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Procedural Interface between Freehand Sketch-based Modeling
System and Commercial MCAD

Sanguk Cheon*, Duhwan Mun**, Byungchul Kim* and Soonhung Han***

ABSTRACT

Research that reconstructs a 3D model from a freehand 2D sketch has gained attention since 1990s,
when data integration in the CAD/CAPP/CAM/CNC chain was an important issue. However, 2D
sketches in the conceptual design phase have not been integrated with the downstream CAD/CAPP/
CAM/CNC chain. In this paper, we present a method to interface a freehand sketch modeling to com-
mercial CAD systems by mapping a sketch modeling history to the macro parametric history. We use
an extended 1SO10303-112 standard to represent the modeling history in a gestural modeling system
and translate sketch files to neutral macro files. Macro parametric translators are used to translate

netural macro files to commercial CAD files.
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Fig. 1. System overview.
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Table 1. Comparison of gestural modeling and reconstructional modeling

Sketch-based modeling

Gestural modeling

Reconstructional modeling

Tllustration example

s |
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Input property Procedural

Non-procedural

3D model generation

- Predefined operations
- Operation ~ CAD command

Algorithm

Degree of freedom High

Low

- Few input strokes

Major issues i,
y - Stroke recognition

- Face idenification
- Template matching
- Z-coordinates calculation
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Recognition result Stroke shape

protrusion_extrude

cut_extrude

face_selection
v

edge selection

N\
edge filletting
: <

I o

cancel_stroke

Fig. 3. Stroke recognition.

<solid> := <solid_protrusion_extrude> { <solid_protrudion_extrude>
| <solid_cut_extrude> }

<solid_protrusion_extrude>:= <profile_strokes> <extrude_stroke>

<solid_ cut_extrude> := <profile_strokes> <cut_stroke>

<profile_strokes> := <geom_stroke> { <geom_stroke> }

<extrude_stroke> := <right_hand_arrow>

<cut_stroke> := <left_hand_arrow>

<oper_stroke> := <arrow> | <check>

<right_hand_arrow> 1= <arrow>

<left_hand_arrow> 1= <arrow>

<geom_stroke> := STROKE
<arrow> := STROKE
<check> := STROKE
<circle_arrow> := STROKE

Fig. 4. Stroke interpretation.

?

wait input

Stroke Input
stroke l

geom_stroke
Recognition Sketch

geom_strokes l
oper_stroke . .
. Intermediate Final
N | — .
Interpretation ommand Solid Solid

o

Fig. 5. Generation of sketch modeling commands in a
gestural modeling system.
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(define shape OpenArrow
(components
(Line shaft) (Line head1) (Line head2))
(constraints
(coincident shaft p1 headl.p1)
(coincident shaft p1 head2.p1)
(coincident head p1 head2.p1)
(equal-length head! head2)
(acute-meet head! shaft)
(acute-meet shaft head2))
(editing
((urigger (click_hold_drag shaft))
(action (translate this)
(set-cursor DRAG)
(show-handle MOVE tail head)))))

Dim factory2D1 As Factory2D

Set factory2D1 = sketchl OpenEdition()

Dim point2D1 As Point2D

Set point2D1 = factory2D1.CreatePoint(0.0, 0.0)

Set point2D2 = factory2D1.CreatePoint(100.0, 0.0)

Dim line2D3 As Line2D

Set line2D3 = factory2D1.CreateLine(0.0, 0.0, 100.0, 0.0)
line2D3 StartPoint = point2D2

line2D3 EndPoint = point2D1

Set point2D3 = factory2D1.CreatePoint(20.0, 20.0)

Set point2D4 = factory2D1.CreatePoint(20.0, -20.0)

Dim line2D4 As Line2D

Set line2D4 = factory2D1.CreateLine(0.0, 0.0, 20.0, 20.0)
line2D4 StartPoint = point2D1

line2D4 EndPoint = point2D3

Arrow description in LADDER Arrow description in CATIA script

Fig. 6. Comparison of an
and CATIA script.

arrow description in LADDER
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fd
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- sketch_view

- sketch_coord_sys

- select_face

- select_edge

- create_protrusion_extrude
* create_protrusion_cut

- create_edge fillet

ENTITY sketch_view
viewing_matrix : LIST[1:16] OF REAL;
END_ENTITY;
ENTITY select_entity
ABSTRACT SUPERTYPE OF (ONEOF (select_edge, select_face));
persistent_name : STRING;
input_stroke : curve;
END_ENTITY;
ENTITY select_face
SUBTYPE OF (select_entity);
END_ENTITY;
ENTITY select_edge
SUBTYPE OF (select_entity);
END_ENTITY;
ENTITY create_solid
ABSTRACT SUPERTYPE OF (ONEOF (create_protrusion_extrude,
create_protrusion_cut, create_edge_fillet));
input_stroke : curve;

END_ENTITY;

Fig. 7. Partial definition of sketch modeling commands in
EXPRESS language.
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<sketch_view>
<viewing_matrix>

0.828 0,301 -0,473 0,000
-0.556 0.551 -0.623 0.000
0.073 0.779 0,623 0.000
0.000 0,000 0,000 1,000
</viewing_matrix>
</sketch_view>

<sketch_coord_sys>
<name>CS1</name>

<origin>
<coordinates>0.000</coordinates>
<coordinates>0.000</coordinates>
<coordinates>62,062<{/coordinates>
</origin>

<first_direction>

<coordinates> 1.000</coordinates>
<coordinates>0,000</coordinates>
<coordinates>0,000</coordinates>
</first_direction>

</sketch_coord_sys>

<create_line_segment_2_points>
<name>P1 </name>

<start_point>

(coordmates)‘stl 502</coordinates>
<coordinates>57,527</coordinates>
<coordinates>0,000</coordinates>
</start_point>

<end_point>
<coordinates>-53.230</coordinates>
<coordinates>57,527<{/coordinates>
<coordinates>0,000</coordinates>
</end_point>
</create_line_segment_2_points>

{select_face>

<persistent_name>Cut1,0,-1,0,0,0,ExtrudeFeature:0,0:0;0<{/persistent_name>
<input_stroke> CV8 </input_stroke>

</select_face>

7>

<?xml version="1.0"
<MACRO_PARAMETRICS>

<SELECT_Object>
<result_object_name>Referencel</result_object_name>
<type_edit>0BIECT</type_edit>
<entity>XyPlane</entity>

<picking_point>
<coordinates>0.000000000000</coordinates>
<coordinates>0.000000000000</coordinates>
<coordinates>0.000000000000</coordinates>
</picking_point>

</SELECT object>

<SKETCH_Open>

<result ogject name>sketchl</result_object_name>
<reference_edit>Referencel</reference_edit>
</SKETCH_Open>

<CONSTRAINTS_Create_3DReference_coordsys>
<result_object_name>ConstraintO</result_object_name>
l|<origin>
<coordinates>0.000000000000</coordinates>
<coordinates>0.000000000000</coordinates>
<coordinates>0.000000000000</coordinates>
</origin>

<first_direction>
<coordinates>1.00000000000</coordinates>
<coordinates>0.000000000000</coordinates>
<coordinates>0, 000000000000</coordinates>
</first_direction>

<second_direction>
<coordinates>0.000000000000</coordinates>
<coordinates>1.00000000000</coordinates>
<coordinates>0.000000000000</coordinates>
</second_direction>
</CONSTRAINTS_Create_3DReference_cCoordsys>

<SKETCH_Create_2D_Line_2Points>
<result_object_name>Linel</result_object_name>
<start_point>

<coordinates>79. 552</coordinates>
<coordinates>120.215</coordinates>
<coordinates>0.000</coordinates>
</start_point>

Fig. 11. Translation of sketch modeling commands into
neutral modeling commands.
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