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ABSTRACT
KEYWORDS

Reverse-Engineering techniques are commonly us%stem engineering methodologies, Managing

to generate or update the CAD model O.f a s_,mgl roduct/process knowledge, Capturing product
physical object. However, the reverse engineeriing formation Reverse Engineering,  Signature

a whole assembly is still very tedious and time- :
consuming. This is mainly due to the fact that thgomparson.
complete definition of the final digital mock-upies

on the integration of multiple sources of

heterogeneous data, such as point clouds, imagek, INTRODUCTION
schemes or any type of digital representations 'WhiCReverse Engineering is an activity which consists i

a;e grot ?’gt cl;glelgs/ ?pnpeov;ter?]e%o?ft;ﬁg Sgg\’lvige'ggg' defined by Varady et al. [30] about twenty years,ag
i%ts rafe tr?ose multi-representations and to snged “the transformation of real parts into engineering
9 P PEED  odels and concepts while conventional engineering

the reconstruction process which cogld therefor?ransforms engineering concepts and models into rea
become adapted to the reconstruction of larg arts’. In industry, many reasons of using this

mechanical assemblies such as in automotive field, tivity can be cited:

The conceptual model of the methodology suggest? The original design is not supported by suéiti
Eg'?et;IESe ntgouixggf; t%gﬂ[(ge%cile rrgaerriatﬁgonmar:ger existing technical documents (it concerns old
. o9 ) 9 %rts; all traceability of design is lost). It meahat
identify mechanical components. In our appro:;xchdigi,[al data such as CAD models, drawings and

s ang  eehicldociment haebeen ot or o re-desk
existing part. The aim could be to perform new

an object. .Th's article presents a demonstrator t%imulations before modifying and remanufacturing
illustrate this methodology using an example frorqhe part ; (2) the original supplier disappearedaes

automotive domain. not manufacture the part anymore and the original
part is damaged or broken and no plan nor drawing
are available. RE activity is also used to inspbet



manufactured product in line production with theprocesses. The contribution allows suggesting
DMU (Digital Mock-UP). The aim is to prevent all generic signature instantiated in the databasen,The
dimensioning derivations (the nautical industry ighe identification of the mechanical parts and
mainly concerned). To finish, RE activity is alsoassemblies according to the type of data could be
applied to update the DMU of the product along itperformed.
lifecycle (the aeronautic context is'concernedr'hleo __This paper is organized as follows: section 2 prese
Iti?ecr;rgzc)erve the DMU of an airplane during I'[Sthe reIaFed works in Iink with the RE of Iargg

' assemblies and the signature and segmentation
To sum up, in the manufacturing industry, thera is mechanisms depending of the type of data processed.
large scope of applications from the re-design oA general methodology will be presented and the
maintenance of mechanical products to knowledgdefinition of the conceptual elements enablingrié |
capitalization. Until now, RE has been used fodigital mock-up and heterogeneous data relying on
single parts but the needs have evaluated: the nalata characterization are presented in sectiol@n T
trend is to apply this technique to large mechdnicahe conceptual model will be illustrated thankshe
assemblies which is a very tedious task. This papeemonstrator developed for “METIS” project in
highlights a mean to reverse large mechanicalection 4. To finish, a discussion of the approach
assemblies like in the automotive or navapresented in this paper and some perspectives are
construction fields where digital mock-ups can heacsuggested.
several hundreds of components. Depending on
whether an initial digital mock-up exists or ndttde 2. RELATED WORKS
use-cases are suggested an_d cor_ns_ldered " or.der.l_ Qs section is structured in four subsections:tite
generate and/or update the final digital mock-up: (

. Sl : o . frst present the related works in link with the
as design-as built; (2) as design-as maintained; ( everse Engineering of mechanical component and
from scratch. Considering these facts, a Frenc 9 9 P

: ; . . . assemblies. The third one deals segmentation of
project called “METIS” (3D modelling of Digital . :
Mock-up based on the integration of heterogeneo heterogeneous data (points cloud, picture, CAD.etc.

data) has been launched in 2012. METIS proposes € Ias_t part concerns the signatures and their
methodology to retrieve a parameterized digita‘neChamsm'

mock-up using a set of heterogeneous data such a52 1 Reverse Engi ing f
drawings, pictures, maintenance documents and ~ ) gineering tor
CAD models. METIS system will be composed of a mechanical assemblies
database of signature of components. “Signature” igerlem et al. [13] use points clouds to propose a
considered as a set of characteristics allowing tmethodology in order to compare Digital Mock-Up
describing an object. The object could be represent (DMU) maturity. Thanks to Reeb graph method, he
in several sources of data. There is thus dedicat@@mpares the real product with the initial DMU and
signatures to each heterogeneous data. METISds algpdates it in order to increase product lifecycle
composed of a part dedicated to the classificatimh efficiency. The VPERI [31] (Virtual Parts
segmentation of heterogeneous data (picture, poinEhgineering Research Initiative) project was crate
cloud, CAD model...) and then the identification ofpy the US Army Research Office in order to provide
components and then assemblies (resulting @he vision, strategy, and methodology to help solve
segmentation) inside each data. This step relies gnoblems of long lifecycle product maintenance. A
signatures mechanism of the component and whiakesign interface is used to allow the addition of
enables to retrieve geometrical mark inknowledge in the form of algebraic equations that
heterogeneous data. represent engineering knowledge such as the
{ltmctional behaviour of the components, the physica

geometrical entitids from the heterogeneous datal@WS that govern the behaviour, the spatial

thanks to segmentation and to identify signatur@@ngement, — etc. ~ This interface provides
mechanisms that guide designers to ascertaintbat t

- _ — : _ functional requirements are fulfilled and helps
Geometrical entities: literally, defined as a s#t designers to explore alternatives by assisting tasm
geomgtrlcal data allowing to locate a spatial gndit to they make changes. In RE, SATTIC [3] proposed to
describe the shape. categorize shapes issued from the analysis of sideo

This paper mainly addresses the way to extra
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and photos. In the same field, IMASEG3D [15]according to a pattern of faces and edges that obey
project proposes a solution for identification andjiven topology of geometrical relationships. Feasur
segmentation of pictures taken thanks to a digitakcognition is very advantageous because it allows
camera. Then, in order to integrate multi-modebhdatsolid modeling, which improves quality of
and research similar model in a data-base, thegroj reconstruction CAD model and it opens redesign
EROS3D [2] has been developed in the domain of apossibilities. For example, one of the most famous
objects. applications is REFAB (Reverse Engineering Feature
Thus, all these works focus on RE on single data bLIJ?;laseQ) Im which Th(_)mpsofn et al. t[)28] g)resented a
cannot be applied to a whole assembly withouf 2>31c&!, geometric eatures-base reverse
human intervention and the notion of “mechanicaf 19/ ee"nd system. The developed prototypeicreates
assembly” is not addressed yet. |r)ter_a_ct|ve|y the CAD mode_l .Of a part with a

significant number of specialized manufacturing
features such as holes, pockets and so on. This too
enables the user to fit features such as cylinddr a
planes into points cloud. The segmentation, the
Several software solutions propose semi-automatfiiting and the constraints are performed from the
solutions for Reverse Engineering such agoints cloud and the features are used as refegence
RapidForn?, Geomagic Spafk and Quick Shape Only five manufacturing features are performed and
Reconstructiontool in Catia V5. They enable to 2.5D (axis milling possible in milling machine
extract sketches and design parameters in order ¢ontext) is considered.

recreatg CAD merI. They start from po@nts CIOUd?n the same way, Sunil and Pande [26] extract sheet
generating bordering curves by automatic freeforr’pn tal feature in a points cloud. Urbanic et al.][29

recognition. Once the canonic shapes are recognizg tract turning features. The library of features

(planotla, sph(jgre, C;;Iinger, cor&g), final ]:cshapes bl f aﬂuggested in related works above focuses on specifi
out depending of the conditions of tangency an anufacturing processes and it is a list of specifi

curvature in order to get back a CAD model Wh'C%cripts of feature recognition and generation in a

2.2. Reverse Engineering for mechanical
components

can be edited; given then a frozen model. The fin oints cloud
model in RapidForfh and Quick Shape '
Reconstruction can be edited for design More recently works such as Su et al. [25] use “a
parameterization; however the features detectddlly statistical model where the data is modeled
during the segmentation step are not necessari§ging a Poisson process on the object's boundary
corresponding to the knowledge expertise usedan tHcurves or surfaces)”. After estimation of indivadsi
context given. Indeed the detected features are n®tapes in 2D, the process enables to retrieve a
parameterized according to the expertise of the R€ommon shape from a 3D shape database. Mehdi-
engineer. A next design step in classical CACSouzani et al. [19] propose a methodology “to
modeler is necessary to obtain a parameterized CA®®Mpute the distance between the real object shape
model according to expertise of Reverse Enginee@nd an existent CAD-model for conformity
Geomagic Spafk proposes to reverse mechanicalchecking” within the context of RE. Falcidieno and
assemblies but the final digital mock-up is composeGiannini [11] give a methodology for automatic
of frozen solid and the model cannot berecognition of shape-based features divided inethre
parameterized for redesign. steps: feature recognition, feature extraction and

, , feature organization.
The related works are mainly dedicated to feature g

recognition techniques and consist in extracting Béniére, et al. [4] propose an automatic and quick
geometry which represents design intent. Featur€tro-engineering process “to reconstruct a B-Rep
recognition can be generally defined as the abitity model composed of planes, spheres, cylinders and
automatically or interactively identify and groupcones from a 3D mesh whose vertex coordinates are
topological entities from a solid model into considered exact”. The proposed method is divided
functionally significant features such as facesinto three steps: primitive extraction; wire
cylindrical holes, slots, pockets and fillets (i.e.reconstruction and B-Rep creation.

extracting features and their parameters from solidy|| these solutions use only points cloud data in
modgls). .Most common feature recognition methoqarder to “reverse” mechanical assemblies.

consist in searching the boundary of a solid
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In the next section, the results that can beewtd order to detect an object inside an image. SCERPO

from segmentation techniques according of each typgsion system (an acronym for  Spatial

of data are presented in order to reverse front afse Correspondence, Evidential Reasoning, and

heterogeneous data. The next subsection highlighBerceptual Organization) [18] is an efficient metho

the segmentation technics. to recognize an object whatever its orientation by
grouping cleverly segments extracted.

2.3.  Segmentation techniques For non-dimensional data such as text documents:

Many works concerning segmentation data ar®lany solutions exist based on “Optical Character
existing and the aim of this section is to predaet Recognition” techniques. Casey and Lecolinet [9]
most relevant works concerning 3D models (pointpropose a survey to classify the different methafds
cloud and CAD data) and 2D elements (pictures) toharacter recognition and present hybrid approaches
finish with non-dimension document (text file, PDF) to segment and recognize text and handwriting as

For points cloud and meshed data: well.

The segmentation of a meshed 3D points cloud is@ome of the results of the segmentation data
research field which consists in the division o th presented here are reused and adapted in the tprojec
3D points cloud of a given object into a set of mpresented in this paper. The information retrieved
points clouds representing the n features thateed to be classified in order to give a logical
compose this object. Three segmentation techniqueteaning enabling to identify the heterogeneous. data
are commonly used. In a first place, region basetihat is presented in the next section.

technl'que uses sp.at|al coherence of the data b sum up, segmentations technics allows extraction
organize the mesh into meaningful groups. The begtr segments which could be represent geometrical
technlqugs are based on the approximation by. bffacks of a component or an assembly. Then a set of
polynomial surfaces [14] and allow the recognitiory

bout simole sh h | lind racks could be representing a “signature”. Fos thi
about simple shapes such as pian, cylinder, Sme.r'ccontribution a “signature” is considered as a det o
and conical surfaces. In second place, a techniq

. SR 'WRaracteristics to describe an object.
used is the edge-based method, consists in intgndin )

to isolate discontinuities in the 3D points cloud. 24
Break areas such as steps and discontinuities of =
normal and curvature orientation are recognizedn the literature, signature mechanism is used for
Points’ detection through parallel slicing sectioms shape matching methods. Many works exist
the simplest method. Sections are approximated bgcluding the mechanical domain and in particular
B-Splines [23]. A second technique consists ifor CAD model search in databases also called “3D
performing local characteristics [23]. In a thiddge, shape retrieval methods” like Tangelder and
hybrid technique, which combines region and edg¥eltkamp [27] who propose taxonomy of shape
techniques, is used. For example, Yokoya anthatching methods considering shape-oriented,
Alrashdan [32] [1] have performed the calculatidn ofeature-based and geometry-based classifications.
the discontinuities in the cloud. Region techniques

are used in order to finalize the segmentation. The

CAD is only on a geometric view and is generally

frozen.

Signature mechanism

For pictures data:

Objects can be identified thanks to edge detection.
large scope of algorithms such as Canny [8] and
Sobel, Roberts etc. have been compared by Bin and
Samiei [6], Heath et al; [12] and Zhou et al. [33].
Hough transform has been used to detect lines and
curves in the works of Duda and Hart [10]. Then
Shrivakshan and Chandrasekar [24] suggest a
methodology combining edge detection and shape
matching using object morphological features in
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product model to design a digital mock-up from
heterogeneous data. This section presents a
preliminary work used in the national French prbjec
in order to propose a future product model. Thik wi
Local features be used to support the methodological process below

. Global feature
~| Global features distribution

Feature based |

Spatial map

Model graph 3.1. The METIS process

SADT diagrams presenting the general process
have been the subject of a previous paper [7]hig t
1| Reebgraph section a summary of the past diagrams and their
evolution is suggested. The proposal brings a
solution to elaborate a methodology in order to get
Volumetric crror back the digital mock-up of complex mechanical

Graph based

1

Skeleton

- View based

IE— assemblies, made of several hundreds of parts.
— Considering the three use-cases enounced in the
Deformation introductive section, the inputs and outputs of the
process can be defined with the diagram belowt (firs
Figure 1 Taxonomy of shape matching methods [25] level of SADT):

In the first category, criteria based on the global

shape such as statistical moments of the boundary o Level of details Scenario Choice
volume-to-surface ratio whatever the scale factor i

shown. The second type of shape matching methods

refers to geometrical features of the part andittke

between these ones. For the third category, some of

geometry based methods rely on comparison of
different representations of the part such as péstu
lyer et al. [16] give an overview of the techniqdies
three-dimensional shape searching and add that (35| B-0
“similarity is a subjective measure and differsnfro

user to wuser. The shape representation and

corresponding similarity measure should be Enterprise knowledge
customizable”. The most famous methods are Reghgyre 2 SADT Diagram of METIS process (level B-0)
Graphs [5], Skeletal Graph [23], and Group
Technology code [17].

O—>
To reverse from heterogeneous
(2—» data 4 —»

Four types of input and output data are considered:
In this paper, the type of signature (or compariso(il) An optional initial 3D digital mock-up, made of
mechanism) will depend of the type data and th€AD models and assemblies, complete or partial;
level of details expected in the reverse engingerin(2) 2D and/or 3D digital data (points clouds, mashe
process. A methodological process of data signatuggictures, surfaces, etc.);
is proposed, enabling to identify a component or a(8) Dimension-less socio-technical data (mainteaanc
assembly in the heterogeneous data. The solutigforkbook, etc.);
given relies on a dimensionless signature which i&) 3D digital mock-up with structured engineering
can be associated to global feature based of shap#l of materials.
matching method (figure 1). It is detailed in thexn
sections. Then the next level is divided into 4 steps (Figre

- B1 consists in retrieving all the heterogeneocats d
3. FROM HETEROGENEOUS DATA TO and instantiate them the same in the METIS

DIGITAL MOCK-UP Management System solutions;

T , - B2 corresponds to data identification (component
wo research works are undertaken. The first one is

dealing with knowledge encapsulation which enableglgnature) which is the main subject of this watk.

to keep human skills such as a data base of afispecuses techniques of segmentation depending of the

. . ) Itype of data. It enables then to match the differen
field. The second work is dealing to propose & . .
representations of a same component (picture, 3D
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CAD model, etc.). The output data of this step iglata in reference in the database (also called
encapsulated in a knowledge data base; “signature of reference”). More specifically, it
- B3 is similar with B2 but deals with extrinsictda consists in comparing individually each “group of
such as functional surfaces between components asegments” with each signature in reference in the
corresponds to the functional (assembly) signature; database and verifying if it corresponds or noato

- B4 enables digital mock-up display: according tanechanical component.

the level of details requested, there is a finaltimu Once the shape is matched, the fourth step entibles
view mechanical assembly. This last step is natombine information from all signatures concerning
presented in this work and will be part of futurees. a same component. Depending of the set of
heterogeneous data, a component can be identified i
different formats (image, CAD model, points cloud).

Level of details ~ Scenario Choice

l To finish, dimensional and topological information
. mportantquanty of retrieved enable to instantiate a CAD model teneplat
—_ lassifie . . .
o import data data set data which corresponds to the recognized mechanical
7?:4 Diftrent types of component. The characteristics extracted from
——(3)—» .
Bl segmentation enable to deduce the values of the CAD
T model parameters.
(@ o denified data The approach is in fact a progressive refinememhfr
To identify data . .
sources of knowledge database in order to find the
B2 family and technological component (or assembly) of
I the object to be reversed. Once we don’t have any
@ data in input to be then exploited, we can laurgh t
identification of the values of parameterized CAD
Information of hierarchical and bUI|d the CAD BOM
eriae:;ﬁ;on between parts
Functional links !_ ----------- _I
between data 1 . 1
Heterogeneous .| Data extraction .
data E:>' (segmentation) !
A . Choice of the final 1 1
Posgl::;ned result (cao, I I
" To design BOM 2?3333”']&” |— e = G i
B3 i Verificati Segment 1
; /i cation grouping 1
. del Cj inearity,
I To visualize ! e para[]];{;]?m “etc.) !
@ digital mock-up ——(@4—» e = == =~ . T === —. 4
a,
B L
(a): internal algorithm I Signature |::> CAD model
(b): external process () mapping mstantiation
BOM : bill of materials
Figure 3 SADT diagram - level BO. L
This paper relies on signature mechanisms in oglati - = Parameterized
2 Signature process CAD model

with data segmentation mechanisms. Learning from “--- o
the SCERPO vision system [18], the identificatiorf19ure 4 Process of identification of heterogenetata

step can be decomposed as in Figure 4. The fept st ) ) ) ) )
relies on different techniques of segmentatiod "€ Signature process which is addressed in this
depending of the type of data such as algorithmis@Per needs to be defined considering the context o

(Hough transform, Sobel Filter etc.). the study.
The second step aims to group segments extract&fi® first conceptual model enables to structure a
according to properties. Graphical User Interface which will illustrate the

The third one consists in searching and comparinﬁﬁ'ree processes presented in this section..
similarities between the groups of segments exicact | @xonomy of our process is proposed in the next
(edges of a shape in an image for example) and tRECion thanks to a conceptual model.
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Knowledge base Characteristic

is defined by

Mechanical function
characterize F "
Inherent signature

AN

S ;

Component Assembly or Part

realises

characterize

includes

represents CAD model of Bill Of Materials

AV

S L[>

Non-dimensional data ‘

Heterogenenous data

CAD Template

2D data signature
3D data signature

‘ non-dimension data signature ‘

is defined by

references

CAD model parameter

A

is defined b),-/1 DMU or Part (in output)

¢
Figure 6 Conceptual model of METIS
different visualizations corresponding to the
3.2.  Conceptual model of using expertise.
signature in METIS Then, two main processes relying on the concepts

A conceptual model has been done (Figure 6) iflefined previously could be identified. The firsteo
order to define the main concepts of METIS andrtheideals with signature (Figure 5).

links between them. Each data (heterogeneous) is associated to a

(1) CAD Template: the knowledge database contairgignature for each type required (text, image, {soin
all the parts that can be identified. Before stgrtio  cloud, etc.).

use the process, we consider a step of knowledge

capitalization during which the user would give all !

the expertise information to fill the database. Sehe

templates are CAD models, they can be

parameterized or not. Resource

output

Signature process
(2) Component assembly or part: it is an elementary
entity such as in Product Data Management
applications. An assembly can have several parts
(composition link). Each component is linked with a
specific representation (CAD Template) and a
signature associated to each type of data.

(3) Signature: it is defined as a set of charasties The second process (Figure 7) deals with the
which enable to describe an object. As an objeat cddentification of the data which methods relies on
be represented by several media (sources), it caearching and comparing signatures.

have several signatures. Moreover, in a media, the

same object can have many signatures.

Data (heterogeneous data)

Figure 5 Process of signature for heterogeneows dat

(4) Heterogeneous data: it is the data in inpuhef
process as defined in Figure 2. In some use-cases,
initial Digital Mock-Up (DMU) can exist. Each
heterogeneous data has an associated signature.

(5) DMU or part: it is the data in output of our
process, depending of the level of details reqdeste
and the user’s need. The DMU can be multi-views:
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T Data signed | F Knowledge database
By applying our formula (1), the results in the Teab

[ Amecton & 1 are obtained thanks ' to three families of
EE— components: crankshafts, piston rods and pistons.
. Matched o (4"‘;;.
. ' [ ‘ "M?J Ta_lblg 1 Component signature according to isoperimet
To continue s criterion
Ratio
P Component Examples (shape
Mot doiaj—>| _Stgned component factor)
Figure 7 Process of search and comparison sigrsature ,r
Considering the comparison between two S'gnatur.e&rankshafts From 3,35
of the same type (points cloud for example), this 10 6.35
process output is a score which gives a similaetg T '
between the signature of the data (in input) ard th -'—-/lrr
signatures existing in the database. This fifst
conceptual model enables to structure a Graphical '
User Interface which will illustrate the two proses O?)
presented in this section. From 10,4
Piston rods g to 14
3.1.Signature of heterogeneous data 2)\' )
The signature process presented in this papersrelie
on one of the numerous shape matching methods /.
called “global feature based method”. Most of the
criteria rely on the isoperimetric inequality which _ (g From
3 2 . Pistons 18.06 to
ensures thafl® > 36 & IV~ in the case of continuous 19 99
space as related by Montero and Bribiesca [21].|In '
our case, the criterion chosen is called “compastne
measure of a shape” and it is part of isoperimetric

ratio (Parker et al. [22]).The main advantage iies
its invariance with the scale and orientation of
mechanical components. It is a dimensionlesg. APPLICATION

number representing the degree to which a shape is _
compact. A real case study has been chosen in order to work

Let D a 3D given data (CAD part or 3D mesh)ggf  ©N possibilities of post-production transformatidays
Sa(D) the sum of the area of its faces an@), the cutting costs (postponlng (_Jllfferentlatlon). The eas
volume of its oriented bounding box. We define the&tudy considered is the engine of a French canengi

compactness measure (shape fadfoof D to be the The heterogeneous data available are: (1) pictfres
number: engine with several points of view; (2) 3D mesh of

the engine (from points cloud). The use-case “from
C(D) = Sa(D)*S/v(D) 1) scratch” is considered because we assume that it is
the most restrictive (it means that this use-céesess

The units used for the area and the volume ardithout initial digital mock-up). The expected rﬁsg

respectively in mm2 and nmimThe bounding box of the process is to get'back a DMU of the engine
oriented is built thanks to the part’s inertia axisWith the ability to modify the parameters of the
Planes are created by intersection between eaPH!l€y (diameter, thickness etc.) and the altemato

direction of each inertia axis and extremum poofts e Scenario implies that the knowledge database
the part. owns expertise information needed for data

processing. An illustration is given on figure 8.
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Heterogeneous

data 1- Segmentation = g2 Component
- e signature

NG ‘L':Q
e

2 - Identification of
functional links

alternator
sl 3-BOM generation belt
Digital mmm—— r
mock-up

Assembly

pu 5
signature

Figure 8 lllustration of the case study in the véhptocess

There are different states for the data and omerati The (1) zone corresponds to the list of data inuinp
(1-2-3) applied to go from one to the other stepe T of our process. (2) is the part for data overview a
two main steps can be defined by signature whogesult layout, relying on plugins implementatiofneT

two types can be: geometric and shape one arfd) area provides a bill of materials of the DMU in
functional one corresponding respectively tooutput. The command button allows identifying

component and assembly characterizations. heterogeneous data (signing, scoring and
identifying). In (4), the result of signature is
displayed.

4.1. Graphical User Interface
presentation
4.2. lllustration of the processes of

A Graphical User Interface (GUI) has been the conceptual model

developed by DeltaCAD, a company of software
edition, in order to illustrate the concept of Meti To perform the signature, the user can select e d
Mﬂch have been linked manually (in white, in the
rfight column). Indeed, we consider that the process
has to be used in a specific context. For exantpée,

- METT systm Proest Mgge)TestDerwe D = user informs the system that a car engine is in

File Edil Viewer3D Projects Help

A5 =0 e processing, in order to limit research and comparis
e Rp— @ 3 ]' in the database. Then signature is realized “in
sy __ context” and according of the type of the data. For
— the example below with a picture, Sobel and Canny
T filters and Hough transform have been used. These
S “internal processes” are performed thanks to pkigin
E : that METIS calls.

In the figure 9, a heterogeneous data have be
imported and displayed.

M

.

g
FL0103¢4Hejpg

R

'Figure 9 lllustration of METIS GUI homepage

[Cink_| unink_|

4 ||| Another example is presented with a STL file (3D
& e points cloud) of a crankshaft (figure 10). Data is
F b s | || ] signed using the isoperimetric criterion descriired
g done. =] [ ¢ the section 3.1. On the right column, data are
organized according to an engineering bill-of-
materials and functional links are established
between the three different parts (crankshaftsppis

rods and pistons). The next step after signature is

9 Marina Bruneau, Alexandre Durupt, Lionel Roucoules, Jean-Philippe Pernot, Harvey Rowson



identification (research of components with a(with topological comparison for example). Another

signature result close to the data in processing).

aspect is the notion of completeness of the data

! R — processed. Points clouds are often incomplete and
i) have some holes which can cause incorrect result. |
;% picture, there is the same problem, only one viéw o
st the component is found in the data.
Piston_tn20.5t)
- Belet 5. CONCLUSION & PERSPECTIVES
= This paper proposes an approach for a specific need
[E— Co)  [omw) in Reverse Engineering which is generally used to
T e o | get back the 3D geometrical model of a unique
. . == physical data. This problematic comes from an
- - ‘ e industrial need in the automotive field whose asm i
: to deal with digital mock-ups of more than a huddre

of components.

In this paper, a conceptual model is proposedderor

to extract geometrical mark from the heterogeneous
data thanks to segmentation and to identify
mechanical components. “Signature” process plays a
key role in the identification and it is considel@sia

set of characteristics allowing describing an abjec
The continuation of this study will articulate anal

the development of signature algorithms for each
type of heterogeneous data. Moreover, the distance
between signature (input data signed and referent
signature) and the problem with incomplete data
need to be studied accurately in order to improve
data identification.

Figure 10 lllustration of the process of signature

The system proposes different results with a sobre
similarity (Figure 11) which corresponds to the
process of search and comparison signatures.

1+ Reconale scores g

Scor tabie for data: GMP AcCessoiraiiternataur/P1O 03K Jpg

Camporent Hi seore Av score zepimy demo_geom  zsp_img_demio_me
CMP Acessoire/Alternat... 0,81 10,56 0.3 .31
GMP Acoessolre/Alternat... (1.86 0.86 0.86
GMP AL_,{&:-SOI[L-.'AIU_J « 161 _D.ﬁl 161
GMF Accessoire/Alternat.., 0,20 0.2 0.29

| Move deta |
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