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Figure 1: Image reconstruction using Volume

ABSTRACT
This paper presents Volume, a software toolkit that enables users
to experiment with expressive reconstructions of archival and/or
historical materials as volumetric renderings. Making use of con-
temporary deep learning methods, Volume re-imagines 2D images
as volumetric 3D assets. These assets can then be incorporated into
virtual, augmented and mixed reality experiences.
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INTRODUCTION
As immersive platforms rise in popularity and new methods of
storytelling using volumetric captures are being explored, we ask
how we can use more than 200 years of 2D documentation in the
3D era. We present a new software toolkit called Volume [Fleisher
and s. anlen 2018b]. Volume aims to experiment with new ways
to reconstruct archival and historical materials as volumetric ren-
derings, to be viewed from virtual, augmented and mixed reality
experiences. Based on recent deep learning methods, Volume is
able to “re-imagine” 2D single-view images as volumetric 3D assets.
Furthermore, it adopts innovations in machine learning, computer
vision and interactive storytelling to enable content creators, jour-
nalists and filmmakers to create 3D environments and subjects
from pre-existing 2D footage. By developing an easy-to-use, cloud
software toolkit we aim to make volumetric content creation more
inclusive. This enables more users to explore this realm and tell
stories that would not have been possible otherwise. We believe
this is a unique period of convergence between machine learning
and artistic expression.

OUR APPROACH
Volume considers the problem of single image depth estimation.
Static and moving 2D images provide only a single perspective,
which is challenging to convert to a 3D landscape. Previous efforts
have used human interaction and computer vision to allow assisted
modeling from single view 2D images [Chen et al. 2013]. Volume
makes use of convolutional neural networks, which learn amapping
of 2D pixels to a 3D position through “observing” RGB-D images.
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By using innovative machine learning technology, Volume is able
to construct the third dimension from any 2D footage. The process
results in a volumetric rendering that resembles the point clouds
produced by the Microsoft Kinect camera. The Kinect has been
successfully used for recording volumetric live action 3D captures,
and was made accessible through DepthKit [Simile, Inc. 2017], a
volumetric filmmaking toolkit. With a machine learning-driven
approach, we are able to eliminate hardware dependencies and
focus on a more accessible and creative volumetric solution.

Volume adopts cutting edge research [Eigen and Fergus 2015;
Laina et al. 2016; Patil et al. 2016] that uses supervised deep learn-
ing, training against Kinect images and depth-maps to learn to
produce the desired outcome. We implement two convolutional
neural networks: one is responsible for estimating per-pixel depth
values, and the second runs segmentation and classification based
on Mask R-CNN [He et al. 2017] pre-trained weights. The segmen-
tation network allows the user to pick only the desired subjects
from the image, which are then reconstructed as volumetric assets.

Figure 2: The evolution of a Volume asset: from 2D image to
a colorized point cloud

EXPERIMENTS
We are building Volume through experimentation in order to ex-
plore different uses, platforms, and aesthetics that could drive new
stories we have not been able to tell before. As storytellers, our
motivation is to challenge the proposed technique by applying it
to human-centered 2D content. This is on display in one of our
experiments, using footage from Pulp Fiction’s iconic dance contest
scene [Fleisher and s. anlen 2018a]. The experience allows viewers
to walk around holograms of John Travolta and Uma Thurman as
they play out the scene using an augmented reality application.
This experiment reconfirmed our assumptions around the impact
of using archival and cultural materials to create new immersive
experiences. That being said, it also highlighted some of the chal-
lenges in training diverse machine learning models to handle a
wide range of cultural visual features. With that in mind, we are
currently developing our own synthetic, human-centric dataset
that will provide the diversity we thrive for (as shown in Fig. 3).
This is set to be released as an open-source resource for researchers
to use.

Alongside machine learning research and development, we are
also building various ways to experiment with our technology.
Through the project website, anyone can upload a 2D image and
view a volumetric reconstruction in real-time (as shown in Fig. 1).

The website is a first step in our ongoing mission to develop an
easy-to-use interface that allows content creators to easily view,
edit and export customized volumetric assets. Currently, we are
looking into ways human interaction could assist in the 3D recon-
struction process. By building simple tools for a human to correct
the predictions made by the model, we can evaluate feedback and
improve the machine learning model beyond what the data has to
offer.

Figure 3: A sample from the synthetic dataset. From left-to-
right: mask map, depth map, normal map, RGB map
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