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Abstract. 3D Virtual Environments (3DVE) are more and more used in differ-
ent applications such as CAD, games, or teleoperation. Due to the improvement
of smartphones hardware performance, 3D applications were also introduced to
mobile devices. In addition, smartphones provide new computing capabilities
far beyond the traditional voice communication. They are permitted by the
variety of built-in sensors and the internet connectivity. In consequence, inter-
esting 3D applications can be designed by enabling the device capabilities to in-
teract in a 3DVE. Due to the fact that smartphones have small and flat screens
and that a 3DVE is wide and dense, mobile devices present some constraints:
the environment density, the depth of targets and the occlusion. The pointing
task faces these three problems to select a target. We propose a new classifica-
tion of the existing interaction techniques, according to three axis of classifica-
tion: a) the three discussed problems (density, depth and occlusion); b) the first
two subtasks of the pointing task (navigation, selection); and c) the number of
targets selected by the pointing technique (1 or N). In this paper we will begin
by presenting a state of the art of the different pointing techniques in existing
3DVE, structured around three selection techniques: a) Ray casting, b) Curve
and c) Point cursor. Then we will present our classification, and we will illu-
strate the classification of the main pointing techniques for 3DVE. From this
classification, we will discuss the type of interaction that seems the most appro-
priate to perform this subtask optimally.

Keywords: Interaction techniques, 3D Virtual environment, mobile devices,
environment density, depth of targets, occlusion, Augmented Reality.

1 Introduction

Nowadays, with built-in mobile operating system, smartphones provide new compu-
ting capability and connectivity far beyond traditional voice communication [12].
Internet connectivity and applications, games, gyroscopic sensor [13], built-in camera,
accelerometer, touchpad and touch screen are very common on such devices. In paral-
lel, three-dimensional technologies have been recently introduced in different applica-
tions and areas such as desktop computing and CAD [8] (computer aided design
systems), 3D games, VE (virtual environments), AR (augmented reality), ubiquitous
computing and tele-operation [19]. Extending the use of 3D applications onto



smartphone provides a greater value to both. Few applications to the concept are
launched: 3D games and Head-tracking are some examples. Interesting 3D applica-
tions on mobile devices can be designed through the mapping of the device abilities to
the interaction requirements in the 3D environment. Consequently, the smartphone
will be promoted as the new generation of multi-use device. Researchers in 3D virtual
environment have developed many new techniques and metaphors for 3D interaction
to improve 3D application usability on mobile devices. But they are all facing the
same kinds of problems or factors that are specific to the use of 3D on mobile devices.
Indeed due to the fact that smartphones have small and flat screens and that a 3DVE
is wide and dense with a large number of targets of various sizes, mobile devices
present specific constraints:

1. The environment density [17]: to display a large number of targets with various
sizes on the relatively small screen of mobile devices, the scene must be shrunk,
and the virtual space size and its components must be minimized. Various objects
are very close to each other. In this case, how to accurately select one of these ob-
jects?

2. The depth of targets [7]: the elements of the environment are displayed in 3D and
are identified by three coordinates (X, Y, Z). They are arranged in several levels of
depth while the display is a flat touch screen (x,y). But how to point at the appro-
priate depth to reach an object that is in depth and behind other, even transparent,
layers? Depth causes two problems: On the one hand, to know where the pointer is
in depth in relation to the target; on the other hand, to point target in depth quickly
and with accuracy adds additional complexity to the pointing task.

3. The occlusion [18]: One or more elements of the scene can hide the target either
partially or totally and thus reduce its visibility and ability to be selected. Further-
more, the user uses his finger to point a target using the touch screen which creates
an additional occlusion while targeting a small object. How to reach an object if it
is hidden by another or by the interaction process?

Designing an appropriate interaction technique for 3D on mobile devices must there-
fore consider these constraints in order to identify the most appropriate solution to the
selected context.

In light of these three major concerns, and to contribute to the comparison and
design of interaction techniques in 3D on mobile devices, we propose a new classifi-
cation space. The originality of our approach is to particularly emphasize usage con-
straints (density, depth, and occlusion) in the context of the pointing task. It is no
longer a technologically centered approach but a real user centered approach.

2 Classification

As a first step we chose to focus on the pointing task only, among the three well
known tasks of Bowman [1]. Indeed, the pointing task, which is the most used, faces
the three mentioned problems. Despite the large amount of different techniques pro-
posed in the literature, these three problems are never solved at the same time.
Typically, suggested interaction techniques are used to solve one or two of the three



problems. To refine this analysis and better compare or design the pointing techniques
in 3D, we propose to consider the pointing task as a set of three sequential subtasks:

1. Navigation refers to exploring the content of the 3DVE in different ways to search
for the target and visualize it [4]. In this phase, the user may change his viewpoint
through the environment or move the scene to visualize the target.

2. Selection refers to moving a pointer to reach the target position once the target is
visible. [5]

3. Validation consists of validating or confirming the pointing task, when the pointer
reaches accurately the target. When the technique selects multiple targets during
the selection task, the validation task can also select the desired target from the N
selected targets. [1]

In addition, the target environment can be either dense or sparse. In order to select a
target in a dense environment, multiple objects close to the target may be hard to
avoid while trying to select the target. As a result, the target will have to be selected
from a first subset of objects. In a sparse environment, such kind of problem doesn’t
occur, and thus only one object is selected. Consequently we will consider two cases:
a) the interaction techniques selecting multiple objects and: b) the interaction tech-
niques selecting 1 object.

Finally problems that have been raised above can therefore be involved at different
steps of the pointing task. This is why we propose a new classification of the existing
interaction techniques, according to three axis of classification: a) the three subtasks
of the pointing tasks (navigation, selection, validation); b) the three discussed prob-
lems (density, depth and occlusion) on the first two subtasks of the pointing task, and
c) the number of targets selected by the pointing technique during the validation
subtask (1 or N).

Table 1. Classification structure

1 2 3 4 5 6 7 8
PT Navigation Selection Validation
Dens. | Depth | Occl. Dens. | Depth | Occl. 1 or N

Our classification space consists in a double-entry table. Each pointing technique
(PT) is represented in a line. Columns depict the three sub-task of the pointing task.
Subtasks are depicted by the columns and divided in sub columns with each encoun-
tered problems:

e The first column presents the name of the pointing technique and its
reference.
e  Columns 2 to 4 relate to the navigation subtask
o In column 2, the target is in a high density environment but it is
visible. Usually, navigation will not solve this problem of density
because its goal is only to display the target. However, some in-
teraction techniques can indirectly use navigation to bring target
closer and therefore make easier the selection task.



o In column 3, the target is in depth, but visible. Like density, na-
vigation task is not necessarily required, but can be used to facili-
tate the selection task.

o In column 4, the target is occluded. To visualize it, the user has
to change the viewpoint searching for the target. This case covers

interaction techniques that benefit from the Navigation to solve
the occlusion problem.

e Columns 5 to 7 relate to the selection subtask

o In column 5, the user must point a target that is close to several
others (density problem). The technique must allow the selection
with accuracy of the target among the N surrounding.

o In column 6, the user must be able to point with the pointing
technique the target that would be distant in depth. The technique
must enable to quickly and accurately select this target.

o In column 7, the position target is known but the target is oc-
cluded or partially occluded. The technique must allow the selec-
tion of the desired target despite obstacles.

e Column 8 treats the validation problem. We distinguish situations where
one target is selected during the selection phase and the case where mul-
tiple targets are selected. In this last case, it requires a new selection from
N preselected targets.

For each cell of the table, we note “-” if the sub-task is not covered by the pointing

technique. If the subtask is covered, we note “P” if the problem is present but is not

resolved by the pointing technique; “PS” if the problem is partially solved and “S” if
the problem is solved by the pointing technique.

Thus this table allows to quickly see the advantages and disadvantages of a point-
ing technique, and also allows comparing two techniques together. This representa-
tion also allows us to study more precisely the resolution of a problem for a subtask
by analyzing the various solutions proposed for this particular column.

In section 3 we use this classification space and its sub-categories to compare ex-
isting interaction techniques. We highlight the differences of the various techniques to
demonstrate that existing classifications do not sufficiently highlight the weaknesses
and forces of each technique.

3 Existing Techniques

A well-established classification [4] proposes to classify the selection technique used
in 3D Virtual Environment into 3 categories: point cursor, ray casting and curve. We
will present the main techniques of these three categories and show the main prob-
lems they face.

The simplest pointing technique consists of moving a pointer in the 3DVE. The
pointer movement is controlled by a pointing device. For example, 3D Point cursor
[5] is an interaction technique where a cursor is moved in the virtual environment to
select a visible target. When the user press a button, the 3D position and orientation of



an input device are linearly transformed into coordinates in the virtual environment
where a cursor is displayed. To reach the target, the user moves his input device. Con-
sequently, the coordinates of the cursor change. If the cursor points at the target, the
target is highlighted. Then the selection is confirmed by clicking on the input device
button. However, this task is complicated since it requires more accurate movements
and multiple adjustments in depth.

In case of dense and crowded environment, the target can be occluded. Two prob-
lems may occur: the first is the occlusion of the target and the second is the density
problem: due to the fact that the target is surrounded by multiple objects that makes
the selection of this target a complicated task.

To point the target precisely, the user has to make fine displacement of the cros-
shair. To point the target accurately without making a big number of displacements,
researchers introduce the volume selection with multiple occlusion levels. In the Silk
cursor technique [20], the cursor is replaced by a semi-transparent rectangular volume
cursor. The user hand is transformed into a silk cursor. When the target is inside the
rectangular volume, the user close his hand and the selection is ended. The occlusion
levels are used to solve the depth problem. Silk cursor provides information on where
the object is placed relatively to another object with no measure of how much they are
spatially separated. In the transparent sphere technique [4], the crosshair is replaced
by a transparent sphere and the target is one of the objects inside the sphere. To select
it, this technique uses list menu or circulation techniques. The menu technique solves
the density problem but lose the information about the depth position.

In summary, pointing techniques, based on the point cursor, do not support the na-
vigation phase. They require an additional accuracy effort from the user to point a
target in depth. In the selection phase, Silk cursor and transparent sphere partially
solve the depth problems. In transparent sphere, the density problem is partially re-
solved because it requires the search of the target from a set of items.

With the ray casting techniques, the depth problem is solved. In ray cursor [2,5]
(see Fig.1-A), the user controls the origin position and the orientation of a virtual ray
by adjusting the input device position. Then, a virtual ray is emitted from the user
through the target direction. This ray intersects the targeted object. The first object
intersected by the virtual ray is highlighted and the selection is confirmed by clicking
the input device button. Therefore, this technique does not solve the occlusion prob-
lem because if a target is positioned in front of the desired target, it is the first target
which is selected and not the desired target. In Go-Go technique [10] (see Fig.1-B),
the virtual ray is replaced by a virtual hand. Go-Go is an arm-extension technique
using a nonlinear transformation. The user real hand is transformed in a virtual hand
in the virtual environment. The virtual hand is kept on the ray extending from the
torso and going through the physical hand. Go-Go is limited by the real hand length
and the difficulty of grabbing; these limitations are solved by the HOMER [3] interac-
tion technique which combines a ray casting and an arm-extension techniques.
HOMER can select objects at any position with no restrictions and perform easy
selection and manipulation.



Fig. 1. A) Ray casting technique [3] B) Go-go technique [10]

In the selection phase, Ray cursor, Go-Go and HOMER solve the depth problem
thanks to the virtual ray projected to infinity. These techniques are used in a sparse
environment to point a visible target. However, they do not solve the occlusion prob-
lem because the pointer selects the first target encountered in the case of the ray cur-
sor technique and a visible target in the case of the Go-Go and HOMER techniques.
The density problem is not solved either: the Go-Go and HOMER techniques need
multiple adjustments to point the target and the ray cursor requires a higher selection
precision. Consequently, in case of a dense environment, these techniques are not
accurate to select an object.

To solve the occlusion problem, when the ray passes through multiple targets, dif-
ferent techniques are proposed to identify and point the correct target from the group
of the aligned objects. The “Ray With Variable Length” technique [4] aims to change
the ray length by changing the position of the ray endpoint. The closest objet to the
endpoint is highlighted and selected when the user pushes a tracked wand button.
Another technique is the Depth ray [5], in addition to the ray, a depth marker travels
between the objects following the input device displacements. Each time it comes
close to an intersected object, the object becomes red. However, the Depth ray uses a
continuous displacement of the input device that can cause modifications of the ray
position. This limitation is solved by the Lock ray technique [5] which is a Depth ray
version aiming of locking the ray then the depth marker appears to avoid confusion
between selection and disambiguation phases. Another technique consists of using a
menu to select a target from the N pointed objects of the ray casting. The menu tech-
nique consists of displaying the visible and the occluded objects intersected by the
ray. Then the target is selected from the menu. Different techniques exist: a 2D flower
menu in the Flower Ray technique [5] (which is a 3D extension of the splatter tech-
nique [11]) ; a virtual sphere menu in the Daisy menu technique [8] ; a circular menu
in the Ring menu technique [8] or a list menu in the Floating menu technique [4, 11].
Using a ray cursor and adding a menu technique solves the occlusion and the depth
problems in the selection phase. The limitation of these combined techniques is in the
huge number of objects displayed in the menu. These techniques are efficient if the
ray crosses exactly the target. Otherwise a density problem is detected.

To overcome the density problem, some techniques use a volume rather than a ray.
A selection volume is defined by a ray and the volume around it. This volume can
have different forms: a) a cone in the case of the spotlight technique [8] or a cylinder



in the case of the transparent cylinder technique [4]. The transparent cylinder tech-
nique consists of displaying a cylinder around the ray (see Fig. 2 A.). All objects con-
tained in the cylinder are selected. Then the target is selected using a circulation or
Floating menu techniques. The huge number of objects inside the cylinder is solved
using a dynamic selection volume (case of the spotlight). The spotlight technique
consists of displaying a cone around the ray. The spread angle of the cone is adjusted
to minimize the number of objects inside it. Then the target is selected using a special
numeric algorithm. Once found, the area around the object is gradually shrunk to
minimize the total number of the selected objects. Consequently, the transparent
dynamic selection volume solves the density problem, in the selection phase.

Another way to solve the density problem consists of designing hybrid techniques.
They combine techniques based on the point cursor metaphor to others based on the
ray casting metaphor: for example, the hybrid technique formed by the combination
of a ray cursor and a bubble cursor technique [5], or the one formed by the combina-
tion of a ray cursor and a transparent sphere technique [4] (see Fig. 2 B.). To do that,
these techniques add a dynamic sphere volume at the ray endpoint to augment the
selection area and minimize the pointing problem in a dense volume. The hybrid
technique formed by the combination of the ray cursor and the bubble cursor provides
a shape transformation and warp to select one target. And the hybrid technique
formed by the combination of the ray cursor and the transparent sphere selects a
group of objects. Based on the number of objects inside the dynamic selection area,
researchers propose: a) circulation or menu techniques or b) a special numeric algo-
rithm to select one target. In the selection phase, these techniques solve the depth and
the density problems.

AN

Fig. 2. A) Transparent cylinder and B) transparent sphere technique [4]

To resolve the occlusion problem during the selection phase, Curve technique
presents a possible solution. Curve with fixed length [4] is an interaction technique
where a fixed curve is moved in the virtual environment to select a visible target.
Unlike the curve with fixed length where the user has to move many time in order to
select a target, a Curve with variable length [4] technique move the destination end-
point along the three dimensions in order to select its target. In the selection phase,
Curve with fixed length and Curve with variable length solve the depth and the occlu-
sion problem because the curve help avoid targets which is in front of the desired



target. In case of dense and crowded environment, the target can be occluded and the
curve will select multiple objects. The curve techniques are based on the transparency
of the environment. Thus, the user can detect the position of the target and make the
adjustment to reach it. The Flexible pointer [9] technique is visualized by a flexible
curve. The flexible pointer direction is determined by vector formed by the two hands.
The amount of curvature is defined by the orientation of each the hand. It is used to
point visible, partially or fully occluded objects and to point around objects. Using a
curved ray has the advantage of selecting a deep target without passing through the
environment objects. The problem of density is solved by the flexibility of the curve
in the case of the flexible pointer technique or by using the Virtual pointer metaphor
technique [16]. The Virtual pointer metaphor is a ray casting metaphor, using a dy-
namic area selection and a menu or selection algorithm, to point the target and then to
draw a Bezier curve graph pointing the target. Curve also solves the depth problem.
The transparency added to the curve metaphor solves the occlusion problem. Solving
the density problem is achieved by two methods a) the form and the length of a flexi-
ble curve in a transparent environment or b) a ray based technique in a non-
transparent environment. In the selection phase, the Flexible pointer length and the
Virtual pointer metaphor solve the depth, the occlusion and the density problems.

Most of the presented techniques are only concerned with the selection phase. The
navigation subtask is not supported by the proposed techniques and requires different
approaches. This complicates the interaction task in the 3DVE. The following tech-
niques cover the selection and the navigation phases. Using the two ray selection
technique [4], a first virtual ray is emitted. Multiple targets could be intersected. To
select the target from those that have been intersected by the first ray, the user
changes his point of view and emits a new ray. The target is located at the intersection
of the two virtual rays. The shadow cone [14] used the same principle, using virtual
cone instead of rays. The Smart ray [5] proposes to emit several rays in different
viewpoints (see Fig. 3). For each ray emitted, the technique adds a weight to the
selected objects and the weight are adjusted in function of two conditions: a) if the
target is hit several times by the ray and b) if the ray is closer to the center of the se-
lected object. The target with the highest weight can be selected. In conclusion, in the
selection and the navigation subtasks, these techniques solve the occlusion and the
depth problems.

TOP VIEW .
4 A b

Fig. 3. Smart ray [5]



At last, the world-in-miniature (WIM) technique [15] uses a small representation of
the environment to manipulate and interact with the environment objects. The user
holds the small version. He uses a simple virtual hand for indirect manipulations of
the full-scale object by interacting with their icon in the small version. The user mani-
pulates the miniature objects then the full-scale objects are affected. The WIM is a
point cursor technique and used for selection and navigation.

4 Discussion
Error! Reference source not found. summarizes the classification of the techniques
we have presented in Section 3. We grouped the techniques in relation to the classifi-

cation of [4].

Table 2.

Navigation Selection o
PT Validation

Dens | Depth ‘ Occl | Depth | Occl

3D Point cursor [I]
Silk cursor [20]
Transparent sphere [4]
WIM [15]

Ray cursor [2,5]
Go-Go [10]
Homer [3]
Variable Length [4]
Depth ray [5]
Lock ray [5]
spotlight [8]

Point cursor

Ray casting

Transparent cylinder [5]

Two ray selection [4]
Shadow cone [14]
Smart ray [3]

Ray cursor + Bubble cursor [5]

Ray cursor + Transparent
sphere[4]

Hybrid

fixed or variable length [4]
Flexible pointer [9]

Curve

Virtual pointer metaphor [16]

This table allows us to draw some information about the different techniques. At
first, we can see that few of them can make both selection and navigation. The tech-
niques we present are more specific to the selection.



We also note that point cursor techniques do not solve the problem of depth: it is
difficult to locate the pointer position in depth relative to the target. In addition, the
pointing task in depth is difficult with a pointer.

The depth problem is solved using ray casting techniques. However, this technique
causes the occlusion problem. Indeed, the virtual ray emitted can cross another target
before the desired. In this case, the validation should be done in several stages. On the
one hand, point to the right target with the virtual ray, and then select the desired tar-
get among those crossed by the virtual ray. This generates two selection and/or vali-
dation steps. Therefore, it may increase the pointing time.

The occlusion problem can be solved by curves techniques. Curves techniques
allow user to avoid targets located in front of the desired one. However, it poses
afresh the depth problem because curves must be moved, and it can cause several
movements to point precisely target.

5 Conclusion

In light of these considerations, this work proposes a categorization of interaction
techniques. Our classification offers a different way of analyzing the existing interac-
tion techniques which may help in the process of evaluating such techniques. The use
of such categorization help users to choose the ones best suited for their needs, to
improve existing techniques or to design new techniques. This new classification is
based on two criteria: problems and factors affecting pointing performance and the
interaction phases.
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