
Tuning Manifold Harmonics Filters
Thomas Lewiner,  Thales Vieira, Alex Bordignon, 
Allyson Cabral, Clarissa Marques, João Paixão,

Lis Custódio, Marcos Lage, Maria Andrade,
Renata Nascimento, Scarlett de Botton,

Sinésio Pesco, Hélio Lopes, Vinícius Mello,
Adelailson Peixoto, Dimas Martinez

PUC-Rio de Janeiro, UFAL & UFBA - Brazil

http://www.matmidia.mat.puc-rio.br/tomlew/
http://www.matmidia.mat.puc-rio.br/tomlew/
http://www.im.ufal.br/professor/thales/
http://www.im.ufal.br/professor/thales/
http://www.matmidia.mat.puc-rio.br/alexlaier/
http://www.matmidia.mat.puc-rio.br/alexlaier/
http://www.matmidia.mat.puc-rio.br/allyson/
http://www.matmidia.mat.puc-rio.br/allyson/
http://www.matmidia.mat.puc-rio.br/clarissa/
http://www.matmidia.mat.puc-rio.br/clarissa/
http://www.matmidia.mat.puc-rio.br/jarpao/
http://www.matmidia.mat.puc-rio.br/jarpao/
http://www.matmidia.mat.puc-rio.br/lisingrid/
http://www.matmidia.mat.puc-rio.br/lisingrid/
http://www.matmidia.mat.puc-rio.br/mlage/
http://www.matmidia.mat.puc-rio.br/mlage/
http://www.matmidia.mat.puc-rio.br/maria/
http://www.matmidia.mat.puc-rio.br/maria/
http://www.matmidia.mat.puc-rio.br/renata/index.html
http://www.matmidia.mat.puc-rio.br/renata/index.html
http://www.matmidia.mat.puc-rio.br/scarlett/
http://www.matmidia.mat.puc-rio.br/scarlett/
http://www.matmidia.mat.puc-rio.br/sinesio/
http://www.matmidia.mat.puc-rio.br/sinesio/
http://www.matmidia.mat.puc-rio.br/sinesio/
http://www.matmidia.mat.puc-rio.br/sinesio/
http://www.matmidia.mat.puc-rio.br/lopes/
http://www.matmidia.mat.puc-rio.br/lopes/
http://www.im.ufal.br/index.php?option=com_content&view=article&id=49&Itemid=49
http://www.im.ufal.br/index.php?option=com_content&view=article&id=49&Itemid=49
http://www.im.ufal.br/posgraduacao/posmat/modules.php?name=Content&pa=showpage&pid=12
http://www.im.ufal.br/posgraduacao/posmat/modules.php?name=Content&pa=showpage&pid=12


/ 32

Enhancing Music
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Music Clips / 3d Animation

2 Rios / Skank (Vetor Zero, Sibgrapi Video Festival 2003)
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Laborious Synchronization

motion capture or manual synchronization  
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Synchronized Visualization

procedural shapes from sound analysis
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Mixing Both Approaches

3d animations from music

7



/ 32

Contributions

sound analysis     ➙     3d animation
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Contributions

gallery of different effects
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Challenges
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• Manifold Harmonics Filters in real-time

• GPU implementation (Gallery x6)

• Sound/Mesh transfer function design

• Parameterization for gallery navigation
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Music Analysis

frequency (Fourier transform)
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Fourier on meshes?

Manifold Harmonics (B. Vallet and B. Lé́vy, CGF 2008)
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f(x) =
�

ω

f̂(ω) sin(ωx)

Harmonics Analysis

Fourier = decomposition with sin & cos
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one variable
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Manifold Harmonics

sin & cos: eigenvectors of
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Fourier = decomposition with sin & cos
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Manifold Harmonics
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Harmonics Filters
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Manifold Harmonics Filters

Vallet, Lévy 2008
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Tuning Filters

sound amplitudes ➙ filter
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Variations...
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Sound/Mesh Transfer

20

ϕ(k)

f̂(ω)

f(v) =
�

ω

f̂(ω) H√
ω(v)

f(v) =
�

ω

ϕ(k)x̂(v) Hk(v)



/ 32

Sound/Mesh Transfer
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Direct Transfer Editing

composition of t(ω) and a(k)
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Design Galleries

let the user choose!

23



/ 32

Gallery Reproduction

independent linear combinations of t(ω) and a(k)
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Realtime Galleries

several filters in realtime!
independent a and t ➙ less items
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GPU Implementation

Pre-processing
Manifold Harmonics Basis computation

Laplacian on CPU ➙ texture Hk 
Manifold Harmonics decomposition

x,y,z scalars on CPU ➙ texture x,y,z 
Remainder (high frequencies)

d vectors on CPU ➙ texture d

Filter
Transfer function

CPU ➙ texture φ 
Fragment program + render to vb

uniform sampler1D x̃ỹz̃;
uniform sampler2D dxyz;
uniform sampler3D Hk;
uniform sampler1D φ;
uniform float δk;

void main() {
vec3 texcoord = gl TexCoord[0].stp ;
vec3 pos = texture2D(dxyz,texcoord.st).xyz ;
for( float k=0.0; k ≤ 1.0; ) {

texcoord.p = k ;
vec4 H = texture3D(Hk, texcoord);
vec4 f = texture1D(φ, k);
vec3 x̃ỹz̃0 = texture1D(x̃ỹz̃, k).xyz ; k += δk ;
vec3 x̃ỹz̃1 = texture1D(x̃ỹz̃, k).xyz ; k += δk ;
vec3 x̃ỹz̃2 = texture1D(x̃ỹz̃, k).xyz ; k += δk ;
vec3 x̃ỹz̃3 = texture1D(x̃ỹz̃, k).xyz ; k += δk ;
pos += f[0] * H[0] * x̃ỹz̃0 + f[1] * H[1] * x̃ỹz̃1 +

f[2] * H[2] * x̃ỹz̃2 + f[3] * H[3] * x̃ỹz̃3 ;
}
gl FragColor.rgb = pos.xyz ;

}

GLSL (portability)
Textures coordinates: (x,y) ➙ vertex index, z ➙ k index.



Rendering Effects

• Normal enhancement

• Size-independent 
transfer function

• Beat detection

• Frequency decay

original N

recomputed N mixed N
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Results

synchronized 3d animation
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Limitations

Harmonic deformation (preserves texture, but...)
Current GPU’s allow 6 to 9 items in a simple gallery

Very raw sound analysis
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Next Steps

Use of tessellation shader or Nvidia-specific CUDA?
Better music analysis / camera & lighting control
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Sibgrapi 2011 at Maceió
http://www.im.ufal.br/sibgrapi2011



Thank you for your 
attention!

http://www.matmidia.org/tomlew
http://www.matmidia.org/research/2010/563/

http://www.youtube.com/watch?v=Gf-vgo2B12A
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Chair: questions?
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