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This paper presents a method that allows a ”guide” to point out an element of the real world, i.e., a reference

point, to a tourist”. The guide and tourist stand side-by-side and each hold a tablet whose camera is aimed at
the scene. The guide annotates the reference point on their tablet, and it is sent and displayed on the tourist’s
tablet. Then the device zooms in and guides the tourist towards the target object. A user study shows that
the method has significantly shorter reference point localization times compared to a conventional augmented
reality interface. Furthermore, the study shows that the method can provide directional guidance through the
annotation alone, without any reliance on the visual appearance of the region of the reference point, as needed
for challenging scenes with repeated patterns or devoid of visual features.

1 INTRODUCTION

One of the requirements for successful collaboration
is that collaborators can point out to each other an el-
ement of the 3D scene for common reference. This
can be challenging for a variety of reasons. One rea-
son is that natural language can be ambiguous, which
makes it difficult to convey precise spatial directions.
Another reason is that the working space can be com-
plex and repetitive, which makes it hard to isolate a
reference point out of many similar candidates. Aug-
mented reality (AR) allows annotating elements of the
real world, which could be used to annotate a refer-
ence point in support of collaboration.

An optical see-through AR headset can annotate
a reference point directly into the user’s visual field,
so they are well suited for indicating the true direc-
tion to the reference point. However, AR headsets re-
main expensive, bulky, dim, and with a limited field of
view. Handheld AR displays, implemented by tablets
or phones, have the advantages of lower cost, mass
deployment, larger field of view, and better robustness
with scene lighting conditions. However, the video-
see-through AR interface implemented by handheld
displays shows the annotation of the reference point
on the 2D display, and not directly into the user’s view
of the 3D scene. Consequently, the user has to mem-
orize the scene features around the annotation seen
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on the display, and then, once they shift focus to the
scene, find the reference point from memory. In other
words, the AR handheld display facilitates, but does
not completely eliminate the search for the reference
point. To address this issue, one has to transform the
frame acquired by the video camera to what the user
would see if the tablet were transparent. This user
perspective rendering (UPR) of the frame eliminates
the need for memorization and improves the accuracy
of the AR directional guidance.

In this paper we introduce Look-over-there, a
method for enhancing a handheld AR display’s abil-
ity to direct the user’s attention to a specific refer-
ence point in a real-world setting. Two collabora-
tors stand side-by-side (Fig. 1 b), one (i.e., the guide)
pointing out an element of interest to the other (i.e.,
the tourist). Using handheld devices, such as a tablet
or a phone, both collaborators view a live video feed
of the scene captured by their device’s camera. The
guide annotates the reference point on their display
(Fig. 1 a), which appears on the tourist’s display (c).
To further improve the accuracy of directional guid-
ance provided to the tourist, the tourist is asked to
center the annotation on their display while the vi-
sualization zooms in on the scene (e¢). This refine-
ment stage transforms the display into an UPR trans-
parent display with good alignment between the im-
age on the display and the scene behind it. Once the
tourist’s view is correctly aimed at the reference point,
the tourist can move the display out of the way to see
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Figure 1: Look-over-there method overview. A guide and a tourist stand side by side (left and right in image b). The guide
marks a point of interest on their tablet (red circle in a). The annotation appears on the tablet of the tourist (red circle in ¢).
Although the annotation is at the correct location on the tablet, it is not at the correct location in the visual field of view of the
tourist, so the directional guidance provided is inaccurate. During a guidance refinement stage, the tourist tilts up the tablet (d)
to center the annotation (e), while the visualization zooms in progressively, from the large field of view of the tablet camera,
to the small angle subtended by the tablet in the tourist’s visual field. This improves the accuracy of the directional guidance
provided by the tablet, indicating to the tourist the true direction to the reference point, which the tourist then finds with their
naked eyes (f). In ¢ and e the background seen by the tourist around the tablet is simulated for illustration purposes.

the reference point directly (f).

We have evaluated our method empirically. The
improvement from the refinement stage was con-
firmed by laboratory experiments: a user study ap-
proved by our Institutional Review Board shows that,
compared to a conventional AR display, the direc-
tional guidance refinement of Look-over-there signifi-
cantly reduces reference point localization times; fur-
thermore, the study shows that Look-over-there can
provide directional guidance through the annotation
alone, without any reliance on the visual appearance
of the reference point region, which affords direc-
tional guidance for difficult scenes that are devoid of
visual features or contain repetitive patterns. We have
also tested our approach on indoor and outdoor real
world scenes, as shown in the accompanying video.

In summary, our paper contributes: (1) a robust
and accurate handheld display AR interface for users
to indicate a real world scene location to their collab-
orators; (2) an empirical evaluation of our interface,
including in a controlled user study, which confirms
the advantages of our interface over conventional AR.

2 Prior Work

The ability to refer to the same element of a shared
real-world workspace is essential for successful col-
laboration. AR technology has the ability to annotate
the real world, and thus it can be used to link the real
world view of two or more collaborators.

Optical see-through AR interfaces provide guid-
ance in the user’s view of the real world, facilitat-
ing the transition for the user to see the target with
their naked eyes. When the annotation is visible to
the user on the active part of the AR headset, direc-

tional guidance is a solved problem. However, optical
see-through AR headsets typically have a small field
of view, and special interfaces are needed to guide the
user’s attention to out-of-sight reference points (Bork
et al., 2018). AR headsets remain expensive, bulky,
and dim, which currently precludes their use in day-
to-day applications. Our work focuses on handheld
(video see-through) AR displays.

Handheld video see-through AR displays offer the
key benefits of easier entry, as tablets and phones are
already ubiquitously deployed.Users can manipulate
content on a projected display using a mobile device
such as a touchpad (Boring et al., 2010). However,
the user has to memorize the video frame region sur-
rounding the annotation, and then, once they shift fo-
cus to the real world, to find the reference point from
memory. These focus shifts have been shown to be
harmful in applications such as AR surgical telemen-
toring, where it can lead to surgery delays or even er-
rors (Andersen et al., 2016a).

User Perspective Rendering (UPR) attempts to
improve the directional guidance by showing what
the user should see if the display were not present.To
achieve that, one needs to know the user head posi-
tion as well as the scene geometry, such that the scene
geometry can be reprojected to the user’s viewpoint
(Babic et al., 2020).

The position of the user’s head was tracked with
front facing cameras built into the device (Mohr et al.,
2017). Researchers have also investigated not track-
ing the user head position and using instead a fixed
default position(Copi¢ Pucihar et al., 2013; Andersen
et al., 2016b). We take the approach of not tracking
the user head and of relying on the user to keep it at a
relatively constant position with respect to the display.

A pure UPR approach has to know the geometry



the scene to reproject the frame to the user’s view-
point. The baseline provided by the two collabora-
tors is insufficient for accurate triangulation of cor-
respondences (BariCevi¢ et al., 2017; Davison et al.,
2007). Prior work has also proposed to do away
with geometry acquisition and to work under the as-
sumption that the scene is planar (Borsoi and Costa,
2018). The planar scene proxy is fitted in a calibra-
tion stage (Zhang et al., 2013), or tracked in real time
from markers (Samini and Palmerius, 2014; Hill et al.,
2011), or from scene features (Tomioka et al., 2013;
Soros et al., 2011). If the scene is not close to the
user, one can achieve a quality display transparency
approximation under the “distant scene” assumption
that ignores the distance between the device camera
and the user viewpoint (Andersen et al., 2016b).

In our work we take the approach of not acquiring
scene geometry. Instead, we rely on a homography
computed with a prior-art computer vision pipeline
that finds features, establishes correspondences be-
tween features, and minimizes correspondence repro-
jection errors (Bradski, 2000). Methods that acquire
scene geometry passively, e.g., through monocular si-
multaneous localization and mapping (SLAM), have
to “freeze” the visualizations on the collaborators’
displays in order to wait for the acquisition process to
complete (Gauglitz et al., 2012; Bauer et al., 1999).
The issue can be avoided by moving the scene acqui-
sition to a preprocessing stage (Gauglitz et al., 2014).
Our pipeline completes the initial transfer of frame
features from the guide to the tourist in 300ms, and
then computes the homography for each new frame in
20ms, without any preprocessing, which enables un-
interrupted live visualization.

Co-located versus remote collaboration. When
users are co-located, cross-referencing elements of a
real world scene has the challenge that each of the
users has its own view of the scene (Billinghurst et al.,
2002; Kaufmann, 2003; Lin et al., 2015), and one has
to transfer annotations from one view to the other. In
remote collaboration, there is a single view of the real
world scene which is transferred to the remote collab-
orator, who authors annotations directly in this shared
view (Irlitti et al., 2016; Andersen et al., 2016a). We
focus on co-located collaboration, and the annotation
defined in the guide’s view is registered to the tourist
view in real time.

3 Look-Over-There

We have developed an AR approach for a collaborator
(the guide), to point out an element of the real world
(the reference point), to a second, co-located collabo-
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Figure 2: Look-Over-There pipeline.

rator (the tourist), see pipeline in Fig. 2.

Stage A. The guide annotates the reference point
on their device.

Stage B. The guide’s device extracts the salient
frame features where the annotation was defined and
transfers them wirelessly to the tourist device.

Stage C. The features are used by the tourist’s
device to register the annotation, which is displayed
where the reference point appears in the frame. Al-
though the annotation does align with the reference
point in the tourist tablet frame, the directional guid-
ance provided is inaccurate. Indeed, the correct direc-
tion to the reference point is much lower and to the
left, where the reference point appears in the field of
view of the tourist (bottom left corner of C in Fig 2).

Stage D. The tourist aims their device such that
the annotation is aligned with cross-hairs displayed at
the center of the tablet. At the same time, the device
zooms in to improve the simulated transparency ac-
curacy. Finally, without changing view direction, the
tourist removes the tablet to find the reference point
directly with their naked eyes.

In summary, the guide creates the annotation us-
ing the touch-screen of their device (stage A). The
guide frame where the annotation was authored is reg-
istered to the current (live) tourist frame using a ho-
mography mapping computed based on SIFT features
(Lowe, 2004) (stage B and C). The robust SIFT algo-
rithm allows us to not rely on the camera specs of the
devices.. The directional guidance refinement (stage
D) is described in Sec. 3.1.

3.1 Directional Guidance Refinement

After the annotation registration stage, the annotation
appears in the raw video frame of the tourist’s device.
However, the directional guidance provided is inaccu-
rate and a final refinement stage is needed.

Fig. 3 shows that before guidance refinement, the
camera C of the tourist device captures the reference
point 7' at image plane point Q. Q is shown on the






