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Abstract— A ball on plate balancing system is a 2D 

development of the ball on a beam balancing system, which is a 

nonlinear and unstable system. The system is based on the 

principle of dynamic design, system functions, and its 

scalability, taking into account the cost and performance. The 

target of this research is to achieve a ball on plate balancing 

system. This includes the design of a dynamic model of the 

system, selection of the appropriate sensor, and choosing the 

appropriate actuator. A touch screen sensor is used to identify 

the ball position. The dynamic model will be designed by solid 

works software. In addition, the system will also be linked to 

the simulation to control the system directly from the control 

interface that is designed in advance to display the system 

response. The main goal of this research is to make the ball 

stable on the plate in the way which it can be controlled in 

different positions and can deal with disturbances by using PID 

controller. 
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I. INTRODUCTION 

The ball and plate system is a development of the ball on 
a beam system converted from a system that moves in one 
dimension to a system moving in two dimensions. Therefore, 
one of the challenges in this prototype is indirect control of 
the ball on a fixed plate by tilting the appropriate inclining. 
An LQR control algorithm was implemented to manipulate a 
robotic wrist for guiding the movement of the ball [1]. 

The system allows the motion of a ball along a particular 
trajectory on a lightweight plate, the tilting of which is 
adjusted in two perpendicular directions. It has attracted the 
interest of researchers especially because of its nonlinearity 
and instability, both of which make control challenging 
tasks. These challenges in control are usually on the closed-
loop control system, which is inherently unstable. Andrew in 
2013 used a linear quadratic regulator method to optimize the 
gains to optimize the gains. Both simulation and 
experimental results showed that the designed system had a 
good performance. This experimental setup can serve as a 
testbed for nonlinear control schemes as well as supporting 
laboratory practice [2]. 

The most important factors that affect the stability of the 
system are the size and weight of the ball and the friction 
between the surface. Therefore, the position of the ball in this 
prototype is determined by a touch sensor applied to the 
principle of change in resistance. This sensor consists of two 
layers (usually of glass) that are parallel to a layer of 

conductive material when the applied pressure is enforced, 
giving a change in the applied voltage. 

The Arduino will be linked with the LabVIEW simulator 
to control the system from a pre-designed control panel and 
to display the model response. The selected position will be 
entered from a control panel and the sensor will then find the 
current ball position. Consequently, tilting the proper 
inclination to put the ball in the specified position will be 
done by the servo motors as actuators. One is for x-axis and 
another is for the y-axis. Each motor is controlled by a PID 
controller and the sensor determines the position of the ball 
on the plate in both axes.  

The design of the ball on a plate system is different from 
one to another, but the main purpose of this model is to keep 
a ball on a platform within a predetermined point. When the 
ball moves outside the boundary, the sensor will send signals 
to the controller to determine the coordinates needed to 
stabilize the ball to its designated location. The controller of 
the servomotors will simultaneously control the plate in both 
axes. The system integrates a sensor, actuators, and a control 
system to control motors to stabilize the system using a PID 
algorithm. Therefore, the main contributions of this paper are 
designing and implementing a non-linear hardware prototype 
to control the plate angle in both directions (x-y) and 
balancing the ball at several positions on the plate by tuning 
the parameters of PID controller. 

 

II. METHODOLOGY 

A. Software 

A SolidWorks software will be used to design the pieces 
of hardware model with specific measurements. In the 
software stage, the Arduino board is going to be connected as 
an interface with LabVIEW simulation to control the real-
time system and display model response. Moreover, 
LabVIEW is a software program that will be used to tune 
PID parameters and get responses. 

B. Hardware 

Most of the ball-on-plate systems are similar in the 
objective and performance of the system, but the system 
components differ from system to another. This is a brief 
explanation of the components which are used to 
manufacture the whole model: 

Aluminium Plate: Figure 1 shows the plate that has been 
used in this project is made of an aluminium material, and 
the sensor was placed above it to represent the upper part of 
the model. 
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Segments of the Base: Two aluminium segments with 
special industrial dimensions have been used for the model 
base. These pieces of aluminium, as illustrated in figure 2, 
have been designed with special measurements which were 
chosen to make the two pieces of the right size to give the 
proper shape and correct positions of the servomotors until 
space is distributed on the base of the model to move freely. 

 

 

  

 

 

 

 

 

 

 

 

Spherical Base: Fig.3 illustrates the spherical base 

which is used to join the base to the plate and make it move 

in both directions comfortably. 

 

 

 

 

 

 

Actuator: model needs two servomotors for vertical 

and horizontal movements. Finally, the whole model is going 

to be as shown in figure 4. 

 

III. PHYSICAL AND MATHEMATICAL 

CONFIGURATION 

A. Resistive Touch Screen Sensor 

Ball position feedback is accomplished through the 

usage of an analogue resistive touch screen sensor. This type 

of sensor is allowing the user to interact directly with the 

screen. This feature has been used to find the position of the 

ball on the plate. This sensor works by changing the 

resistance using a simple design, usually containing two 

surfaces of glass or acryl. Both surfaces are coated with an 
indium tin oxide (ITO). In the normal state of the sensor, 

there is a small space between the two layers. The sensor 

allows connecting between the two layers to obtain 

coordinates at this station. 

Four-wire touch screens use a single pair of electrodes 

on each ITO layer. The busbars in the top sheet and substrate 

are perpendicular to each other. The busbars are connected to 

the touch screen controller through a four-wire flex cable. 

The four- wires are referred as X+ (left), X- (right), Y+ (top) 

and Y- (bottom). However, both X and Y axes cannot be 

read simultaneously, because the concept works by applying 
a voltage across one layer, and looking for the voltage that 

appears on the other layer. Therefore, the system works by 

alternately applying a voltage to one layer and reading off of 

the other. The voltages are then read in by an analogue-to-

digital (A/D) converter to be used as a coordinate value. 

B. Physical designed 

Fig.5 shows the physical design of this prototype which 
consists of a horizontal sloping plate in the direction of the X 
and Y axis. This is done by servo motors, which in turn 
move an angle movement. These motors are connected to the 
plate by spherical joints and move in certain angles. The 
plate is centred on a joint base to tilt in all directions. 

The lower part of the model contains two pieces of 
aluminium made in special shapes and dimensions. They are 
fitted to parallel screws. There is enough space between the 
two pieces to hold the motors in the right place and direction 
so that the motor shaft is parallel to the surface edge. 

 

 

 

 

 

 

 

C. Control designed 

With regard to the PID algorithm, the proportional 
corrects instances of error, the integral correct accumulation 
of error, and the derivative corrects present error versus error 
the last time it was checked. The effect of the derivative is to 
counteract the overshoot caused by P and I. When the error is 
large, the P and then I will push the controller output. This 

Figure 1: An aluminum plate of the model 

Figure 2: Aluminum segments of the model base 

Figure 3: Spherical base Figure 5: physical design 

Figure 4: Final structure of the model 
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controller response makes 
error change quickly. 

 

 

 

 

 

Fig.6 shows the block diagram of the system. 

 This system consists of two loops; an inner loop to 
control the motor torque based on the desired plate angle, 
and an outer loop to command a plate angle based on the 
desired ball location. Outer loop should be slower to allow 
motor torque responding properly. 

 The input of the system is a coordinate of a point in the 
X and Y axis. The movement of the ball on the plate is a 
change from one point to another with different distances. 
The operator must be controlled to move the ball through the 
distance and then to the coordinates of the desired point. 

IV.  DESIGN AND IMPLEMENTATION 

A. Model sensor 

The operation concept of this sensor lies in dividing 

the voltage on the resistance inside, where y + is excited by 

5V, the x- is connected to the ground, and the readers will be 

from x+ and y-. When touching the sensor, the voltage is 

distributed on the resistor of the sensor from the y-side to the 

x- side, and at the y-end, the value of the x-coordinate is 

given by measuring the voltage difference between the touch 
points to the ground. 

 

In the case of non-touch, the voltage difference at the 

point y + is maximum, but when touching, the two layers are  

 

 

connected to each other and the circuit in the form 

becomes the value of the voltage difference at the point y -. It 

is the value of the voltage from the contact point to the 

ground because of the voltage distribution on the resistors. 

This sensor gives nonlinear readings due to the 

composition of the resistors inside it which are different 
values, causing the distribution of the voltage to be uneven. 

This problem is solved by adding resistors respectively to the 

feed and ground source, where the value of the incomplete 

resistance is compensated so that the voltage is distributed 

equally to the total resistance, but this causes the reduction of 

the total voltage range on both axes and the reason for the 

inaccuracy of the sensor. Sensitive connection methods vary 

according to an application, but it has been found that the 

appropriate connection to this system as shown in figure7. 

B. Servomotors 

The servomotor is a motor that comes with a gearbox 

and a shaft transmission that gives motion greater torque and 

greater precision. This motor can rotate 180 degrees and in 

some types 360 degrees. In this prototype, we used the type 

that moves at 180 degrees. 

With regard to controlling the servomotor, the servo 

motor is internally made up of a control circuit which is 
usually microcontrollers. When the motor gives pulses at a 

certain time constant, the servomotor rotates to the angle 

according to this time constant. There is a technique that is 

mainly used to produce analogue signals by using digital 

signals. This technique is called Pulse Width Modulation 

Technique (Fig.8). 

Figure 6: Inner and outer loop block diagram 

Figure 7: Touch detection of resistive sensor 

Figure 8: Servomotor angle controlled by PWM 
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Servomotors can be either analogue or digital. Type of 
the servo affects the properties of the required signal to 
control servos. All analogue servos have common similar 
signals that have 20 milliseconds (ms) periods, therefore 50 
Hz frequencies. Fig. 8 shows that the duty cycle end time or 
Pulse Width is between 600 and 2400 microseconds (μs). 
Pulse width determines the position of the servos. Usually, 
600 μs refers to -90° position, 1500 μs is neutral or 0° 
position and 2400 μs refers to +90° position. The changes in 
these times are linear so other desired time values for various 
positions can be easily calculated. It should be noted that 
these values may not correspond with other servos. The 
relation between pulse width and the position may vary. 

C. Model Implementation 

Fig.9 shows the final connection between the model 
components. 

 

V. RESULTS 

A. LabVIEW Simulation Results 

The sensor signal was red from the block of the analogue 
signal reading, then the sensor gave a signal of each location 
on both the x and y-axis. This signal is calibrated by 
recognizing the largest and smallest value of the signal on 
the ball position from the beginning of the distance to the end 
of the x and y-axes and then converting these values to a 
distance from 0 to 240mm in the x-axis and from 0 to 130 in 
the y-axis. 

x =
xread

vt

∗ 240 mm 

y =
yread − vt

vt

∗ 130 mm 

 

In terms of the sensor signal which represents the Y-
coordinate, it gives the value of the total voltage immediately 
before the touch. Once the touch is changed, the value is 
changed. Therefore, the total voltage is subtracted from the 
sensor reading and then converted to the required distance. 

After the sensor signal is read in both the X and Y 

coordinates, the location of the ball is determined and then 

tested if it is in the allowable area. Once the signal has been 

tested, it will send to a special loop within which PID is 

applied feedback signal where it is compared to the input 

signal to get the error value and then it is inserted into the 
block where the PID technique is applied. 

When the error signal is entered into this block, PID is 
applied. This block has three parameters (Kp for 
proportional, Ti for integral and Td for derivative) entries 
and they have been identified as controllable inputs. After 
the appropriate variables are entered from the interface 
screen, the error is processed by applying PID on the error 
signal to get the appropriate angle value where it is added 
with the angle value that makes the surface in a completely 
flat position and then is sent to the block by giving the angle 
to the servomotors  to tilt the plate and move the ball to the 
right place, the angle is sent as a PWM signal. 

B. PID Tuning Results 

The results obtained from several tuning of the controller 
to balance the ball at the target position. 

The first tuning is when Td has been selected and the 
system is unstable due to the time value of the differential 
which caused a delay in the system response. 

Tunning1:  When the value of Kp = 0.47, Ti = 0.21 

and Td = 0 for x-axis position it has been noted that stability 

time of system was slow while the control variables in the y-

axis,   Kp = 1.2, Ti = 0.7 and Td = 0, allowed the response to 

be fairly good in terms of the error which is small but the 

stability time was rather large due to the system trying to 

balance the ball for the x-axis which is affected on the 
movement a little on the x-axis (Fig.10). 

 

Figure 9: Connection between touch screen sensor and the actuator 

Figure 10: Output response of PID tuning 1 
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Tuning 2: On the other hand, when Kp is increased to 

0.65 and Ti is decreased to 0.18 with remaining Td =0  for 

the x-axis, the behaviour seems to be acceptable regarding 

the stability time but the error is increased due to Ti being 

decreased (it usually reduces the error but causes oscillation 

of the system). The reduction of Kp to the value of 1 and the 
increase of Ti to the value of 0.82 in the y-axis have reduced 

the stability time and the error due to the increase of Kp (it 

contributed to the speed of stability of the system but caused 

an oscillation).  

 

In the last tuning, increasing Kp to 0.7 and reducing 

Ti to 0.13 for the x-axis controller led to a very small error to 

be obtained. In contrast, the value of overshoot increased due 

to Kp increase, but the y-axis controller variables remained 

as in the previous case due to the ideal response. In this case, 

the value of the overshoot is increased slightly due to the 

resulting effect of the movement of the ball in the x-axis. 

Finally, when the set point is changed, a response of 

the system was obtained as in Fig. 13 and when a disturbance 

was applied to the system, the response is described in Fig.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 11: Output response of PID tuning 2 

Figure 12: Output response of PID tuning 3 

Figure 13: Output response when the set point is changed 

Figure 14: Output response when a disturbance is applied 
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CONCLUSION 

The dynamic system is designed by SolidWorks 
software to know the dynamic movement of the system and 

the Arduino board is connected with the LabVIEW 

simulator to control the system directly from the designed 

control panel and display system response and the program 

is designed to run the system and apply PID algorithm. 

The real-time model was controlled by a PID 

controller and noted that 0 is the best value for the time of 

derivative because of it causes delay and then instability of 

the system 

In general, the model goals have been achieved, 

especially static balancing position and rejecting turbulence. 

However, with regard to the ball, it has to be considered that 
the appropriate ball weight which gives a suitable torque, 

friction with the surface which enables the sensor to read the 

ball position properly. Therefore, the system was able to 

place the ball in the specified place and handle the 

disturbance in the shortest possible time with less error. 

 

REFERENCES 

 

[1] C.-C. Cheng and C.-H. Tsai, "Visual servo control 

for balancing a ball-plate system," International 

Journal of Mechanical Engineering and Robotics 

Research, vol. 5, p. 28, 2016. 

[2] S. REGELUNGSTECHNIK, "BALL 

BALANCING," 2013. 

[3] S. Awtar, C. Bernard, N. Boklund, A. Master, D. 

Ueda, and K. Craig, "Mechatronic design of a ball-

on-plate balancing system," Mechatronics, vol. 12, 

pp. 217-228, 2002. 

[4] G. Andrews, C. Colasuonno, and A. Herrmann, 

"Ball on plate balancing system," Troy: Rensselaer 

Polytechnic Institute, 2004. 

[5] J. Bruce, C. Keeling, and R. Rodriguez, "Four 

Degree of Freedom Control System Using a Ball 

on a Plate," Georgia, United State, 2011. 

 [6] G. Torres, E. X. Martín, M. Velasco, P. Martí, and 

A. Camacho, "Internet-based control of a ball-and-

plate system: A case study of modeling and 

automatic code generation for networked control 

systems," in Industrial Electronics Society, IECON 

2014-40th Annual Conference of the IEEE, 2014, 

pp. 4762-4767. 

[7] N. Hodzic, A. Nemecek, and C. Gamauf, "Ball On 

A Plate–Control System," 2015. 

 [8] E. Fabregas, S. Dormido-Canto, and S. Dormido, 

"Virtual and Remote Laboratory with the Ball and 

Plate System," IFAC-Papers Online, vol. 50, pp. 

9132-9137, 2017. 

 


