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| shall introduce my presentation by reading the title
In reverse order,
as | am going to introduce

Summary

/ Sketch-based interfaces Which is our current
research goal!

2 Their potential role during
virtual assembly process...

3 ... and the advantages this could add
to the human-computer interaction
along a computer-aided design-for-assembly process
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Antecedents

[T
AR

Some antecedents of the group

REGEO was born in 1994

REGED

/ K@ REGEO - Geometric Reconstruction
/

Pedro Company

Our work began to be fruitful since 2000

Current situation can be know visiting:
WWW.regeo.uji.es

™ REGEQO - Geometric Reconstruction
Welcome to the web site of i

Reconstruction

Presentation Related Sites

Projects Documents

The publications in journals, invited talks, confevences, techmicad veports and videos of the REGEQ group
are listed next i four groups:

@Journals and Invited Talks

Presentation
- @Conference papers
Pro 1 ects @Technical reports
9Videos

Documents
- A list of references on Geowmetric Reconstruction consulted by the members of the Group is affered too
Software @Refarences

. Plegse e-ail the Wehmaster if pou have problerns downloading anp of the docurnents. The downlocdable documents
Rel a‘red si Tes above differ fror final published veysions in formeatting end swedl details. If you like to get a copp through e-yail,

please send to the Webrnaster the 1ist of docuraents pou want. Be sure to include your postal address.

RARNING: This page containg Iinks to documents that map be covered by copyright. You vagy browse the documents at
Jour convenience, n the sare Spivit as pou yaay yead @ journal o g proceeding article in a public library. Retrieving
copping, distributing these documents may violate the copyright protection law.

o vien dscnts which e o, Adihe
Aobars Reader is Tequired.

¥ ] 08012007
L\: m‘;;:’g:rt Sund ey comments to: Wshmaster

-
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To sum up our research, we can state that...

CAl

...computers are still unpractical
during conceptual steps
of industrial products design...

...because CAD applications
are unable to work with
confuse,

poorly structured and
Incomplete ideas.
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The designer is asked to provide actions -\\/ well defined

to be executed by CAD application L and sequential
tasks!

CAl

CAD 3D =
Design by models

CAD 2D =
Design by drawing

6/46
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The designer is asked to provide actions \\/vvell defined
to be executed by CAD application | and sequential
CAl - tasks!
CAD 2D = CAD3D= N
Design by drawing Design by models
And this is not a good strategy ﬁ’foorly-defined,
while the designer is trying to fix visions ~—_non-sequential ideas!

|

V)

The TOOL is conditioning the TASK!

7/46
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So, our goal is

CAl

design and implement
computer applications
aimed at
helping the designers
In the conceptual design step

BN
We name them
CAIl applications (Computer-Aided Ideation)...

...to differentiate from current CAD application

8/46
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iTo upgrade from CAD to CAl,
the language must become “graphic”,

CAl In the sense of non-sequential

\

iMany evidences support that

engineering sketches is such a graphic language

aimed at enhancing creativity!

Engineering

G
i
e
b
s
-
S
)
F
Ty
o
L
]
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But
computers are blind
to engineering sketches!

:> S0, new computer

SBIM tools are required!

The scientific ambit aimed at solving this
problem is known as:

SBIM
(SKETCH-BASED INTERFACES AND MODELING)

10 /46
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SBIM

SBIM

SBIM includes three main areas, and different sub-areas:

SBIM

Wenimarst  Pedro Company
PUNER

N Input & On-line
Interaction Batch
Document 1 plSegmentation
Und?r(setg:rrl]din > g?gggssing S{Textual processing EPrimitiveS
g |Graphics processing Regularities
Ediing & Automatic Symbols
> Beautification : Menu-driven
Interactive
S| Gesture-based
Interactive Menu-driven
3D Gesture-based
Modeli >[Template Matching
oceng 3D Single view
Reconstruction Multiple views
Knowledge- Textual interpretation
~ based |> Graphics interpretation
Interpretation Global interpretation

Vv
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Sketch
Understanding

Interactive |

We were first interested in the
automatic 3D modelling sub-area

B Template Matching |

o 3D
R Modeling =

Knowledge-based
interpretation

3D Reconstruction |

Geom. Reconst.
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Wenimarst  Pedro Company
PUNER



= . .
VI ITALIAN - SPANISH SEMINAR G e O m etrl Cal reCO n St r u Ctl O n

Napoli, June, 4th 2007

Sketch
Understanding

Interactive |

We were first interested in the

: : By Template Matching |
automatic 3D modelling sub-area

o 3D
R Modeling =

Knowledge-based
interpretation

3D Reconstruction.

Geom.Reconst. | 5o, we began to work in:

GEOMETRICAL RECONSTRUCTION
the discipline aimed at automatic, or semi-automatically,
obtaining
three-dimensional geometrical models
from two-dimensional line-drawings or sketches

ISit
% gi
- ;
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We have developed a system that outputs 3D
models when the user inputs 2D sketches:

Geom. Reconst.

-~ h ' T '1'\‘\_3
A ,. d_," L . , | /«{’A' L_ o ’,.:,.,,_.\]
N T -
Pl ....,f + .:::’_-__. \.’ , * + +
! — _ . X _ 2D regularities’ 72 X B
9 2D sketching b) 2D tidying up ) detection

d) 3D inflation e) Axonomem_c. fr(_Jnt.
upper and side views
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Geometrical reconstruction

Geom. Reconst.

Our main contributions have been centred in:

New approach to reconstruct polyhedral shapes
of a particular class named “quasi-normalons”

Polyhedral that do not loose any vertex when removing
edges non-parallel to the three main orthogonal directions

1 ]
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Geometrical reconstruction
a) Input sketch  b) On-line line drawing
Z Beautification of the / T,
line-drawing obtained -
o from the sketch, &
to avoid “tangled”
shapes during
reconstruction d) Off-line
parallelism and

c) Off-line tidying  collinearity tidying

Y

e) 3D “tangled” f) 3D shape

shape
H 16/ 46
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Early detection of T
symmetry in the 2D # WL[_{ o> >
line-drawing, <l _ﬁ_ﬂ%\f

ay b)

Geom. Reconst.

and improvement of the reconstruction
process through symmetry regularity

Line

. 3D model Process Line drawing 3D model Process
drawing
oA
ML 13 faces
=5 1 plane of 1 plane of
e
: ‘ \ S symmetry

18 faces

Inflation Inflation
19 edaes time: less i ”
i gt than 1" 33 edges A g_‘_\ L
vertices / ; S~ 22 vertices [
L |

10 faces
1 plane of
symmetry
Inflation
time: less
24 edges than 17
46 edges

16 vertices | ‘ }

1 plane of
symmetry

I I B O v

30 vertices
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Interpreting annotations

Annotations

Wenimarst  Pedro Company
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We have also seen that other “niches” exist in the discipline of

“‘SKETCH-BASED INTERFACES AND MODELING”

SBIM

> |nput & On-line

Interaction Batch
Document | P Segmentation

Sketch ylimage s[Textual processing Primitives

Understanding| | |[Processing . . —
5| Graphics processing I; Regularities
: Symbols
N Editing & Automatic y
Beautification : Menu-driven
Interactive
Gesture-based
Interactive Menu-driven
3D Gesture-based
Modali >[ Template Matching

odeting L 3D Single view

Reconstruction ltiple views
- Textual interpretation
Knowledge- F s
based >|Graphics interpretation
interpretation W
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Interpreting annotations

Annotations

Wonpgarss  Pedro Company
FUNE-R

One of our current research lines is aimed at
Interpreting Annotated Engineering Drawings

Engineering designers
Reason ) _ o01o> D SE5)

annotate their designs with symbols

Goal |:> CAIl systems should be able

to interpret designers annotations

L, x4Ss

JL1s044 -gx15x12

A

Capture and record the data

M8

[ ]

s I

v

Separate annotation data
from drawing data

Approach |:> )

Interpret annotations

v

Apply the annotations
to create the model

— ke

'g26 |

Make concentric
Make parallel

Make perpendicular

@12
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Currently, we can interpret:

I/ Four types of strokes

Annotations

l/ Twelve annotations

20/46
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Currently, we can interpret: Seqments
l/ Four types of strokes
yP Arcs v oS A N
Annotations
‘/ Twelve annotations Circles
Ellipses

Separate entities are obtained
from a simple stroke!

21/46
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Currently, we can interpret: Horizontal ~ Vertical Parallel Perpendicular
:_ lt’. .-'/ ' .:-"I .'|I 1
l/ Four types of strokes *q" iy e
Annotations

/' Twelve annotations Dimension ~ Diametric Make
| \ dimension  concentric - tangential
V) - e, /
Y, / T
x

Wenimarst  Pedro Company
PUNER

! ...-""II |\ IIIII o o

Annotations are recognised
with 90% or better accuracy

Extrude Rotate left Rotate right
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Currently, we are limited to =
reconstruct isolated parts.

Next step

Capture and record the data

v

But, in our pursuit of Separate annptatlon data
from drawing data

applying annotations )
to create models...

Interpret annotations

v

Apply the annotations
to create the model

... we want to be able to
create assemblies from sketches!

23 /46
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Our vision is
to define and implement a set of symbols
that can help a CAl system
to assemble 3D models obtained from 2D sketches.

Next step \

The idea was first presented at: \

Saorin J.L., Contero M., Naya F. y Conesa J. (2003).
Interfaz gestual para la definicion de condiciones de
ensamblaje para la generacion de maquetas digitales.
Proceedings of the VII International Congress on Project
Engineering, (ISBN: 84-9769-037-0), p. 124.

@//www.regeo.uji.es/publicaciones/CIIP03.pdf /
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The basic guidelines of our approach should be:

Summary
Antecedents

. \l The symbols must be sketched themselves,
as part of a “natural” design process

Geom. Reconst,
Annotations

Next step

l/ The meaning of the symbols must be “robust”

Conclusions
In the sense of being understood without mistakes
by the geometrical engine in charge of assembling the parts

\/ The symbols should overtake the faults
of current sets of CAD operations
~They are neither full usability-criven \
nor full manufacturability-driven
& [
i | 4

Wonpgarss  Pedro Company
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Next step

Summary
Antecedents
CAl

SBIM

Geom. Reconst.
Annotations

Next step

Conclusions

Wenpsarst  Pedro Company
PUALE=R

What is wrong with current CAD applications?

Solid Edge ¥17 - Conjunto - [Mordaza_hecha.asm] =i 5
@ Archivo Editar Wer Formato Herramienkas Verificar Entorno Modelo  Administrar  Yentana ? =
D263 % a3 o aE PO P B0 RABF ¥
Creando relacidn 1 | | 0,00 i w |[_Dar wuelkta
Haga clic en un elemento de la pieza en colocach P8 FlashFi |
Pl Caincidi
%u ﬁ”%”g HEHE@‘ i@ Alineacisn plana
Eb Alinear ejes
B Mordaza_hecha asm d)k el
-4 Planos de referencia nesnar
(3 Base_de_fiacion.par 7 Paralelo
@ Deslizadera.par:1 n-r‘ Conectar
gl Tomillo.par:1
~gg@ Tomillo.par:2 X AR
< Mordaza_mowil.par:1 PO Tangente
& Husilla.par.1 & Leva
""'L|31 e parl 1% Coincidir sistemas de conrdenadas
@ Tapon.parl =
-~ Tapon.par2 —
i) Soporte_husilo.par:1 =
- Prisionero.par:1
- Pasador.par a
- Placa_de_apavo.par :H M
3 Placa_de_apoyo.par2 .
~gi@ Tomillo.par 3 o
~qg@ Tomillo.par:4 W
gl Tomillo.par:5
gl Tomillo.par:B £
Ma ze ha seleccionado ninguna pieza de i [j -
bl -
i | i} ] L|

SolidEdge: originally developed and release by Intergraph in 1996
using the ACIS geometric modeling kernel
it later changed to using the Parasolid kernel
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Assembly Modelling is the technology and methods used by
CAD and other computer software systems to handle multiple
files that represent components within a product.

Components can be positioned
Next step within the product assembly using:

l/absolute coordinate placement methods

\/ mating condi%
Mating conditions are definitions of the relative posm

components between each other.
For example alignment of axis of two holes or distance of
two faces from one another.

The final position of al components based on these
relationships is calculated using a geometry constraint

“ % gine built into the CAD or visualization package./

271746
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Summary In fact, some mating conditions tools assist the user

Antecedents to get an intuitive and friendly set of constraints:

CAl

SBIM

Geom. Reconst. 7 As users place parts in an assembly, assembly relationships
frnotatons position new parts relative to parts already in the assembly.
Next step

sonesn 2 There are several relationship types for positioning parts

relative to each other.

Starting with v8 C jq i P ’. ‘

(2000), Blﬂ Alineacidn plana
Solid Edge also hasa g o
FlashFit option 7/ Palels

u‘r‘ Conectar
that can reduce % foons
steps required Mo Tangente

6 Leva

ﬁ Coincidir sistemas de coordenadaz

to position parts.

Ry N

Wonpgarss  Pedro Company
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However, we can find two main drawbacks:

Next step X Only finished parts can be assembled

X Assembly relationships still require taxonomies

29/46
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Next step

Next step

Wanpgmars:  Pedro Company
JPUAE=]

7 Only complete and consistent parts

can be assembled:
)

-

=

CAD assembly sub-systems
require
standard CAD parts input

R = =R

# Mardaza_hecha. azm
e e
<7 Planog de referencia

Baze_de_fjacion.par:1
Deszlizadera.par: 1
Tarnillo.par: 1

Torillo. par: 2
tordaza_movil. par: 1
Huzillo.par: 1

b anivela. par: 1

T apon.par: 1

T apon. par: 2
Soporte_husgillo.par:1
Prigionera. par: 1
Fazador.par:1
Flaca_de_apoyo.par:
Placa_de_apoyo.par: 2
Tormillo.par: 3
Tormillo.par: 4
Torillo.par:b
Tormillo.par: &

Detailed design of parts is an assembly pre-requisite!
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Our vision is creating a sketch-based environment ...

... able to assemble different parts...

Next step ... that are not yet fully defined.

In other words:

Assemble conceptual designs of parts!

31/46
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Next step

Next step

Wenimarst  Pedro Company
PUNER

2 Current CAD applications
merge different kind of assembling tools:

some are oriented to a
functionality and Yo
manufacturability i

but other that are
“‘geometry-driven” ko

FlazhFit
Coincidir
Alineacidn plana
Alinear ejes
Insertar

Paralelo
Conectar
Angulo

T angente

Lewa

Coincidir zizternas de coordenadas
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Our vision is developing a
new set of mating conditions:

‘/ Valid to assemble sketched parts

Next step

‘/ Containing design intents, instead
of geometrical constraints

v Useful as input information
for tolerancing purposes

Wonpgarss  Pedro Company
FUNE-R
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Our vision is developing a
new set of mating conditions:

‘/ Valid to assemble sketched parts

Next step

‘/ Containing design intents, instead
of geometrical constraints

We believe that this makes sense,\
\/ because...
Useful as input information

: tolerances should ensure that
for tolerancing purposes

parts within tolerance specification are:

l/ functionally equivalent

/ interchangeable in assembly/

34/46
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Next step

Next step

Wenimarst  Pedro Company
PUNER

Some tolerancing representation and specification
approaches seem more promising than others:

Clement A., Valade C. and Riviere A., 1997, The TTRSs: 13 oriented
constraints for dimensioning, tolerancing and inspection. In P. Ciarlini, M.
G. Cox, F. Pavese, and D. Ritcher (eds.), Advanced Mathematical Tools in
Metrology Il (World Scientific Publishing Company), pp. 24-42.

T.T.R.S.

Clement A., Riviere A., Serre P. and Valade C., 1998, The TTRSs: 13
oriented constraints for dimensioning and tolerancing. In H. A. EIMaraghy
(ed.), Geometric Design Tolerancing: Theories, Standards and
Applications, pp. 122-131, presented at the 5™ CIRP Seminar on

Wr-Aided Tolerancing, Toronto, Canada. /

FROOM

Salomons, O. W., 1995, Computer support in the design of mechanical
products. PhD thesis, University of Twente, The Netherlands, available at
http://www.pt.wh.utwente.nl/staff/otto/thesis/.

...but we have found important problems still unsolved...
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Current tolerancing standards and practices

must be tightened (formalized) considerably

If we are to represent tolerancing information

In computer-based geometric systems
In a form suitable for automatic tolerance analysis;
Next step automatic planning of manufacturing, assembly, and
Inspection operations;

and design and production activities.

The above paragraph comes from Requicha (1983)

Requicha A.A.G. (1983), Toward a theor;/ of
geometric tolerancing. The international
Journal of Robotics Research, 2 (4), 45-60.

But it was cited by Zhang and Hug... in 1993!

T

'/ZH;E T—IiC and Hug M.E. (1993) Tolerancing techniques: the state-of-the-art.
jn\ternational Journal of Production Research, 30 (9), 2111-2135.

-
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In its state-of-the-art, Zhang and Hug,
cited a former work

by Ali et al (1988)

to assert that:

Zhang H.C. and Hug M.E. (1993)
Tolerancing techniques: the state-of-the-
art. International Journal of Production
Research, 30 (9), 2111-2135.

Next step

“standardization of the interfacing
of the geometric modeller
with other components of computer integrated manufacturing
IS needed”

\
37746
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Next step

Summary
Antecedents
CAl

SBIM
Geom. Reconst.
Annotations

Next step

Conclusions

Wonpgarss  Pedro Company
FUNE-R

New standards have appeared since that time:

DIN Handbook 1

" Technical drawmg

Vol.1 Technical drawings in general J§ &7 .
Mechanical engineering drawmgs

; % " 150 Standards
T Handbook
= |nternational

IS0 Organization for
== Standardization

..but they are 2D standards!
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A new state-of-the-art appeared in 2002.

— I

{Hong Y.S. and Chang T.C. (2002) A comprehensive review of tolerancing J
research. International Journal of Production Research, 40 (11), 2425-2459.

T

Next step

And the problem was quoted again:

Although geometric tolerancing addresses the weakness
and intrinsic ambiguities of parametric tolerancing,
it still poses its own weakness,
mainly due to its informal way
of defining the core concepts

39/46
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Just one year later, a new “3D” standard was released:

Next step

ASME Y14.41-2003

DIGITAL PRODUCT

DEFINITION DATA
PRACTICES

ASME Y14.41-2003

40/ 46
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Next step

Next step

According to ASME Y14.41-2003,

the model may contain the following information:

MODEL

T

Annotation

Annotations
can be included

In the models!

Wenimarst  Pedro Company
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Design
model

Attributes

2

Model
geometry

Supplemental
geometry

L Geometric J

elements
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But the computer is blind to those annotations!

MODEL
= >ie |
Annotation | b Design Attributes
Next step model
ee / 1‘ |
Model Supplemental
geometry geometry
I Geometric J
elements
The annotations are just “labels” added to the model
¥’ than the user can read and modify,
K but the geometrical engine does not use them,
\

neither to construct, nor to edit or validate the model.
!.F'I-'.'I-th!;ﬂ- Pedro Company
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Designers

Manufacturing

Engineers
J B,

Computer graphics

@nologists

Conclusions

All of them aN
required to face

this challenging
problem
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S Tools for easing the

| Human-Computer lnteraction
during Virtual Assembly Process,
by way of Sketeh-Based nterfaces

Pedro Company
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