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Contexte et objectifs 
Contexte : Simulation des topographies de surface  / fonctions techniques 

Moteurs (frottement, étanchéité, intégrité de surface) Prothèse médicale 
 (frottement, innocuité)  
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Verres solaires  
(optiques) 

Mesure Simulation 

Ecarts géométriques de l’ordre du µm, temps de simulation ordre de 10 minutes   



Contexte et objectifs 

Besoins : Simulation réaliste des topographies de surfaces 
usinées par plusieurs opérations successives 
 
!  Géométrie réelle des outils (dents, usure, bris, etc.) 

 
!  Ecarts dus au processus d’usinage 

!  numériques,  
!  géométriques, 
!  mécaniques  

 
!  Simulation des surfaces fabriquées par des procédés d’abrasion 
! Chaque grain est un outil, maillage des grains 

(diamètre 50 µm à 1 µm) 

posi%on'mesurée'

capteur'

usinage'

correc%on'
amplifica%on'

consignes'
posi%ons'

alimenta%on'
moteur':'U'
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Problématique 

Présentation du calcul 
•  Partition de l’espace en une grille de N x M droites  

•  Outil discrétisé en T triangles 
•  Trajectoire avec P positionnements 

•  Complexité : N x M x T x P 
•  Exemple : N=M=1024 ; T=104 ; P = 105 

!  Nb opérations ≈ 1015 
!   Occupation mémoire > 10 Go 

 
•  Problème adapté au calcul parallèle 
•  Opération élémentaire relativement simple 
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Architecture CUDA 

CUDA (Compute Unifed Device Architecture)  
Architecture logicielle et matérielle qui permet au cartes graphiques Nvidia 
d’exécuter des programmes écrits en C, C++ ou autres langages. 

•  Chaque thread exécute une instance  
du programme et possède un identifiant 

•  Chaque thread accède à un espace mémoire 
réservé réduit mais très rapide 

 
•  Les threads peuvent être organisés en blocs 

et coopèrent entre eux par synchronisation 
•  Tous les threads d’un même bloc partagent  

un espace mémoire commun (plus lent) 

•  Tous les blocs accèdent à la mémoire globale 
(encore plus lent) 
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Simulation multi-échelles 
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!

Calculs grande échelle (P=2.105, T=2.103) 
(macro géométrie) 

•  Thread à granularité élevée 
•  1 thread = 1 Triangle * Brins 
•  Speed-up 64-bit : x5  

1024 brins 

10
24

 b
rin
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Calculs petite échelle  
(micro géométrie) 

•  Thread à granularité élevée 
•  1 thread =1 Brin 
•  Speed-up 64-bit : x4  

 
 

1024 brins 

10
24
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x64 zoom  
 

Scroll down = x2 
(re computation time : 1000 ms) 

… 



Calculs simple et double précision sur GPU 
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!!
Random Spiral Ebauche Finition 

Amélioration des performances en simple précision 

 32-bit 64-bit 32-bit 64-bit

Intel&Xeon&(6&coeurs) 10,2 2,6 4,4 2,9
AMD&Phantom&(4&cœurs) 35,5 9,0 15,1 10,0

GeForce GTX 560 Ti Quadro 4000



Objectifs SIMSURF 2 

!  Intégrer l’échelle inférieure pour simuler les états de surface 
produits par abrasion 
•  Modélisation polyédrique des grains ou identification par la mesure 
•  Taille du maillage très importante  
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4. MODELLING OF SINGLE GRAIN CUTTING  

The cutting test set-up presented a design challenge in the form of the ratio of the 
involved length scales. The edges of the diamond are 50 to 100 times longer than the depth 
of cut, ranging from 0.5 to 10 µm. For a faithful representation of the problem geometry, 
one has either to generate a huge amount of nodes, to decrease the node density and thereby 
the accuracy or scale the problem geometry. Due to the linear dependence of the cutting 
force on the chip width, a scaling of the diamond geometry perpendicular to the cutting 
direction has been chosen. In this case, the diamond edges are scaled down to an edge 
length of 50 µm. The validation simulations using cubic grains showed no significant 
influence on the scaled cutting forces. 

The used diamond shapes are shown in Fig. 3. The geometries 3a and 3b show  
a hexa-octoedric diamond which was also used in the experiments. In case 3a, the diamond 
is placed on a hexahedral face with a rectangular face as the main cutting face. In case 3b, 
the grain is placed on the rectangular face. The cube in Fig. 3c is used for multiple grain 
cutting simulations due to lower computational cost. 

 
Fig. 3. Cutting Grain Geometry 

 
 

The work piece is modelled with a length LWP of 0.5 mm, a height HWP of 0.03mm and  
a width WWP of 0.2 mm. The work piece is discretised with a mesh density of 8·106 

3nodes/mm for cubes with zero pitch angle, respectively 64•106 3nodes/mm  for surfaces with 
a rake angle larger than zero. The cutting depth D is chosen as 10 µm. The simulation setup 
can be seen in Fig. 4. 

In order to model the high strains and strain rates in the cutting process a Johnson-
Cook Material Model [11] is chosen: 
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Représentation polyédrique d’un grain abrasif [1] 
 
Papier abrasif P600 :  
•  taille des grains 25 µm 
•  taille de maille <2,5µm 
  

[1] N. RUTTIMANN, S. BUHL, and K. WEGENER. Simulation of single grain 
cutting using sph method. Journal of machine enginering, 10(3):17–29, 2010. 



Objectifs SIMSURF 2 

!  Intégrer l’échelle inférieure pour simuler les états de surface 
produits par abrasion 
•  Modélisation polyédrique des grains ou identification par la mesure 
•  Taille du maillage très importante  
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Objectif X20 : 
Résolution verticale : 48 nm 
Résolution latérale : 2,9 µm  

Objectif X50 : 
Résolution verticale : 21 nm 
Résolution latérale : 2,13 µm  

Objectif X5 : 
Résolution verticale : 101 nm 
Résolution latérale : 14 µm  

Mesure d’un papier abrasif P600 (disque �18mm)  



Objectifs SIMSURF 2 

•  Implémenter un modèle stochastique pour simuler des pertes de 
particules abrasives, intégrer leur usure 
•  Evolution de l’abrasif au cours du temps 
!  Remise en cause des stratégies de parallélisme 
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Photo (0,5 mm x 0,5 mm) Alicona (0,5 mm x 0,5 mm) MEB (0,5 mm x 0,5 mm) 

Abrasif  
neuf 

Après  
6 minutes 



Objectifs SIMSURF 2 

•  Diminuer le temps de simulation car taille du problème trop 
importante : discrétisation trajectoire x modèle outil 

1.  Utiliser des clusters de cartes ou des cartes plus performantes 
•  GeForce GTX Titan Z (2 cartes GTX Titan)  

 

2.  Modifier le moteur de calcul pour utiliser des librairies natives 
NVIDIA® OPTIX™ RAY TRACING ENGINE 
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Cœurs 
CUDA 

Fréquence Mémoire Bande 
passante 

GFLOPS 
simple précision 

GTX 560 384 1,76 GHz 1 Go 128 Go/s 1264 

TITAN Z 5760 876 MHz 12 Go 672 Go/s 8122 



OPTIX™ RAY TRACING ENGINE 

Un moteur de Ray Tracing à usage général 
•  Utilisation de la technique de lancer de rayons pour :  

-  rendu, détection de collisions, étude de visibilité … 

•  Une infrastructure modulable pour construire des applications à base de lancés 
de rayons 

•  Deux parties complémentaires : 
1.  Définition d’une structure de données pour le lancé de rayon 
2.  Un système de programmation C/Cuda pour construire des rayons, 

calculer les intersections et traiter ces intersections. 
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OptiX: A General Purpose Ray Tracing Engine

Steven G. Parker1⇤ James Bigler1 Andreas Dietrich1 Heiko Friedrich1 Jared Hoberock1 David Luebke1

David McAllister1 Morgan McGuire1,2 Keith Morley1 Austin Robison1 Martin Stich1

NVIDIA1 Williams College2

Figure 1: Images from various applications built with OptiX. Top: Physically based light transport through path tracing. Bottom: Ray tracing
of a procedural Julia set, photon mapping, large-scale line of sight and collision detection, Whitted-style ray tracing of dynamic geometry,
and ray traced ambient occlusion. All applications are interactive.

Abstract

The NVIDIA® OptiX™ ray tracing engine is a programmable sys-
tem designed for NVIDIA GPUs and other highly parallel archi-
tectures. The OptiX engine builds on the key observation that
most ray tracing algorithms can be implemented using a small set
of programmable operations. Consequently, the core of OptiX
is a domain-specific just-in-time compiler that generates custom
ray tracing kernels by combining user-supplied programs for ray
generation, material shading, object intersection, and scene traver-
sal. This enables the implementation of a highly diverse set of
ray tracing-based algorithms and applications, including interactive
rendering, offline rendering, collision detection systems, artificial
intelligence queries, and scientific simulations such as sound prop-
agation. OptiX achieves high performance through a compact ob-
ject model and application of several ray tracing-specific compiler
optimizations. For ease of use it exposes a single-ray programming
model with full support for recursion and a dynamic dispatch mech-
anism similar to virtual function calls.

CR Categories: I.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism; D.2.11 [Software Architectures]: Domain-
specific architectures; I.3.1 [Computer Graphics]: Hardware
Architectures—;

Keywords: ray tracing, graphics systems, graphics hardware

⇤e-mail: sparker@nvidia.com

1 Introduction

To address the problem of creating an accessible, flexible, and effi-
cient ray tracing system for many-core architectures, we introduce
OptiX, a general purpose ray tracing engine. This engine combines
a programmable ray tracing pipeline with a lightweight scene rep-
resentation. A general programming interface enables the imple-
mentation of a variety of ray tracing-based algorithms in graphics
and non-graphics domains, such as rendering, sound propagation,
collision detection and artificial intelligence.

In this paper, we discuss the design goals of the OptiX engine as
well as an implementation for NVIDIA Quadro®, GeForce®, and
Tesla® GPUs. In our implementation, we compose domain-specific
compilation with a flexible set of controls over scene hierarchy, ac-
celeration structure creation and traversal, on-the-fly scene update,
and a dynamically load-balanced GPU execution model. Although
OptiX currently targets highly parallel architectures, it is applica-
ble to a wide range of special- and general-purpose hardware and
multiple execution models.

To create a system for a broad range of ray tracing tasks, several



OPTIX™ RAY TRACING ENGINE 

 
 
 
 
 
 
 
 
 
 
L’aspect générique pénalise les performances par rapport à une 
implémentation manuelle. [2] 
!  Exploiter seulement l’API des intersections avec OptiX Prime 
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Figure 4: Right: A complete OptiX context for a simple scene with a pinhole camera, two objects and shadows. The ray generation
program implements the camera, while a miss program implements a constant white background. A single geometry group contains two
geometry instances with a single BVH built over all underlying geometry in the triangle mesh and ground plane. Two types of geometry are
implemented, a triangle mesh and a parallelogram, each with their own set of intersection and bounding box programs. The two geometry
instances share a single material that implements a diffuse lighting model and fully attenuates shadow rays via closest hit and any hit
programs, respectively. Left: Execution of the programs. 1. The ray generation program creates rays and traces them against the geometry
group, which initiates BVH traversal. 2. If the ray intersects with geometry, the closest hit program will be called after the hit point is found.
3. The material will spawn shadow rays and trace them against scene geometry. 4. When an intersection along the shadow ray is found, the
any hit program will terminate ray traversal and return to the calling program with shadow information. 5. If a ray does not intersect with
any scene geometry, the miss program will be called.

Group nodes contain zero or more (but usually two or more) chil-
dren of any node type. A group node has an acceleration structure
associated with it and can be used to provide the top level of a two-
level traversal structure.

Geometry Group nodes are the leaves of the graph and contain the
primitive and material objects described below. This node type also
has an acceleration structure associated with it. Any non-empty
scene will contain at least one geometry group.

Transform nodes have a single child of any node type, plus an as-
sociated 4⇥3 matrix that is used to perform an affine transformation
of the underlying geometry.

Selector nodes have zero or more children of any node type, plus a
single visit program that is executed to select among the available
children. Although not implemented in the current version of the
OptiX libraries, the node graph can be cyclic if the selector node is
used carefully to avoid infinite recursion.

3.2.2 Geometry and material objects

The bulk of the data is stored in the geometry nodes at the leaves of
the graph. These contain objects that define geometry and shading
operations. They may also have multiple parents, allowing material
and geometry information to be shared at multiple points in the
graph; for a complete example, see Figure 4.

Geometry Instance objects bind a geometry object to a set of ma-
terial objects. This is a common structure used by scene graphs to
keep geometric and shading information orthogonal.

Geometry objects contain a list of geometric primitives. Each ge-
ometry object is associated with a bounding box program and an
intersection program, both of which are shared among the geome-
try object’s primitives.

Material objects hold information about shading operations, in-
cluding programs called for each intersection as they are discovered

(any hit program) and for the intersection nearest to the origin of a
given ray (closest hit program).

3.3 Object and data model

OptiX employs a special-purpose object model designed to mini-
mize the constant data used by the programmable operations. In
contrast to an OpenGL system, where only a single combination
of shaders is used at a time. However, ray tracing can randomly
access object and material data. Therefore, instead of the uniform
variables employed by OpenGL shading languages, OptiX allows
any of the objects and nodes described above to carry an arbitrary
set of variables expressed as a typed name-value pair called a vari-
able. Variables are set by the client application and have read-only
access during the execution of a trace. Variables can be of scalar or
vector integer and floating point types (e.g., float3, int4) as well as
user-defined structs and references to buffers and texture samplers.

The inheritance mechanism for these variables is unique to OptiX.
Instead of a class-based inheritance model with a single self or this
pointer, the OptiX engine tracks the current geometry and material
objects and the current traversal node. Variable values are inherited
from the objects that are active at each point in the control flow. For
example, an intersection program will inherit definitions from the
geometry and geometry instance objects, in addition to global vari-
ables defined in the context. Conceptually, OptiX examines each
of these objects for a matching name/value pair when a variable is
accessed. This mechanism can be thought of as a generalization of
nested scoping found in most programming languages. It can also
be implemented quite efficiently in the just-in-time compiler.

As an example of how this is useful, consider an array of light
sources called lights. Typically, a user would define lights in the
context, the global scope of OptiX. This makes this value avail-
able in all shaders in the entire scene. However, if the lights for
a particular object need to be overridden, another variable of the
same name can be created and attached to the geometry instance
associated with that object. In this way, programs connected to that
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[2] S.Parker et al., ACM SIGGRAPH 2010 



OPTIX™ RAY TRACING ENGINE 

Optix Prime 
•  « You hand OptiX Prime a list of triangle and rays and it returns the 

intersections at over 300 million rays per second (on a single GPU),  
in 5 lines of code»  

 
 
Optix : différentes primitives (sphères, plans, triangles, etc.) 
Optix Prime : triangles seulement 
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 RTP_BUFFER_FORMAT_INDICES_INT3 
 RTP_BUFFER_FORMAT_VERTEX_FLOAT3, 
 
 RTP_BUFFER_FORMAT_RAY_ORIGIN_DIRECTION, 
 RTP_BUFFER_FORMAT_RAY_ORIGIN_TMIN_DIRECTION_TMAX, 
 
 RTP_BUFFER_FORMAT_HIT_T_TRIID_U_V 
 RTP_BUFFER_FORMAT_HIT_T_TRIID 



Conclusions 

Encore beaucoup de travail… 

1.  Amélioration des performances :  
•  Calcul multi cartes (opérationnel en janvier 2015) 
•  Exploitation d’OptiX prime (en cours) 

 
2.  Modélisation de l’abrasion (Stage de M2 2015) : 

•  Modélisation géométrique d’un grain 
•  Modélisation de l’usure  
•  Simulation de rayage  
•  Confrontation modèle / réel 
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