"Rapid prototyping process and device" Technical field The present invention relates to a process
for producing a product, such as a prototype. It also relates to a device for 5implementing the process
according to the invention, and a product obtained byjthe process or device according to the invention.
The invention enables in particular several successive lithographies of superimposed layers to be
made in order to produce a product in three dimensions. The field of the invention 10 is thus more
particularly but in a non-limiting way that of rapid prototyping and stereolithography. State of prior art

Processes for producing produc&%g@cg@g&r otypes)inda.thige dimensions by stacking layers are
known, such as for example by stereolithography or filament deposition (or FDM for "Fused deposition

Modeling™). The stererolithography principle is the following: 1) at least one projection image is
projected onto a photoreactive 20layer, said Fectoveesstivid-fahfer solidifying on the area where the
projection image is projgcted,.andthen, 2)dhesalidified:layer is goverad with-anew phatoreact ve

resin layer, and then 3) once again, at least one projection image is roject%d anto 25this new
photoreactive laf&r &fepss 21 and™) being ?gﬁ%¥§?e’d é% rr?agr"?’)? tir%%é%%sre%airgd to make a product in

three dimensionsnGenenaiyotHéprofestion ireee Vaties forréachEyer Por édnihle  t6'ake a ball,
this image consists gfradisk the-digreter:obwhishiinereasesdram edfirsts3Qapexwahthe ball to the

middle of the ball, and then decreases from the middle of the; ball up tq a second.apexQf the ball.

This technique enables prodhrtl:‘{s to be made in three dimensions directly in a photopolymerisable resin

without machining = TA&F rRaER ety SHRGIEEPEF 6 be BaTdfietPof 3 35taJ8r is alsd éalled Eetpoint

image. produce a product in three dimensions. The field of the invention
10 is thus more particularly but in a non-limiting way that of rapid

prototyping and stereclithography.

étate of prior art
Processes for producing products {(typically prototypes) in
15 three dimensions by stacking layers are known, such as for example
| by stereolithography or filament deposition (or FDM for “Fused
deposition Modeling”) . _
The stererclithography principle is the following:
1) at least one projection image is projected onto a photoreactive
20 layer, said photoresactive layer solidifying on the area where the
projection image 1s projected, and then
2} the solidified layer is covered with a new photoreactive resin
layer, and then
3) once again, at least one projection image is projected conto
2%  this new photoreactive layer,
steps 2) and 3) being reiterated as many times as required to make
a product in three dimensions. Generally, the projection image
varies for each layer. For example, to make a ball, this image
consists of a disk the diameter of which increases from a first
30 apex of the ball to the middle of the ball, and then decreases
from the middle of the ball up to & second apex cf the ball.
This technigque enables products to be made in three
dimensions directly 1in a photopolymerisable resin without
machining. The image being solidified or to be solidified of a

35 layer i1s also called setpoint image.



2 The projection image can be much smaller than the area to be solidified. For a same layer, several
projections are thus required. For example, for a setpoint image consisting of a square having a 30
centimetre side, a projection image consisting of a 5sguare having a 10 centimetre side is
successively and side by side projected nine times. The rapid prototyping by filament deposition
consists in melting a resin (generally plastics) through a nozzle heated at high temperature, so as to
exit therefrom a resin melted filament 10(in the order of a tenth of a millimetre) and depositing this wire

for melt-bonding,it on.a previously depositedlayer. ..., nfrocessesfar praducing.predugts in three
spatial dimensions (3%) by stacking layers (as opposed to machining tools which operate bg/ stock

removal), there RE&Step 6F tranSfbrniing S5 threeY§patial UiifeHsioR (35§ nfdtmafioh tod'Series of two
spatial dimensions(2D} €fosseseetientibformation represeritativeref tlhedagersaThe layersacan be planar

such as in stereglithography or cupved as.in Some Gases,of filament:epositionss The cenvantional
technique far transforming the 3D file into a 2D file cgnsists in 20 com utingda st%ck of ma&hematical
2 51 by side

cross-sectiohs, COHBEpORMtS the S&tuarsiack St fayers dunng pro

ayers during pro uttion. ° “Once geometric
information representatiee ofiaerogs=section of the product to be produced are available, a further

processing of this 20 crgss-segtien informationds aused tmbe:pesiprnetiand 2bthusforeach layer,

production 20 info pation suitable for the technology used are gbtained,  _ For example,.a path can
be defined as vemc%gir:sl ?(C‘for‘?toifriS\/‘encto(lgsef]q‘ﬁIrlré%cp'L vec orss) ég f)or exérﬁg%e in tﬁ?ezcase of a prot%typ'ng

machine with lasedandFavaHoTTRtrie Mmitfors® 30 (SteFaBhtidgraghy 95858 r &itteiind): B8P A production
by filament depositionrtheapproach: is simias but theloptinum path isdifferentdpedausserthe dynamics

of the physical head gepos fing; the material i mych diffesent fromythat,ef a light impact deflected by

mirrors. 35In other examples, matrix definitions rather than vector definitions can be used, as for
example in the case of 3 prStGEfT #75 macHine8 withaitdct RYRE Préfectich (of DL for Digital Light
Processine") or withepeintimg headsowithmozzles. Prooessing atayeetherr consisstirpdéfiniig which
pixels of the layey.ate logated in the material ofdheiproductto be produegdoFotranstorming

15 three spatial dimension (3D) information to a series of two spatial
dimension (2D} cross-section informetion representative of the
layers. The layers can be planar such as 1n stereclithegraphy or
curved as in some cases of filament depositions. The conventional
technique for transforming the 3D file into a 2D file consists in

20 computing a stack of mathematical cross-sections, corresponding to
the actual stack of lavers during production.

Once geometric information representative of a cross-section
of the product to be produced are available, a further processing
of this 2D cross—section information is caused to be performed and

25 thus for each layer, production 2D information suitable for the
technology used are obtained.

For example, a path can be defined as wvectors (contour
vectors, filling vectors) as for example in the case of a
prototyping machine  with laser and galvanometric mirrors

30 (stereolithography, laser sintering). For a production by filament
deposition, <the approach is similar but the optimum path 1is
different bécause the dynamics of the physical head depositing the
material is much different from that of a light impact deflected by
mirrors. ‘

35 In other examples, matrir definitions rather than wvector

definitions can be used, as for example in the case of



5this, the following algorithm ("scanline fill*) is applied in reference to Fig. 1. For each of the
cross-sections to be processed: a grid 1 is applied onto the layer 2, for each row 3 of the grid (the
columns could also be iterated..): 10 starting from an end of the row, ancisoing towards to the other
edge of the cross-section (from left to right in Fig. 1), by updating a "number of entrances/exits in the
material" counter having "0" as an initial value (it is considered that there is no'material at the edge of
the grid): each time a 15limit 4 for entrance into the material is crossed, the counter is increased by 1,

and itis decremented by 1 each fime a liqit £ for,exit from the materialis£rossgd; :each ime a pixel is
crossed, the status of the counter is looked at: if it is higher than 0, t%e pixel is ticked as 20 being
inside the object'@éfinied by icoritotire4s5ihd the pixeltis tiekEtF F9béirrfoutside the’dhfett defined by
contours 4, 5 othepwisg.: The grickof thefiguee.can mare gereratly benady paviagsfosf tiexample of

the honeycomb type. The iterations thep,arg, not made,on.22"1gWs. Qr :columps,oul alopg,

preferential axes oﬁﬁeapavmgs use(_J:{ Such a processing has some drawbacks. First, it requires a
significant compiiikg tint8e  TOYhHdr Mottt irhifobiliZ& #hé Proddcing mathin@ 8ariRg thid
processing, and heeasse=0f theigomplexity of this processing, this 30 processing should be performed
on a dedicated calgulator independent from.the production magchine, which implies practically a further

step of transferring information from the calculator to anather control computer of the production
machine.. ~ Bufthiet, dé @IS frarsRr Stept Brodaction infozmation 35 should be restricted in
volume in order to preventthewransferi4 grid (the celumns could alsc be iterated..}:

10 ¢ starting from an end .cf the row, andﬁgging towards to the
other edge of the cross-—section (from left to right in Fig.
1), by updating a “nmumber of entrances/exits in the material”
counter having “0” as an initial value (it is considered that
there is no material at the edge of the grid): each time a
15 limit 4 for entrance into the material 1is crossed, the
counter is increased by 1, and it is decremented by 1 each
time a limit 5 for exit from the material is crossed;
e each time a pixel is crossed, the status of the counter is
looked at: if it is higher than 0, the pixzel is ticked as
20 being inside the object defined by contours 4, 5, and the
pixel is ticked Ias being outside the object defined by
contours 4, 5 otherwise.
The grid 1 of the figure can more generally be any paving for
example of the honeycomb type. The iterations then are not made on
25 “rows” or “columns”, but along preferential axes of the pavings used.
Such a processing has some drawbacks.
First, it reguires a significant computing time.
In order not to immobilize the producing machine during this
processing, and because of the complexity of this processing, this
30 processing should be performed on a dedicated calculator independent
from the production machine, which implies practically a further step
of transferring information from the calculator to -another control
computer of the production machine.
Further, due to this transfer step, production information

35 should be restricted in volume in order to prevent the transfer



from taking too much time, which restricts the spatial resolution in the product to be produced.

Finally, the natural parallelisation of this processing is simple to implemente: the processing for each
cross-section can be made independently and in parallel. These processings are very likely to take a
different tinie from one layer to the other, for example as a function of the number of entrance and exit
limits of the layer. Thus, in the general case, processings will not be of the same duration from one
layer to 10 the other and they will have to use iterative mechanisms internal to each layer processing,

and with complex synchronization between lay rrproces%i_ggg. In.q similag way, within one of these
processings, theg(ﬁg%h ohf_l}ﬁég%ror%(}gne%unc to the other of the fiél%lscan be 15 perforsr\%ged in parallel
(step 2 above). TRiXs& EOmparabre sitgaticn tbtheparaidifgof the sections processings: there are

lines that will be more eamplex thamothersyasla functior:of the: humber of icressingsdheientrance or
exit lines, and with iterative algorithims,and complex synchronizations. 201t is-thiis; pessible o

contemplate& applying a'complex but non-"massive” aﬂrallelisﬁrp,that}is oTnJy of the "MIMD" ("Multiple
Instruction oh Méiftiplé Datatyde &ef AORT G the ™ SIMD" ESitigté Tnstraclidh oR Miitipie Data”) type,
whereas it is considered that the. SIMD ségerithms Sfepotentially Mo 25refficierity bbe akETestricted in

their applicability, tg, particularly.simnle qperatipns- 4t isremingded thatithe SIMB-patallelispnis one of
the four operating modes defined (p%/ Flélnn tai(onomy a,mkgu%esignatestgg operaéipaqlmoggs\évhere

several computi 6 lutnitsl(%f)&éﬂ:aste in paraﬁgl, stch'that the $ame 30 instruction is applied in parallel over

time to several datatesprodiicerseverat reBaltsd theTHéPrrpsse of the Predetitinvénitidn i$ to provide
a lithography pragess efigavice:enabliag atleast one of the abevementianededrawbacks 4nshe solved.

5 Disclosure of t@gégygg(gon ro, THig pyrpose is achieved with g process for progducing. g praduct,
comprising determining typlcacfly from descriptive data of the object) whether points of a finite space

are inside or out&idE AR bhiécCde6iiTeSed tdreRMERtY Sltfaces, said object typically
corresponding to the pmoduct toibe produeged ortora partror layer Orsslicerofthespraduct t¢ire

produced, charggterised in thatforsachwarking peint fae whicluit is,attempted fodetgrmipe whether it
is inside or outside the 100bject, the process comprises: determinin%éat least one line among a line

passing through RRfs WoF&ihg Toint Wit Which i< §8satiatd & countér dedicated SOIEI 16 this working
point, and a line passirtg througan imeage(traslatidn trotationt Eonibinationr ot bath, &eSIfof the

are lines that will be more complex than others, as a function
of the number of crossings the entrance or exit lines, and with
iterative algorithms and complex synchronizations.

20 It is thus possible to contemplate applying a complex but
non-"massive” parallelism, that is only of the “MIMD”
("Multiple Instruction on Multiple Data”) type and non of the
“gIMD” (“Single Instruction on Multiplie Data”) type, whereas it
iz considered that the S8IMD algorithms are potentially more

25 efficient, but are restricted in their applicability to
particularly simple operations. It is reminded that the SIMD
parallelism is one of the four operating modes defined by Flynn
taxcnomy and designates an operating mode where several-
computiﬁg units operate in parallel, such that the same

30 instruction is applied in parallel over time to several data to
produce several results.

The purpcse of the present invention is to provide a
lithography process or device enabling at least one of the
abovementioned drawbacks to be solwved.

35



15 working point with which image is associated a counter dedicated solely to this image of the
working point, and iterating, on each of the elementary surfaces, the following operations: searching
for an intersection between the elementary 20 surface and one of the lines from the line passing
through the working point and the line passing through the image of the working point, modifying the
counter if the intersection exists, and 25 - determining whether the working point is inside or outside
the object as a function of the counter dedicated solely to the working point. Each line can be a straight

line or a curved line. In a first alternative, theLtecessAcGarding to the invention 30 is
characterised in that:  determining at least one line comprises determining a line passing through the

working point with wiith ia886@iate & ¢alifter EHiEaldd SOIEIY 15 tRRCRSTIAg &M &Rd/or iterating
comprises iteratingponseagh of therelementary8ssuifacescthe fellowingioperdtions:c6 $éarching for

an intersection between the elementary surface anghthe inejassing:throughcthe,warkiag Hoint,
modifying the counter if the intersection exists, and determ%niggswhetggr the Wgrkgn int is inside or

outside the dbjett dthpHEEFBERSMinig whethat the working point s inside of ou é%% € object as a
function of the vatuessbtvel couriterdedivatée-sotelyoro Hedvorkineg pbing P2rn thistfirst-aRErnative, the
line can pass thrgugh ar arigin,apdJdnodifyagthegeunter can comprise: 10 if the intersection is
located beyond the working point it espget to e, orgin o e g, nomodifiation;of the counter,
attempted to determine whether it is inside or outside the
i0 obiect, the process comprises:
- determining at least one line among a line passing through this
working point with which is assoclated a counter dedicated
solely to this working point, and a line passing through an
image {(translation, rotation, combination of both, etc..) of the
ib working point with which image is associated a counter dedicated
solely to this image of the working point, and
~ iterating, on sach of the elementary surfaces, the following
operations:
e searching for an intersection between the elementary
20 surface and one of the lines from the line péssing
through the working peint and the line passing through
the image of the working point,
e modifying the counter if the intersection exists,
and
25 - determining whether the working point is inside or outside the
object as a function of the counter dedicated solely to the
working point;
Each line can be a straight line or a curved line.
Tn a first alternative, the process asccording to the invention
30  is characterised in that:
- determining at lsast one line comprises determining a line
passing through the working point with which is associated a
counter dedicated soclely to this working point, and/or
- iterating comprises iterating, on each of the elementary

35 surfaces, the following operations:



if the intersection is not located beyond the working point with respect to the origin of the line,
modifying 15 the counter differently depending on whether the intersection of the line corresponds to
an entrance of the line into the object or an exit of the; line from the object with respect to the origin.

In a second alternative, the process according to the invention 20 is characterised in that: determining
at least one line comprises determining a line passing through the working point with which is
aSSﬁciated a counter dedicated solely to this working point and a line passing through an image of the
working point with which is 25associated a counter dedicated salely to this i e king point,
and/or the process further com['v)rlss.e(—i:’}‘sr %%lﬁgrag%g fhe Jérl%‘reﬁjgﬁ%rlf gu)é%%%eg ?ntdm%qvc;a %%Eﬁtc%%{ougs?a
group of surfaces for entrance isitses ohije ctisnd i@ty istHs Sios GIFEREs foPexiPFron? 3othetobject with

respect to a direction of movement,:arg{ar the iteralian cempesestansieration:anraachrof the
elementary surfaces, of the following operations: if the surface is an entrance surface, searching for
an intersection between this %Téﬁ%ﬁfﬁ?ygsﬂ}f’?é%é‘ﬂaﬁaeth‘“éo‘% i1t Passing through the W(l)trsléineg; point and
modifying the counter Slssockdtet: withrthie sworkiriee pointibthe fritetse cion wXists? iFfié'sutface is an
exit surface, searching;for; an iptersection betwesiethisselementary surtacesndiheding passing
through image of the working point, and modifying.a cqupisy,assasieled with the image of the

. In this first alternative, the line can pass through an origin,

and modifying the counter can comprise:

10 e if the intersection is located beyond the working
point with respect to the origin of the line, no
modification of the counter, and
e if the intergection 1s not located beyond the working
point with respect to the origin of the line, modifying

15 the counter differently depending on whether the
intersection of the line corresponds to an entrance of
the line inte the object or an exit of the lins from the
object with respect to the origin.

In a second alternative, the process according to the invention

20  is characterised in that:

- determining at least one line comprises determining a line
passing through the working point with which is associated a
counter dedicated solely to this working point and a line
passing through an image of the working point with which 1is

25 associated a counter dedicated solely to this image of the

working point, and/ox

- the process further comprises separating the elementary
surfaces into twe distinct groups, a group of surfaces for
entrance into the object and a group of surfaces for exit from

30 the objecﬁ with respect te a direction of movement, and/or

- the iteration comprises an iteration, on each of the elementary
surfaces, of the following operations:

e if the surface is an entrance surface, searching for an

intersection between this elementary surface and the

35



working point if the intersection exists, and/or - determining whether the working point is inside or
outside the object comprises determining whether the working point is inside or outside the object as a
function of the counter dedicated to the working point;and the counter dedicated to the image of the
working point. In this second alternative, determining whether the working 15 point is inside or outside
the object as a function of the counter dedicated to the working point and the counter dedicated to the
image of the working point may comprise comparing the counter dedicated to the working point and

the counter cedicated to the \rage.ol thenorking paL 20 [0 seeand,aliematie, foralthe

working points and images of the working points, the lines passing through these points are preferably
parallel. In both alternafifet$ér afltheiorking \Points Bifd iMages ef the Working pbitits, the lines
passing through these pointsican:dse 25paralelsos not parallel. Preferably, for all the working points

and images of the working pqints, tﬁhl%lin%%_%%%sigg through these naints ggaggtd'%e@ggt inside the
finite space. The space can be a three dimension space or a two dimension 30 space. If the space is a
three dimension space, the workii§ psifits Can Be"gatheretFinta BTkt siace: armeathfline
passing through a working point and eachiline passigg thregghcan image of anyarkimg paint is

preferably transverse to this wogking-surface through. this.working pgint, The warking surfage can

correspond to a layer or 8 at least a part of a layer to be deposited to pgog_uce the product by rapid
prototyping.  The iteration st8p*canhé peformed in PRAIRIGVER e Tor séveralelementary
surfaces. 5For at least are etementaryrsuiface the iteration steprtan beiperfermed in:paradel over

time for seygral workingpQiniss .. Jheitesationstepspedormead.dn parallel.ams, prefarablys

synchronized by a fixed run time, and Qo,t bey waitind% fgcr: a tglsk en .nl I;’gefeé%b% eaggulriggzpassing
through a working point 1 differéfit o other Tines passing thfough the other working points.

Typically, at least one ofifité G1epd GftheproceEss HedoTHiig IBthE mvertion Hrévitdsiyedeseribed,
preferably each of the steps inage of the working point.

In this second alternative, determining whether the working

15 point is inside or outside the cbject as a function of the counter
dedicated to the working point and the counter dedicated to the
image of the working point may comprise comparing the counter
dedicated to the working point and the counter dedicated to the
image of the working point.

20 In this second alternative, for all the working peints and
images of the working points, the lines passing through these points
are preferably parallel.

In both alternatives, for all the working points and images of
the working points, the lines passing through these points can be

25 parallel or not paraliel.

Preferably, for all the working points and images of the
working points, the lines passing through these points do not
intersect inside the finite space.

The space can be a three d}mensiom space or a two dimension

30 space. If the space is a three dimension space, the working points
can be gathered in a working surface, and each line passing through
a working point and each line passing through an image of a working
point is preferably transverse to ﬁhis working surface through this

working point. The working surface can correspond to a layer or



15 of the process according to the invention previously described is not performed in a purely abstract
or purely intellectual manner but involves use of a technical means. Typically, each of the steps of
the process according to the invention previously desgribed can be implemented by at least one 20
computer, one central processing or computing( unit, one analogue electronic circuit (preferably
dedicated), one digital electronic circuit (preferably dedicated) and/or one microprocessor (preferably
dedicated) and/or by software means. Once which space point is located inside or outside the 25

object has been detgrmined, the.prgcess, agcording 4o the invention.can comprise-produaing the
product by rapid prototyping and/or by layer stacking, for example by stereolithography or by filament
deposition. Accdidingtto’y8t aridther dspect of the invention, it is 30 provided a device for producing a
product, implementing B:protesstaccordiey tethednventiomssomprising Afeans $6r eeterafihing
(typically from descptive.dataof-the objewhether points of a finite space are inside or outside an
object decomposed intg elementarg/ surfac%;é%g}g o]p ect t %gglly t%%rr%%gng%gl t%glgg Sggrproduct to

be produceCEf ortoa pa?%r fé:yelregrgliggeof e product to be produced, 9 characterised in that for

each working poet foriitkdt is attemptel &Y detéifinéWhether it-is'mside%Poutsite the object, the
device comprises: means fardetermining atdeasiomedine amonga:linelpassingb¢hiroaghythis

working point with which i, assqciated.a cqunter dedicated solely 19 Jhis.working-point, andia line

passing through an Image of the working point with which is associated a counter dedicated solely to
this image of the®#forking point, and 10- means for iterating, on each of the elementary surfaces, the
following operations: searchingifor assintersection betweentireetmentanrsirfaceand alsingle one

of the lines from the Jine passing, thrgugh the warkingpeins and.the;linecpassingd5thieughnéhe image
of the working point, modifying the counter if the intersection exists, "and means for determining

whether the Worﬁﬁfgj“ﬁ%int is inside or outside the object as a function of the counter dedicated solely
to the working point. Typically, at least one of the steps of the process according

to the invention previously described, preferably each of the steps
15 of the process according to the invention previously described is
not performed in a purely sbstract or purely intellectual manner
but involves use of a technical means.
Typically, each of the steps of the process according to the
invention previously described can be implemented by at least one
20 computer, one central processing or computing unit, one analogue
electronic circuit (preferably dedicated), one digital electronic
circuit (preferakly dedicated} and/or one microprocaessoy
(preferably dedicated) and/or by software means.
Once which space point 1s located inside or outside the
25 object has been determined, the process according to the invention
can comprise producing the product by rapid prototyping and/or by
layer stacking, for example by stereolithography or by filament
deposition.
According to yet another aspect of the invention, it is
30 provided a device for producing a product, Implementing a process
according to the invention, comprising means for determining
{typically from descriptive data of the objet) whether polnts of a
finite space are inside or outside an object decomposed into
elementary surfaces, sald object typically corresponding to the
as product to be produced or to a part or layer or gslice of the

product to be produced,



20Each line can be a straight line or a curved line. In a first alternative, the device according to the
invention is characterised in that: the means for determining at least one line comprise means for
determining a line passing through the working point with which 25is associated a counter dedicated
solely to this working point, and/or the means for iterating comprise means for iterating, on each of the
elementary surfaces, the following operations: searching for an intersection between the
elementary 30surface and the line passing through the working point, modifying the counter if the

intersection exists, andlor, _the means for determigingwhether the werking paigt isiagide pr outside
the object comprise means orlé]etermlnlng vvﬁether the 35working point is inside or outside the object
as 10 a function of ftie V&t BFthe €5GRTer dédicated Sofély B tf?élgﬁéﬂ%nékﬁoir’i’t?je&f H'Ehis first

alternative, the line eanipassdiirough:an origin, and the means for iterating can be arranged to modify

the Scounter the Tollgwi@rgae@yf&tfa@ei@;ﬁﬁ%ﬁgoge‘s1@&@@9@&@%@ the.wprking: peint-withsespect to
the origin of the line, there is no maodification of the counter, and ifdthg intersection is not

located beydnd the working 18pdifit with reslfedt e the brigint of the Tines thére-is a‘modification of the
counter differently deperdirigasrivhetisér thevintéisectioricoftheding corespondsid @F55179
through an image of the working point with which is associated
a counter dedicated solely to this imsge of the working point,
and
10 - means for iterating, on each of the elamentary surfaces, the
following operations:
¢ searching for an intersection batween  the elementary
surface and a single one of the lines from the line
passing through the working point and the line passing
15 through the image of the working point,
e modifying the counter if Ehe intersection exists, .and
- means for determining whether the working point is inside or
cutside the object as a function of the counter dedicated
solely to the working point.
20 Each line can be a straight line or a curved line.
in a first alternative, the device according to the invention is
characterised in that:
- the means for determining at least one line comprise means Ior
determining a line passing through the working point with which
25 is associated a counter dedicated solely to this working point,
and/or
- the means for iterating comprise means for iterating, on each of
the elementary surfaces, the following operations:
» searching for an intersection between the elementary

30 surface and the line passing through the working point,

o modifying the counter 1f the intersection exists,

and/or
- the means for determining whether the working point isg inside or
outside the object comprise means for determining whether the

35 working point is inside or outside the cbiect as



entrance of the line into the object or an exit of the line from the object with respect to the origin. 15In a
second alternative, the device according to the invention is characterised in that: - the means for
determining at least one line comprise means for detggmining a line passing through the working point
with which is associated a counter dedicated solely to this 20 working point and for determining a line
passing through the image of the working point with which is associated a counter dedicated solely to
this image of the working point, and/or the device further comprises means for separating the 25

elementary surfaces info jwo.dislingt 9fpURR. 2010w, oL sulfaces faL enitenge.lnlo ihe ghjggt and a

group of surfaces for exit #E?nltﬁe_ object with respect to a direction of movement, and/or he
means for iterating corfipfis&*meats-for iterating, on 30each of the elementary surfaces, the following
operations: if the surfaceiis anentrance surfacessearchitg: foi o intersection betweeih this

elementary surfage and the ling passing through the,working. peint and,madifying.the counter

associated with the working point if the 35intersection exists, 11 if the surface is an exit surface,
searching for anAtBrEEctioh HRWEEAThIEElementary surface and the line passing through the image
of the working point, and modifyingra ceunierasseciated with thezimage<abbworkingyaaintif the

intersection exists, and/or - the means, far, determining whether the, warking poind isipside ;
no modification of the counter, and

e if the intersection is not located beyond the working
10 point with respect to the origin of the line, there is
a modification of the counter differently depending on
whether the intersection of the line corresponds to an
entrance of the line into the object or an exit cf the
Iline from the object with respect to the origin.
15 In a second alternative, the device according to the invention
is characterised in that:

—.the means for determining at least one line comprise means
for determining a line passing through the working point
with which is associated a counter dedicated solely to this

20 working point and for determining a line passing through
the image of the working point with which is associated a
counter dedicated solely to this image of the working
point, and/or

- the device further comprises means for separating the

25 elementary surfaces into two distinet groups, a group of
surfaces for entrance into the object and a group of
surfaces for exit Zfrom the object with respect to a
direction of movement, and/or

- the means for iterating comprise means for iterating, on

30 each of the elementary surfaces, the following operaticns:

e if the surface is an entrance surface, searching for an
intersection between this elementary surface and the
line passing through the working point and modifying
the counter associated with the working point if the

35 intersection exists,



or outside the object comprises means for determining whether the working point is inside or outside
the object as a function of the counter dedicated to the working point and 10the counter dedicated to
the image of the working point. In this second altgrnative, the means for determining whether the
working point is inside or outside the object as a function of the counter dedicated to the working point
and the counter dedicated to the image of the working point can comprise means for comparing 15the
counter dedicated to the working point and the counter dedicated to the image of the working point.
In this second alternative, for all the Workingagoints and the, itmas%?ga%fet‘he Wor@lqﬁl (#)o%g;:s, the lines
ernati all th

passing through these points'a%éf p?rel?ersalfﬁy pszraﬁ%l. Poinboth 3 vesse,af%? e Woriing points

and images of the V\_/orking poinig;trestineis passintg througl tiesaysintg cafrbefarkliel Bt not parallel.
Preferably, for working points, the-25 jatersect insidgthene fhgspacercanspace; [bthetspace can

be gathered in a a working point gn%&a}#?iﬁne passing throygh an image of a;%orlfj&%goo@oint IS

preferably transverse to this Wo?l?lng sur acen?hroug this working point. The working surface can
correspond %o a layer or at leastaparcoPaiyertd i dBpEsHEd 16hBdacs thd'pf6duct by rapid
prototyping. Thetmeansfor iterating cam beyartanged toperforking paralteli35ioverdtime
heraﬂonsforseveralek%geggﬁgﬁé%w@%%egbj%%t comprises means for determining whether
the working point 1is inside or outside the object as &
function of the counter dedicated to the working point and

10 the counter dedicated to the image of the working point.

In this second alternative, the means for determining whether
the working point is inside or outside the object as a function of
the counter dedicated to the working point and the counter dedicated
to the image of the working point can comprise means for comparing

15 the counter dedicated to the working point and the counter dedicated
to the image of the working point.

Tn this second alternative, for all the working points and the
images of the working points, the lines passing through these points
are preferably parallel.

20 In both alternatives, for all the working peints and images of
the working points, the lines passing through these points can be
parallel or not parallel.

Preferably, for all the working points and the images of the
working points, the lines passing through these points do not

2%  intersect inside the finite space.

The space can be a three dimension space or a two dimension
space. If the space 1s a three dimension space, the working points
can be gathered in a working surface, and each line passing through
a working point and each line passing through an image of a working

30 point is preferably transverse to this working surface through this
working point. The working surface can correspond to a layer or at
least a part of a layer to be depocsited to produce the product by
rapid prototyping.

The means for iterating can be arranged to perform in parallel

35  over time iterations for several elementary surfaces.



For at least one elementary surface, the means for iterating can be arranged to perform in parallel over
time iterations for several working points. The device according to the invention can further
comprise means for synchronizing, by a fixed run timg, iterations performed in parallel, and not by
Waiting for a task end. Preferably, each line passing through a working point is different from other
lines passing through the other working points. Typically, at least one of the means of the device
according to 10 the invention previously described, preferably each of the means of the device

according to the invention previously desgribed are techpical meang, ..., Typically, eqgh of the means
of the device according to the invention prewous?y described can comprise at least oné computer, one

15 central proce&sirg Gresipatimgiitione diafddtie éléttrontcirddtpreterably dedidated), one

digital electronic.eireuit (preferably dedicated) and/or one microprocessor (preferably dedicated) and/or

software means. The device according,to thedgvantion.can further. comprise means.20:for producing,
once which space point is located inside or outside the object has been determined, the product for

=

example by TapidprofSBBiRg ardfr 1d8er &talkiiiy, fOFexamibte by -§teresiitho§Faphy of fitiment
deposition. 25Aceording toayet mriothewaspeet ofthe taegentioh, it is provided a product obtained by a

producing process accarging.io the inyentian,Qr by-afpreducingdevice aceerding te-the inyention.

Description of thg, fg'?”ren% and em ()ec}jrlrygnts 30Furthgrhagv%nt&%e§) t%@,g features of the invention will

appear upon read‘ingje tRe“detaied escrn.z)lff.alcs)np %'T;?r:‘ﬁlgle"mléﬁlgatlons an erﬁvﬁgéllﬁ?eﬁ%sl?ﬁfsﬁo way limiting,
and the following appefidadadiawings Wwheretie- Fgtriliesteates £proeessCaccithag iy the state of
prior art; 350 FigeiZ-illustsates-different dajaprtapreaessracepidingda-theinventieans of the

device according to the invention previcusly described are technical
means.
Typically, each of the means of the device according to the
invention previocusly described can comprise at least one computer, one
15 central processing or computing unit, cne analogue electronic circuit
(preferably dedicated), one digital electronic circuit (preferably
dedicated} and/or one microprocesscr (preferably dedicated) and/or
software means.
The device according to the invention can further comprise means
20  for producing, once which space point is located inside or cutside the
object has been determined, the product for example by rapid
prototyping and/or layer stacking, for example by stereclithography or

filament deposition.

25 According to yet another aspect of the invention, it is provided
a product obtained by a producing process according to the invention or

by a producing device according to the invention.

Description of the figures and embodiments
30 Further advantages and features of the invention will appear upen
reading the detailed description of implementations and embodiments in
no way limiting, and the following appended drawings wherein:
- Fig. 1 i1llustrates a process accerding to the state of prior
art;
35 - Fig. 2 illustrates different data of a process according to the

invention,



13 Fig. 3 illustrates a first exemplary implementation of the process according to the invention,
Fig.4illustratesasuperpositionofseveral overlapping polymerized layers and obtained by the first
exemplary implementation of the process according @ the invention, Fig. 5 illustrates different
points and images of points in a second exemplary implementation of the process according to the
invention, and 10- Fig. 6 illustrates the second exemplary implementation of the process according to
the invention. There will now be described, in reference to Figs. 2 to 6, different embodiments of the

process according to the 15, invention to.praduce a productlay rapid pratotyaing, Farthis. deis

considered an object 0 (rgé%gr'enceél 6‘)|W Ich Is at least a part of the product to be produced. The objet
0 is an object; in"&thre@ eifmerisicAspdte E°(3D ekt astllustrated in Fig. 2, and in this case, 20the
3D object corresponds-tozthe 3D produtt te bezpeeduced, oruriara@dwotdionension spacecEsas

illustrated in Figg,,3 ﬁ%%ﬁié@é%&%%ﬁﬂ%@ objectin giwo dimension space typicaly-25
corresponds to a slice of a 3D product to be built; this slice can consist in any, oblique or other slice of
the 3D produict t& & BLl YprefSrabi)the*veftital Gne, Bift pFEfarably dS&S %ro%ic%sigto in 6ne of the 30
horizontal layersitorbetdeposited to produce the product by rapid prototyping. Further, in the case

where the object is in two-gdimensions,;each suetace; S: &.R.0r Rgdaseribed latterisa=surfage having a
null 35width, that s a line. By two dimension space. it is pically. meant eliert e process
according to the invention, and
10 - Fig. 6 illustrates the second exemplary implementation

‘of the preocess according to the invention.

There will now be described, in reference to Figs. 2 to
6, different embodiments of the process according to the
15 invention to produce & product by rapid prototyping. For this,
it is considered an object ¢ (referenced &) which is at least a
part of the product to be produced. The objet 0 is an object:
- in a three dimension space E (3D object),
as illustrated in Fig. 2, and in this case,
20 the 3D obiject corresponds to the 3D product
to be produced, or
- in a twoc dimension space E, as illustrated
in Figs. 3 and 5: in this case, this 2D
object in a two dimension space typically
25 corresponds to a slice of a 3D product to
be built; this slice can consist in any,
oblique or other slice of the 3D product to
be bullt, preferably the vertical one, but
preferably does not consist in one of the
30 horizontal lavers to be deposited to
produce the product by rapid prototyping.
Further, in the case where the object is in
two dimensions, each surface 3:, 855, P or R
described latter is a surface having a null
35 width, that is a line. '

By two dimension space, 1t is typically meant either:



14 a nappe or surface or plane decomposable into points or pixels, or a layer
decomposable into voxels along two spatial directions X and Y and having a thickness of a single
voxel along a 5third spatial direction Z. By three gimension space, it is typically meant a space
decomposable into voxels and having a thickness higher than one voxel along each of the three
spatial directions X, Y and Z. 10it will be first described, in reference to Fig. 2, different data and
information operated in the exemplary process of the invention Or required for understanding

exemplary processes acgorgding.fo the inyention..Preliminar.anumhber of hypotheses wilbbe admitted.
15There is a description of the object 0, typically in the form of at least one data computer file. The

object 0 is assuiEdt6-be described in the finite space E. The space E is an Euclidian space. The
description of the objeet Brmakesaypossibletoumanbiguoasly aeérminésihetRe? a HoiRtBS E is part

or not of the 20 gbiect Q. This can implythe corectionielambigiities semrtimes-found-in some
corrupted files (so-called unclosed ef(isliczeﬁzhNzumerous softwares enable these files to be manually or
automatically corfédted Mithin the"Scope 6f the examples described in the invention, all the

ambiguities have beentrentdved. 2BTRadescriptio:s of fHe object:PiSin the 151 of 4 d&&8mposition of
the object 0 into severalarenteg-anebpeeferably-planar elementaryssttfaces SlapForexample, this
condition is met@?o%%]ee%c IS %(f%rl*guerd Is%gtqglfacgpeéagqgrg,Ofytr&%cﬁa@!d prototyping, that is in a

form of 30a collection of oriente trlanngs. uch a standard is called STL (for "stereolithography"). If
the object 0 is in a format from a CAD 15 The process according to the invention is perfonued

from thesexdescriptive data:of the: objeet Oqwhictitake thefefrreithertof &idecdmpdsifioredf the object

0 into several orignted, non-nudl.area; and preferably planarelematarysudases s, itthecabject 0 is
described in invention or reguired for understanding exemplary processes according

to the invention. _
Preliminary, z number of hypotheses will be admitted.

15 There is a description of the object O, typically in the form
of at least one data computer file. The cbject 0 is assumed to be
described in the finite space E. The space £ 1s an Buclidian space.

The description of the object O makes it possible to
unambiguously determine whether a point of E is part or not of the

20 object 0. This can imply the correction of ambiguities sometimes
found in some corrupted files {so-called unclosed files). Numerous
softwares enable these files to be manually or automatically
corrected. Within the scope of the examples described in the
invention, all the ambiguities have been removed.

25 The description of the object © is in the form of a
decompesition of the object O into several oriented and preferably

planar elementary surfaces 5;:

O; USL
i

for example, this condition is met if the object 0 is described

in a de facto standard of the rapid prototyping, that is in a form of

30 a collection of oriented triangles. Such a standard is called 3TL
(for “stereclithography”). If the object 0 is in a format from a CAD
software, there are always STL interfaces which respect the original

form up to arbitrarily high accuracies.



5 a three spatial dimension space E, or a decomposition of the object 0 into several oriented and
preferably straight elementary lines Si (also called elementary surfaces for the sake of brevity of the
description) if the object O is described into a two spatial dimension space E. Throughout this
document, each index i or j is a natural integer 10 between 1 and M, with M for example as the case
may be a total number of working points Di or elementary surfaces Si or Si respectively. A working
plane P, (referenced 7) is defined oriented by its normal N (referenced 8). A projection F is defined

which has any point X {or AF.0r.Y or.Di A8 denending enhe peint copsidered) of E-nobelonging to P

associates a point Ap_bgfongln to P, or indicates that there is no point of P satis,fyin)g the projection,
that is that F is ri6€applicable’ivhet! Fﬁgeap‘ﬁﬁc?ﬁﬁle?ﬁpw@a}én%?ég adE (X the point 6f P projection
by F of X, or everasuk=(Di)ip(referencedi®ythe pomt of Rprbjectinidy Pof D R20FFreetsthe
following Conditigiéléf'ea:agﬂﬁ Sehaf naints-of E having-as 8 prejeetiona-same poinsAp: 6P noted
EXAO (or even F{F(X).p}, F(g%Dll)S[?}n ... depending on tr}:e QOAQ('[:%)%%E%%& §Ist%go£gde§g(%(X},
E{F(D)}, _47is cOntinliGus aerivabid <25 6k ditiension 1° A civilinear coordinate can thus be defined
on this set, as weltassatarmjent indns poitorefEx3t deniotesiheceaidilirear toditinaté®ofX along

F{F(X).p). 30ii. R xpdenates:the tangentto F{FQQsp)atdherpoist XyboA pointet&ganenly have a
single projection by F (more foally: if X has its projection F(X).p.and Y. .. = hasits
projection F(Y).pl,t%aﬁ F? ?ﬁtcls%n%% 3 ggxr‘} oﬁngéld Wﬁh F?Y%%, tﬁen X ?sn ?wjbotncg%?gﬁnzaeg with Y). 16 C.
The “curvilinear coordifBte Aoy d'set EFHARYg yfpch index 1 or J is a natural integer

10  between 1 and M, with M for example as the case may be a total number
of working points 5 or elementary surfaces 8, or S respectively.
© A working plane P, (referenced 7) is defined oriented by 1ts
normal N (referenced 8).
A projection F is defined which has any point X {or Az or Y or Iy
15 depending on the point considered) of E not belonging to P associates a
point Ay belonging to P, or indicates that there is no point of P
satisfying the projection, that is that F is not applicable. When F is
applicable, B is denoted as F(X).p the point of F projection by F of ¥,
or even as F(D:).p (referenced 2) the point of P projection by F of Dj.
20 F meets the following conditions:
a. The set of points of E having as a projection a same
point A» of P, noted F{A;} (or even F{F{X}).p},
F{F(Di) .p}, .. depending on the point considered, also
noted F{F(X}, F{F({D)}, ..), is continuous, derivable,
25 of dimension 1. A curvilinear coordinate can thus be
defined on this set, as well as a tangent in any
point. '
i. B{¥).v denctes the curvilinear coordinate of X
along F{F({X}.p}.
30 ii. F{X}.n denotes the tangent to F{F({X).p} at the
point X.
b. A point of E can only have a single projection by F
tmore formally: if X has its projection F(X). p and Y
has its projection F(¥).p, and F{Xl.p is not
35 confounded with F(Y}.p, then X is not confounded with

T},



an order relation on F{A}. Conditions a and b are met for example for an "orthographic" projection
with a direction of projection non-parallel to P and a 5 perspective point to infinity, or a projection that
starts from a perspective point Al which defines Ap agthe intersection of the straight line (AA) with P, if
any. In the relevant case, projections can be defined which are no longer based on straight lines, but
on modelling of light paths in an optical system (broken lines), for example to take 10 geoaetrical
deformations of the device used into account. Condition ¢ can be met with quite simply the

curvilinear coordinate equal to th 'neea[: 9@&9&%@'%@&5&%@133&‘%?Q asrgtor%q'ﬁ}agig}gge &oint

considered. However, for compatibility reasons of the computations with other restraints (use of
honogenous coordinates), the inverse GFiHis 5 %irBaTdiSEirce is preferably taken, with an origin
which is not found on Bothe:whelebeing multiptieddry dwconstantl<l heralgerithinrviroutdapply as well

on other exemplary. mengtongus functions, The ivapqrtant thing is,10-be.ableito apply ap.order relation
to the elements of IE{A}, that to compare values therebetween and make sure that the comparison is
transitive. 20TheRZ&PEBE Ve PR (Fefef@hdedyr ©F @ projection that  starts from a

perspective point By which defines Ap as the intersection of the straight

line (A:) with P, if any. In the relevant case, projections can be

defined which are no longer based on straight lines, but on modelling of

light paths in an optical system (broken lines), for example to take
10  geometrical deformations of the device used into account.

Condition ¢ can be met with quite simply the curvilinear coordinate
equal to the linear distance along F{A} between an origin and the point
considered. However, for compatibility reasons of the computations with
other restraints (use of homogenous coordinates), the inverse of this

15 linear distance is preferably taken, with an origin which is not found on
P, the whole being multiplied by a constant. The algorithm would apply as
well on other exemplary monotonous functions. The important thing is to be
apble to apply an crder relation to the elements of F{BAp}, that to compare

values therebetween and make sure that the comparison is transitive.

D:’UDE
L

(referenced 10} is considered of working points Dy {(referenced 11) of E

20 Then, a set

for which thers is a projection by F, and for which it should be
determined whether each of them is part or not of the cbject C. Ideally,
this set comprises numerous points (hundreds of thousands for example), to
25 take best advantage of the targeted SIMD model. The process according to
the invention works very well for a few tens to a few tens of millions of
elements.
Here is its description (Fig. 2) according to the following steps I
to IV:
30 I. Optionally, & subset O (referenced 14) of O is determined:

O'w USJ
i

such that the description of the cbject O’ has the form of a
decomposition of the object O - into several elementary

surfaces 3y (referenced 15)



10) is considered of working points Di (referenced 11)of E for which there isa projection byF,and for
whichit should be determined whether each of them is part or not of the object O. Ideally, this set
comprises numerous points (hundreds of thousands fpr example), to 25 take best advantage of the
targeted SIMD model. The process according to the invention works very well for a few tens to a few
tens of millions of elements. Here is its description (Fig. 2) according to the following steps I to 1V: 30I.
Optionally, a subset 0" (referenced 14) of 0 is determined: such that the description of the object O'

has the form of a decompositiop ot the gbigct 0} into;several.glementary sudages Sidseferanced 15)
.planar. The interest of determining such a subset is
illustrated in Fig. 2: for an object O comprising &
casing 34 and fins 35, only the object 0" only

5 comprising the casing 34 without the fins 35 can be
considersd to determine whether the points D: of the set
D are in the casing 34 and thus in the object C. the
subset ¢’ 1z determined:
e either by keeping O’ = 0O (in this case, the set of 3
10 corresponds to the set of 8;, and it Is sufficient to
replace S: by 8 and 0’ by © in the following of the
description},
e or opticnally by carrying out a filter according to the
| following steps a. and b.:
15 a. a region R (referenced 16) of P containing all the
F(Di}.p 1s determined
b. the subset 0’ of ¢ is determined such that an eiement of
0 not being part of O has no projection by ¥ on P
belonging to R. This sorting step. is conventionally
26 used in computer scilence to reduce the computing time
by locally applying it tc a smaller subset (herein only
the elements of O which can have a projection in R).
II. For any element [ belenging to D, that is for each
working point D:; for which it is attempted to determine
25 whether it is inside or outside the object 0', a line
¥{F{D;) .p} (referenced 12) passing through this working
point is determined and F(D.).v (referenced 13} the
curvilinear coordinate of the working point Di along
F{F(D;).p} is determined. If E is a three dimension
30 space, there are cleverly selected as illustrated in
Fig. Z2:
- the set D of the working points Iy for these points Dy
to be gathered in a working plane or working surface 36,
the plane or the surface 36 preferably corresponding in
35 cne of the layers to be deposited to produce the product
by rapid prototyping, and



17 selected from the Si, being oriented and preferably planar. The interest of determining such a
subset is illustrated in Fig. 2: for an object 0 comprising a casing 34 and fins 35, only the object O' only
5 comprising the casing 34 without the fins 35 can bg considered to determine whether the points D,
of the set D are in the casing 34 and thus in the object 0. the subset 0' is determined: either by
keeping 0' = 0O (in this case, the set of Si 10 corresponds to the set of Si, and it is sufficient to replace
Si by Siand 0' by 0 in the following of the description), or optionally by carrying out a filter according to

the following steps a. and b.; 13_:3.&1[139@@ Bigr_eg?rggcgg 16).0f R .contaiping.all gplgfi@g)jep is

determined b. the subset 0' of 0 is determined such that an element of O not being_part of 0" has no

projection by F on P belorfging*o RECTRf 86rfiRg 8P s RoRvERTHHAR 0 Us8dSn ¢BRiputer science
to reduce the computing time byelacally apphangritte arsmaliepsubset (herein only thieeeletents of 0

which can have a projectiop in R).Jk- Rerany element Dishelongingsto Rethatisdpr eagh ywarking point
Di for which_ it is attempted to determine 25 whether it is igfidehor out§{ide the object Q' aiine

F1F(Di).p) (feferenced 12)°Pas&ing thirotif this Workifig apmntﬁfde%%?mﬁﬁ%d%ﬁ& (D3N (Féferenced
13) the curvilinear coordinate gbtse workingepcintDi ony R{F(BPPYisdetetiitied. IFE i8% three
dimension 30space, there afg cleverly selectedasdllustratedin. Fig. 2: - the set D of the working points

DJ for these points Di to b;j;lgatr}aq:reedc_i{i:r;m_1 a working plane or working syrface; 36, the plane of the
surface 36 preferably corréSponding in 350ne of t e layers to be deposited to produce the product by
rapid prototyping, and 18 - edgFehRe (PO s ad fo BE i Serdd t6 i Prafe 6 5uface 36 by
the point Di@ssociated with thisi lingus his engble ie maximizesthe umisercakitedatonsufstep IV '

described later) to be parallelized avertime; and can enable the ppeyations.for gl thewworking points

(pixels or voxels) of a same layer of rapid prototyping to be simu]taneouslay iterated Quer time.
(D) .c, and the valug of which i1s initidglized to U,

IV. On each of the elementary surfaces Sy, Tthe following
operations are iterated: for any element S; belonging to
15 0!, its normal is dencoted Ns; (referenced 17). For any Dy
belonging to D, the intersection between F{F(D;}.p} and
Sy 1s computed. In other woxrds, an intersection is
searched for between the elementary surface 5; and the
line F{F(D.).p} passing through the working point Di:
20 i. if there is no intersection, proceed to next Dy
ii. if there is an intersection I {(reference 18}, and
if F{I).v > Fi{D:).v, that is if the intersection I
is located beyond the position of the working
point Dy along the line F{F(D;).p} with respect to
25 an origin F(y).v = 0 of the line, proceed to next
0y
iii. if F(I).v = F{(Dy).v, that is the intersectiocn L
is located before or on the position of the
working point Dy along the line F{F(D;).p} with
30 respect to the origin F(Di).v = 0 of the line, and:
e if the scalar product ij is > 0, that is
if the surface Sy is a surface for entrance of
the line into the object O, the counter
Fi(D;}.c 1s modified according to an entrance

35 modification



lll. At each working point Di, for which it is attempted to determine whether it is inside or outside the
object 0', 10 and thus at any line F(F(Di).pl, is associated a counter dedicated solely to this working
point Di, denoted F(Di).c, and the value of which is injtialized to 0. IV. On each of the elementary

surfaces Sj, the following

operations are iterated: for any element Sj belonging to 150, its

normal is denoted Nj (referenced 17). For any Di belonging to D, the intersection between F{F(Di).p}
and Sj is computed. In other words, an intersection is searched for between the elementary surface Sj

and the

ine FVF(Di).pl passing through the working. point Di: 201.,f thereis.go intersection,

proceed to next Di ii. if there is an interd&ction | (reference 18), and if F(l).v > F(Di).v, that is if the
intersection | is located beyond the positior of4he Workirg poiitbi atongithe Mhé ERD)DEwith

respect to 25an origin F(Dfl.v = 0 of theo",”et_rE’a(‘BC%%d tQ n%teDiSigrgaFC@).\éf(Qig .\, thatis.the

intersection | is located before or on the position of the

working point Di along the line

F(F(Di).p) with 30respect to the origin F{B).\F£'0 of the fiffe, arid: FIRE stafar prodtict KF(h.n is > 0,
that is if thessurface Sj is a surface for entrancemnfdheditie into the objEdti@dthe cotmtag F(Dj.c is

modified according to an entrance 35modlification 19 (typically £(Di).¢ is ingremented-hy dunity), Or

else (if the scalar product Nj.F(an is O, that is if the surface Si is
opposite ol the

object 0"),

(typically-:

a surface for exit of the line from the
Tion

T entrance modifica

(D} .c 1is decrementea by 1

unity} .

10 v. the fact

deduced from the sign of F(D;).c:

and only

determined whether the working point is

outside the obiect O

or

negative

that D; belongs or not to the object Of

D; belongs to ¢ if

if F{D:).c > 0. In other words, it 1is

inside or

as a function of the positive

value {or the sign}y of the counter

F(D:.).c dedicated solely to the working point D;.

Almost a1l

invention are performed during step IV,

characteristics:

20 .

the computation of the process according to

the computation can be simple

the

which has as essential

{(by carefully selecting

F, it can for example be implemented in the form of an

intersection between a plane and a straight line)

¢ the

products of matrices)

25

» the maximum duration of the operation i1s bounded

icop) and

elementary

operations used {scalar products,

are intrinsically wvectorial and

thus easy to be parallelized

(no

identical from operation to operation as

soon as the operation has a non-trivial result (that

is 1f we do not proceed to next D:)

30 °

independent

operations:

data required are few

{needing 8y and D:), and totally

from results of other intermediate

8. and D; are directly data of the problem

to be solved.

This process acceording to the invention is thus particularly

35

suitable for implementation in the SIMD form:



5 the counter F(Dj.c is modified according to an exit modification having the value opposite to the
entrance modification (typically F(01) .c is decremented by | unity). 10V. the fact that Di belongs or not
to the object 0" is deduced from the sign of F(Di).c: Ditpbelongs to 0' if and only if F(Dfl.c > 0. In other
words, it is determined whether the warking point is inside or outside the object 0' as a function of the
positive 150r negative value (or the sign) of the counter F(Di).c dedicated solely to the working point D.
Almost all the computation of the process according to the invention are performed during step 1V,

which has as essential shasagipristics, 20, (e compulalion. ap.he sipls {o%sarellb.selecing = it
can for example be mpfer%er?te%l in thé f6rm of an intersection between a plane and a straight line)
the elementary operationstgsed (scalar products, products of matrices) are intrinsically vectorial and

25thus easy to be parallelized the maxiguyn.durationof the epesatiends haunded{no loop) and
identical from operation to operation as soon as the operation has a non-trivial result ghat is if we do
not proceed to next Di) 30-84ta>rEGirEd S8 Foa (neediid SjHnd BY) and t8&lS ind&pendent from
results of other intermediate. eperations: and Di are directly data of the problem to be solved.  This

process according to the invention is thus particularly 35suitable for implementation in the 51140 form:

20 program instructions are common to all the garallel tasks . s
Further, depending on the choice of the origin position

and/or a programming choice, subparagraphs 1. to iii. of step
iv  can vérj, for example according to the followin
10  alternative:
i. if there is no intersection, proceed to next D;
ii. if there is ah interssction I (referenced 18), and
if F(I).v < F(D:s).v, that is if the intersection I is
located before the position of the werking point Dy along
15 the line F{F(D:}.p} with respect to an origin F(Di}.v = 0
of the line, proceed to next Dy
iii. if F{(I).v > F(Di).v, that is 1f the intersection I
is located beyond the position of the working point D
along the line F{F(D,).p} with respect to the origin
20 F(D:}.v = (0 of the line, and:

e 1f the scalar product E@FREIE is » 0, that is
if the surface S; is a surface for entrance of
+the line into the object O, the counter
F(Di).c is modified according -to an entrance

25 modification (typically F(D;).c 1s incremented
by 1 unity),

e else {(if the sgcalar product Eﬁ?ﬁ?i?Z is £ 0,
that is if the surface 35; is a surface for
ewit of the line from the o¢bject C©'}), the

30 counter F(D,).c is modified according to an
exit modification having the walue opposite
to  the entrance medification {typically

F(D;!.c is decremented by 1 unity}.



data do not depend on any intermediate operation the synchronization is trivial, by a simple
fixed run 5time. Further, depending on the choice of the origin position and/or a programming choice,
subparagraphs i. to iii. of step IV can vary, for example according to the following 10alternative: .
if there is no intersection, proceed to next Di ii. if there is an intersection | (referenced 18), and if NI)
VF(D,:).v, that is if the intersection | is located before the position of the working point Di along 15the
line FfF(Di).p) with respect to an origin F(DA.v = 0 of the line, proceed to next Di iii. if F(I).v > F(Di).v,
that is if the intergection is located be(ypng tp&ggs@wﬁ@gwo@gng,{plntnlggggnglthaﬂh@e F{F(D1).p}
with respect to € Scalar product Tri. .nis >0, that is if
the surface Si is*a surface for entrance of the line |nto the object 0', the counter F(Di).c is mOdIerd
according, to an entranee 25modificatioen(typically E(Dihcedés rrdrernented by dhanitydy * €lséif the
scalar product Nj.E(n.n is s Q. that is if thersurface, i is asuriacefor @xibehthenline fronatbe object 0),

the 30 counter F(DA.c is mOdIerd accordlng to an exit modlflcatlog haw{lg t@gﬁ/gﬁl{% OpResite to the
entrance delflc?é’uoﬁl(%/plc%Hy E?f)s) clig decremen%eaeby “uni y)l ’

description relative to a view similar to that of Fig. Z}. In

this example, space E is thus of two dimensions.
Tt is attempted to determine whether all three points of
D= {Dy, Di; 'D3} pelong to ©O. The object © 1s & rectangle

i0 consisting of the elementary surfaces 3, 3, S3 and $,. In the

following, H will denote the intersection of the line
F{F(D:).p} with the surface 5. The process according to the
invention then comprises the following steps:

1. Initializing all F{(D;).c to O.

2. Computing all F(D;}.v

ot
Lt

3. Processing 3.
a. Processing D:.
i. Computing I}, which exists

ii. FUR).v > F(D1).v

20 iii. N..F(J®) .n is <0, thus F(Di).c is
decreased by one unity
b. Processing D2
i. Computing 3, which does not exist
¢. Processing D3
25 i. Computing I3, which does not exist
4. Processing S»
a. Processing Ds.
i. Computing @, which exists

ii. F{UP.v > F(D).v

20 iii, RE“FUE)H. is > 0, thus T(D;).c  is
increased by one unity

b. Processing D2



21 Detailed example of a first embodiment of the invention (Fig. 3)

A first exemplary

implementation of the process according to the invention will now be described in reference 5 to Fig. 3.
This is a cross-section view, to simplify the description relative to a view similar to that of Fig. 2). In this
example, space E is thus of two dimensions. It is attempted to determine whether all three points of
D ={D], D2; D3} belong to 0. The object 0 is a rectangle 10consisting of the elementary surfaces Si,
33, S3 and 54. In the following, if will denote the intersection of the line F{F(DI.p} with the surface Si.

The process according to the invention then com risrgs the,fo_llowing S

tegs: 1, Initializing all F(D).c to O.

o}

152. Computing all F(Di).v 3. Processing SPa Protessing DT i, Complting 4, which exists F(11).v >
F(D1).v 20iii. NI.F(4) .n is< 0,thgsFid%sdeerdased by one unity b. Processing D2 i. Computing 4,
which does not exist c. Processing D3 25}, Gomputing /1 which.dees nat exist.-4. Processing S, a.

Processing DI. ,
5. Processing Ss

5 a. Processing Dj.
i. Computing [#, which

b. Processing D2
i. Computing F, which

ii. F{).v > FiDy) .v

10 iii. N.F(®Hn is >
increased by one unity
¢. Processing D3
i. Computing [3, which
6. Processing Sy
15 a. Processing Ds.
i. Computing E, which
b, Processing D;
i. Computing g; which
ii. FUD.v < F(Dy).v
20 ¢, Processing D3
i. Computing I, which
7. ¥inal determination step: at
is:
a. F{Dy}.c = 0-1+1 =0,
25 ©: peint D; 1s outside the object O.

b. F{D;}.c = 0+1 =1,
is inside the cobject O.
c. F(Dis).c = thus

0 r DS‘

point Ds; is outside the object .

30

does not exist
exists
0, is

thus F{D:}.c

does not exist

does not exist
exists

does not exist

the end of run, there

thus D: does not belong to

thus D, belongs to O: polnt Dy

does not belong to O



I. Computing /1, which exists F(q).v > F(Di.v 30iii.Al2.F(q).nis> 0,thusF(Dl).cis increased by one unity
b. Processing D2 22 i. Computing g, which does not exist c. Processing 03 I. Computing g,
which does not exist 5. Processing 33 5a. ProcessingzDI. i. Computing |,does not exist b. Processing
D2_ i. Computing /1, which exists F(8).v > F(D2).v 10iii. N3.F(I).nis> 0,thus3(03) .cis increased by one
unity c. Processing D3 i. Computing g, which does not exist 6. Processing S4

Differences and advantages of the invention with respect to the state

of prior art

To determine whether a point of E belongs or net to the object

O or O, it is not mandatory to compute an intermediate structure
5 {layer, voxel stack, etc.) because E can be directly a 3 dimension
space.

Thus, if the object O is a 3D okject corresponding to the 3D
product to be produced, it is possible to determine which point of
the space E is inside the object O according to the process according

10 to the invention, and then only after that to cut this ckject 0 into
layers to be deposited one after the other by sterecolithograrhy, or
filament deposition, or other. This in particular enables cutting, in
particular orientation of cutting to be optimized, depending on the
result of the determination of which point is located inside or

15  outside the object C.

Conversely, it is possible to start cutting the 3D product
inte layers, each layer then making up a 2 dimension object O for
which it will be attempted according to a process according to the
invention to determine which point is inside ﬁhe object O.

- 20 The results of this computation are not reused either to infer
therefrom any thing about other points of E. Certainly, some data are
used in several computations, but they make up the initial data of
the problem. The intersectiocn computation between F{F(I:).p} and 3
for any couple (i,7) does make an element J intervene several times

25 for all the elements i, and conversely. However, these elements
intervening several times are not results of the computations but are
data, that's why complex synchronizations are not needed to wait for
results, nor particular sequencing of the instructions. According to
the invention, it is not necessary to store the existence or

30 coordinates of the intersection points, which thus are not stored.

It is noted by comparing the invention illustrated in Fig. 3
with respect to the state of prior art of Fig. 1, that according to
the invention, the lines F{F(D)).p} can be non parallel. In this
case, preferentially, the set of lines F{F(D;} .p} associated with the

35 points D; do not intersect inside the space E. In reference to Fig.

3, point A is thus located outside space E.



15a. Processing i. Computing I, which does not exist b. Processing D2 i. Computing /1, which exists
F(/).v < F(D2).v 20c. Processing D3 i. Computing /1, which does not ex s 7. Final determination step:
at the end of run, there : a. 3(D3) .0 = 041+1 =0, thus 02 does not belong to 250: point
D3 is outside the object C. b. F(D2).c = 0+1 =1, thus D2 belongs to 0: point D2 is inside the
object 0. c. F(D2).c = 0, thus Da does not belong to 0: point 03 is outside the object C. 30 Li
Differences and advantages of the invention with respect to the state of prior art To determine

whether a point of E belpngs or natia ihe obiegt0 or . it is.not mandatary:to germpue an intermediate
structure 5(layer, voxel stack, etc.) because E can be directly a 3 dimension space. Thus, if the

object 0 is a 3D GHjectesFesEbrding o HESD Hrodiatto BeDrotuced it 7S FosSibia 1 datermine
which point of thexspsice & ipinsidetheicbject-0vasedrding:tothesprocessiateordingtate of
prior art, each counter is associated with a set of pixels aligned on
5 a line 3. Fach counter associated with a point is distinct from the
counters associated with the other points. In other words, according
to the invention, there are at least as many (as many for the first
exemplary embodiment or even the double for the second exemplary
embodiment described later) counters as working points, whereas
10 according to the state of prior art, there are much fewer counters
than points because a single counter can be associated with.several
thousand aligned pixzels. A major advantage of the process according to
the inventiocn is that it can be extremely cuick to be implemented.
Indeed, according to the invention, computations relating to each
15 intersection of an elementary surface S5 with a line passing through a
working point D: can be performed:

- in parallel over ftime (that 1s simaltaneously or without
waiting for the result of another intersection computation) for
several or even all the elementary surfaces 3., and/or

20 -~ in parallel over time (that is simultaneously or without
waiting £for the result of another intersection computation; for
several or even all the working points D;.

To simply illustrate this technical advantage:

- according to the state of prior art illustrated in Fig. 1, as

25 previously described, starting from an end of the line 3, and going
towards to the other edge of the section, updating a counter “number
of entrances/exits in the material” having the initial wvalue ™07, and
each time a pixel is crossed, the status of the counter iz checked: if
it is higher than (0, the piiel is ticked as being in the material, and

30 conversely otherwise. It will be thus readily understcod that it is
necessary to make the computations and the determination regarcing
pixel 19 before the computation and the determination regarding pixzel
20: it is impossible to make the computation for each pixel or point
independently of the other, and the thousands of computations

35 corresponding to the thousands of pixels aligned on a line 3 should

necessarily be made in series cne after the other.



10 to the invention, and then only after that to cut this object O into layers to be deposited one after the
other by stereolithography, or flament deposition, or other. This in particular enables cutting, in
particular orientation of cutting to be optimized, depergling on the result of the determination of which
point is located inside or 150utside the object 0. Conversely, it is possible to start cutting the 3D
product into layers, each layer then making up a 2 dimension object 0 for which it will be attempted
according to a process according to the invention to detetmine which point is inside the object 0.
20The results of this compytagion are not keused, either to infer therefram. apy.ihing: abeut.gther points

of E. Certainly, some data are used’in several computations, but they mak% up the initial d?ta of the
problem. The infét&etHiEiT EbthpREAtIoR BetvesAEIERS). pi ahd &F FoF BnY cduile (/) G065 fake an
element j intervene severalltimes<25fopatiaheeterients st conversein Howwevérlthesedelements

intervening sevé&g@g@g&%eggg results of the.computations but are data, that's yvhyicomplex
synchronizations are not needed to6¥vait Eor 6results,bn@or e%%tci)culgé sienquen%iﬁgag g@grin%;ryctions. _
According t3 the5ﬁ1ve‘:iﬁior?,ci’t iSHot nec%%sar? {6"Store the existence or 30 coordinates of the
intersection poirgsgwiiieh tiysere not stsredill thit EEApted by eomparing tHé inventioh fifustrated in
Fig. 3 with respegtdo.the state.afprer agohFign.], thataccording tortheidnvention; the:lines F(F(DJ.pi
can be non parallel. In this case, preferentially, the set of li F{F(Dfl.p) associated with the 35 points
Di do not interse%kf]iﬁgnlcdg tﬁaenéf)éac%eg?ﬁmfe%e%eln%%% EF%. %?%oi%?r%is thus located outside space E.
24 A major differen&&swith FE&pEtRto thé stdle sf pHoF artid ihat accbrdifyfo the vetition, each

counter is associaigdwith-o0nerand singlepaintempixel or voxel, whereas according to the state of

prior art, each counter is associated with 4 set of pixels aligned.on.adine 3. Saghgounter gssociated
with a point is distinct from the counters associated with the other points. In other words, according to
the invention, there are at fEESTE3INan|CRESMany foF the firkst eXetipidry 8mbdinieft t%€den the

double for the second exemplasyembedinentdescribed |latery counters e workipgpemitsy whereas 10

according to the state of prigp art, there are much fawer,caunters.than, poinis:Becauise a single counter
can be associated;several thousand aligned lgixels. A major advantage of the process according to the

invention ig fhat it can be SXFEMETGGRKD BESNTEMEhtEdSIFEBA" abRofding S thi& Thvehtion,

computations relating to eaehd5 intersetticn:ofzan efememtdrytsufaceSi Withreliferpedsing through a
working point Di can be pelgf&grmggi - in parallel over time (that is simultaneously or without
waiting for the result of another intersection computation) for several or even all the elementary

surfaces 5,, and/or 20- if PAFAIEIGvEPaATe EHHESs EmutnEotER O Rithout WaitiNg Tr e result of

another intersection computatiomeforasevesalk-ereven all the working points D. To simply illustrate this

technical adyantage: - agcording (%[8 ﬁzrll% state_of prigrart illystrated.in Fig. 1.as:25 previgysly
the lin '

. . nch .
described, Starting from anend o e 3, and going towards to the other edge of the section,

updating a counter "numbetiGEentrRincesyexits it the e fAlRaviAg thelinitid Valdé " 25Ad each
time a pixel is crossed, the status of thersountesdsrelecked: if deis-higher thar:0sthe jixekiticked as

being in the material, and -1 4y o vrrz.ii) in the embodiment that will be
described later) is trivial, by simple fixed run time

25 pecause the maximum duration of these tasks is bounded (no

lecp), and identical from one operation to the other as
soon as the operation has a non—trivial result {(that is as
soon as there is an intersection which implies to modify a
counter).

30 Typically, it will now be described how the synchronization
is conducted. A time upper bound is defined, which egquals the
maximum duration of these tasks, that is which equals an iteration
step (labelled IV in the embodiment just described or VIII in the
embodiment that will be described later) for which there is an

35 intersection which implies to modify a counter. Then, it will be

describad how this haPfbens, typically within a processor:



30 conversely otherwise. It will be thus readily understood that it is necessary to make the
computations and the determination regarding pixel 19 before the computation and the determination
regarding pixel 20: it is impossible to make the compgation for each pixel or point independently of the
other, and the thousands of computations 35 corresponding to the thousands of pixels aligned on a
line 3 should necessarily be made in series one after the other. 25 - Conversely, according to the
first exemplary embodiment of the invention previously described in reference to Fig. 3, several or

even all the computations for seatchipgefor interseqtions.and.deteumining-the mogification.ef the
counter 3a, 3b, 3c, 4a, 4b, 4c, 5 Sa, 5b, Sc, 6a, 6 and 6¢ can be performed in parallel over time, and

then several or eVERI&HHE Liepd SFdefrmimifbt7a°71 8FRF 7¢ Whethe? the working point DI, D2 or D3
is inside or outside the ebjestse carebetperfortred irr paraiiehovet tire e1enentaryhg4avetftion is thus
particularly suitahlg forgn 10implementation in the SIMD form: tasks or instructions of the process

according tq the invention}(}gncoded within a g%ogram or a dedi a%ggt%réglqgﬁgu%rfg@taltmguit ora

; - gse lleraltlons eps are unwoun .
dedicated n%croprocessor or searcﬁlng%r intersections and determining the 15 modification of the

counter are commiefttoall the eotitles porfiDi ahd Stitface Biskahd thus®dHbe Peforied in parallel
data for these tagks 0rfsUE ang €0 Ratdepend ansaanydntesmediaie operationt2@synchrgnizing these

tasks (one task representing.a sipals leration step. thais asileget Ui apg Iikand IViil in the
embodiment just escribed or a Syihg e step VIILi) or VI ?lf? in the embodiment that will be described
later) is trivial, by simple fiXBeFrirt tint8 25BBEATEE th& FHaXiftin diration 6F1hase ks 7S bounded

(no loop), and identicaldrethone Rperatick tortte: other s sborras:the bperation Hdsa non-trivial result

(that is as soon as there_is.an infersectign whichimplies g.modify a.geuntens 3QEypicallymi will now
be described how the synchronization is conduct%d, A tin}eryé)do%riggéllnd [ 1Pciiegin.ed,C\C/Jvrtli%ctilp(%quals the
maximum duratidR-6F ir8s8 1a¥ks HATTS Which &Guals an iteration step llabelled TV in the embodiment

just described ondidpethecembetinrerethatoadlk beé serived Yatét)forwhichrREradssh 35
intersection whichy,implies-to-madifina couatersThen, itwithedesesited how thisshanDerts atypically
within a progessor; 26 .. _ atfrst, sulficient informatiop,'s pigpated to,peviorms the-{lypigaly millions)
of "iteration Steps™, and then ' ‘
considered. Thus, all the nodes take the same time to be run,
whatever the result (whether there i1s an intersection or not,
whether the computation counter is modified), because the duration
of a node is fixedly defined. Thus, the tasks or iterations.are
20 “synchronized” between each other by fixed run time; and then
- this is iterated by re-filling the computation nodes and by
re-starting up their simultaneous run, until the gueue is empty.
.Therefore, there 1s no complex synchronization which regquires
+to monitor an end of iteration or computaticn run. The total time
25 can be predicted by knowing the gqueue size, without knowing the
individual result of the computations, whereas this would be
reguired if the synchronization were made by waiting for the run end
of the computaticns. Thus, the invention 1s in opposition to the
state of prior art, which prompts one to think that it would be
30 uzeful to clear nodes the computations of which are trivial (no
intersection} to reallocate them after the gueus, in particular in
+the case of a MIMD machine. Thanks to the invention, this can be
operated in SIMD, trivial nodes are not Iree, because they are
forced to simultaneously run the current instruction of the current

35 task of their SIMD group. However, the performance is better than if



these iteration steps are gathered by elementary surface, and then 5- these iterations steps are
unwound surface by surface, thus creating a great number of small tasks in queue (typically: millions);
these tasks are distributed on a number of computatigm nodes (typically: hundreds) as the queue is
emptied, and then when all the computation nodes are ready, they are started 10 up
altogether. Each node processes an elementary task; and then the end of the computation for
each node is waited for. The duration of an elementary task is defined fixedly, that is constant
whatever this elementary task-and equal ta.the fime upperbound. As eachqode runsdthe same task
on different data, the duration of a 15 node is defined fixedly, that is constant whatever the node
considered. Thus: A& nodes take the same time to be run, whatever the result (whether there is an
intersection or not, whether the computation counter is modified), because the duration of a node is
fixedly defined. Fhus,dhe tasksaeierationsarex'synchronized” between each other by fixed run

time; and then this IS ‘lﬂ;[%at(%geb% refilling.th é:opmrgégggogbnggeg and.by re-starting up their
simultaneous run, until the que%e IS empjty. " Therefore, there is no complex synchronization which

requires to moniteram End-ofsetation ‘or-EBMpatafioAYth PTAZRIIIME 58%aR 56 Prétittdd by
knowing the quese size, without knowingthe-irdividpattesultrof the computations swieréas this would

be required if the synchranization were made by waiting for the. run.gnd=af the.camputations. Thus, the
invention is in opposition to the state of prior art, which prompts one to think that J;[,\évrc})ucli(g be 30 useful

to clear nodes tHe& BEMRPUBIIE B whlch SFE 1AVl (b intersectionf t&edliocate them ater the queue,
in particulardn thecasezoflagetMD machinebTharivsto 2hecnwaitiony tiisreantse defteEin SIMD,
trivial nodes are ot free, hegausesthey are ferced fosimultapegusly: rir theccurantinstydction of the
current 35task of their SIMD group. However, the performance is better. than if 27 the s affected
to trivial tasks wéf& FEaTfOCATEE TS tadkE5R s?t%%%f—bf Fﬁ?fﬁzel?cf% predﬁezsﬁelr??loi‘ ihé?}n{}/%n??ogr?&

Knowing the insitle dfithe grodiet 3D ety ifathbitaticsd senss'is tarely Slfficiettt f6Fa good
production of the,coesponding-preduetvetyoffennpasameierscapeeific. to thesprooess ares such that
this information should be_slightly, adapted., Eor ' |i r A ergnge, to Fig. 4,
the polyme%r?)zati@r% dé%?h i% féé%{: ay:é%r Zaﬁgn %é\%%%%ié%ﬁr%%ggge%?ggsffggp(i)%%@eid is%\?gjher than
the thickness 24fltistaset 32 S8 HEF0SRED: 13 'erfétrda §55Y athesionBalkeer fayers (this is
"overpolymerization")zIn eferenrce tad=ig: dtheconseqguercetis that-tire solidifiedyegionasenot
necessarily optimum from the poipt of view. of meeting thedigensions 15 ofithe.3Ripredugaidf the
information descn%lng the layer being polymerized is sole%used.,lt can bt seen gntthgoeggernple of
Fig. 4 in a profileSfoegSectitn T6F Which sutCe88ive layers are hotizontal. that the less vertical the
walls 33 ofhe product the:Stromgertie efrole2Bro@iahd 27 Bf . &FAdHIons Hith te¥pecti'the 20
theoretical contoyrs pof the.produet to;bepraducedidor a varticalwadl, the ercor274saaull, fora wall

close to the vertical, the error 2515 low, and for.a wall close fo,the horizantal the,erior,26 is:strong

is strong.

The conventionally used solution is to compara cross—sections.
25  This is a complex operation, described in patent EP G 555 362 Bl. It
is all the more complex that a crucial information is lost when only
cross-sections are handled: indeed, the error made typically depends
on the angle of the wall to the vertical (cf. Fig. 4).
A further improvement of the invention yet enables the
30 overpolymerization to be taken into account, substantially without
increasing the computation time, while perfectly managing any angle
randomly distributed on the product, and remaining easy to be
implemented in SIMD.
In the particular case where for each point Iy the projection

35 F is such that F{F(I).p} is a straight line, at least locally (that

is in the



The conventionally used solution is to compare cross-sections. 25 This is a complex operation,
described in patent EP 0 555 369 El. It is all the more complex that a crucial information is lost when
only cross-sections are handled: indeed, the error mage typically depends on the angle of the wall to
the vertical (cf. Fig. 4). A further improvement of the invention yet enables the 30 overpolymerization to
be taken into account, substantially without increasing the computation time, while perfectly managing
any angle randomly distributed on the product, and remaining easy to be implemented in SIMD.

In the particular case where for each point Di the projection 35F is such that Zéfs?%_p) Is a straight line,
at least locally (tFed 7§ irF five ©P8 epacel fedipnScomiptising ‘Dic&id TP tReSexpreSsion’ M. BT H used in
step IV.iii described abeye isreduced e the @xpegssion Nc. H{BQqdhatcambe preeemputed and
tabulated before_starting. step IV. If additionally F is such that all the F(DOn are 5identical (for
example, if F is &h Bthblraphit proidctisny 1ReRRE EXp AR&ioA NiEAR h A% SHI§ dEaridsdn N, that is
on the surface Sj, being.processed; . ; ., 1€ abgve; aperation 1Y gan.then e reffien the following
way, by applying it to two groups of complemeéntary 10Si, without resulting in a. change in the run time
(this is a writing P@&r@drﬁé‘iio OF trfe 84 toﬁ%u%atibﬁsﬁrif RGeSt the different giﬁ?)n‘ (all
identical by hypathesis)nin place-ofstep W pravidusly, desciibed.theare are now thefollawing steps:
15IV. For any element SJ belonging to 0', its normal is denoted Nj and 0'is divided into two new
complementary §tifis& 6°5Rd 0- %%%’ﬁ? processed.

The above operation IV can then be rewritten the

following way, by applying it to two groups of complementary
10 Sy, without resulting in & change in the run time (this 1is a

writing reorganisation of the same computations}. If N denotes

the different F{D).n (all identical by hypothesis), in place of

step IV previcusly described, there are now the following
steps:

15 IV. For any element S belonging to 0', its normal is

dencted Ny and Of is divided into two new

]

“complementary subsets 0' and 07 such:
i. that the subset O contains all the 8. (dencted
57} of 0’ the scalar product N;.N of which is
20 positive or null, the eleméntary surfaces Qf
being thus surfaces for entrance intoe the object
o', and
ii. that the subset 0  conteins all the S; {(denoted

57)

of 0’ the scalar product N:.N of which is
25 negative, the elementary surfaces S being thus
surfaces for exit from the object 0.
V. For any element Sy belonging to O
and for any ©D; belonging to D, the intersection
between F{F(D;).p} and 3, 1s computed (rasterization).
30 i. if there isg an intersection I, and if

F{I}.v > F(Diy).v, F{Di).c is incremented by 1

VI. For any element 353 belonging to €



i. that the subset 0+ contains all the Sj (denoted SI) of 0' the scalar product Ni.N of which is 20positive
or null, the elementary surfaces 57 being thus surfaces for entrance into the object 0', and ii. that the
subset 0- contains all the Si (denoted Si) of 0' the scadar product Nj.N of which is 25negative, the
elementary surfaces ST being thus surfaces for exit from the object 0'. V. For any element Sj
belonging to 0" and for any Di belonging to D, the intersection between F{F(Di).p} and S1 is computed
(rasterization). 30i. if thereisanintersectionl,and if F(l).v > F(Di).v, F(D).c is incremented by 1 VI. For

any e[e_ment Si belonging ta%QT %gxa.nglngpr any %gggmgigg t@ODZ the intesrsection hetween, F{F(Di).p)
and Si is computed (rasterization). I. if thereisan intersectionl,andif F%I).v > F(%igt.v, tF(D‘i;?.c is
o 0

decremented by 1. TRE f&887s HG IdhgeP to Ut &'singl& T8 Bt pdiRts: B tiem, denoted

u
Dt and D-, and to apply the pracessingsnelating te 0" and Oi wrettrsr Féspective setBy jubifciously

selecting D" and D", compensatigns specifie 1 the,pracess can be.compried.10bet us considerfor
example the overpolymerization . .

5 The idea is no longer to use a single set D of points,
put twec of them, denoted D° and D7, and to apply the
processings relating to 07 and O on their respective set. By
Judiciously selecting D" and D7, compensations specific to the
process can be computed.

10 Let us consider for example the overpcolymerization
problem in stereclithography, in reference to rig. 5. The beam
impact solidifies part of the liquid, into a shape depending on
the incidence angle and a depth depending on power. Set D’
{referenced 28) is defined as the one of the working points

15 which is located at the surface of the liquid of a layer, and
set D° (referenced 29) as the set of points at the low end of
the polymerized zones. Thus, to each point D; of DY, now called
D (referenced 30) corresponds a point Df (referenced 31) of D7
ﬁhich is an image of Df by translation of Dj downwardly along

20 the separation direction between two stererolithography layers
and along the polymerization depth 32 of a .layer. From the
algorithm point of view, nothing imposes that D' and D are
planar, but in the example considered, D* is in the plane of
the liquid surface, and D7 is a very slightly curved surface,

25 which could even be approximated by a.plane for some machines
the optical device of which is suitable for it.

The algorithm is then slightly modified, which now tazkes the
following form: .

I. Optionally, a subset or is determined

of o]
,m r
7
30 such that the description of the object C’ has the
form of a decomposition of the object C' into several

elementary surfaces 85 selected from the oriented and

preferably planar 3S;:



problem in stereolithography, in reference to Fig. 5. The beam impact solidifies part of the liquid, into a
shape depending on the incidence angle and a depth depending on power. Set D" (referenced 28) is
defined as the one of the working points 15 which is4gcated at the surface of the liquid of a layer, and
set D- (referenced 29) as the set of points at the low end of the polymerized zones. Thus, to each point
0) of D+, now called [4 (referenced 30) corresponds a point DF (referenced 31) of D-which is an image
of 14 by translation of DF downwardly along 20 the separation direction between two
stererolithography layers and along the polymerization depth 32 of a layer. From the_algogithm point of
view, nothing imposes that 1)"; FE - 5)95 }5éeﬁoalr?%u<t)in fh§e>éér%p%%%n%ﬁ§r’e£%+ ?s%li% %;hEe plane of
the liquid surface, and D- is a very stightbsearvied stifface®5 whiich ¢buld evedBe approxitnated by a
.plane for some machines the optical deviee of whigh is:suitable,fos it. e atgosithm ig then slightly
modified, which now takes the foIIOV\Qng form; jhlbgp()jtrigr]ally,asubsetO'ofOisdetermined 30such that the

description of the object 0' has fie form of & decomposition of the object 0" into several elementary

surfaces Siselected from the orientedcaad preferatily Panar iz 30t Either by keeping 0' = 0 (in this
case, the Set of Si corresponds to.thg; set,of, Si-gnd:t is sufficient to-replace-ai by-Siand O3by O later
in the description), 5 or optionally by performing a filter: i. a minimum region R of P is determined
containing all the F(DiF).p ii. the §ﬁgs§f‘@' bt B'is determined such that an element of 0 not being part
of 0" has no 10 projection by E bn Prselengiig toR. Thig sdrtingesteprisreshvettionalyused in

computer science to reduce the corgputing time by lgeally applyingdt te a smaller subset (herein, the
Only elemeantS of 0 which can ha\gaezgjperggggog}ifnﬁ)dnl% belonging to R. This sorting
step is conventionally used in computer science
to reduce the compuiing time by locally applying
it to a smaller subset (herein, the only elements
of O which can have a projection in R}.
15

TI. The set D” of image points D is built from the set o’
of points D; having a projection by F and for which
it is desired to know whether they should be selected
for producing the product, according to a law

20 specific to the producing process implying the
simultaneous presence in the object 0’ of the
considered point D? and a derived {or image) point
DI (typically by translation of each Df along the
polymerization depth as previously described). D

25 denotes the set consisting of the derived (or image)

| points D of each of the points Di of D'.

III. For any element D belonging to D', that is for each
working point D for which it is attempted to
determine whether it is inside or outside the object

30 o', it is computed or determined:

~ a line F{®(D{).p} passing through the working

point Df, and



Il. The set D- of image points DT" is built from the set ID* of points Di' having a projection by F and for
which it is desired to know whether they should be selected for producing the product, according to a
law 20 specific to the producing process implying thg;simultaneous presence in the object 0' of the
considered point Dt and a derived (or image) point Di" (typically by translation of each Dt along the
polymerization depth as previously described). D- 25denotes the set consisting of the derived (or
image) points Di of each of the points Dt of D. lll. For any element DI belonging to ID', that is for each
working point Dt for which it is attempijﬁd to de%%rﬁamine W\p,either itis insided%%ggtsid%§het beject 300, it

is computed or determined: - a line (btfp} passin%uﬁr%ubrﬁet?]% W(%?kgllﬁg poinef Dt,and 31 F(DT).p
the curvilinear coordinate of the working¥gaint it &lon @ (F{BTY. pi.{ BADAD any Dt for which it is

attempted to determingwhether it s igside or oyiside the objectQ'angd:3 thuscat anyling FIF(DY).pl, is

associated a counter, denoted F(DIT).c, dedicated solely to this working point Dt. The value of this
counter is initialized to 0. “hethex Fhf ah§ ifate foint DT hEIiNg to 71t computdd™10or
determineds a line F{F(D1) p}passingthraugh thederfved (or irvage} poirt:Bd ef Bippreferably
confounded with the fine FIEQT).pk e . o oER1)-Lthe Syrvilinear cpordingte,gf the point
point Dif. The value of this counter is initialized to
0.
V. For any image point D] belonging to D7, it is computed
10 or determined:
- a line P{F(D]).p} passing through the derived
{or image) point D of Df, preferably
confounded with the line F{F(D]).p}, and
- F{D{).v the curvilinear coordinate of the point

15 DI along F{F(D{}.p}.

vI. At any D, and thus at any line F{F(D7Yy.p), 1is
associated a counter, noted F(D{).c, dedicated solely
to this derived point or image Dy . The value of this
counter is initvialized to O,

20 VII. For any element Sy belonging to C', N: designates its
normal and two new subsets 0" and O are c¢reated such
that O° contains the Sy of O' the scalar product Nj.N
of which is positive or null, and 0 all the others.

In other words, the elementary surfaces are separated

25 into two distinct groups, a group C° of surfaces Sf
for entrance into the object O and a group O of
surfaces §; for exit from the object O, the entrance
and the exit into or from the cbject O’ being defined
with respect to a direction of movement 32.

30 VIII. After, the following operations are ilterated on
each of the elementary surfaces Sj:

i) for any element Sy belonging to 0, that is if the

surface 8y 1s an entrance surface Sﬁ, and for any

D} belonging to D7,



15Di along F{F(DT).p). VI. At any DT, and thus at any line F{F(DT).p}, is associated a counter, noted
F(Dl).c, dedicated solely to this derived point or image Di. The value of this counter is initialized to O.
20VII. For any element Si belonging to 0', Nj designages its normal and two new subsets 0" and 0- are
created such that 0" contains the Si of 0' the scalar product Nj.N of which is positive or null, and 0- all
the others. In other words, the elementary surfaces are separated 25 into two distinct groups, a group
0" of surfaces Sl for entrance into the object 0' and a group 0- of surfaces ST for exit from the object 0',

the entrance and the exit into or from the abiect,0:heing. defined with tespgchto.a directin.of

movement 32. 30VIII. After, the followmg operations are itergted on each of the elementary surfaces
Si: i) for any element Sj belonging to@cthabss if the sarfaclibs ) arPatraite Strfadd st End for any

Dt belonging to 32 the intersectign betyeen this elementarysuiiace Standlhe liners{kEr).p}
passing through the working point Dit is searched for and coryguted. Fl.irtheeri if this ig]t%rsegtion I

exists, and if 5 F(l).v > F(Dt).v, tHe'e6tiRter F(*.c 18 Modified according to a modification of passage
through thesurface (typically, F(PE)ic is incrediented by bhe unity)ut)fer any®i8ient Si Belonging to

0-, that is if the 10 surface Siis gn exit;surface st..and for.any RLoelongingdo Rsthe.intarsection
between this elementary surface ST and the line F(F(DI).p) passing through the image point DI is

searched for and computed. FurtHerCitthis itteisectidiicEs exiSBE AU F).¥ PF{DF).v the counter
F(DF).c is modified according to ihe meodificationyobpassageithrough the surface (typically, F(DF).c is

incremented by 1). IX. For each working peint.Rt. it is determined whether 20.this yverkingapoint Dt is
inside or outside the object 0' as a function of the counter dedicated to the working point %i_t and the
counter delficated to the image DBFtHeeworking Foint*Mor&exactsy, for eath v&S?kiﬁé%mﬁt Dt, it is
determined whether this 25 workiag4qieinh Pt iscinside ameutsicdesthe=object 00y wemparing the
counter dedicated to the working point Dt and thg %o%réte%dedé%%teq_ﬁ% thfiig%agg{lgl( gt }hg }\Norking

point. The following are selected: ﬁgﬁ?tﬁggtinatﬁegondit'rbn"F(Dit).c 30> F(DF).c" as being working

points located passing through the image point Dj is searched
for and computed. Further, if this intersection I
15 exists, and if F(I).v > B(D).v, the counter
7(D}.c is modified according to the modification
of passage through the surface {typically,
F(D{).c is incremented by 1).

IX. For each working point D, it is determined whether
20 this working point D is inside or outside the object
o' as a function of the counter dedicated to the
working point D! and the counter dedicated to the
image Dj of the working point. More exactly, for each
working point Df, it is determined whether this
25 working point Dff is inside or outside the objiect 0
| by comparing the counter dedicated to the working
point Df and the counter dedicated to the image DI of

the working point. The following are selected:
| - the Df meeting +he condgition  “F(D).c
30 > F(D).c” as being working points located

inside the object C',

- the other points Df (for which F(Df).c
< 7D} .c) as Dbeing working points located

outside the object C'.



inside the object 0', the other points Dt(for which F(Dt).c 33 Detailed example (Fig. 6) In
reference to Fig. 6, a cross-section view shows how to take advantage of this improved process
according to the invention to polymerize a point Di' ogdy if Di"- and its 5 corresponding Di- are both in
the material. The process according to the invention comprises in this example the following steps: 1.
Initializing all the F(Dt).c to 0. 2. Computing all the F(Dt).v 103. initializing all the F(DI).c to 0. 4.
Computing all the F(.01) .v 5. Processing Sit a. Processing Dif. i. F(4.1) .v > F(Dil).v, thus F(Di).c is

increased by 15]}61%. E’E(()ecdze§§<i§£gp§)e i.(lgig.(}sf)é.)v > F(D).v, thus F(D1').c is increased by 1 c. Processing

D. 20i. F(11) .v v, Cis Unchanged 6. Processing S17. . .o o
In reference to Fig. 6, a cross—sectl vie OWS
rake advantage of this improved process according to the
invention to polymerize a point Df. only 4if D and its
5 corresponding D are both In the material. The process
according to the invention comprises in this example the
following steps:
1. Initializing all the F(D{).c to 0.
2. Computing all the F(D{).v
10 3. Initializing all the F{D7}.c to 0.
4 Cﬁmputing all the F{D).v
5. Processing Sy
a. Processing Di .
1. FUN) v o> B(Dfy v, thus F(D}y.c is increased by
15 1
b. Processing Dj.
i. F(E).v > F(DF.v, thus F(Dy).c is increased by
1
c. Processing Di. _
20 : i. FUf).v < E(DF).v, thus F(Dj).c is unchanged
6. Processing 5¢
a. Processing Df.
i. PUTYy.v < F(D7).v, thus F(D7).c is unchanged
b. Processing Dy .
25 i. No intersection between §; and F{F{(D;).p}

c. Processing Dy .

i. No intersection between §; and F{F(Dj)}.p!}

=

7. Processing 57
a. Processing Dy ..

20 i. No intersection between §; and F{F({D{).p}



a. Processing DT. i. F(Gl.v < F(DT).v, thus F(DT).c is unchanged b. Processing Dj-. 25i. No
intersection between ST and F{F(D).p} c. Processing i. No intersection between ST and FIF(D3").p} 7.
Processing ST a, Processing D. 30i. No intersection fetween .S.."" and F{F(DT).p} 34 b. Processing
D. i. F(U).v > F(Dfl.v, thus F(Dy-).0 is increased by 1 c. Processing D. 5i. F(1).v < F(D;").v,
thus F(D;).c is unchanged At the end of the run, there are: (F(/4-) .c = 0+1=1) > (F(DT).c = 0), thus D1
is selected as being located inside the object O. 10(F(D).c = 0+1=1) = (F(D).c = 0+1=1), thus 02 is not
selected as being located inside the object 0., (F(./4").c = 0) = (F(AT).c = 0), thus 03 is not selected as
being located inside the obj]é'ét J.456 ;Ercl)%rsé,'the invention is not limited to the examples just
described and numerous alterationg gan be mad@io thesé exaniples)withat depaftingdrem the scope
of the invention. 1

¢. Processing Di .

5 i, FU3).v < F{Dyy.v, thus F(Dy).c is unchanged

it the end of the run, there are:
e (F(Dfy.c = 0+1=1) > (F(D{).c = 0), thus D; is selected as
heing located inside the chject C.
10 e (F{(Df).c = 0+1=1) = (F(D7).c = 0+1=1), thus D; is not
selected as being located inside the object O.
¢ (F(Df).c = 0) = (F(Dj).c = 0), thus D; is not selected as

being located inside the cbject C.

i5 Of course, the invention is not limited to the examples
just described and numerous alterations can be made to these

examples without departing from the scope of the invention.



35 CLAIMS 1. A process for producing a product, comprising determining whether points (11; 30) of a
finite space are inside or outside an object (14; 6) decomposed into elementary surfaces (15), said
object corresponding to the product to be produced gito a part or layer or slice of the product to be
produced, characterised in that for each working point (11, 30) for which it is attempted to determine
whether it is inside or outside the object, the process comprises: 10- determining at least one line (12)
among a line passing through this working point (11; 30) with which is associated a counter dedicated
solely to this working point, and a line passing through an image (31) of the working point with which is
associated a counter dedicated solely to this image oftfié 15working point, and iterating, on each of
the elementary surfaces, the following operations: searching for an intersection between the

elementary surface 15)@ardsornenfthellines fromrthindine (B2 20passivr-troughthewdrking point

(11; 30) and theﬂﬁl%@és?ﬁﬁlg thsough thedmage ofthe working poiat (31);umedifying the seunter if the
intersection exists, and - determining whether the Wogking pointfiascinsid% % outssiq% ob-ect the object
as a function of té colirteFAETRAEET sofdly to 25858 Working point (L1 30) each of the preceding

steps beingimplemestedrbyrat leastia compister-a sentretprecessingPor corhputing Bfit, &4 analogue
electronic circuit, & digital electroniggirauit,a mickapracessor and/or software means. 30 2. The

process according to claim 1, charagterised in that: - determining at least gne ling comprises
determining a liné passing t%rougrh the working point with which is associated a counter dedicated
solely to this Woﬁlﬁng'ib?ﬁﬁ?,md te determine whether it is inside or outside the
object, the process comprises:
10 - determining at least one line (12) among a line passing
through this working point (11; 30) with which is associated a
counter dedicated sclely to this working point, and a line
passing through an image (31} of the working point with which
is associated a counter dedicated sclely to this image of the
15 working point, and
- iterating, on each of the elementary surfaces, the following
operations:
e searching for an intersection between the elementary
surface (15) and one of the lines from the line (12}
20 passing through the working point (11; 30) and the line
passing through the image of the working point (31},
e modifying the counter if the intersection exists, and
- determining whether the working point is inside or outside
the obiect as a function of the counter dedicated solely to
25 the werking peint (11; 30)
each of the preceding steps being implemented by at least a
computer, a central processing or computing unit, an analpgue
electronic circuit, a digital electronic circult, a microprocessor
and/or software means.
30
2. The process according to claim 1, characterised in that:
- determining at least one line comprises determining a line
passing through the working point with which is assoclated a
counter dedicated solely to this working point,
35



36 iterating comprises iterating, on each of the elementary surfaces, the following operations:
searching for an intersection between the elementary surface and the line passing through the working
point, modifying the counter if the intersection exist;@nd determining whether the working point is
inside or outside the object comprises determining whether the working point is inside or outside the
object as a function of the value of the counter dedicated solely to the working point. 10 3. The process
according to claim 2, characterised in that the line passes through an origin, and modifying the counter

comprises:  if the intersection is logated.beyand the; working poipt, with respeci ta dhe-otgin of the
line, no modification 150f the counter, and If the intersection is not located beyond the working point

with respect to the origin Bt fifie, MBAIRAMGEE R dffevently depending on whether the
intersection of the line casrespondsie anentance ef2Gthe line intectheobjeot oraarexitofithe line

from the object with respect to the origin..4. The process geeording, to,claim, 1, chatagterised in that:

determining at least one line comprises determining a line 25 passing through the working point with
which is associated a counterdicdivatethsolehrter thistwetking ot @rida fireSpassiig through an
image of the working poin.with.whigh israsseciated a.sounter dedicated soleb:tathisimage of the
working point, 30- the process further comprises separating the elementary s into. two distinct
groups, a group of su rfaced for r?t%ncécém%%stﬁse %ﬁ%&‘ﬁgﬁ%‘% gﬁga%hgf sg%ac&é%%g%%x%t%ggn the object
with respect to a directiori of Mevamert,outside e itabafish CEmprisss arPiterdtiGhoii®e4eh of the
35elementary surfaces, of thenfollowing opermtiiansy solely to the working point.

10
‘3. The process according to claim 2, characterised in that the line
passes through an origin, and modifying the counter comprises:
e if the intersection is located beyond the working point
with respect to the origin of the line, no modification
15 of the counter, and
e if the intersection is not located beyond the working
point with respect to the origin of the line, modifying
the counter differently depending on whether the
intersection of the line corresponds to an entrance of
20 - the liné into the object or an exit of the line from the

chiect with respect to the origin.

4. The process according to claim 1, characterised in that:
- determining at least one line comprises determining a line

25 passing through the working point with which is associated a
counter dedicated solely to this working point and a line
passing through an image of the working point with which is
associated a counter dedicated solely to this image of the
working peoint,

30 - the process further comprises separating the elementary
surfaces inte two distinct groups, a group of surfaces for
entrance into the object and a group of surfaces for exit
from the object with respect te a direction of movement,’

- the iteration comprises an iteration, on each of the

35 elementary surfaces, of the fcllowing operations:



37 if the surface is an entrance surface, searching for an intersection between this elementary surface
and the line passing through the working point and modifying the counter associated with the-
working 5point if the intersection exists, if the surfacgyis an exit surface, searching for an intersection
between this elementary surface and the line passing through the image of the working point, and
modifying a counter associated with the image of 10the working point if the intersection exists,
determining whether the working point is inside or outside the object comprises determining whether
the working point is inside ogﬁou%side th%a()(pé'e%t as a futqgfion oef the counter gggg%ggggto§g§ working

point 15and the counter dedicated to the |magesoF 'Eheeworﬁi%% posiLrlllt:. 5 The process according to

claim 4, characterised in thardetetsiring-hretierttieevofing pbirftigiindide Grehbiside 7€ 20 object
as a function of the counterdedicated to tae avarkingpainyand:the caunterrdedicated to ¢he image of

the working point comprises, comparing the. counter dedicated-to the watking paint and the sounter

dedicated to the image of the \‘NOF}QIKI‘]& point. 25 6. The process according to claim 4 or 5,
characteriséd in that for all #fe-Workind pairits&nd fmages 6f e Working points, the lines passing
through these points are parallek 30:4:rFRe proeess: aecarding:ta any, of claims ihtp Speharacterised in

that for all the working points and images ot e, narking goipts, e lines passing thiougBiibese points
are not parallel. 38 images ot the wor iNg points, the Tines passing through these points do not

intersect inside the finite spaégs PTESTME FIEEE alE6rdifig 16 and of retebing €& s
characterised in that the spaee inadbree dimension spaces sb@.ithedretess accordmgetooélaim 9,

characteriged in that the working, points (11) are gathered.in.a warking sudace.(36), and in that each
line (12) passing through a working point and each ' | L
- determining whether the working point 1is inside or

sutside the cbhiect comprises determining whether the
working point is inside or outside the object as =
function of the counter dedicated to the working point
15 and the counter dedicated to the image of the working

point,

5. The process according to claim 4, characterised in that
determining whether the working point is inside or outside the
20  object as a function of the counter dedicated to the working
point and the counter dedicated to the image of the working
point comprises comparing the counter dedicated to the working
point and the counter dedicated to the image of the working
peint.
25
6. The process according te claim 4 or 5, characterised in that
for all the working points and images of the working points,

the lipes passing through these points are paralliel.

30 7. The process accerding to any of claims 1 toc 5, characterised
in that for all the working points and images of the working
points, the lines passing through these points are not

paraliel.

35 8. The proceéss according to any of preceding claims,

characterised in that for all the working points and



10 line passing through an image of a working point is transverse to this working surface (36) through
this working point (11). 11. The process according to claim 10, characterised in that the working
surface (36) corresponds to a layer or at least a 15 art of a layer to be deposited to produce the
product by rapid prototyping. 12. The process according to any of claims 1 to 8, characterised in that
the space is a two dimension space. 20 13. The process according to any of the preceding claims,
characterised in that the iteration step is performed in parallel over time for several elementary

surfaces. 2514-&@‘%@508%5%%0%1}&958 any: of the precedingclaimsscharagterised imthat for at least
one elementary surface, the iteration step is gerf,o_rmed inpagajﬂlel over time for several working points.

3015. The proc&Sd Actordin’fo ARy SF&aims T3 OF 14 characteriséd in that the iteration steps
performed in parallel are synchronized by a fixed run time. 39 16. The process according to any of
the preceding claims, characiedsed in that-i fugthericomprises, ence whiebhspace paiatis Jocated
inside or outside the object has heen determined, producing.he.prodye.: 37 gevice for producing
a product implefiéhting a process according to gny of the preceding claims, comprising means for
determining whether points of a finite space are inside or outside an object decomposed into
elementary surfagesrsaid:- 10ebject-cerespanding to the produict te besproduced oriteta paat or layer or

 slice of the prodyct fo be produced, charagterised.in.that for eachworking-paint for whichiitis

attempted to determine”whether it is inside or outside the object, thev%ewce comprises: means for
determining at Ié&st8AE IR BN a'fife Jading thiddgh tRis“wirking Soidt with Whichig associated
a counter dedicatetkseledy to¢histworking spoint;zard afire passimepthrough as imBgiessf#§€ working

point with which.is assacigiad a.counter 2Qdedieated solgly to-this imagenef tha working point,

11. The process according to claim 10, characterised in that
the working surface (36) corresponds to a layer or at least a
15 part of a layer to be deposited to produce the product by rapid

prototyping.

12. The process according to any of <claims 1 to 8,
characterised in that the space is a twe dimension space.
20
"13. The process according to any of the preceding c¢laims,
characterised in <that the iteration step is performed in

parallel over time for several elementary surfaces.

25 14. The process according to any of the preceding claims,
characterised in that for at least one elementary surface, the
iteration step is performed in parallel over time for several

working points.

30 i5. The process according to any of claims 13 or 14,
characterised in that the iteration steps performed in parallel

are synchronized by a fixed run time.



and means for iterating, on each of the elementary surfaces, the following operations: searching for
an intersection between the elementary 25 surface and a single one of the lines from the line passing
through the working point and the line passing througb the image of the working ‘point, modifying the
counter if the intersection exists, and means for determining whether the working point is 30inside
or outside the object as a function of the counter dedicated solely to the working point, each of the
previous means comprises at least one computer, one central processing or computing unit, one

analogue electrgnic %jg%uitpgggedsigi.t%ll 594%%9%0 cirguit, gne rmicroprocgssor 3pand/of software means.

40 18. The device according to claim 17, characterised in that it further comprises means for
producing, onceSRRARH §patespointis 16eatedindidE G SulsiiE THE BhjetHas Blaf tetéfififned, the
product. 19. A progitict obtairied by=a produtiig process acterdingto anyisfitlainss=l téd8ior by a
producing devicg aceqrding to claim L4,9r 48 product.
5

17. A device for producing a prdduct implementing a process

according to any of the preceding claims, comprising means for

determining whether points of a finite space are inside or

outside an object decomposed into elementary surfaces, said

puct
]

obiect corresponding to the product to be produced or to a part
or layer or slice of the product tc be produced,
characterised in that for each working point for which it is
attempted to determine whether it is inside or outside the
obiect, the device comprises:
i5 - means for determining at least one line among a line
passing through this working peoint with which 1is
associated a counter dedicated sclely to this working
point, and a line passing through an 1mage of the
working point with which 1s associated a counter
20 dedicated solely to this image of the working point,
and
- means for iterating, on each of the elementary
surfaces, the fcllowing operations:
s searching for an intersection between the elementary
25 surface and a single one of the lines from the line
passing through the working ?oint and the 1line
passing through the image of the working point,
s modifying the counter i1f the intersection exists, and
- means for determining whether the working point is
30 inside or outside the object as a function of the
countef dedicated solely to the working point,
each of the previous means comprises at least one computer, one
central processing or computing unit, one analogue electronic
circuit, one digital electronic circult, one microprocessor

35 and/or software means.
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18. The device according to claim 17, characterised in that it
further comprises means for producing, once which space point
is located inside or outside the object has been determined,

the product.

19. A product obtained by a producing process according to any
of claims 1 to 16 or by a producing device according to claim

17 or 18.



