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A Method for Geometrical Shape Modeling and Image Synthesis

Based on a Natural Language

YOSHIYUKI KAWAIt® and MINORU OKADA't

In this paper a method of geometrical shape medeling and image synthesis for three-
dimensional computer graphics (3D CG) based on a natural language is proposed. Physically
disabled users often find it difficult to use conventional CG modeling systems. This is due
mostly to the medeling system’s reliance on hardware input devices such as mouse, tablet
and keyboard. Instead, a verbal interface should help them against such the obstacles. Our
method is aiming to create CG images by such users with natural language voice as a man-
machine interface for modeling. Our study found that the users can model simple 3D shapes
and create the CG images easily. The experiments were performed by 3D CG System “Do”
based on the proposed method with text strings in a small subset of English. The experiments
also suggest that users with no expert knowledge and remote users on an on-line conference
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should be able to create CG images.
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01 DO00“Do” 00000O00ODOO
Table 1 Available words at “Do”.

Part of speech ‘Words
Verb Mnemonic
PUT put, create, set, place, make
MOVE move, translate
ROTATE rotate, revolve
SCALE make - - - smaller (larger, bigger), enlarge, shrink
PAINT paint, color, change the color of, alter the color of
DELETE delete, eliminate, erase, remove
UNITE merge, group, unite, take the union of
DISUNITE disunite, separate, ungroup
DIFFER cut, differ, take the difference of
INTERSECT intersect, take the intersection of
INVERT invert, take the inverse of
COPY copy, duplicate
NAME name, call
REGISTER register
UNDO undo
QUIT bye, exit, quit
Adjective bigger, larger, smaller
Adverb right, left, up, down, in front, behind, back, center, little, more, to the right,
to the left, to the behind, to the back, to the front, clockwise, anticlockwise,
counterclockwise
Preposition above, behind, below, in front of, to the right of, to the left of, at, around
Article a, an, the
Numeral 1,2,3,---
Conjunction and
Unit dot(s), pixel(s), space(s)0 000000000
time(s), degree(s), mm, cm, m, kmO0 00000000
Axis X, y, 2z, X axis, y axis, z axis
Color red, green, blue, yellow, - - -
Object primitive, newly created object, background, all
0 2 Mnemonic
Table 2 Mnemonic.
Mnemonic oo

PUT object direction (z,y, z)
MOVE object direction (z,vy, z)
ROTATE object 0 (z,vy, z)
SCALE object k (z,y, z)
PAINT object ¢ (r, g,b)
DELETE object

UNITE object1 object2
DIFFER objectl object2
INTERSECT objectl object2
INVERT object

COPY object

NAME old-name new-name
REGISTER object

UNDO

QUIT

object O direction 0 00

0000000 object O direction 00O
object 0 6 OO0

object 1 Kk OOOOOOO

object 0 ¢c 0D DO OO0
object 0 OODDOODOODO

objectl O object2 0O OO OODODODOOODO
objet] OO object2 000D 0O0O0DOO
objectl O object2 0O 0OODOO
object OO OODODO

object 010 0O

00000000 old-name 00 new-name 000
object 0 0 OO ODOOOOOO
goo0oooooooo

ooooooo
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yacc 19 0 0000000000000 0O00
0000000000000000 20 BNFOOO
0000000000000 OO0 10000 30
000500000000

00000000000000000000000
000000D0000000000D00000000
00000000000 0000000000000
0o00oO0o0ooon

00000000000 000000 3D0000
00D0000000000000000000 20
<sentence> 0 000000000000D00DOODO
00200000000

2.4 0DO0OOOO

0000000000 0000000000000
000000000 D000000000000000
00000D0000000000000000000

<sentence>::=
< PUT >< obj. >
|[< PUT >< obj. >< adv. >
|< PUT >< obj. >< prep. >< obj. >
|< MOVE >< obj. > [< numeral >< unit >]T
< adv. >
|< MOV E >< obj. >< prep. >< obj. >
|< ROTATE >< obj. > [< numeral > degree(s)]*
[< direction >]T [around < Azis >]*
|< SCALE >< obj. > [< numeral > time(s)] "
[on < Azis >]T
|< PAINT >< obj. >< color >
|< DELETE >< obj. > [< prep. >< obj. >]*
|[< UNITE >< obj. > and < obj. >
|< DISUNITE >< obj. >
|< DIFFER >< obj. > from < obj. >
| < INTERSECT >< obj. > and < obj. >
|< INVERT >< obj. >
|< COPY >< obj. >
|[< NAME >< obj. >< obj. >
|< REGISTER >< obj. >
|< UNDO >
|< QUIT >
< obj. >u= [< art. >|< numeral >]|T[< color >]T
< object >
< 00000 >:= (0 1: Verb (Mnemonic) 00)
< adv. >:= (0 1: Adverb 00)
< adj. >:= (0 1: Adjective 00)
< prep. >u:= (0 1: Preposition 00)
< numeral >::= (0 1: Numeral 00)
< Azis >:= (0 1: Axis00)
< color >::= (0O 1: Color 00)
< art. >:= (0 1: Article 00)
< object >::= (0 1: Object 00)
< unit >::= dot(s)|pixel(s)|space(s) | mm|cm|m|km

< direction >::= clockwise | anticlockwise

| counterclockwise

02 DoOOOOOOOOOBNFOODOO
Fig.2 Available grammar at Do (from BNF).
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e “Move the sphere 10 cm left.”

e “Move the sphere 10 km left.”
gobobooboooobooboooon
go0boboobooooboooobooboooboo
goooooooobooobbobboooooo
2.5 O000O0O0ODOOODOO
goooooooooboobo 3o0oOoboooa
JodoDoooooooooooboooo

00000 “Move the sphere 1m left.” D00 00O
gobobobobooooooooobobooboboo
00000000 “Move the sphere left.” 0 0 00
gdoodbooooboobbuoobobbbobon
gobodoooboboooooooobobooooobo
gooooboooboboboboooooobobobobo
Jo0obooo0oO0o0oooobooDboooboonoz0O
000000 U0o0oUoO00 ))ooooo z00
O0000000000DO0O0O0O00DO0O00O 3

z=Y/10 (1)
J000oOOoooobooobOoooooboooo
gooobooobooobbboobboobooboobo

03 oOoooo

Table 3 Ambiguous expressions.
oooo ooooo ooooo
oo ogoooo oooooov
oo gooooo goooooor
oogo ooooo ooooge?
oo ogoog oooo?oov
ooo oooood goooo?
ooo ooog oooov?

Z: distance from view point

03 O0oooooo

Fig.3 Criterion for moving amount.
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0000000000 0ooooooogoo“Move
the sphere left little.” OO0 O“00 700000000
00000000 z/1000 000 “Move the sphere
left more.” OO0 O “000”00000000O 20
000000 40000000 0oDooooooag
Jo000ooooo4doo00fdoogoooooooo
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00000000000 000oooo
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000oooooooooooooooooooooo
ooooogoooo
2.6 DOOOOOOOO
000oo0o0oO0oooUooUooUooooo s00
000000 object 0O DOODODODODOODODOODOO
000000 “Make a red sphere above the cube.”
dooooDO0O00 “ared sphere” 00O 00O “Make

04 ODOO0O0OOOOOOOOOO

Table 4 Interpretation of distance and size.

gooooooooooooooboooboobbooooo
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the sphere smaller.” 0 O “the sphere” D 00000
“Make a red sphere above the cube.” 0 00O OO
go0O0QO000 “above the cube” DOODO0O 3D OO
00000 dir(z, y, 2) DOO0OOOOO

0000000 20000 40000000000
0000000o0o00ooooooo 20000000
000000000 o00ooooooooo oooo
v+COOOOO0O0OO0OO0O0oouoooooooo
0400000000COOODOOOO0ODOOOOO
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2.7 00O0OO0OOO0OOO

O0000oooooooooooooooooon
0000ooooooooooog (rgb) DMOO
030000 (z,y,2) 0000000000

0000000 oooO0o0oooogooooog esG
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s PUTODELETE

O0OoUoooo AoBOCO 3booooooOoO
0000 csGLOUUoouUoouonooo AoBocCcO
gdooooOooooOoOooOoooboooooo puT
object direction00 CSGOOOOOOOOOOOO
0CcO3000000ododd DELETE CcOO
00 AOBOCO CSGOODODO cOOoOoOoOoooo
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S50 ==5 s UNITEO DISUNITEO INTERSECTO
ooo 0.8 0 DIFFEROINVERT
ot 1 goo | 150 0000000 CcsGOO0O0OO0O0O0ODO0O0oOO
ooo 0.950 00 AOBO CSGOOOOOOOOODOOO DOO
oo /10
ooo 110 JoodooObOOoOopoooOooDOoooO bOoooOoooo
ooo 0.5 0
ooo 2 000000000000 AOBOOOOOOOOO
ooo 20
ooooo
05 O0OODOODODOO
Table 5 Examples of mnemonic.
od goooooooo pooooo
0100 Undo. UNDO
v Bye. QUIT
0200
V4C goooo
0300 Make a red sphere above the cube. | PUT object direction(z, y, z)
V+0 Rotate the cube around z axis. ROTATE object 0(z, y, z)
0400
V4040 goooo
0500 Make the sphere smaller. SCALE object k(z, y, z)
V+0O+C | Paint the sphere red. PAINT object c(r, g, b)
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= COPY
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m PAINTO NAME
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Input-> put an orange sphere.

Input-> put an orange cube.

Input-> move the cube down.

Input-> move the cube 10cm down.

Input-> put an orange cube.

Change the past object(cube) name. -> cl

Input-> move the cube up.

Input-> move the cube 3cm up.

Input-> cut the c1 from sphere.

Input a name for the newly created object. -> testl
Input-> cut the cube from testl.

Input a name for the newly created object. -> test2
Input-> make the test2 1.2 times larger.

Input-> put an orange sphere.

Change the past object(sphere) name. -> s1
Input-> cut the sphere from test2.

Input a name for the newly created object -> ring
Input-> put a chocolate sphere.

Change the past object(sphere) name. -> s2
Input-> make the sphere smaller.

Input-> move the ring down little.

Input-> group the ring and sphere.

Input a name for the newly created object. -> Saturn
Input-> make the saturn larger.

04 DO0O0OO0ODDOOOOOOOODOOOD
Fig.4 An example model and the conversation for
‘Saturn’ by the Do developer.

06 ODO00O0DOO0OOOOOOOO
Table 6 Cost for user’s input.

3D 000 ooooo ooooooboo
0ooo 40 24 0 60
oooo s0 62 0 150
oooooooo ed 126 O 300
ooooo vo 136 O 40 O
oooooo oo 91 0 200

0000000 6MmOO0OOO Sun Ultra 300 Ultra
SPARC 1I/300 MHzOO O OO

3.2 0O00O0OOOOOCO

200000 A0BOOOOOOOOOOOO CG
0000oo0o0oooOboOOOOOOOODOODBOO
00000000o00oooo0oo0ObeoO0OCOOOO
goooooooooooo

e JO0O0OOOODODOODOODOO
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05 OOOOOOOO “OoO”
Fig.5 “A chair” by the Do developer.

07 DOooooooo o007
Fig.7 “A desk” by the Do developer.
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06 O0OOOOOOO “cOooOoono”
Fig.6 “A computer system” by the Do developer.

-
o

08 050607000000
Fig.8 A scene by the Do developer.

\
e
...I:‘

010 CGUOUOO AD0OODOOOODOOD O 11 CGUOOO BOOOODOOOOD
Fig.9 A snowman by the Do developer. Fig.10 A snowman by a subject A.

Fig.11 A snowman by a subject B.
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Table 7 Generation time comparison for snowman.
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