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Abstract
This game aims to present a modern approach for
interaction between multiple devices, such as a large
screen tablet and a smartphone, using the example of a
simple game like tower defense. The player interacts with
the game on the tablet by using simple touch input and
on the smartphone by using Augmented Reality and
gestures. The position of the smartphone relative to the
tablet is tracked by using feature tracking of the image on
the tablet. Depending on the position of the smartphone
the player can select different towers or different floors of
a tower for additional interaction inside. Additionally
selecting a resource node allows a player to mine it by
executing the mining gesture with his smartphone. After
selecting an enemy the user can perform gesture based
interaction to deal damage directly to the selected unit.
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Introduction
Nowadays more and more people around the world use
mobile devices like a tablet andor a smartphone. There are
several approaches to create a multi-device environment.
However most interactions are bound to a single device,
at best a second device is used as an additional screen. A
possible approach utilizes the additional screen for
distributing user interfaces [6], by porting the GUI system
to a mobile platform to use the device as remote control.
A step further towards simultaneous usage of multiple
devices creates an interaction based on the mobile device
[3]. An example shows a game where a device either
controls the game or serves just as screen for visualization.
In this scenario a multi-touch device is used as a controller
and screen at the same time.

A concept called Magic LensesTM [4] adds an interactive
and see-through layer between the content, the user sees,
and the cursor which the user uses for interaction,
allowing content-dependent interaction. The interface can
be moved independently of the cursor and can reduce the
number of steps needed for the interaction and lower the
errors.

The idea behind Magic Lenses was extended by Brown and
Hua [5] for usage in an Augmented Reality environment.
The Handheld Magic Lens adds additional information
about the object the user can see from his perspective.

The space above the tabletop environment is rarely used.
Spindler et al. [7] developed an approach dividing the
empty space into multiple layers that are shown to the
user.

There are several different approaches to combine multiple
mobile devices, but most of them are not used for gaming
at all. For our game we decided to stick with a simple

game, to make it easy for the player to learn the core
game mechanics and to add the interactions between the
devices without making the game too complex.

As a core idea we selected a sub-genre of real-time
strategy games called tower defense [1]. In a tower
defense the player has static units (towers) that attack
the mobile enemy units (creeps). The creeps move from
their spawn point to a destination point. The task of the
player is to prevent the creeps from reaching their target
by strategically building walls and towers. If a certain
amount of creeps reaches the destination point, the player
loses the game.

We created a new interaction technique called Towering
Mode (see Fig. 1) that brings two devices together similar
to the Handheld Magic Lens but with additional direct
interactions on and with the lens. A gesture-based
interaction and an interaction based on Augmented
Reality increase the immersion by providing natural
gestures and deeper perspective into the game.

Figure 1: Towering Mode allows the player to dive into the
game and explore it using Augmented Reality.
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Game Mechanics
The player can build walls for free and upgrade them to
attacking towers, which can be upgraded as well. Each
tower can be upgraded to increase the range, attack speed
or amount of damage and even alter their attack behavior.

Over the course of the game the creeps get more hit
points, making them harder to kill. The player can either
deal damage to the enemies directly or indirectly by
building towers. There are 40 waves of creeps and if the
player manages to kill them all, he wins the game. If 15 or
more creeps reach the destination tile, the player loses the
game.

After killing a creep the player receives minerals which are
required to upgrade walls and towers. Additionally the
player can mine resource nodes, that spawn randomly, to
earn more minerals.

Setup
The game consists of two devices that communicate over
the network to keep the game state in sync. A tablet with
the board application lies on the table in front of the
player and shows the playing field. Since it can be
accessed from all directions we use a flat top down
representation of the playing field. The user can use a
smartphone with the phone application to look at the
tablet through the smartphone and see an augmented 3D
representation of the towers and creeps on the board. The
different actions to control the game require the user to
either use one or both of the devices which is described in
detail in the following section.

Figure 2: The ”Build Menu”
after tapping on the tablet.

The game starts with an empty playing field consisting of
multiple hexagonal fields. In the top left corner a green
tile represents the destination, a red tile in the bottom
right corner represents the spawn tile.

Figure 3: A user playing Towering Defense.

Animated arrows indicate the path the creeps cover,
thereby the player always knows which path through the
maze the creeps will take. As soon as the player builds the
first wall, a timer starts and after 10 seconds the first
wave of enemies spawns.

Interaction using Two Devices
The user can build walls by tapping a tile on the tablet
and select ”Build Wall” on the shown ring menu (see
Fig. 2). In order to upgrade a wall to a tower or further
upgrade a tower the user can make full use of Augmented
Reality. To perform an upgrade the player has to select a
tower or wall on the smartphone.

When the player taps on a tower on the smartphone, a
bigger version of the tower (ghost tower) is shown next to
the board. Now the player can use the smartphone to look
around inside the tower and buy upgrades. This can be
performed by moving the smartphone towards and into
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the AR ghost tower. Depending on the position, the
player can see the interior of the tower. The roof and the
floors are hidden if they would hinder the player from
seeing a certain floor. The tower offers different upgrades
depending on the current upgrade state.

An other interaction, based on gesture recognition, uses
the acceleration of the smartphone to detect gestures the
player performs. The player can use this interaction to
deal damage to the creeps directly as well as for mining
the resource nodes. For either interaction the player has
to select the unit or the node first. Now the player can
perform a mining gesture as if he would use a mining pick
instead of his smartphone (see Fig. 4). Each time the

Figure 4: Sketch of the mining
gesture.

gesture is performed either the selected creep takes
damage or the amount of minerals of the selected
resource node decreases and the minerals are added to the
player’s account.
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