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Summary
scene_synthesizer is a library for writing procedural scene generators in Python with a special
focus on robot manipulation. The resulting scenes can be exported to various formats, enabling
physics simulation or rendering data pipelines for training robotics or vision models.

Figure 1: A synthetic kitchen scene. From top to bottom, left to right: Shown in the debug viewer,
exported as mesh file in MeshLab, simulated in pybullet, Mujoco, Isaac Sim, and Isaac Lab.

Statement of Need
Simulation is an ever increasing data source for training deep learning models. In robotics,
simulations have been successfully used to learn behaviors such as navigation, walking, flying
or manipulation. The value of data generation in simulation mainly depends on the diversity
and scale of scene layouts. Existing datasets (Ehsani et al., 2021; Garcia-Garcia et al., 2019;
Mo et al., 2019; Nasiriany et al., 2024) are limited in that regard, whereas purely generative
models still lack the ability to create scenes that can be used in physics simulator (Höllein
et al., 2023; Schult et al., 2024; Yang et al., 2024). Other procedural pipelines either focus
on learning visual models (Denninger et al., 2023; Greff et al., 2022; Raistrick et al., 2023),
address specific use-cases such as autonomous driving (Fremont et al., 2020; Hess et al.,
2021), or make it hard to be extended and customized since they are tightly integrated with a
particular simulation platform (Deitke et al., 2022). With scene_synthesizer we present a
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library that simplifies the process of writing scene randomizers in Python, with a particular
focus on physics simulations for robot manipulation. It is fully simulator-agnostic.

Features & Functionality
scene_synthesizer leverages trimesh (Dawson-Haggerty et al., n.d.) for its scene repre-
sentation, enabling access to a wide range of existing geometric algorithms. Assets can be
either loaded from files (supporting all standard mesh formats, including those for articulated
structures like USD, URDF, and MJCF) or instantiated procedurally from a library of 30
predefined objects, most of which are kitchen-themed. Asset placement is facilitated by
defining object-agnostic anchor points or through automated labeling of support surfaces
and containment volumes. The software allows users to specify physical properties such as
collision geometry, mass, density, center of mass, friction, and joint constraints, including
parameters like stiffness, damping, limits, maximum efforts, and velocities. Scenes can be
fully articulated, with six common kitchen layouts provided as examples. While many included
procedural assets and layouts are tailored to the kitchen domain, the software is versatile and
does not impose constraints on the type of scenes that can be generated. The synthesized
scenes can be exported to formats like USD and URDF, making them compatible with various
physics simulators. scene_synthesizer has few dependencies and is easily extendable and
customizable.

Example Use Cases
We have used scene_synthesizer to train neural robot motion planners (Fishman et al.,
2022), neural collision checkers (Murali et al., 2023), pick-and-place policies (Yuan et al.,
2023), visuomotor policies (Dalal et al., 2023), to fine-tune Vision-Language Models (Yuan et
al., 2024), and in planning-based data generation pipelines (Garrett et al., 2024). In all these
examples, the data was generated in simulation using procedurally created scenes featuring
object-filled shelves, tables, microwaves, countertops, cabinets, drawers, etc.
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