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Abstract 

Digital exercise games (exergames) can motivate players to carry out physical exercises. However, 
most exergames are controlled by confined and predefined movements and do not promote long-term 
motivation. Well-funded commercial games often excel at long-term motivation, but are not operated 
with motion input. We choose the best of both worlds by turning an existing videogame without motion 
control into an exergame. By adding motion-based controls and a feedback overlay to the popular first-
person action game Portal 2, and designing custom game levels around exercise regimens with the 
freely available Hammer editor, we turned it into the exergame Sportal. This approach can give gamers 
an incentive to exercise using high quality first-person gameplay and it can potentially acquaint exer-
cise-eager non-gamers with a popular videogame title. 

1 Introduction 

Digital full-body motion-based games for exercise (exergames) can motivate players to carry 
out physical exercises and provide guidance and feedback to players (Sinclair et al. 2007). 
However, they are typically operated with confined and predefined movements. Furthermore, 
most current exergames resemble mini-games (or casual-games), with limited story and 
repetitive gameplay. Well-funded AAA games excel at providing deep story lines, high-
quality assets and long-term motivation, but are almost exclusively created for standard input 
devices such as gamepad, keyboard, and mouse. 

What if we could tap the benefits of well-produced, successful, “traditional” video games for 
exergames? What if we could take an existing game title not designed for motion input and 
turn it into an exergame? We demonstrate an experimental application of Exercise My Game 
(XMG), our design framework for turning off-the-shelf games into exergames (Walther-
Franks et al. 2013). Using XMG, we turned the popular action and puzzle game Portal 2 into 
an exergame (Sportal) by adding full-body motion-based control, augmented visual feedback 
and adapting game content for increased control over player workout. 
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2  „Exercising“ a Video Game 

XMG identifies three main stages in turning an off-the-shelf game into an exergame. First, a 
control overlay replaces standard game controllers by mapping detected input motions to a 
virtual device driver. Second, a feedback overlay augments original game feedback through 
both the visual and aural channel. Third, if the game in question supports creating custom 
game worlds, game content can be adapted to suit exergame requirements. In the following, 
we provide more details on how we applied these three stages to Valve’s popular action and 
logical thinking game Portal 2, turning it into the exergame Sportal. It features physical 
locomotion, aiming, exercise gestures, an augmented game display, and custom levels for 
better control of player exertion. 

  
Fig. 3: Walking-in-place (left) and suspended walking (right) 

2.1 Control Overlay 

The foundation of the Sportal interface is physical locomotion. We provide two variants, 
walking-in-place (WIP) and experimental suspended walking. 

Walking-in-place 

WIP provides an excellent trade-off between natural interaction and technical requirements 
(Bowman et al. 2003). For general locomotion, we detect walk cycle phases in the signals of 
shin-mounted three-axis accelerometers (in the current implementation we use Wii remotes). 
In combination with the gait-understanding driven prediction algorithm of Wendt et al. 
(2010), this gives us a low latency WIP interface. Further motion controls were realised us-
ing the skeleton detection of the Microsoft Kinect SDK: Shoulder rotations of the player to 
the left or right commence a view rotation, the speed of which is given by the angle between 
shoulder axis and sensor view plane. Heuristics on the relative vertical position of the pelvis 
enable discrete triggering for jumps and a discrete modal control for crouched walking. The 
advantage of this WIP interface is that it only requires readily available consumer hardware. 
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Suspended Walking 

Alternatively, we offer a physical locomotion interface that enables a more natural walking 
pattern by suspending the player slightly above the ground. A ceiling-mounted torso harness 
together with low-friction materials on the floor and feet (a smooth plastic sheet and woollen 
socks suffice) allow the user to perform a full walking motion while still maintaining the 
sensation of touching the ground. The suspended walking interface currently does not sup-
port jumping and crouching and also constrains a number of exercises. 

We designed further input motion-patterns based on interviews with physical training in-
structors and physicians: jumping jacks, a kickbox move, and two exercises involving hold-
ing a stance. Exercises are detected using heuristically determined models based on the skel-
eton recognition provided by the Microsoft Kinect SDK. The Sportal control overlay also 
employs a gun prop-mounted infrared camera that tracks four active infrared light sources 
arranged around the screen. An optical flow algorithm enables absolute aiming that can be 
used to orient the view instead of rotating the torso. Locomotion and exercise commands are 
sent to the game via the joystick virtual device driver controller vJoy3. 

  
Fig. 4: Sportal setup (left) and game screenshot (right). Elements of the visual feedback overlay appear in magenta. 

(Underlying Portal 2 game interface and game assets are copyrighted by Valve Corporation.) 

2.2 Feedback Overlay 

For Sportal, we integrated direct feedback on sensor image/skeleton recognition into the 
visual overlay. Since this should not be mistaken for a third-person depiction of the avatar, 
we kept it small, stylized and off-centre. A progress bar was added for specific exercises 
where the player is required to hold a stance for a certain period of time. Arrows provide 
feedback on walking direction and speed in addition to changes of view in the game itself. To 
support our physical aiming mechanism, a small marker signifies where the gun is pointing.  
The overlay was realised as a full-screen window with transparent background that is ren-
dered on top of the game screen. 

2.3 Custom Game Worlds 

Exercising games that were not designed with active input in mind can result in experiences 
that are physically either too demanding or not challenging enough. Fortunately, many game 
developers offer authoring tools that empower regular users to easily create their own levels 
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and maps. In the context of XMG, such tools offer control over training regimens. Using the 
Hammer Editor4, we designed special maps for Portal 2 which allowed us to control obstacle 
courses, thereby influencing order and frequency of exercises in Sportal. 

3 Conclusion 

We presented Sportal, an application of our Exercise-My-Game (XMG) design framework 
that adds motion-based interaction to the game Portal 2. It makes use of the virtues of high-
quality assets and long-term motivation of AAA games for exercise-oriented gaming. Sportal 
can potentially both acquaint exercise-eager non-gamers with a popular videogame title and 
give frequent gamers an incentive to exercise. 
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