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1.  Wiicussion Application  

1.1 Motivation  

 
Figure 1:  Wiicussion 

 
Fasten your wrist strap.  

A slim piece of plastic rests comfortably in your hand. You turn it over slowly in 
your hand to take a better look, and it starts to slip from your hand. You catch it 
before it falls, and you hear the sound of a drum hit.  Intrigued by the sound, you see 
if you can reproduce it, waving the plastic controller in the air. At the bottom of each 
wave, the drum hit sounds. You try waving the controller in a different location, and 
it makes a different sound, this time a cymbal. Wave a little lower and a bass drum 
sounds on each hit of the controller. 
 
Now you realize there are other people around you, also with controllers in their 
hands. You begin to hear the sounds they make, the notes they play. And you try to 
imitate them, compliment them, play with them. Before long, it starts to sound like 
music, and you start a game with each other. The notes of the other players appear in 
turn on a screen in front of you; you try to match the notes, build on their sounds. 
You move to reach out to different instruments, creating new sequences of notes and 
challenging the other players to match them. 
 
Suddenly, you realize that class started fifteen minutes ago. You hand the controller 
to someone else and hurry off to class... 



Wiicussion turns your gestures into sounds, your game console remotes into musical instruments, 
and you into a casual musician. It is a multi-player music game that will entertain your family 
and friends of all ages and musical ability. The system translates natural movements, such as 
waving your hand, into musical notes. 
 
Want to switch instruments without even the press of a button? Simply step to a different spot 
and Wiicussion will start playing notes from the instrument associated with that location. 
 
Play together, or take turns trying to outplay each other. Wiicussion offers several different game 
modes, from an open jam session to an intense game where you mimic and add on to the 
sequences of the other players.  

1.2 Audience  

The Wiicussion project will start with college students, but the developers hope that the project 
will resonate with people of all ages who enjoy games and music. Following the directive of the 
Nintendo Wii that it borrows from, Wiicussion will not make assumptions about age, nor hand-
eye coordination, it is possible for anyone to enjoy it [1]. 
 
Musical aptitude will not be required to enjoy Wiicussion games with friends and family. As 
long as the user can articulate the waving motion of the controller, they will be able to create 
sounds and participate in the game. 

1.3 Demonstrated Need  

The current electronic devices that generate music are either expensive or more difficult to use 
than a traditional musical instrument, not well suited to a music game. While a user could 
become proficient in using a typing keyboard and mouse to approximate a musical instrument, 
the learning curve is steep. Furthermore, once a person invests the time to learn how to create 
music with traditional computer input devices, that experience would be difficult to transfer to a 
real instrument. Experience on a real instrument would be similarly difficult to translate to the 
traditional input scheme; it is truly a separate skill. 
 
Since the Wiicussion project uses a Wii remote as an input device, it strikes a balance between 
the expensive instrument approximations and the unintuitive QWERTY keyboard and mouse. 
The device is in the same price range as a wireless mouse, but it has natural affordances that 
enable a new class of interaction with a computer. Hand motions can be captured with the device 
and translated into sounds. 
 
Another limitation of using traditional computer input devices in a music game is that group 
interaction is limited. A second player using traditional computer input devices would require a 
second computer, or sharing a keyboard between twenty fingers. Getting a group of people 
together to play together in this fashion becomes even more difficult. 
 



In contrast, connecting another remote to Wiicussion will add another player. The number of 
players is still limited by the number of Bluetooth connections and the capability of the 
hardware; however, Wiicussion requires just an additional Wii remote for each player. 

1.4 Previous Approaches  

The methods of generating sound on the computer are largely unchanged from the introduction 
of the personal computer, although the quality of the sound produced by each method has greatly 
improved. One method is to record the sounds from a real physical instrument. This is really 
recording music rather than using a computer to generate it, and the musician must have one of 
each instrument they wish to record. 
 
The musician could also connect an electronic device that approximates the physical dimensions 
of the real musical instrument, such as an electronic keyboard or drum kit, connected as a MIDI 
device. This has the advantage of flexibility; the keyboard can actually approximate different 
instruments with its keys. In addition, custom MIDI instruments can be built to look and act like 
any traditional instrument, however, this requires an additional expense which often exceeds the 
cost of a $100+ MIDI keyboard. The drawback is that the user must adjust the settings on the 
computer or instrument to switch between virtual instruments, and it only provides affordances 
for one class of instrument. 

The third way of generating sound on the computer is to utilize the standard QWERTY keyboard 
and mouse. The computer can assign each letter to a different note, or a change between 
instruments. The user could also point the mouse to different parts on the image of an 
instrument; they could click the keys on the picture of a keyboard to play the corresponding note. 
While this approach may approximate a variety of instruments, the learning curve is steep and 
experience does not translate to and from real instruments well. 

In addition, Wii games such as Sonic and the Secret Rings have used the Wiimote to simulate 
musical instruments such as a violin. In these small mini games, users try to follow a rhythm 
while moving the Wiimote in a specified way. 

1.5 Related Work  

Since the Wii remote is a brand new device, it is difficult to find academic papers that reference 
the device directly. However there are a large number of creative people demonstrating novel 
ideas for using the Wii remote published directly on the Internet. 
 
First, there are a variety of people approaching the Wii remote to create music. Several people 
have hooked the Wii remote up to synthesizers, MIDI inputs, and DJ-scratching applications [2, 
3, 4]. This tends to create interesting demos, however these projects tend to be limited in the 
scope to a simple demonstration of what is possible.  

The GlovePie device driver that early Wiicussion prototypes utilized to capture the Wii remote 



input is bundled with several sound generating scripts [5]. While entertaining, these scripts are 
intended to evoke ideas and test capabilities. They have only a single line of text to provide the 
user with information and feedback. 
 

 
Figure 2:  GlovePie User Interface 

 
Game developers have created a similar set of games to Wiicussion that use specific input 
devices. Dance Dance Revolution (DDR) utilizes a large mat on the floor to provide information 
about where a person is standing or stepping in a limited range [6]. In Guitar Hero, players move 
their fingers over a plastic guitar to simulate playing a real guitar [7]. Both of these devices work 
well for their intended use, but have limited application for other instruments and games. 
Another aspect that these games demonstrate is that people largely play them in groups; 
however, that requires one specialized input device for each player, and these devices have 
limited value for other games and applications. 

1.6 Previous Experience  

Jeremy Bennett 
Jeremy has eight years of programming experience in C++, Java, Asm, OpenGL, and Cg/GLSL.  
After graduating from Iowa State with a bachelors degree in Computer Engineering Jeremy 
accepted a position at UGS PLM Solutions working on their DirectModel Scene Graph Library. 
 
Adam Faeth 
After graduating with a visual communication emphasis in journalism, Adam spent three years in 
computer engineering. During this time, he gained three years of experience programming with 
C++ and Java, although he took several ISU programming courses in high school. He also has a 



modest music background with seven years of concert and marching band before starting 
college. 

Michael Oren  

Michael has extensive experience in usability testing, along with audio and music-related 
programming projects. His favorite project is an audio platform-scrolling game designed for the 
visually impaired and he has a keen interest in electronic music synthesis (having taken three 
classes in electronic music, including an independent study in electronic music in which he is 
currently enrolled). He also has five years of C++ programming experience as well as two years 
of Python programming experience.   

2.       Approach  

2.1     Equipment  

In order to complete this project, several different technologies will have to be researched and 
integrated into a complex system.  These technologies will include components from both the 
hardware and software realm: Wii Remote, IR Emitters, GlovePIE, Wiim, the Managed Library 
for Nintendo’s Wiimote , Play Midi Lib, and SDL.  
   

2.1.1    Wii Remote  

 
Figure 3:Wiimote  

 
Released in mid-November, 2006, the Nintendo Wii has been a phenomenal success, especially 
with the introduction of a new motion sensing controller.  The Wii Remote, or Wiimote as it is 
often called, provides users with a whole new level of immersion.  If you want to fish, bowl, box, 
or even play tennis you just perform the motions as if you were actually doing the activities in 
question. This intuitive and exceptional interface is a perfect match for the goals of the 
Wiicussion project.    



2.1.2    IR Emitters   

With the purchase of commodity IR emitters, it is possible to track the location the Wii remote 
points to in fixed direction. If more than two IR emitters are utilized, it may allow tracking the 
position of the Wii remote itself in three dimensions, as long as it remains pointed at the emitters.  

 
Figure 4:  IR-LED as captured by the CCD of a digital camera 

 
After performing extensive tests with the IR emitters and the Wiimotes, we determined that in 
order to maintain line of sight with each of the four points we were using to calculate distance, 
we would need three emitters at each point. These three emitters would be arranged so that one 
would point straight forward while the other two would point at slight angles outwards. This 
arrangement was done as we found that we were constantly losing track of at least one point 
whenever the Wiimote viewed the points from an angle while more than 100 cm out. By creating 
these clusters, we were able to fix the angle problem as well as increase the distance from which 
a user could stand and still be able to accurately determine their position. 

2.1.3    GlovePIE  

GlovePIE is a closed source package provided by Carl Fenner that allows a standard Bluetooth 
enabled Windows PC to communicate with a Wiimote and all of its expansion devices. 
GlovePIE was originally developed as a glove programmable input emulator allowing 
individuals to use an Essential Reality P5 glove with any application on a PC by mapping its 
inputs to those of a standard joystick and/or keyboard.  As time has progressed, GlovePIE has 
added a multitude of new input devices to its supported list including the Wiimote.  GlovePIE 
was selected as the interface layer over alternative Open Source solutions such as Libwiimote 
and DarwiinRemote because it is has the largest set of supported Wiimote functionality and it it 
claims to support the connection of up to eight Wiimotes simultaneously though we have yet to 
successfully connect more than five.  
 
GlovePie does have its limitations.  The setup for GlovePie is quite tedious, requiring each 
registered Wiimote be paired with a virtual joystick so as to expose its functionality to external 
applications and furthermore requiring that a script be loaded and executed in order to map the 



Wiimote functionality to these virtual devices.  This has two implications in terms of Wiicussion: 
first all our users must download and setup GlovePie, and second the number and type of data 
inputs we have is severely limited to the types supported by our virtual joystick.  Another 
limitation of GlovePie is that it does not expose an easy interface for sending commands from an 
external application to the Wiimote.  This means that Wiicussion would have to implement a 
grotesque hack in order to provide players feedback through the Wiimote.  One last thing to note 
is that early on we noticed stability issues when running GlovePie consecutively or for any 
significant period time most of which required a full restart in order to restore the system to a 
normal state. 

2.1.5   HaptCtrl 

GlovePie was a good utility for gaining quick access to the Wiimote functionality, however 
GlovePie’s limitations make it highly undesirable as being part of our final solution.  Midway 
through the project Jeremy became quite irritated, three restarts in one hour will do that to you, 
and began a side project researching and implementing our Wiimote driver.  Initially progress 
was relatively slow since all the documented methods for connecting to a Bluetooth device did 
not seem to work when paired with the Wiimote.  It wasn’t until Jeremy stumbled across the 
Wiim project that our first break through occurred.  In terms of Wiimote functionality Wiim did 
not provide all that much, raw motion and button presses; however it did provide insight into a 
key piece of technology successfully connecting and communicating with a Wiimote using the 
windows standard HID interface.  This combined with the information provided on WiiLi.org 
was enough to officially start the HaptCtrl project; however progress was relatively slow up until 
we stumbled across the Managed Library for Nintendo’s Wiimote (MLNW), an open source API 
for Microsoft’s .NET platform.  The MLNW is well written library with clearly defined methods 
for most of the Wiimotes functionality which allowed us to quickly expand the feature set 
supported in HaptCtrl. 
 
In terms of Wiicussion HaptCtrl provides interfaces for establishing a connection, removing a 
connection, acquiring the state, toggling the state, and advanced calculations based on the state 
such as pitch, roll, normalized motion, IR inverse transformed by the roll, IR cursor position, and 
even a rudimentary 3D position method based upon tracking 4 IR lights configured in a rectangle 
with a given side length.  In general terms, HaptCtrl provides an Open Source library for easily 
connecting to and managing the input from multiple Wiimotes.  A separate test application was 
developed in order to allow us to easily verify and demonstrate the capabilities of the HaptCtrl 
library.  This application both reports and attempts to visualize the state of one of the attached 
Wiimotes. 
 



 
Figure 5: HaptCtrl Test Application  

2.1.6    Play MIDI Lib 

Although GlovePIE had built in support for playing MIDI sounds, our inability to send data back 
to GlovePIE made it insufficient for the needs of Wiicussion and since at that point we were also 
considering scrapping the use of GlovePIE, we sought out a library to play MIDI. After some 
research into several different MIDI libraries, we ended up settling on the Play MIDI Lib due to 
its simple, lightweight structure—many of the other MIDI libraries were designed for interfacing 
with MIDI instruments and had more overhead then we were looking for. With Play MIDI Lib, 
we are able to simply start the MIDI playback, play the percussion instrument we specify, and 
stop the sound after an appropriate interval with minimal hassle and with allowance for 
polyphonic (multiple sounds at once) playback. 

2.1.7    SDL  

The Simple Direct Media Layer (SDL) library is an Open Source multimedia development API 
providing low-level access to PC functionality such as keyboard input, joystick input, sound, and 
OpenGL based rendering [11].   SDL was used in Wiicussion to both generate the OpenGL 
windows and to handle device events from both the keyboard and the virtual joysticks. 

2.2     Algorithms and Data Structures  

Wiicussion will require that numerous algorithms and data structure be implemented.  

2.2.1       Selecting Wiimotes  

While our original plan was to allow up to 8 different Wiimotes to connect to Wiicussion at 
once, we late discovered that Microsoft’s Bluetooth protocol only allows a theoretical maximum 
of 7 devices connected on a single Bluetooth adapter, however thus far we have not been able to 
successfully connect more then 5. Furthermore, we decided to map two Wiimotes to each player. 
We thus had to create a data structure within our player class in order to keep track of which 
Wiimotes are associated with it. We also store the current position of the Wiimotes in real world 
space as well as the current being pressed by the user.  

Raw Wiimote 
Data 

Wiimote 
Orientation 

XY Position 
tracking 

XZ Position 
Tracking 

IR Position 
Raw & 
Rotated 

Calc Distance 
& Position 



2.2.2    Wiimote Tracking  

Each Wiimote is capable of sensing and reporting the positions of IR light sources.   We 
implemented an algorithm based upon triangulation in order to track the position of the user in 
real world space [12].  In order to do this, we used four clusters of three IR LEDs set at known 
distances from one another. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6:  Position calculation 

To calculate the position of the Wiimote, we integrated triangulation calculations into a driver 
for the Wiimote. We chose to separate this calculation from the Wiicussion application so that 
other applications could also benefit from position information. When the image processor on the 
remote can pick up all four corners of the square, the driver has enough information to calculate 
the position relative to the IR-array.  
 
Figure 6 depicts the triangles utilized in the position calculation. The four IR-LEDs form a plane, 
shown in the diagram above as the segment from B to C. The segment a is the length of one side 
of the square formed by the IR-LEDs, with the points at B and C representing the sides adjacent 
to a. Segments b, and c of the triangle are distances calculated from the scale of the observed 
lengths of opposite sides of the square to the Wiimote. The Law of Cosines can then be used to 
calculate the angle C of both triangles. Since we know angle C and segment b, it is then possible 
to calculate the sides of the larger triangle, which provide the x and z-coordinates. To move the x 
coordinate to the center of the IR-array, we subtract one-half of the segment a from the x-
coordinate. The last step is to convert the coordinate vectors into metric measurements by 
applying a scaling factor. The scaling factor was determined through experimentation. To obtain 
the y-coordinate, the calculation can be repeated by on a 90-degree rotation of the square. 
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Figure 8:  Testing position calculations 

 

  
Figure 7:  Testing distance calculations 

 
To test the distance calculations, the Wii 
remote was placed in several measured 
locations. The results from the position 
algorithm were compared to the results 
of measured position of the remote. We 
found that the distance measurement was 
accurate to within a centimeter up to two-
meters away. The off-axis position of the 
Wii remote provided noisy results, partly 
caused by the low field width of the 
infrared light emitted from the LEDs. We 
compensated for this by adding two 

additional LEDs to each corner of the 
square, and the noise decreased. 
 

The noise in the off-axis position calculation may also be related to the calculation z-coordinate 
of the position is calculated twice; this may result in a different value from each calculation. This 
difference could arise from noise in the measured lengths of the sides of the square or an error in 
the translation of the perspective of the camera in the Wiimote. 
 

2.2.3    GlovePIE Scripting  

GlovePIE provides access to the Wiimotes functionality by providing a simple script language 
that allows users to map Wiimote actions to actions occurring on a standard input device such as 
a keyboard, mouse, or joystick. We used this in early prototypes in order to test different control 
mappings and to have a way of testing the functionality of Wiicussion while we searched for a 
library to handle the communication with the Wiimotes. 
 
Since our use of GlovePIE was a temporary solution, we had to write our algorithms and data 
structures in a way so that they would not have any direct reliance on GlovePIE , which we were 



able to do for everything except the IR input. 

2.2.3    Instruments  

Wiicussion uses the standard MIDI protocol to play various non-melodic percussion instruments. 
We implemented three different drumsets, each containing a total of six drums. When the user 
successfully plays a drum the controller provides feedback in the way of rumble, to simulate the 
force of colliding with the drum. In addition, the appropriate percussion instrument is played 
based on the button presses of the user. The drum set is determined by the users location in real 
world space. The drum sets we used, and their MIDI values are as followed (note: only the basic 
drum set is based on a real drum set): 
 
 Instrument MIDI Number 
Base Drum set: Acoustic Bass Drum 35 
 Acoustic Snare 38 
 Closed Hi-Hat 42 
 Low Tom 45 
 Hi-Mid Tom 48 
 Crash Cymbal 1 49 
   
Tropical Drum set: Hi Bongo 60 
 Low Bongo 61 
 Mute Hi Conga 62 
 Open Hi Conga 63 
 Low Conga 64 
 Chinese Cymbal  52 
   
"Crazy" Drum set: Long Whistle 72 
 Open Triangle 81 
 Maracas 70 
 Hand Clap 39 
 Cowbell 56 
 Cabasa 69 
 

2.2.4    Sequence of Sounds  

In order to implement the game component of Wiicussion, a data structure was developed to 
store a sequence of sounds as played by the users.  Since we split the project into different 
components for programming, we actually implemented two different sequence structures—one 
for playing the game of Horse and one for visualizing the notes played. 
 
For the purpose of the game of Horse, the MIDI note played by the current active player gets 
sent into a function that compares the note played with a vector of the current pattern. If the note 
matches then the player continues, otherwise a point is deducted from the player’s score and the 
next player takes his/her turn. If the player has already successfully matched the pattern then s/he 



plays another MIDI note that is then added on to the pattern vector, which the next player must 
repeat. On the more difficult setting, the player is also required to match the timings between 
notes. This is done by determining the time in seconds between the last note played and the 
current note. A vector of time values is stored and used for comparison purpose of the timings 
between notes—this vector is updated at the end of each players turn, so that new notes added on 
are still within the correct time span. 
 
The sequence visualization collects the notes created by the players and manages their visual 
representation to provide additional feedback to the player. The motion of the notes across the 
screen is calculated from time, rather than on a per-frame basis, to provide the players with 
predictable motion even if the frame-rate fluctuates. The visualization separates the instruments 
into separate horizontal tracks based on the instrument used to play the note, similar to a musical 
score.   

2.3    User Interface  

We designed user interactions that handled several key interfaces of Wiicussion.  

2.3.1    Registering Wiimotes            

Wiicussion requires that all Wiimotes be registered with the PC’s Bluetooth manager before they 
can be used. Furthermore before each session, users will need to ensure that their Wiimote is 
currently connected to the PC.  The process for doing the above will vary from machine to 
machine and it is highly recommended that the user reference the manual for PC and/or 
Bluetooth receiver. 

2.3.2    Game Menu  

We chose to use an extremely simplified menu for Wiicussion.  This menu provides an interface 
for users to choose to enter a game of Horse after setting the number of players.  If the user does 
not enter a game of Horse, then the default functionality of the game is a jam session using all 
currently connected Wiimotes. We chose this simplified menu approach because we wanted 
users to be able to dive right into enjoying Wiicussion and as there is no scoring for the jam 
session, it allows for users who have no knowledge of the Wiimote to begin figuring out the 
controls while having fun.  Similarly, Horse does not require a tremendous amount of input from 
the user, so we did not feel there was a need to provide a complex menu when a choice of 
number of players and a start button were sufficient. 

2.3.3    Instrument Playing  

We tested several methods of playing instruments with the Wiimotes and these tests (and their 
results) are discussed further in the evaluation section. Ultimately, we decided to have users play 
instruments by holding down either the large ‘A’ button or the trigger ‘B’ button and making a 
downward motion with the Wiimote. This allows for a total of three different drum sounds from 
each Wiimote, additional drums could have been mapped to the Wiimote but it would have 
required users to try to find small buttons on the controller or hold down multiple buttons at 



once, which we found to be non-intuitive for novices and would require some training, whereas 
with this configuration novices could easily pick up a Wiimote and figure out how to play the 
drums. Furthermore, a basic drum set only contains six drums, so we determined that three 
drums per Wiimote is the magic number. 

2.3.4    Wiimote Feedback  

The Wiimote is capable of displaying 1 to 4 blue LEDs, vibrating at 4 different speeds, and it 
even contains a speaker.  Wiicussion using the vibration features to give the user feedback, in 
addition to the sound, letting them know that they have successfully played a drum note.  We 
also use the LEDs on the controllers to let players know which player number their Wiimotes are 
associated with. It was our hope that we might also be able to use the speaker for additional 
feedback, but current drivers limit the speaker to simply frequency output and we lacked the time 
to implement our own method of using the speaker. 

2.3.5    Music Visualization  

SDL provides an easy means for settings up and utilizing the OpenGL graphics API.  Since we 
had limited time to work on the graphical end, as we felt it was more of a supplementary feature 
than a critical element, but as we wanted to make it in a way so that we could easily upgrade the 
visuals, we chose to make all of our graphical elements dependent on textures and alpha 
blending. This allowed us to easily create visualizations of notes and instruments that were 
graphically acceptable for this project, but could be easily replaced by more professional artwork 
in the future.   

2.4     Dataflow  

Wiicussion will always be in one of two states: Jam Session or a Game of Horse.  
     
A Jam session, put simply, is a chance for players to become familiar with the controls of 
Wiicussion.  There are no rules, no limitations, just an opportunity to have fun.  
   
Wiicussion brings the game of Horse to a whole new level.  Rather then using a basketball and a 
hoop, players will use instruments in the form of their Wiimote and the sounds they produce.  
Each player will have to repeat the beat pattern of the previous player and then add an addition 
drumbeat to the pattern. There are two levels of difficulty—one where the user must simply 
repeat the drumbeats at their own pace and a harder mode where the user must repeat the pattern 
at the same time interval between beats. At this time, our version of Horse only allows a single 
drumbeat to be added from one Wiimote or the other. 

2.5    Implementation Methodology  

We used an iterative waterfall model when building Wiicussion. This original development 
schedule can be found in Appendix A. All tasks and features have been subdivided into n phases 
of development as presented in the appendix.  At the completion of prototypes in each phase, we 
conducted an evaluation and adjustments were made to future phases based upon user and 



developer feedback.  This approach allowed us a great deal of flexibility with the project, which 
allowed us to create working products while also allowing us the freedom to explore additional 
improvements, such as extending the open source Wiimote driver to provide us with better IR 
feedback and allow for more than one Wiimote to be connected at once. 

3. Evaluation Methodology 

3.1 Tests 

Informal usability testing and focus groups took place after each phase of the project. 
Participants for these usability tests came from personal contacts within the HCI program, an 
electronic music independent study class, and the electronic music student organization. While 
these subjects admittedly had an expert view on the topic, each group was only an expert in one 
area—the technology or music. Having these two groups allowed us to get both expert and 
novice insight for both core areas of the project. This allowed us to create an interface that was 
both intuitive for novices and still enriching and enjoyable for experts. Our testing methodology 
was designed to acquire qualitative data to enhance our design and the scope of our project.  
 
We used the following testing procedure to evaluate each phase of the project. After reaching a 
stage of each phase when we had a working prototype, we took the prototype to our associates in 
the two subject pools. The first time a subject encountered the project, we gave them a very brief 
overview of the project—simply letting them know what the projects primary functions were—
entertainment and playing drums through a jam session and a horse game. We then handed the 
subjects Wiimotes and asked them to play around with the prototype. Initially, we did not show 
them how we programmed the Wii remotes to respond—as we wished to observe the actions 
subjects found to be the most natural to take when playing the game. When subjects were 
attempting to play the game, we asked them to use the “think aloud protocol”, where they 
explained what they were attempting to do, the action they were attempting to take to accomplish 
that goal, and why they felt that particular action would result in accomplishing the goal. We will 
took notes during these sessions, which we used to guide our revisions of the user interface. 
 
During our first phase of testing, we used prototypes built with GlovePIE scripts in order to test 
out various control schemes for playing the drums. These prototypes were tested in a small group 
session of roughly twelve people, half of which served as the audience—as we were also curious 
if this rudimentary prototype would be entertaining not just for the players but for the audience 
as well. We began the study by handing subjects a combination of the Wiimote and nunchuk 
attachment and use them in a way they’d expect to be able to move them in order to play drums. 
This was done without GlovePIE running so no feedback was provided to users that may have 
influenced their actions. During this time we observed the users and noted the actions they were 
taking—moving the controller in a downward motion to play a drum and pointing at the left, 
right, and center to play different drums. Some subjects held the controllers at slight angles while 
others held them at slight angles and even crossed their arms at their wrists to play with opposite 
hands. 
 
After we finished taking our notes regarding this trial without feedback, we ran a GlovePIE 



script that was configured so that the different drums in the basic drum set were played via 
specific motions and rotations as read in by the Wii’s accelerometer. These were mapped so that 
both the Wiimote and nunchuk attachment were responsible for exactly three different drums. 
The drums would play when a downward motion was made and either the rotation along the x-
axis of the controller or detecting acceleration along the x-axis would change the drum being 
played. After having subjects play a jam session using this control scheme, we then had them try 
it with another control scheme that used a single Wiimote where the different drums were 
mapped to button presses and combination of buttons to play different drums. On the second 
group of subjects, we reversed the order in which they were exposed to the two prototype control 
schemes. We observed and took notes regarding the subjects’ experiences with both of these 
control schemes, while also observing the audience and their reactions. 
 
From these initial studies, we determined that while the motion based controls were our initial 
first choice for a control scheme, the data we could obtain from the Wiimote’s accelerometers 
was too limited and the control scheme proved frustrating for users with the overwhelming 
majority of them preferring the button based control scheme. Users also indicated that they 
enjoyed having the rumble of the Wiimote when successfully performing the action to play a 
drum. Furthermore, they indicated that while they preferred using one device per hand, they 
preferred to have two Wiimotes—where they could receive rumble feedback in each hand—
rather than the combination of the Wiimote and nunchuk that we had been testing with. One 
reason why they stated they preferred to have two “drumsticks” had to do with it helping them to 
keep the beat and being a more natural interaction. 
 
Using this feedback we decided to scrap our plans to map the controls to motion, although we 
kept the downward motion for actually playing the drum as the users did indicate that the 
downward beat was both natural and easy to use, without any of the problems that the other 
motions had. In addition, we decided to explore IR as a method of playing the instruments as the 
original user movements—before we turned the GlovePIE scripts on—indicated that this might 
be a superior control scheme to motion or button presses. However, due to a combination of 
technical difficulties that caused us to switch from GlovePIE to the open source library to handle 
the Wiimote and a fear that users would often times point to the right or left—and lose the IR 
signal that we were also using to get their location—we decided to only use the buttons and the 
downward motion to play the different drums. 
 
For our second round of informal data collection, we set up Wiicussion in the HCI tent at Iowa 
State’s VEISHA festivities. This was done because we felt the need to obtain feedback from a 
wider range of potential users that would fit better into our goal of making it so that anybody 
could pick it up and enjoy it. This also allowed us to test Wiicussion in a situation similar to the 
Emerging Tehcnologies Conference (ETC) where the final version was set to make its official 
debut. The drawback for using VEISHA goers as participants, rather than our personal contacts 
or a formal subject pool was that we were unable to collect any type of formal or quantitative 
data from them—we had to rely on observations and comments, provided without prodding, by 
the people who stopped by to play Wiicussion or watch. Nevertheless, we feel we managed to 
obtain a lot of valuable information from this sneak preview of Wiicussion in order to improve 
the user experience, and it was a great way of drumming up interest in the final version to be 
debuted at ETC. Our testing methodology for this second round of data collection was to simply 



set up a laptop with four Wiimotes connected at it, and observe people as they stop by to play 
around with our Wiicussion program. 
 
Our primary focus with this second round of data collection was collecting data to improve the 
user experience of our Horse game, but we were also able to obtain feedback about several other 
aspects of Wiicussion. One notable problem we found, not just with our users but with ourselves, 
was that it was difficult to figure out which controller should go in which hand of each player—
we were using LED 1 to indicate first player, LED 2 to indicate second player, LED 3 to indicate 
left hand, and LED 4 to indicate right hand; however, this was unintuitive. Unfortunately, 
without changing the hardware used, there was no ideal solution for determining the correct hand 
to hold the controller. If both hands were to play the same drums, then this would be a non-issue; 
however, our desire was to keep the controls simplified and having each controller play six 
drums would lead to the need of users to either search for buttons or remember button 
combinations. We also found that it was not essential that players have the Wiimotes in certain 
hands, just as long as they knew which Wiimote played which drums. A possible solution to this 
would be to have the user point both Wiimotes directly at the IR sensors when they begin the 
game and that way we could determine which Wiimote they were holding in their left and right 
hands, which would allow us to map the drums and visualizations appropriately; however, due to 
time constraints we are currently unsure if this is a feasible solution. One user also noted that it 
was impossible to do what they referred to as “rhythmics” using our control scheme because the 
motion necessary is too large in order to a series of fast drum beats. 
 
In terms of our implementation of Horse, the largest problem appeared to be that people found 
the replaying of notes to be confusing. We found that there were two main issues that tended to 
confuse people—they were unsure of when a note should be replayed and they were unsure of 
what to replay. This initial Horse prototype used quarter notes as the visual representation of the 
drum beat to be played and it displayed each drum on a different line. After gleaming some 
information from user observations, we decided that the ideal solution for displaying what 
needed to be played would be to display an image of the drum, so the user would know which 
drum to play. This sequence only plays when the user is playing the timed version of Horse since 
the other version of Horse only requires users to play the same drums in the same order as the 
previous user, which would be far too easy if the drums in the correct order are already displayed 
on the screen. In terms of improving the user interface to indicate to users when notes should be 
repeated, it was determined that the red bar we had in the center of the screen which at the time 
served as a rough estimate of when a note needed to be matched would be modified so that its 
width would be mapped directly to the size of the tolerance where a user has to match the note. 
This tolerance will gradually shrink every ten notes in a sequence as a game goes on to make the 
matching of the notes more and more challenging. In addition, we also determined that instead of 
having a ‘next player’ message appear on the screen for a set duration that it would be best to 
have the screen up until the player whose turn it was hit a button indicating they were ready to 
take their turn as we found many people were taken off guard when it was their turn to repeat the 
sequence and we feel simply having them press a button indicating they are ready should be 
sufficient. We also plan on having their controller rumble when it is their turn to play. 
 
We also observed audience reaction throughout our two-hour demonstration of Wiicussion at 
VEISHEA. It quickly became obvious to us that just having the laptop and Wiimotes sitting on 



the table that few casual passer-bys had any interest in it, with the exception of people who 
recognized the Wiimotes and were simply curious of what we were doing with them. However, 
when there were people playing Wiicussion, several groups of people stopped and watched for a 
little while or decided to come up to Wiicussion and try it out for themselves. The audience 
members made many enthusiastic comments along the lines of “Cool,” “That’s awesome,” and 
“That’s really weird,” which was often times echoed by the comments from those playing 
Wiicussion. We found Wiicussion was especially popular with those under the age of ten who 
seemed perfectly content with just playing with the jam session and making as much noise as 
they could, and despite the noise the children made the parents seemed to also enjoy their 
children’s interaction with our drum simulator and several of them tried it out as well. 
Wiicussion appeared to be able to equally attract and enjoy people from all genders and age 
ranges, although the younger crowd appeared more willing to try it out, the older crowd still 
seemed to enjoy watching people interact with it. 
 
In addition to our evaluation of the user interface, we also conducted evaluations to determine 
the limitations of the technology. Some of these tests were the direct result of user testing—as 
music students noted that notes could not be played simultaneously using GlovePIE to handle 
MIDI, which led us to explore handling the MIDI directly in C++. We also tested the limitations 
of the accelerometer with informal test cases to determine the stability of the values as well as 
the range of values obtainable for each axis. However, our most extensive evaluation took place 
with the IR LED setup as well as the Wiimote’s ability to read the IR LEDs. For this evaluation, 
we developed a full test application that read in the IR points obtained by the Wiimote, labeled 
the corner they were in, and used our equation to determine the distance of the user to determine 
the position and size of the representative dots on the screen. Using this test application, we were 
able to conduct tests to determine the range and angles the Wiimote could be used at and still 
accurately track all four points of various configurations of IR LEDs. 
 
Through these tests, it was determined that our original assumption of one IR LED per point was 
insufficient for accurate and sustainable tracking of the four points. Distance in this configuration 
was limited to a mere 100 cm before at least one point was lost. Furthermore, viewing the IR 
LEDs from angles greater than 30 degrees would cause at least one point to be lost. Needless to 
say, we found these limitations unacceptable and tested out several other configurations until we 
found one that we deemed to be sufficient. Using two IR LEDs per point worked significantly 
better than one per point in terms of the distance we were able to keep track of the points at. The 
viewing angle was also improved with this configuration, but it was still less than what we 
wanted. Ultimately, we decided to use a total of three LEDs per point, with the two outer LEDs 
at each point angled out. We determined that using this configuration was vastly superior to 
using either one or two LEDs per point, while using four or more LEDs would have only resulted 
in marginal improvements in detection. 

3.2 Conditions for Success 

This section outlines our original conditions for success of our usability studies. It also outlines 
the conditions for success related to the reading of the IR LEDs, which was not present in the 
original proposal. 
 



If the test subjects are able to successfully control the program and use its various features 
without any prodding by the evaluators, then we will judge our design as a success. As subjects 
who have been exposed to the project several times or over an extended period are likely to form 
a bias, we will likely have to periodically expand our subject pool in order to ensure we have 
novice users for evaluation purposes. We also want to ensure that our interface does not frustrate 
users, not only through excessive complication, but also by not oversimplifying it to a point 
where it may turn off more advanced users, such as people who have played in actual drum lines. 
 
In addition to our evaluation of the system for ensuring the user interface is natural and intuitive 
for our users, we also plan on evaluating the system in terms of its ability to provide 
entertainment for both those participating and those observing the program. In order to 
accomplish this, we will be conducting our usability studies in small group sessions. This will 
allow us to observe the reactions and facial expressions of both participants and audience 
members when we have people testing out our prototypes. We will also ask subjects if they 
enjoyed participating in the evaluation of the system and ask those who observed the experience 
about any enjoyment they received from watching the experience. 
 
Both of these factors are critical for our project as we are designing this project as a showcase for 
the Emerging Technology Conference where users will likely be picking up the controllers and 
trying out the project with little or no explanation. Furthermore, they will likely only have a 
matter of minutes at the display, and we do not want to make them waste the majority of that 
time just trying to figure out how to control the program. The entertainment factor is also 
important as we want to ensure that visitors to campus viewing the work done by the students of 
VRAC/HCI will not only get a sense of what can be done with these new technologies but will 
also enjoy themselves and get involved in the projects; there is no better way of getting people 
involved in something than entertaining them. Audience members will also need to be 
entertained because at most, we will only be able to have eight people connected to the program 
at once. While this may seem like a decent number of participants, it is likely that if we 
accomplish our goal of entertaining participants, that we will have a significant number of people 
waiting to try out the project, meaning that we want to ensure that those audience members are 
entertained as well. 
 
Our condition for success regarding the reading of the IR LEDs is that it must allow for people to 
stand at least 8 feet away from the screen. In addition, the IR LEDs will have to allow for four 
people standing at the same distance from the screen, an arms length apart from one another, 
must all be able to obtain the value of all four IR LEDs, assuming they are standing at an angle 
with Wiimotes pointed toward the screen. We chose this as the bare minimum requirement for 
acceptable reading of the IR data as we felt it is likely to be the typical case for participants 
during the demo for Wiicussion, although we expect the majority of players to be much closer to 
the screen than eight feet—due to space limitations—and we also reduced the maximum number 
of players from four to three due to limitations of the Windows Bluetooth stack where it can only 
allow up to seven Wiimotes per Bluetooth adaptor. 

3.3 Test Conditions 

The usability tests were conducted in small focus group sessions. Ideally, we wanted to ensure 



that at least one subject in each session has no prior knowledge of our project or at least no prior 
knowledge of the interface we created for that phase. Luckily, we were able to achieve that goal 
since we were only able to run two usability tests with our subjects—the initial study regarding 
the controls and the second student regarding the game of Horse—and the control scheme was 
altered between the two studies based upon feedback from the first study. The test condition for 
these novice users was whether or not they are able to pick up the controllers and get a sufficient 
feel for the project within a five minute time frame with minimal prodding by the experimenters. 
If subjects are also able to easily figure out how to interact with one another in a competitive or 
cooperative manner by simply being told that the functionality for those games are built in, then 
the test condition for cooperative play was considered a success. 
 
This primary test condition was met for the first study by the motion based control scheme. 
However, the button based control scheme failed this test condition, as users were not aware that 
some of the buttons were mapped to drums and no users realized that some sounds were mapped 
to a combination of buttons (holding the A and B button together). 
 
For the second study, the primary test of intuitive controls that could easily be learned within 
five minutes was met with our combination of downward motion and minimal button presses. As 
expected, several people needed brief explanations about the button presses, but the majority of 
people were able to pick up the controller and figure out how to play the drums with very little 
information. People who tried out the Horse game were able to easily understand the basic rules 
of the game; however, the vast majority of those who tried it out struggled to actually play a 
game of Horse. Since the concept of the game appeared to be well understood by the vast 
majority of participants, it was determined that the failure lay in our visual presentation of the 
game, as well as possibly a difficulty of viewing the screen in the bright sunlight. To fix this 
problem, we hope to create a better visualization of the time frame users must match the note in 
as well as a better representation of which drum to play. 
 
We also evaluated whether or not subjects were frustrated from the use of our interface 
methods—if they showed no signs of frustration then we considered this test condition to be 
successfully fulfilled. The test condition of entertainment of the participant and audience was 
evaluated by simply polling the subjects and if all subjects expressed amusement or 
entertainment in the project then we marked this as a passed test condition. 
 
During the first study, the motion control scheme failed the frustration condition and failed it in a 
significant way because although that was found to be a more intuitive control scheme, users 
indicated a preference for the button control scheme, which caused considerably less frustration. 
Both control schemes passed the entertainment test condition during the first study. 
 
In our second study, there were no users who expressed signs of frustration regarding our basic 
control scheme, although one person did point out a limitation regarding the control schemes 
lack of ability to allow people to play “rhythmics”. That problem is currently being explored, but 
we feel it is not a problem that the casual user we are targeting Wiicussion at will notice or have 
a problem with, so for now it is a minor issue that we are researching a fix to. However, many 
users did express some degree of frustration with the game because they found it difficult to 
match the timing of the drum beat. Improving the visualization of the time frame and possibly 



increasing the tolerance for matching the timing will likely reduce this problem to a point where 
the frustration comes from the game element and not the interaction design. 
 
The test conditions for reading the IR were that it had to allow for decently accurate calculation 
of the location of the user, all four IR points had to be readable from a minimum of eight feet 
out, and all four points had to be readable from a minimum of a forty-five degree angle while 
eight feet out and two and a half arm lengths from the center position. 
 
The single LED per point test failed all test conditions other than the accurate calculation of 
location. Two LEDs per point resulted in the distance improving significantly but still not 
meeting the test condition and a failure of the angle condition. The use of the three IR LEDs per 
point resulted in successful completion of all conditions. Using four IR LEDs per point resulted 
in marginal improvement, but not to a degree that we felt was sufficiently significant to justify 
the extra IR LED per point. 

3.4 Test Subjects 

Test subjects were obtained from our peers in the HCI program as well as through the electronic 
music independent study and electronic music student organization. We used these two groups of 
users for several reasons including the fact that we had easy access to them, we could rely on 
them for high quality qualitative responses, and we could refer back to them for several focus 
group sessions as often as a weekly basis if necessary. Furthermore, by using small groups of our 
peers in informal focus group sessions for qualitative results, we were able to eliminate the 
overhead of going through the IRB process, which many of our peers were unable to obtain in 
time, and recruiting subjects from across campus who we may or may not have easy access to for 
the purpose of continual evaluation and iterative design. 
 
In addition to these test subjects, we also chose to use attendees at Iowa State’s annual 
VEISHEA celebration in order to test the application in conditions that more closely match those 
of ETC that Wiicussion is being designed toward. These were just random people who were 
walking past the HCI tent and saw (or heard) Wiicussion and decided to try it out for themselves. 
Since we were not distributing surveys or even asking participants any questions, merely 
observing their interaction with a display they voluntarily walked up to, this was another case 
where we were able to obtain invaluable feedback without having to go through the IRB. This 
was also a great subject pool as it allowed us to see how Wiicussion would work in a “real 
world” situation and see how people from a wide range of ages and a significant number of 
people from both genders chose to interact with it and their reaction to the project. It served as 
the ideal environment to get feedback for the final iteration of our project. 

4. Risks 

In terms of technical risks, we ran the risk of being unable to effectively obtain the location of 
the users and would have been unable to complete certain phases of our project. By using the 
closed source drivers provided by GlovePie, which uses its own scripting language to interface 
with the Wii controllers, we were also running the risk that drivers would not allow us to 
properly interface with our C++ code to provide all the features and functionality we seek to 



implement. We did, in fact, run into that particular problem, but due to the hard work, skill, and 
diligence of our team, especially Jeremy, we were able to overcome this particular hurdle and 
keep our project on track. However, the alternative open source solutions currently only allow 
the connection of a single Wii controller and many of the features of the Wii controller have not 
yet been implemented in the open source alternatives. Since our goal was to make use of the 
features of multiple Wii controllers, at this time GlovePie was essentially our only option for 
successfully implementing this project short of writing all of the necessary code for the open 
source drivers ourselves, which would significantly reduce the amount of time we could put into 
making use of those features. This is, in fact, what we ended up doing; however, the only portion 
of our project that we ended up having to scale back due to this setback ended up being advanced 
visualizations, which only served as eye candy rather than having a functional role in the project. 
We may also have a technical risk in having eight controllers connected with line of sight for the 
purpose of getting the location of each of those eight controllers. We did, in fact, run into a 
limitation related to this, but it had to do with the fact that the Windows Bluetooth stack limiting 
the number of devices connected per adaptor to seven. We could have overcome this limitation 
by acquiring another Bluetooth adaptor, but we decided that it was not critical to our project to 
have a total of eight controllers—four players—and decided that six controllers and three players 
would suffice. We debated allowing the seventh controller to serve as the conductor to change 
the tempo, but we left this for future work. 
 
Aside from the technical risks associated with this project, there were also potential physical 
risks to subjects and participants that we had to take into account. Specifically, we had to worry 
about participants accidentally hitting one another with the Wiimotes as they attempt to use our 
program. We minimized this risk by monitoring participants and ensuring they stood an arms 
length from one another, however because participants were an arms length from one another we 
had to make sure our IR transmitters reached the appropriate range so that all participants 
Wiimotes could read them. 
 
We also had the possible risk of the controller slipping from their hand and flying at other people 
or objects. However, the controllers we used for this project all had the newer, stronger wrist 
strap that so far have had no complaints from anybody about them breaking. We monitored 
subjects and put a message on the screen informing them that they need to wear the wrist strap 
when playing in an attempt to minimize these risks. 
 

       
Figure 9: Some of the risks are best illustrated by these screenshots from the Japanese manual for the Wii. 
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Appendix A:  Original Projected Phases 

 

Phase 1: Basic Prototype 
 Goals: 
  - Map controller motion to instrument/pitch 

- Play drums/percussion  
- Create line of communication between GlovePie and C++ program 

 Deliverables: 
  - “Jam Session” game – multiple users are free to use the Wii controllers in whatever manner they choose in order to create 

music together. 
 
Phase 2: Position Information 
 Goals: 
     - Determine which information will accurately differentiate position 
       - Either extend the Wii remotes IR tracking system for multiple LEDs 
       - Or, utilize a separate computer vision algorithm and a webcam  
  - Add the ability to switch between instruments by changing position or orientation 
 Deliverables: 
  - User will be able to change instruments simply by moving to a different location 
Phase 3: Game Interface 
 Goals:  
  - Program game rules  
  - Create graphical representations of instruments and display them appropriately 
  - Create graphical representation of sound sequences and display them appropriately 
 Deliverables: 
  - Users will be able to play a game of Horse with other users 
Phase 4: Embellishment 
 Goals: 
  - Improve graphical appearance and continuity 
  - Create real-time visualizations of sounds created by users 
 Deliverables: 
  - Finished and polished Wiicussion game 
Phase 5: Future Work  
 Direct Bluetooth interface  
  - Create a custom Bluetooth synchronization system so users can use Wiicussion to connect their Wii remotes rather than having 

to first go through their system’s Bluetooth management service. 
 



Appendix B: Actual Project Phases 

 

Phase Task State Comments 
1 Map Controller Completed  
1 Play Drums Completed  
1 GlovePie to C++ interface Completed  
1 Jam Session Completed  
2 Determine Position Equations Completed  
2 Create IR setup with 4 IR LEDs at a predetermined 

position. 
Completed  

2 Add ability to switch between instruments by 
changing positions or orientation 

Implementing  

3 Implement simple horse game Completed  
3 Create graphical representation of instruments Completed  
3 Create graphical representation of sound sequences Completed  
4 Improve graphical appearance Implementing  
4 Create real-time feedback on user ability Future Update  
5 HaptCtrl: Create library for directlyinterfacing with 

Wiimotes 
Completed Still has issue with the initialization of Wiimotes, 

probably do to a error in one of the command codes 
5 HaptCtrl: Create methods for returning the pitch & 

roll 
Completed  

5 HaptCtrl: Create methods for returning the raw IR 
data and the inverse rotated IR data 

Completed  

5 HaptCtrl: Create method for returning the Wiimote 
position. 

Implementing Distance calculation works rather well, however there 
are still some kinks to be worked out for calculating 
the position. 

6 Replace sequence notes with actual instruments Implementing VEISHA PR 
6 Update the tolerance line to be proportional to the 

actual tolerance value 
Implementing VEISHA PR 

6 Determine what is causing the player UI size to be 
set to 128 instead of 256. Might be cause by a 
memory leak or corruption. 

Implementing VEISHA PR 

    
    

 



Appendix C:  Construction of the Four-point IR-Emitter. 

Materials 
 12 IR LEDs 
 15 feet of 24-guage paired wire or 30 feet of single wire 
 Battery holder 
 Heat shrink tubing 
 Zip ties or other wire organizer 
 Solder & soldering iron 
1. Prepare the LEDs 

The first step is to attach a length of wire to each LED. Cut twelve lengths of 12-inch wire and 
strip both ends. Also cut a length of shrink tubing for each connection and slip the shrink tubing 
on the wires. Then solder a pair of wires to each of the LEDs.  

2. Prepare the power source 

After preparing the LEDs, the next step is to prepare the power source, in my case, four AA-
battery holders glued to a sheet of plastic-card. Then twist the wires from the battery holders 
together in parallel (all positive leads together and all negative leads together), and solder 
together.  

3. Prepare an on/off switch 

Cut a 4-inch length of the paired wire and strip both ends. Separate the pair of wires and cut one 
of the wires in half again and strip both ends. Then solder these two-inch lengths to opposite 
contacts of a small slide switch. Solder one of the switch leads to the power source and the other 
four inch wire to the opposite power source wire.  

3. Connect the LED-wires in parallel 

Cut another four 4-inch pieces of wire and strip both ends. These wires will aid in the parallel 
connection of the LEDs. First, double check each of the LEDs to ensure that the same color of 
wire connects to the same pole on each LED. Twist the matching leads from three LEDs 
together and slip pieces of shrink tubing onto the bunch. Then solder this bunch of wires to one 
end of the matching four-inch connecting wire. Connect the other three sets of LEDs in the 
same manner. 

4. Test the connections  

After soldering the lead wires to the LEDs, preparing the power source, and joining the 
connecting wires, it’s time to perform a test. Twist or clip the four connector wires to the 
matching power source leads for each polarity, then turn the switch on. If everything is 
connected properly, you should be able to check for the illumination of each LED by using a 
digital camera. The CCD will pick up infrared as a bluish-white light; however expensive 
cameras may have an infrared filter to block this light before it reaches the CCD. 

5. Complete the emitter 



If all of the LEDs are connected and working properly, go ahead and slide two pieces of shrink 
tubing over the groups of positive and negative leads and solder the connections. Test the 
system again, and if everything works properly, use a hair-dryer or heat gun to collapse the 
shrink tubing over the exposed solder joints and bare wires of the LED leads. Wrap zip-ties 
around several places of each LED group, including around the base of each cluster. Group the 
other wires similarly with the zip ties.  

Notes: 

Look for a flexible wire, ideally with thin insulation. The thick insulation on the paired wire that 
I used made the wire inflexible and put additional stress near the soldered joints, where the 
device is most susceptible to damage.  

The number and type of batteries is up to the implementer. I chose to use four-AA battery 
holders because they were left over from the single-LED emitters, and I wanted to ensure long 
battery life. If you use a prefabricated holder with multiple batteries, make sure that they are 
wired in parallel, as the LEDs require just over a volt to operate. A larger C or D-cell may 
provide long-life in a compact form. 

You may be able to reduce the length of wire used. Since this was a prototype design, I used 
twelve 12-inch lengths of wire to provide maximum flexibility for design changes, and four-
inch lengths of connector wire. An improvement to this system might be to swap the lengths of 
LED leads and connecting wires to both reduce the length of wire required and provide 
additional flexibility in the positioning of the clusters of LEDs.  

You may also want to shorten the lengths of the LED leads before soldering, I shortened them 
to approximately two cm, and I clipped the shorter lead shorter to retain the indication of 
polarity. 

 


