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SIMULATION OF THE MACHINING OF A the paper entitled “ The sweep plane algorithm for global 
WORKPIECE collision detection with workpiece geometry update for 

five - axis NC machining ” , T. D. Tang , Erik L. J. Bohez , 
Pisut Koomsap , Computer - Aided Design 39 ( 2007 ) 

Matter enclosed in heavy brackets [ ] appears in the 1012-1024 . 
original patent but forms no part of this reissue specifica- Some systems allow the representation of a modeled 
tion ; matter printed in italics indicates the additions volume with a set of dexels . Several documents notably 
made by reissue ; a claim printed with strikethrough suggest using dexel representation for machining simulation 
indicates that the claim was canceled , disclaimed , or held or interactive sculpting . 
invalid by a prior post - patent action or proceeding . Examples of such documents are : 

the paper entitled “ A Virtual Sculpting System Based on 
Triple Dexel Models with Haptics ” , Xiaobo Peng and RELATED APPLICATION Weihan Zhang , Computer - Aided Design and Applica 
tions , 2009 ; 

This is an application for reissue of U.S. application Ser . the paper entitled “ NC Milling Error Assessment and Tool 
No. 13 / 666,558 , filed Nov. 1 , 2012 , now granted as U.S. Pat . 15 Path Correction ” , Yunching Huang and James H. Oli 
No. 9,524,583 , which claims priority under 35 U.S.C. $ 119 ver , Proceedings of the 21st annual conference on 
or 365 to European Application No. 11306423.2 , filed Nov. Computer graphics and interactive techniques , 1994 ; 
3 , 2011 . the paper entitled “ NC milling simulation and dimen 

The entire teachings of the above application ( s ) are incor sional verification via dexel representation ” , Oliver , J. 
porated herein by reference . H. and Huang , Y. , U.S. Pat . No. 5,710,709—1998 ; 

the paper entitled “ Online Sculpting and Visualization of 
FIELD OF THE INVENTION Multi - Dexel Volumes ” , Heinrich Muller , Tobias Sur 

mann , Marc Stautner , Frank Albersmann , Klaus Wein 
The invention relates to the field of computer programs ert , SM '03 Proceedings of the eighth ACM symposium 

and systems , and more specifically to a method , system and 25 on Solid modeling and applications ; 
program for simulating the machining of a workpiece with the paper entitled “ Virtual prototyping and manufacturing 
a cutting tool having a cutting part and a non - cutting part . planning by using tri - dexel models and haptic force 

feedback ” , Yongfu Ren , Susana K. Lai - Yuen and Yuan 
Shin Lee , Virtual and Physical Prototyping , 2006 ; BACKGROUND the paper entitled “ Simulation of NC machining based on 
the dexel model : A critical analysis ” , Sabine Stifter , A number of systems and programs are offered on the The International Journal of Advanced Manufacturing market for the design , the engineering and the manufactur Technology , 1995 ; ing of objects . CAD is an acronym for Computer - Aided the paper entitled “ Real time simulation and visualization Design , e.g. it relates to software solutions for designing an of NC milling processes for inhomogeneous materials object . CAE is an acronym for Computer - Aided Engineer- 35 on low - end graphics hardware ” , Konig , A. H. and 

ing , e.g. it relates to software solutions for simulating the Groller , E. , Computer Graphics International , 1998 . 
physical behavior of a future product . CAM is an acronym Proceedings ; 
for Computer - Aided Manufacturing , e.g. it relates to soft- U.S. Pat . No. 5,710,709 ; 
ware solutions for defining manufacturing processes and U.S. Pat . No. 7,747,418 . 
operations . In such systems , the graphical user interface 40 GPGPU ( General - Purpose computing on Graphics Pro 
( GUI ) plays an important role as regards the efficiency of the cessing Units ) is the technique of using a graphic processing 
technique . These techniques may be embedded within Prod- unit ( GPU ) which typically handles computation only for 
uct Lifecycle Management ( PLM ) systems . PLM refers to a computer graphics , to perform computation in applications 
business strategy that helps companies to share product data , traditionally handled by the central processing unit ( CPU ) . 

Some apply common processes , and leverage corporate knowledge 45 papers consider using the computation power of 
for the development of products from conception to the end modern graphics processing units ( GPU ) for dexel repre 
of their life , across the concept of extended enterprise . sentation . These papers make use of the LDNI ( Layered 

The PLM solutions provided by Dassault Systemes ( un Depth - Normal Images ) algorithm , which is associated to a 
der the trademarks CATIA , ENOVIA and DELMIA ) pro specific memory model . 

Examples of such papers are : vide an Engineering Hub , which organizes product engi- 50 the paper entitled “ GPGPU - based Material Removal neering knowledge , a Manufacturing Hub , which manages Simulation and Cutting Force Estimation ” , B. Tukora manufacturing engineering knowledge , and an Enterprise and T. Szalay , CCP : 94 : Proceedings Of The Seventh Hub which enables enterprise integrations and connections International Conference On Engineering Computa 
into both the Engineering and Manufacturing Hubs . All tional Technology ; 
together the system delivers an open object model linking 55 the paper entitled “ Layered Depth - Normal Images : a 
products , processes , resources to enable dynamic , knowl- Sparse Implicit Representation of Solid Models ” , Char 
edge - based product creation and decision support that drives lie C. L. Wang and Yong Chen , Proceedings of ASME 
optimized product definition , manufacturing preparation , international design engineering technical conferences . 
production and service . Brooklyn ( NY ) . 
Some of these systems allow the simulation of the 60 Within this context , there is still a need for an improved 

machining of a workpiece with a cutting tool . However , solution for simulating the machining of a workpiece with a 
these systems often lead to a deficient simulation . cutting tool having a cutting part and a non - cutting part . 

Examples of such systems are provided in : 
the paper entitled “ Precise global collision detection in SUMMARY OF THE INVENTION 

multi - axis NC - machining ” , Oleg Ilushina , Gershon 65 
Elberb , Dan Halperin , Ron Wein , Myung - Soo Kim , According to one aspect , it is therefore provided a com 
Computer - Aided Design 37 ( 2005 ) 909-920 ; and puter - implemented method for simulating the machining of 

2 
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a workpiece with a cutting tool having a cutting part and a ( S20 ) a colliding sweep of the cutting tool . The colliding 
non - cutting part . The method comprises providing a mod- sweep represents the volume swept by the non - cutting front 
eled volume representing the workpiece and a trajectory of of the cutting tool when the cutting tool follows the trajec 
the cutting tool . The method also comprises determining a tory . The method further comprises testing ( S30 ) a collision 
colliding sweep of the cutting tool . The colliding sweep 5 with the workpiece according to the determining . Such a 
represents the volume swept by the non - cutting front of the method improves the simulation of the machining of a 
cutting tool when the cutting tool follows the trajectory . The workpiece with a cutting tool . 
method also comprises testing a collision with the workpiece The method may be comprised in a process of designing 
according to the determining step . a CAD modeled object representing a manufacturing object . 

The method may comprise one or more of the following : 10 The manufacturing object may be any physical product , and 
the method comprises determining a protective front of may be manufactured according to a machining process 

the cutting tool , and determining the colliding sweep com- performed on a workpiece . For example , the manufacturing 
prises determining the volume swept by the non - cutting part object may be obtained by machining a stock with a cutting 
and the volume swept by the protective front ; tool . The workpiece consists of the stock as it stands during 

the workpiece is represented by a set of dexels , each dexel 15 the machining The method simulates such machining 
comprising a set of at least one segment representing the “ Designing a CAD modeled object ” designates any action 
intersection between a line and the workpiece , and testing or series of actions which is at least part of a process of 
the collision comprises , for a respective dexel : determining elaborating a modeled object . For example , the method may 
the segments of the respective dexel that intersect the comprise providing a modeled volume representing the 
volume swept by the protective front , updating the respec- 20 workpiece as a stock , and simulating the machining of the 
tive dexel accordingly , and evaluating if the segments of the workpiece by simulating the cutting of the modeled volume 
respective dexel as updated intersect the volume swept by ( thus simulating the cutting of the stock ) . The modeled 
the non - cutting part ; volume defines a 3D space occupied by the workpiece . Thus , 

the modeled volume is a modeled solid . Because the method the cutting part is convex , the segments of the respective dexel are ordered , and updating the respective dexel com- 25 improves simulation of the machining of a workpiece with a cutting tool having a cutting part and a non - cutting part , the prises : shortening the segment of minimal order that inter method also improves the design of a CAD modeled object sects the volume swept by the protective front , shortening representing a manufacturing object . 
the segment of maximal order that intersects the volume A modeled object is any object defined by data stored in swept by the protective front , and removing all segments a memory of a computer system . By extension , the expres 
between the segment of minimal order and the segment of 30 sion “ modeled object ” designates the data itself . A CAD 
maximal order ; modeled object is any object defined by data stored in a 

determining the colliding sweep comprises determining memory of a CAD system . According to the type of the 
the volume swept by the non - cutting front of the cutting tool system , the modeled objects may be defined by different 
when the cutting tool follows the trajectory . kinds of data . A CAD system is any system suitable at least 

It is further proposed a CAM system comprising a 35 for designing a modeled object on the basis of a graphical 
memory having recorded thereon instructions for perform- representation of the modeled object , such as CATIA . Thus , 
ing the above method , a processor coupled with the memory , the data defining a CAD modeled object comprise data 
and at least one graphical user interface coupled with the allowing the representation of the modeled object ( e.g. 
processor and suitable for execution of the instructions . geometric data , for example including relative positions in 

The processor may be a GPU ( Graphical Processing 40 space ) . The method may be included in a manufacturing process , Unit ) . 
It is further proposed a computer program comprising which may comprise , after performing the method , produc 

ing a manufacturing object according to the machining instructions for performing the above method . process simulated by the method . In other words , after the It is further proposed a computer readable storage 
medium having recorded thereon the above computer pro testing ( S30 ) , e.g. if the testing ( S30 ) yields the result that 

there is no collision , the method may comprise actually gram . cutting a workpiece ( represented by the modeled volume ) 
with a cutting tool according to the trajectory . The manu BRIEF DESCRIPTION OF THE DRAWINGS facturing object may be a product , such as a part , or an 
assembly of parts . Because the method improves the design 

Embodiments of the invention will now be described , by 50 of the modeled volume , the method also improves the 
way of non - limiting example , and in reference to the accom manufacturing of a product and thus increases productivity 
panying drawings , where : of the manufacturing process . The method can be imple 

FIG . 1 shows a flowchart of an example of the method ; mented using a CAM system , such as DELMIA . A CAM 
FIG . 2 shows an example of a graphical user interface ; system is any system suitable at least for defining , simulat 

and 55 ing and controlling manufacturing processes and operations . 
FIG . 3 shows an example of a client computer system ; The method is computer - implemented . This means that 
FIGS . 4-21 show examples of the method . the method is executed on at least one computer , or any 

system alike . Unless mentioned otherwise , all steps of the 
DETAILED DESCRIPTION OF THE method are performed by the computer , i.e. without inter 

INVENTION 60 vention of the user . For example , the steps of determining 
( S20 ) and testing ( S30 ) may be performed by the sole 

FIG . 1 shows a flowchart of an example of a computer- computer , whereas the step of providing ( S10 ) may be 
implemented method for simulating the machining of a performed by the sole computer or through user - interaction . 
workpiece with a cutting tool having a cutting part and a The method thereby allows an automatic testing of a 
non - cutting part . The method comprises providing ( 810 ) a 65 machining 
modeled volume representing the workpiece and a trajectory A typical example of computer - implementation of the 
of the cutting tool . The method also comprises determining method is to perform the method with a system suitable for 
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this purpose . The system may comprise a memory having selecting an appropriate icon . For example , typical CAD 
recorded thereon instructions for performing the method . In operations are the modeling of the punching or the folding 
other words , software is already ready on the memory for of the 3D modeled object displayed on the screen . 
immediate use . The system is thus suitable for performing The GUI may for example display data 2500 related to the 
the method without installing any other software . Such a 5 displayed product 2000. In the example of FIG . 2 , the data 
system may also comprise at least one processor coupled 2500 , displayed as a “ feature tree ” , and their 3D represen 
with the memory for executing the instructions . In other tation 2000 pertain to a brake assembly including brake 
words , the system comprises instructions coded on a caliper and disc . The GUI may further show various types of 
memory coupled to the processor , the instructions providing graphic tools 2130 , 2070 , 2080 for example for facilitating 
means for performing the method . Such a system is an 10 3D orientation of the object , for triggering a simulation of an 
efficient tool for designing a modeled volume . operation of an edited product or render various attributes of 

Such a system may be a CAD or CAM system . The the displayed product 2000. Acursor 2060 may be controlled 
system may also be a CAE system , and the modeled object by a haptic device to allow the user to interact with the 
may also be a CAE modeled object and / or a CAM modeled graphic tools . 
object . Indeed , CAD , CAE and CAM systems are not 15 FIG . 3 shows an example of the architecture of the system 
exclusive one of the other , as a modeled object may be as a client computer system , e.g. a workstation of a user . 
defined by data corresponding to any combination of these The client computer comprises a central processing unit 
systems . ( CPU ) 1010 connected to an internal communication BUS 
The system may comprise at least one GUI for launching 1000 , a random access memory ( RAM ) 1070 also connected 

execution of the instructions , for example by the user . 20 to the BUS . The client computer is further provided with a 
Notably , the GUI may allow the user to launch the step of graphics processing unit ( GPU ) 1110 which is associated 
providing ( S10 ) , by designing the modeled volume and / or with a video random access memory 1100 connected to the 
defining the trajectory of the cutting tool from scratch , BUS . Video RAM 1100 is also known in the art as frame 
and / or by retrieving the modeled volume and / or the trajec- buffer . A mass storage device controller 1020 manages 
tory of the cutting tool from a memory of the system , or 25 accesses to a mass memory device , such as hard drive 1030 . 
exterior to the system but coupled to the system , e.g. by a Mass memory devices suitable for tangibly embodying 
network service . The GUI may comprise a GPU . In such a computer program instructions and data include all forms of 
case , the processor may be the GPU . In other words , the nonvolatile memory , including by way of example semicon 
processor executing at least steps of the method , in particular ductor memory devices , such as EPROM , EEPROM , and 
the steps of determining ( S20 ) and / or testing ( S30 ) , may be 30 flash memory devices ; magnetic disks such as internal hard 
the GPU . Such a system is an efficient tool for designing a disks and removable disks ; magneto - optical disks ; and CD 
modeled volume by a user . This is particularly advantageous ROM disks 1040. Any of the foregoing may be supple 
when the modeled volume is provided as a et of dexels . mented by , or incorporated in , specially designed ASICS 
Since dexel based algorithms are well suited for massively ( application - specific integrated circuits ) . A network adapter 
parallel hardware , it is natural to consider using the com- 35 1050 manages accesses to a network 1060. The client 
putation power of modern graphic processing unit ( GPU ) . computer may also include a haptic device 1090 such as 

The modeled volume may be 3D ( i.e. three - dimensional ) . cursor control device , a keyboard or the like . A cursor 
This means that the modeled volume is defined by data control device is used in the client computer to permit the 
allowing its 3D representation . A 3D representation allows user to selectively position a cursor at any desired location 
the viewing of the represented volume from all angles . For 40 on screen 1080 , as mentioned with reference to FIG . 2. By 
example , the modeled volume , when 3D represented , may screen , it is meant any support on which displaying may be 
be handled and turned around any of its axes , or around any performed , such as a computer monitor . In addition , the 
axis in the screen on which the representation is displayed . cursor control device allows the user to select various 
This notably excludes 2D icons , which are not 3D modeled . commands , and input control signals . The cursor control 
The display of a 3D representation facilitates design ( i.e. 45 device includes a number of signal generation devices for 
increases the speed at which designers statistically accom- input control signals to system . Typically , a cursor control 
plish their task ) . This speeds up the manufacturing process device may be a mouse , the button of the mouse being used 
in the industry , as the design of the products is part of the to generate the signals . 
manufacturing process . To cause the system to perform the method , it is provided 
FIG . 2 shows an example of the GUI of a typical CAD 50 a computer program comprising instructions for execution 

system . by a computer , the instructions comprising means for this 
The GUI 2100 may be a typical CAD - like interface , purpose . The program may for example be implemented in 

having standard menu bars 2010 , 2120 , as well as bottom digital electronic circuitry , or in computer hardware , firm 
and side toolbars 2140 , 2150. Such menu- and toolbars ware , software , or in combinations of them . Apparatus of the 
contain a set of user - selectable icons , each icon being 55 invention may be implemented in a computer program 
associated with one or more operations or functions , as product tangibly embodied in a machine - readable storage 
known in the art . Some of these icons are associated with device for execution by a programmable processor ; and 
software tools , adapted for editing and / or working on the 3D method steps of the invention may be performed by a 
modeled object 2000 displayed in the GUI 2100. The programmable processor executing a program of instruc 
software tools may be grouped into workbenches . Each 60 tions to perform functions of the invention by operating on 
workbench comprises a subset of software tools . In particu- input data and generating output . The instructions may 
lar , one of the workbenches is an edition workbench , suit- advantageously be implemented in one or more computer 
able for editing geometrical features of the modeled product programs that are executable on a programmable system 
2000. In operation , a designer may for example pre - select a including at least one programmable processor coupled to 
part of the object 2000 and then initiate an operation ( e.g. a 65 receive data and instructions from , and to transmit data and 
sculpting operation , or any other operation such change the instructions to , a data storage system , at least one input 
dimension , color , etc. ) or edit geometrical constraints by device , and at least one output device . The application 
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program may be implemented in a high - level procedural or thereof ) . The method thereby allows the determination of a 
object - oriented programming language , or in assembly or volume of the 3D space that represents collision positions of 
machine language if desired ; and in any case , the language points of the cutting tool in function of the trajectory . 
may be a compiled or interpreted language . The program The method further comprises testing ( S30 ) a collision 
may be a full installation program , or an update program . In 5 with the workpiece according to the determining ( S20 ) step 
the latter case , the program updates an existing CAD system ( i.e. in function of the colliding sweep that has been deter 
to a state wherein the system is suitable for performing the mined ) . The testing ( S30 ) may yield a positive result when method . it detects a collision ( in case of a potential collision ) or a The method comprises providing ( S10 ) a modeled volume negative result inversely . For example , the testing ( S30 ) may representing the workpiece and a trajectory of the cutting 10 
tool . The modeled volume may be provided using any comprise determining if there is an intersection between the 

colliding sweep and the workpiece . The method may thus volume modeling . For example , the modeled volume may be determine whether or not the ( volume represented by the ) provided as an algebraic formulation . Alternatively , the 
modeled volume may be provided as a B - Rep ( boundary colliding sweep intersects the workpiece . If so , a collision is 
representation , i.e. formulations for the boundary surface ( s ) 15 detected by the method . 
of the modeled volume ) or as a polyhedron . The modeled A context of the method is real - time machining simulation 
volume may also be provided as a set of dexels , as will be using a computer aided design system or a computer aided 
discussed later . A representation of the modeled volume , for manufacturing system . The method provides a reliable simu 
example 3D , may also be displayed to a user at all times lation of machining a workpiece with a cutting tool having 
during the method . The trajectory of the cutting tool is any 20 a cutting part and a non - cutting part . Indeed , the method 
ordered set of positions to be taken by the cutting tool during detects collisions in a fast manner , with few false negative 
a machining of the workpiece . A representation , for example results ( i.e. few possible collisions are missed by the testing 
3D , of the cutting tool may also be displayed to the user . The ( S30 ) ) . This is because the trajectory of the cutting tool is 
provision of the trajectory may be performed by the user , taken into account when determining the colliding sweep 
e.g. by the user handling the representation of the cutting 25 ( S20 ) . 
tool on the screen , for example moving the cutting tool The determining ( S20 ) may comprise partitioning the 
toward the displayed modeled volume to simulate cutting trajectory into elementary steps . In such case , the determin 
the workpiece . The method may update the modeled volume ing ( S20 ) and the testing ( S30 ) may be performed for each according to the trajectory of the cutting tool . For example , elementary step . This allows a fast testing ( S30 ) , as the the method may comprise performing the cutting on the 30 colliding sweep is easily determined . Also , this reduces the modeled volume , and , meanwhile or beforehand , executing 
the determining ( S20 ) and the testing ( S30 ) , e.g. so as to stop chances of having a false positive result of the testing ( S30 ) . 

An elementary step of the tool trajectory may be the motion the cutting when a collision is detected , e.g. real - time . In 
such a case , the method may comprise displaying , to the of the tool between two consecutive positions . At each 
user , information that a collision is detected . elementary step of the tool trajectory , the volume swept by 

The method also comprises determining ( S20 ) a colliding the faces of non - cutting moving part protected by the cutting 
sweep of the cutting tool . The colliding sweep is data part may be subtracted from the volume swept by the 
representing the volume swept by the non - cutting front of non - cutting part . If the result does not intersect the current 
the cutting tool when the cutting tool follows the trajectory . workpiece , then it may be determined that no clash ( i.e. 
In general , the cutting tool has a cutting part and a non- 40 collision ) occurs on this elementary move . After this check , 
cutting part , which may also be called respectively “ cutting the current workpiece may be updated ( by cutting a part of 
volume ” and “ non - cutting volume ” . The frontier between the modeled volume according to the elementary move ) . 
the cutting part and the non - cutting part may be variable , i.e. This results in both a gain of speed and a gain of reliability . 
there may different frontiers , thereby possibly defining a Indeed , the method does not need to refine each elementary 
different pair consisting of the cutting part and the non- 45 trajectory step ( thus allowing good performance ) , and reli 
cutting part of the cutting tool . The cutting tool may be a ability does not depend on any numerical precision value . 
milling machine , a drill press , or even a knife . In any case , Performance and reliability do not depend on the direction 
the cutting tool has a non - cutting part ( for example a of displacement vector . 
handle ) , for example for handling and moving the cutting The partitioning may depend on a predetermined time 
tool , e.g. by a human worker or a robot . The cutting tool is 50 step . For example , the method may partition the trajectory 
in fact the rigid assembly of a cutting part and a non - cutting into elementary steps , each corresponding of a handling of 
part . The trajectory of the tool is a sequence of positions e.g. a representation of the cutting tool by the user during a 
defined by the user . The non - cutting part is a part of the predetermined time step . Alternatively , the method may 
cutting tool that does not cut material , and therefore collides partition the trajectory into elementary steps of a predeter 
with any solid it encounters . The non - cutting front of the 55 mined length . Alternatively , the method may partition the 
cutting tool when the cutting tool follows the trajectory is , trajectory into a predetermined number of elementary steps 
at a given position of the cutting tool on the trajectory , the of equal length . 
subset of points of the cutting tool that would collide a solid Alternatively , the method may partition the trajectory into 
at such position when the cutting tool follows the trajectory elementary steps each defining a regular trajectory . By 
( should the solid have been placed at such position before 60 regular trajectory , it is meant that , for each given point of the 
the cutting tool starts to follow the trajectory ) . Formal cutting tool , the curve defined by the sequence of positions 
formulations of the non - cutting front will be provided later . of the given point ( when the cutting tool follows the trajec 
The volume swept by the non - cutting front is the volume tory ) has no cusp ( i.e. no singular point ) . For example the 
where there is a potential collision ( e.g. if the workpiece has elementary step can be linear , circular , helicoidal arcs ( i.e. 
at least part of it lying in such swept volume ) . The colliding 65 coil portions ) or curves for the description of the kinematic 
sweep is any volume data that represents such volume of the sculpting tools . Such a partitioning efficiently reduces 
( possibly the swept volume itself or an approximation the number of false positive at the step of testing ( S3 ) . 
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The cutting tool may be convex , with some boundaries meaning that a point x of the three dimensional space is 
cutting and some other non - cutting . This ensures a more moved at position Traj ( t ) ( x ) = Rot ( t ) x + Trans ( t ) . 
reliable result of the testing ( S30 ) . Instead of the naïve swept volume concept , the method 

The method dissociates the motion of the cutting part of considers a more sophisticated definition by using the union 
the tool and the motion of the non - cutting part of the tool 5 of so - called advancing outer fronts . Let S. be the bound 
while updating the workpiece . This is illustrated with ref- ary of the ( cutting ] non - cutting volume [ 42 ] 44 which is also 
erence to FIGS . 4-6 , which show an example of applying the the outer boundary of the tool 40 , defined in the tool 
method . referential . For example on FIG . 7 , the tool is decomposed 

In this example , the method comprises displaying to the into the cutting volume 42 and the non - cutting volume 44 . 
user a representation of the cutting tool 40 with a cutting part FIG . 8 illustrates the corresponding Souter boundary as the 
42 and a non - cutting part 44 , as well as the modeled volume solid line ( the non dotted line ) . At any point x € Souter , the 
46 representing the workpiece . On FIG . 4 , modeled volume outer normal vector is noted n ( x ) , as illustrated on FIG . 9 . 
46 represents the workpiece before update . On FIGS . 5-6 , For a given t e [ 0,1 ] , let the non - cutting front of tool 40 , modeled volume 46 represents the workpiece after update . denoted by Front ( t ) , be the subset of S defined by : The cutting part 42 is the hemispherical portion of the tool 
40 while the non - cutting part 44 is the cylindrical portion of 
the tool 40 ( e.g. the tool shank ) . The workpiece before the 
cutting step is the trapezoidal shape 46 on FIG . 4 . at 

It may be observed that if the tool 40 is descending from 
top right to bottom left , no collision would occur in a real 
machining process ) since the cutting front precedes the tool Where < u , v > denotes the scalar product between vectors 
shank as illustrated on FIG . 5. Conversely , ascending from u and V , and Rot ( t ) is the rotation component of the trajectory 
bottom left to top right would produce ( in real machining ) a Traj ( t ) . In other words , Front ( t ) is the set of points of Souter 
collision 48 between the tool shank 44 and the workpiece whose instantaneous speed vector at time t is oriented 
would occur , since the tool shank precedes the cutting front , 25 toward the exterior of moving tool 40 . 
as illustrated by FIG . 6 . For example , as illustrated on FIG . 10 , tool 40 may move 

The method is thus designed for predicting this asymmet along the line segment 100 from point P , to point P2 . 
ric behaviour , and efficiently detects a collision in the case Consequently , Traj ( t ) x = x + t ( P2 - P , ) because Rot ( t ) = Id for all 

t . Then of FIG . 6 , whereas it efficiently detects no collision in the 
case of FIG . 5. Furthermore , the trajectory may comprise in 
such a case a single elementary step . Therefore , the method 
can quickly perform the testing ( S30 ) for the whole trajec ( Traj ( t ) x ) = P2 - P1 
tory . 

Examples of the method are now discussed with reference 
to FIGS . 7-21 . These examples are combinable with the for all t . So , at t = 0 , Front ( t ) is the vertical segment 102 
example discussed with reference to FIGS . 4-6 . illustrated on FIG . 10 by the thick line . 

The moving cutting tool 40 is decomposed into a cutting The reverse trajectory 110 from P2 to P , induces a differ 
volume 42 and a non - cutting volume 44. Note that the ent Front { t = 0 ) , as illustrated on FIG . 11 by the reverse 
internal boundary 72 shared by cutting 42 and non - cutting L - shape thick lines 112 . 
44 volumes has no practical significance and does not The method may determine ( S20 ) the " colliding sweep ” 
impact the material removal , or the collision behavior . This as the volume swept by Front ( t ) : 
boundary 72 surface is thus chosen for convenience of the 
computation , and may be set arbitrarily . In the case of the 
example , the boundary 72 is conveniently chosen as a disk . CollidingSweep = U Traj ( t ) ( Front ( t ) ) In a first example , determining the colliding sweep com 
prises determining the volume swept by the non - cutting 
front of the cutting tool 40 when the cutting tool 40 follows 
the trajectory . In other words , the method actually deter The method checks the colliding sweep against the cur 
mines the volume swept by the non - cutting front of the rent workpiece , as opposed to checking the non - cutting 
cutting tool 40 when the cutting tool 40 follows the trajec 50 volume sweep against the current workpiece . 

FIG . 12 illustrates the colliding sweep 120 computed tory , and the colliding sweep may equal such determined 
volume . according to the descending trajectory . Clearly , the colliding 

In the example , the tool 40 is a rigid moving assembly sweep 120 and the modeled volume 46 are separated , 
including the cutting volume 42 and the non - cutting volume meaning that the non - cutting volume of the tool 40 does not 
44. Let V be the value of the non - cutting volume 44. A naïve 55 clash the modeled volume 46 during this portion of trajec 
approach may consider intersecting the workpiece with the tory . 
swept volume of V. Defining the trajectory by a function te Now , FIG . 13 illustrates the colliding sweep 120 accord 
[ 0,1 ] - > Traj ( t ) where , for each te [ 0,1 ] , Traj ( t ) is an isometric ing to the ascending trajectory . Due to the shape of Front 
transformation , the swept volume of V is : ( t = 0 ) , the colliding sweep 120 is different and overlaps the 

60 workpiece 46. This means that the non - cutting volume 44 of 
the tool 40 actually clashes the modeled volume 46 during 
this portion of trajectory . Sweep ( V ) = U Traj ( t ) ( V ) In a second example , the method comprises determining 
a protective front of the cutting tool . The protective front of 

65 the cutting tool is , when the cutting tool follows the trajec 
At each t e [ 0,1 ] , the isometric transformation Traj ( t ) is tory , at a given position of the cutting tool on the trajectory , 

defined by a rotation Rot ( t ) and a translation Trans ( t ) , a subset of points of the cutting tool that prevent other points 
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of the cutting tool from colliding with a solid at such the modeled volume by a set of dexels , which themselves 
position when the cutting tool follows the trajectory ( should comprise a set of at least one segment , allows a fast testing 
the solid have been placed at such position before the cutting ( S30 ) , as well as fast ulterior updating of the modeled 
tool starts to follow the trajectory ) . Formal formulations of volume . 
the protective front will be provided later . Testing ( S30 ) the collision may comprise , for a respective 

Determining ( S20 ) the colliding sweep may comprise in dexel , determining the segments of the respective dexel that 
such a case determining the volume swept by the non- intersect the volume swept by the protective front , updating 
cutting part and the volume swept by the protective front . the respective dexel accordingly ( i.e. in function of the 
Then , the method may determine a difference between said determined segments , i.e. by shortening and / or discarding 
two volumes . The testing ( S30 ) may comprise evaluating if 10 determined dexels ) , and evaluating if the segments of the 
said volume difference intersects the modeled volume , and respective dexel as updated intersect the volume swept by 
yield a positive result if so , or a negative result otherwise . the non - cutting part . Then , the method may yield a positive 
This allows a fast and robust determining ( S20 ) . result of the testing if the evaluation is positive , or a negative 

The examples are illustrated in 2D for convenience . The result if the evaluation is negative . 
real is however 3 - dimensional , as discussed earlier . FIGS . 15 The method may comprise defining a protective front and 
14-15 provide a 3D illustration of the examples . FIG . 14 a non - cutting part ( e.g. , as explained earlier , the protective 
shows the non - cutting volume 42 as a circular cylinder front may be defined arbitrarily , and may divide the cutting 
( rather than a rectangle ) . FIG . 15 shows that the colliding tool into the cutting part and the non - cutting part ) so that the 
sweep 120 , being the volume swept by the half cylinder volume swept by the protective front and the volume swept 
flank along a sloped trajectory , is not convex . 20 by the non cutting part are convex . The one skilled in the art 
An implementation of the method , in this second example will understand how to make such division , so as to obtain 

as well as in the first example , may be the multi - dexel convex parts . In such a case , determining the segments of the 
model . In other words , the workpiece may be represented by respective dexel that intersect the volume swept by the 
a set of dexels ( thereby representing a modeled volume ) . In protective front and evaluating if the segments of the respec 
other words , the modeled volume is provided as a set of 25 tive dexel as updated intersect the volume swept by the 
dexels in this example . Each dexel ( of the set of dexels ) non - cutting part are performed particularly fast . 
comprises a set of at least one segment . Such segments Indeed , the segments of the respective dexel may typi 
represent the intersection between a line and the workpiece . cally be ordered ( an actual order may exist in the data 

The use of sets of dexels to represent the workpiece defining the dexel , or such order be retrieved as it exists 
allows a light representation ( using little memory space ) . 30 naturally ) . The non - cutting part may sweep a convex vol 
This also allows a representation of the workpiece which ume , for example if the non - cutting part is convex and the 
may be easily handled . Notably , the cutting may be per- elementary step is a straight translation . Additionally , the 
formed particularly efficiently when the workpiece is rep- protective front may sweep a convex volume as well . For 
resented by a set of dexels , due to the data structure of a set example , the cutting part may be convex as well . The 
of dexels . Indeed , design operations may be performed with 35 trajectory may be divided into elementary steps consisting of 
high responsiveness and high robustness . Notably , opera- straight translations . Updating the respective dexel may 
tions on a set of dexels may be performed through parallel comprise shortening the segment of minimal order that 
processing , on a line - by - line basis , so as to gain in efficiency . intersects the volume swept by the protective front ( e.g. the 
Therefore , the processor of the system may efficiently be the first segment that intersects the volume swept by the pro 
GPU . 40 tective front when the order of the segments of the respective 

The term " dexel ” is known to be a shortcut for " depth dexel is gone through ) , shortening the segment of maximal 
element ” ( just as the term “ pixel ” is a shortcut for “ picture order that intersects the volume swept by the protective front 
element ” ) . The notion of dexel has been mentioned in a large ( e.g. the last segment that intersects the volume swept by the 
number of research papers . In the context of the method , a protective front when the order of the segments of the 
dexel comprises a set of at least one segment , i.e. a pair of 45 respective dexel is gone through ) , and removing all seg 
3D points . In an example , the modeled volume comprises at ments between the segment of minimal order and the 
least one dexel which comprises a set of at least two segment of maximal order . 
segments ( e.g. the initial set of dexels and / or the new set of This second example of the method is now discussed with 
dexels comprise ( s ) at least two segments ) . The segments of reference to FIGS . 16-21 . 
a dexel , if several , may be ordered in such a case the dexel 50 In the context of using dexels , it may be more efficient , 
is a list ) , or unordered . The segments of a dexel represent the from a processing point of view , to manage a convex 
intersection between a line and the workpiece . In other colliding sweep or , if not possible , a solid defined by the 
words , considering virtual lines intersecting with the work- subtraction of two convex sets . Indeed , the intersection of a 
piece , a dexel is the set of the segments originating from a segment with a set S difference of two convex sets , S = C , -C2 
given line and that results from the computation of the 55 can be carried on as follows . 
intersection . The method may first intersect the line L supporting the 

It is important to note that the sets of dexels are provided segment with C? and C2 , which gives two possibly empty 
as computer - implemented data . Thus , the definitions pro- segments Ix = LNC , and Iz = Lnc , It may be observed that 
vided above and below regarding any representation of the LNS = Ln ( C1 - C2 ) = LNC1 ) - ( LNC2 ) = 11-12 . Of course seg 
modeled volume have implications from a data structure 60 ments supported by the line L can be expressed as interval 
point of view . For example , a segment may be provided as in the parametric expression of L. The intersection of a 
a pair of 3D positions ( e.g. two 3D positions linked to each segment supported by L with S then boils down into the 
other ) . A 3D position may itself be provided as a list of three intersection of an interval with the difference of two inter 
coordinates ( e.g. floating points ) , associated to a referential vals , the later being , in the worst case , the union of two 
3D frame . A dexel is a set of segments , which implies that 65 intervals . 
segments are linked together in a set structure . The dexels of For this reason , the first example previously presented 
a set of dexels may as well be linked together . Representing may be reformulated in order to make the method more 
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practical , in particular in the context of a dexel model . dexel . One can also deduce the collision depth . Else , no 
Consider a convex non - cutting volume V. We call Sprotect > collision occurs on that dexel , as illustrated on FIG . 21 . 
the boundary of V which is not in Souter . In other words , The invention claimed is : Sprotect includes the faces of V which are in contact with 
other cutting or non - cutting volumes of the tool . 1. A computer - implemented method for simulating the 

In practical situations such as NC machining simulation , machining of a workpiece on a CAM system , wherein the 
method comprises : the shape of most common tools allows S to include 

one or two planar faces . However , it is noted that the internal by a processor and associated memory : 
separation between the cutting and non - cutting volumes has providing in the CAM system ( i ) a modeled volume representing a subject workpiece , ( ii ) a cutting tool no physical significance and can therefore often be chosen as 
planar without any impact on the resulting behavior . having a cutting part and a non - cutting part , the non 

In the case of the example of FIGS . 4-15 , Sprotect may be cutting part having a non - cutting front , and ( iii ) a 
a disk . As illustrated on FIGS . 16-18 , Sprotect is the solid line trajectory of the cutting tool ; 
separating the cutting volume and the non - cutting volume . determining a colliding sweep of the cutting tool , wherein 
The method may define the colliding sweep as the set 15 the colliding sweep represents volume swept by the 

theoretic difference between the sweep of the whole convex non - cutting front of the cutting tool when the cutting 
non - cutting volume and the sweep of a subset of Sprotect tool follows the trajectory , and wherein determining the 

colliding sweep comprises dissociating motion of the This subset includes all points of Sprotect where the outer 
normal points in the sweep direction . In case of a general , cutting part and motion of the non - cutting part , and the 
non translational trajectory , some part of S , have an 20 dissociating motion includes determining volume 
outer normal pointing toward the instantaneous sweep speed swept by the non - cutting front when the cutting tool is 
and some not . In this case only a subset of Sprotect may be moving to follow the trajectory at a given time t , 
swept . In case of translational sweeps , this is the subtraction wherein the non - cutting front comprises a set of points 
of two convex sets and can be easily managed in a multi with instantaneous speed vectors at the given time t that 
dexel model . are oriented towards an exterior of the moving cutting 

Formally , the method may define : tool , wherein at the given time t , the non - cutting front 
Front ( t ) is a subset of Souter defined by : 

[ Front ( t ) = { xeSouter ; < Rot ( t ) n ( x ) , a / atTraj ( t ) x > 0 } , ] 
protectFront ) = { x Speed : Rot ( ) ( x ) , Trai x = 0 ; Sprotect n t ) ) 

Fronte ) = { x e Sower : ( Rott ) n ( x ) , õp Trajt ) x ) 0 } . at 
So that , according to the previous definition of colliding 

sweep , we have : wherein Souter is a boundary of the [ cutting ] non - cutting 
part , < u , v > denotes a scalar product between vectors u 
and v , Traj ( t ) denotes a trajectory of the cutting tool at CollidingSweep = r ) ( V the given time t , and Rot ( t ) denotes a rotation compo 
nent of the trajectory at the given time t ; and 

testing a collision with the subject workpiece resulting 
In the context of machining simulation using a multi- 40 from the determined colliding sweep , the testing com 

dexel grid representation , the method can therefore easily prising : determining whether the colliding sweep inter 
check collision during an elementary trajectory by the sects the workpiece , and if the colliding sweep is 
following operations . determined as intersecting the workpiece , detecting a 

For each dexel , the method may compute the intervals A , collision . 
( i.e. the segments of the dexel , which are stored as intervals 45 2. The method of claim 1 wherein the method further 
on the support line of the dexel in this example ) given by the comprises determining a protective front of the cutting tool ; 
intersection with the sweep of the non - cutting volume 190 , and 
as illustrated on FIG . 19. If all these intervals A , have an wherein determining the colliding sweep comprises deter 
empty intersection with the current workpiece , then one can mining both volume swept by the non - cutting part and 
be sure that no collision occurs , i.e. the testing ( S30 ) may 50 volume swept by the determined protective front . 
yield a negative result . 3. The method of claim 2 , wherein the subject workpiece 

Else , the method may compute the volume swept by is represented by a set of dexels , each dexel comprising a set 
protectFront from t = 0 to t = 1 ( if the trajectory , or the elemen- of segments representing the intersection between a line and 
tary step , is defined with a parameterization t going from 0 the subject workpiece , and wherein testing the collision 
to 1 ) . For this , the method may collect the faces 200 of 55 comprises , for a respective dexel : 
Sprotect the outer normal of which has a positive dot product determining segments of the set of segments of the 
with the displacement vector . The method may then compute respective dexel that intersect the volume swept by the 
the volume that is swept by these faces 200 , as illustrated on determined protective front , 
FIG . 20. The method may finally compute the intervals B ; updating the respective dexel based on the determined 
equal to the intersection between the dexel and this swept 60 segments , and 
volume 202 , as illustrated on FIG . 20. The method may evaluating if the determined segments as updated intersect 
compute the Boolean one - dimensional subtraction C = ? the volume swept by the non - cutting part . 
B ;: these resulting intervals represent the intersection 4. The method of claim 3 , wherein the cutting part is 
between the dexel and the colliding sweep volume 190 , as convex , the determined segments are ordered , and updating 
illustrated on FIG . 21. If these C ; intervals have a non empty 65 the respective dexel comprises : 
intersection with the dexel intervals storing the workpiece shortening a segment of minimal order that intersects the 
layer , one can conclude that a collision will occur on that volume swept by the determined protective front , 
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shortening a segment of maximal order that intersects the wherein the non - cutting front comprises a set of points 
volume swept by the determined protective front , and with instantaneous speed vectors at the given time t that 

removing all segments between the segment of minimal are oriented towards an exterior of the moving cutting 
order and the segment of maximal order . tool , wherein at the given time t , the non - cutting front 

5. A CAM system for simulating machining of a work- 5 Front ( t ) is a subset of Souter defined by : 
piece comprising : [ Front ( t ) = { xeSouter ; < Rot ( t ) n ( x ) , alatTraj ( t ) x > 0 } , ] 

a processor coupled with memory to simulate machining 
of a subject workpiece with a cutting tool having a 
cutting part and a non - cutting part , the non - cutting part Front ) = { x e Sower : ( Rot ) n ( x ) , Q Trajtox ) 2 o } . { x ( ) > 
having a non - cutting front , the processor configured to : 

provide a modeled volume representing ( i ) the subject 
workpiece and ( ii ) a trajectory of the cutting tool ; wherein Souter is a boundary of the [ cutting ] non - cutting 

determine a colliding sweep of the cutting tool , wherein part , < u , v > denotes a scalar product between vectors u 
the colliding sweep represents volume swept by the and v , Traj ( t ) denotes a trajectory of the cutting tool at 
non - cutting front of the cutting tool when the cutting the given time t , and Rot ( t ) denotes a rotation compo 
tool follows the trajectory , and wherein determining the nent of the trajectory at the given time t ; and 
colliding sweep comprises dissociating motion of the testing a collision with the subject workpiece resulting 
cutting part and motion of the non - cutting part , the from the determined colliding sweep , the testing com 
dissociating motion includes determining volume prising : determining whether the colliding sweep inter 
swept by the non - cutting front when the cutting tool is sects the workpiece , and if the colliding sweep is 
moving to follow the trajectory at a given time t , determined as intersecting the workpiece , detecting a 
wherein the non - cutting front comprises a set of points collision . 
with instantaneous speed vectors at the given time t that 8. A computer - implemented method for simulating the 
are oriented towards an exterior of the moving cutting machining of a workpiece on a CAM system , wherein the 
tool , wherein at the given time t , the non - cutting front method comprises : 
Front ( t ) is a subset of Souter defined by : by a processor and associated memory : 

[ Front ( t ) = { xeSouter < Rot ( t ) n ( x ) , alatTraj ( t ) x > 0 } , ] providing in the CAM system ( i ) a modeled volume 
representing a subject workpiece , ( ii ) a cutting tool 
having a cutting part , a non - cutting part , and a protec 

Front ) = { x e Soueri ( Rott ) n ( x ) , õp Trajt ) x ) 20 } . = tive front , and ( iii ) a trajectory of the cutting tool ; 
determining a colliding sweep of the cutting tool , wherein 

determining the colliding sweep comprises dissociating 
wherein S is a boundary of the [ cutting ] non - cutting motion of the cutting part and motion of the non - cutting 
part , < u , v > denotes a scalar product between vectors u 35 part , and the dissociating motion includes determining 
and v , Traj ( t ) denotes a trajectory of the cutting tool at volume swept by the protective front when the cutting 
the given time t , and Rot ( t ) denotes a rotation compo tool is moving to follow the trajectory , wherein the 
nent of the trajectory at the given time t ; protective front comprises a set of points of the moving 

test a collision with the workpiece resulting from the cutting tool that prevents other points of the moving 
determined colliding sweep , the testing comprising : 40 cutting tool from colliding with a solid at a position on 
determining whether the colliding sweep intersects the the trajectory , wherein at a given time t , the protective 
workpiece , and if the colliding sweep is determined as front protectFront ( t ) is a subset of Sprotect defined by : 
intersecting the workpiece , detecting a collision ; and [ protectFront ( t ) = { xeSprotecti < Rot ( t ) n ( x ) , alatTraj ( t ) = t 

x > 0 } . ] a graphical user interface coupled with the processor , the 
graphical user interface configured to request the pro- 45 
cessor to simulate machining of the subject workpiece . 

6. The system of claim 5 , wherein the processor is a GPU protectFrondt ) = { s Sproveri ( Rott ) n ( x ) , õp Trajtx ) 20 ) . ( Graphical Processing Unit ) . 
7. A computer program product , comprising : 
a non - transitory computer readable storage medium , the 50 wherein Sprotect is a boundary of the [ protective front ] 

computer readable storage medium having instructions non - cutting part which is not in a boundary of the 
configured for simulating the machining of a subject cutting [ part ] tool , < u , v > denotes a scalar product 
workpiece with a cutting tool having a cutting part and between vectors u and v , Traj ( t ) denotes a trajectory of 
a non - cutting part by : the cutting tool at the given time t , and Rot ( t ) denotes 

providing a modeled volume representing ( i ) the subject 55 a rotation component of the trajectory at the given time 
workpiece and ( ii ) a trajectory of the cutting tool , the 
non - cutting part of the cutting tool having a non - cutting testing a collision with the subject workpiece resulting 
front ; from the determined colliding sweep , the testing com 

determining a colliding sweep of the cutting tool , wherein prising : determining whether the colliding sweep inter 
the colliding sweep represents volume swept by the 60 sects the workpiece , and if the colliding sweep is 
non - cutting front of the cutting tool when the cutting determined as intersecting the workpiece , detecting a 
tool follows the trajectory , and wherein determining the collision . 
colliding sweep comprises dissociating motion of the 9. The method of claim 8 , wherein determining the 
cutting part and motion of the non - cutting part , the colliding sweep further comprises determining volume 
dissociating motion includes determining volume 65 swept by the non - cutting part . 
swept by the non - cutting front when the cutting tool is 10. The method of claim 9 , wherein the subject workpiece 
moving to follow the trajectory at a given time t , is represented by a set of dexels , each dexel comprising a set 
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of segments representing the intersection between a line and 15. The system of claim 14 , wherein the subject work 
the subject workpiece , and wherein testing the collision piece is represented by a set of dexels , each dexel compris 
comprises , for a respective dexel : ing a set of segments representing the intersection between 

determining segments of the set of segments of the a line and the subject workpiece , and the processor is further 
respective dexel that intersect the volume swept by the 5 configured to test the collision for a respective dexel , by : 
protective front , determining segments of the set of segments of the updating the respective dexel based on the determined respective dexel that intersect the volume swept by the segments , and protective front , evaluating if the determined segments as updated intersect updating the respective dexel based on the determined the volume swept by the non - cutting part . 

11. The method of claim 10 , wherein the cutting part is segments , and 
evaluating if the determined segments as updated intersect convex , the determined segments are ordered , and updating the volume swept by the non - cutting part . the respective dexel comprises : 

shortening a segment of minimal order that intersects the 16. The system of claim 15 , wherein the cutting part is 
volume swept by the protective front , convex , the determined segments are ordered , and updating 

shortening a segment of maximal order that intersects the the respective dexel comprises : 
volume swept by the protective front , and shortening a segment of minimal order that intersects the 

removing all segments between the segment of minimal volume swept by the protective front , 
order and the segment of maximal order . shortening a segment of maximal order that intersects the 

12. A CAM system for simulating machining of a work- 20 volume swept by the protective front , and removing all 
piece comprising : segments between the segment of minimal order and 

a processor coupled with memory to simulate machining the segment of maximal order . 
of a subject workpiece with a cutting tool having a 17. A computer program product , comprising : 
cutting part , a non - cutting part , and a protective front , a non - transitory computer readable storage medium , the 
the processor configured to : computer readable storage medium having instructions 

provide a modeled volume representing ( i ) the subject configured for simulating the machining of a subject 
workpiece and ( ii ) a trajectory of the cutting tool ; workpiece with a cutting tool having a cutting part and determine a colliding sweep of the cutting tool , wherein a non - cutting part by : determining the colliding sweep comprises dissociating providing a modeled volume representing ( i ) the subject motion of the cutting part and motion of the non - cutting 30 workpiece and ( ii ) a trajectory of the cutting tool , the part , and the dissociating motion includes determining cutting tool having a protective front ; volume swept by the protective front when the cutting 
tool is moving to follow the trajectory , wherein the determining a colliding sweep of the cutting tool , wherein 
protective front comprises a set of points of the moving determining the colliding sweep comprises dissociating 
cutting tool that prevents other points of the moving 35 motion of the cutting part and motion of the non - cutting 
cutting tool from colliding with a solid at a position on part , and the dissociating motion includes determining 
the trajectory , wherein at a given time t , the protective volume swept by the protective front when the cutting 
front protectFront ( t ) is a subset of S , tool is moving to follow the trajectory , wherein the defined by : protect 

[ protectFront ( t ) = { xeSprotect ; < Rot ( t ) n ( x ) , a / atTraj ( t ) protective front comprises a set of points of the moving 
x > 0 } ] cutting tool that prevents other points of the moving 

cutting tool from colliding with a solid at a position on 
the trajectory , wherein at a given time t , the protective 

protectFront ( t ) { xe Spower : Rot ( ) ( x ) , Trai ( x > 0 ) front protectFront ( t ) is a subset of Sprotect defined by : 
[ protectFront ( t ) = { xeSprotect ; < Rot ( t ) n ( x ) , a / atTraj ( t ) 
x > 0 } ] 

wherein Sprotect is a boundary of the [ protective front ] 
non - cutting part which is not in a boundary of the 
cutting ( part ] tool , < u , v > denotes a scalar product at between vectors u and v , Traj ( t ) denotes a trajectory of 
the cutting tool at the given time t , and Rot ( t ) denotes 
a rotation component of the trajectory at the given time wherein Sprotect is a boundary of the [ protective front ] 
t ; and non - cutting part which is not in a boundary of the 

test a collision with the workpiece resulting from the cutting [ part ] tool , < u , v > denotes a scalar product determined colliding sweep , the testing comprising : between vectors u and v , Traj ( t ) denotes a trajectory of determining whether the colliding sweep intersects the the cutting tool at the given time t , and Rot ( t ) denotes workpiece , and if the colliding sweep is determined as a rotation component of the trajectory at the given time intersecting the workpiece , detecting a collision ; and 
a graphical user interface coupled with the processor , the 

graphical user interface configured to request the pro testing a collision with the subject workpiece resulting 
from the determined colliding sweep , the testing com cessor to simulate machining of the subject workpiece . 

13. The system of claim 12 , wherein the processor is a prising : determining whether the colliding sweep inter 
GPU ( Graphical Processing Unit ) . sects the workpiece , and if the colliding sweep is 

14. The system of claim 12 , wherein the processor is determined as intersecting the workpiece , detecting a 
collision . further configured to determine the colliding sweep includ 

ing determining volume swept by the non - cutting part . 
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