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Abstract- Recently, touch switch is used in many cases. However, it had some disadvantages. For the improvement, we 
proposed an advanced touch switch. The size of touch area can be changed easily. It can be bent. The number of switches 
can be changed easily. Even if the number of switches changes, the number of electric wires does not change at all and the 
size of detection circuit also does not change. Thus, it was very convenient, but there exist a problem. According as the 
number of touch switches increases, the accuracy decreases. When a user touches the panel, the small current flows. This is 
because it flows through human finger. The range of value is under [nA]. As practically, the maximum number of switches is 
about 20. For one of the solution, an improved model is proposed in this study. This model has each sub-circuit under each 
touch switch. If the switch is touched, the relay switch in sub-circuit is connected to voltage source directly. Different from 
the value of current of conventional model, the current is much larger, so we can easily distinguish which switch is touched. 
From our experiment and analysis, it is understand that more than 350 switches can be connected. It is enough number in 
practice. 
 
Index terms- Touch switch, Bent, Addition, High accuracy, No-fixed position. 
 
I. INTRODUCTION 
 
As the development of smart home system, more and 
more electrical appliances and equipments are added 
in normal house. In order to control these devices, it 
may need a variety of switches. Many kinds of 
switches have already been used in this occasion, 
such as voice-activated switch, touch panel switch, 
optical switch, pressure switch, and infrared switch. 
All these switches have their advantages in different 
areas, but still have some limitations. For example, if 
user need add another switch in that kind of system, 
they need add another electric wire from the control 
circuit to the switch. In addition, with the increasing 
in functionality of the device, it need more button to 
control different functions on equipment, like the 
adjustable lamp.  
Recently, these switches are going to be replaced as 
touch switches in many cases [1]. It has a fixed size 
and the shape is almost plane, so the location of the 
switch is limited. Now more and more system use 
embedded system, it makes the equipment more 
smaller and clean appearance [2][3]. If the shape of 
switch can be changed, it may be used in many cases. 
For improving the problems, we proposed a touch 
panel switch which could add switch easily and the 
shape of the switch had no limited [4]. Increment or 
decrement of the number of switches is very easy in 
this design. Users can choose the arbitrary shape of 
the switch and can design it by themselves. This is 
because that the switch is made of just a thin metal 
film, so it is easy to modify. It can be placed at an 
arbitrary position, such as a plane or a curved surface. 
However, there exist a problem. As the number of 
touches switches increases, the accuracy decreases. 
When a user touches the panel, the small current 
flows. This is because it flows through human finger. 

The range of value is under [nA]. As practically, the 
maximum number of switches is about 20. For the 
improvement, a new model is proposed in this study. 
This model has each sub-circuit under each touch 
switch. If the switch is touched, the relay switch in 
sub-circuit is connected to voltage source directly. 
Different from the value of current of conventional 
model, the current is much large, so we can easily 
distinguish which switch is touched. From our 
experiment and analysis, it is understand that more 
than 350 switches can be connected. It is enough 
number in practice. This paper will introduce the 
touch switch in the following sequence. Section 2 
will describe the principle of the switch. Experiment 
will be shown in section 3 and section 4 shows result 
analysis, and last section mentions conclusion of this 
paper. 
 
II. PRINCIPLE OF SWITCH 
Figure 1 shows the principle of touch switch. The 
total number of switches is N, each switch has an ID: 
SW1, SW2, SW3 …, SWN. The current of I1 and I2 
depends on closed switch position. In this circuit, all 
resistances of switches are set to the same value with 
R. In other words, all these N+2 resistances have the 
same value. 
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R1=R2=R3=RN=Ra=Rb=R.                           (1) 
 
If no switch is closed, then both currents are almost 
Zero. If SW1 is closed, the currents are represented by 
these equations: 
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For example, if we set the total number N of switches 
to be 3, and then when the first switch is closed, the 
result of Rate is -3/5. Using the same method, if SW2 
is closed, the Rate will be -1/5. If SW3 is touched, the 
Rate will be 1/5. Thus, the value of Rate is related to 
the position of closed switch. 
 According to the similarity, the generalized I1, I2 and 
Rate are represented as follows. Here, let the total 
number of touch switches be N, then the n-th switch 
is pushed,  
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From these equations, Rate has a linear relationship 
with the closed switch number n (The results will be 
shown in Figures 9-12 in next chapter III). According 
to this result, the switch number can be judged easily 
by getting Rate. 
Each switch has a single sub circuit [5] as shown in 
Figure 1. The detail circuit is shown in Figure 2. 
The clock shown in part (a) in Figure 2 simulates an 
input clock from microcomputer. The part (b) 

 
Figure 2:  Details of sub circuit and parts around switch. 

 
means the simulation of human finger touch. If 
human touches a switch, it means the relay switch in 
part (b) is turned, then the current flows through C, R 
in part (b). Then, the amplitude of point (A) decreases, 

and the output (B) of rectifier (c) also decreases. As 
the result, the output (C) of comparator (d) changes 
"high", and the relay switch (D) turns on. This means 
that the relay switch (D) is turned on and voltage 
source Vcc is directly connected to touch switch, 
when human touches switch. In addition, the current 
value of conventional model has alternating current 
and high frequency, but that of this model is direct 
current. Thus it is easy to make detection circuit. 
 

 
Figure 3:  Structure of touch switch system. 

 
The sub circuit in Figure 2 is implemented in each 
touch switch modules A, B, D, …, N in Figure 1. In 
this paper, the sub circuit is made of discrete parts for 
just check of validity of our model, so the size is large. 
In real application, the circuit will be made as 
integrated circuit, so the size will not be problem. 
Figure 3 shows the structure of touch switch system. 
The parts Ra, Rb, and ampere meter in Figure 1 is 
shown as I/V converter in Figure 3. The output of I/V 
is connected to PSoC (micro-computer), then Rate in 
Equation (7) is calculated. 
 
III. EXPERIMENT 
 
Figure 4 shows the structure of each touch switch 
module. A thin metal film is used as touch part, and 
the surface of the metal is covered with an insulating 
film. In Figure 4, terminals (1)-(5) are connected to  
 

 
Figure 4:  Structure of each touch switch module. 
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Figure 5: Picture of touch switch module. 

 
next modules. Each modules is connected in series as 
shown in A, B, C, and N of Figure 1. The number of 
electric wires does not change, even if the number of 
modules increases. It is only five. For example, 100 
modules are connected, the number of wires is only 
five. However, there are some limitations. As far as 
terminal module such as N in Figure 1, the terminals 
of (4) and (5) in Figure 4 have to be shorted. As far as 
start module such as A in Figure 1, the terminals of 
(1), (2), (3) have to be connected to Vcc, CLK, GND, 
respectively, and the terminals of (4) and (5) have to 
be connected to I/V converter for measuring current 
I1 and I2 in Figure 3. In this experiment, Vcc =5[V], 
CLK=10[kHz], and the value of resistance Rn is set to 
be 1[k��. Picture in Figure 5 shows the switch used 
in this experiment. As understood from this picture, 
the sub circuit of touch switch module is made of 
discrete parts, so the size is large. This is because that 
our purpose is to confirm the validity of our model. In 
future application, the circuit will be made as 
integrated circuit, so the size will become very small. 
 

 
Figure 6:  Structure of detecting circuit. 

 
Figure 6 shows the detecting circuit which includes 
I/V converter and PSoC (micro-computer). In this 
figure, the currents I1 and I2 correspond to those of  

 
Figure 7: Picture of detecting circuit. 

 
Figure 8: Picture of different shape of switches. 

 
Figure 1. As shown in this figure, the I/V converter is 
simple, because direct current (DC) flows in our 
model so it is easy to make the circuit. The I/V 
converter produces the voltage of V1 and V2 which 
are proportional to I1 and I2. Although the voltages 
are inverted by inverting amplifier, it is no problem. 
This is because the micro-computer (PSoC) 
connected to I/V converter can invert the value easily. 
In the micro-computer (PSoC), Dual ADC is used to 
get V1 and V2 at same time in order to decrease the 
noise[6]. Figure 7 shows the picture of detecting 
circuit in this experiment. Here, we name touch 
switch module as ID. From start-module to terminal-
module, the number is added in order. For example, 
the IDs of A, B, C, and N in Figure 1 are regarded as 
1, 2, 3, and 4, respectively. 
The shape of touch switch can be determined as we 
like. Figure 8 shows the different shape of the 
switches. The back side of this metal film is sticky, so 
it can be pasted in any surface. In this experiment, we 
just paste it on paper. Although the surface is not 
covered with insulating film in this case, it is possible 
to cover with the insulating film, or paint with oil-
based pen [4]. 
 
IV. RESULT ANALYSIS 
 
From the experiments, we got some data of Rate 
shown in Equation (7) when switch is closed.  
Tables.1- 4 show the result of Rate, the ideal Rate and 
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the error Rate when the total switch number is 3, 4, 5, 
and 6. The Rate means the value (=    1212 / IIII  ) 
obtained by I1 and I2 which are measured with real 
circuit. The ideal Rate means the value calculated by 
the most right equation in Equation (7). The error 
Rate shows the width between maximum Rate and 
minimum one. Figures.9-12 show the relationships 
between Rate and ID No., when the switch number is 
3, 4, 5, and 6.  In real circuit, there occurs some 
noises, such as fluctuation of power supply, 
microwave, and etc. Then, noise is included in 
measured values of I1 and I2. In this experiment, we 
detect the voltage V1 and V2 instead of measurement 
of I1 and I2. This is because I1 and I2 are converted to 
voltage V1 and V2 as shown in Figure 6. The value is 
measured 100 times to get the fluctuation of Rate. 
 

Table 1 Three switches in circuit. 

 
 

 
Figure 9:  Switch number is 3. 

 
Table 2 Four switches in circuit. 

 
 

 
Figure 10:  Switch number is 4. 

Table 3 Five switches in circuit. 

 
 

Figure 11:  Switch number is 5. 

 
 

Table 4 Six switches in circuit. 

 
 

 
Figure 12:  Switch number is 6. 

 
In each figure, to get linearity between ID and Rate, 
we calculate correlation coefficient �. It is 
represented by the following equation. 
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In these figures, we can get the correlation 
coefficients approximate 0.999.  It is very high.  The 
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ID has high correlation with Rate. Thus, we can 
easily determine which ID is touched by detecting 
Rate.  
Next we consider the error in circuit. The I/V 
converter in Figure 6 produces the voltages of V1 and 
V2 which are proportional to I1 and I2, so Equation (7) 
can be represented as follow. 
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  If the values of V1 and V2 include error 1V  and 

2V  respectively, the maximum error rate R is 
shown as follows. 
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We actually measured 1V and 2V , and substituted 
the values into Equation (10) at various ID No. The 
result of R was under 0.002. In Tables 1-4, actually 

measured R  is listed. The value is similar to 0.002. 

The biggest R  is 0.0053. The range of Rate is from 
-1 to 1. So we can estimate the maximum number of 
switch. That is roughly estimated as (range of 
Rate)/(maximum error R ). The value is

   3770053.0/)11  . Thus, we can connect 377 
touch switches.  
 

CONCLUSION 
 
A new touch switch is proposed in this study. This 
model has each sub-circuit under each touch switch. 
Different from the value of current of conventional 
model, the current in this model is much larger, so we 
can easily distinguish which switch is touched. From 
our experiment and analysis, it is understand that 
more than 350 switches can be connected. It is 
enough number in practice.In future, we need develop 
the method to identify when two or three switches are 
touched at the same time. Next, the integrated circuit 
should be made for application.  
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