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Figure 1: A possible scenario for SlidAR: a user wants to position a virtual text annotation (a white bubble) to a blue cable. (a) The user has
pointed to the cable and from the initial viewpoint the annotation appears to be in the correct position. (b) However, changing the viewpoint
reveals that the blue cable was not mapped correctly and the initial position is incorrect. (c) SlidAR enables the user to adjust the position of the
annotation by using a slide gesture (shown as a white arrow) along the red epipolar line.

ABSTRACT

The benefits of Handheld Augmented Reality (HAR) are the
widespread use of handheld devices and the possibility for in-situ
Augmented Reality (AR) content authoring. A fundamental part
in HAR authoring is the accurate positioning of virtual objects to
the real environment. Due to the hardware limitations of handheld
devices and and large variety of possible scenarios, accurate posi-
tioning can be difficult.

In this demo, we present an intuitive 3D positioning technique
for HAR called SlidAR that is developed for Simultaneous Local-
ization And Mapping (SLAM) based HAR systems and can be used
to accurately position virtual objects. It utilizes 3D ray-casting and
epipolar geometry. The position can be adjusted with a slide ges-
ture along the epipolar line. SlidAR does not require a perfect 3D
reconstruction of the environment nor any virtual depth cues.

Keywords: Handheld augmented reality, 3D positioning, usability

Index Terms: H.5.1 [Information Interfaces and Presenta-
tion]: Multimedia Information Systems—Artificial, augmented,
and virtual realities; I.3.6 [Computer Graphics]: Methodology and
Techniques—Interaction Techniques;

1 BACKGROUND

HAR means AR on handheld devices such as smartphones and
tablet computers. HAR provides good means to introduce AR to
the mass consumer market due to the widespread use of suitable
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handheld devices [7]. Easy in-situ content authoring is important
for the overall acceptance of HAR [4] and accurate 3D positioning
of virtual objects is fundamental in content authoring.

Markerless tracking methods can track the environment without
physical AR markers. However, in order to accurately position vir-
tual objects in 3D, the markerless HAR system needs to reconstruct
a 3D map of the environment. Due to the insufficient processing
capabilities handheld devices and the vast variety of real world sce-
narios, the correct 3D mapping of the environment might not always
be possible. This can make the accurate 3D positioning difficult.

What makes this demo unique and special? For the problem
states above, we present an intuitive SLAM-based HAR 3D posi-
tioning technique called SlidAR1 (Fig. 1), which utilizes 3D ray-
casting and epipolar geometry. SlidAR enables accurate 3D posi-
tioning of virtual objects to the real environment, which 3D struc-
ture is not correctly mapped by the HAR system. The benefits of
SlidAR are that it does not require AR markers, extra hardware, ac-
curate mapping of the environment, nor virtual depth cues. It also
enables positioning in mid-air. In addition to object positioning
scenarios, SlidAR can be used in other types of HAR scenarios that
require accurate 3D point selection.

2 RELATED WORK

Previous HAR 3D object positioning techniques often utilize but-
tons, touch-screen gestures, or device movement. Castle et al. [2]
have used touchscreen buttons for object positioning. Marzo et al.
[5], and Mossel et al. [6] have used multitouch and slide gestures,
respectively. Henrysson et al. [3] were the first to develop device
movement techniques for a handheld device that fixes the position
of an object relative to the device while the device is being moved.
Later, Mossel et al. [6] and Marzo et al. [5] implemented the same
technique for modern smartphones. The most similar work to ours

1Demo: https://www.dropbox.com/s/yrqjd88t0jjfhp1/ISMAR15_video.mp4



Figure 2: A top-down (above) and display (bellow) views. A virtual object (illustrated as an X in the top-down view and a white bubble in the
display view) is being positioned to the tip of a blue cone. (a) The depth of the object’s initial position is perceived incorrectly from the first
viewpoint. A ray from the device to the initial position intersects the tip of the cone. (b) A new viewpoint exposes the correct position of the object.
(c) An adjustment along the red epipolar line can be conducted with a slide gesture (shown as a white arrow).

is a AR modeling tool developed by Bunnus et al. [1] that also uses
ray-casting and epipolar geometry. It uses a mouse-type input and
external monitor as hardware.

3 DEMO DESCRIPTION

Figure 2 illustrates how SlidAR works. We developed SlidAR for
a SLAM-based HAR system that uses feature point cloud detection
and tracking. SlidAR utilizes 3D ray-casting and epipolar geometry
for 3D positioning, We divide 3D positioning task into two phases:
initial positioning and position adjustment.

The initial positioning is conducted by tapping the desired point
on the device’s display (Fig. 2(a)). The depth of the initial posi-
tion is determined by the average depth of the surrounding feature
points. A ray is cast from the handheld device’s camera to the initial
point. New viewpoint shows that the initial point is incorrect (Fig.
2(b)). If the ray between the camera and the initial point intersects
the target point (the tip of the blue cone in Fig. 2), the object can
be adjusted to the target point along the epipolar line (Fig. 2(c)),
which is visualized as a 2D red line. The 3D position of the object
ppp j is represented by the camera position ccci, the 3D ray direction
rrr j(

∣∣rrr j
∣∣= 1), and the distance from the camera to the object l j:

ppp j = l jrrr j + ccci (1)

The l j is changed during the adjustment phase where a 3D ray
defined by ccci and rrr j is first projected onto the current image using
the current camera pose MMMt and the intrinsic camera parameters KKK.
When the position is adjusted, a new 3D position of the object ppp′′′j
can be calculated based on the position along the epipolar line.

In the demonstration session, attendees can use a SLAM-based
HAR iPad system and create virtual text annotations to real world
items. These items are not correctly mapped by the HAR and at-
tendees can try SlidAR to correctly position the annotations. Addi-
tional viewers can see the stream of the iPad’s screen on an external
monitor. We will bring small items, an external monitor, and an
extension cord to power up the monitor. The demonstration space

should have a static lighting and the lighting conditions should not
change during the demo session. Attendees should also be able to
move at least 90 degrees around the table.
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