobobboobobobbogd.
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(c) (b)00O0DOODO

(e)()DDODDODOO (f) (e) O “Close” 0 OO

015 0oboobooooboobobbbbobbon
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() DO0ODODODODODODODO ) “Z-axe” 0O O0OOODO

yoooooo

f) “Snap2D” 00000

(c) “Zonly” DD D OO

(00000

(g) 0DODODO (h)yOOoOoooooooo
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D00000D000000000,2000000000000000000
00000000000 16()0 (WODODO. 0000000 (a)000000
D0000000000. 00000 “Zaxe’ 0000,0000000000
00 20000000 z00000000000000000000, (b)00
0000.00,00000000,50ms00000000000000000
D000O0. (b)000D0 “Zenly’ 0000000,0000000Z00000
000000000000000,()00000000.0002000000
D000 SW1O00000000000000000000,00000000
00 ()000000. 0000000000000 20000 ((e)00000
0D0)00000. “Zonly? 0000, “Snap2D” 000000000, 00000
0000,000020002000000000000,¢()00000000.

00000 20000000000 SW1000,()00000000000
000000.00000,00000000 (h)OO00000000000.

3.5.3 UUUobobooooon

gbogobobob,dgddgooooboudgoboobooboboobo,dgdd
OoboboooobobooobobbOobob.0bobD0oon “Magnet” 0 O0O
gogoooobooboboobo,bbogbooooo,buobbooboooboba
ooobobooobD.oboobo sw2gooooo,swsbooooooonog
obogobooooog,sw20 sw3toooooooooooooooboooo
ggbobobuoooobbboo. gobboooobboooonoboogo
gubb,goggboobbobbobobdooboooob. bbboobobgo
gogogoooboboboboooobbuouooobooooonboo.

gbogbboobooboggobbab,gbb400000000000000
ggobdoodoodoobuoboooobb,buoooooobbboboobb
gogdoooobob. bodgouooogoobo,gbbboooooggan
o000 “Division” D00 300000000000, DbObOoooOoooooD
“Division” D DO 0O0OOO0OOOOO,00000O000bO0ObDOoOoDD.

O 170, “Division” 0 0000 DO0OOO0OOOOOOODOOOOO,00
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000000000000000.00,()0000000000000000
00000000.000000000000000000000000000
DO00. (0000 SW20 SW300O0O0O0O00000,000000000
0oooo,(h)—~(d)00000000000000000000000. 00,
D00 ()000000000000000000, (c)—(e)000000000
000000000000,

3.54 U0UODOOOOOOO

gbobobboooooboooobobobbboobo,oobboooooboon
gotbt. ggboooooboobobobooboooboobooobo,oo1
gogbbobooobbobbobbbdood 20000.boboobbboodad
g3ggboobooooboboooag.

U: 2000000000000010000000000000. 00000
gogodgbbooobbbodgod.

U: 1gbggoobobbobobobobooog,gbboooboobooogao
guooogobbboobbooo.bobgo,obbbuduoooooogo
gooogob.

: 2000000000000000000000.

000000 “Boolean” DO OO, 0 8O0 OODOOOOOO3ODOOOODODO
gb. gooobdobobbbb3guboobbbbbobduodg 4000, 000
goguobbobobooooggboobo,gobbbbooboboobooo. o,
“Boolean” D UL ODDOOODO,0000D00DOODOD 200000D0O000O
goboboboob,bodgobobobbob.bobo,3g0ubuooonon
gbogboboooogbobooobboooo.

00000 19(a)0 (¢)000. OO0, 00000000000O00O0,000
00000 (0000000, “Boolean” 0 0000O0O. D00O0OO0OOOOOO
gobbogoobobobbogbbbo,2b000bbboogoboooabbo,
gboboboboooooboboooobooboboooa.
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(a) 000000

(byO0OODODOOO 1 (00000 1

(d)0000000 2 (00000 2

017 gboobooobooboooogon
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Subtract
P

Union
P

Inters

el — e

O 18 “Boolean” OO OO OOODO

04 3000000000000
Subtract | O OO OOOOOOO

Union |000000O0OO0DOO
InterS | DO0O0O0OOODOO

(a)0000 “Subtract” DO O0OOOOOOOOOODOOOOOOO,000
00000000000 00O0ooooO0 (b)0O00oo00o0. 00000000
0000000 “Subtract” 0000000, (c)D000O0O0O0O0O0OOOOO
gboggaad.

O00,(d)0000 “Union” 0000000000 DOO0OOOOOOODOOO,
()0000 20000000 100000O0DOOOODOOOOOOO.

00,0000 “InterS”0 0000000000000 O00OOOOO0O, (e)
O00000oO0goooooooOooooooooo.og,(b),(ogDooood
gbbboboooobboooob,bgbbbooobobbobbboad.

3.6 UOOooog

gbobot,djdooogbogoboboouoobobboo,gbobobbbon
gog.
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(a)J00000000DODOOO0

(byOOOOOO 1 yoooooo 2
()000000 yoooooo

U199 gboouoboobbobbbooood
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gbobooodon

gboboouodgoobbobdobooboda,uggubbobobboooob
00200 (f)DO00.00,000000000000000000000O
godgobbodod21000.

ooo0oo,0,0,000004000000000. 00,0 (a)0 (f)O
ggbbouoooogbboood.

a) 200000 “Dis’ 000, 000000D0DDODOOOOOOO.

b) a) J0O0O0O0OD0 “Lathe 0000000000, 00000 “=>"00
gogoobo.obbboboobob.

¢)b)00000000000000 (“Magnet”)0 000000000,

d)2000000000000C00OO0O0OOOO0O0O, “Division” 000 3
ggbobbooogbboo,goboobuooboboboag.

e)200000000000000ODOOOOOOOOOO, “FixSec” OO
gobboooob.bougubobobooobb,goobbdobboobdab
O0O0.000b00bOodg,0bn “Clese” Udoonoobbooooon
ga.

f) 00, “Circ’ 000000 “Lathe’ 000000000, “Magnet” 000
000000000,000000000000000000000000
00,0,0,00000000000, “-7,“-"00000000,0
00000000000000. 000,0000000000000, 0
000000000000 00000000000000000, O 210
ooooooog.

googooboobooogn

goboooggobogoobbooboo,bobbboooobobonoo
000000 22(a)0 (h)00O0.00,000000000000DO0C0DOOOO
gooboooooobooog 230o0.
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(b) “Lathe’ 000000 O

(e) 0000 ()oooooooo

020 0D0000bogoogoon
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U 21 DO00Oobooobobdo
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00000000, 0,0,0,00040000000000.00,0 (a)0
(hWOOoOOOOoooooooooo.

a)

h)

200000Cec” 000000000, 000 “Lathe”ddbgnonog
gud. guobddododoooouobooooobobobb. boboabbb
go.

20000000000b,000 “ZonlyyUODUOODLOOO,0000
gbooooobooobooboooo. oo, “fixSee” DOOOOoDOODOOO,
ooobbdob.o0oboooboboobobobonooobg, “FixSec”
020000000000,00000000,00000000 (00)O
gboobooob.obobbobo,0obobobb, “Clese”0 0D, ODODO
gbooooooo.

(h)OOOODODDODOOOOOD 300000, “EditPlane” D00 O0O0O 2
gogoooobogoo. gg,2bbgoooobbbooboboboobo, o
Oo0o00oo0oo,000000000000O0OoooO.o0, (o)
g2o0d0dbobbogaboobob.

200000000000, “PathExtr” DD UOOODODODODODOOOODOO
g.oooboobobboboobon.

000000000000, 00000000O0,000000000O0
g.0ood,ggbboogoo,gbobboooooboooooooo.

200000000000000,¢)00000000 ¢)OD0OO0O0OO
gbobobobda,gboboouoboobb.

20000000000,0000 “Disc00000O0DOOODO. O
UO”Lathe” DO ODOODOOODO.

200000000000OCOO,f)D000O00OO0O0O0D, g OO0
gobooooboboboboo0o. boobbobooo,oboboon, >,
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(0000000 ()ooooooo

(g DODOD (h) (HOOOOOO

022 000000000000000
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023 0Jogbooboooboobooogn
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‘“«-’0J0bo0boobobobooboob.oob,b0ob0oboboboooboOon
g, gdbobogoobbobodgob,bobbboobooob.
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4. 0OoOoOO

gbood,3bobouggooobog,24000bb0bbbooobdoon
ggdbbbodod. 24b00b000d0bbboobooboooobbn.

1.200000000000000000 2000003000000O00DO0
go.

2200000000000 O 30bbOUbLO0UbLbUoUUbboobLOn
gogbdbobogooobobooooooobboo.bboobb 30
goboboodgbooad.

(a) 20000030000000000OO0OOO0OOOO,00000O0
googogoo.

(b) 0000000 0D0D0D0OODCOUOOO0OO0DO0DOODODDOODOOO,000
goooboobogg.

(¢ JOOO0ODOUODOOOUOODODOODOODODODOOOOOOO.

gbo,dbobbooobbbb,ogboobbboboobobbbobbon
gooobooogo.

20 000boogbobouobbboogub 2000000b0O
gobodgodgb,oobobdbuogoobobbooooboooboobg,
ggooboobobodoo 2000g0bbobboo0. b bbooa,
2000d000oobooobbooobbob 2000000,b000
gbbbooboodgoooaadd.

ugd,bd200d00boodgogobboboooobboboon.
e OO 200U0OL0O0OLDODLDLOODLDODODOOO,DO0O0U
guoddooobbbbuooobbobuooboobbuooba.

e 36U UOOULODLOODOOOODLODOOD 2000000000,
b 45 0000000b0b0o00bu000ogo,obboooboogn
gbobboooooobooooboobooon.
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ggbobo,gbuobbboooboobouoooobobdobooa,bo
goob,ugooobooboboboboooobobo,bboooobon
ggboboooboobobbo. oo, booggouooooooobon
goooooboooon.

oo00o0oo0,2100000,1)00000000000,2)00000
goobog,bbb 2000000000000 200000,0000
gboboob20000b0boboooboooon.

gobbboogbbboooobbooobobobo
gobb,uod0dubbd 200000 3boodgbbooobbooda, g
gbobooooboobbooboobo,bboboboobooboobobobo
gbogggoobbooooobn.

gbobobobb,2b0000b0bu0d0bboooguuodgooooodon
b sgooobooogoooa.boboba,obbboobobbbbn
ggobobobogbobboobobbuoobobobbobabobobbob
goobbooob,bdgdboooobbouoobuooboboooo. oo
god,200000bb0000g3bobuoobbobooo,oan
goggbbbobodgbobb,boooobbbooboboobob.

gb,b0gboobbooooogboboo,bbobbooouobbbobo
guoooogd,boobbodg 2b0bobobobbbaobobbon
god. bbbogb,20b0000b0b0o0ood,bgooobdg 200
ggbuogboogobogoooobobooogb,ogobooboobo
goguobb,bbboboobbabboobbboobbaobbobbn
goo.

gd,bogogbooob3buggubaobboboooo.oooboo
g3tgggbd,ogoabbobobbuouoobobob 40bb000DO0
ggodoobobog,buogggooobbubbboobogooadon
. gggd,gboobooobboobbbuoooogoogog, b
ggobbooooboooouoobboooooooog.
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gobbbooguodgbboooobboooobbon
gobob,bgggbogobobobobboogbb,goobbboooonon
ggobbooobbbboooobbooooobn.

gbobobooabbo,2b00d00000ubodbb3bbuobooboobb
gogduobooobooobobboo,obogbooooooboa,oogon
gboboboooobbobobobooobobaod. googobgobbo
gogodoooboo,20b0bb0dogobboab,sbbbboooubn
gbggoboooouboob.bodg,boobbbboooboon
ggbda,ggdgbuoboboobobdoboooad.

gb,b0odbooboogobbooobobbuoooob,ooooooon
gbdbogogoooobobobbobbooboob,ooboooon
gooobobbo. bbob,bboboboobboo,3oobbooad
gbogodooooobbooboooboboooboboooboob, 2
ggdgbbbbuotoooooobbbboobuobobobbboodo
g.oggobd,gobbbdooooobobboooo,oobobood
gbodbooobbbuouobobobobboobbaog.

gd,bbbooogogbobuodgogoubobobobobbdoooa. ob,on
godguoubogoboobboodggooobbboobooo,gobood
gobooogobobb. oo, gbbboboog,boboubbooabn
ggdoboooboboooooba,ogooobooboobobooobbbo
googoon.

gb,gdgbbdobooodobooooobbobbobo,oaod0oon
goood.bobobbdoobdoob,bgobobuooboooboboon
gb,b0bububoodgouoboobooobobbob.boob,ob
gboooboogboobbbooboooo,buogbuoooooooon
goboood.obobg,goboboogbobobogooon.

ggbboboobobboogoooon
gobdg,bogtboddobbodbooooououoooboobboobon
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gogoboo.

gooboo20bogbbobobobooboboo,20bboobboon
ooo0oooo0oo,l))oo0ooooooooo,2)oo0ooog,o 20
gogboodobbooobboobooooobbo. ooda,oabood
gbobogoub,bouoobb20000b000ogb,obb 2000
gboboogbbuobdoboooo. bbo,bbuooboooouooon
g,0bgdgoobobobogobbooog.

gd,bobooug3ggoubbobbooboboboboo,3bbbad
00o00o0O0ooooooo,)yoooooo,2)oooooo,3)00oo
g,bogbbo,dggboboboooobboodoobbooobbon
. boboo,uguoooooboubooa,o,g,o00o0o,bbood
ggobobouobooooobbooobboobb.oooob,0o0oboon
gbbodooobbobbbobooooobog,gbooboobbbo
oododbeddouoooobobb,bo0ooubbooogooao
g.gboobuofo20bogbbodboouooooob,gdgo 200000
ggooobogb,obbduobbbobooobboobbooobodd
gbo,b0b000boooogooon.

goboboboog,bboguobboboooooboobo,bbobooobanb
gbboobobboobobbobo,bboobooboobboobd
gogoob. oo, obbobboogbbbbbobooobbobooo,on
gbobogbobuogbobbobooobobobod.

56



5. oo

gbobood,200000 30000bobbbuouoooboooooon
. gdgbobdz2bbduobuogboobodgb,ogbbaobbooo,od
gobooboooooo,oob200000,30boboooboboboboa,n
gobodbbdboooo,ggouobooboo,ouoobabobboobb
goobo,dgdo3bobbog,gbbboogoboboon.
O00000,00000000000000000,1)2000000000
O0000000000000000 200000 3000000000,2)00
000000000000 0000000000000O0OO0. 000 2)00
O0000000000000000,a)000000000O0O0ODOO0ODOOO
O0o0O,b)00000000D0O0000OC0ODODOOOOOOOO,c)bOOO
gboogoboboboboa,030bbbg.
gbbobuodgoobbbbooobobboo,o0odooboboboanon
goboobdoboboboob,boodbooo 20bo0bboobo,bb,do
gobgogbooabbooooboboobbbsbooobbobbo.bb
god,bbudoobdobuogobbuooobboooo.gb,2bb0od
googdb3ggoobbobbobbuobbbooobbod,200b0bdogdo
gbobboboboobobbbooda,gbbbbooobbboboogdn
gboobooooobobobooon.
gbg,bdbobuoooooobboobooobbobobobbooobooa, b
gogooobodgbboobbbobbooobboba,bbobboba,od
gobboouodgobbgobogbobooboboobbob.boggdabbobooo
gb,tgbobubobboobbdoogbuooobobbobbobo. booodaao
gob,gdbodboboooodbbbooouboboobbbooooo. ggodad
gogbbobuoooodooobooobboooboaoo,3bbouaobbo,bdad
godgboobbbboboooao.
gbogdgoboob,3bugdgbuogbbbogbodg,bbbbobodgd
gogobobbbooobbbooooobbbooboouoo.oobbbao
gbobboooboood,gbbooboobboubbboodo. ggoooo
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guoodgbuoboooogbbobboboobobbob,obbbobbbbbd
gogbbboogbobbooboo.bbbooobbooooobbobooobb
ggbob,ggooobobuabbioboouobboboooooboobon.
gobogoobobuooooboboobobooooboboobb.obooo
gogbboboboboooobbbobdo,goobobbbibooobobobogo
gugbogbbobobobb. bboo,gduodabobbobooboooooon
gbo,0bdboggobobogobuoooooobon.
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HEN

gbbooooooooo,budgooobo,obboobboo,bboogbn
goub oo bbb oobbbboobobooboad.

gooboboboooo,bbooodoooob,oooobobobo oo O
g obogoggoobooboouoon.

gbooogooobobbo,bbboggogobb,gbboogob,oobbo
gogdoob oo bbb oooobbooobbooboao.

gbobobbb,ugbbogbduob,gbboboobbobbbbbbad
g oo dgb,0odub bo gb ogbobobobooobo.

gboobobbbobubouoobobouoooobobboobobb bobD
gub oo oo b,0bdo bo,g0bb,bboddogooobboboodo
goboobobooaoo.

gbo,ddgbooobobbuobbboodboobobbb obbbb b
Ugoboboobbobboooobooobo.
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