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Abstract
GameLight is a smart bicycle light that overlays a virtual
game projected on the ground, within the user’s natural
field of view while cycling. The system aims to enhance
the cycling exertion experience by augmenting it with vari-
ous game elements presented in two game modes: (1) an
“Arcade" mode that implements a virtual coin collecting me-
chanic, and (2) a “Challenge" mode that provides timed ef-
fort challenges. The system consists of a pico-projector and
mobile phone wirelessly connected to cadence, speed and
heart rate sensors that serve as input to the virtually pro-
jected game to achieve a fun and playful effect while cycling
in a controlled environment. This demo will be appealing
to attendees interested in designing playful technology to
support exertion.
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Figure 1: GameLight setup on a bicycle

Introduction
Increasing the adoption of cycling for exercise provides
well-known benefits to the individual by improving both
physical and mental health. However, the widespread adop-
tion of cycling may be a challenge due to issues such as
sustaining long-term motivation.

Exergames [9] that aim to transform exercise into game-
like experiences have been active areas of research (e.g.,
[5]). Commercial mobile games such as [7] and motion-
based gaming platforms (e.g., the Microsoft Kinect and the
Nintendo Wii Fit) have also demonstrated the potential of
games for health, where it was shown that individuals en-
joyed exergaming more than the exercises in their original
forms [6].

Specific to cycling, limited prior exergaming research has
been demonstrated thus far. For example, PaperDude [1]
is a remake of a classic arcade game, PaperBoy, with a vir-
tual reality head mounted display (HMD) and an indoor bike
trainer. Existing commercial cycling indoor platforms such

as Zwift (www.zwift.com) and TrainerRoad (www.trainerroad.com)
also enable virtual cycling experiences. Their popularity of-
fers much promise in cycling exergames, and studies of
such systems [8] suggest improvements in the cardiovascu-
lar fitness of participants. However, these systems have two
major shortcomings: (1) they mainly serve performance-
oriented avid cyclists, and (2) they can only be used in an
artificial indoor setting.

For outdoor cycling, Smart Flashlight [3] explored the use
of the environment surrounding the bike as a projection dis-
play, for the purpose of navigation guidance. It showed that
projected images on the ground, in the line of sight of cy-
clists, improved safety on the road versus a traditional han-
dlebar mounted mobile screen interface. However, Smart
Flashlight did not investigate whether such projections were
suitable for outdoor exergaming.

This demonstration presents GameLight, an improved
projection-based system for exergaming. It uses low cost
off-the-shelf components to overlay virtual games projected
on the ground within the user’s natural field of view. The
projection allows for an improved view and interface for out-
door cycling and an opportunity to provide an outdoor ex-
ergaming experience in controlled environments. This sys-
tem is potentially useful in improving motivation for outdoor
cycling. As the safety aspects have not been thoroughly in-
vestigated, we recommend the system to be only used in
controlled environments, e.g., fixed bike paths in outdoor
parks.
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Figure 2: Game modes: "Arcade" mode (left) and "Challenge" mode (right)

Level XP Needed

1 50

2 125

3 (prev level XP * 2)
onwards + (25 * curr level)

Table 1: Experience points
required for each level

Setup & Implementation
Figure 1 shows the setup of GameLight on a bicycle. The
setup includes a pico-projector and mobile phone mounted
on the head-tube and handlebars respectively. The mobile
phone contains the GameLight app, streamed wirelessly to
the pico-projector. The cadence and speed sensors are at-
tached on the crank and spokes of the bicycle respectively.
The Bluetooth smart sensor, which connects both the ca-
dence and speed sensors, is attached onto the chain stays
of the bicycle.

The GameLight app was developed on the iOS platform
in Swift. The hardware used by the app include a Wahoo
chest strap heart rate sensor and Wahoo speed and ca-
dence sensors. They are connected to the app using Blue-
tooth. The Wahoo API was used to access the cycling met-
rics that was collected from the sensors. GameLight uses
Firebase[4] as the backend service and calls the cloud
functions that was written on the realtime database to re-
trieve, store and amend data.

Level Coin Frequency

≤ 20 Every 30 meters
20 to 40 Every 40 meters
40 to 60 Every 50 meters
60 to 80 Every 60 meters
≥ 80 Every 70 meters

Table 2: Frequency of the virtual
coin

Gameplay Design
There are two game modes: (1) an "Arcade" mode, with
the aim of collecting as many virtual coins as possible, and

(2) a "Challenge" mode, with the objective of cycling a cer-
tain distance within the allocated time. Players can use ei-
ther mode to accumulate experience points (XP), which is
used as a quantitative measure to determine the player’s
progression through the game. Table 1 describes the level
progression design.

Arcade Mode
In Arcade mode, the objective of the player is to collect as
many virtual coins as possible within the distance cycled.
The virtual coins are converted into XP. The frequency of
the coins appearing is dependent on the player’s level (Re-
fer to Table 2). A distinct sound effect is played when a coin
is collected.

Training within specific heart rate (HR) zones helps to achieve
the desired goals of particular workouts. Therefore, these
zones are also translated into gameplay mechanics. The
value of the virtual coin is dependent on the player’s current
HR zone and level. The higher the player’s HR and level,
the greater the value of the virtual coin (Refer to Table 3).

Based on Burke’s recommended HR zones [2], the four
HR zones are derived using the maximal HR (MHR) of the
player. MHR is the highest heart rate where one achieves
to the point of exhaustion. An approximation of MHR can be
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calculated using a simple popular formula, 220 - <Player’s
age>. To determine the true MHR, the player has to go
through a sports-specific or laboratory maximal stress test.
As the MHR is only used within a game context, it was cal-
culated using the simple formula in the implementation.

Heart Rate Zone

Level ≤1 1 2 3 4

1-5 1 2 3 4 5
6-10 2 3 4 5 6
11-15 3 4 5 6 7
16-20 4 5 6 7 8
21-30 5 6 7 8 9
31-40 6 7 8 9 10
41-50 7 8 9 10 11
51-60 8 9 10 11 12
≥ 60 9 10 11 12 13

Table 3: Value of the virtual coin

Challenge Mode
The Challenge mode aims facilitate the flow [10] experience
with curated progressive levels. In this mode, the objective
of the player is to beat the distance goal within the allocated
time. Each challenge is locked initially, and unlocked pro-
gressively upon completion of each successive challenge.
The player gains XP when he/she completes the challenge.
As the player progresses, the difficulty of the challenges
increases.

Conclusion
By enabling an outdoor cycling exergame, GameLight aims
to improve the cycling experience through playful technol-
ogy to motivate exertion. As future work, a more compact
and battery-efficient hardware is currently being designed
to integrate all components into a single-device form factor,
in preparation for a larger scale user study in-the-wild.
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