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ABSTRACT 
 

REAL-TIME PLAYER POSITIONING IN MOBILE EXERGAMES USING 
 

WIRELESS SENSORS 
 
 
 

Sara Alahmadi 
University of Houston-Clear Lake, 2018 

 
 
 

Thesis/Chair: Pradeep Buddharaju, Ph.D. 
 
 

Exergames combine exercising with game play by requiring the users to perform 

exercise in order to score points in the game. Exergaming is a plausible approach for 

decreasing obesity by promoting physical activity through interactive games. This thesis 

presents a mobile exergame, investigates its influence on people's physical activity and 

measures its effectiveness. This research is a continuation of a previous research study 

done by Dr. Pradeep Buddharaju, and the main aim of this thesis is to overcome the 

limitations of this work. Recently, Dr. Buddharaju presented a novel mobile exergame 

that needed two pieces of portable equipment - a smartphone (with an in-built camera, 

accelerometer and gyroscope) and an ExerPad (custom designed Exercising Pad 

consisting of various shapes and colors). The main limitation of the proposed exergame 

was that the image processing algorithms that were used for detecting the player’s 

position on the Exerpad performed poorly in low-light conditions. The main goal of this 

thesis is to replace the Exerpad with a more robust and accurate player positioning 

system. In order to achieve a positioning accuracy of a few centimeters, Dr. Buddharaju 

and I developed a solution using a wireless radio technology called Ultra-Wideband 
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(UWB) sensors. The experimental results showed that the proposed positioning 

technology makes the mobile exergames more enjoyable, and most importantly helps 

users to burn calories while having fun.  
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CHAPTER I:  

INTRODUCTION 

1.1.Background 

 

Childhood obesity is a serious problem affecting young people’s lives. A child is 

obese when he/ she gains weight that exceeds a certain limit. According to the Center of 

Disease Control and Prevention (CDCP), obesity in youth means a Body Mass Index 

(BMI) at or above the 95th percentile for the same age and gender. From 2015-2016 

roughly 1 in 5 people of ages 6 to 19 years in the United States were obese [2]. The key 

reason for obesity is the imbalance between the calorie intake and calorie consumption. A 

study has shown that several factors contribute to the prevalence of obesity including 

genetics, unhealthy eating habits and lack of physical activity.  The author suggested 

physical activity promotion as one of the solutions for tackling childhood obesity [3]. 

 Table 1: Body Mass Index Chart [2] 
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Exergames is a great concept that combines gaming and exercising. Exergames 

have gained popularity because they promote physical activity through arcade, video 

game and mobile apps. Mobile exergames require the player to physically move and 

exercise to complete a task and score points. In this thesis, a mobile Exergame framework 

is introduced as a plausible solution to decrease the prevalence of obesity among children 

in the United States. 

Specifically, the research purpose is to identify the role and effect of mobile 

exergames on childhood physical activity. Smartphones are equipped with Bluetooth and 

inbuilt sensors (Accelerometer and Gyroscope). The proposed exergame is an Asteroid 

game that utilizes the accelerometer for detecting when the player jumps, and the 

gyroscope for detecting when the player turns around. The Asteroid game uses Ultra-

Wideband (UWB) technology to track the user’s location in the real world and map it 

onto the game screen. 

 

1.2.Challange 

The current research study is a continuation of previous work done by Dr. 

Buddharaju [4].  In the previous work, a 2-Dimensional game was developed in which 

the player’s movement can be tracked using an accelerometer, gyroscope and camera. 

That study used a custom Exerpad that featured different shapes and colors and used 

several image processing algorithms to detect the position with respect to the Exerpad. 

The key limitation of the previous work is that the image processing algorithms did not 

work as expected when the light conditions were poor. Also, the Exerpad is not quite 

portable due to its large size. The purpose of this work is to overcome the mentioned 

limitations by replacing the ExerPad with the more portable and accurate Ultra-Wideband 

(UWB) sensors that detect the player's position with a few centimeters accuracy. 
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1.3.Thesis Overview  

In this thesis, we designed a two-dimensional mobile exergaming framework that 

tracks the player movement by utilizing smartphones’ inbuilt sensors and four portable 

UWB sensors. The player's rotation (i.e. the direction player is facing  ) is detected by 

using the gyroscope sensor. The accelerometer sensor is used to detect the player’s jump 

and react accordingly. The four UWB sensors are placed in a rectangular form that 

represents the smartphone’s screen. As the player moves inside the rectangle, the player’s 

position is updated in the game with respect to the UWB sensors. The proposed 

framework can be used to develop more advanced exergames in which the player’s subtle 

movements can be captured. 
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CHAPTER II:  

LITERATURE REVIEW 

 

2.1. Exergaming 

2.1.1. What is exergame? 

Exergames are the concept of merging physical fitness and a game. Unlike the 

traditional sedentary types of gaming, Exergames require the participant to perform 

physical activity or exercise to play the game and score points. Although the concept of 

Exergames are old, they became an active research field recently due to the high rate of 

obesity, decrease of physical activity level and the influx of technology [5, 6]. Lacking 

physical activity is a key factor that contributes to obesity. As the children and 

adolescents these days prefer to spend most of their time in front of screens (including 

smartphones), exergames are a plausible solution to incorporate physical activity into 

children’s routine [7]. 

2.1.2. Types of exergames 

Exergames can be categorized based on the platform on which the game runs, and 

the type of input mechanism used [4]: 

1. Arcade Exergames 

Most of the arcade exergames use an ExerPad as an input technique to the game. 

The player needs to stomp on the ExerPad to play and score [8]. Dance Dance Revolution 

(DDR) is the first successful arcade exergame in which the player performs foot-step on a 

dance pad while music is being played [9]. Although some of the Arcade games (such as 

DDR) were proven to be beneficial and appealing to children, its availability is limited to 

specific places (arcades), which are visited only occasionally. 
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2. Fitness Exergames 

Fitness exergames are aimed to entertain the person while exercising by 

integrating gaming concepts into equipment in fitness centers. Active floor games and 

exerbikes are examples of exergames that can be seen in some fitness centers. The floor 

games use an intelligent and an interactive fitness floor that sense the body interactions. 

The player can practice different skills depending on the game’s goal [10]. In exerbikes, a 

screen is embedded to the traditional bike; the player is immersed in a virtual world (such 

as a racing game) while he/she rides on the gym bikes [11]. Fitness Exergames are 

appealing and effective. However, because they are very expensive, they are only 

available at a few fitness centers. This makes it unaffordable for an average consumer.  

 

Figure 1: Dance Dance Revolution Exergame [9] 
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3. Console Exergames 

In console exergames, the console is used as an input tool. The console has an 

inbuilt sensor that is used to detect the player’s physical movements. The Nintendo Wii 

was the first console exergame that achieved success in the market. The Wii console uses 

accelerometer and gyroscope sensors for tracking the player’s movements [1]. Other 

console exergames such as Xbox Kinect and Sony Move use a camera sensor to capture 

the player’s movements [12, 13]. Unlike arcade exergames and fitness exergames, 

console-based exergames are affordable; yet, they have some disadvantages. Console 

exergames are not portable since they need a television to play. Moreover, the console 

manufacturer is usually the only one that develops these games. Thus, the games that the 

player can choose from are limited which could be unexciting for some, or it becomes 

monotonous after a while. 

 

Figure 2: Exerbikes [2] 
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4. Mobile Exergames 

Recently, mobile exergames have become an active research area. Especially 

because they transcend the limitations posed by the above exergames. Mobile exergames 

use the smartphone’s inbuilt sensors (accelerometer, and gyroscope), GPS and camera to 

detect the player’s current location in the real world; then map it to the character in the 

virtual world (the game). The player should perform a physical movement (jump, walk, 

move hands or run) to move the character in the game [1]. So far, the researchers have 

designed mobile exergames using one or more of the following technologies: 

4.1. Pedometer 

The key concept of pedometer apps is to count the steps or distance traveled while 

the person is moving (walking or running). This is made possible by using the built-in 

accelerometer in smartphones. Mobile exergame apps use the pedometer for motivating 

Figure 3 : Wii Gaming[1] 
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physical activity without an intensive workout. Most fitness apps basically count the 

steps taken by the person who is carrying the phone and use this to calculate the distance 

traveled or the calories burned. The Wokamon app is an example of a Mobile exergame 

that utilizes the pedometer for step counting. The idea of the game is to feed and grow a 

virtual pet (Wokamon). As the player walks, energy or points are added to the game. The 

player then uses these points towards collecting and feeding the Wokamon. Thus the 

more player walks, the more his/her Wokamons grows [14] 

4.2.GPS 

Nowadays smartphones are equipped with geo-location capability. Exergames 

that use GPS are called location-aware exergames, which extend the user’s experience of 

GPS beyond its main purpose. Apps that utilize GPS are capable of tracking the player’s 

current location in the physical world and mapping it into the virtual game world. Over 

the past decade, there are many location-based games that were developed. One of the 

most trending example of a GPS game is Pokémon Go.  

In 2016, Pokémon Go was developed by Niantic for iOS and Android as a GPS 

and an augmented reality (AR) game. Pokémon are virtual creatures that appear in the 

game based on the player’s real-world location. To enjoy the game, the players need to 

go to outdoor places (like public parks, museums and lakes) to locate and capture the 

Pokémon by throwing the Pokémon ball and battling the Pokémon (as shown in figure 4). 

These Pokémon come in variety of types and shapes, and each geographical area has a 

specific Pokémon type. So, if you want to find water-type Pokémon, for example, you 

need to travel around beaches or lakes. Pokémon Go forces its players to go out and share 

information about Pokémon spots with other players. According to [15], Pokémon Go 

improves not only physical activity but also social interactions. Pokémon Go relies on the 

smartphone’s cameras and GPS to synchronize the virtual world with the real world. 
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However, the constant need for GPS while playing Pokémon Go leads to battery 

drainage. Also, Pokémon Go is limited to being played outdoors, since GPS signal is 

usually weak inside buildings.  

 

4.3.Augmented reality (AR) 

Augmented Reality (AR) refers to “deploying virtual image over real-world 

objects. The overlay is executed simultaneously with the input received from a camera or 

another input device like smart glasses. This superimposition of virtual images over real-

world objects creates an illusion that can effectively engage users in a virtual world” [16]. 

Augmented reality technology in mobile devices can be used either through location 

services, cameras, or the combination of both. Augmented reality depends on real-time 

location, which is determined via GPS along with the embedded sensor in the 

smartphone. After locating the user's exact location, digital data (sound, animations, 

videos, images etc.) is virtually placed over the physical surroundings. The user can then 

Figure 4: Pokémon Go game[15] 
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interact with the digital overlays. The most well-known example of location-based AR 

app games is Pokémon GO, as discussed above. 

4.4.Image Processing and Camera 

Recently, a novel exergaming framework was developed by Dr. Buddhraju and 

Lokanathan. The framework depends mainly on image processing algorithms applied on 

the live feed from the smartphone's inbuilt camera and a custom ExerPad. The ExerPad 

has four shapes with three different colors, which are used for location mapping. While 

the player stands on the ExerPad, live feed through the camera is captured, and image 

processing algorithms are applied on the image to determine the player’s current position 

on the ExerPad. Accordingly, the character’s position on the game screen is updated.  

Two mobile exergames were successfully implemented using this framework, Alien 

Fighter and Balloon Blast. However, the ExerPad is quite big, so it limits the portability. 

Also, the image processing and shape detection algorithms do not perform well in poor 

lighting conditions.  

  

1.2. iBeacon  

1.2.1. What is iBeacon? 

Beacon is a general term for hardware transmitters that advertise their presence to 

other nearby Bluetooth devices. Apple Inc. introduced iBeacon in 2013, which is beacon 

protocol and Bluetooth Low Energy (BLE) based technology. 

 iBeacon communicates with any BLE capable devices, such as smartphones, 

tablets and other devices. iBeacon provides location-based information, which makes it 

suitable for location awareness and context-aware mobile app. Upon detecting iBeacon's 

presence, apps are able to trigger events and call actions allowing the user to interact with 

things in his/ her surroundings such as receive discount notifications, door locks or turn 
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light on [17]. iBeacon usually advertises packets in a specific format. The nearby 

smartphones receive the packets that contain a Universally Unique Identifier (UUID) and 

Received Signal Strength Indicator (RSSI). Based on the information, the receivers can 

identify which iBeacon it is hearing from then estimate the proximity of that iBeacon 

[18]. 

• UUID, major, minor, and Beacon Regions 

The UUID, major and minor is a 3-part identifier of the beacon that is included in 

the packet. This information is hierarchy structured; UUID in the higher level, followed 

by the major and minor respectively .Major and minor will allow for subdivision of the 

identity that starts with UUID. UUID is 16 bytes long represented as a string while major 

and minor values are 2 bytes each. For example, a department store (such as Mayc’s) 

deploys iBeacon inside the stores and make an app that sends nonfictions to enrich 

customers’ experience. Let's say that at store A they would place iBeacon that advertising 

UUID as “Macy’s”, the major value of 1, minor 10 near clothes’ section, minor 20 near 

shoes’ section, minor 30 near kids’ section. At store B, they would use the same UUID 

but major 2 and minor values for the different section as 10, 20 and 30 (see table 2). 

 

Store location Store A Store B Store C 

UUID Macy’s 

Major 1 2 3 

Minor 

Clothing 10 10 10 

Shoes 20 20 20 

Kids 30 03 30 
                             
                         Table 2: Illustration of the use of UUID, minor and major  
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Beacon regions works as “geofences,” but they are defined by being in range of 

beacons with matching UUIDs, majors, and minors, and not by GPS coordinates[19].  

• Monitoring and Ranging 

After Beacon regions are defined, there are two ways to interact with them -  

monitoring and ranging.  Monitoring checks the presence of an iBeacon that is detected 

using region monitoring. To start monitoring, location services authorization level is 

required to be "always". Monitoring allows the app to know whether you’re inside or 

outside the Beacon Region [19]. 

 Ranging estimates the proximity to a detected iBeacon that is defined using 

beacon ranging. To start ranging, location services authorization level is required to be 

“when in use”. The iOS apps use the strength of the signal detected from beacon for 

ranging. Depending on the strength, the proximity is determined. The stronger the signal, 

the more confident iOS can be about the proximity to the beacon. The weaker the signal, 

the less confident iOS is about the proximity to the beacon. Apple classified the 

proximity into immediate, near, far and unknown [19]. 

• iBeacon Software — Core Location APIs 

Apple was the first to introduce a platform to deploy beacons; it extended its iOS Core 

Location APIs to support beacons in addition to GPS/Geolocation. Using Core Location 

iOS 7, iBeacon allowed for defining regions with an identifier instead of geographic 

location (latitude and longitude) and a radius. Although GPS and beacons share the same 

API, they have differences. Beacons enable a new level of flexibility that they can be 

appended to movable object and define a region around it; Nevertheless, GPS/ 

Geolocation is physical and fixed forever. Also, beacon identifier is only public for apps 

that already know its UUID but GPS location is always public [17]. 
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• The use of GPS vs. beacons 

The GPS is suitable for applications that require localization in outdoor environment. 

However, GPS fails to provide accurate positioning information for indoor applications 

due to attenuation and the reflection of walls [20]. On the other hand, beacons are widely 

used for indoor and outdoor proximity-based applications; providing acceptable level of 

precision. Beacons do not rely on GPS or Wi-Fi but Bluetooth. 

 

1.2.2. Bluetooth Low Energy 

Bluetooth Low Energy (BLE) is another name for Bluetooth Smart, which 

became part of the Bluetooth 4.0 standard in 2010.  BLE enables devices to consume its 

battery more efficiently and last for four to five years [21]. Unlike the common Bluetooth 

protocol, BLE requires less energy for the devices to broadcast or receive packets. Since 

the focus of BLE is to reduce the energy, it is used for applications that need to transfer a 

small amount of data periodically. So, it is not suitable for transferring large amount of 

data such as video [22]. For a smartphone to utilize BLE, it needs to be equipped with a 

Bluetooth chip compatible with the 4.0 version of the Bluetooth standard [17].  

 

1.3.Ultra-Wideband 

Ultra-Wideband (UWB) is a radio technology that transmits data over a very wide 

frequency band and uses low energy level for short-range [23] . According to the Federal 

Communications Commission (FCC) and International Telecommunication Union (ITU), 

UWB can be defined as a wireless transmission that occupies a bandwidth of more than 

20% of the center frequency, or more than 500 MHz [24, 25]. The low power spectral 

density reduces the interference with conventional radio systems, and the high bandwidth 

can allow very high data throughput. With the features of low power and low cost and 
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high throughput, UWB is being used effectively for applications that target data 

collection sensors, location tracking and imaging devices. UWB is different from other 

conventional narrowband radio frequency (RF) and spread spectrum technologies (SS) in 

its transmission’s way. It does not use a specified frequency with a carrier but it uses time 

domain. So rather than transmitting within a given channel, it uses pulses that spread out 

over a wide bandwidth [26]. 

 

 UWB and Beacon Infrastructure Differences 

Beacon hardware is affordable, however, UWB’ s tags are quite expensive. 

Beacons can be difficult to install and maintain, but it is much simpler for UWB. Beacons 

are battery-powered units and the battery may last for three years. The UWB requires a 

small battery powered dongle that must be attached to every user to measure the location. 

Beacons distance estimation is based on the measurement of signal strengths (Receive 

Signal Strength Indicator, RSSI). Thus, it can be inaccurate and be effected by physical 

environmental. For UWB, the dongle sends a signal to the anchor antennas that process 

the signal and calculate the position within 20 cm accuracy. Smartphones can take 3-6 

seconds to react to beacon signals whereas they can update position every second when 

communicating with UWB [27]. 

I conducted experiments with both Beacons and UWB sensors to locate the 

player's position in the proposed exergames. The result of the experiment using Beacons 

was not satisfactory due to the lack of accuracy. However, the experiment using UWB 

sensors provided accurate positioning in real-time. More details of these experiments will 

be presented in the next Chapter III. 
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CHAPTER III:  

MOBILE EXERGAME FRAMEWORK 

3.1.The developed exergame (Asteroid exergame) 

 

Asteroid is a popular arcade game developed by Atari in 1979. The project was 

developed by Lyle Rains and by Ed Logg. At first the game was designed for the 

hardware with high resolution, black and white and vector graphics [28]. The game was 

an instant success when it hit the market. The concept of the game is to destroy flying 

asteroids in the playfield by shooting them while avoiding collision with them until the 

level is completed. The player can rotate and move the spaceship that is placed in the 

center when game starts. When the player targets the rocks correctly, they break them 

into smaller pieces, and the player should shoot those pieces in order to score. As the 

game progresses the level of difficulty increases.  

In this thesis, we employed this asteroid exergame in the mobile exergaming 

framework. It has the same concept as the original one but is in the form of an exergame 

where the player needs to perform physical activity to shoot and control the spaceship. 

The player should jump to shoot asteroids and he/she must rotate in the real world to 

change the spaceship direction accordingly. If the player wants to change his/her position 

in the playfield, he needs to move inside the sensors’ boundaries.  

The game is developed on the iOS platform using Swift programing language 

along with the SpriteKit game framework. The game has three levels: Easy, Medium and 

Hard. Each level has its target number that the player needs to shoot to complete the level 

and progress to the next one. The player has three lives to complete each level; if the 

player collides with an asteroid, he/she will lose a life. As the level advances, the time 

interval at which asteroids are added to the game scene decreases. Thus, the number of 
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asteroids that appear in the game is increased to boost the difficulty level. A timer is 

available as an option to add excitement to the game. Figure 5 shows the home screen of 

the game, in which the player can choose the level to start with and set the time and touch 

options. The game has different sound effects for the following events: when firing a 

bullet, colliding with an asteroid, and winning or losing the game. Below is a description 

for each level. 

 
Figure 6: Game's home screen 

 

• Easy 

 The player is required to get a score of 10 to complete the Easy level (as it 

appears in the top left corner of figure 6.) That is the number of asteroids that the player 

must shoot in order to advance to the next level. Each five seconds an asteroid will be 

added to the game. The mini spaceships that appear at the top right of the screen 

represent the number of lives left. If the timer is set to be on, the countdown timer 

appears next to the score.  
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• Medium 

To make the level harder, the player is required to get score of 17 to complete this 

level. Also, the number of asteroids that appear at a given time will be more than the easy 

level as an asteroid will be added to the game every 2 seconds.  

• Hard 

This is the advanced level. The player needs to target 25 asteroids to win the 

level. It is more difficult since the time interval for adding asteroids decreases to half a 

second. 

 

 

 
Figure 7:  Game’s screenshot 
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Figure 8: Screen when the player wins 

 

3.2.Motion Detection 

 In the developed framework, the player’s motion and position are captured using 

inbuilt sensors and UWB technology. Smartphones today come with different kinds of 

sensors that provide apps with information that can be used to enhance the user’s 

experience. Gyroscope and accelerometer sensors are respectively utilized to detect the 

player’s rotation and jump motions. The user’s position, which dynamically changes 

while playing, is determined using four UWB anchors and a tag. 

 

3.2.1. Jump Detection using Accelerometer 

An accelerometer is a built-in sensor that measures tilt and motion. It measures 

the force of acceleration and detects the orientation (portrait or landscape) of a 

smartphone. Smartphones’ accelerometers can sense the change in the linear acceleration 

of movement along 3-axes (as shown in figure 9).  
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Figure 9: 3- axes accelerometer[29] 

 

3.2.2. Rotation Detection using Gyroscope 

Gyroscopes measure angular rotational velocity. The angular velocity is 

a measurement of speed of rotation, which is represented in units of rotations per minute 

(RPM), or degrees per second (°/s).  Gyroscopes is used to detect and maintain rotational 

motion along three axes of rotation: roll, pitch and yaw (see figure 10). 
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Figure 10:  3- axes Gyroscope [30]	

 

3.2.3. Filter sensor data 

As mentioned before the framework uses the data retrieved from both the 

gyroscope and accelerometer. However, sensor readings have some noise due to various 

factors such as the effect of gravity. Since we need to capture the subtle movement, a low 

pass filter is applied to smooth the readings. The filter cuts out all high frequencies by 

allowing only a 10% change from the previous value. 
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3.3. Location Mapping 

To track the player’s position, we applied two approaches. In the first approach, 

we used beacons from Estimote. However, the result was not as reliable as expected.  

Thus, as an alternative solution, we shifted to UWB technology, which provided an 

accurate and reliable positioning system. 

3.3.1. Using Beacon (Estimote) 

 Estimote provides APIs to interact with the hardware. APIs allow developers to 

track the movements of people and objects. 

A. Proximity Beacons 

 As mentioned in chapter two, the iBeacon uses BLE to communicate and 

disseminate packages. We used two types of iBeacon that Estimote promoted. First we 

used Proximity Beacons and applied RSSI-based trilateration localization technique [27] 

to locate the player. RSSI is the relative signal received by a device that is measured in 

dBm; the higher the RSSI number, the stronger the signal. Unfortunately, RSSI 

fluctuation resulted in an inaccurate and unreliable tracking system. 

We developed the following algorithm for mapping the player's location using 

Proximity Beacons: 

• First, RSSI measurements for four iBeacons with respective distances 

were gathered. Table 3 shows the average readings for thirty seconds for 

one iBeacon. It can be noted that as the distance increases, the readings 

became inconstant.  

• Then, the collected data was used to develop an algorithm to estimate the 

distance. 

• The distance from the three nearest iBeacons was captured to apply the 

trilateration formula. 
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•  In the experiment, four iBeacons were deployed in a way that represented 

the playfield with dimensions of 2 meters by 3 meters (see figure 11).  For 

optimal results, Estimote suggested that the iBeacon be placed at chest 

height. Hence, we used tripods to hold the iBeacons. 

• The results were inaccurate and could not be used for a precise poisoning 

tracking. Hence, we started exploring indoor location beacons from 

Estimote.  

•  

Distance	in	meter	 Average	RSSI	 Max	RSSI	 Min	RSSI	

0	 -35	 -35	 -36	
0.25	 -42	 -40	 -45	
0.5	 -53	 -52	 -66	
0.75	 -69	 -66	 -76	
1	 -63	 -61	 -66	

1.25	 -66	 -66	 -69	
1.5	 -79	 -77	 -85	
1.75	 -74	 -73	 -77	
2	 -72	 -72	 -73	

2.25	 -70	 -69	 -74	

2.5	 -77	 -75	 -79	

2.75	 -70	 -70	 -72	
3	 -76	 -71	 -81	
Table 3: Receive Signal Strength data 

 

B. Location Beacon  

• In this experiment, we followed the same setting but the proximity 

beacons are replaced by indoor location beacons.  

• The Estimote Indoor Location SDK was used to build a map of the 

playfield space as well as tracking the player’s position while playing. 
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• The map’s details such as shape, size, and coordinates were defined, and 

boundary points are represented by beacons. 

• The experiment environment is shown in figure 11, and the playfield map 

with a trace of the player while moving is shown in figure 12.   

• For this test case, the player walked along the boundary, starting from 

point (0,0) and come back (see the arrows in figure 12). 

• The poisoning was accurate only when the player is next to corners where 

the four beacons were placed. However, the poisoning was chaos as the 

player walked from one corner to another (see the dotted line in figure 12). 

• We discussed this issue with the Estimote’s developing team and they 

suggested that we need to use at least ten beacons to get accurate result, 

which is not feasible as it is hard to setup in the proposed mobile 

exergaming framework. 

 

 

 

 

 

Figure 11: iBeacon experiment setting 
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3.3.2. Using UWB (Pozyx) 

 In Chapter II, UWB technology from Pozyx was introduced as better solution for 

an absolute location poisoning system that provides accuracy in centimeters. Pozyx uses 

references points called anchors and a tag to produce an accurate positioning system (see 

figures 13 and 14) that communicate using UWB technology. At first, Pozyx’s software 

needs to find the distance from the tag to three anchors. For measuring the distance, 

Pozyx uses two-way ranging method to determine the Time of Flight (ToF) of the UWB 

RF signal. This is accomplished by sending a poll message from the tag to each anchor. 

Those anchors will then reply with a response message. Then the distance is calculated 

by multiplying ToF by the speed of light. For a verification purpose, this process is 

repeated twice. Then, Pozyx’s software applies trilateration method using three known 

Figure 12: Tracking the player’s position in the playfield 
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distance to find the tag position. Since the tag is in a circle of that radius around the 

anchor, position is determined by the intersection of the three circles [31, 32].  

 
Figure 13: Pozyx's anchor [33] 

 
 

 
Figure 14: Pozyx's tag [33] 
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After setting up the system and the positioning is started, the data must be 

extracted out of the system using MQTT protocol. MQTT is a lightweight messaging 

protocol that enabled capturing of sensor data for IoT (Internet of Thing) application. 

MQTT is client-server publish-subscribe protocol, which decoupling the sender 

(publisher) and the receiver (subscriber). The communication between them is done 

through a third-party broker, which manages to filter all the messages so that each 

subscriber receives only messages of interest by applying one of its filtering options: 

topic-based, content-based or type-based [34]. Pozyx provides API key to connect to 

MQTT broker over WebSocket. To get the most updated position from Pozyx, 

subscribing to a topic with the “positions” is needed. 

Below is the methodology we followed to conduct the experiment using UWB 

technology: 

The tools used in this experiment: 

• Four Pozyx’s anchors and two tags 

• Four tripods 

• Bank powers 

• Rope 

• Pozyx’s software  

• A pouch belt 

A. Setup and positioning 

The four anchors were placed on tripods to form rectangle that represents the 

playfield. One of the tag was connected via USB to a Windows system, the other tag was 

in pouch belt held by the player. All tags and anchors need to be powered up, so USB 

bank powers were used to allow portability. The experiment was implemented in two 
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different playfield’s size (5 x 8 foot) and (8 x 10 foot).  The four tripods were linked with 

a rope that works as a fence. 

 Initially, a map for the playfield was built through Pozyx’s web interface. In this 

step, the anchors’ coordinates inserted into the software. Then, the software discovered 

the surrounding anchors and tags, and calibrated them. After that, the software started to 

find the coordinates of both tags, and calculated its position with respect to the anchors. 

As the software was running, the position was updated continuously. 

B. Connecting with MQTT 

 The data (tag’s coordinates) need to be fetched into the Asteroid exergaming app 

from Pozyx’ Cloud. For that, we connected to the cloud using the MQTT protocol. The 

Asteroid app was developed on macOS platform, but Pozyx’s software does not support 

macOS yet. Thus, the connection through MQTT between Pozyx’s cloud and the 

Asteroid app failed. As a solution, we developed a rest API to work as broker between 

macOS and Pozyx’s software. We created the rest API using nodeJS, which is checking 

and gathering data in every half second from MQTT cloud server. MQTT provides the 

service based on subscription.  So, to get the data from the server we needed to pass 

username/password and the subscription token. The rest API collects the data from the 

MQTT server and stores it in an array which is further consumed by Asteroid app. The 

data is sent as a JSON array and contains the sensors data that we are interested in (see 

figure 14). The NodeJS application is deployed over AWS server, and we used forever 

package to keeping it running all the way. 
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[{ 

 "version": "1", 

 "tagId": "26443", 

 "timestamp": 1538411142.85, 

 "success": true, 

 "data": { 

  "coordinates": { 

   "x": 2330, 

   "y": -188, 

   "z": 1085 

  }, 

  "orientation": { 

 

 

 

C. Player positioning in the game 

In every second, the Asteroid app fetched the json file from AWS and extracted 

the coordinate (x, y) for the tag that the player was holding. Then a moving average filter 

is applied to smooth the retrieved data. Next, we needed to map the values of the real 

space coordinate (10 feet x 8 feet) to the smartphone’s coordinate using a normalizing 

function. Accordingly, the spaceship's position in the app was automatically updated.  

The Asteroid app succeeded in providing a good result. As the player was moving 

within the playfield his/her location was updated with centimeters’ accuracy in real-time.   

Figure 15: Example of the json array 
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. 

 

 

 

 

 

 

 

 

 

 

Figure 16: UWB experiment setting 



 

 30 

CHAPTER IV:  

RESULTS 

The aim of this work was to develop a robust and accurate player positioning 

system in mobile exergames using a wireless radio technology. On one hand, the Ultra-

Wideband (UWB) sensors have provided the accuracy of a few centimeters. Hence, we 

have developed the framework with the use of UWB. On the other hand, the use of 

Beacons resulted in inaccurate poisoning that we could not use for a precise poisoning 

tracking.  

 To measure the effectiveness of the game, and for further evaluation, we 

conducted an experiment in which participants played and then provided their feedback 

through a survey questionnaire (see table 4). The experimental results showed that the 

proposed positioning technology made the mobile exergames more enjoyable, and most 

importantly helped users to exercise while having fun. 

 

The Experiment  

We asked a total of 24 participants in our University campus (14 male, 10 female) 

between the ages of 22 and 31 to play the proposed exergame.  After playing, participants 

filled out the survey questionnaire that aimed to measure the effectiveness of the game.  

a. In response to the survey question that said, “I had a good workout while 

playing today’s mobile exergame,” 23 participants responded as either 

Strongly Agree or Agree, and 1 participant responded as Neutral. 

b. In response to another survey question that said, “I think mobile exergames 

such as this are addictive and fun to play,” 21 participants responded as either 

Strongly Agree or Agree, 2 participants responded as Neutral and 1 participant 

responded as Disagree.  
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c. In response to the question that said, “I enjoyed playing todays’ mobile 

exergames,” 23 participants responded as either Strongly Agree or Agree, and 

1 participant responded as Neutral. 

d. In response to the question that said, “I found it difficult to focus on today’s 

game screen while moving and jumping,” 8 participants responded as either 

Strongly Agree or Agree, 6 participants responded as Neutral and 10 

participants responded as Disagree or Strongly Disagree.  

Hence, it is evident that the proposed mobile exergames helped the participants to 

have a good workout while having fun at the same time. One limitation of the proposed 

exergame was the learning curve, as the last question reflects. One reason for this might 

be that they did not have the chance to practice playing the game. One way this could 

have been avoided was if the participants had multiple attempts until they fully 

understood the exergame.  

We also took the participants’ feedback for further improvements. The following 

are the results of the survey questionnaire form collected from the participants. 
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Asteroid Mobile Exergame Survey 

 

Age 22-31 

Gender 14 Male - 10 Female 

 

 Strongly 
Agree Agree Neutral Disagree Strongly 

Disagree 

I like playing video games in 
general 12 8 4   

I like playing exercise-based 
video games in general such as 
Nintendo Wii, Xbox Kinect, 
Sony Move etc 

10 8 5 1  

I enjoyed playing today’s mobile 
exergame 16 7 1   

I had a good workout playing 
today’s mobile exergame 16 7 1   

I think mobile exergame like this 
can supplement my daily 
workout plan 

18 6    

I found it difficult to focus on 
today’s game screen while 
moving and jumping 

3 5 6 7 3 

I think mobile exergames such as 
this can be addictive and fun to 
play 

9 12 2 1  

 
Table 4: The survey questionnaire  
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CHAPTER V:  

CONCLUSION 

In my thesis, we proposed a mobile exergaming framework that tracks the 

player’s position with centimeters’ accuracy in two-dimensional space, and detects the 

player’s rotation and jump movements. For positioning purpose, we utilized UWB 

technology using sensors that provided accurate positioning with real-time updates. For 

the player rotate and jump detection, we utilized the smartphone’s inbuilt gyroscope and 

accelerometer respectively. The advantage of the proposed mobile exergame over the 

other mobile exergames is that it is suitable for both outdoor and indoor without the need 

to use the battery hungry GPS technology. Also, Unlike GPS, UWB can capture subtle 

movements with centimeters’ accuracy. The physical movements that the player need to 

perform to play the proposed exergame promote the idea of exercising while having fun. 

Thus, we can develop different attractive exergames using the proposed framework to 

motivate physical activity. 

Future work 

As part of my thesis, I successfully implemented a mobile exergaming framework that 

track one player’s position using UWB technology. Currently, this framework need a Wi-

Fi connection to fetch the location data from the cloud. As a future work, two 

improvements are suggested. First, support multiplayer feature to add more excitement to 

the exergame. Second, replace the Wi-Fi connection with Bluetooth technology by using 

Arduino Uno. That will overcome the latency in retrieve the data. Also, the exergame can 

be played anywhere without the need for internet connection. 
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