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(54) METHOD OF ASSEMBLING PARTS OF A PRODUCT

(57) The invention notably relates to a computer-im-
plemented method of assembling parts of a product. The
method comprises building a non-hierarchical graph from
at least one products, the graph comprising nodes and
edges between nodes, a node representing a part of the
product to be assembled and an edge representing a

relationship between a pair of parts represented by
nodes, providing a part of the product to be completed,
performing, upon user action, a selection on the provided
part, identifying in the graph a node representing the se-
lected part and one or more nodes that have the closest
relationships to the node representing the selected part.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of computer
programs and systems, and more specifically to a meth-
od, system and program for assembling parts of a prod-
uct.

BACKGROUND

[0002] A number of systems and programs are offered
on the market for the design, the engineering and the
manufacturing of objects. CAD is an acronym for Com-
puter-Aided Design, e.g. it relates to software solutions
for designing an object. CAE is an acronym for Computer-
Aided Engineering, e.g. it relates to software solutions
for simulating the physical behaviour of a future product.
CAM is an acronym for Computer-Aided Manufacturing,
e.g. it relates to software solutions for defining manufac-
turing processes and operations. In such computer-aided
design systems, the graphical user interface plays an
important role as regards the efficiency of the technique.
These techniques may be embedded within Product Li-
fecycle Management (PLM) systems. PLM refers to a
business strategy that helps companies to share product
data, apply common processes, and leverage corporate
knowledge for the development of products from concep-
tion to the end of their life, across the concept of extended
enterprise. The PLM solutions provided by Dassault Sys-
tèmes (under the trademarks CATIA, ENOVIA and DEL-
MIA) provide an Engineering Hub, which organizes prod-
uct engineering knowledge, a Manufacturing Hub, which
manages manufacturing engineering knowledge, and an
Enterprise Hub which enables enterprise integrations
and connections into both the Engineering and Manufac-
turing Hubs. All together the system delivers an open
object model linking products, processes, resources to
enable dynamic, knowledge-based product creation and
decision support that drives optimized product definition,
manufacturing preparation, production and service.
[0003] Selection is at the heart of the user experience
when interacting with a CAD system, especially when
interacting with an object modeled with a CAD system.
Indeed, in 3D, there are several types of selections, as
illustrated on FIGs. 4 to 7. FIG. 4 illustrates no selection,
while FIG. 2 shows the selection of an edge, FIG. 3 the
selection of a face, and FIG. 4 the full selection of the
object. The selected geometry(ies) is(are) represented
to the user with a different color in the examples of FIGs.
5 to 7.
[0004] Several remarks about the selection mecha-
nism are now discussed. In 3D, there are several levels
of possible selections and it is possible to multi select
part subelements thru the paradigm of maintaining a
pressed a key (e.g. shift-key or ctrl-key) while clicking
with the mouse on the object. This mechanism exists
since 1980’s, no main change for many years. However,

this is a pure client-side approach: a selection on the
geometry has usually no impact on the server side. If so,
the system usually takes into account the part identifier
and not the part geometry, and still less, the point coor-
dinates within the geometry... Especially, when assem-
bling two parts, the selection mechanism is complex be-
cause it requires the following two tedious steps that are
(i) the selection of faces to put in coincidence, and (ii) the
definition of a state of the position for the remaining de-
gree of liberty.
[0005] Hence, the current selection does not anticipate
at all the user intents when he is selecting or moving a
part in the context of an assembly. CAD is unable to sug-
gest solutions in taking into account all information avail-
able in the user context. The user context may comprise
one or more of the model assembly, user rules, com-
mands used by the user, the workbench that is used, the
viewpoint on the model...). In the context of an assembly,
the selection is not smart at all and does not take into
account all existing and possible solutions already found
in the past in a similar context. Therefore, there is no way
to anticipate the next parts to be added and positioned
when assembling parts of a product.
[0006] Within this context, there is still a need for an
improved way to assemble parts of a product.

SUMMARY OF THE INVENTION

[0007] It is therefore provided a computer-implement-
ed method of assembling parts of a product. The method
comprises building a non-hierarchical graph from at least
one products, the graph comprising nodes and edges
between nodes, a node representing a part of the product
to be assembled and an edge representing a relationship
between a pair of parts represented by nodes, providing
a part of the product to be completed, performing, upon
user action, a selection on the provided part, identifying
in the graph a node representing the selected part and
one or more nodes that have the closest relationships to
the node representing the selected part.
[0008] The method may comprise one or more of the
following:

- performing the selection on the provided part further
comprises identifying a location on the provided part
of the product, and wherein identifying in the graph
the node representing the selected part comprises
identifying in the graph the node with the identified
location on the provided part;

- identifying the location on the provided part compris-
es computing an intersection between a geometry
of the part and ray traced upon user action;

- identifying the one or more nodes that have the clos-
est relationships to the node representing the select-
ed part comprises obtaining signatures of the nodes
of the graph that are connected with an edge to the
node representing the selected part, identifying one
or more most similar signatures with the signature
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of the node representing the selected part;
- identifying the one or more nodes that have the clos-

est relationships to the node representing the select-
ed part further comprises identifying an orientation
associated with the part of the product to be com-
pleted and associating identified orientations with
each of the one or more nodes that have the closest
relationships to the node representing the selected
part, identifying, among the one or more similar sig-
natures, at least one signature whose orientation
matches with the orientation of the provided part of
the product;

- the identified location on the provided part comprises
a functional zone of the provided part, a functional
zone of the provided part comprising a fit relationship
with another part;

- the fit relationship of a functional zone defines a
standardized connection between two parts;

- the identified one or more nodes have the best fit
with the node representing the selected part;

- identifying the one or more nodes having the best fit
comprises identifying the one or more nodes having
the closest clashes with the less interferences;

- a relationship represented by an edge is one select-
ed among (i) a father/child relationship that repre-
sents a hierarchy between a pair of parts, (ii) a neigh-
bor relationship that represents a distance between
a pair of parts, (iii) a similar shape relationship that
represents a global or local similarity in form of a pair
of parts, (iv) a similar function relationship that rep-
resents local equivalence of connections between
two parts;

- building the non-hierarchical graph from at least one
products comprises, for each part of each product,
computing one or more signatures that have a met-
ric, for each pair of parts of the products having a
common metric: -- defining an edge between the
nodes representing the pair of parts, -- associating
a type of relationship and a weight that is a value
representing the distance between the values of the
common metric;

- an edge is defined between the parts of a pair when
the distance is greater that a minimal distance.

[0009] It is further provided a computer program com-
prising instructions for performing the method.
[0010] It is further provided a computer readable stor-
age medium having recorded thereon the computer pro-
gram.
[0011] It is further provided a system comprising a
processor coupled to a memory and a graphical user
interface, the memory having recorded thereon the com-
puter program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will now be de-
scribed, by way of non-limiting example, and in reference

to the accompanying drawings, where:

- FIG. 1 shows a flowchart of an example of the meth-
od;

- FIG. 2 shows an example of a graphical user inter-
face of the system;

- FIG. 3 shows an example of the system;
- FIGs. 4 to 7 illustrate examples of selection on a

modeled object;
- FIGs 8 to 13 show an example of the invention; and
- FIGs 14 to 15 show an example of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] With reference to the flowchart of FIG. 1, it is
proposed a computer-implemented method for assem-
bling parts of a product. The method comprises building
a non-hierarchical graph from at least one products. Parts
of the at least one products are used for completing a
new product. The graph comprises nodes and edges be-
tween nodes. A node represents a part of the product to
be completed and an edge represents a relationship be-
tween a pair of parts represented by nodes. The graph
is typically build during a build time. Then, a part of the
product to be completed is provided, e.g. the part is dis-
played in a Graphical User Interface such as the one
represented on FIG. 2. Next, a selection is performed on
the provided part upon user action, e.g. the user clicks
on the provided part with a haptic device such as a
mouse. Then, an identification is done in the graph of a
node representing the selected part and an identification
of one or more nodes that have the closest relationships
to the identified node representing the selected part.
Such a method improves the assembly (or completing)
of a product from existing parts.
[0014] Notably, the assembly can be built using single
clicks and by reducing duplications. Indeed, the graph
provides the system with a complete analysis of the re-
lationships between the parts that are likely to be assem-
bled during design operations of the user; notably, this
made possible because the graph is non-hierarchical and
is independent of the product structure of the product
from which the graph is obtained. One could say that the
graph can be read. Thus, it is possible for each selection
on a displayed part to traverse horizontally and/or verti-
cally the non-hierarchical graph in order to find the parts
that best fit to the user selection. The present invention
virtually allows the selection of many parts, and many
solutions can be found by serendipity. The design intend
of the designer is inferred from the navigation of the
graph, and notably the selection performed by the user
on the provided part. The designer is free of the tool bars,
panels... of a "classic" Graphical User Interface (GUI) as
illustrated in FIG. 2; being understood that the invention
may be performed on such "classic" GUI. Hence, the gap
between the designer and the machine is lowered as a
part of the knowledge of the designer is now reflected by
the system: the interactions between the system and the
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designer are thus improved. This improvement decreas-
es the waste of computing resources as the system better
comprehend what the designer contemplates when
building the assembly. Further advantages will be appar-
ent and discussed thereinafter.
[0015] The method is computer-implemented. This
means that steps (or substantially all the steps) of the
method are executed by at least one computer, or any
system alike. Thus, steps of the method are performed
by the computer, possibly fully automatically, or, semi-
automatically. In examples, the triggering of at least some
of the steps of the method may be performed through
user-computer interaction. The level of user-computer
interaction required may depend on the level of autom-
atism foreseen and put in balance with the need to im-
plement user’s wishes. In examples, this level may be
user-defined and/or pre-defined.
[0016] For instance, the step of providing may be trig-
gered by the designer, e.g. the designer enters the name
of a part which is loaded and displayed. As another ex-
ample, the user performs the selection on the provided
part.
[0017] A typical example of computer-implementation
of a method is to perform the method with a system adapt-
ed for this purpose. The system may comprise a proces-
sor coupled to a memory and a graphical user interface
(GUI), the memory having recorded thereon a computer
program comprising instructions for performing the meth-
od. The memory may also store a database. The memory
is any hardware adapted for such storage, possibly com-
prising several physical distinct parts (e.g. one
[0018] By "database", it is meant any collection of data
(i.e. information) organized for search and retrieval (e.g.
a relational database, e.g. based on a predetermined
structured language, e.g. SQL). When stored on a mem-
ory, the database allows a rapid search and retrieval by
a computer. Databases are indeed structured to facilitate
storage, retrieval, modification, and deletion of data in
conjunction with various data-processing operations.
The database may consist of a file or set of files that can
be broken down into records, each of which consists of
one or more fields. Fields are the basic units of data stor-
age. Users may retrieve data primarily through queries.
Using keywords and sorting commands, users can rap-
idly search, rearrange, group, and select the field in many
records to retrieve or create reports on aggregates of
data according to the rules of the database management
system being used.
[0019] The method generally manipulates modeled
objects. A modeled object is any object defined by data
stored e.g. in the database. By extension, the expression
"modeled object" designates the data itself. According to
the type of the system, the modeled objects may be de-
fined by different kinds of data. The system may indeed
be any combination of a CAD system, a CAE system, a
CAM system, a PDM system and/or a PLM system. In
those different systems, modeled objects are defined by
corresponding data. One may accordingly speak of CAD

object, PLM object, PDM object, CAE object, CAM object,
CAD data, PLM data, PDM data, CAM data, CAE data.
However, these systems are not exclusive one of the
other, as a modeled object may be defined by data cor-
responding to any combination of these systems. A sys-
tem may thus well be both a CAD and PLM system, as
will be apparent from the definitions of such systems pro-
vided below.
[0020] By CAD system, it is additionally meant any sys-
tem adapted at least for designing a modeled object on
the basis of a graphical representation of the modeled
object, such as CATIA. In this case, the data defining a
modeled object comprise data allowing the representa-
tion of the modeled object. A CAD system may for ex-
ample provide a representation of CAD modeled objects
using edges or lines, in certain cases with faces or sur-
faces. Lines, edges, or surfaces may be represented in
various manners, e.g. non-uniform rational B-splines
(NURBS). Specifically, a CAD file contains specifica-
tions, from which geometry may be generated, which in
turn allows for a representation to be generated. Speci-
fications of a modeled object may be stored in a single
CAD file or multiple ones. The typical size of a file rep-
resenting a modeled object in a CAD system is in the
range of one Megabyte per part. And a modeled object
may typically be an assembly of thousands of parts.
[0021] In the context of CAD, a modeled object may
typically be a 3D modeled object, e.g. representing a
product such as a part or an assembly of parts, or possibly
an assembly of products. By "3D modeled object", it is
meant any object which is modeled by data allowing its
3D representation. A 3D representation allows the view-
ing of the part from all angles. For example, a 3D modeled
object, when 3D represented, may be handled and turned
around any of its axes, or around any axis in the screen
on which the representation is displayed. This notably
excludes 2D icons, which are not 3D modeled. The dis-
play of a 3D representation facilitates design (i.e. increas-
es the speed at which designers statistically accomplish
their task). This speeds up the manufacturing process in
the industry, as the design of the products is part of the
manufacturing process.
[0022] The 3D modeled object may represent the ge-
ometry of a product to be manufactured in the real world
subsequent to the completion of its virtual design with for
instance a CAD software solution or CAD system, such
as a (e.g. mechanical) part or assembly of parts (or equiv-
alently an assembly of parts, as the assembly of parts
may be seen as a part itself from the point of view of the
method, or the method may be applied independently to
each part of the assembly), or more generally any rigid
body assembly (e.g. a mobile mechanism). A CAD soft-
ware solution allows the design of products in various
and unlimited industrial fields, including: aerospace, ar-
chitecture, construction, consumer goods, high-tech de-
vices, industrial equipment, transportation, marine,
and/or offshore oil/gas production or transportation. The
3D modeled object designed by the method may thus
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represent an industrial product which may be any me-
chanical part, such as a part of a terrestrial vehicle (in-
cluding e.g. car and light truck equipment, racing cars,
motorcycles, truck and motor equipment, trucks and bus-
es, trains), a part of an aerial vehicle (including e.g. air-
frame equipment, aerospace equipment, propulsion
equipment, defense products, airline equipment, space
equipment), a part of a naval vehicle (including e.g. navy
equipment, commercial ships, offshore equipment,
yachts and workboats, marine equipment), a general me-
chanical part (including e.g. industrial manufacturing ma-
chinery, heavy mobile machinery or equipment, installed
equipment, industrial equipment product, fabricated met-
al product, tire manufacturing product), an electro-me-
chanical or electronic part (including e.g. consumer elec-
tronics, security and/or control and/or instrumentation
products, computing and communication equipment,
semiconductors, medical devices and equipment), a con-
sumer good (including e.g. furniture, home and garden
products, leisure goods, fashion products, hard goods
retailers’ products, soft goods retailers’ products), a pack-
aging (including e.g. food and beverage and tobacco,
beauty and
[0023] FIG. 2 shows an example of "classic" GUI that
can be used for performing the method according to the
invention.
[0024] The GUI 2100 may be a typical CAD-like inter-
face, having standard menu bars 2110, 2120, as well as
bottom and side toolbars 2140, 2150. Such menu- and
toolbars contain a set of user-selectable icons, each icon
being associated with one or more operations or func-
tions, as known in the art. Some of these icons are as-
sociated with software tools, adapted for editing and/or
working on the 3D modeled object 2000 displayed in the
GUI 2100. The software tools may be grouped into work-
benches. Each workbench comprises a subset of soft-
ware tools. In particular, one of the workbenches is an
edition workbench, suitable for editing geometrical fea-
tures of the modeled product 2000. In operation, a de-
signer may for example pre-select a part of the object
2000 and then initiate an operation (e.g. change the di-
mension, color, etc.) or edit geometrical constraints by
selecting an appropriate icon. For example, typical CAD
operations are the modeling of the punching or the folding
of the 3D modeled object displayed on the screen. The
GUI may for example display data 2500 related to the
displayed product 2000. In the example of the figure, the
data 2500, displayed as a "feature tree", and their 3D
representation 2000 pertain to a brake assembly includ-
ing brake caliper and disc. The GUI may further show
various types of graphic tools 2130, 2070, 2080 for ex-
ample for facilitating 3D orientation of the object, for trig-
gering a simulation of an operation of an edited product
or render various attributes of the displayed product
2000. A cursor 2060 may be controlled by a haptic device
to allow the user to interact with the graphic tools.
[0025] FIG. 3 shows an example of the system, where-
in the system is a client computer system, e.g. a work-

station of a user.
[0026] The client computer of the example comprises
a central processing unit (CPU) 1010 connected to an
internal communication BUS 1000, a random access
memory (RAM) 1070 also connected to the BUS. The
client computer is further provided with a graphical
processing unit (GPU) 1110 which is associated with a
video random access memory 1100 connected to the
BUS. Video RAM 1100 is also known in the art as frame
buffer. A mass storage device controller 1020 manages
accesses to a mass memory device, such as hard drive
1030. Mass memory devices suitable for tangibly em-
bodying computer program instructions and data include
all forms of nonvolatile memory, including by way of ex-
ample semiconductor memory devices, such as
EPROM, EEPROM, and flash memory devices; magnet-
ic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM disks 1040. Any of
the foregoing may be supplemented by, or incorporated
in, specially designed ASICs (application-specific inte-
grated circuits). A network adapter 1050 manages ac-
cesses to a network 1060. The client computer may also
include a haptic device 1090 such as cursor control de-
vice, a keyboard or the like. A cursor control device is
used in the client computer to permit the user to selec-
tively position a cursor at any desired location on display
1080. In addition, the cursor control device allows the
user to select various commands, and input control sig-
nals. The cursor control device includes a number of sig-
nal generation devices for input control signals to system.
Typically, a cursor control device may be a mouse, the
button of the mouse being used to generate the signals.
Alternatively or additionally, the client computer system
may comprise a sensitive pad, and/or a sensitive screen.
[0027] The computer program may comprise instruc-
tions executable by a computer, the instructions compris-
ing means for causing the above system to perform the
method. The program may be recordable on any data
storage medium, including the memory of the system.
The program may for example be implemented in digital
electronic circuitry, or in computer hardware, firmware,
software, or in combinations of them. The program may
be implemented as an apparatus, for example a product
tangibly embodied in a machine-readable storage device
for execution by a programmable processor. Method
steps may be performed by a programmable processor
executing a program of instructions to perform functions
of the method by operating on input data and generating
output. The processor may thus be programmable and
coupled to receive data and instructions from, and to
transmit data and instructions to, a data storage system,
at least one input device, and at least one output device.
The application program may be implemented in a high-
level procedural or object-oriented programming lan-
guage, or in assembly or machine language if desired.
In any case, the language may be a compiled or inter-
preted language. The program may be a full installation
program or an update program. Application of the pro-
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gram on the system results in any case in instructions
for performing the method.
[0028] "Assembling parts of a product" designates any
action or series of actions which is at least part of a proc-
ess of elaborating a product. Thus, the method may com-
prise creating the product from parts previously created.
[0029] The method may be included in a manufacturing
process, which may comprise, after performing the meth-
od, producing the physical product. In any case, the prod-
uct designed by the method may represent a manufac-
turing product. Because the method improves the design
of the product, the method also improves the manufac-
turing of the product and thus increases productivity of
the manufacturing process.
[0030] Referring now to step S10 of FIG. 1, the building
(or computation) of a non-hierarchical graph from at least
one product is performed. This computation may be per-
formed at a build-time, as opposed to runtime. This
means that the graph has been computed before the fol-
lowing steps S20 to S40 are performed; the non-hierar-
chical is typically stored in a database. The steps S20 to
S40 belong to the so-called run-time. The run-time may
be performed several times concomitantly or successive-
ly while the build-time has been performed one time. The
step S10 is thus a back-office operation that compute
several information regarding at least one product and
stores all results in a non-hierarchical graph called
"knowledge graph".
[0031] The non-hierarchical graph is built from at least
one product. Here the term product comprises an object
of the real world may typically be a modeled object or a
three-dimensional (3D) modeled object. Each of the at
least one product comprises a part or an assembly of
parts, or possibly an assembly of products. The at least
one product from which the graph is built comprises one
or more parts that will be used for designing a new product
in accordance with the present invention (S20 to S40).
[0032] The knowledge graph (that is, the non-hierar-
chical graph) comprises nodes and edges between
nodes. A node represents a part of the product to be
completed, and thus a node of the graph represents a
part of one of the at least one product. An edge represents
a relationship between a pair of parts represented by
nodes; an edge connects a pair of nodes of the graph.
Here pair means two nodes. It is to be understood that
a node may be connected (that is, may be in relation with)
one or more nodes; for instance, two edges may connect
the same pair of nodes, e.g. two different relationships
have been identified between the nodes of the same pair.
In addition, the non-hierarchical graph is not oriented;
this involves that the traversal (or navigation) of the graph
can be performed from a first node to a second node,
and inversely from the second one to the first one.
[0033] A relationship represents a relation. In the fol-
lowing the terms "relationship" and "relation" are synon-
ymous and mean a property shared, partly or totally, by
a pair of nodes.
[0034] In examples of the present invention, a relation-

ship may be, but is not limited to, of the following types.
A first type of relationship is the (i) father/child relation-
ship. First type represents a hierarchy between a pair of
parts. For instance, the hierarchy between nodes can be
derived from the product structure of the products from
which the non-hierarchical graph is built. More generally,
the database that stores the products comprises fa-
ther/child relationship between the parts of the products.
A second type of relationship is the (ii) neighbor relation-
ship that represents a distance between a pair of parts.
All neighbor distances (that is, all distances between
pairs of two nodes) are computed again when a new part
is added in the DB; hence, it is not an authoring informa-
tion. The neighbor distances are computed for any new
part of the products with which the non-hierarchical graph
is built. A third type of relationship is the (iii) similar shape
relationship that represents a global or local similarity in
form of a pair of parts. The similarity between two shapes
is measured as known in the art. A fourth type of rela-
tionship is the (iv) similar function relationship that rep-
resents local equivalence of connections between two
parts. Here, the 3D shape is not taken into account, but
where important local information are located like holes,
contact point... Two parts (represented by nodes) are
functionally equivalent or similar if, for example, they
have almost the same hole positions, contact positions,...
A fifth relationship is the (v) fit relationship between two
parts. The fit relationship defines the presence of a stand-
ardized connection between two parts. For instance, a
standardized connection between two parts may be, but
is not limited to, a hole for a screw/bolt, a contact surface
for a melting point.... These relationships are standard-
ized because there is a limited number of classes of these
configurations.
[0035] In examples, the building of the non-hierarchical
graph may comprise associating a weight to each edge
of the graph. The weight of a graph represents a rate of
similarity between the two parts. The weight thus meas-
ures how close two parts are.
[0036] FIG. 14 shows an example of constructing the
non-hierarchical graph from a skateboard product that
can is an assembly comprising one board, two trucks,
and five wheels. In this example, a weight will be asso-
ciated to an edge as a result of a computation of one or
more signatures for each part. The weight represents the
distance between the values of the common metric of a
pair of nodes, and the weight is typically a value. One or
more signatures are computed for each part of each prod-
uct with which the non-hierarchical graph is built. Each
signature can be computed as known in the art; for in-
stance, the signature may be computed from the bound-
ing box of each part, with a 3D Fourrier transformation,
using hole layouts.... Each computed signature has a
metric. Hence, between two parts, there are N distances,
wherein N is the number of metrics in common with the
two parts. Each time there is a common metric between
two parts, there is an arc with a "confidence" value (the
value of the metric) on the edge of the graph. This con-
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fidence value may be expressed in a percentage of close-
ness of the two parts for a given relationship that is rep-
resented by the edge. Thus, after having computed for
each part of a pair one or more signatures that have a
metric, an edge may be defined between the nodes hav-
ing a common metric. Then, for each edge, a type of
relationship and a weight are associated with the edge.
For instance, each relationship in the graph is associated
with two attributes: a type of the relationship (e.g. noted
as a string) and a weight (e.g. noted float value comprised
between 0 and 1, bounds included). For instance, the
relationship noted (i) above is a relation that is true or
false, and the weight between a child and its father is
always 1. For the relationship noted (ii), when two parts
are in contact, weight is equal to 1, then the weight value
decreases in function of the minimum distance between
the parts. Concerning the (iii) similar shape relationship,
the weight relies on rate of similarity; when parts are iden-
tical, the weight is equal to 1. For the relationship (iv),
the weight is a metric between two configurations of func-
tion. For the relationship noted (v) above, the signature
can be based on the standard and can be retrieved
through a simple query.
[0037] In the example of FIG. 14, an edge may be de-
fined between the parts of a pair only when the distance
is greater that a minimal distance (S110). This means
that an edge is built only if there is a "confidence" strong
enough that the two nodes have a valid relation.
[0038] In addition, still in the example of FIG. 14, a
building of the non-hierarchical graph may comprise, in
addition to the computing of minimal distances, the com-
puting of clashes between parts of the product. Clash
detection (that is, clash computation) allows for the ef-
fective identification, inspection and reporting of interfer-
ences between parts of the model. This is computed as
known in the art. For the computation of clashes, the
center of gravity of the intersections surfaces that are
projected on the intersected surfaces may be kept. This
center of gravity is defined by a point that is called clash
point. On FIG. 14, the clash points are represented by
the black squares. Interestingly, a part may comprise
more than one clash point, as illustrated with the board
of the skateboard that comprises two clash points, one
for each truck.
[0039] Still in the example of FIG. 14, an orientation is
identified that is associated with the part of the product
to be completed. The orientation of a part is typically
stored with the data related to the part, e.g. on a database.
This identified orientation is associated with the node rep-
resenting the part.
[0040] Hence, in the building of the non-hierarchical
graph exemplified in FIG. 14, each node of the graph
represents a part with attributes, where attributes com-
prise the one or more signatures of the node, an orien-
tation of the part, and one or more clash points.
[0041] Referring now to FIGs. 9 and 10, an example
of building a non-hierarchical graph is discussed. In this
example, three skateboards products are stored in a da-

tabase, e.g. the database is, but not limited to, a relational
database, a PLM database,... FIGs. 9 shows the repre-
sentations of these three products 90, 92, 94. Each skate-
board comprises the following parts: a board (90a, 92a,
94a), two trucks (90c, 92c, 94c) connected to the board,
and wheels (90b, 92b, 94b) connected to the trucks.
[0042] FIG. 10 shows a representation of the non-hi-
erarchical graph computed for the three skateboards
whose parts will be used to design a new skateboard
product. For the sake of clarity only, nodes are repre-
sented as parts and the wheel nodes are not displayed.
In this example, three relationships have been used: the
similarity in shape, the similarity in function, and the fit
function. For instance, the node representing the board
90a has two edges for the similarity function, one with
the node representing the board 90b and one with the
node representing the board 90c. Here, the similarity
function that has been computed for same hole positions
on the boards. The weight associated with the edge con-
necting the board 90a and 90b shows a value of 100%:
the holes are located on the exact same position, while
the weight associated with the edge connecting the board
90a and 90c shows a value of 90%: the holes are located
on a position that is roughly the same on both boards.
For each board, two clash points have been computed
as a result of the clash detection between the boards and
their respective trucks (90a1, 90a2, 90b1, 90b2, 90c1,
90c2). In this example, a fit function has been computed
between parts of a product: the trucks 90a1, 90a2 fit with
the holes of the board 90a, the trucks 90b1, 90b2 fit with
the holes of the board 90b, the trucks 90c1, 90c2 fit with
the holes of the board 90c. In this example, the clash
detection and the fit function are related, being under-
stood that the fit functions may be computed between
parts that do not belong to the same product - e.g. inde-
pendently of the clash detection computation on each
product -. Still in the example of FIG. 10, similarity func-
tion relationship between the trucks are represented; for
the sale of clarity of the figure only, some edges are not
represented. The trucks are similar in function among
themselves.
[0043] In the example of FIG. 10, the process of cre-
ating the non-hierarchical graph is performed as follow.
Firstly, each product has been decomposed into parts in
accordance with the product structure of each product.
Then clashes have been computed for each product. A
fit function has been applied for each detected interfer-
ence in order to determine which function is applied.
Functional zones have therefore been determined for
each part of each product, where a functional zone of a
part comprises a fit relationship with another part of the
product. The functional zone may be a point, for instance
a clash point; a functional zone may be an area or a
volume, e.g. around a clash point. Secondly, similarity
function is computed between the parts of the products,
including between parts of different products. Notably,
the similarity function is applied clash the clash points.
Thirdly, a similarity shape is computed between the parts
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of the products, including between parts of different prod-
ucts.
[0044] Interestingly, the identifications of relationships
may be more efficient if the parts of each product share
a common semantic. For instance, if the parts of each
product have the same name, the computation of simi-
larity function may be preferably performed for between
boards and trucks, and not for between boards and
wheels. As another example, similarity in shape function
may be computed only for parts with an identical name,
e.g. between boards.
[0045] The run-time is now discussed (S20 to S40). At
step S20, a part of the product to be completed is pro-
vided. Here the terms "completed" and "complemented"
are synonyms. In other terms, a product is completed or
complemented, or even assembled. For instance, the de-
signer selects a part he/she designed. This step is per-
formed as known in the art. This is illustrated on FIG. 8
where the designer has selected a board. By using a
similarity search operation - for instance the designer is
on dedicated website that process only skateboard, so
there is no ambiguity that the part is a board-, the system
is able to identify the model in a database as being a
board without asking the designer. Hence, the system
knows the semantic of the part that is provided by the
designer. In addition, the orientation of the part is also
provided (S20). The orientation may be obtained too by
relying on similarity search in the database. For instance,
thanks to part signatures and with the help of bounding
box and available functions on each part on the database,
the system knows the orientation the Tom’s board com-
pared to the boards in the database.
[0046] Then, at step S30, the designer performs a se-
lection on the provided part. A user input on the part is
thus performed. The user’s selection is typically per-
formed with a haptic device such as a mouse, a touch-
sensitive screen,... For instance, on FIG. 8, the user has
moved a cursor over the provided board and then per-
formed a click on the mouse. This user action on the
mouse triggers the identification S40.
[0047] At S40, a node is identified in the graph. The
identified node represents the selected part. In examples,
the node of the provided part is computed and added into
the graph built at the built-time. The same operations are
performed on the part parts and their respective node
are also carried out on the provided part and its node. In
examples, the system is aware that the part provided by
the user is a board of a skateboard. This allows introduc-
ing the node representing the provided part more easily
in the built non-hierarchical graph as the computing of
relationships can be drastically reduced.
[0048] Still at step S40, one or more nodes in the non-
hierarchical graph are identified. These identified one or
more nodes have the closest relationships to the node
representing the selected part. The closeness of the
nodes may be obtained with the weight associated with
the edges: the closest one or more nodes are those con-
nected to the identified node having the largest weight

value(s). In examples, the identified one or more nodes
have the best fit with the node representing the selected
part. For instance, the one or more nodes have the clos-
est clashes, that is, the clashes that produces the less
interferences. The probability the identified nodes fit with
the selected part is thus increased.
[0049] The selection (S30) that is performed by the de-
signer on the provided part may comprise an identifying
a location on the part. The location may be, but is not
limited to, a point, a surface, a volume on the part. In this
case, the identification (S40) of the one or more nodes
is performed according to this location. That is, the nav-
igation in the graph is a function of the location selected
by the user. The user can therefore navigate through the
graph upon simple user actions, each selection of a lo-
cation determining the one or more nodes identified in
the graph. The choice of a location determines which
objects have to be retrieved from the database.
[0050] FIGs. 11 to 13 illustrate an example of identifi-
cation of nodes in the non-hierarchical graph after the
determination of a location on the part that is provided
(S20) as discussed in reference to FIG. 8. In FIG. 8, the
designer intends to add a front truck. When the mouse
is close enough to the front of the board or the user clicks
in the front part of the board. A location in the front part
of the board is thus determined. The identification of the
location may be performed by computing an intersection
between a geometry of the part (the board) and a ray
traced. The ray may be traced from the location of the
user interaction on the display - e.g. the location of the
cursor of a haptic or the location of a user interaction on
a touch-sensitive screen- toward the part; the direction
of the ray may be determined by the view point of the
designer eon the part. Any method determining the loca-
tion on the part may be used. In FIG. 11, three boards
are determined 90a, 90b, 90c are determined from the
non-hierarchical graph previously built and represented
on FIG. 10. In this example, the boards are determined
using the similarity shape function. Interestingly, as the
system known the point of location of the selection, it is
possible to project this point on the similar shapes (the
three boards 90a, 92a, 94a) on the database and identify
the closest edges that connect the provided part and the
projected points. In FIG. 11, each identified node com-
prises two clash points. Each clash point is part of the
signature of an edge, as explained below in reference to
FIG. 10. Thus, virtually, as illustrated on FIG. 12, by per-
forming a selecting on the provided part, the designer
selects many others nodes roughly at the same location
since they are similar; the closest interference links are
thereby selected and the appropriate orientation can be
computed as well. At least, the system can retrieve all
the front trucks as the designer has selected the front of
the provided board, and the system can identify that the
orange truck (circled on FIG. 11) is the node with the
highest closeness among the front trucks. As a result,
the system retrieves from the database the part associ-
ated with the selected node; the data of the part or a
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representation of the part may be retrieved. The retrieved
part is represented on the GUI with the provided board.
As the both the board and the truck have a respective
orientation, the system can compute a position of the
truck that best fit with the orientation of the board. The
computed orientation can be suggested to the user. The
designer can accept or not the retrieved part and/or the
suggestion of positioning of the retrieved part.
[0051] In examples, the identified location on the pro-
vided part may projected on the one or more nodes with
the closest relationship, and a functional zone is identified
on at least one of the identified nodes. The functional
zone may be on/around a clash point. The functional zone
may comprise a fit relationship with another part or an-
other functional zone of another part. The fit relationship
of a functional zone may define a standardized connec-
tion between two parts.
[0052] Referring now to FIG. 15, an example of the
run-time of the method according to the invention is now
discussed. In this example, the designer uses a client
computer that is connected to a server; the server may
store the non-hierarchical graph and/ the parts of the at
least one product with which the graph was built. In this
example, the server stores both the graph and the parts.
The steps 1, 2 and 3 are performed on the client, and the
other steps on the server side.
[0053] At the first step 1, the designer is designing a
product. Since that designer has added no semantic to
the part, this part can be seen as unknown from the serv-
er. Semantic can be added by the designer, e.g. he/she
inputs a normalized name of the part. Semantic can be
inferred by the system, e.g. by using a similarity search
operation.
[0054] At the steps 2 and 3, each location selection on
the user part (e.g. a mouse click) generates a line that
intersects the geometry if the mouse is over the geome-
try. The result is a point on geometry. A part identifier
may be retrieved from the database. All signatures com-
puted at the builtime are extracted. In order to limit the
number of signatures to extract, only signature of parts
having the same semantic as the user part may be ex-
tracted; signatures of the nodes of the graph that are
connected with an edge to the node representing the
selected part are obtained.
[0055] At step 4, from the extracted signatures, a sim-
ilar search is performed that provides a list of parts. The
search provides one or more most similar signatures with
the one or more signatures of the node representing the
selected part. Of course, the bigger the database is, the
more numerous the results will be. In order to decrease
the number of results, the system may match orientations
of the parts of the list with the selected part at step 1.
This operation does not need to be very accurate. Hence,
the orientation associated with the provided part and the
orientations associated with the identified nodes are used
for filtering the result of the search for similar parts: at
least one signature of the identified node whose orienta-
tion matches with the orientation of the provided part.

[0056] At step 5, the selection of point of step 3 is pro-
jected on each oriented part identified at step 4. The pro-
jection is performed as known in the art.
[0057] At step 6, the closest clash point from each pro-
jected point is identified. A functional zone is thus iden-
tified on each node obtained at step 4. The criteria used
for identifying the closest point is a distance, e.g. an Eu-
clidian distance.
[0058] Then, at step 7, from each of the functional
zones identified at step 6, the nodes that are connected
though an edge to the functional zone are identified. Said
otherwise, the nodes associated with each functional
zone (e.g. a clash point) by a link in knowledge graph are
identified. The parts represented by these nodes are re-
trieved from the database.
[0059] At step 8, the retrieved nodes are ranked ac-
cording to the closeness with the user’s part. For in-
stance, the ranking of the retrieved node can be based
on the weight of the links.
[0060] The client computer can now download the one
or more parts associated with the retrieved nodes. All
parts can be downloaded, or a number of parts (those
on the top of the ranking) can be displayed, or only the
part with the highest ranking is downloaded. The down-
loaded part(s) is(are) then displayed on the GUI. The
user can then perform a selection of the new part re-
trieved from the database, and the process of steps 1 to
8 can be performed again for this new part. Thus, step
by step, - that is, user selection after user selection of a
location- the designer can navigate the non-hierarchical
graph and can assemble parts for creating a new product.

Claims

1. A computer-implemented method of assembling
parts of a product, comprising:

- building (S10) a non-hierarchical graph from
at least one products, the graph comprising
nodes and edges between nodes, a node rep-
resenting a part of the product to be assembled
and an edge representing a relationship be-
tween a pair of parts represented by nodes;
- providing (S20) a part of the product to be com-
pleted;
- performing (S30), upon user action, a selection
on the provided part;
- identifying (S40) in the graph a node represent-
ing the selected part and one or more nodes that
have the closest relationships to the node rep-
resenting the selected part.

2. The computer implemented-method of claim 1,
wherein performing the selection on the provided
part further comprises identifying a location on the
provided part of the product, and wherein identifying
in the graph the node representing the selected part
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comprises identifying in the graph the node with the
identified location on the provided part.

3. The computer-implemented method of claim 2,
wherein identifying the location on the provided part
comprises computing an intersection between a ge-
ometry of the part and ray traced upon user action.

4. The computer-implemented method of one claims 1
to 3, wherein identifying the one or more nodes that
have the closest relationships to the node represent-
ing the selected part comprises:

- obtaining signatures of the nodes of the graph
that are connected with an edge to the node rep-
resenting the selected part;
- identifying one or more most similar signatures
with the signature of the node representing the
selected part.

5. The computer-implemented method of claim 4,
wherein identifying the one or more nodes that have
the closest relationships to the node representing
the selected part further comprises:

- identifying an orientation associated with the
part of the product to be completed and associ-
ating identified orientations with each of the one
or more nodes that have the closest relation-
ships to the node representing the selected part;
- identifying, among the one or more similar sig-
natures, at least one signature whose orienta-
tion matches with the orientation of the provided
part of the product.

6. The computer-implemented method of any one of
claims 2 to 5, wherein the identified location on the
provided part comprises a functional zone of the pro-
vided part, a functional zone of the provided part
comprising a fit relationship with another part.

7. The computer-implemented method of claim 6,
wherein the fit relationship of a functional zone de-
fines a standardized connection between two parts.

8. The computer-implemented method of any one of
claims 1 to 7, wherein the identified one or more
nodes have the best fit with the node representing
the selected part.

9. The computer-implemented method of claim 8,
wherein identifying the one or more nodes having
the best fit comprises identifying the one or more
nodes having the closest clashes with the less inter-
ferences.

10. The computer-implemented method of any one of
claims 1 to 9, wherein a relationship represented by

an edge is one selected among:

- a father/child relationship that represents a hi-
erarchy between a pair of parts;
- a neighbor relationship that represents a dis-
tance between a pair of parts;
- a similar shape relationship that represents a
global or local similarity in form of a pair of parts;
- a similar function relationship that represents
local equivalence of connections between two
parts.

11. The computer-implemented method of any one of
claims 1 to 10, wherein building the non-hierarchical
graph from at least one products comprises:

- for each part of each product, computing one
or more signatures that have a metric;
- for each pair of parts of the products having a
common metric:

-- defining an edge between the nodes rep-
resenting the pair of parts;
-- associating a type of relationship and a
weight that is a value representing the dis-
tance between the values of the common
metric.

12. The computer-implemented method of claim 11,
wherein an edge is defined between the parts of a
pair when the distance is greater that a minimal dis-
tance.

13. A computer program comprising instructions for per-
forming the method of any of claims 1-12.

14. A computer readable storage medium having re-
corded thereon a computer program of claim 13.

15. A system comprising a processor coupled to a mem-
ory and a graphical user interface, the memory hav-
ing recorded thereon the computer program of claim
13.
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