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We began to work in this line in 1994

We were looking for a research subject.....

Because we had assumed the
sentence “publish or perish”

To read funny, but interesting
comments about this sentence: £

LR

http://www.johnwoodwark.com/ ro i~
inge/docs/Pmill.pdf ‘,wr&

5]

by
JOHN WOODWARK
Cartoons by Carol Wade

REGEO
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Antecedents

We began to work in this line in 1994

REGED

We were looking for a research subject.....in our “area”

Because we had assumed the
sentence “publish or perish” Because making research in
“engineering graphics” was a
challenge for us

To read funny, but interesting
comments about this sentence:

As some people told us that

“everything was
already known”

by
JOHN WOODWARK
4/36
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http://www.johnwoodwark.com/
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The line began to be fruitful since 2000

Welcome to the web s Presentation Projects

are listed next in jfour groups:

@Journals and Invited Talks

Presentation @Conference papers

ProeEs @ Technical reports

Documents

/ Current situation can be know visiting: Www.regeo.uji.es
| K REGEO - Geometric Reconstruction

P REGEQ - Geometric Reconstruction

Felated Sites

Recon stn The publications i journals, wvited tallks, conferences, technical reports and videos of the REGEQ group

@ Videos
Docum ents A list of references on Geowmetric Reconstruction consulted by the merabers of the Growp is offered too:
@References
Software Teerenees
Flease e-mail the Webtnaster if pou have problems downloading any of the documents. The downloadable documents
R I d . above differ frov finad published versions in formating and swall details. If pou like to get a copy through e-muil,
e afe SI‘I'eS please send to the Webmaster the list of docurnents pow wepit. Be sure to include pour postal address.

WAFRNING: This page contains links to documents that may be covered by coppright. You may browse the documents ot
Jowy convenience, i the scone spivit as you may vead o journdd o @ proceeding article in o public library. Fetrieving,
copping, distributing these docurents way violate the copypright protection low.

Towiewr donmerts Rivich are T“, Adobe

Arobat's Reader ic required.:.
F. X Get Acrobat
ke Reader

02012007
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What the “line” i1s?
CAl

In a nutshell...

Today, computers still cannot help
In the more conceptual steps of industrial products design...

...because CAD application are unable to work with
confuse, poorly structured and incomplete ideas.

In other words,
CAD applications
cannot manage
the “visions” of the designers

6/36
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The designer is asked to provide actions — " well defined
CA to be executed by CAD application } and sequential!J

CAD 3D =
Design by models

CAD 2D =
Design by drawing
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The designer is asked to provide actions — " well defined
CA to be executed by CAD application Land sequential!

CAD 3D =
Design by models

CAD 2D =
Design by drawing

And this is not a good strategy ﬁ’foorly-defined,
while the designer is trying to fix visions inon-sequentiaj ideas!

|

U
The TOOL is conditioning the TASK!
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CAl

So, our aim Is
design and implement
computer applications
aimed at
helping the designers
In the conceptual design step

We name them CAI applications (Computer-Aided Ideation)...

...to differentiate from current CAD application

9/36
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CAl

CAl

Pedro Company

iTo upgrade from CAD to CAl,
the language must become “graphic’,
In the sense of non-sequential!

\

iMany evidences support that
engineering sketches is such a graphic language
aimed at enhancing creativity!
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SBIM But : So, new computer

compu_ters are blind tools are required!
to engineering sketches!

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

SBIM
(SKETCH-BASED INTERFACES AND MODELING)
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SBIM

Raster Image

Veclonzallon

Vectorial Image
(2D geometric primitives)

Tidied up drawing

3D
R o

To find current subjects of interest
In SBIM, we have analysed previous work...

SNNEU

2D
@ Reconstruction ~ Primitive
ixtraction

niches’ |

User sketches on
digitising tablet

Sequence of

pen co-ordinates
Document Analysis
Lines are formed
and tidied
Document Interpretation
2.3

Textual

Lines and connected

junctions

Drawing formed
and labelled

Granhics Drawing with several

Graphics
Processing

labellings

Extra constraints

created

Symbol

Identification 9““"" 7

Drawing with single
labelling
Standard Variable
b Symbal
Sy s ymbols Linear system

is solved

o\
%

¢

3D Model

" Jat

..and we have developed our own taxonomy...

Pedro Company

circuit description of
elements 2.2.1 dimension sels
L2 \ Partial three-

dimensional object

v Hidden parts

I_ _l reconstructed

hree-dimensional

[Wen03] Wenyin L. On-Line Graphics Recognition: A bioc
Brief Survey Proc. of IAPR Int. Workshop on Graphics

Recognition (GREC'2003). addendum 2003 ﬂ
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SBIM

SBIM
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In sum, we do consider three main areas:

Sketch
> Understanding

3D
Modeling

N Knowledge-
based
interpretation
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SBIM

SBIM

And different sub-areas:

SBIM

Pedro Company

N Input & On-line
Interaction Batch
Document 1 plSegmentation
Undirsq[g:r?din > g?gge?ssing S{Textual processing |>Primitives
g yIGraphics processing Hp{Regularities
Ediing & Automatic Symbols
2 Beautification : Menu-driven
Interactive
S| Gesture-based
Interactive Menu-driven
3D Gesture-based
Modeli >[ Template Matching
odeng 3D £ Single view
Reconstruction MUltiple views
Knowledge- Textual interpretation
based Graphics interpretation

interpretation

vV Vv Vv

Global interpretation
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SBIM

SBIM

And different sub-areas:

SBIM

Pedro Company

N Input & On-line |«
Interaction Batch
Document 1 plSegmentation
Un dirsq[g:r?din > ir;?gge?ssing >{Textual processing |>Primitives
g yIGraphics processing Hp{Regularities 7
Ediing & Automatic Symbols
2 Beautification : Menu-driven ; :
Interactive Calligraphic
S| Gesture-based
_ Interfaces
Interactive Menu-driven
3D Gesture-based
Modeli >[ Template Matching
oceTng 3D Single view [«
Reconstruction MUltiple views
Knowledge- |?Textual interpretation
~ based Graphics interpretation To be noticed that our taxonomy is
interpretation I; Global terpretation not fully developed, since some

current approaches in the literature fit
more than one sub-area
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Sketch
Understanding

3D
7 Modeling

Knowledge-based
interpretation

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

Geom. Reconst.

So, 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

INig
G g =

Pedro Company
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Geometrical reconstruction

Geom. Reconst.

Pedro Company

The former goal of
geometrical reconstruction was
to extract information from
old engineering blueprints

In other words, “archaeological”
recovery of old know-how

Drawing or Sketch

on paper Raster Image 7

Vectorization

s

Vectorial Image
(2D geometric primitives)

2D Reconstruction

(7

Tidied up drawing

3D Reconstruction

=

%

&

Finishing
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However, the short term problem was solved trough “brute force”:

Geom. Reconst.

: Arbor Image Corporation
Image. [eaders in Raster to Vector Conversion

5651 Plymouth Road, Ann Arbor MI 48105
phone (734) 741-8700 fax (734) 741-8806 email: sales@arborimage.com

Convert scanned drawings to CAD.

=ils )
:dJ- At ' “Scan2CAD makes the job simplicity itself ... neat -"_,.':,‘ :.--.: v‘ !jxeﬂl"igsnﬁnp“. by 5 i&!tﬁlc

drawings were created in a fraction of the tirme it takes rS AHEAD

THE ULTIMATE IN RASTER CLEAN-UP,
EDITING & RASTER TO VECTOR
Buns hoth as stand alone Windows and inside AutoCAD 14-2005/LT

Welcome to RECSOFT, Inc.

SDto s Corm ABOUT SOFTELEC
- R“Esiit:nﬂ =DtoSDCAD . cor ["Site Tour | Demos |
4 About ScanZCAD i awma-ch-_ ) Member Log-In PRODUCTS ! :
aurR CO 3 8 . I Y L=
OUIR COMPANS " ation JELERRld] Fmail Address: ERIETNG HIT :
Features List EETIRGEND 5! : Wi
be :
L, " 7
' Ill_;‘_“_f./% " PF
t R ‘#—*
20 MO0DELS i - . Kemove }
IR CLEAN UP RASTER EDITING
[ranslation services were offered! ALYST 5 STAR AWARDS!
- NEW YERSION 7!
A P
rization
R3
BEE | Hints and Tipe ©2004 safteler Coxp. p — L VLY F
- Last updated 2 BEK
Video Tutaorials 06023104
o R4
£ Mewslatter Farinerships P F
205K
Affiliate Program authorized developer —— T
Contact Us e Farmst RASTER TO VECTOR COLOR EDITING
o ution Provicer |8
oty SEE A WEB DEMO! LD

JUST HAVE A FEW DRAWINGS TO
CONVERT TO CAD? CLED

Register now to convert your 1 EE
drawings!! hOW
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Geom. Reconst.

Pedro Company

Geometrical reconstruction

The problem still remains open,
as paper has not fully disappeared!

"So we threw away our drawing
boards and got computers."
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Antecedents . . . .
. Current situation can be outlined in:
Lecture Notes in

SBIM Computer Science 1389
Geom. Reconst.
Annotations Machine
Conclusions

Interpretation of

Lecture Notes in
Computer Science 1941

Line Drawing Images

Technical Drawings,
Maps and Diagrams

Sergey Ablameyko and Tony Pridmore

[APOO] Ablameyko S.; Pridmore T.

4th International Workshop, GREC 2001

Machine Interpretation of Line B

Drawing Images: Technical [EGKO02] EI-Mejbri E.F., Grabowski H.,
Drawings, Maps and Diagrams Kunze H., Lossack R.E., Michelis A. 3D
Springer Verlag Reconstruction of paper based

ISBN: 3-540-76207-8 2000 Vo assembly drawings: State of the art and
approach. Lecture Notes in Computer

Science. GREC 2001, Ep 1-22. 2002 [~
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But, the main goal of the

Geom. Reconst. changed in the 1990s.

Today, most of the applications are
aimed at conceptual design

Using sketches made by the
users as inputs to construct 3D
models

Pedro Company

reconstruction community

Sketching

2D Reconstruction
(or Beautification)

Top view

—

—

Reconstruction

::,’ , N h N
ictorial view %

[ ]

Front view
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In sum, the goal has changed
along the time:

Geom. Reconst.

VECTORIZATION

2D + paper = 2D + computer

\

2D + paper =>3D + computer RECONSTRUCION

\

Conceptual design = 3D + computer \

22/36
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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.

Pedro Company

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 ) mput sketch  b) On-line line drawing

Geom. Reconst.

Pedro Company

Z Beautification of the
line-drawing obtained
from the sketch, to
avoid “tangled” shapes
during reconstruction

d) Off-line
, o parallelism and
¢) Off-line tidying collinearity tidying

Y

e) 3D “tangled” f) 3D shape

4T
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Geometrical reconstruction

Geom. Reconst.

Pedro Company

Early detection of
symmetry in the 2D

~ | -
line-drawing, SN f
T _S_‘:;.QJ_'
a)
and improvement of the reconstruction
process through symmetry regularity
d Lin_e 3D model Process Line drawing 3D model Process
rawing
TS N
Y, ming et -
/ plane o Y
ﬁ""’ e > 1 plane of
‘A\ Inflation — T:;; ;\i’loe:ry
19 edges :L:“e: 1"355 33 edges /\ time 1”
12 vertices \ an 22 vertices 1 \_ —J_\
B =
U § d Jq: > 18 faces
1 plane of
L] o g || paneor
Inflation Inflation
16 vertices | ] :3 jjg;ses —|
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Interpreting annotations

Annotations

Pedro Company

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

Annotations

Engineering designers Make concentric
Reason )

annotate their designs with symbols - Make parallel
Make perpendicular

Goal |:> Can the computer interpret designers annotations?

Capture and record the data

v

Separate annotation data
from drawing data

Approach |:> T

Interpret annotations

v

Apply the annotations
to the drawing
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Currently, we can interpret:

l/ Four types of strokes

Annotations

(/ Twelve annotations
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Currently, we can interpret: Lines \
o Fourypesofsuokes | LN
Annotations Vi
I/ Twelve annotations Circles
Ellipses

Separate entities are obtained
from a simple stroke!
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Interpreting annotations

Annotations

Pedro Company

Currently, we can interpret:

I/ Four types of strokes

l/ Twelve annotations

Horizontal ~ Vertical Parallel Perpendicular
IE ' ';= II./' :.-" .'I \
Lo v £y o
Dimension Diametric Make
\ dimension  concentric  tangential
| "'---.‘;‘x, ............ . /
~ / () T

Extrude Rotate left Rotate right

Annotations are recognised
with 90% or better accuracy
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My research has been guided by:

l/ Interest

Conclusions

(/ Opportunity
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My research has been guided by:

l/ Interest | wanted to know was could be\

iImproved in the field of
Conclusions ENGINEERING GRAPHICS

(/ Opportunity

ENGINEERING GRAPHICS
IS tied to Design-by-Drawing

ENGINEERING GRAPHICS
Is conditioned by CAD tools

N /
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My research has been guided by:
l/ Interest | found the colleagues! \
Conclusions
(/ Opportunity

| found the funding!

KI found results to publisry
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Conclusions

Conclusions

Pedro Company

There is still room left for other people interested in the subject!

Sketch
Understanding

SBIM

3D
Modeling

Interaction Batch

Document S{Segmentation
y[(image S| Textual processin
“|processing | [ L <

Primitives

Graphics processing [>{Regularities

Editing & Automatic
Beautification

Interactive

Symbols

Menu-driven

Gesture-based

Interactive

Menu-driven

Gesture-based

Knowledge-
~ based
interpretation

A4

Template Matching
3D Single view
Reconstruction Multiple views

Textual interpretation

WV

N

Graphics interpretation

Global interpretation
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