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Figure 1: Relative 6DoF pose specification for remote task guidance. (a) Virtual replicas of motor parts. A group of small screws
is located below the red gear. (b) The user constrains the parts for the inner chassis to each other (including the screws), which
are all surrounded by a blue hull to indicate this, and then scales up the set for easier inspection and manipulation. (c) The user
assembles the inner chassis and then constrains the yellow (frame) parts to each other and the orange (shell) parts to each other.
(d) As the user merges the frame set into the inner-chassis set, the hull for the set being inserted turns green. (e) The user
assembles together the inner chassis and frame. (f) The user merges all sets and then assembles the orange shell to the motor.

ABSTRACT

Virtual reality (VR) systems for guiding remote physical tasks typ-
ically require object poses to be specified in absolute world coor-
dinates. However, many of these tasks only need object poses to
be specified relative to each other. Thus, supporting only absolute
pose specification can create inefficiencies in giving or following
task guidance when unnecessary constraints are imposed. We are
developing a VR task-guidance system that avoids this by enabling
relative 6DoF poses to be specified within subsets of objects. We
describe our user interface, including how geometric relationships
are specified and several ways in which they are visualized, and our
plans for validating our approach against existing techniques.

Index Terms: VR, interaction techniques, robotic control.

1 INTRODUCTION

Using virtual reality (VR) to remotely guide a complex physical
task can require the VR user to refer to a large number of compo-
nents that will be incorporated in different subassemblies. Creating
and manipulating ”virtual replicas” (digital twins) of these physical
components has been shown to simplify task guidance and increase
efficiency [8, 3, 10]. In previous work [2, 1], 6DoF poses of com-
ponents have been specified with respect to a world coordinate sys-
tem anchored to the task environment, here referred to as absolute.
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However, constructing a subassembly often depends only on the re-
lationships between its constituent objects rather than an absolute
frame of reference. In these cases, specifying poses of objects rel-
ative to each other, rather than to an absolute reference frame, can
avoid unnecessary constraints. For example, consider physically
assembling two four-legged tables. During assembly, the relative
poses of each tabletop and its four legs are important, but the ab-
solute poses of the tabletops and legs, and the relative poses of the
top and legs of one table relative to those of the other table may not
matter.

In a VR task-guidance system whose user can decide to de-
fine just the relative poses of certain objects, the absolute poses
of these objects in VR do not need to match the absolute poses
of the physical objects they represent. Humans or robots carrying
out guided tasks with the corresponding physical objects can place
them anywhere, provided that the specified relationships are main-
tained. Thus, the VR user can avoid specifying extraneous relation-
ships that would otherwise have to be followed, potentially making
the task more difficult. For example, two subassemblies might be
constructed wherever it is most convenient and then manipulated
relative to each other only if and when the VR user specifies.

To address inefficiency and over-specification in task guidance,
we are developing a VR user interface (UI) that can specify rel-
ative 6DoF relationships and poses of virtual replicas of physical
objects. Our system is designed to deliver information about the
relative poses of the virtual replicas to the site for physical ma-
nipulation. We are prototyping visualizations for these constraints
and designing a user study to evaluate our approach compared with
other task-guidance methods. Thus, we make the following contri-
butions:

• A general approach for describing 6DoF poses of virtual repli-
cas relative to each other rather than absolutely.

• A VR implementation of our approach as applied to remote
task guidance for performance by robots or humans.



2 RELATED WORK

There has been much work on using VR for remote task guidance.
For example, Oda et al. [8] used virtual replicas to help a remote
VR expert guide a human user performing 6DoF manipulations at a
physical location. Task guidance has also been increasingly applied
to robot teleoperation in VR systems to provide more intuitive and
effective remote control. Some of these systems are low-level, for
which the user needs to know how to operate the robot [5, 6, 4].
For example, Lipton et al. [7] require the user to directly control a
robot to complete assembly tasks. On the other hand, robot control
can be high-level, for which the user needs only to define target
goals for the robot [10, 1, 9]. In work by Aoyama et al. [1], 6DoF
absolute pose specification is used to relay assembly commands to
a physical Universal Robots UR5 robot arm. However, we know of
no other VR task-guidance system that allows the user to selectively
use relative instead of absolute pose specification.

3 SYSTEM DESCRIPTION AND TASK DESCRIPTION

In our system, a remote VR user is immersed in a virtual environ-
ment containing virtual replicas of all the physical objects that need
to be assembled at a task site. The initial poses of the virtual repli-
cas need not match the absolute poses of the corresponding objects
at the site. Virtual replicas of the objects in a task are shown in VR
on a gridded surface, as seen in Figure 1(a). A user can constrain
virtual replicas together by selecting them and pressing a controller
button. The virtual replicas will then be repositioned and rescaled
near the controller for easier manipulation. A transparent hull will
be placed around these virtual replicas to indicate they are now con-
strained to each other and part of a set, as seen in Figure 1(b–c).
The starting relative positions and orientations of the virtual repli-
cas before the set is made define the relationships between the vir-
tual replicas after the set is made. In Figure 1(b), the virtual replicas
have also been moved by the user. The user can reposition and scale
a set for convenience. The relative size of the hull and the relative
6DoF poses of the virtual replicas in a set will be maintained if the
scale of that set changes.

Sets can be merged by selecting each set individually and then
pressing a controller button. Alternatively, sets can be merged pair-
wise by dragging and dropping one set on top of another set, as
seen in Figure 1(d). When merging, the scale of the virtual repli-
cas in the set being inserted will change to match the scale of the
virtual replicas in the destination set, as seen in Figure 1(e). The
new relative relationships between virtual replicas of different sets
will match the relative poses of those virtual replicas right before a
merge happens. Users can manipulate a subset of the virtual repli-
cas in a set by toggling from single selection to group selection
through a controller button press. Figure 1(f) shows the result of
merging all sets.

A user can remove a virtual replica from a set by selecting that
virtual replica and pressing a controller button or by dragging it
outside of the set’s hull. A user can destroy an entire set by se-
lecting a set and pressing a controller button. The corresponding
hull visualization will be removed for that set. A user can also
toggle on and off all the set visualizations at any time for viewing
purposes. We allow for the duplication of a set so that a user can
view it at different scales. For a complex assembly task that con-
tains subassemblies at varying scales, having duplicates of sets of
virtual replicas across these scales can improve understanding. A
user can specify assembly goals by moving a virtual replica in its
set. If a virtual replica is moved inside a set, a ghost (transparent
copy) of that virtual replica will be left at the starting pose of that
virtual replica. The user can edit a goal for each virtual replica in a
set before confirming all of the set’s goals by pressing a controller
button. The ghosts disappear after confirmation. The hull of a set
will be resized so that it always contains all of its ghosts and virtual
replicas. Our system is implemented in Unity 6.1 for a Meta Quest

3, connected with Quest Link to a Windows 11 computer with an
Intel Core i9-9900K and an NVIDIA GeForce RTX 3090.

As an alternative to the hull visualization for showing the set
membership of virtual replicas, we have prototyped a line visual-
ization that connects virtual replicas in a set by lines of the same
color. In internal tests, the line visualization appeared to be supe-
rior for small sets because a single hull occupies a larger amount of
display space than a small number of lines. On the other hand, the
line visualization was often distracting for large sets when a user
needed to manipulate a virtual replica inside a set because lines
connecting that virtual replica to others can move during manipu-
lation. Even though we use only n−1 lines for an n-element set in
the line visualization, if n is large, the lines can clutter the scene.
However, overlapping sets in both visualizations can also be visu-
ally confusing. We are working on refining the set visualizations.

4 CONCLUSIONS AND FUTURE WORK

We are building a VR UI that allows the selective use of relative
6DoF poses of virtual replicas for remote guidance of physical
tasks. Our system currently maintains relative 6DoF poses for all
virtual replicas in a set. We are exploring how to allow a user to
specify that only positions or orientations are to be constrained for
selected virtual replicas. As we continue to refine our UI, we are
designing a user study to investigate how this approach compares
to one that supports pose specification only in an absolute world
coordinate system.
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