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ABSTRACT

This paper describes a novel technique for segregating overlapping
labels in stereoscopic see-through displays. The present study in-
vestigates the labeling of far-�eld objects, with distances ranging
100-120 m. At these distances the stereoscopic disparity differ-
ence between objects is below 1 arcmin, so labels rendered at the
same distance as their corresponding objects appear as if on a �at
layer in the display. This �attening is due to limitations of both
display and human visual resolution. By remapping labels to pre-
determined depth layers on the optical path between the observer
and the labeled object, an interlayer disparity ranging from 5 to 20
arcmin can be achieved for 5 overlapping labels. The present study
evaluates the impact of such depth separation of superimposed lay-
ers, and found that a 5 arcmin interlayer disparity yields a signi�-
cantly lower response time, over 20% on average, in a visual search
task compared to correctly registering labels and objects in depth.
Notably the performance does not improve when doubling the in-
terlayer disparity to 10 arcmin and, surprisingly, the performance
degrades signi�cantly when again doubling the interlayer disparity
to 20 arcmin, approximating the performance in situations with no
interlayer disparity. These results con�rm that our technique can be
used to segregate overlapping labels in the far visual �eld, without
the cost associated with traditional label placement algorithms.

Keywords: Label placement, user interfaces, stereoscopic dis-
plays, augmented reality, visual clutter, information layering.

Index Terms: H.5.2 [Information Systems]: User Interfaces; I.3
[Computing Methodologies]: Computer Graphics

1 INTRODUCTION

Mixed and Augmented Reality (MR and AR) techniques integrate
visually superimposed computer graphics with real world views to
provide important data about observed scenes, reducing or remov-
ing the need to scan separate information sources such as computer
monitors, diagrams and maps. Although there are many potential
bene�ts in overlaying symbology and virtual information, care must
be taken when designing such a visual user interface to avoid clut-
tering. Visual clutter can fragment or occlude the information, mak-
ing it ambiguous.

Textual labels annotating scene objects are important sources of
visual clutter. Since they contain textual data, they require a mini-
mum size to be readable. Moreover, such labels should be spatially
registered with the background objects they describe. Due to such
constraints, it is often unavoidable that labels obscure background
objects or other labels, and thus also become elements of visual
clutter in the display.
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Figure 1: Uncrossed disparity stereograms illustrating the label layer-
ing concept: a) the default condition when labels are rendered at the
same distance as the markers in the background, producing a seem-
ingly �at label layer, and b) depth segregation of labels, which in this
study was found to yield a signi�cant performance improvement with
interlayer disparities in the 5-10 arcmin range. These stereograms
should however not be considered exact reproductions of the visual
stimuli in the viewing conditions due to the uncalibrated stereo dis-
parities. Furthermore these stereograms, with integrated background
and overlay imagery, have largely different optical properties than the
real visual stimuli produced when overlaying the far visual �eld using
optical see-through HMDs.

The application domain explored in this work is AR displays for
air traf�c control (ATC) towers. This information integration ap-
plication is attractive because of the current air traf�c controller’s
needs to scan radar and weather displays, monitor physical or dig-
ital �ight strips, and maintain visual surveillance through the win-
dows of the control tower. Superimposing data onto aircraft in the
window view, using see-through display technology, could reduce
the attention shifts required to retrieve information in traditional
head-down display devices.

Despite the high elevation of the control tower cab, the compar-
atively much larger distance to observed aircraft will cause vertical
compression towards the local horizon. Thus, labels attached to air-
craft monitored from the tower would likely overlap, especially at
large airports with distant runways and taxiways.

In some applications, e.g. information visualization, the back-
ground layer that graphically describes the data can be spatially re-
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arranged to simplify the labeling task. In AR in general, and in
the tower window view in particular, there is no such �exibility;
the background layer is represented by physical objects that are not
under the control of the user interface.

A common approach to reduce the problem of label overlap
in graphical user interfaces is to evaluate available 2D screen
space, and constantly reposition labels to available locations. This
technique is commonplace in, for example, cartography [6, 27],
ATC radar displays [5, 16], and scienti�c illustration [9, 10].
This technique is, however, not constrained to 2D user interfaces;
many 3D systems including MR and AR implementations utilize
the same approach on the 2D view plane projection of the 3D
scene [2, 3, 4, 19, 22, 23, 28]. This approach is often successful
in avoiding label overlaps and thereby reducing clutter; however, if
the user or the observed objects are non-stationary, the approach in-
troduces 2D screen motion since labels rearrange according to the
optimal label layout over time. This 2D screen motion may disturb
or distract the system user [1], and may also cause confusion as
to where a speci�c label is located relative its object at a speci�c
instant.

There are alternative approaches to label management that do not
introduce 2D motion. Instead they alter the appearance of the label
by adjusting transparency [12, 13, 17] or color coding, or they use
�ltering to remove labels and other information deemed unimpor-
tant for the current task [15]. However, these approaches require au-
tomated importance classi�cation, which in ATC applications can
entail a safety risk.

We are instead investigating the feasibility of utilizing the third
dimension, depth, available in stereoscopic displays, to manage the
visual clutter associated with label overlap. This approach, label
layering, does not introduce any 2D motion, dimming or �ltering
of the labels; it works by solely adjusting their stereoscopic dis-
parities. Though stereoscopic disparity is mostly known as a depth
cue, it is possibly more important for its role in image segregation
through its support for camou�age breaking. Three-dimensional
objects that share identical visual textures with their background
can be revealed by disparity gradients visible in stereographic view-
ing systems [11]. Aerial stereography takes advantage of this fact in
uncovering camou�aged military targets, invisible in a single cam-
era view, and so does the segmentation algorithms used on stereo-
scopic image sequences (e.g. [18]). The random dot stereogram, in-
vented by Julesz [14], could be considered the �perfect camou�age�
since hidden objects appear only if viewed by a stereographic sys-
tem such as human vision; disparity is the only means to separate
objects from the background noise.

Our label layering technique uses the same concept in a cluttered
AR interface: A user with stereo vision can isolate and read over-
lapping labels solely based on their internal disparity differences.

At the distances of interest in this work, over 100 m, the natural
disparity differences between objects are very small; generally be-
low 1 arcmin. Thus, if the labels were registered in 3D with their
objects at these distances, the disparity differences between adja-
cent labels would be negligible; typical display devices with visual
resolutions of several arcmin per pixel cannot present such small
disparities. We are therefore interested in evaluating the effects of
larger disparity differences, in the range between 5 and 20 arcmin.
In order to produce these exaggerated interlayer disparities we need
to spatially remap the labels into prede�ned depth layers on the op-
tical path between the observer and the overlaid objects. The stere-
ograms in �gure 1 illustrate the label layering concept, and may be
fused if viewed with uncrossed stereo vision, i.e. converging the
eyes behind the physical image plane of the paper.

We have conducted a previous investigation of the bene�ts for
visual search of label layering in laboratory conditions [21]. The
experiment reported in this paper extends that work to a setting with
optical conditions closer to those in an ATC tower, a far-�eld envi-

ronment with small natural accommodation and vergence demands
due to the large distance. Will disparity-based label segregation
improve performance even though it introduces a larger relative
vergence demand? Will the technique be affected by the accom-
modative demand of an optical see-through head-mounted display
(HMD) which is focused closer than the background objects? Our
study will evaluate various magnitudes of disparity differences be-
tween adjacent label layers, that is, different interlayer disparity,
in order to determine if, for example, increasing depth segregation
will aid in isolating and reading the individual labels, and thus af-
fect user performance.

Section 2 presents related work to the experiment described in
section 3. The results of the experiment are provided in section 4
and discussed in section 5. Section 6 gives a general conclusion,
and also outlines future work on an automated label layering algo-
rithm.

2 RELATED WORK

Most previous work on visual clutter reduction in user interfaces
through stereoscopic depth segregation can be found within infor-
mation layering, a concept where information of different types is
placed in different depth layers. This is slightly different from our
label layering technique where we aim to segregate information of
the same type, labels, in depth. However, these two approaches
share many principles.

Information layering, using the dual physical display planes in a
multilayered display, has been investigated and compared to tradi-
tional, single layer, display devices [26]. The multilayered display
used in that study is composed of two LCD screens separated by
a 1.4 cm transparent Perspex layer, producing both disparity and
focus difference between the LCDs. This technology thus avoids
the accommodation-vergence con�ict inherent to most stereoscopic
viewing systems, but has limited �exibility in terms of changing
depth layer positions. This study found no performance bene�t in
the simple task conditions; however, signi�cant performance im-
provements were detected using the multilayered display to segre-
gate information under demanding task conditions.

The information layering approach was also found to effectively
offset the effects of added visual clutter in a visual tracking task
on a �ight display [20]. The clutter was added to the display in
the form of noise, making the display visually crowded, and in the
form of absence of color coding for the tracking and target symbols,
making the stimuli and task ambiguous. The noise, tracking and
target symbols were present in only one of three segregated depth
planes, reducing the noise impact and providing a cue to clearly
identify the tracking and target symbols.

Multilayer interaction in an information layering context has
been investigated on a tabletop display [24]. Results indicate that
4 layers spaced 4 cm apart yielded optimal user performance in
a sketching application, where each layer provided different inter-
action and navigation functions. The results were, however, not
compared to a single-layer interface.

Previous work on label layering has shown that distributing mul-
tiple overlapping labels in depth signi�cantly improves user perfor-
mance in a visual search task [21]. It was determined that the depth
order of the labels must be correlated with that of the overlaid ob-
jects; a random depth distribution of labels conversely signi�cantly
degraded user performance, likely due to a mismatch in depth cues
between labels and objects hampering label-object integration. That
earlier work differs from the current work in that it did not evalu-
ate varying magnitudes of depth segregation, but rather maintained
�xed disparity differences at approximately 6 arcmin; furthermore
it was performed in an indoor environment with smaller relative ac-
commodation and vergence demand than the currently investigated
far-�eld AR setting.
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3 METHOD

We constructed an experimental setup which allowed us to ful�ll
our three design goals:

(i) Place physical markers in the far visual �eld (� 100 m) from
the observer, where their relative stereoscopic disparity differ-
ences are small (< 1 arcmin), in close proximity (� 1� ) within
the visual �eld of the observer, so that overlaid labels would
partially overlap each other.

(ii) Overlay the markers with text labels in a HMD; remap the
location of the labels from their default positions, co-located
with the markers, to depth layers along the optical path be-
tween the markers and the observer.

(iii) Evaluate the user performance in a visual search task, re-
quiring integration of information in background markers and
overlaid labels with various magnitudes of stereoscopic dis-
parity between the layers. Performance should then be com-
pared with that of the default condition with no stereoscopic
disparity differences between labels.

3.1 Hardware Setup

Each participant was seated on a stool on the roof of a two-story
building, with an eye point approximately 10 m above ground level.
The overlay graphics were presented to each participant through
a Kaiser ProView 50ST, an optical see-through HMD with 74%
binocular overlap. The active screen area of each display unit pro-
vided VGA resolution (640� 480 pixels) with a 35� � 26� Field-of-
View (FoV), giving a pixel size of 3.3 arcmin. The partial over-
lap con�guration yielded an extended horizontal FoV of 47� . The
virtual image presented by the display was focused at 3 m (0.33
diopters).

Figure 2: The marker layout of the nine physical markers on the grass
lawn, at an average distance of 110 m from the observer.

Nine physical markers were placed on a grass lawn, on ground
level, 110� 10 m from the participant's location (�gure 2). The
markers were placed in a random pattern within an area covering
11� � 2� of visual angle. No marker was closer than 1� of visual
angle to any other marker. Each marker was constructed of white
foam core board of rectangular shape, 0.7� 1.0 m, and �rmly at-
tached to the ground. Black gaffer's tape of width 10 cm was
used to create the numeric characters 1-9, uniquely assigned to each
board. The size of the numeric characters was maximized on each
board, with a margin of 10 cm to the marker board edge. In terms
of visual angle, the marker boards were approximately 30 arcmin
in height, and glyph thickness of the numeric characters was 3 ar-
cmin. Virtual targets intended to be spatially registered with physi-
cal targets, such as the markers, were measured with a see-through
calibrated ruler to have spatial registration errors of less than 0.5
degrees within the �eld of regard used in the experiment.

The luminance of the white background markers was measured
with a SpectraScan 650 photometer. It ranged between 6,300 cd/m2

at 16:00 and 23,700 cd/m2 at 10:30, the respective end and start
times of the daily period used for experimentation. The HMD has

Figure 3: The HMD was retro�tted with thick black felt to bloc k any
unwanted ambient light to enter the eyes, which would have reduced
the contrast of the overlay graphics. Three of the six cameras used
for tracking can be seen as black boxes behind the participant.

Table 1: Luminance values of the background markers and HMD
graphics, measured at 10:40 and 16:00, the start and end times of
the trials of each experiment day.

Time of day
10:40 16:00

Marker luminance (natural) (cd/m2) 23,700 6,300
Marker luminance (transmitted) (cd/m2) 21.61 5.74
HMD luminance (cd/m2) 3.6 3.6
Luminance ratio (HMD/transmitted background) 0.167 0.627

a transmittance of 0.245, and was �tted with two layers of neutral
density �lters; each with a transmittance of 0.061. The luminance
of the HMD when displaying a full red image was 3.6 cd/m2. The
transmitted luminance values and corresponding ratios are shown
in table 1. Because of passing clouds and movement of the sun dur-
ing the day, it was necessary to vary the number of neutral density
�lters used to ensure visibility both of the virtual images and the
background markers during the experiment. In general it was nec-
essary to keep the virtual display elements at least 10-15% brighter
than the background. The display was retro�tted with a hood (�gure
3) made of thick black felt, ensuring that no ambient light entered
the HMD from the sides or below, and that the only light to reach
the eyes passed through the eyepieces with neutral density �lters.

Although seated, the participants were free to move their upper
body and head. Head tracking data was fed through a 6-camera
PhaseSpace Impulse optical tracking system, with 6 active LED
markers placed on the back of the HMD mount (�gure 4).

The HMD was driven by an NVIDIA Quadro FX 1400 stereo
graphics card on an Intel Xeon workstation running Ubuntu Linux.
The experimental code was written in C++ using OpenSceneGraph
for scenario construction and VR Juggler for tracking and display
con�guration.

3.2 Task

We developed a task that would require integration of information
in the background markers with the information in the overlay. To
solve the task in each trial, the participant needed to �nd a spe-
ci�c label, and judge its horizontal positioning relative to that of a
given background marker. Thus, the task was not 2D-solvable, i.e.
information from both background and overlay was required for a
correct judgment. Furthermore, we chose a response technique that
would require as little sensory-motor effort and mental workload as
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