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Some People Need Both!

(Bigler et al. 2006)

Bigler etal. / ACaseStudy: VisualizingMaterial PointMethodData

Figure 9: By varying the threshold of the Laplacian to be
countedasanedgewecanchangehowmanyedgesaredis-
played. The data visualized is a 9 mmbullet just prior to
strikingamodel of thehumantorso. Several componentsof
thetorsohavebeen removed toprovideaviewof theblood
contained in theheart. TheimagesarereferredtoasA (top
left), B (top right), C (bottomleft), and D (bottomright).
Image A shows no silhouettes. Image B and C show pro-
gressivelymoreandmoreedges. ImageD showsall thede-
tectableedges. Framerates to render imageA, B, andC at
500x500are2.25f/s, 2.22f/s, and2.22f/srespectively.

4. User Experience

Theability tovisualizelargeparticledatasets inaninterac-
tivemannerprovidestheresearchscientistwithasetof tools
thathasvaluebothincodedevelopmentaswell asdataanal-
ysis. TheMaterial Point Method is unique among particle
methods in that it (typically) uses aCartesianmeshas part
of thesolutionprocess. Thismeshcanalsobeexploited for
datavisualization, bymakinguseof techniquessuchas iso-
surfacingandvolumerendering. Thesetechniquesarevalu-
ableforcertainapplicationsandaudiences,buteachinvolves
adegreeof compromise.Ontheotherhand, theparticlesare
where thedatanatively reside, and as such, a clear visual-
izationof themgives themost faithful representationof the
data.

Themostobvious, andperhapsmostoftenutilized, value
of this capability is seen in debugging. Likeany computa-
tional method, MPM is occasionally subject to ill-behaved
solutions. Understanding the cause of these often requires
interrogatingthedatawhereit lives, at theparticles. For ex-
ample, oneof theprimary applicationsof ourMPM codeis

in thesimulation of energetic devices reacting and explod-
ing. These are complicated simulations that frequently in-
volveseveral millionparticles, someof whichrepresent the
explosivematerial,whileothersrepresentthesteel container
inwhichthatmaterial ishoused. If, duringthecourseof the
simulation, even one of those particles is accelerated to a
physically unrealistic velocity during theexplosion, (as oc-
casionally happenswhenaparticlewhosemasshasbecome
toosmall), theprogressof thesimulationisessentiallyhalted
duetotimesteppingconstraints.Themethodsdescribedhere
allow the investigator to interact with thoseseveral million
particlesandfindtheonethatisthecauseof thefailure.Most
importantly, aclear imagecanbeobtainedof that particle’s
physical state, and its spatial relationship to the rest of the
domain.

Of course, thesesimulationsarefrequentlysuccessful and
give data that is scientifically interesting. One characteris-
tic thatwasnot recognizedusingother visualizations is the
flowof theexplosivematerial that takesplaceduringthere-
action, prior to the ruptureof thecontainer (seeFigures 6,
7, and 10). Namely, thehigh pressure that results fromthe
reacted explosive compresses the remaining explosive that
thengives riseto instabilitiesandflowwithin thatmaterial.
The relative ease one can observe the particle field evolv-
ing temporally makes such observations far moreapparent
than they would be using any of the other available tools.
Currently thiscanonlybedoneusingtheray tracingsystem
designedtovisualizeMPM data.



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Some People Need Both!

(Bigler et al. 2006)

Bigler etal. / ACaseStudy: VisualizingMaterial PointMethodData

Figure 9: By varying the threshold of the Laplacian to be
countedasanedgewecanchangehowmanyedgesaredis-
played. The data visualized is a 9 mmbullet just prior to
strikingamodel of thehumantorso. Several componentsof
thetorsohavebeen removed toprovideaviewof theblood
contained in theheart. TheimagesarereferredtoasA (top
left), B (top right), C (bottomleft), and D (bottomright).
Image A shows no silhouettes. Image B and C show pro-
gressivelymoreandmoreedges. ImageD showsall thede-
tectableedges. Framerates to render imageA, B, andC at
500x500are2.25f/s, 2.22f/s, and2.22f/srespectively.

4. User Experience

Theability tovisualizelargeparticledatasets inaninterac-
tivemannerprovidestheresearchscientistwithasetof tools
thathasvaluebothincodedevelopmentaswell asdataanal-
ysis. TheMaterial Point Method is unique among particle
methods in that it (typically) uses aCartesianmeshas part
of thesolutionprocess. Thismeshcanalsobeexploited for
datavisualization, bymakinguseof techniquessuchas iso-
surfacingandvolumerendering. Thesetechniquesarevalu-
ableforcertainapplicationsandaudiences,buteachinvolves
adegreeof compromise.Ontheotherhand, theparticlesare
where thedatanatively reside, and as such, a clear visual-
izationof themgives themost faithful representationof the
data.

Themostobvious, andperhapsmostoftenutilized, value
of this capability is seen in debugging. Likeany computa-
tional method, MPM is occasionally subject to ill-behaved
solutions. Understanding the cause of these often requires
interrogatingthedatawhereit lives, at theparticles. For ex-
ample, oneof theprimary applicationsof ourMPM codeis

in thesimulation of energetic devices reacting and explod-
ing. These are complicated simulations that frequently in-
volveseveral millionparticles, someof whichrepresent the
explosivematerial,whileothersrepresentthesteel container
inwhichthatmaterial ishoused. If, duringthecourseof the
simulation, even one of those particles is accelerated to a
physically unrealistic velocity during theexplosion, (as oc-
casionally happenswhenaparticlewhosemasshasbecome
toosmall), theprogressof thesimulationisessentiallyhalted
duetotimesteppingconstraints.Themethodsdescribedhere
allow the investigator to interact with thoseseveral million
particlesandfindtheonethatisthecauseof thefailure.Most
importantly, aclear imagecanbeobtainedof that particle’s
physical state, and its spatial relationship to the rest of the
domain.

Of course, thesesimulationsarefrequentlysuccessful and
give data that is scientifically interesting. One characteris-
tic thatwasnot recognizedusingother visualizations is the
flowof theexplosivematerial that takesplaceduringthere-
action, prior to the ruptureof thecontainer (seeFigures 6,
7, and 10). Namely, thehigh pressure that results fromthe
reacted explosive compresses the remaining explosive that
thengives riseto instabilitiesandflowwithin thatmaterial.
The relative ease one can observe the particle field evolv-
ing temporally makes such observations far moreapparent
than they would be using any of the other available tools.
Currently thiscanonlybedoneusingtheray tracingsystem
designedtovisualizeMPM data.



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Some People Need Both!

(Bigler et al. 2006)

Bigler etal. / ACaseStudy: VisualizingMaterial PointMethodData

Figure 9: By varying the threshold of the Laplacian to be
countedasanedgewecanchangehowmanyedgesaredis-
played. The data visualized is a 9 mmbullet just prior to
strikingamodel of thehumantorso. Several componentsof
thetorsohavebeen removed toprovideaviewof theblood
contained in theheart. TheimagesarereferredtoasA (top
left), B (top right), C (bottomleft), and D (bottomright).
Image A shows no silhouettes. Image B and C show pro-
gressivelymoreandmoreedges. ImageD showsall thede-
tectableedges. Framerates to render imageA, B, andC at
500x500are2.25f/s, 2.22f/s, and2.22f/srespectively.

4. User Experience

Theability tovisualizelargeparticledatasets inaninterac-
tivemannerprovidestheresearchscientistwithasetof tools
thathasvaluebothincodedevelopmentaswell asdataanal-
ysis. TheMaterial Point Method is unique among particle
methods in that it (typically) uses aCartesianmeshas part
of thesolutionprocess. Thismeshcanalsobeexploited for
datavisualization, bymakinguseof techniquessuchas iso-
surfacingandvolumerendering. Thesetechniquesarevalu-
ableforcertainapplicationsandaudiences,buteachinvolves
adegreeof compromise.Ontheotherhand, theparticlesare
where thedatanatively reside, and as such, a clear visual-
izationof themgives themost faithful representationof the
data.

Themostobvious, andperhapsmostoftenutilized, value
of this capability is seen in debugging. Likeany computa-
tional method, MPM is occasionally subject to ill-behaved
solutions. Understanding the cause of these often requires
interrogatingthedatawhereit lives, at theparticles. For ex-
ample, oneof theprimary applicationsof ourMPM codeis

in thesimulation of energetic devices reacting and explod-
ing. These are complicated simulations that frequently in-
volveseveral millionparticles, someof whichrepresent the
explosivematerial,whileothersrepresentthesteel container
inwhichthatmaterial ishoused. If, duringthecourseof the
simulation, even one of those particles is accelerated to a
physically unrealistic velocity during theexplosion, (as oc-
casionally happenswhenaparticlewhosemasshasbecome
toosmall), theprogressof thesimulationisessentiallyhalted
duetotimesteppingconstraints.Themethodsdescribedhere
allow the investigator to interact with thoseseveral million
particlesandfindtheonethatisthecauseof thefailure.Most
importantly, aclear imagecanbeobtainedof that particle’s
physical state, and its spatial relationship to the rest of the
domain.

Of course, thesesimulationsarefrequentlysuccessful and
give data that is scientifically interesting. One characteris-
tic thatwasnot recognizedusingother visualizations is the
flowof theexplosivematerial that takesplaceduringthere-
action, prior to the ruptureof thecontainer (seeFigures 6,
7, and 10). Namely, thehigh pressure that results fromthe
reacted explosive compresses the remaining explosive that
thengives riseto instabilitiesandflowwithin thatmaterial.
The relative ease one can observe the particle field evolv-
ing temporally makes such observations far moreapparent
than they would be using any of the other available tools.
Currently thiscanonlybedoneusingtheray tracingsystem
designedtovisualizeMPM data.



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Some People Need Both!

(Bigler et al. 2006)

Bigler etal. / ACaseStudy: VisualizingMaterial PointMethodData

Figure 9: By varying the threshold of the Laplacian to be
countedasanedgewecanchangehowmanyedgesaredis-
played. The data visualized is a 9 mmbullet just prior to
strikingamodel of thehumantorso. Several componentsof
thetorsohavebeen removed toprovideaviewof theblood
contained in theheart. TheimagesarereferredtoasA (top
left), B (top right), C (bottomleft), and D (bottomright).
Image A shows no silhouettes. Image B and C show pro-
gressivelymoreandmoreedges. ImageD showsall thede-
tectableedges. Framerates to render imageA, B, andC at
500x500are2.25f/s, 2.22f/s, and2.22f/srespectively.

4. User Experience

Theability tovisualizelargeparticledatasets inaninterac-
tivemannerprovidestheresearchscientistwithasetof tools
thathasvaluebothincodedevelopmentaswell asdataanal-
ysis. TheMaterial Point Method is unique among particle
methods in that it (typically) uses aCartesianmeshas part
of thesolutionprocess. Thismeshcanalsobeexploited for
datavisualization, bymakinguseof techniquessuchas iso-
surfacingandvolumerendering. Thesetechniquesarevalu-
ableforcertainapplicationsandaudiences,buteachinvolves
adegreeof compromise.Ontheotherhand, theparticlesare
where thedatanatively reside, and as such, a clear visual-
izationof themgives themost faithful representationof the
data.

Themostobvious, andperhapsmostoftenutilized, value
of this capability is seen in debugging. Likeany computa-
tional method, MPM is occasionally subject to ill-behaved
solutions. Understanding the cause of these often requires
interrogatingthedatawhereit lives, at theparticles. For ex-
ample, oneof theprimary applicationsof ourMPM codeis

in thesimulation of energetic devices reacting and explod-
ing. These are complicated simulations that frequently in-
volveseveral millionparticles, someof whichrepresent the
explosivematerial,whileothersrepresentthesteel container
inwhichthatmaterial ishoused. If, duringthecourseof the
simulation, even one of those particles is accelerated to a
physically unrealistic velocity during theexplosion, (as oc-
casionally happenswhenaparticlewhosemasshasbecome
toosmall), theprogressof thesimulationisessentiallyhalted
duetotimesteppingconstraints.Themethodsdescribedhere
allow the investigator to interact with thoseseveral million
particlesandfindtheonethatisthecauseof thefailure.Most
importantly, aclear imagecanbeobtainedof that particle’s
physical state, and its spatial relationship to the rest of the
domain.

Of course, thesesimulationsarefrequentlysuccessful and
give data that is scientifically interesting. One characteris-
tic thatwasnot recognizedusingother visualizations is the
flowof theexplosivematerial that takesplaceduringthere-
action, prior to the ruptureof thecontainer (seeFigures 6,
7, and 10). Namely, thehigh pressure that results fromthe
reacted explosive compresses the remaining explosive that
thengives riseto instabilitiesandflowwithin thatmaterial.
The relative ease one can observe the particle field evolv-
ing temporally makes such observations far moreapparent
than they would be using any of the other available tools.
Currently thiscanonlybedoneusingtheray tracingsystem
designedtovisualizeMPM data.



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Feature Line Types

Intersection lines: two objects intersect and form a seam

Silhouette lines (or edges): the edge of an object lies against
the background, a different object, or a further part of itself
(i.e. a self-occluding silhouette)

Crease lines: an object has a sharp corner (a discontinuity in
the gradient of the normal field)



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Feature Line Types

Intersection lines: two objects intersect and form a seam

Silhouette lines (or edges): the edge of an object lies against
the background, a different object, or a further part of itself
(i.e. a self-occluding silhouette)

Crease lines: an object has a sharp corner (a discontinuity in
the gradient of the normal field)



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Feature Line Types

Intersection lines: two objects intersect and form a seam

Silhouette lines (or edges): the edge of an object lies against
the background, a different object, or a further part of itself
(i.e. a self-occluding silhouette)

Crease lines: an object has a sharp corner (a discontinuity in
the gradient of the normal field)



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

Ray tracing deals in “physical” primitives: sphere, cone, torus,
disc, triangle, etc.

Lines are not physical—they have no breadth

Can try “line-like” primitives, e.g. thin cylinders and toruses



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

Ray tracing deals in “physical” primitives: sphere, cone, torus,
disc, triangle, etc.

Lines are not physical—they have no breadth

Can try “line-like” primitives, e.g. thin cylinders and toruses



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

Ray tracing deals in “physical” primitives: sphere, cone, torus,
disc, triangle, etc.

Lines are not physical—they have no breadth

Can try “line-like” primitives, e.g. thin cylinders and toruses



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

But geometry doesn’t work as lines!



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

But geometry doesn’t work as lines!



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

But geometry doesn’t work as lines!



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

We would like to

draw non-physical lines

with constant width in screen space

i.e. we want to rasterize lines



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

We would like to

draw non-physical lines

with constant width in screen space

i.e. we want to rasterize lines



Ray Tracing NPR-Style Feature Lines

Motivation

Feature Lines

Lines in Ray Tracing?

We would like to

draw non-physical lines

with constant width in screen space

i.e. we want to rasterize lines



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Algorithm Overview

(Figure courtesy of Thiago Ize)

Camera rays cast through
the image plane, striking the
scene at intersection points

Secondary rays cast from
the intersection points for
secondary effects (shadows,
reflections, etc.)

Sample colors computed
from ray results and shading
model

Final image assembled from
filtered sample colors



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Algorithm Overview

(Figure courtesy of Thiago Ize)

Camera rays cast through
the image plane, striking the
scene at intersection points

Secondary rays cast from
the intersection points for
secondary effects (shadows,
reflections, etc.)

Sample colors computed
from ray results and shading
model

Final image assembled from
filtered sample colors



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Algorithm Overview

(Figure courtesy of Thiago Ize)

Camera rays cast through
the image plane, striking the
scene at intersection points

Secondary rays cast from
the intersection points for
secondary effects (shadows,
reflections, etc.)

Sample colors computed
from ray results and shading
model

Final image assembled from
filtered sample colors



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Algorithm Overview

(Figure courtesy of Thiago Ize)

Camera rays cast through
the image plane, striking the
scene at intersection points

Secondary rays cast from
the intersection points for
secondary effects (shadows,
reflections, etc.)

Sample colors computed
from ray results and shading
model

Final image assembled from
filtered sample colors



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Navigating Screen Space

Camera rays determine
visibility

Parameterized by camera
position and pixel position;
i.e., they live in screen space

With a way to

1 detect feature lines, and
2 measure distances in

screen space

we can incorporate feature
line rendering into a ray
tracer.



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Navigating Screen Space

Camera rays determine
visibility

Parameterized by camera
position and pixel position;
i.e., they live in screen space

With a way to

1 detect feature lines, and
2 measure distances in

screen space

we can incorporate feature
line rendering into a ray
tracer.



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Navigating Screen Space

?

Camera rays determine
visibility

Parameterized by camera
position and pixel position;
i.e., they live in screen space

With a way to

1 detect feature lines, and

2 measure distances in
screen space

we can incorporate feature
line rendering into a ray
tracer.



Ray Tracing NPR-Style Feature Lines

Method

Background

Ray Tracing
Navigating Screen Space

Camera rays determine
visibility

Parameterized by camera
position and pixel position;
i.e., they live in screen space

With a way to

1 detect feature lines, and
2 measure distances in

screen space

we can incorporate feature
line rendering into a ray
tracer.



Ray Tracing NPR-Style Feature Lines

Method

Background

Detecting Feature Lines

Intersection Lines



Ray Tracing NPR-Style Feature Lines

Method

Background

Detecting Feature Lines

Silhouettes



Ray Tracing NPR-Style Feature Lines

Method

Background

Detecting Feature Lines

Self-occluding Silhouettes



Ray Tracing NPR-Style Feature Lines

Method

Background

Detecting Feature Lines

Creases



Ray Tracing NPR-Style Feature Lines

Method

Background

Measuring Distances
Cone Tracing (Amanatides 1984)

Trace a cone instead of a
ray; footprint is circle
instead of point

Used for non-singular scene
coverage: anti-aliasing,
glossy reflections, etc.

We borrow the idea of a ray
having a radius; our notion
of non-physical feature lines
exists over some area of the
image.



Ray Tracing NPR-Style Feature Lines

Method

Background

Measuring Distances
Cone Tracing (Amanatides 1984)

Trace a cone instead of a
ray; footprint is circle
instead of point

Used for non-singular scene
coverage: anti-aliasing,
glossy reflections, etc.

We borrow the idea of a ray
having a radius; our notion
of non-physical feature lines
exists over some area of the
image.



Ray Tracing NPR-Style Feature Lines

Method

Background

Measuring Distances
Cone Tracing (Amanatides 1984)

Trace a cone instead of a
ray; footprint is circle
instead of point

Used for non-singular scene
coverage: anti-aliasing,
glossy reflections, etc.

We borrow the idea of a ray
having a radius; our notion
of non-physical feature lines
exists over some area of the
image.



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Continuous Case

0.00

0.25

0.50

1.00

0.75

Estimate foreign geometry
area (FGA)

Intuition: edge must be
strong where FGA is 50%

Note: filter diameter equals
width of peak

Easiest way to create a line:
black where FGA > 0;
sample color where FGA = 0

More generally: determine
darkness of line as a
function of FGA; i.e. use an
edge strength metric



Ray Tracing NPR-Style Feature Lines

Method

Background

Drawing Feature Lines
Ray Stencils

Approximate filter by
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h is a distance in screen
space (measured in pixels,
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Increase sampling density by
packing more rings of
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counting which rays hit
what.

Red samples form finite
difference stencil
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Compute and shade sample rays as normal

Compute edge strengths at each sample point

Multiply shaded image with inverse edge strength image
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