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Physically Based Rendering

Physically based Interpretable



Physically Based Differentiable Rendering

Physically based Interpretable Differentiable




Differentiable Rendering (DR) grounds models in physical parameters.

Encoder Decoder Encoder Decoder

DR as the encoder can ground the decoder in physical The Encoder maps modality to physical parameters. DR as the
parameters. Full control over stimulus generation. decoder grounds the modality in verifiable physical parameters.
End-to-end differentiable. End-to-end differentiable.




MRD: Using Physically Based Differentiable
Rendering to Probe Vision Models for 3D
Scene Understanding
(accepted at JoV; in press)



ResNet50
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Colour metamer Image statistics metamer (Portilla & Simoncelli 2000, Freeman &
Simoncelli 2011)

natural image convl _relul layerd avgpool final

'W“

Neural Network metamer
(Feather et al. 2023)
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ResNet50

natural image

convl_relul layer1 layer2 layer3 layerd

-

Image statistics metamer (Portilla & Simoncelli 2000, Freeman &
Simoncelli 2011)

Neural Network metamer
(Feather et al. 2023)

avgpool final

Metamers




Reconstructing parameters from latent spaces
Geometry Example

. Embed in neural network’s representation Z™
Render T

MSE(z", z)

Embed in neural network’s representation Z
Render T

o MSE

Tvertices

Update scene parameters: p




Results
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Same model activations Same model activations
(model metamer) (model metamer)

CLIP
Translucent Translucent
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Controversial Scenes
(work in progress)



ontroversial stimuli: Pitting neural networks against
each other as models of human cognition

Tal Golan®'(®, Prashant C. Raju®®, and Nikolaus Kriegeskorte®<9-®
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Triceratops vs. Fire Salamander

14



Unsupervised learning predicts human perception
and misperception of gloss

Katherine R. Storrs ©'>, Barton L. Anderson? and Roland W. Fleming ©13
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Glossiness has multiple factors

. Material & Viewi
Surface Relief | erl.a . eWing Lighting
Direction
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Dataset Generation

Material & Viewing
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Surface Relief
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Learning Neural Networks on Glossiness

Encoder Decoder
Unsupervised: \ x
(PixelVAE) I > —®

Encoder

=
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Fine-tuned unsupervised
network on glossiness: Bl > > I l
(PixelVAE + Regression) \ 0 1

5 L
\_ Latent

Space

Supervised:
(ConvNext)
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Controversial Scene Optimisation

ﬂ:ene Parameters TT

Geometry Render
(fixed)
Material
Light

(fixed)

Camera
(fixed)

Compute unidirectional disagreement score
(Model A requires to predict high glossiness and
Model B low glossiness)

Compute gradient and
update scene parameters.
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Preliminary Results: Material Parameters

Fine-tuned model predicts high gloss, supervised model predicts low gloss.

Laboratory

Test-retest: 1.6% o790 0-76

Psychophysics will follow.
Higher score = higher model disagreement.
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Verdict time!



DEFAULT PLASTIC BELUE ROUGH CERAMIC COMCRETE
COPPER BRUSHED STEEL ROUGH IRON RUSTY TRANSITION

CLEAR GLASS ROSTED G 3 AMBER GLA GREEM BOTTLE THIN-WALL GLASS

You can always extend
existing material models.

CAR PAINT VARNISHED WOOD VELVET

SOAP BUBELE OIL OM METAL CORTED METAL MARBLE
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Differentiable rendering
grounds models of vision and stimuli
in an interpretable and optimisable physical space.

Differentiable
Rendering
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Thanks!

o @engramm.ing
DA benjamin.beilharz@tu-darmstadt.de

MRD (Repo with paper link)
A primer on physically based differentiable
rendering in vision science.
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