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1 Introduction

We present a real-time, interactive system for the geometric re-
construction, object-class segmentation and learning of 3D scenes
[Valentin et al. ]. Using our system, a user can walk into a room
wearing a consumer depth camera and a virtual reality headset, and
both densely reconstruct the 3D scene [Nießner et al. 2013]) and
interactively segment the environment into object classes such as
‘chair’, ‘floor’ and ‘table’. The user interacts physically with the
real-world scene, touching or pointing at objects and using voice
commands to assign them appropriate labels. These user generated
labels are leveraged by a new online random forest-based machine
learning algorithm, which is used to predict labels for previously
unseen parts of the scene. The predicted labels, together with those
provided directly by the user, are incorporated into a dense 3D con-
ditional random field model, over which we perform mean-field in-
ference to filter out label inconsistencies. The entire pipeline runs
in real time, and the user stays ‘in the loop’ throughout the process,
receiving immediate feedback about the progress of the labelling
and interacting with the scene as necessary to refine the predicted
segmentation.

2 Background

Real-time 3D segmentation is a fundamental research problem that
has spawned a wide variety of sub-fields. Whilst fully-automated
segmentation methods are possible in some scenarios, in the gen-
eral case it is difficult to provide an automated system with enough
information to determine on its own what constitutes a meaningful
part of an entity, partly due to the inherent difficulty of precisely
specifying the desired outcome, and partly due to a lack of suffi-
cient data to train a model that can generalise well in all cases. As
a result, it is often desirable to allow the user to provide interactive
feedback that can improve the segmentation accuracy. In this talk,

we present an interactive approach to the exciting problem of 3D
scene segmentation, building on a large body of recent work in ge-
ometric scene reconstruction and scene understanding to showcase
a system that can allow a user to segment an entire room in a very
short period of time.

3 System Pipeline

Our system is built on top of a dense 3D reconstruction pipeline,
allowing real-time fusion of noisy depth maps into an implicit vol-
umetric surface representation. Our system then allows the user to
walk up to any object of interest, simply touch and ‘paint’ the physi-
cal surface, and vocally call out a new or existing object class name.
Our method first cleanly segments any touched object from its sup-
porting or surrounding surfaces, using a new volumetric inference
technique based on an efficient mean-field approximation. In the
background, a new form of streaming random forest is trained and
updated as new object examples are labeled by the user. The deci-
sion forest can quickly infer the likelihood that any newly-observed
voxel belongs to each object class. The final stage of our pipeline
estimates a spatially consistent dense labeling of the voxel recon-
struction by again performing mean-field inference over the voxel
space but now using the results from the decision forest. This cre-
ates a system that can be used to rapidly segment 3D scenes and
learn from these labels in an online manner. Furthermore, the user
can quickly relabel parts of the scene as necessary and see the im-
proved results almost instantaneously as the learned models are up-
dated online.
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