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Abstract-An increase in the development and control of wall climbing robots is seen in the past decade to manoeuvre on 
various surfaces. It needs a special adhesion method and control system for various applications such as inspection, 
maintenance and safety.  In this paper, electroadhesion  principle  is used  which is a versatile technique as the robot will be 
able to adhere on surfaces such as steel, glass, wood, etc. Various adhesion pads were developed out of which the use of 
transparent tape as a di-electric medium resulted in a better adhesion when a high voltage was supplied to the conductive 
material. Many of such robots are controlled simultaneously by the Dual Tone Multi Frequency (DTMF) generator which 
corresponds to the button pressed and provides a corresponding output. Based on the tone received, a DTMF decoder which 
is interfaced to a microcontroller controls the various actions of the robots and acts as a universal remote control system.  
Control of five robots was achieved by using this technology. Such robots can be used in areas which are hazardous for 
human work as the robot can be controlled from any part of the world. Also, the application of Android apps such as 
AutoAnswer and IP Webcam is used to provide a better versatile technology.  
  
Keywords-Wall climbing robots, Electroadhesion, Android, DTMF, Arduino Uno.  
 
I.  INTRODUCTION  
 
Mobile robots have proved to act as a replacement for 
humans which involve extreme danger and areas 
where human intervention is difficult. If these mobile 
robots are able to climb vertical surfaces, then it can 
be applied in areas such as cleaning walls of high-
storied structures, surveillance, salvage operations, , 
construction etc. Various adhesion methods are 
available but the use of electroadhesion is 
advantageous as it reduces the bulkiness of the 
system and could possibly climb on most of the walls. 
Dual Tone Multi Frequency is applied in this research 
so that multiple robots can be controlled from any 
part of the world through one cell phone which acts 
as a universal remote control.   
The electroadhesion is done by developing an 
adhesive pad and a high voltage generation unit to 
provide the necessary voltage for adhesion. A DTMF 
decoder is used to control the robots based on the 
frequencies generated by each keypad. Each keypad 
corresponds to two different frequency signals which 
will be transmitted via 3.5 mm earphone jack. One of 
the wires comes from the ground terminal of the jack 
which is connected to a common ground of the 
circuit. The other wire is  joined  to any one of two 
signal terminals. The output from the 3.5 mm is given 
to a decoder (example: CM8870) where the output of 
the decoder is provided to an Arduino Uno 
Microcontroller to control the needed application.  
Two android applications namely AutoAnswer and IP 
Webcam is used in order to provide security to the 
robot and a feedback control systems by using 
various sensors of the smart phone.    
 
II. LITERATURE REVIEW 
  

Combining all the ideas of the literature review, a 
clear idea of the electroadhesion method and the 
control of robot using DTMF were studied. 
Electroadhesion works on the principle of a parallel 
plate capacitor where the equation of electric force 
generated is found  [6]. For a constant charge source, 
as the dielectric permittivity increases,  the attractive 
force decrease.  For a constant voltage source, as the 
dielectric permittivity increases, the attractive force 
increase  [6].  In order to obtain the needed adhesion, 
interdigital electrodes are used. Silicon rubber is used 
to increase friction between the electrode panels and 
the scrolls [1]. CM8870 decoder was used to decode 
the data from the jack and feed it to the 
microcontroller to control the movements  of the 
robot [2]. DTMF is Dual tone Multiple Frequency in 
which during a call between two user’s mobile phone, 
if a button is pressed by any user, a tone 
corresponding to that button is generated at the other 
end of the call [3]. Arduino UNO can be used of 
microcontroller as it has various types of memory to 
hold data and instructions [2]. The program can be 
reset and loaded with a different program and various 
pin configurations of the board were read [2]. L293D 
motor driver is used for the control of the  motors in 
the robot and the combinational sequence of the 
control is studied [4] and also the various frequency 
ranges were analysed where the control technology is 
considered as a universal remote control [5]  
 
III. MATERIALS AND METHODS  
 
A.  DTMF Control  
In order to control the robots, a DTMF circuit is 
interfaced with Arduino Uno which controls the 
motors of the robots through L293D IC. In order to 
use these tones to control the motors of the robot, a 
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call is  first  made  to the  cell  phone interfaced  to 
the  DTMF decoder board. The board has  a 
combination of resistors, crystal oscillators, 
capacitors, and the MT8870 IC as per the figure 1.  

  
Figure 1: DTMF board 

  
These outputs are sent to the inputs of the Arduino 
UNO microcontroller board which are programmed 
to provide the necessary output. It controls the motion 
of the motors by using L293D motor driver.  The 
combinational circuit diagram is seen in the figure 2. 
Many such robots can be controlled by 
interconnecting all the cell phones attached to all 
robots through conference call.  

  
Figure 2: DTMF control circuit 

  
B.  Electroadhesion Pad  
To make the robot climb the wall, an  adhesive pad 
that obeys the  principle of electroadhesion  is 
developed. Electrostatic charges are induced on a 
wall substrate using a power supply connected to 
pads on the moving robot. Unipolar positive charges 
are given  to  the pad which  induces negative charges 
on the substrate making it as a virtual ground.  The  
method  works on  both  smooth and  rough materials, 
conductive and non-conductive substrates and 
through dust and debris. When compared to the  
conventional adhesives or dry adhesives, the 
electroadhesion can be altered or turned off for 
mobility or cleaning. Six variant adhesion pads were 
developed to study the adhesion behaviour  using 
aluminium as the conductive material in all the cases. 
The details of the pads are given in the table 1.  

Table 1: Details of adhesion pad 

  

Figure 3: 250 mm x 250 mm adhesion pad 
  

 
Figure 4: 360 mm x 285 mm adhesion pad 

 

  
Figure 5: 380 mm x 285 mm adhesion pad 
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 Figure 6: Adhesion pads of dimensions a) 115 mm x 115 mm 
b) 100 mm x 100 mm c) 100 mm x 100 mm 
  
C.  High Voltage generation  
There are various methods to obtain a very high 
output voltage from a standard input voltage so that 
the output voltage obtained can be sent to the 
electroadhesion pads to adhere on the substrate 
surface. To reduce the overall cost of the high voltage 
generation,  a flyback transformer  (FBT)  is used 
which  is  also called as line output transformer. 
These FBT  can  be found on  old cathode ray tube 
television or computer monitors.  The circuit of the 
FBT from an old television is shown in figure 7.  
  

 
Figure 7: Flyback transformer circuit board 

  
There are standard methods to find the primary and 
secondary pins of the FBT and once  they are found 
the high voltage can be generated which are sent to 
the adhesion pads to make the robot adhere to the 
surface.  
  
D.  Robot design  
For the robot design, polyvinyl chloride pipes were 
considered for the body with end caps. Mild steel rod 
of M6 size was inserted and locked to the polyvinyl 
chloride pipe using equivalent lock nuts. The robot 
has two chains and sprocket mechanisms to drive it 
up using two DC motors controlled by Arduino UNO 
and are connected by a polyvinyl chloride pipe. 
Acrylic sheets were used at the sides in order to 
provide support and to mount the microcontroller. 
The advancement of the adhesion pad onto the robot 
is yet to be installed. Adhesive belt can be placed on 
top of the robot which holds the adhesion pad and the 
high voltage can be supplied to it through ball 
bearings so that constant high voltage can be induced 
onto the adhesion pad as the robot moves up the 
vertical surface. The prototype is shown in the figure 
8.  

 
Figure 8: Prototype developed 

  
E.  Android Applications  
Android applications such as AutoAnswer is used so 
that the time period to answer the call to the smart 
phone placed in each robots at the receiver end is 
controlled and also it provides a security to the robot 
by configuring the smart phone to answer the call 
only from the universal cell phone at the user end.  It 
gives a superior control of the robot. Another 
Android application; IP webcam is used to provide 
the video seen by the robot to the user end so as to 
monitor the robot and uses the in-built sensors of the 
smart phone to provide the feedback system to the 
robot. It was done by connecting the smart phone and 
the computer to a server and entering the IP address 
of the smart phone in the address bar of the search 
engine of the computer. The various sensors that can 
be monitored are proximity sensor, accelerometer, 
battery voltage, battery temperature, battery level,  
light and sound sensor.  
 
IV. RESULTS AND DISCUSSIONS  
 
A.  DTMF  
The results obtained from the output of the Arduino 
Uno to the input of L293D are shown in the table 2. 
In this research, five robots were controlled using the 
same cell phone at  the user end by merging all the 
calls and activating a conference call between all the 
connected smart phones.  
  

Table 2: DTMF inputs to L293D 
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The Arduino Uno was programmed such that the 
below mentioned robot motions were found based on 
the key pressed on the cell phone at the user end.  
DTMF control motion is shown in table 3.  
 

Table 3: DTMF controlled robot motion 

 
  
 B.  Robot specifications  
Based on the prototype model, the results are 
assumed to be as per table 4.  
 

Table 4: Robot specifications 

 
 
The results obtained from the IP webcam Android 
application is shown below where a flash player  
(figure 9)  is used to view the video streamed from 
the robots and the sensor graphs were obtained as per 
the figure 10.  
  

Figure 9: Video streamed by the robot smart phone 
  

 
Figure 10: Sensor graph using IP webcam 

 C.  Electroadhesion  
From the experiment it was noticed that when 
sellotape was used as the dielectric medium, a greater 
adhesion force was developed and as the area of the 
pad was increased the force was attraction was also 
increased. Figure 11 shows the adhesion on wood, 
wall and glass.  
  

 
Figure 11: a) Adhesion on wood b) Adhesion on wall substrate 

c) Adhesion on glass 
  
Figure 12 shows the adhesion of 100 mm x 100 mm 
sellotape dielectric pad on the three surfaces. Figure 
13 shows the adhesion of 100 mm x 100 mm PVC 
tape dielectric pad on the three surfaces.   
  

Figure 12: a) Adhesion on wall substrate b) Adhesion on wood 
c) Adhesion on glass 

  

 
Figure 13: a) Adhesion on wall substrate b) Adhesion on wood 

c) Adhesion on glass 
 
Adhesion was failed to happen on glass when thin  
single coated adhesive tape was used as the dielectric. 
Figure 14 shows the adhesion on wood and wall of 
115 mm x 115 mm pad.  
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Figure 14: a) Adhesion on wood b) Adhesion on wall 

  
The initial test pad was developed by exposing 10 
mm on either side without a dielectric medium and it 
resulted in short circuit of the FBT board as the 
positive charges on the pad and the negative virtual 
ground were in direct contact. Thus we see that the 
adhesion pads must be separated from the wall with a 
dielectric which acts  like a capacitor. Figure 15 
shows the burnt areas of the adhesion pad using 
silicone sealant as the dielectric medium.   
  

 
Figure 15: Burnt areas of the adhesion pad 

 
CONCLUSIONS AND FUTURE SCOPE  
  
Using the technology of dual tone multi frequency 
and connecting all the smart phones through 
conversation calls, five robots were controlled using 
cell phones which are to be placed at the robot end by 
using only one cell phone at the user end which acts 

as a universal remote control. Such control system is 
needed as the robots which are located at different 
parts of the globe can be controlled at the same time 
and by using the android application IP webcam, the 
video can be streamed live and the sensors help to 
obtain better control of the robot. A total of 12 
combinations can be programmed to the Arduino for 
each robot based on the tone generated by the DTMF 
decoder.  The electroadhesion pads developed were 
tested and the adhesion forces must be calculated. 
Based on the observation, it was noticed that by using 
sellotape as the dielectric medium, a greater adhesion 
force was developed. Different dielectric mediums 
can also be tested to optimise the result. In this 
research, aluminium was used as the conductive 
material which has a conductivity of  3.50×107  S/m.  
Other conductive materials can also be tested for 
adhesion. Unipolar charged adhesion pads were used 
for this research. Bi-polar adhesion pads can also be 
developed and tested to compare the adhesion force 
generated. Various sensors can be added to the robot 
based on the application needed which acts as a 
feedback system. To reduce the bulky high voltage 
circuit, commercially available DC-DC converters 
can be used but it adds to the cost of the system.   
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