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ABSTRACT 

 
 

This thesis is focused on realizing the multipoint touch screen in an easier and 
cheaper way. All of the experiments are based on the theory of total internal reflection. 
A prototype model was built by using Wii remote(Wiimote), Bluetooth, infrared (IR) 
led and glass.  

With the IR-led being placed on the sides of glass plate, the lights from diodes 
propagate inside the glass and will not leave it with an intervention. If a finger is 
pressed on the glass plate, the light rays reflected on the top surface of the plate 
underneath the finger get “frustrated” and some portion of it no longer stays in the glass. 
This means that some light leaves the plate directly under the point where a finger is 
pressed, optimally in a 90° angle to the glass plate. We can now capture all pressure 
points (IR light spots) digitally. Using the Wiimote, which has the infrared (IR) camera 
on the top and embedded Bluetooth chip, the pressured points positions are captured 
and sent back to laptop via the Bluetooth.  

The thesis is focused on the experiments to realize the Wiimote touch screen 
which is built on the prototype model. Several trials with two different types of IR-led 
have been used here. With the result shown in the final experiment, the normal glass 
and fiber glass can be used as touch screen successfully. 
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CHAPTER 1           Introduction                

After the second half of 1960s, the touchscreens appeared as a display that can 
detect the location of a touch , applied in  many areas such as mobile phone and  
personal digital assistants (PDA) as a convenient tool, a tool instead of mouse and 
keyboard as the input much easier and directly for a human- machine interface. The 
touch screens have several kinds of technologies in this area, such as resistive touch 
screen, capacitive touch screen, projective capacitance touch screen and optical touch 
screen [3]. However, the price of the touch screen is relatively high, from hundreds of 
dollar to thousands of dollar, so it is necessary to offer an easier and cheaper way to 
realize multipoint touch screen. 
        This work is divided into two parts:  

Firstly the theory part , which includes the propagation of light, the total internal 
reflaction and the IR-led light propagation in the glass; Secondly the experiment 
part,which includes  the installation of the equipments, the connection between the 
equipments and the database, the experiments on various IR-led with different thickness 
of glass . 
          In the chapter of background, there is a brief introduction about the light 
propagation, focused on the basic phenomenon of transmission, reflection, 
refraction ,and  the total internal reflection of light 
         In simulation part, we discussed the evanescent region[7] and the property of 
frustrated total internal reflection. 
         Later chapter is focused on the experiments. It includes the connection between 
the Wii remote and computer,  the installation of IR-led equipments , and the data 
processing from compute. Two kinds of IR-led have been used here, and how the 
Wiimote works with different type, in this chapter we will discuss the process in more 
details. 
        In conclusion part, the results are summarized. 
        And in the last chapter , we will focus on future work related to this topic, and   
two kinds of application of Wiimote touch screen will be introduced here. 
       Totally speaking, we will use big space to introduce the experiments part, and the 
realization of touch screen is the critical issue . 

   Now let we begin from the light propagation theory. 
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CHAPTER2     Background and Related Work 

2.1 The seed idea 

The Wiimote is announced by Nintendo in 2006 as the controller of the video 
games. Recently researchers and Wiimote enthusiast applied the functionality of the 

Wiimote in several projects, such as �Tracking Your Fingers with the Wiimote” ,�Low-

Cost Multi-point Interactive Whiteboards Using the Wiimote”, �Head Tracking for 
Desktop VR Displays using the Wiimote”[2]. 

The idea of our project is originating from these projects. Since the Wiimote is 
sensitive to catch the infrared signal, a question arisen as “could  it detect the 
propagated light inside  of glass plate as well when the infrared LED(IR-LED) is placed 
around the plate?” 
     We will elaborate this question and its answer in the later chapters. However before 
we further explanation of our experiments, we have to discuss briefly about the 
propagation of the light. 

2.2 The propagation of light 

2.2.1 The trasmition 

         Light, has been studied for long time by researchers, is now  named  as 
electromagnetic radiation, which includes visible and invisible wavelength in morden 
physics field. The unit of light is  photon, which has the properties of wave- particle 
duality. James Clerk Maxwell is the founder of this theory, and established Maxwell’s 
equation in 1862.The light, he thought, is transmitted in the way of as shown as figure 1: 
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Figure 1� The light transmission form in electromagnetic thoery. 

       In figure 1, the dark blue line is the light transmission way in electric field, E is the 
amplitude of electric field, and the light blue line is the magnetic field with amplitude 
M, they are perpendicular to each other, and to the direction of light transmission. As 
the waves of electric field and magnetic field propagate through space, the 
electromagnetic radiation is produced. 

In our work, we will focus on the area of infrared light. 
 

 
Figure 2:  Infrared region of the electromagnetic spectrum. 

  The infrared (IR) region of electromagnetic spectrum is shown in figure 2. The IR 
light is invisible for human eyes. Near infrared light is nearest to visible light in 
wavelength, used as the TV remote control. Far infrared light is next to the microwave 
area of the electromagnetic spectrum. We experience these types of radiations every 
day in form of heat, like sunlight, fire or candle. Our work is related to the near infrared 
light, which is produced from IR-led. 

2.2.2 The reflection   

        The reflection happens that when the beam transmits from medium A to medium B. 
The wave fronts bend on the medium B surface with the same angle to their source, 
shown as figure 3. 



10 
 

 
Figure 3 : The reflection. 

Here θi is equal to θr, which means that the angle of incidence is same to the angle 
of reflection. It is the law of reflection. In the usual life, the phenominon of  reflection 
often occurs at the surface of glass, mirror or water.  
         The reflection can occur either as specular reflection or as diffuse reflection, 
depending on the reflective surface, if the surface is smooth (like the mirror or lake 
surface), light reemitted after reflection combines to form a well-defined beam. In the 
other case, when the surface is rough, although the angle of incidence is equal to the 
angle of reflection, the light rays go to different direction irregularly after reflection and 
hardly combine to a beam. 

2.2.3 The refraction 

          The light travels from one medium to another medium with different refraction 
indexes, as shown in the figure 4. 

 
Figure 4:  The refraction. 

         In figure 4, the angle θi is equal to θr;  
 The refraction index of a material is defined as the ratio of the speed of light in 

vacuum to the speed of light in that material: 

v
c

=n                                                                                         (2.1) 

The law of refraction is : 
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          Here, θi is the incident angle; 
                    θt is the refraction angle; 

vi is the transmission speed of light in incident medium; 
vt is the transmission speed of light in refraction medium; 
ni is the medium A refraction index; 
nt is the medium B refraction index. 

2.2.4 The total internal reflection 

         When the light transmits from medium A to medium B, ni > nt (for example, from 
glass to air) and the incident angle becomes larger than a certain angle, the light only 
reflects inside of A medium without refraction in the B medium. This optical 
phenomenon is called total internal reflection. The incident angle here should be equal 
or greater than θc,which is named as critical angle. 

  The critical angle θc is given by: 

)arcsin(
1

2

n
n

c =θ                                                    (2.3) 

  Where n1 is the refractive index of more optically dense medium, n2 is the 
refractive index of less optically dense medium, for example, light travels from glass to 
the air, refractive index of the acrylic glass is 1.5, air’s refractive index is 1.00, so θc is 

arcsin(
5.1
0.1 )=41.8. If the light comes from air to the glass, θc=arcsin (

0.1
5.1 ), arcsine is not 

defined, which means the total internal reflection does not occur, so the existing 

condition of the critical angle is .1
1

2 >
n
n

 

 
Figure 5: The process of total internal reflection. 
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The figure 5 shows the phenomenon of total internal reflection: in�a�the yellow 
light travels from glass to air vertically, most part of light propagates to the air, only 4% 
[4] light reflects back to the glass; with the incident angle increasing as (b), θi <θc  , the 

refraction angle is θt ,and the reflection angle is θr; in�c�, when the θi increases and 

becomes equal to θc, θi = θc, θt=90�, the total internal reflection occurs, θi = θr = θc, 
when θi > θc,θi = θr>θc , also the total internal reflection happens. 

 The total internal reflection theory is the basic for this report. In chapter 3, we will 
explain that how it is used in the work, in chapter 4 and 5, all the experiments will be 
shown from the beginning of the research work to the end. 
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CHAPTER 3              Simulation 

We know that the total internal reflection occurs on the condition of the light 
propagating from much denser medium n1 to less dense medium n2, and the light only 
reflects at the boundary without refraction. However, at the boundary a special wave, 
evanescent waves, are formed. The wave formation at the boundary is actually between 
two media with different wave motion properties, which are most intense within one-
third of a wavelength from the surface of formation. Essentially, even though the entire 
incident wave is reflected back into the originating medium, there is some penetration 

into the second medium at the boundary. [7]. In the paper�Measuring amplitude and 

phase in optical fields with sub-wavelength features� [8] , Antonello Nesci and his 
collogues mentioned that the light in the media n2 has the penetration depth as: 
                                                

2
2

22
1 sin2 nn

d p
−

=
θπ

λ                                            (3.1) 

In equation 3.1, n1 and n2 are refractive index of medium n1 and n2 respectively, 

�is the light wavelength, θ is the incident angle. 
Under "ordinary conditions" it is true that the creation of an evanescent wave 

does not affect the conservation of energy, i.e. the evanescent wave transmits zero net 
energy. However, if a third medium with a higher refractive index than the second 
medium is placed within less than several wavelengths distance from the interface 
between the first medium and the second medium, the evanescent wave will be 
different from the one under "ordinary conditions" and it will pass energy across the 
second into the third medium. By this way as the energy flowing is parallel to the 
surface of medium n1, now if we use finger or other objects as  the third medium n3 to 
touch on the surface of n1, the light (passing energy) is disturbed of that touching 
positions and the reflection is frustrated, which is called as frustrated total internal 
reflection( FTIR) process. Newton, from one of his experiments had already concluded 
that by using a lens near to a prism the area where the light was propagating into was 
bigger than a simple contact point [8]. 

 
                           Figure 6:  Frustrated total internal reflection. 

http://www.answers.com/topic/evanescent-wave
http://www.answers.com/topic/refractive-index


14 
 

       The figure 6 is the demonstration that in evanescent wave area the light transmits 
from medium n1 to medium n2, with total internal reflected at the interference between 
these two mediums. Now by using a third medium n3 near to the surface, the frustrated 
evanescent wave is produced, here d is the distance between the medium n1 and n3. 
       In our work, the medium n1 is the touch screen, and the medium n3 is the finger, 
the infrared light propagates from the IR-led though the glass, reaching to the finger, 
and bended back to the Wiimote. The light reaching to the finger could be valued by the 
electric vector E . 

The electric vector E of the incident plane wave has two poles: s and p, s-
polarization is the transverse electric (TE), which is E  perpendicular to the incident 

plane, and p-polarization is the transverse magnetic(TM) �parallel to the incident 

plane. Assuming n1=n3 (figure 6), the complex amplitudes SE3 (s-polarization) and 
PE3 (p-polarization) of the third medium n3 ( dz ≥  ) are [9]: 

 

                       PS
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E
kdiAkd

kin
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       Here, PSE ,

1  are the incident amplitudes of medium n1 , θ is the incident angle, d  is 
the distance between medium  n1 and n3 
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From equation 3.1, we could get the penetration depth pd  
 

                                                    )2cot(A PS, φ=                                                   (3.4) 
 
        For s-polarization , with:      
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        Equation (3.2) could be expressed as: 

http://www.answers.com/topic/evanescent-wave
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      The amplitude at the interface between the medium n2 and the medium n3 is 

decided by the factors of wavelength�, the distance d  and the incident angle θ.  For 

instance, θ=45 º,�=532nm, n1= n3=1.5 (glass), n2=1(air), the amplitudes in electric 
field and magnetic field is shown as figure 7[8]. 

 
(a)                                                               (b)  

 
      Figure 7:(a) the incident angle θ=45 º,the normalized amplitudes of TE and TM; (b) 
The finger as the medium n3 approaching to evanescent wave area. 
        As illustrated in figure 7(a), we found that the amplitudes decrease with the d 
(distance between the medium n1 and n3) increasing. In our work, the critical angle of 
the glass is 42º, as shown in figure 7 (b), when the incident angle is greater than critical 
angle θc, the total internal reflection occurs. On the surface of boundary, the evanescent 
region is formed as the black part in figure 7(b). By using the finger to touch on the 
region, we make the change of the light as frustrated total reflection. In the next two 
chapters, we will focus on the experiments to apply this phenomenon to touch screen. 
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CHAPTER 4         Design And Implementation 

4.1 Equipments 

4.1.1 Wii remote (Wiimote) 

The Wiimote, the Nintendo’ game controller, is used here as an infrared camera 
which is a 128 x 96 monochrome camera with an IR- filters(shown as figure 8).The 
camera can track four infrared light sources at 100Hz simultaneously and the horizontal 
view is 45 degree[10]. A Bluetooth inside of the Wiimote used to send the information 
back to the console is connected to the computer in these experiments. The Wiimote 
also has an accelerometer which has x, y and z axis for locating the Wiimote motion. 

 
Figure 8:   Wiimote. 

          In this work, we pointed the Wiimote perpendicular to the glass plate (figure 12). 
The figure 9 shows the Wiimote motion after connecting the computer via blue tooth. In 
the motion sensor window, three different color lines show us the movement of the 
Wiimote, blue line means X-axis direction,  red line means Y-axis direction, and green 
one means Z-axis direction. From this figure, the blue line fluctuates by a large margin 
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becuase the Wiimote moved in X-axis mostly as shown as in the right square window. 
In this window a black short line shows the movement of the Wiimote, with some 
change of horizontal direction and slightly vertical direction. So the red line has small 
change, but the green line nearly has no change because of the static in Z direction. In 
this case, the Wiimote was not connected to the IR led, so no result is shown in the IR 
sensor window and Nunchuk window.  

  
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 9: After connecting Wiimote and the computer, the result of Wiimote mild 
movement 

4.1.2 Bluetooth 

       Bluetooth (figure 10) is necessary in this work for connecting Wiimote to the 

computer. It is run by �BlueSoleil” which is a bluetooth software driver developed by 
IVT company based on Windows and Linux platforms.  

 
 

Figure 10:   Bluetooth. 
Running the program BlueSoleil, the icon of the Wiimote disconnected is shown 

as  
. 
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Double clicking of this label to search for the Wiimote device and pressing the 

button  and  on the Wiimote panel simultaneously, the four instruction lights 
are flickering, the Wiimote and the laptop will be connected within 2 seconds. The 

color of icon turns to green shown as . 
 

The different Bluetooth may have the different scope and here we used one which 
has 10 meters scope, so the Wiimote can move freely in this scope. 
 

4.1.3 Infrared LED  

In this work, two types of Infrared (IR) LED were employed in the experiments, 
first type is round top (figure 11 (a), model:CMIR-F850-20) , with the wave length of 

850nm�radiation angle is -20º~20º�diameter is 5.5mm ± 0.2mm�top length is   
10.0 mm ±1.0mm. And the second type is flat top (figure 11 (b),right, model:IR17-21C), 

with the wave length of 880nm�radiation angle is -60º~60º�dimensimon is  3.2mm

�length�×1.6mm�width�×1.2mm�height�. The parameters of these two types of 
led are different. We will discuss the detail in chapter5. 

�����  
(a) Model :CMIR-F850-20 ;              (b) Model:IR17-21C; 
 
Figure 11:  Two types of infrared LED used in experiments. 

 
        



19 
 

4.2 Composition 

 
Figure 12:  The composition of experiments. 

 Figure 12 shows the structure of the program. There is an infrared camera on the 
top of Wiimote as figure shown. Locating the Wiimote in front of the glass 
perpendicularly, we put the infrared led beneath the glass penal, with the infrared light 
propagating inside of the glass as total internal reflection. When the finger touched on 
the surface of glass, the light in evanescent region (discussed in chapter 2) reflected 
back to the infrared camera of Wiimote and transmitted the touching position signal to 
the computer via Bluetooth.  

In chapter 5, the experiments will be discussed based on this model to realize the 
touch screen with Wiimote. 
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CHAPTER 5             Experiments 

       Before touch screen experiments, two other small interesting tests are shown here, 
the first one is to find out if the light could penetrate inside of glass, and the second one 
is to understand the possibility of the Wiimote to detect the infrared light. 
 

5.1 Laser pen and the glass 

  
Figure 13:  The light of laser pen propagating inside of glass. 

As shown as figure 13, we locate the laser pen on one side of glass plate tightly 
and keep them in one straight line. We can find if the light will penetrate through the 
glass. Here we used a normal glass with the thickness of 6mm (figure 13).  

From this test, we found that the red light from the laser pen clearly penetrate 
through the glass. Dose  the infrared light also have the same result? Before setting up 
the infrared led, the detection possibility of Wiimote has to be tested. 
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5.2 Infrared heater and Wiimote 

 Using the 12 voltage IR-heater connected with the power and pointing the 
Wiimote towards to the IR-heater (figure 14), we tried to detect the infrared light from 
IR-heater by the Wiimote 

 
          Figure 14:  Using the Wiimote to detect the IR -heater 

      Here in figure 14 the distance between the Wiimote and IR-heater is 10cm, the 
Wiimote could not get the signal from the IR source, but later when we turn the 
Wiimote to right with a small angle as 10 degree, the signal sent from Wiimote is 
shown as figure 15. 
 

 
 

Figure 15:  With the distance of 10cm, the Wiimote detected the light from IR-heater. 
The four points in figure 15 are the points with the strongest IR energy, and the 

Wiimote can detect at most four infrared light positions simultaneously. When the 
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distance between the Wiimote and IR heater become longer, Wiimote detection area 
become wider and the tracking become much easier, this is shown as figure 16: 

 
Figure 16:  The demonstration of Wiimote detects IR light. 

In figure 16, the Wiimote points to the infrared heater. The detection angle of 
Wiimote is 90º, if the distance between the Wiimote and heater is small, the detection 
area is limited. Fixing the IR heater, we moved the Wiimote further, so the Wiimote 
had wider tracing space. However when the distance reached to 300cm, the Wiimote 
only could catch one point signal. The appropriate distance is crucial in the experiments. 
 

 
 

Figure 17: Locating the IR-heater on the side of two layer of glass. 
Since Wiimote can detect IR light from the IR heater successfully, can we use IR 

heater as the light source? In figure 17, we located the IR-heater on the side of two 
layer of glass and touched on the glass, but the Wiimote had no reaction. The four 
points (shown in figure 18) listed as a line, because the IR heater irradiates Wiimote 
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with the same energy. No matter how we touched on the glass, the result remained 
unchanged, so the finger point could not be detected in this experiment. 

 

 
 

Figure 18: The Wiimote got the IR-light evenly. 
If we try to use the IR led instead of IR heater, can we get the finger tracking? 

For discovering the answer, we started the experiments with the round top IR-led. 

5.3 Experiements on round top IR-LED  

        First type of IR-led we used here is round top (Model: CMIR-F850-20) as show in 
chapter 4 (4.1.3).The forward voltage of the IR-led is 1.5 V, and the forward current is 
120 mA. The radiation angle of this type of IR-led is shown in figure 19, from -20º to 
+20º .  

 
Figure 19:  The radiation of IR-light is shown as the red line area. 

The source voltage of the circuit is 24.5 V and in one array there are 24 IR-led, so 
the diagram is:   
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Figure 20:  The circuit plate with 24 IR-led. 
In figure 20, each diode dissipates: 1.5×120=180 mW; 

24 IR-LED together dissipate: 180×24=4320 mW; 
Each 56 ohm resister dissipates: 56×1202=806mW; 
Two resistors dissipate:����×������mW; 

Total power dissipated by the array is:��	��
�������	� mW.  
The red wire connects to anode and black one to cathode.  

5.3.1 Round top IR-LED on the side of double layers of glass  

 
        

 
 
 
 
 
 
 

 
 
 

 
Figure 21:   Erecting the IR-led on the side of glass. 

      As shown in figure 21, we installed the led between the two layers of glass plate and 
pointed the Wiimote to the middle part of the glass. 
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Figure 22: The Wiimote catching the light from IR-led. 
 The result we got is shown as figure 22, similar to the figure 19. Even we touched 

the glass, the same result was present all the time. In this case, the distance between 
glass and Wiimote was from 15cm to 90cm, and changing the angle of the Wiimote, it 
could not accomplish the finger tracking neither. 

      Since the Wiimote could not detect the finger position, the question was:�what is the 

reason of failure? Is the IR light too weak for Wiimote? � 
      To find some answers of these questions we tried to arrange an experiment as 
following. 

5.3.2 Round top IR-LED beneath the Wiimote device 

 
 

Figure 23: Setting the IR-led perpendicular to the ground; pointing Wiimote and 
infrared led to the same direction. 
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We erected the IR-LED beneath the Wiimote and put them toward to the same 
direction to check the finger tracking possibility, the setup is shown as in the figure 23. 

When we used the dry finger 5cm away in front of the setup, the light from the 
diode was bended back on the finger tip, in this case the Wiimote could follow the 
finger. However the tracking was limited to a small scope. We tried to use 12mm wide 
tape circling around the finger and the Wiimote could easily capture the IR light.  

  Since we can get the Wiimote finger tracking in this case, we have to find the 
answer to another question which arises “could we use a glass plate to accomplish the 
same tracking as well?” 

5.3.3 Round top IR-LED on two sides of Wiimote 

In the following experiment, we used a glass plate with size of 36 cm (wide) x 34cm 
(height) and with the thickness of 3mm in our setup (seeing the figure 24).                                            

 
Figure 24: Putting a glass in front of the Wiimote. 

 
As shown in the figure 24, we fixed two IR-led bars on the top and bottom of 

Wiimote camera respectively and toward them to the glass. The height of the Wiimote 
was 28cm here. During this experiment, we moved the glass from near to far and turned 
the angle of the glass plate as shown in the figure 24; the experiments results were 
recorded as following: 

 

Distance Angle 

If the Wiimote could 
catch the IR light 

when the finger did 
not touch on the glass 

If the Wiimote had 
reaction when the finger 

touched on the glass 

5cm 
10cm 

0—20 YES YES 
20—30 YES NO 

15cm 0—30 YES NO 
20cm 0—10 YES YES 
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15—20 YES NO 
25cm 
30cm 

0—20 YES YES 
25—90 NO NO 

35cm 
 

0 YES YES 
5—15 YES NO 
20—90 NO NO 

40cm 0—15 YES NO 
20—90 NO NO 

45cm 0—10 YES NO 
15—90 NO NO 

50cm 0—15 YES NO 
20—90 NO NO 

55—100cm 0—10 YES NO 
15—90 NO NO 

110—160cm 0—5 YES NO 
10—90 NO NO 

170—220cm 0 YES NO 
above220cm 0—90 NO NO 

 
Table 1: The experiments results with different distances and different angles. 

From the table 1, we found that when the distance between the Wiimote and the 
glass was more than 35cm, with the finger touching on the glass plate, the Wiimote 
made no reaction. However with the distance less than 35cm and the angle of glass 

plate from 0� to 20�, even the finger had not touched on the glass, 5cm away, the 
Wiimote gave a response. The error was caused by the infrared light penetrating though 
the glass plate. The experiment results were not the same every time because of the 
sensitivity of the Wiimote. 

Comparing the results of experiment 5.3.2 and experiment 5.3.3, we found that with 
the increasing of IR-led Wiimote could detect wider infrared light area. 

In the experiment 5.3.3 although Wiimote could get the finger point occasionally, 
the precision tracking needs more work. So the big problem was “how we could exactly 
locate the position of the finger touching on the glass plate?”  To solve this problem, we 
changed our setup to do the next experiment.  

5.3.4 Round top IR-LED on the side of single layer of glass 

In this experiment, for putting the led bar on the side of glass tightly, we moved one 
line of infrared led from the circuit board.   
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���������������� 
Figure 25: One line of circuit board with 12 IR-led. 

In figure 25, each diode dissipates: 1.5×120=180 mW; 
 12 IR-LED together dissipate: 180×12=2160 mW; 
 One 56 ohm resister dissipates: 56×1202=806mW; 
Total power dissipated by the array is:�����
�������� mW.  

 
 

Figure 26:  Erecting the led on the side of glass with the thickness of 6mm.  
Since the diameter of the led is 5.7mm, it is smaller than the thickness of glass 

(6mm). We placed the IR-led on one side of the glass plate tightly and put plastic bars 

on the four sides of plate to block the light escaping�figure 26�. However in this case, 
the result, shown in figure 27, was only shown that Wiimote could just detect IR-led 
light points instead of finger touching positions.  
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Figure 27� The four light points caught by the Wiimote were from the IR-led, not 
from the finger touching.  

In this experiment, we still could not get the finger tracking, so we got the questions 
as “Why the Wiimote could not detect the finger position? Should the IR-LED have 
more radiation angle? Does the flat shape IR-LED make any differences?” With these 
questions, we employed the “everlight” IR-LED, one kind of surface mount led (SMD 
led), to continue this work. 

5.4 Experiment on surface mount IR-led 

We have introduced this kind of led briefly in chapter 4.1.3. The surface mount IR-
led is very small with the size of 3.2mm (Length) x 1.6mm (Width) x 1.2mm (Height). 
The forward voltage of led is 1.2v, the forward current is 100mA and the source voltage 
is 24.5 V. By using 38 IR-LEDs and 2 resistors in experiment 5.4.1, the wiring diagram 
is: 

 
 Here, each diode dissipates: ��×�������mW; 

38 IR-LED together dissipate: 120×38=4560 mW; 
 Each 18 ohm resister dissipates:���×�������� mW; 

 Two resistors dissipate:����×��	��mW; 

Total power dissipated by the array is:�����
	������� mW.  
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Figure 28�The radiation area of IR-led  

 The angle view of the led is shown in the figure 28, in the red part, from -60º 
to+60º, the power of light have a similar imitation. It means that the light in this scope 
has nearly same energy. 

To keep the infrared light total internal reflection inside of the glass, we have to 
consider that part of light refracted from glass to air has to be sheltered; else this light 
will cause the Wiimote error result.  For example, the thickness of glass is 3mm, and 
the light focus on the area of -60º to+60º, shown as figure 28. In figure 29, the lateral 
view is shown here with the top dimension of 0.7mm×2.0mm. 

   
Figure 29�The refraction scope of light from glass to air 

Half of the length is1mm; 

537.0
60tan

1
=

°
  

Above the height of 0.537mm from the base of IR-led, the light is radiating mostly 
in this area. 

The critical angle of light from glass to air is 42º, when the incident angle is greater 
than 42º, the total internal reflection happens, as shown in figure 29 (red plain 
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arrow).However in our experiment, incident angle of some part of light will be smaller 
than 42º, the refracted light propagating to air (red dash arrow) will arrive to finger and 
be captured by Wiimote, the error occurs in this situation.  

The calculation of refraction area: 

77.0
42tan
7.0

≈
°

; 

Half thickness of glass: 5.1
2
3
= mm; 

73.077.05.1 =− ; 
657.042tan73.0 ≈°× ; 

So the infrared light in the area of 0.657mm height of glass will refract to the air. 
And the shelter area is  

     857.1657.02.1 =+ ; 
So when we use 3mm thick glass, the height we need to shelter at least is 

1.857mm.After calculation, the shelter height of 2mm thick glass is 1.407mm ;4mm to 
2.374mm; 5mm to 2.758mm; 6mm to 3.208mm. 

5.4.1 Surface Mount IR-LED under the bottom of glass�

In the experiment 5.4.1, we put the SMD led under the bottom of glass and shield 
four sides of glass to detect the finger point.  

�
�

Figure 30: SMD led is fixed on a panel. 
As shown in figure 30, we fixed the led on a panel and set 6mm thick vulcanized 

paper on the two sides of led. The white material is polyethylene to stand the glass. 
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�
 

Figure 31: Putting the glass on led bar. 
In figure 31, the black tape here was used to block the infrared light escaping from 

the glass plate. Normal glass and fiber glass with the thickness from 2mm to 6mm have 
been tried in these experiments. However Wiimote did not detect the finger positions at 
all. 

In these experiments, we just put the led on one side of glass. The question became:

� if we try to put much more led on the four sides of glass plate, can it be helpful to 

achieve detection by Wiimote?� 

5.4.2 Surface Mount IR-LED on four sides of glass�

To find out the solution, we soldered 72 led on four circuit boards, and each group 
had 18 IR-LED. The wiring diagram is shown as follow: 

 
Here, each diode dissipates: ��×�������mW; 

18 IR-LED together dissipate: 120×18=2160 mW; 
 Each 33 ohm resister dissipates:�		×�����		� mW; 

 Two resistors dissipate:�		�×�����mW; 

Total power dissipated by the array is:�����
�������� mW.  
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Figure 32: Setting four led bars on the sides of glass 

As shown in figure 32,we fixed four led boards tightly on the four sides of glass 
and made the 6mm thick vulcanized paper as the frames on the two side of glass to 
block the escaping light from IR-led. Here the size of glass we used was 10cm x 10 cm. 

 
 
Figure 33: Locating the Wiimote 30cm away from the glass 

 In the figure 33 we demonstrate the process of test. After connected the Wiimote to 
the computer via blue tooth, we pointed the Wiimote camera to the “touch screen”. The 
distance between the glass plate and Wiimote was 30cm.   
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In these experiments, normal glass and fiber glass with the thickness from 2mm to 
6mm have been tried respectively. Surprisingly, the Wiimote could detect the finger 
positions and tracked them for all type of glasses, even realized the multi-touch screen!!! 
Because the Wiimote could detect four infrared light sources at the same time, we used 
four fingers touching on the glass simultaneously to check if the touch screen works, 
and the Wiimote could track these positions promptly and accurately. 

However when we tried 2mm thick normal glass and fiber glass, the Wiimote made 
error tracking. In this case, when the finger had not touched on the glass, nearly 5mm 
distance away from surface, the Wiimote captured finger positions. And when we used 
5mm and 6mm thick glass (either normal glass or fiber one), we had to press on the 
glass harder to get the finger tracking for the Wiimote.   

In these experiments we used four sides of infrared led. The next question became:

� how about to have three sides or two sides of IR-LED ?� 

5.4.3 Surface Mount IR-LED on three and two sides of glass�

To check if the Wiimote could detect the finger touching point with three sides of 
LED, we moved one group of led from the setting, the Wiimote worked successfully. In 
this trial, the glass we used was 3mm fiber glass. 

How about two sides of LED? 

 
Figure 34: The “touch screen” with two LED bars. 
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As illustrated in the figure 34, we took away one more side of led. There are two 
LED bars on side A and B, with a, b, c, d, and e five points drawn on the glass. 

 
Figure 35: Using vulcanized paper to shield on the two side of glass. 

�

�
Figure 36: Keeping Wiimote 30cm away from the glass. 
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 From figure 34 to figure 36, the procedure of setting is illustrated here. We touched 
on the five points respectively and the results are list as follow: 

 
Figure 37(1): Result of point e  

 

 
Figure 37(2): Result of point c.               Figure 37(3): Result of point a. 

 

 
Figure 37(4): Result of point d.            Figure 37(5): Result of point b.  
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  Figure 37(1) ~ (5) show the results of point e, c, a, d and b. When we touched on the 
center point (point e) of the glass, the result- a green point was located in the middle too. 
And when we tried another points, the position of these points on the glass were 
different, the results were different correspondingly. From this group of figures, we 
found the Wiimote could track the finger position precisely. 

5.4.4 Surface Mount IR-LED on one side of glass�

     Based on this experiment model, we removed one more led bar. Now only one side 
led on one side of glass, we tried 3mm thickness glass, the “touch screen” worked very 
well. 
     Comparing experiment 5.4.1 to 5.4.4, we found the results were different totally. 
With the same led and Wiimote, in the experiment 5.4.1 Wiimote could just catch the 
infrared light from LED; however in 5.4.4, Wiimote could detect the finger touching 
points. The reason is related to a crucial experiment detail: preventing the infrared light 
escaping from glass. As shown in figure 31, although we tried to block the light with 
black tape, the thickness of tape was not enough to hide the light inside of glass. And in 
later successful experiment, the light was nearly totally “kept” inside of glass. So the 
word “Detail is the key of success”   is proved here. 
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CHAPTER 6        Conclusions 

        In this work, we started from the theory of total internal reflection of light, 
discussed the area of frustrated reflection, and proved the conclusion of this theory 
through series of experiments. We will discuss the result in this part.  

We know that total internal reflection occurs when the light from led has incident 
angle greater than the critical angle. Based on the theory, two types of IR-led have been 
tried in our work, and all the results of experiments are listed in table 2.  

Class of 
LED 

Number 
of LED 

Dimension of 
Glass  

Distance 
between 
glass and 
Wiimote 

If the 
Wiimote 
could 
detect 

finger point 
accurately 

     Note 

Round 
top 

LED 

Two 
groups 

48 

Double layer of 
normal glass 
32cm(Length) 
×30cm(Width) 

×3mm(Thickness) 

15cm-90cm No 
The IR-LED was 
fixed on one side 

of glass. 

Round 
top 

LED 

One 
group 

24 
  No 

The IR-LED was 
set below the 

Wiimote; 
Wiimote could 

detect the 
fingertip in small 

area. 

Round 
top 

LED 

Two 
groups 

48 

Single layer of 
normal glass 

32cm(Length) 
×30cm(Width) 

×3mm(Thickness) 

5cm-220cm No 
The IR-LED was 
located on two 

sides of Wiimote. 

Round 
top 

LED 

One 
group 

12 

Single layer of 
normal glass 

32cm(Length) 
×30cm(Width) 

×3mm(Thickness) 

15cm-50cm No 
The IR-LED was 
fixed on one side 

of glass. 

Surface 
mount  
LED 

One 
group 

38 

Normal glass 
Fiber glass 

10cm(Length) 
×10cm(Width) 

Thickness�  

30cm No 

The IR-LED was 
fixed on one side 

of glass. 
Shielding the 

glass with black 
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2mm-6mm tape 

Surface 
mount  

LED 

Four 
groups 

72 

Normal glass 
Fiber glass 

10cm(Length) 
×10cm(Width) 

Thickness� 
2mm-6mm 

30cm Yes 

Shielding the 
glass with 6mm 
thick vulcanized 

paper. 
The IR-LED was 

fixed on four 
sides of glass. 

Surface 
mount  
LED 

Three 
groups 

54; 
Two 

groups 
36 

Normal glass 
Fiber glass 

10cm(Length) 
×10cm(Width) 

Thickness� 
2mm-6mm 

30cm Yes 

Shielding the 
glass with 6mm 
thick vulcanized 

paper. 
The IR-LED was 
fixed on three or 

two sides of glass. 

Surface 
mount  
LED 

One 
group 

18 

Normal glass 
Fiber glass 

10cm(Length) 
×10cm(Width) 

Thickness� 
2mm-6mm 

30cm Yes 

Shielding the 
glass with 6mm 
thick vulcanized 

paper. 
The IR-LED was 
fixed on one side 

of glass. 
                                     

 Table 2:  Summary of experiments 
�����From table 2, we could find that the Wiimote could not detect the touching points on 
glass by using the round top IR-LED as the infrared light source, however the case of 
another IR-LED, surface mount LED, is different. When the glass is shielded by 6mm 
thick vulcanized paper tightly, the glass could be used as multi-touch screen. 
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        Figure 38 demonstrates the different radiating way of two kinds of IR-LED used in 
our experiments. We could see that only part of infrared light given from round top 
LED propagates inside of the glass, the energy of evanescent wave in frustration area is 
not enough to make Wiimote to detect the finger point. When the finger was near to the 
glass, the escaping light bended from the fingertip made the detection error. The light 
from surface mount LED mostly travels inside of glass. It is easier for the Wiimote to 
get the finger touching position. In the experiments part, we got gratifying results. The 
multi-touch screen worked precisely and rapidly.      

In our experiments, two matters are crucial: choosing the IR-led and “keeping” light 
inside of glass. 

The first problem is basic factor in experiments, which is essential for obtaining 
enough light to make Wiimote reaction. The second issue is how to prevent the infrared 
light leaking from the glass, which makes the finger tracking accurately.  

These two matters have been discussed detailedly in this paper. However, in the 
future we have long way to go. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.answers.com/topic/evanescent-wave
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CHAPTER 7           Future work 

Our research was focused on experiments basically, so in the future most of work 
will be done in the laboratory too.  The ideas as follow will be discussed mainly in the 
future work. 

Firstly, in this work, we employed the small square of glass (10 cm x 10 cm) as the 
touch screen, how about the bigger glass? And what is the relationship between the led 
and the size of glass? It needs more experiments.  

Secondly, the accuracy of touch point is another topic that has to be discussed later. 
Here we have tried to use finger and mobile phone stylus pen to touch on the glass. 
How about other objects? The Wiimote is equipment that is very sensitive to the 
sunlight and the candle light, which give a lot of interference to the judgment. In the 
school or airplane environment, some other unknown equipment also will give out the 
infrared lights that will effect on the Wiimote output largely. In future work, the optics 
equipment is recommended to be used here to detect the sensitivity of touch screen. 

Thirdly, the touch screen has been applied in many areas, in this research, we have 
already proved the Wiimote could be used in touch screen here, in the future, if the 
technique be used in conference or didactical area, it needs more data base to support 
(shown as figure 39). 

  
Figure 39: Wiimote touch screen applied in conference. 

           As shown in figure 39, in the conference or in the classroom, the lecturer could 
use the touch screen as the black board, and the Wiimote transmits the information to 
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every participant via blue tooth. It will be a faster and easier way for communication in 
future class.  
          The touch screens have been largely used in airport or railway station for 
information searching, but the price of the equipment is relatively higher, which is from 
hundreds to thousands of dollars. In our experiments, the total cost of Wiimote touch 
screen is around 50 dollars. The low price of the device might make Wiimote touch 
screen be a competitive product in the future. 
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