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ABSTRACT 

Obesity is a serious health problem globally and it is on the increase.  Half of the 

adult US population is expected to be obese by 2025 if current trends continue.  A 

major cause of obesity is inactivity and it has also been linked to playing computer 

games.  As a result, fitness games and peripherals for games consoles are becoming 

increasingly popular as a method of exercise and as a way to help motivate people to 

exercise.  A wide range of these fitness gaming products exist and state of the art of 

these along with research in this area are discussed in this document.   

This paper introduces a gesture recognition system for playing boxing games on 

gaming consoles.  The aim of this interface is to provide a method for exercising and 

to provide the user  with a more intuitive and realistic way of  playing boxing games.  

This document describes how the users movements and a variety of different 

punches are recognized by the boxing interface.  This is achieved by analyzing the 

acceleration and Euler angle data from Xsens MT9 sensors placed in gloves and on 

the users chest.  The boxing interface is connected to the games console via infrared.  

This is done by storing the infrared signals from the buttons of game controllers as 

sound files. These sound files are then played on a computer through a sound to 

infrared converter to control the game console.   

User testing was carried out showing that the interface helps to motivate the user and  

that it is effective and enjoyable means of exercise.   
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Chapter 1:  Introduction  

1.1 Overview 

Obesity is on the rise globally and in particular the US.  One of the main causes of 

obesity is due to inactivity.  This inactivity has been linked to television watching 

and computer game playing especially in children.  With a large number of homes 

today owning a gaming console, introducing fitness products for these consoles 

offers people a great opportunity to get more active.  People are far more likely to 

exercise if they are motivated and are having fun while doing so.  Computer fitness 

products help to immerse the user so that they are less aware that they are performing 

exercise which helps to motivate them.  Many fitness games are competitive which 

pushes the user to exercise harder to achieve a better result in the game. Fitness 

games are particularly important for children who see the benefits of staying healthy 

as less important than adults do and would be more happy to play games.   

Using games for fitness and health is a growing area of research. Numerous fitness 

gaming products have been released by companies in recent years in response to 

growing need for people to get more active.  These products are wide and varied, and 

range from devices to practice your golf swing to body building interfaces which 

allow the user to play racing games.  

This paper introduces a fitness device for modern gaming consoles.  This fitness 

device is a boxing interface which can be used to play boxing games without using 

the game consoles controller pad.  The boxing interface consists of 3D 

accelerometer/gyroscope sensors attached to gloves and one attached to the chest 

which are used to recognize the punching gestures and movements performed by the 

user.  The recognized punch or movement is then performed by the userôs character 

in the boxing game.  Other boxing or fighting peripherals for game console do not 
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address the needs of modern boxing games, only supporting some of the movements 

which can be performed in the game. The motivation for making this boxing 

interface was to provide the user with a more natural and instinctive way of playing 

games other than using a standard game controller.  The aim was to create a boxing 

interface which benefits the user by making them more physically active in an 

enjoyable way and would motivate them to exercise using the interface.   

A method for connecting the boxing interface to a games console via infrared red is 

also described in this document.  This method involves capturing signals from 

infrared game controller and storing them as WAV files.  When the user performs an 

action and it is recognized, a WAV file is played through a sound to infrared 

converter which is directed at a infrared receiver connected to the game console.  

This method could be used as a quick way of  testing other gaming interfaces with a 

games console.. 

User testing of the boxing interface was carried which showed that the user receives 

an intense workout even after short periods of playing.  Users who performed the 

testing were enthusiastic about the interface and felt that it would motivate them to 

exercise. 

Further research is proposed and additional features which could be added to the 

boxing interface are also noted.  

1.2 Background 

In this section game console sales statistics will be discussed along with computer 

game usage statistics.  This will be followed by a discussion of obesity, injuries 

caused as a result of game playing and the benefits of boxing. 

1.2.1 Gaming Sales Statistics 

Figure 1 below shows the monthly console sales statistics for the United States from 

November 2005 to April 2006 [1].  These figures show an extraordinary number of 

sales of games consoles and this is just for a six month period.  These sales trends 
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have been continuing for many years with most homes that can afford a games 

console having at least one or more.  Therefore there is a large number of people that 

could potentially be reached by introducing fitness games and peripherals for these 

consoles.   

 

Month PS2 Xbox GameCube Xbox 360 

November 2005 531,000 197,000 272,000 326,000 

December 2005 1,500,000 415,000 606,423 281,441 

January 2006 272,000 89,000 66,000 249,000 

February 2006 299,000 88,000 67,000 161,000 

March 2006 273,000 83,000 63,000 192,000 

April 2006 206,995 38,987 38,028 295,381 

 

Figure 1 ï Monthly console sales statistics in the US, November 2005 to April 2006 

 

All of the consoles represented in the chart above have EAôs Fight Night boxing 

games available to them, making the boxing interface described in this paper 

available to millions of homes if released.  In March 2006 Fight Night Round 3, the 

latest incarnation of the Fight Night series showed very high sales in the US.  In the 

top selling console games by units [2], Fight Night Round 3 on the PS2 came 6th with 

180,000 sold, 9th with 149,000 sold on the Xbox 360 and 18th with the Xbox version.  

The revenue generated by this game for March 2006 was 6th, 8th and 19th overall for 

the Xbox 260, PS2 and Xbox respectively.  These statistics show a great interest in 

boxing games by game players and a large potential user base for the boxing 

interface.   
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1.2.2 Gaming Usage Statistics  

According to a recent study into computer game usage in the United States [3], 35% 

of game users are under 18 years old, 43% are between the ages of 18 and 49 and the 

rest are all over 50 years of age.  The average age of the game player is 30 and the 

adult gamer on average has been playing games for over 10 years.  This is down to 

the fact that these adults will have started playing games as a child and have 

continued to do so ever since.  Gamers on average play games for 6.8 hours per week 

with 8 to 18 year olds playing an average of just under 50 minutes per day [4].  The 

survey reported that 79% of game users of all ages played sports for an average of 20 

hours per month.  This study showed that of the console games purchased in 2004, 

17.8 % were sports games and 5.4 % were fighting games.  That is over 20% of 

games purchased that a fitness peripheral such as the boxing interface could 

potentially be applied to.   

1.2.3 Obesity and Gaming 

Taking advantage of the popularity of console games and in particular the Fight 

Night series, Burger King have found their way into latest release of Fight Night, 

Round 3 on the Xbox 360.  This is as a result of Burger King pays to advertise in the 

game.  As part of Burger Kings addition to the game, it is possible to hire the Burger 

King character as the trainer for your fighter.  Using the Burger King character as a 

trainer gives the users fighter increased stamina in the form of a ñheart boostò and 

makes it easier for the fighter to get up after being knocked out [5].  This is the 

complete opposite of what fast food such as Burger King gives a person.  A recent 15 

yearlong study has shown that eating fast food more than twice a week has strong 

links to obesity and diabetes [6].  This confirms the finding of the popular film Super 

Size Me by Morgan Spurlock where the director went on a McDonaldôs only diet for 

a month and suffered from health problems and weight gain.  This sort of advertising 

in games surely gives the wrong impression to users many of which are young and 

impressionable.   

Obesity is a disease that has become a worldwide epidemic.  A person is considered 

medically obese if their Body Mass Index (BMI) is greater than 30.  The BMI is a 
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measure of a personôs body fat based on their height and weight.  The primary causes 

for obesity are excessive calorie consumption and a lack of physical exercise.  In a 

press release by the Department of Health and Children in May 2005 [7], the 

following facts were released.  The total number of people that were obese 

worldwide in 2000 was 300 million and it is predicted that as much as half of the US 

population will be obese by 2025 if trends continue.  The current prevalence of 

Obesity in the US is that 39.8 million adults (1 in 6 people) are obese and 57% of the 

adult populations are overweight.  Statistics show that 18% of Irish adults are obese 

with 39% being overweight.  Estimates by the Worldwide Health Organization stated 

that physical inactivity resulted in 2 million deaths worldwide each year.  Across 

Europe the most prevalent childhood disease is being overweight.  Obesity causes 

some very serious health risks such as heart attacks, strokes, respiratory diseases, 

diabetes to name but a few.  The recommended solution to obesity is a healthy diet 

and exercise but it is harder to treat once it has become established and so obesity 

prevention especially during childhood is recommended.  Television and computer 

games have been widely blamed for years as a contribution to the increasing obesity 

problems worldwide.  A recent research paper from Canada [8] showed that TV 

watching and computer game usage cause an increased risk of becoming overweight 

of 17-44%, while there is an increased risk of 10-61% of becoming obese.  It is 

claimed that they encourage people to stay inactive and stay sitting for long periods 

of time.  There are an increasing number of companies in the games industry 

bringing out games and peripherals to encourage people to get more active and get 

off the couch.  Some of these games and peripherals are discussed in the next chapter 

of this paper, state of the art. 

1.2.4 Gaming Related Injuries 

There are some relatively common problems associated with repeated game playing.  

A medical paper from Trinity College Dublin [9] discusses some of these problems.  

Users playing games excessively can suffer from repetitive strain injuries as well as 

wrist and neck pain.  Neck pain can occur when the user sits hunched over a control 

pad for hours at a time.  Long repeated gaming affects people differently as they 

have different tolerances for the injuries and the usersô posture during game playing 
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varies also.  Problems incurred by vibration feedback systems are also discussed 

whereby the user suffers from locomotor problems of the hand similar to those found 

in people using power tools giving such as pneumatic drills.  According to an article 

on repetitive strain injuries [10] due to gaming, wrist injuries are the most common 

form of repetitive injuries.  Carpal tunnel syndrome, one of the more serious forms of 

repetitive strain injuries occurs when the median nerve in the wrist is compressed and 

results in problems for the wrist and hand such as tingling, pain, coldness and 

weakness in parts of the hand [10].  Studies into this syndrome have shown that 10% 

of frequent computer users suffer from this, and 3.5% suffer from nerve damage.  

Other problems referred to in this article called computer related injuries are also a 

concern for gamers.  Problems such as tendonitis, musculoskeletal problems and 

overuse injuries such as back and finger pain are examples of this.  All these 

problems introduced from gaming are due to the use of a game controller and the 

userôs posture during game playing.  The boxing interface takes away these problems 

as the interface allows the user to play games in a more natural way.    

1.2.5 Benefits of Boxing 

Boxing is one of the worldôs oldest sports which provide many benefits to people and 

it results in a great fitness workout.  Boxing is one of the best ways for relieving 

stress and pent up aggression. It has the benefit of keeping people relaxed and may 

help to control oneôs life more efficiently [11].  Shadow boxing is a long used 

method for boxing training and is the method for fitness training of which the Boxing 

Interface is based on.  Shadow boxing is essentially a form of sparring practice 

carried out solo without a punch bag or an opponent; instead the boxer just punches 

air.  Shadow boxing provides many benefits with little or no side effects.  

Coordination is improved after just a few rounds of shadow boxing and most 

importantly in terms of fitness is that a cardio vascular workout is given as a result of 

extended rounds of shadow boxing [12]. 
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Chapter 2:  State of the Art 

In this section previous research in the area of fitness in gaming is discussed and 

fitness products currently available for gaming consoles are discussed also.   

2.1 Related Research  

Research in the area of fitness in gaming and ñvirtualò fitness is an active area of 

research.  The general aim of this research is to motivate people to exercise through 

the use of computer games.   

Only one example was found of research in the area of boxing being used for 

exercise during a game.  Shadow Boxer [13] was developed by the University of 

Tampere, Finland.  It is a prototype for a physically interactive fitness game that is 

controlled by detecting body movements using a webcam.  The researchers of this 

project studied the effectiveness and playability of the game as a form of exercise.  

Results showed that the game increased the userôs heart rate to the optimal exercise 

level in most test cases, which shows that it is an effective method of fitness training.  

Tests were carried for 5 minutes and 11 users took part.  Playing the game was also 

found to be enjoyable experience also. The game used in Shadow Boxer is limited.  

Only straight, hook and uppercut punches are available to the user and these are 

performed when prompted by the game to perform a task in the game.  As the 

Boxing Interface can be used with the latest boxing games available for gaming 

consoles, it provides the user with a richer experience and more freedom during 

game playing . Future work discussed in this paper involved connecting a heart rate 

monitor to the system so that data from it could be used in the game.  The benefit of 

this would be that the game could adapt based on users heart rate. The rate at which 

the user needs to punch could then be changed so that their heart rate stays at their 

optimal exercise level. 
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Most other areas of research use cycling or jogging to demonstrate fitness with 

computer games.  Fitness Computer Game with a Bodily User Interface [14] was a 

project intended to merge aspects of gaming and exercising to motivate the user and 

give them a ñsense of presenceò while exercising.  The bodily interface in the paper 

consists of an exercise bicycle which is steerable using buttons and a virtual 

environment which was generated based on map data.  The bicycle was placed in 

front of a screen on which the environment was projected.  The terrain in the 

environment affected the amount of effort needed to pedal e.g. when the terrain is 

uphill pedalling was harder.  The aim of the game was to cycle around the virtual 

course against the clock.  Heart rate data from the user as well as their elapsed time 

was displayed on the screen.  User tests were carried out using a mix of personal 

trainers and students who exercise regularly and have little experience with games. 

Results showed that the test users were more aware that they were exercising then 

playing a game due to the physical exertion needed to play the game.  The users 

found it to be an enjoyable experience and they also found themselves immersed in 

the environment while playing the game.   

The paper Ubiquitous Computing on the Run: Motivating Fitness by Computing 

Technology [15] discusses the current use of technology in relation to fitness and 

how it does not motivate the user enough.  Equipment such as exercise bikes for 

example, require the user to enter information such as weight and age which due to 

the size of the display means people nearby can see this information.  This leads to 

the motivation of the user being reduced.  The author aims to develop new fitness 

applications which would be tested in real world conditions as well as researching 

how technology in current equipment could be improved.     

Games for health are a community of researchers, medical professionals and game 

designers which work together to develop a ñbest practices platform for the 

numerous games being built for health care applicationsò [16].   It was founded by 

the Serious Games Initiative [17] which coordinates work done in the game industry 

and work done in the area of games for education, training, health, and public policy 
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2.2 Gaming Fitness Products  

The area of fitness in gaming has become very popular of late and there are an 

increasing number of companies within the gaming industry releasing various 

products aimed at promoting fitness.  The following is a description of a variety of 

gaming products promoting fitness. 

2.2.1 Peripherals for Fighting Games 

The first three I will mention are similar products to the Boxing Interface but they are 

a more general solution and are used for all types of fighting games. There is a fourth 

device by Xavix specifically for boxing which is mentioned later in this chapter.  The 

first example is the BodyPad [18].  The BodyPad is a fighting simulator for use with 

the Playstation 2 and the Xbox.  It works with most fighting games and also some 

sports games such as track and field games.  The BodyPad uses pressure sensors on 

the knees and elbows to detect punches and kick.  When the knee is fully bent or the 

elbow is straightened a kick or punch is detected.  It also has handles for the hands 

which have buttons and a directional control cursor for movement and other 

functions.  The BodyPad cannot recognize individual punches like the Boxing 

Interface. The triggering of a pressure sensor on the knee or elbow simply acts as a 

single button on a game controller. The BodyPad will not work with games where 

the analogue sticks of the controller are used, unlike the Boxing Interface. This 

would be a problem especially in the more recent boxing games such as Fight Night 

as they are heavily reliant on the analogue sticks.  It is also probable that if using 

boxing games with the BodyPad that kicks would have to be performed to do some 

punches which takes away from the gaming experience.  Punches like uppercuts 

would have to be performed like a straight punch, further taking away from the 

realism.  From this it can be seen that the BodyPad, while good from a fitness point 

of view is not really suitable for boxing games.  The price of the BodyPad is around 

$80. 
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Another peripheral device with a similar function to the BodyPad is the Thrustmaster 

Fighting Arena [19] which was released in 2001 for the Playstation.  Like the 

BodyPad it can detect both punches and kicks.  Player movements are detected using 

a mat with pressure sensors in it and four infrared beams passed between two vertical 

posts.  Each infrared beam corresponds to a button in the game, which are triggered 

when a beam is broken.   Like the BodyPad this peripheral doesnôt actual recognize 

the type of punch performed e.g. jab or hook, and it cannot be used for games 

needing the analogue sticks such as the newer boxing games.  Figures 2 and 3 below 

are pictures of the BodyPad and Thrustmaster fighting arena. 

 

 

                                     

Figure 2 - The BodyPad Fighting System Figure 3 ï The Thrustmaster Fighting Arena 

 

The third of the fighting systems is the BodyForce by ArcadeMX [20] which was 

unveiled at the Consumer Electronics Show at the in January 2006, see figure 4 

below.  It is used for playing fighting games on the PS2, Xbox and PC such as 

Tekken or Streetfighter.  Like the other two fighting systems it can be used to detect 

punches and kicks.  The system has four sensors [21] which are strapped to the hands 

and feet and are used to detect the bodyôs movements.  Each sensor maps to one 

button on the control pad eg X, Circle, Triangle and Square on the PS2.  A pressure 

sensing mat is used to perform the other movements and functions in the game.  Like 

the other fighting systems already mentioned it is not ideally suited for boxing 
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games.  This is because the system does provide for the functionality of analogue 

sticks from regular control pads.  As the newer boxing games are heavily reliant on 

the analogue stick for punching and movement, this system cannot be used with 

them.  The slightly older boxing games such as knockout kings 2002 could be 

partially used. The user would not be able to move due to having no left analogue 

stick though and would have to perform half of the punches by kicking. 

 

 

Figure 4 -  The BodyForce Fighting System 

2.2.2 Sony Eyetoy 

The Eyetoy Play for the Playstation 2 is one of the popular fitness devices for  

gaming consoles selling over 2.5 million copies in Europe since its launch in July 

2003 [22].  The Eyetoy is the hardware part consisting of a camera that sits on top of 

the television and the Play is the game part consisting of 12 mini games.  The user is 

displayed on the television using the Eyetoy camera and vision detection is used to 

detect when the user performs an action in the game.  Depending on the game being 

played the userôs action usually involves punching or slapping objects on the screen 

to play the game.  This provides some physical activity for the user as they do not 

spend their time sitting down while they are playing the game.  Of the games 

included with Play is a boxing game called Boxing Chump.  In this game the user 

faces a computer controlled opponent on the opposing side of the screen.  The user 

can move around to avoid punches and punch towards the screen to hit the opponent.  

This sort of game is aimed towards the younger gamer and the user is limited to only 
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simple punch types.  Other games have been released for the Eyetoy since Play and 

support for the Eyetoy has been built into other games such as Harry Potter and 

games using a Dance Mat.  Figure 5 below is a screenshot of the Eyetoy with the 

Boxing Chump game.   

 

                               

Figure 5 - The Eyetoy in action with the Boxing Chump game 

2.2.3 Games using Dance Mats 

Another very popular type of game promoting exercise is dance games such as 

Dance Dance Revolution where a dance mat is used.  This type of game has sold 

millions of copies and dance mats over the past few years.  A dance mat is a game 

controller that consists of pressure sensors which the user steps on to control the 

game.   Usually a dance game involves stepping on certain pads in time with music.  

Some of the more advanced dance games allow the Eyetoy to be used with it so that 

users can perform dance moves with their hands as well as their feet. Some other 

games have an exercise or work out mode which provides more exerting game 

playing than the normal game modes.  There have been numerous reports of 

significant weight loss after regular use of dancing games.  They have even been 

introduced to fight obesity in some schools in the US where it hard to get students to 

partake in sports and other physical activities [23].   
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2.2.4 Game Bike 

Another fitness promoting device built around cycling is the Game Bike [24].  The 

Game Bike is a essentially a regular bike machine that can be found in a gym which 

has been adapted so that it can be used as a game controller for the PS2, Xbox or 

Gamecube.  It was designed to be used mainly in places like gyms as a means of 

motivation during exercise.  Up to four can be used simultaneously for playing 

racing games.  The faster the user cycles the faster the car or other vehicle being 

controlled will go and the fact that the user could be competing against other players 

would motivate them to pedal quicker.    Moveable handlebars allow for steering and 

the Game Bike also provides feedback of statistics such as heart rate data and 

distance travelled. 

2.2.5 Kilowatt Fitness System 

Ki lowatt [25] is a product similar to the Game bike but it is used for muscle fitness in 

comparison to the aerobic fitness achieved using the Game Bike.  It works with any 

major games console, PC or Mac and is best used with driving, fl ying or first person 

shooting games.  The system (see figure 6 below) is essentially an alloy steel tube 

which connects a controller on the top to a mat at the bottom and has a back 

stabilizer.  Technology in the tube determines how hard the user is pushing on or 

pulling on the controller (no part of the machine actually moves though).  By pushing 

and pulling the controller in certain directions the users can control their character or 

vehicle in the game they are playing.  The harder they push or pull the faster their 

character or vehicle will move.  This method of movement mimics the functionality 

of the analogue stick of a game controller.  The technology used in the system is 

called ISOCOR and is the result of three years and millions of dollars of research 

involving physiologists, materials scientists, electronics engineers, industrial 

designers, and video gamers.  It uses four semiconductor strain gauges in the steel 

tube to assess the energy put into pushing and pulling in the X and Y axis.  Two 

microprocessors are used to convert the data from the strain gauges into an input 

recognized by game consoles.  The system allows the user to set the level of effort 

required and it is displayed on an LCD screen which also displays the total workout 
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time and the weight lifted.  The system provides a mainly upper body workout with 

the quads and gluts also being work out.   The system has won many awards 

including the innovation of the year award 2006 at the consumer electronics show 

and has received excellent endorsements by many leading newspapers and 

magazines. 

 

 

Figure 6 - The Kilowatt exercise machine          Figure 7 ï Qmotions Golf Game Controller 

2.2.6 Qmotions Gaming Peripherals 

The company Qmotions [26] produces a range of interesting peripherals to play 

sports games on the PS2 and Xbox.  Of their range of peripherals they have a device 

similar to the game bike called the ñFun-Fitnessò which is being released in May 

2006 and can be used for playing driving games by pedalling.  The second of the 

peripherals made by this company and the most advanced is their golf interface (see 

figure 7 above).  It is used for playing golfing console games and replaces the 

consoles joypad.  This system consists of a golf ball attached to a sensitive electronic 

swing arm that converts the userôs golf swing and the directional impact of a golf 

club on the ball into the balls flight, speed and direction.  Precise calculations are 

carried out by algorithms used by the system to give very accurate results from the 

users swing.   Real golf clubs can be used with this peripheral which increases the 

realism of the system and allows the user to practice with their own clubs.  The 
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system is also sensitive to the head speeds of the golf clubs used, allowing for 

different types of clubs to be used.  The system also includes an online statistics 

tracker which monitors the userôs swings and can be used to improve swing 

consistency and precision.  User data is represented online in the form of graphs 

showing swing speed and accuracy. 

The next of their systems is the Xboard (see figure 9 below) which is a board used 

for playing snowboarding and skateboarding games.  Sensors in the board measure 

the users shifting in weight and their foot movements while they are standing on the 

board.  The board detects the users movements by the measuring the tilt  of the board.  

These measurements are then translated into movements in the game.  A control pad 

is still needs to be used in conjunction with the board to perform the more 

complicated moves and trick moves in the games.  A review of the board [27] talked 

of the benefits of the Xboard as providing an increase in balance and strength in the 

legs. 

The last of their systems is the Qmotions-Baseball system (see figure 10 below) used 

for playing baseball games.  The system has 2 parts to it.  The first part is a sleeve 

which can be placed on any 27ò baseball bat.  This sleeve contains a motion sensor 

which is used to accurately measure the batting swings performed by the user and 

map it to the swing performed by the userôs character in the game.  Therefore, the 

users own swing determines how well their character performs in the game.  The 

second part of the system is a home plate which the user controls with their feet.  It is 

essentially joypad buttons on a hard mat used to control the functions in the game 

other than swinging the bat, such as running and swing selection. 

These different peripherals represent some of the more advanced peripherals 

promoting user activity available for game consoles.  The cost of these systems is 

relatively cheap considering a gamer spends on average $700 a year on games and 

gaming hardware, according to an IGN survey.  The Fun Fitness and the Xboard are 

available for under $100 while the Qmotions-Baseball system costs $150 and the 

Qmotions-Golf system costs $250.  The latter two are for the more serious user 

which is reflected by the price. 
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Figure 9 - Qmotions Xboard                                      Figure 10 - Baseball system 

 

2.2.7 Xavix Fitness Gaming Console 

Xavix Port [28] is a console that is basic by modern standards but it was designed as 

a console solely for playing exercise games.  It connects to a TV and monitors the 

calories burned by the user after they enter their age, sex, weight etc.  An infrared 

receiver on the front of the Port is used to receive signals from the games peripherals.  

Six games are available for this machine all of which come with their own peripheral 

to play the game.  These games are golf, baseball, bowling, tennis, Boxing and J-

Mat, an aerobic workout game.  The golf game uses a motion sensor placed on the 

ground to detect the userôs swing when it passes over the sensor.  It is similar idea to 

the Qmotions Golf but seems to be less accurate and generally more basic.  The 

baseball game has both a bat and a ball peripheral allowing the user to both bat and 

pitch.  Buttons on the bat and ball allow the user to change options like pitch type.  

The bat has an accelerometer in it which detects the swing speed and there is an 

infrared transmitter on it which sends the data to the Xavix Port.  The ball is held in 

the hand and the user goes through the motions of throwing the ball, an 

accelerometer in the ball measures pitch speed and sends it to the Port via an infrared 

transmitter in the ball.  The golf clubs and baseball bat are made specifically for the 

games and are plastic unlike the Qmotions peripherals which are used with real bats 

and clubs.  Their bowling game peripheral (see figure 11 below) works in a similar 

way to their golf peripheral.  The user swings the bowling ball over a motion sensing 
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device placed on the floor and this is related into a swinging of the ball in the game.  

The tennis game comes with two wireless tennis racquets which are used to play the 

game.  The speed of a users swing is detected by sensors in the racket which is then 

sent to the console.  There is an infrared transmitter in the head of the racket, which 

presumably sends the swing data when it is pointing at the console during part of the 

swing.   

The last two games were unveiled in January 2006 at the Consumer Electronics 

Show in Las Vegas and have Jackie Chan in the games as part of a marketing 

strategy.  The J-Mat, an aerobics style game, is the most exercise orientated of the 

games.  It comes with a wired mat with four pressure sensors in it and hand weights.  

There are two different modes in this game. The first is a workout whereby the user 

steps on certain pads on the mat and moves there arms to copy the instructor (Jackie 

Chan) in the game.  This mode can be set to different difficulties.  The second mode 

is an action game where the user controls a character in the game.  The user must jog 

on the spot to run, jump to jump in the game, and step left or right to avoid obstacles.   

The last game is a boxing one which is of most relevance to this paper, a screenshot 

of which can be seen in figure 12 below.  The interface for this boxing game consists 

of two wireless gloves and the mat from the J-Mat can be used to move also.  

Sensors in the gloves gather data on the punches and send it to the Xavix Port which 

determines what movements were made.  It is not very clear how this is done or what 

kind of sensors are in the gloves, but considering the other devices all seemed to use 

an accelerometer in the peripheral this is most likely.  There is also little information 

on the type of punches that can be detected by the system.  Most likely only very 

basic punches can be used. From a review on the game [29], it is said that the user 

can dodge to the left or right by leaning in that direction so there may be a basic gyro 

sensor in the gloves also, or else this is done by standing on the pads of the mat.  

Blocking is performed while the user is in a guard position, how the system knows 

the user is a guard position is also unknown. There are three modes in the game, 

exhibition, training, and championship, with different levels of difficulties.  Reviews 

exercise level achieved of the game are mixed, one review [29] said playing the 

game was quite physically intense [29] while the another said it adequate enough to 

get the heart rate up a bit but not enough for a proper workout. 
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The way the Port Console and its peripherals determine the userôs movements is 

through the use of an accelerometer, which it is not enough to properly measure the 

userôs movements effectively, allowing for only basic movement differentiation. 

While the games are relatively good for fitness, it involves buying a console that only 

has 6 games for it.  The XavixPort costs $80 and the peripheral devices with games 

range in price from $50 to $90 and so are reasonably priced. There are similar 

devices out for the major games consoles though, most of which are better and are 

similarly priced.  Consoles such as the Xbox now only cost around 100 euro, so 

gamers are far more likely to buy them than the XavixPort.   The games themselves 

are also rather limited both in terms of graphics and functionality compared to the 

games on the major consoles and will not appeal to core game players.  

 

 

         Figure 11 - Xavix Bowling System                                    Figure 12 - Xavix Boxing System 

2.2.8 Nintendo Wii 

The Wii  [30] is the latest console from Nintendo which will be released in the final 

quarter of 2006.  The control pad used with the Wii contains a gyroscope and is able 

to detect acceleration and orientation.   This will be used by the new console to 

provide a much more active and intuitive way of playing games.  The unveiling of 

the Wii at E3 on May 9th 2006 showed the control pad being used to play a tennis 

game by actually performing the racket swing with the controller.  A sword fighting 

game where the user had to perform the sword swings was also demonstrated 
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amongst other games.  This marks a new age in game playing as no mainstream 

console manufacturer has released a controller anything like this.  There will no 

doubt be a boxing title released soon which can utili ze this controller, but it may still 

be insufficient to differentiate between the number of punches possible in the newer 

boxing games. 

 

 

Figure 13: The controller interfac e for the new Nintendo Wii gaming console 

 

2.2.9 Yourself Fitness Game 

Yourself fitness [31] is a virtual fitness trainer for the PS2, Xbox and PC.  This game 

is geared mainly towards women.  Yourself fitness has a virtual trainer called Maya 

who gives the user a training regime after they provide some data about themselves 

such as age and weight and what goals they hope to achieve during this regime.  

Maya performs the exercise routine with the user similar to an aerobics video.  The 

game adapts to the userôs goals daily, so if the user is unable to perform a full work 

out one day, it will be taken into account to meet their long term goals.  This 

flexibility of the game would help the user to keep interest as it would allow the 

routine to fit in better with everyday life.  The aim of this fitness aid is to help to 

motivate the user to exercise by providing dynamic workouts which change each 

time with music to suit their mood. 
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Chapter 3:  Connection to the Gaming Console 

3.1 Introduction  

The gaming console used to connect the boxing interface to is the Sony Playstation 2.  

This choice was made as there are various infrared controllers available for this 

console.  Other methods of connection other than infrared are discussed at the end of 

the chapter. 

The idea to connect to the gaming console via infrared is based on an Engaget article 

posted in 2004 [32]. The article describes a method of using the iPod as a universal 

infrared remote control.  Infrared signals from remote controls are captured using the 

Total Remote software with a PDA.  The signals are then played through the 

headphone jack of the PDA and recorded on a PC as sound files which are then 

stored on the iPod. The sound files are then played out through the Total Remote IR 

Dongle in the headphone jack of the iPod which converts them back into infrared 

signals. 

To connect to the PS2 infrared signals from an IR control pad are recorded using an 

iPaq running Griffin Total Remote software.  The signals are then recorded from the 

iPaq to a PC using a 3.5 mm headphone cable and saved as WAV files.  The Griffin 

Total Remote dongle is then placed in the headphone jack of the PC being used.  

When the WAV files are then played, they are converted back to IR signals by the IR 

dongle and are sent to an infrared receiver connected to the Playstation 2. 
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3.2 Hardware and Software Used 

3.2.1 Game Consoles 

For this project a Sony Playstation 2 (PS2) was used.  This choice was made as 

various infrared control pads and dance mats are available for the PS2 which were 

needed to connect to the gaming system by the boxing interface.  The Microsoft 

Xbox only uses infrared for its DVD remote control. This remote is of no use since 

there are no buttons on it which are used for playing games. If there were, the IR 

signals from the buttons could have been recorded for use with the Boxing Interface.  

It is possible to use the Boxing Interface with other gaming consoles besides the PS2.  

A PS2 controller adapter can be used, so that the Boxing Interface can plug into other 

consoles like the Xbox, Sega Dreamcast or the Nintendo Gamecube. 

3.2.2 Game Controllers 

A PS2 infrared controller, dance mat or PS2 infrared adapter is needed.  Depending 

on which is used affects the variety of punches, moves and other functionality that 

can be used in the boxing game.  As infrared is pretty much obsolete for use with 

game consoles, it is very hard to find this equipment. Newer devices all use 2.4GHz 

RF for wireless connection to the games consoles.  Depending on which device is 

used depends on the game you want to use for the PS2.  The older titles such as EAôs 

Knockout Kings for the Playstation One will work with all IR devices as they donôt 

require analogue sticks and use a limited number of buttons.  For the newer titles 

such as EAôs Fight Night Series, devices need to have analogue functionality as the 

control of the game is centered around the use of these analogue sticks.  For the 

project three infrared devices were used.  These were an infrared dance mat, infrared 

remote control which has all the buttons of a control pad bar the analogue sticks and 

a Go Wireless infrared adapter which allows regular wired PS2 controllers to be 

converted into infrared controllers.  The dance mat allows the use of four action 

buttons and four directional buttons while the remote allows the use of 10 action 

buttons and the four directional buttons.  The Go Wireless adapter allows the use of 

the same buttons as the remote but main reason to use it is that it can be used to 
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convert a wired analogue PS2 controller to an infrared controller so that the analogue 

sticks can be used for the latest boxing games. 

A problem with using infrared remote controls is that although they have more 

buttons than the dance mat, alot of the actions from the boxing games require 

simultaneous button presses which are not possible using these remote controls.  This 

makes the remote controls only marginally more useful than the dance mat even 

though there are more individual buttons which can be used from it.. 

3.2.3 Pocket PC 

Two Hewlett Packard iPaq PDAôs were used in the project.  A newer iPaq h5500 

was used with oscilloscope software to read IR signals so that they could be analyzed 

and compared to other IR signals.  The device could also be used to transmit 

captured IR signals to test if they were working properly. The second iPaq used is an 

older model h3970. An older model is needed circa 2002/2003 as the total remote 

dongle did not work with any of the more recent iPaq models used.  The quality of 

the audio port on the iPaq is also important as the Total Remote will function badly 

or not at all with iPaqs that have poor quality audio ports.  This h3970 iPaq has 

Griffin Total remote software installed on it and is used to capture the infrared 

signals from the game controllers which are used.    

3.2.4 Laptop Computer 

An Acer 5510 laptop is used to run the application.  It has 1.73 Mhz Intel Centrino, 

1Gb DDR2 Ram, 80Gb Hard Drive, 128mb X700 Radeon Video Card and runs 

Windows XP professional.  This laptop was found to work best when connecting to 

the console as opposed to other laptops and desktops which were unsuccessful.  This 

was due to the Total Remote which only tends to work with certain devices. 
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3.2.5 Griffin  Total Remote  

One of the most important devices used for communications between the laptop and 

the games console is the Griffin Total Remote.  It has been obsolete for the past few 

years and therefore it has become difficult to acquire.  The Total Remote consists of 

an infrared dongle and software which is used with pocket PCôs such as the iPaq.  

The Total Remote was developed to be a universal remote control that could replace 

remotes from TVôs, VCRôs, sound systems etc.  Using this software, infrared signals 

from remote controls or other infrared devices can be captured through the iPaqôs 

IrDA port.  The software can then playback these signals through the IrDA port or 

through the IR dongle which fits in the headphone jack of the iPaq.       

The IR dongle is used in older models of pocket PCôs to extend the range of the 

infrared which is limited in these older models. The Total Remote IR Dongle can 

also be used as a sound to IR converter, which is why it is used in this project.  This 

IR dongle consists of two infrared emitting LEDôs side by side, with a 3.5 mm 

headphone jack plug for connecting into the audio port of a PDA or other device (see 

figure below).  The dongle is now discontinued as the adequate range of the IrDA on 

current models of pocket PCôs makes it no longer necessary.  The Total Remote was 

originally designed for use with the Apple iPod but Apple stopped its release and it 

was adapted for use with PDAôs. 

 

Figure 14 - Griffin Total Remote Sound to IR converter 
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3.2.6 Other Software 

Sony Soundforge 8.0 was used for recording infrared signals played out through the 

headphone jack of the older iPaq. 

The games used are Electronic Arts Knockout kings 2000 for the Playstation One 

and Fight Night Round 2 for the Playstation 2.  Note, that Playstation One games 

also work on the Playstation 2.  

 Knockout Kings 2000 has much more limited controls as it was designed for the 

earlier Playstation One which does not use analogue sticks.  There are only four basic 

types of punches that can be used, left jab, left hook, right cross and right uppercut, 

with harder ñhaymakerò and body punch variations possible with each.  Blocks and 

limited bob and weave movements are also possible.  This game is used with the 

dance mat implementation of the boxing interface which is discussed in the 

Implementations chapter of this paper. 

Fight Night is one of EAôs most recent boxing releases for the Playstation 2/Xbox.  It 

provides a much greater range of punches and movements than earlier games.  Most 

of the punches and the playersô movements are done using the game controllerôs twin 

analogue sticks.  This game is used with the implementation using the go wireless 

infrared converter as it allows the use of the analogue sticks.  In this game jabs, 

straights, hooks and uppercuts are possible with either hand. The power of the punch 

can be also be controlled and more extensive defensive movements are possible than 

in earlier incarnations of the game.   

3.3 How Infrared Devices Work 

Before going into how infrared is used to connect the boxing interface to the gaming 

console, how infrared devices work will be briefly described.  An infrared device 

works by switching an IR light transmitter, such as the LEDôs on the Total Remote 

dongle, on and off.  This is called modulation [33].  Each time the IR source is turned 

on it is in fact turned on and off many times very quickly.  This is done to make the 

signal more resistant to noise.  The speed at which these rapid on/offôs occurs is 

known as the carrier frequency.  The carrier frequency for infrared devices is in the 
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36 KHz to 40 KHz range.  Each IR deviceôs receiver must be set to the same carrier 

frequency as the transmitting IR device in order for it to successfully read the IR 

beam.  Data is sent through infrared by turning the IR transmitter on and off in a 

particular pattern which corresponds to binary numbers.  On receiving the IR signal 

the IR receiver can then retrieve the binary signal sent.  This signal could be used to 

perform a particular button press with an infrared game controller for example. 

3.4 How the Griff in Total Remote Dongle Works 

The total remote dongle is placed in the audio port of a device, such as the iPaq in 

this case.  The signal passing through most audio ports is only up to 20 KHz [34].  

As the audio port is in stereo, two 20 KHz signals for the left and right channels are 

passed through the audio port. The carrier frequency needed for infrared is between 

36 KHz and 40 KHz. The two audio channels are sent, one through each LED of the 

IR Dongle.  When this is done one channel is sent out of phase with the other [34].  

This produces the 40 KHz needed for the infrared carrier signal. 

3.5 Capturing the IR Signals 

The infrared signal for each button on the game controller is captured and stored 

using the Griffin Total Remote Software.  To do this the software is started and one 

shot sampling is chosen.  A button on the total remote software (e.g. TV channel 1) is 

selected to store a particular button captured from the game controller.  The older 

iPaq is then placed with its irDA port facing the infrared transmitter of the game 

controller.  The total remote software captures and stores the signal of the game 

controller button when it is pressed.  This is repeated to store all the infrared signals 

of buttons from the controller. 

3.6 Recording IR Signals on the PC 

The infrared signals from the controller must now be taken from the older iPaq and 

the total remote software and onto the laptop.  It is very important that an iPaq circa 
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2002/2003 is used otherwise the following will not work.  This is done by connecting 

one end of a 3.5 mm stereo cable to the headphone jack of the iPaq and the other end 

to the line-in of the laptop.  The Total Remote software is set to send infrared signals 

through the Total Remote IR Dongle which is usually inserted in the iPaqôs 

headphone jack.  This is done so that signals from the Total Remote software are sent 

through the headphone jack instead of the IrDA port on the iPaq.   

Audio recording software is used to record the signals sent from the iPaq.  Sony 

Soundforge 8 was used to do this.  A sound file is created with a sampling rate of 

44,100 Hz, 16 bit depth and stereo channels.  The signal sent from the Total Remote 

software on the iPaq after a button press is recorded onto this sound file and it is 

saved as a WAV file.  The resulting sound file can be seen in figure 15 below.  This 

WAV sound file represents the infrared signal sent by the triangle button from an 

infrared Playstation 2 controller.  The start of the signal is the preamble.  The 

preamble of the signal is a 500 MHz wave that is out of phase across the left and 

right channels [2].  The preamble is used to increase the range of the signal from the 

headphone jack by boosting the power to it.  After the preamble there are four 

repeated signals.  Each of these signals is made up of a sequence of on and off 

pulses, which represents the infrared signal sent out by a particular button of the 

game controller.  A close up of one of these sequences of on and off pulses can be 

seen in  figure 16. 

 

Figure 15 - A raw infrared signal recorded as a WAV file from the iPaq. 
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Figure 16 -  A WAV file repre senting the on/off pulses of an infrar ed signal. 

The raw WAV file recorded from the iPaq needs to be cleaned up before it can be 

used.  The resulting infrared signal after this WAV file is played through the audio 

port of the laptop using the IR Dongle will not work.  This is obvious when this 

resulting signal is looked at with an oscilloscope running on an iPaq.  The signal, if it 

is even picked up by the oscilloscope, is nonsensical at best.  The reason for this is 

that quality of the signal is somewhat reduced when it is recorded onto the laptop 

from the iPaq.  A few different computers with different standards of sound cards 

used to try and improve the quality of the signal recordings.   MP3 players such as 

the iRiver and the Philips HDD120 were also used to try and record a useable signal 

from the iPaq.  The results were mixed, the MP3 players did not record any signal at 

all and desktop computers gave similar if not worse results than the laptop.   

By looking at the infrared signal given out directly by the infrared game controller on 

an oscilloscope we can see the desired signal.  To try and achieve this desired signal, 

processing of the signal in the WAV file must be carried out in Soundforge.  

Processing was done in an ad-hoc fashion with the resulting WAV file signal being 

compared to the desired signal using an oscilloscope. On comparing the two signals 

in the oscilloscope, it is obvious which parts of the signal need to be further 

processed or less processed.  The types of processing used were mix of 

normalization, increasing the gain and enhancement.  While some useable results 

were achieved using normalization followed by a gain increase up to the maximum, 

this would not work for every signal that needed to be processed.  It was discovered 

that a level 3 enhancement to the parts of the signals with the sequences of on/off 

pulses was most effective.  The result of a level 3 enhancement to the WAV file in 

figure 15 can be seen in figure 17.  It is obvious that the signal is must clearer 
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compared to the unprocessed signal.  Figure 18 shows the sequence of on/off pulses 

from figure 16 after processing has occurred.  The level 3 enhancement only works 

for signals from certain devices.  The signals from an infrared dance mat worked 

very well using this technique as did the signals from various Sony TVôs.  

Enhancement on signals from a Gamerz PS2 remote gave mixed results with some 

signals not working when played back as WAV files and other signals working 

sporadically.  

 

 

Figure 17 - The same signal as figure 15 after a level 3 enhancement using Soundforge. 

 

Figure 18 - The same signal as figure 16 after a level 3 enhancement using Soundforge. 

3.7 Making the signals shorter 

As the boxing interface is used in real time, the lag between the actual punch by the 

user and the punch by the users character in the game must be keep to the absolute 

minimum.  With this in mind, ways were looked into to reduce the lag.  It was 

discovered when looking at the WAV file that the only part of the whole signal was 

needed for it to work.  The preamble could be removed and all but one of the 
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sequences of on/off pulses were removed.  One of the first two sequences is used as 

the quality of the later ones is lower.  By reducing the signals down to one sequence 

of on/off pulses, this reduces the lag greatly.  Figure 17 shows the whole signal in 

the WAV file and figure 18 shows the same WAV file after all but on sequence of 

on/off pulses are removed.  This results in the potential lag of the signal being sent 

from 0.3 seconds to under 0.015 seconds.  This is a very substantial reduction since 

most punches are under 0.3 seconds and there is an overhead involved in calculating 

when a punch is thrown also.  There are some negative effects of removing a large 

part of the signal.  The effective range of the signal given by the WAV file is reduced 

significantly.  Its effective range is now only 10 - 20 cms, instead of metres.  It will 

still work at a greater range but the receiver will pick up fewer signals the further 

away it is from the IR Dongle sending the signals.  The reduced range is not a 

concern as the IR Dongle connected to the laptop can be placed right beside the IR 

receiver of the game controller.  Reducing the length of the signal also leads to 

reliability issues.  Signals would occasionally not work even when at close range.  It 

was therefore decided to use the full length signals in the implementations to make 

sure the signals went through each time.  The actual lag introduced is actually much 

less than the  length of the WAV file.  The lag is only as long as the time it takes for 

the receiver to successfully take in one signal of the repeated on/off signals in the 

WAV file.  

3.8 Using the WAV Files to Connect to the Console 

After processing the WAV files they can now be used.  Before they are used, it must 

be ensured that the volume is at maximum on the laptop or whatever other device is 

being used.  The Total Remote IR Dongle is placed in the audio port (headphone 

port) of the laptop and is pointed in the direction of the IR receiver of the game 

controller.  As mentioned in the previous section, the distance between the IR Dongle 

and the IR controller receiver must be closer than 20 cms, to avoid the risk of the 

receiver losing any of the IR signals sent to it.  This is done whether or not the 

shorter WAV files are to ensure reliability.  When a WAV file is played on the laptop 

the IR Dongle converts it back to infrared and the IR receiver picks it up and thinks it 

has come from the game controller IR transmitter e.g. a dance mat.  The laptop can 
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now act as the game controller, so whenever a punch is detected by the boxing 

interface program running on the laptop it can sent the corresponding punch signal to 

the game controller IR receiver.  Figure 19 below shows the setup of the PS2 and the 

laptop.  An IR receiver can be seen in the controller port in the front of the PS2.  The 

Total Remote IR Dongle can be seen in the audio port on the front of the laptop 

facing the IR receiver on the PS2. 

 

Figure 19: Connection of the Laptop to the PS2  

3.9 Problems Encountered 

The Total Remote does not work with the newer iPaqôs and so an older model of 

iPaq (circa 2002/2003) must be used for recording the infrared signals onto the iPaq.   

The type of computer for which the signals are recorded from the iPaq also matters.  

Signals were only successfully recorded as WAV files and played back using an 

Acer 5510.  Attempts to use other laptops or desktop computers to perform the same 

tasks failed.  This does not mean that it is impossible using anything other than this 

laptop, just the methods described above only worked successfully with this laptop.   


