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Figure 1: Workflow of VRFromX. User (1) scans a real environment to get raw point cloud using an iPad Pro, (2) creates virtual
content by interacting with the point cloud using a Brush Tool and searching in repository through Al assistance, (3) attaches
functions to the virtual objects using an Affordance Recommender and, (4) finally interacts with the reconstructed scene in a
virtual environment.

ABSTRACT

There is an increasing trend of Virtual-Reality (VR) applications
found in education, entertainment, and industry. Many of them
utilize real world tools, environments, and interactions as bases
for creation. However, creating such applications is tedious, frag-
mented, and involves expertise in authoring VR using programming
and 3D-modelling softwares. This hinders VR adoption by decou-
pling subject matter experts from the actual process of authoring
while increasing cost and time. We present VRFromX, an in-situ
Do-It-Yourself (DIY) platform for content creation in VR that allows
users to create interactive virtual experiences. Using our system,
users can select region(s) of interest (ROI) in scanned point cloud or
sketch in mid-air using a brush tool to retrieve virtual models and
then attach behavioral properties to them. We ran an exploratory
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study to evaluate usability of VRFromX and the results demon-
strate feasibility of the framework as an authoring tool. Finally,
we implemented three possible use-cases to showcase potential
applications.
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1 INTRODUCTION

We are living in an era where substantial efforts are being made
to create seamless pathways between the physical reality and it’s
digital counterpart. In the past decade, we have witnessed new
technologies and systems created to derive the virtual from the
reality, or the other way around, aiming to augment each other’s
capabilities. Due to the visual and spatial nature of reality, it’s digital
counterpart can be made useful in a variety of applications, such
as remote collaboration, hologram conferencing, and simulated
training [16] [12] [3] [27].

There are a few different interface platforms for users to interact
with the digital version of the real world. In this paper, we focus
on VR due to its capability to provide immersive experiences while
supporting in-situ spatial and embodied interactions from the users
[14]. The choice of 3D platform affords better 3D perception and
direct testing of the content within the execution environment that
matches the dimensionality of virtual content, without the need of
switching from 3D to 2D interfaces. Moreover, 2D interfaces bring
interaction issues while adding the extra dimension in unnatural
and unconventional ways, and restrict an intuitive “flow” of using
hands to work in VR [26].

Because of the state-of-the-art sensing hardware and computer
vision algorithms, real world digitization can be easily done by
commercially available 3D scanners, RGB [8] and RGB-D cameras
[5]. The results from these devices are usually the point cloud or the
mesh model reconstruction of the reality which provides a unique
benefit of laying out the objects reasonably with realistic dimen-
sions and unskewed spatial relationships. However, they can only
serve as a spatially situated visual reference for the user without
any interactive functionalities. In order to preserve the interactivity
of the scanned real world scene for a desired VR experience, it
requires professional developers to manually recreate the virtual
scene while using the scanned results as a background modeling
reference [7].

To make the scene reconstruction more accessible, prior works
have introduced numerous in-situ authoring systems for Augmented
Reality (AR) and VR applications [9] [24] [19]. The idea is to provide
users with a modeling tool that intuitively uses the reality scene as a
modeling reference for derivative scene reconstruction with added
interactive functionalities. However, the amount of user interaction
and technical modeling knowledge required are still substantial.
Recent works in artificial intelligence (AI) have used deep learning
to automatically reconstruct the digital scene from 3D scans [23]
[2]. However, these automated approaches usually lack the ability
to provide user in-the-loop customization. Inspired by previous
works, we choose an approach that balances user interaction with
Al automation.

We present VRFromX, an end-to-end system framework design
that supports the authoring of interactive VR scenes from real
world scans. Our workflow is illustrated in Figure 1: user scans a
real world scene (a welding workshop in this case) into point cloud
using a handheld 3D scanner; then replaces the point cloud objects
with corresponding virtual models via embodied interactions with
Al-assisted object retrieval; and then attaches functionalities onto
the virtual objects and defines logical connections between them;
finally the virtual scene is ready for VR interactions (this particular
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scene can be used for virtual welding training). The contributions
of this paper are listed as follows:

o The system workflow design of VRFromX that enables cre-
ation of interactive VR scenes, from scanning real world
scenes into point cloud scans, to transforming point cloud
objects into virtual 3D models, and to establishing function-
alities and logical connections among virtual contents.

e An embodied user interaction design that supports point
cloud segmentation and editing, the Al assistant that guides
object retrieval and alignment, and the spatial and visual
interface for functionality and logic authoring.

o A detailed system development of a welding use-case sce-
nario, evaluation results obtained from a three-session user
study, in addition to two example use-case demonstrations.

2 RELATED WORK

2.0.1 Scene Reconstruction and Manipulationin AR/VR. Prior
work has deployed 3D reconstruction techniques to automatically
reconstruct virtual scenes with scanned RGB-D information. Real-
ity Skins [29] uses consumer-level RGB-D cameras to pre-scan and
process the surrounding to translate it into a virtual environment
with the best object layout. Oasis [30] procedurally generates an
interactive VR experience using pre-scanned data from the physical
environment as a template. Dreamwalker [34] leverages RGB-D
sensors, Windows Mixed Reality tracking, and GPS to substitute
real world walking experience with a dynamic virtual environ-
ment. VRoamer [6] scans the physical environment in real-time
and dynamically instantiates pre-authored virtual experiences that
fit the physical world. These systems mainly focus on employing
RGB-D information to ensure safe walking in the physical world
and construct pre-authored virtual environments. However, our
system considers the RGB-D information as a medium that users
can interact with to transform static point clouds into an interactive
virtual experience.

Ens et al. [9] build an application to author Internet of Things
(IoT) devices in virtual environments with multiple logic nodes. Ng
et al.[19] provide a game authoring system that enables users to
add virtual contents to the physical world and attach game-logics to
virtual objects. Remixed Reality [20] builds a live 3D reconstruction
with multiple external RGB-D cameras and provides direct manipu-
lation of the reconstructed virtual scene. AffordIt! [22] offers a solu-
tion to assign affordances and constraints to virtual objects which
do not have intrinsic behaviors after 3D reconstruction and seg-
mentation. ARchitect [19] reconstructs an interactive virtual scene
by scanning the physical environment and aligning virtual prox-
ies with physical objects in consideration of affordances. Inspired
by these works, we have devised ways to add logical connections
among virtual objects within our authoring tool.

2.0.2 Al integration in AR/VR. Khurana et al. [13] highlighted
the importance and breakthroughs that Al and VR can make when
combined together and concluded that by the combination of Al,
the virtual world will be more than a realistic world. Giunchi et
al. [11] proposed a MVCNN-based retrieval method for searching
models using free-form sketches within a virtual environment as
queries. Zhu et al. [36] proposed a skeleton-based approach to
draw 3D models in Head Mounted Displays (HMD) based virtual
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Figure 2: Interface of the Brush Tool: (a) Tip Size, (b) Add, (c) Delete, (d) Select, (e) Clear All, (f) Query, (g) Scale, (h) Tip Shape,
(i) Brush Tip. User employs the Brush Tool to retrieve a chair (2-5).

environments using convolution surface-based brushes. Although
much progress has been made in the computer vision community
[28] [31], few of them have been merged with human interaction
workflows to create and make use of 3D context in Mixed Reality
applications.

3 THE VRFromX FRAMEWORK

We designed VRFromX as a proof-of-concept prototype that enables
users to transfer a scanned point cloud scene into an interactive
virtual experience. The major components of our system include:
an interactive interface for embodied interaction on point cloud
for Al assisted object retrieval, and behavioral modeling for virtual
models. Point cloud acquisition of a real environment is performed
using an inbuilt LIDAR in iPad Pro. This raw point cloud serves as
a medium for user interaction in VR. Spatial and colour informa-
tion of the point cloud helps in perceiving various objects present
inside the scene. The user then employs a brush tool to segment
ROl in the point cloud scene. Using the segmented point cloud as
the input query, Al algorithms assist user in retrieving correspond-
ing 3D models. Finally the user shifts to the behavioral modelling
mode to assign functions to virtual models using an affordance
recommender.

3.0.1 Point Cloud Interaction and Interface. In VRFromX, we
designed a system for users to interact with scanned point cloud
in an embodied manner inside a virtual environment. A brush tool
was developed which enables users to select regions on point cloud
or sketch in mid-air in a free-form manner. Various features of the
brush tool are shown in Figure 2. After having gained a clear per-
ception of the context of scanned scene and objects present inside it,
users can exploit the brush tool features for content creation inside
the virtual environment. They can manually segment ROI inside
the point cloud or modify them (by adding or deleting points) to
get corresponding virtual models from the database. The tool also
allows users to sketch object shapes in mid-air if they do not find
the objects in the partial point cloud. Keeping in consideration the

accessibility of regions inside the scene, the Scale feature enables
users to manually scale the environment or orient it to a desired
setting to suit requirements using simple hand gestures.

3.0.2 Objectretrieval and alignment using Al assistance. Neu-
ral networks are implemented in VRFromX to assist the user in
object retrieval and model alignment in an interactive manner.
Object retrieval is performed as a two-step process, object classi-
fication followed by similarity check. After user selects a ROI in
the point cloud or sketches the object shape, he/she can send the
point cloud selection or sketch as a query input to the back-end
system. The classification network deployed in back-end outputs
top 5 possibilities for object classes present in database. When user
selects the desired class, the network performs a similarity check
and returns top 5 plausible results of object models that closely
resemble the input query. The retrieval process is adaptive to the
user’s selections, i.e. if the user decides to change the shapes of
input query using the brush tool, the Al algorithms adapts to the in-
put and modifies search results accordingly. After the desired model
is selected, Al algorithms assist the user by automatically aligning
the 3D virtual model with the ROI according to scale, position and
orientation. The interaction capabilities provided by VRFromX also
enables users to re-purpose the point cloud to retrieve models of
interest. Users can also perform simple hand gestures to grab and
alter the position, orientation and scale of the virtual models based
on their requirements.

3.0.3 Behavioral Modeling Design and Interface. After set-
ting the environment, users can attach affordances to virtual objects
to make them interactable. The term affordance is defined as an
action that can be performed over an object(s) by an agent in an
environment according to Gibson et al. [10]. In our work, we de-
fined such behaviors of virtual objects to be categorized under three
categories: Animations, Displays, and Controls. Animations can be
defined as graphical animations in terms of motion or effects (sound,
visual) (Figure 3a). Displays are panels used to display data for var-
ious attributes of virtual objects (Figure 3b). Controls are widgets
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Figure 3: User assigns functions to a virtual lamp with the aid of (1) an Affordance Recommender and attaches (2) Anima-
tions - Lights (a), (3) Displays - Intensity Panel (b), (4) Trigger Controls - Switch button (c) with Trigger Link (e) and (5) Value

Manipulation Controls - Slider (d) with Data Flow Link (f).

which fall under two categories: Value Manipulation or Trigger.
Value manipulation Controls (Figure 3d) are used for transferring
data from the object to Displays and Trigger Controls (Figure 3c) are
used to trigger Animations for an object. Corresponding links are
displayed as Data Flow Link and Trigger Link during the authoring
process (Figure 3e, f).

We provide an Affordance Recommender for the user to choose
behavioural attributes of a virtual object. Interface design of the
affordance recommender is shown in Figure 3-1. Upon grabbing the
virtual model of interest, users can enable affordance recommen-
dation by pressing a virtual button that appears on the left hand.
Object properties for specific classes are predefined and stored in
text format along with 3D models in database. The recommender
extracts these properties for target object and provides users with
possible options. Users can grab one or more functions from the
list of choices displayed by the recommender and attach them to
the corresponding virtual object.

4 IMPLEMENTATION

We used Oculus Quest HMD with Oculus Link and Touch con-
trollers to perceive the virtual experience. The system ran on a lap-
top PC with a Processor Intel® Core™ i7-8700K, NVIDIA GeForce
RTX 2070 super graphics card and 64 GB of RAM. Front-end in VR-
FromX system was developed within Unity Engine in C# and was
connected with the pre-loaded back-end neural networks through a
separate service thread in Unity. During the process of user-guided
object retrieval, object classification is achieved by a PointNet [25]
based classification network that provides the top 5 possible classes
for the query input. The classification network is trained with 250
epochs on the ModelNet40 dataset [33] with 40 object classes and
fine-tuned with 200 epochs on a welding dataset with 14 classes
of welding equipment, each having 50 models. An alignment net-
work based on PointNetLK [1] helps in aligning the selected 3D
model to the ROI and is trained on the ModelNet40 dataset with

a data augmentation method that applies to random rotation and
variation.

5 USER STUDY

5.0.1 Study Setup. Our user study was based on a welding use-
case scenario. Welding is a hard skill which demands manual dex-
terity, adept motor skills and attention to numerous details of the
process leading to a substantial skills gap and demand for trained
welders in industry. Through their research study, Yunus et. al
[35] laid out the advantages of using VR simulators in the welding
process. From the research analysis, they have showed that respon-
dents agree with the usage of VR welding simulator as a tool to
develop basic welding skills to new trainees is necessary. We chose
the welding use-case to test our system’s capability to create and
author a virtual MIG welding simulator. We adjusted our system
requirements in terms of object models and their functions in data-
base to enable an experienced welder for authoring the welding
simulator. We created a database with model classes belonging to
objects that can be typically found in an actual welding environ-
ment and trained our back-end neural networks on these objects.
Object properties were defined such that the authoring process
could involve creating a realistic welding puddle, accurate sounds
and movements, simulation of sparks, slag, replicating machine
set-up (amperage/voltage) and tracking key weld parameters in-
cluding work angle, distance and position. In order to obtain the
point cloud for the implementation, we scanned the welding station
at a local welding-training company. A researcher walked around
the scene holding an iPad Pro scanning every possible detail using
an application called AppScanner [15]. The process was repeated 5
times each of which took around 10 minutes and the best scan was
used for the study.

We ran the exploratory study with 18 participants (4 female, 14
male) with ages between 18-35. 15 users had prior welding experi-
ence, 8 were welding experts and 7 had prior authoring experience.
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We observed the system’s usability while examining how users in-
teracted with VRFromX and what features they expected to achieve
using the system. We also tried to evaluate the efficiency of the
virtual welding trainer based on the comments from welding ex-
perts and our observations, if such simulator can facilitate seamless
transition into real world hands-on welding for novices.

5.0.2 Study Procedure. At first, users were asked to scan any
surrounding region using AppScanner. We included this step to give
users an idea about point clouds and the ease of acquisition using a
consumer-level product. Next, a virtual tour of the welding station
was given in VR by placing virtual markers at appropriate positions
in the scan showing pictorial representation of objects from the
actual scene. After users had gained a proper understanding of
the scene, a researcher explained the instructions verbally about
the functions of physical buttons on Oculus controllers and virtual
buttons in the system, and objectives of each task during a video
demonstration. The entire session was divided into 3 tasks; object
retrieval using the brush tool, behavioral modeling of virtual objects,
and interaction with the final scene. Users were asked to fill up short
questionnaire surveys between the tasks and finished up the study
with a conversational interview. The study lasted for approximately
70 minutes and each user was given $20 compensation.

Data was collected for each user in terms of : (i) time required to
finish each task, (ii) 7-point Likert Scale based questionnaire to test
system’s usability, and (iii) qualitative feedback. Each session was
recorded from 3 camera views; first-person in VR and third-person
in both VR and real environment. We segmented the first-person
camera view in VR to record objective results in terms of time
needed to perform tasks. After each task, users recorded their expe-
rience using the Likert survey. The survey questionnaire design was
derived from the standard user experience survey System Usability
Scale (SUS) [4]. We audio-recorded all subjective comments and
suggestions from users for post-study analysis and summary. We
interviewed the users about their experience with the system, com-
ments on improvement and potential applications. The subjective
feedback is used to explain the study results and inspire for future
design insights.

5.0.3 Results. Users were able to complete every task. Survey
results were analysed to identify users’ scores on each aspect of the
system, how usable were the interaction methods, how relatable
were the actions to real world entities and how immersive was the
experience. All Likert Scale questions are reported with mean (M)
and standard deviation (SD).

Task1 : Point Cloud Interaction for Object Retrieval. Users
used the brush tool for setting up the virtual welding environment.
From video analyses, the average time (in minutes) taken to retrieve
a 3D model from database was found to have M=2.3, SD=0.62. From
survey results, sketching (M=5.28, SD=1.24) and selection of objects
(M=4.89, SD=1.45) were easy inside the point cloud environment.
Objects inside the point cloud scene were accessible without much
effort (M=5.11, SD=1.24). Users were satisfied with the accuracy of
retrieval results (M=4.61, SD=0.89) and time required to fetch objects
from database (M=5.17, SD=1.26). Users were comfortable with
adjusting scale of point cloud based on their convenience (M=4.78,
SD=1.36). Overall, brush tool features were easy to use (M=5.78,
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SD=0.97). Users could understand where to pay attention while
performing the tasks (M=5.28, SD=1.33). Content created seemed
relevant and realistic (M=5.44, SD=1.34). Users had an idea about
the content to create in context of the scene (M=5.44, SD=1.34) and
were satisfied with the content that they created (M=5.5, SD=1.12).
Users were actively engaged during the task (M=6.11, SD=0.99).
Oculus controllers felt accurate (M=5.50, SD=1.12) and the physical
buttons helped with overall experience (M=5.50, SD=0.96). A low
rating was received for weight of controllers affecting the overall
process (M=2.17, SD=1.12).

Task2 : Behavioral modeling for virtual objects. Users at-
tached various functions to virtual objects using the affordance
recommender to make the virtual scene interactable. From video
analyses, the average time (in minutes) taken to assign functions
to a virtual model was found to have M=1.6, SD=0.62. From sur-
vey results, adding functions to virtual objects was easy (M=5.72,
SD=0.99). Users knew where to look and pay attention (M=5.67,
SD=1.15) and could assign functions without much effort (M=5.67,
SD=1.2). The choices provided by the affordance recommender were
meaningful (M=5.67, SD=1.49). Users could relate the functions with
real world interactions (M=5.83, SD=1.17) and felt confident about
the functions while assigning them (M=5.44, SD=1.30). Users could
understand what functions to add in context of the scene (M=5.28,
SD=1.15) and were actively engaged in the tasks (M=5.83, SD=1.34).
Oculus controllers felt accurate (M=5.61, SD=0.89) and physical
buttons helped with overall experience (M=5.00, SD=1.20). A low
rating was received for weight of controllers affecting the overall
process (M=2.78, SD=1.75).

Task3 : Virtual welding. Users performed virtual welding in
the reconstructed scene. From survey results, users liked the weld-
ing trainer that they created during the above tasks (M=4.83, SD=1.80).
They could relate the virtual interactions to real world interactions
(M=5.39, SD=1.06). 13 users tried welding in VR more than once, felt
confident (M=4.56, SD=1.50) and performed better with each trial
(M=5.28, SD=1.56). Users were actively engaged (M=6.00, SD=1.05)
and were willing to use the system again for transforming physical
reality to VR (M=5.17, SD=1.64). Oculus controllers felt accurate
(M=4.89, SD=1.49) and physical buttons helped with overall experi-
ence (M=5.00, SD=1.29). A low rating was received for weight of
controllers affecting the overall process (M=2.89, SD=1.59).

6 USE-CASE DEMONSTRATIONS

We implemented 2 use-case scenarios to justify capabilities of our
system to perform activities in a Mixed Reality environment. Re-
mote 3D Printing use-case demonstrates an example of Mixed
Reality fabrication using IoT-enabled devices and was developed to
encourage high school students in STEM-based curriculum. Using
sketching features, they can retrieve 3D designs for maker-based
prototyping and print models remotely without the need of going
into the complexity of constraint-based 3D-modelling softwares. Af-
ter putting the selected models on the plate of the virtual printer, the
models can be sent to the physical 3D printer for remote printing.
Robot-IoT Task Planning use-case demonstrates the applicabil-
ity of our system in Human-Robot collaboration to interact with
IoT-enabled devices. Using the scanned point cloud overlaid in VR,
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user specifies the path that the robot has to follow by selecting
waypoints and authors the robot tasks at desired waypoints. Using
brush tool features, user retrieves the models of IoT-enabled devices
that the physical robot has to interact with and assigns functions to
them. Finally the physical robot navigates on the path and interacts
with the IoT-enabled devices in the real world as authored by the
human.

7 DISCUSSION AND FUTURE WORK

Our results show that VRFromX provides users with an interactive
platform to create meaningful content inside a virtual environment
to transform physical reality into interactive virtual experiences.
The interaction procedures are simple, easy to understand and use,
and don’t demand any specific skill expertise from users. Having
been already familiar with the process from before, users are more
attached to the authoring process since they can always draw a
connection to the corresponding real world process. The system
also provides an engaging and immersive experience inside VR
through spatial and embodied interactions. From the comments and
observations gathered during interview, implications were derived
on possible applications in gaming and storytelling, education,
training and simulation. “Comfortable way to teach a soft skill. Before
you actually try on a physical set-up”, “Escape room-It’s a game so
that people can escape from room to any mysterious world.”, “Lab
scenario - students can do it at home, can go to lab for data collection,
rather than having problems with the set-up”, “Training purposes -
drill mills, saw, CNCs”, “In my old factory, I could use this for setting
parameters, training for setting parameters. Training how to do set up
parameters for machines Useful when the task might be dangerous.
Especially when they are doing some dangerous tasks, VR takes the
danger out.”

During the study, some users pointed out to augment the capa-
bilities of the brush tool to provide geometrical features to create
simple shapes to assist during sketching. “Use some features to draw
straight lines, circles, rectangles; not draw them ourselves. e.g. in tools
like paint, put simple shapes together to build complex shapes” This
can be achieved by adding features in the brush tool to enable
creation of constraint based geometric shapes in 3D [42]. We also
plan to consider usage of other modalities such as voice input to
enhance user interaction. Insights were gained from the study to
improve the efficacy of the virtual welding trainer. Adding scope
for personalization and integrating other factors such as body size
and parameters of biomechanics could be looked into to enhance
user interactivity. Another direction to look into is to make use of
AT algorithms to assist the users in segmentation of the point cloud
[32] [31]. Further collaboration between humans and Al could be
targeted by adding features to improve the accuracy and scalability
of the retrieval networks through active learning [21]. We plan
to explore the potential of VRFromX in reconstructing shapes by
making use of shape primitives [17] or geometric features present
in the point cloud [18] for unseen classes.

8 CONCLUSION

We have presented the system workfow design of VRFromX that
transforms physical reality into interactive virtual experiences in-
side a VR environment. We have demonstrated how the system
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design facilitates an embodied user interaction on scanned point
cloud to create virtual content using Al assistance. We also demon-
strated the usability of the functionality and logic authoring tool
to attach affordances to virtual objects for a meaningful end-user
experience. The results of our exploratory study in the welding
use-case confirmed the usability, intuitive and engaging aspects
of the system and also unveiled the potential directions for future
endeavors. Participants commented in affirmation about the abil-
ity of the system to create beginner level training experiences for
novices. We further implemented 2 more use-cases to demonstrate
potential applications of VRFromX.
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