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Figure 1: Our scriptable tool leverages hardware-accelerated path tracing to generate photorealistic
images. Annotations are shown along the bottom row, from left to right: image with no motion blur,

depth, surface normals, segmentation labels, texture coordinates, and optical flow.

ABSTRACT

We present a Python-based renderer built on NVIDIA’s OptiX ray tracing engine
and the OptiX Al denoiser, designed to generate high-quality synthetic images for
research in computer vision and deep learning. Our tool enables the description
and manipulation of complex dynamic 3D scenes containing object meshes, mate-
rials, textures, lighting, volumetric data (e.g., smoke), and backgrounds. Metadata,
such as 2D/3D bounding boxes, segmentation masks, depth maps, normal maps,
material properties, and optical flow vectors, can also be generated. In this work,
we discuss design goals, architecture, and performance. We demonstrate the use
of data generated by path tracing for training an object detector and pose estima-
tor, showing improved performance in sim-to-real transfer in situations that are
difficult for traditional raster-based renderers. We offer this tool as an easy-to-use,
performant, high-quality renderer for advancing research in synthetic data gener-
ation and deep learning. https://github.com/owl-project/NVISII

1 INTRODUCTION

For many computer vision tasks, it is challenging or even impossible to obtain

labeled real-world

images for use in training deep neural networks. For example, labeled ground truth of rare events

like car crashes, or for dense high-dimensional data like optical flow vectors, are
To overcome these limitations, researchers have explored synthetic data for a

not easy to obtain.
variety of applica-

tions: object pose estimation (Tremblay et al., 2018b; [Denninger et all, 2019), depth estimation of

transparent objects (Sajjan et al.,[2019), scene segmentation (Handa et al., 2015}

Roberts & Paczan

2020), optical flow (Dosovitskiy et al.,[2015), autonomous vehicles (Ros et al. 2

016} Prakash et al.

2019), robotic control (Tobin et al., 2017), path planning and reasoning in 3D scenes (Kolve et al.

2017; Xia et al.}[2020), and so forth.
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Table 1: Related work compared to our proposed system. ‘v refers to fully supported, ‘X’ not
supported, and ‘-’ partially supported or it is complicated.

‘AIZ-Thor iGibson NDDS Unity3D Sapien BlenderProc  Ours

path tracing X X X v v v/ v

easy installation v v X N N - v
cross platform v v X v X v v
Python API v v X X N - v
headless rendering v v X X v v v

To generate such datasets, a variety of tools have been developed, including AI2-Thor (Kolve et al.,
2017), iGibson (Xia et al.,|2020), NDDS (To et al.;, 2018)), Unity3D (Crespi et al.|[2020), Sapien (Xi-
ang et al.;, 2020), BlenderProc (Denninger et al.,[2019)), and others. See TableE} Although AI2-Thor
and iGibson come with powerful Python APIs, both of them are based on classic raster scanning.
On the other hand, the more recent tools capable of photorealistic imagery via path tracing (such
as Unity3D, Sapien, and BlenderProc) do not come with scriptable interfaces. To overcome this
limitation, in this work we introduce NViSII: a scriptable tool for path-traced image generation.
With our tool, users can construct and manipulate complex dynamic 3D scenes containing object
meshes, materials, textures, lighting, volumetric data (e.g., smoke), and cameras—all potentially
randomized—using only Python code. This design choice ensures that users have full control, al-
lowing scenes to be permuted on-the-fly according to the needs of the problem being considered. By
leveraging path tracing, photorealistic images are produced, including physically-based materials,
lighting, and camera effects. All of this can be achieved while maintaining interactive frame rates
via NVIDIA’s OptiX library and hardware accelerated ray tracing. Our tool is easily accessible via
the pip packaging systerrﬁ

We offer this tool to the community to enable researchers to procedurally manage arbitrarily complex
scenes for photorealistic synthetic image generation. Our contributions are as follows: 1) An open
source, Python-enabled ray tracer built on NVIDIA’s OptiX, with a C++/CUDA backend, to advance
sim-to-real and related research. 2) A demonstration of the tool’s capabilities in generating synthetic
images by training a DOPE pose estimator network (Tremblay et al., 2018c) and a 2D bounding
detector (Zhou et al.l 2019)) for application to real images. 3) An investigation into how physically-
based material definitions can increase a pose estimator’s accuracy for objects containing specular
materials.

2 PATH TRACER WITH PYTHON INTERFACE

We developed the tool with three goals in mind: 1) ease of installation, 2) speed of development, and
3) rendering capabilities. For ease of installation, we ensured that the solution is accessible, open
source, and cross platform (Linux and Windows), with pre-compiled binaries (thus obviating the
need to build the tool) that are distributed using a package manager. For speed of development, the
solution provides a comprehensive and interactive Python API for procedural scene generation and
domain randomization. The tool does not require embedded interpreters, and it is well-documented
with examples. Finally, we wanted a solution that supports advanced rendering capabilities, such as
multi-GPU enabled ray tracing, physically-based materials, physically-based light controls, accurate
camera models (including defocus blur and motion blur), native headless rendering, and various
metadata (segmentation, motion vectors, optical flow, depth, surface normals, albedo, and so forth).
See Figure [2] for some example renders.

2.1 TOOL ARCHITECTURE

Our rendering tool follows a data driven entity component system (ECS) design. Such ECS designs
are commonly used for game engines and 3D design suites, as they help keep the scene descrip-
tion intuitive and flexible by avoiding complex multiple-inheritance hierarchies required by object-
oriented designs. This flat design allows for simpler procedural generation of scenes when compared
to object-oriented designs.

1p:'Lp install nvisii
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https://developer.nvidia.com/orca/amazon-lumberyard-bistro
https://blendswap.com/blend/12584
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