JOHNS HOPKINS Learning Graph Variational Autoencoders with Constraints and Structured
Priors for Conditional Indoor 3D Scene Generation

=
i

MATHEMATICAL INSTITUTE
for DATA SCIENCE

amazon | science

9 AIKOLOA
WA cv,-‘,-',.\ HAWAI
o‘.‘a—'" JAN 3-1+ 2023

Aditya Chattopadhyay’, Xi Zhang?, David Paul Wipf?, Himanshu Arora?, René Vidal?

'Johns Hopkins University, MD, USA, 2Amazon.com, Inc

Problem Statement

Empty Room Layout

for a library Furnished room

Synthesize
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» Given an empty room layout and room type, can
we synthesize diverse sets of furniture items
consistent with the layout and room type?

» Challenge: This requires furniture items to
simultaneously satisfy multiple constraints,

« Each furniture item must be inside the room.
* Two objects cannot occupy the same volume.

« Some objects tend to co-occur in particular
orientations relative to the room layout.

» Most existing works rely on hand designed
heuristics, not scalable!

Proposed VAE Model
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Indicates that edge features are constructed by
l concatenating node features.
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» |nput scene graph includes furniture and room
sub-graphs and is complete.

» GNN encoder predicts mean and variance per
furniture node.

» This mean and variance are used to sample
latents for the GNN decoder which reconstructs
scene.

Computing KL divergence term

» VAE objective = Reconstruction Loss + KL div.

» But apriori, the KL div. term cannot be computed

 The autoregressive prior induces an ordering over
the latent variables.

« Thus, we need to match these latents to the latents
obtained from the posterior distribution.

 How can we compute this matching?

» We prove that the proposed autoregressive prior
reduces this matching problem to a quadratic
assignment problem (QAP) which can be
“approximately” solved efficiently!

Diverse generations for same room layout

Ground Truth Generation 1 Generation 2

Generation 3
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Proposed Approach

» We represent room and furniture layouts as
attributed graphs.

» We propose a VAE model with a Graph Neural
Network (GNN) backbone.

» We propose a novel structured autoregressive
prior based on linear gaussian models which
effectively captures the structure in 3D scenes.

» To learn our proposed VAE model using this
autoregressive prior, we propose an efficient way
to compute the KL divergence term in the VAE
objective.

» We qualitatively and quantitatively evaluate the
efficacy of the proposed model on the 3D-FRONT
dataset?.

Proposed VAE autoregressive prior
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» The prior P(Zy,Z:,...,Z,,. | Gg,T,nr) IS conditioned
on the room graph Gy, type T and # furnitures ng.
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o 19(Gr,T),09.(Gg,T) is computed by a Room
Aggregator network which is a GNN.
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Qualitative comparison with Prior work

Ground Truth ATISS Baseline 1 Baseline 2 Ours

» Baseline 1 is a VAE is the standard normal i.i.d
prior.

» Baseline 2 is a VAE where the prior is normal i.i.d,
but with mean and variance parameters depend on
the room graph.

Utility of the learned latent space

Case 1: editing scenes by
latent space interpolation,
for example, morphing the
top cabinet into a chair.
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Case 2: Ranking and

S ' "o finding the most appr-

T bt opriate furnished room

of@ from a database for a

given empty floorplan

using the learned latent
space.

O ' Pass Latent

through GNN



