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Abstract

We propose an automatic layout method for indoor scenes that effectively satisfies specific constraints. Our approach involves
enhancing the existing scene representation method to accommodate complex constraints, including the precise placement of
doors, windows, and user-specified furniture. To achieve this, we construct a conditional vector that encapsulates the necessary
constraints. Moreover, our automatically constrained layout approach is implemented by training a conditional variational
autoencoder model. Given the constraints and randomly sampled vectors, the decoder module can generate diversified rea-
sonable indoor layout results. Evaluations show that our model outperforms the existing methods. Furthermore, our model

exhibits a lower parameter count and faster execution speed compared with the existing approaches.

Keywords Conditional variational auto-encoder - Interior design - Automatic layout - Deep learning

1 Introduction

The demand for automated indoor scene generation has
witnessed a significant surge in recent decades, driven by
applications, such as general 3D content creation [1] and vir-
tual reality technology [2]. This technology not only serves
as a valuable tool for artificial decoration design but also has
the potential to replace traditional manual design processes.
The task of scene generation holds a crucial position in the
domains of computer vision and graphics.

It is the diverse distribution of furniture that make the task
challenging. Furniture, characterized by variations in loca-
tion, size, and orientation [3], forms a multitude of semantic
relationships within a given scene. Additionally, there exist
generic geometric constraints, such as maintaining appropri-
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ate gaps between furniture pieces, further complicating the
scene generation task.

In the early research, the approaches to indoor scene gen-
eration could be broadly categorized into rule-based methods
and learning-based methods. Rule-based methods relied on
pre-constructed generative grammars and formulated mathe-
matical optimization models with rule constraints. However,
with the advancement of neural networks and the availability
of annotated 3D scene datasets, learning-based methods have
gained increased reliability and robustness in scene analysis.
Our approach belongs to the latter.

Our work draws inspiration from the GRAINS framework
proposed by Li et al. [4], which introduces a hierarchical
representation for indoor scenes and enhances a genera-
tive recursive autoencoder. This representation encompasses
object representation, relative positions, and semantic rela-
tions between scene objects. Building upon this foundation,
Li and her colleagues trained a variational recursive autoen-
coder specifically for indoor scene generation. This model
exhibits the ability to generate 3D indoor scenes with ease
and high efficiency.

However, there are three limitations: (1) The generated
indoor scene is relatively random, which means the size of
the room is unfixed; (2) GRAINS removes the windows and
doors when pre-processing the dataset, which is not reason-
able in reality; (3) The generated indoor scenes cannot meet
the requirements included type and quantity of furniture and
other constraints given by users.
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