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( CAD&CG , 310027)
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http://www.cad.zju.edu.cn

4 ;

;CAD; ; ; ;
: TP391 CA
CAD ,
[1~4]
4
(1) , (%) (2
: : ( )
[15~7]
JFel® ,
(allowable motion inference) . , ,
* : 2000-05-19; : 2000-08-18
: (69425005); 863 (863-511-942-001);
(98033506)
(1974 ), . , ,CAD; (1954 ),

. , CAX , , ; (1963 ), , , ,
CAD,
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1.Connecting rod ,2.Connecting rod bush ,3.Connecting
( ) rod bearing bush ,4.Connecting rod bearing bush,5.Nut ,
( 6.Bolt ;(a)Hole SE ,(b)Bush SE ,(c)Nut SE ,(d)Hole SE,
(e)Hole SE,(f)Bolt SE ,(g)Bearing chock SE ,(h)Bearing
) ( )- 1 bush SE (i)Bearing bush SE,(j)Bearing cap SE .
The numbers 1~6 represent parts, and the letters (a)~(j)
represent assembly SE (semantics entity) .

, , 1~6
o @~0) .
Fig.1 Connecting rod component
SES CS RS 1
AS. - - !
ASSEMBLY-SEMANTICS: BOLT-HOLE-NUT-JOINT
isa: SCREW-JOINT
trans: - -
SES.  #1: BOLT, #2: NUT, #3: HOLEL1, #4: HOLE2
CS  #1: Co_Line(axis(SES#1),axiS(SES #2))
#2: Co_Line(axis(SES#1),axiS(SES #3))
#3: ...
RS #1: (diameter (SES #1)=diameter (SES#3))
#2: (height(SES #2)+hei ght(SES #3)+hei ght(SES #4)<height(SES #1))
#3: ...
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AS.  #1: SES#1 screw into SES#3 and SES#4 until SES#1 released or collision detected

FES{(type,entity)}
MT{ type} AZ FPS{ (parameter-name,par ameter-val ue)}
FAD{((x.y.2),m)} status. ((xy.2),7) o (xy2)
/i (x,y,2) . status (
) ( , ) (
) (
).
; . P
o{FRd. O{F. o{Fd : :
@{Fi :
1
Step 1. O{F} S S
s(s FES-typeMT,FPS—parameter-name ).
Step 2. B{F} Fy s FEJF.type]—entity.
Step 3. S FPS—parameter-name ,
FPS—parameter-name FPS— parameter-value.
Step 4. S AZ( 2 ).
Step 5. S FAD.
Step 6. S free.
Step 7. S P; SEL
2
D
( )- ,
Step 1. (offset), , ,
: ( 3 )
Step 2. :
Step 3. , .
Step 4. ( ),
: : 2(a)
@)
dy,
v, dy,
ds, vV d; 90° ( ), v d;
90° v d; 90° ( ). 1 (
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@ . 2(b)
( \ !dl !d2
s ), 2(c)
v o d 90° , )-
©)
MT )
4
, ( M5 M6 ), )
: , 2(d) (
5 ) 6 ). ;
Action ey 'I_"'-_'il
z?ne Action zone i' _DI ameter=6
bolt ;. of hole Diameter =5 4&
— | F --X"_
= ) ]

(@) The position attributes
match

@

P

(b) The orientation attributes

(c) Example of two semantics
match

entities whose orientation
attributes do not match

©

(d) Example of two semantics
entities whose parameter
attributes do not match
(b) (d)
Fig.2 Attribute matching of semantics entities

2

fi ,do:

R Fj ,do:

{Step 1. triangle-number=collision-detect( f;.AZ,F;.AZ),

1 fi

Fi

if (triangle-number>=1)

goto Step 2;

else

1

Step 2. if (type-match ( i, F;))

goto Step 3;

else

1

’ 1l fi Fj

Step 3. for (each dy; in f.FAD )
for (each dy in Fj.FAD )
{ if(angle(v,d3)<90° & & angle(v,d;)<90° & & angle(v,dy )>90° )
goto Step 4; I

) /! fi Fj

Step 4. if ( parameter-matching(f;.FPSF;.FPS))
goto step5; 1
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else ; I F
Step 5. , ) ;

Step 6. fi FJ ) )

3.
Step 1. , )
D;
Step 2. @ =NULL ,goto Step5; , @ Pi, Pi ,
T,

Step 3. T . ,goto Step 5;
Step 4. T , )
,goto Step 6; ,
,goto Step 5;

Step 5. , , j

Step 6. , T VG

pi
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Fig4 Designer performs the product assembly design
and analysisin the virtual environment

4

5
VIRDAS(virtual reality design and assembly system).VIRDAS
5DT glove Flock of Birds , IBM VoiceType for Windows NT
(PC) , ,VIRDAS i_glasses
VIRDAS CAD (Pro/Engineer 19.0) ,
, S.Gottschalk
18
'/ﬁ‘ [I==========" 1 - —
\£ Noice ! - Constraint recognition
N I Interaction | .
\‘&0 adyzng | " ——— > based on semantics
Gesture | ! ﬁ
Designer I IL E Semantics- <y
|| Semantics | g - Constraint Motion
i| recognition ::> constraint Constraint solvin _'\—,/ uidlance
i conversion recognition rules g g
‘ i ~—~
:::}' Semantics entity|!
\|matching H Constraint recognition Precise
= . ! based on collision hint location
Collision detection DOF analyzing Knowledge inferring
Fig.3 The frame of motion guidance and precise location in virtual environment
3
4
5~ 11 ( )
)- :
e e i
- — ) T

Ll

Fig.5 Partsto be assembled in the
virtual environment
5
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™
&

Fig.6 Recognized ‘dqaft_-bu-sh-hole mate’ semantics
and taken the align constraint of centerlines of
hole and bush as motion guidance constraint

&
A—

Fig.8 The recognized ‘ shaft-hole mate’ semantics and
taken the align constraint of centerlines of hole
and shaft as motion guidance constraint

8 w B ,

£

L]

Fig.10 The recognized ‘bolt-hole-nut joint’ semantics
and taken the align constraint of centerlines of bolt
and hole as motion guidance constraint

10 P o b '

, VR-CAD

& N
A ——
Fig.7 Recognized ‘hole-hole align’ semantics and
taken the mate constraint of end faces of two
holes as motion guidance constraint

7 w o » '

Fig.9 The mate constraint of end faces of connecting
rod and crank is recognized according
to collision hint
9 ,

Fig.11 Final assembly of piston and connecting rod
component of automotive engine

11 -

VIRDAS )
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Research of Motion Guidance in Virtual Assembly Based on Semantics
Recognition*
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(State Key Laboratory of CAD&CG, Zhejiang University, Hangzhou 310027, China)
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Abstract: It is difficult to control the motion of the assembling parts precisely with current virtual reality 1/0
devices during virtual assembly. In this paper, a semantics recognition method is presented to capture the user’s
intention. A motion guidance method based on semantics recognition and constraint recognition is provided to help
the user move or rotate the parts in the virtual environment freely and precisely. The semantics recognition is
implemented according to the matching of spatial position, assembly orientation, type and parameters of the
semantics entities. The semantics recognition enables the system recognize the assembly relationship on assembly
task-level rather than lower-level geometry constraints. The methods are implemented in the development of
VIRDAS (virtual reality design and assembly system) and a virtual assembly example of automotive engine
component is also given in this paper.

Key words: virtual reality; CAD; virtual assembly; semantics recognition; constraint recognition; motion guidance
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