
2022 European Conference on Computing in Construction
Ixia, Rhodes, Greece

July 24-26, 2022

HOLOLABEL: AUGMENTED REALITY USER-IN-THE-LOOP ONLINE ANNOTATION
TOOL FOR AS-IS BUILDING INFORMATION

Dhruv Agrawal∗1, Janik Lobsiger∗1, Jessica Yi Bo1, Véronique Kaufmann1, and Iro Armeni1
1ETH Zurich, Zurich, Switzerland

Abstract
As-is building models are becoming increasingly common
in the Architecture, Engineering, and Construction indus-
try, with many stakeholders requesting this information
throughout the lifecycle of a building. Devices equipped
with RGB cameras and depth sensors being readily avail-
able simplifies the task of capturing and reconstructing an
environment (scene) as a spatial 3D mesh or point cloud.
However, the task of converting this purely geometric infor-
mation to a semantically meaningful as-is building model
is non-trivial. State-of-the-art practice follows a first step
of acquiring the spatial 3D mesh on site and subsequently
resorts in manual or assisted semantic labeling in the of-
fice, where experts often have to work for many hours using
non-intuitive and error-prone tools. To address this inef-
ficiency, we develop HoloLabel, an Augmented Reality
application on HoloLens that allows users to directly and
on-site annotate a scene in 3D with rich semantic informa-
tion while simultaneously capturing its spatial 3D mesh.
Our tool follows a user-in-the-loop protocol to perform the
task of 3D semantic segmentation, i.e., each face of the
3D mesh should be annotated with a semantic label. We
leverage the HoloLens’s Spatial Mapping feature and build
a 3D mesh of the scene while the user is walking around;
at intervals, we apply an automatic geometry-based seg-
mentation algorithm to generate segmentation proposals.
The user then assigns predefined semantic labels to the
proposals and – if necessary – uses a virtual paintbrush to
refine the proposed segments or create new ones. Finally,
the user has the option to add rich semantic descriptions
(e.g., material, shape, or relationship to another object)
to segments using voice-to-text technology. We aim to
lay the groundwork to leverage upcoming mixed reality
devices for intuitive synchronous as-is semantic building
model generation directly in the real world.

Introduction
In recent years, the Architecture, Engineering, and Con-
struction (AEC) industry is exploring ways to acquire faster
and more accurately as-is information about the built en-
vironment. In several countries, as-is building models are
becoming a requirement (e.g., USA (Administration 2022)
and United Kingdom (Blackwell 2012)) and stakeholders
are requesting this information throughout the lifecycle
of a building to perform several downstream tasks (e.g.,
facility management or for renovation purposes).
State-of-the-art practice for creating an as-is building
model consists of two steps: (i) 3D reconstruction, where
the environment’s 3D geometry is captured on site as a
3D spatial mesh or point cloud with a sensing device,
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such as a laser scanner or an RGB-D camera; and (ii) se-
mantic modeling, where - given the previous output - the
user provides semantic information about the 3D geome-
try. Recent advancements in capturing systems allow for
a faster and increasingly accurate 3D geometric represen-
tation of the environment (scene) with the use of easily
portable devices, such as those that are handheld (e.g.,
Kaarta and Leika BLK2GO) or in backpacks (e.g., NavVis
VLX and Leica Pegasus). Such devices can provide a 3D
reconstruction of a large-scale, highly cluttered, and highly
partitioned space in 1/10 of the time when compared to tra-
ditional tripod-based systems1.
However, the step of semantic modeling has not seen sim-
ilar progress. After capturing the environment, the user
is required to return to the office and use specialized 3D
software in order to create the as-is building model. This
process is performed primarily by trained experts using a
2D screen and can take several hours for a single room
(Nguyen et al. 2016), which is non-trivial in terms of labor
time and costs (Brilakis et al. 2010, Woo et al. 2010, Jung
et al. 2014). Extensive literature exists on automating this
step that explores fully automatic semantic segmentation
of 3D spatial data (e.g., (Tchapmi et al. 2017, Choy et al.
2019, Qi et al. 2017)). However, these approaches are
neither accurate nor flexible enough for the AEC industry
requirements. To meet these requirements, a user-in-the-
loop approach is more appropriate (e.g., (Dai et al. 2017,
Armeni et al. 2019, Wong et al. 2014)), since it allows to
leverage the most out of automation while addressing ac-
curacy concerns with user participation. However, despite
addressing issues of accuracy and flexibility, the labeling
process is still disjoint and offline from the data captur-
ing step, introducing inefficiencies in the building model
generation pipeline (e.g., when on-site one can make faster
decisions on semantic labels). A more intuitive approach is
to perform the capturing and labeling steps synchronously
while on-site.
Augmented Reality (AR) technology, such as the Mi-
crosoft HoloLens (Microsoft 2022a), provides a technical
platform to implement such an online capturing and la-
beling tool where the user is localized in the scene and
can simultaneously capture, segment, and label the 3D
spatial data in a natural and interactive method. The fi-
nal semantically augmented data, once exported from the
live annotation session, would require only minimal addi-
tional processing. The HoloLens comes with the built-in
functionality for capturing and reconstructing spatial 3D
meshes. Additional libraries, such as the Mixed Reality
Toolkit (MRTK) (Microsoft 2022d), offer capabilities to

1This is an empirical finding of the authors after performing several
experiments with a variety of devices.
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Figure 1: User Workflow: When the user enters a new room, (a) we first reconstruct the 3D scene. Next, (b) the scene mesh is sent to a
Python server for automatic segmentation. The user then (c) processes these segmentation proposals using a virtual brush. Finally,
the user can (d) add richer semantic descriptions into the scene using a voice-to-text tool. The user can then proceed with the next

room or export the annotations.

develop interactive augmented user interfaces.
In this work, we introduce the HoloLabel, an AR 3D
scene semantic labeling tool with which non-expert users
can directly annotate the semantic information of a scene
on-site while simultaneously capturing its spatial infor-
mation. Initially, the continuously captured 3D mesh of
the room is automatically segmented into smaller geomet-
rically meaningful segments (segmentation proposals) in
the background, using a remote Python server. Once com-
plete, users can assign semantic labels to these segments
and – if necessary – they can edit the proposals with in-
tuitive hand gestures using a virtual painting tool. Richer
semantic descriptions (e.g., material, shape, and color) can
be optionally added via a voice-to-text tool and assigned
to segments using a virtual pin. After capturing the scene,
the semantic annotations and the 3D mesh are exported for
downstream tasks.
The contributions of this paper can be summarized as:

• We develop a gesture-based HoloLens application for
on-site and online user-in-the-loop 3D semantic scene
reconstruction and labeling.

• We allow to easily customize semantic descriptions
using the HoloLens voice-to-text feature and place
description pins on the 3D mesh of the scene.

• We evaluate the efficiency and efficacy of the tool in
a small-scale user study.

Related Work
Semantic Annotation Tools for 3D environments
There exists a variety of semantic annotation tools for 2D
and 3D data, however a detailed review is outside the scope
of this paper. Here, we focus on the following two aspects
of 3D data annotation systems.

Automation & User-in-the-loop

Several works perform a first step of high-level segmen-
tation to streamline the annotation process. Wong et al.
(2014) developed the SmartAnnotator, a semi-automated
pipeline for labeling RGBD images. A learning system
proposes semantic labels on which human annotators in
the loop provide feedback. The system can also improve
its abilities incrementally through learning from previously
labeled scenes as priors. Armeni et al. (2019) employ a
pretrained 2D instance segmentation network to provide

initial proposals on RGB images that are automatically
aggregated on the underlying 3D mesh. Users are then
asked to verify and edit the aggregation results on 2D
images. Nguyen et al. (2021) begin with automatically
detecting 3D bounding boxes in LiDAR point clouds and
include a user-in-the-loop component to identify missing
annotations with a single click. Others employ lower-level
automation to accelerate annotations. Dai et al. (2017) pro-
pose such a system, where a web-interface is used for the
manual annotation of 3D mesh models of indoor spaces.
Specifically, it begins with an over-segmentation of the
scene using a graph-cut based approach and users are then
prompted to label these segments with the goal of 3D ob-
ject instance segmentation. Nguyen et al. (2016) has a
similar starting point; the resulting over-segments are fur-
ther grouped into larger regions based on geometry and
appearance cues. These regions are edited by users to
get the final object semantic annotations. Russell & Tor-
ralba (2009) employ object segmentation masks and labels
from 2D annotations to automatically recover the 3D scene
geometry. We follow a similar setup of an automated low-
level initial segmentation, followed by a user-in-the-loop
approach for refinement and semantic annotation.

Virtual & Augmented Reality Systems
The above methods are restricted on a traditional 2D inter-
action setting. However, semantic annotation tools have
also been developed as applications in virtual and aug-
mented reality. Miksik et al. (2015) use a laser pointer as
an AR paintbrush to allow user-defined outdoor scene seg-
mentation. Saran et al. (2018) create an iOS application for
simultaneous scanning and user-defined bounding box an-
notation. Ramirez et al. (2019) take a creative approach by
gamifying scene labeling as a first-person shooting game.
Spiekermann et al. (2019) focus on semantic annotation
of text in 3D and place users in a virtual reality headset
to perform annotation through simple gestures and textual
descriptions. Zingsheim et al. (2021) present a collabora-
tive labeling system in virtual reality, where remote users
provide sparse annotations on the 3D mesh.
There is a gap concerning annotation tools that use market-
available AR headsets such as the Microsoft HoloLens,
which is increasingly used by developers and profession-
als. The advantage of an AR headset is that the annotator
can interact with the 3D scene in a more intuitive and safe



manner than through a tablet or phone. Also the collabora-
tion of Trimble and HoloLens has created an AR hard-hat
that can be used in construction sites (Trimble 2022), hence
increasing the applicability of such a tool in AEC industry
for existing and under construction buildings.

Automatic 3D Segmentation Methods

Automatic 3D segmentation can be categorized in seman-
tic segmentation, which groups a scene into segments that
belong to the same semantic class (e.g., chair or window),
and geometric segmentation, which segments the scene
into segments with similar geometric properties. Many
algorithms perform 3D scene segmentation by process-
ing RGB-D images (Michieli et al. 2019, Guo & Hoiem
2013, Gupta et al. 2013). Other approaches directly seg-
ment 3D visual data, the majority of which operate on
3D point clouds (Poux & Billen 2019, Qi et al. 2017).
Bassier et al. (2020) show that performing segmentation
on mesh-structure and point clouds achieves comparable
results. Despite great progress in this field, the results are
not accurate enough for the AEC industry and the methods
are inherently rigid since they learn to identify a predefined
set of semantic classes. In this work we choose to perform
geometric segmentation, due to the flexibility that offers
to users to adjust the segmentation proposals and assign
their own semantic labels.

HoloLabel
Overview

HoloLabel leverages the advantages of AR devices, and
specifically of HoloLens, to perform 3D scene annota-
tion in the form of semantic segmentation. An overview
of the annotation pipeline is shown in Figure 1: (a) the
user enters the scene and begins reconstructing the 3D
mesh (see Scene Meshing); at intervals, the user performs
the semantic labeling process and begins by (b) triggering
the segmentation algorithm, which automatically proposes
geometrically-meaningful scene segments (see Semantic
Segmentation); (c) the user has to then edit - if needed
- and label these segments. There is the option to as-
sign a semantic category to entire segments or individual
mesh faces through virtual mesh painting (see User-in-the-
Loop Semantic Labeling); (d) further, the user can also add
rich semantic descriptions to segments using voice-to-text
technology (see User-based Descriptions).

User Interface

The user interface is implemented using the HoloLens
hand menu UX pattern (Microsoft 2022b). We chose this
pattern since it gives the user the ability to quickly pull up
and hide the menu from anywhere in the scene by raising
and lowering their palm. The menu, shown in Figure 2,
is split into three main components: central menu, label
menu, and dictation panel. We list their features below
and provide more details in subsequent sections.

Central Menu
The central menu is the core controller of the HoloLabel
application and has the following functions:

Update Scene: Requests a scene mesh reconstruction
update from the HoloLens (Scene Meshing).

Auto Segment: Sends the reconstructed scene mesh
to a remote Python server for automatic segmentation
into proposals (Semantic Segmentation).

Undo: Reverts recent history of the segmented mesh,
including any virtual segment painting and pins.

Editing Modes:
Labeling Mode: Allows the creation and placement of
description pins (User-based Descriptions).
Face Drawing Mode: Allows face-level painting
(User-in-the-Loop Semantic Labeling).
Segment Drawing Mode: Allows segment-level paint-
ing (User-in-the-Loop Semantic Labeling).

Label (in labeling mode): Creates description pins
using one of three options (User-based Descriptions).

Toggle Label Menu: Hides/Shows the label menu.
Toggle Mesh: Hides/Shows the wireframe mesh.

Export Labels: Exports the final annotated 3D mesh
to the remote Python server (Export).

IP: Edits the IP address of the remote Python server.

Figure 2: The user interface is split into three main
components: the central menu that controls the HoloLabel
application, the label menu that allows to select and change

classes while in editing mode, and the dictation panel that can
assign rich descriptions.

Label Menu
This menu contains a list of predefined semantic object
categories supported by HoloLabel. Although the user
has the option to define on the spot new categories, an
existing library can facilitate and speed-up the process.
We focus on categories like wall, floor, and ceiling, as
well as major furniture categories (e.g., table, chair, and
couch). When the annotation process starts, the user enters
editing mode and selects an object category from the menu.
Depending on whether the segment- or face- drawing mode
is enabled, the specified object category will be assigned to




