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Abstract—A proportional–integral–derivative (PID) controller 

is a type of control system that is most widely applied in industrial 
world. Various tuning models have been developed to obtain 
optimal performance in PID control. However, the methods are 
designed under ideal circumstances. This means that the control 
system which has been built will not work optimally when noise 
exists. Noise can come from electrical vibrations, inference of 
electronic components, or other noise sources. Thus, it is necessary 
to design PID control system that can work optimally without 
being disturbed by noise. In this research, Kalman filter was used 
to improve the performance of PID controllers. The application of 
Kalman filter was used to reduce the noise of the input signal so 
that it could generate output signal which is in accordance with 
the expected output. Simulation result showed that the PID 
performance with Kalman filter was more optimal than the 
ordinary one to minimize the existing noise. The resulting speed of 
DC motor with Kalman filter had a lower overshoot than PID 
control without Kalman filter. This method resulted lower 
integral of absolute error (IAE) than ordinary PID controls. The 
IAE value for the PID controller with the Kalman filter was 25.4, 
the PID controller with the observer was 31.0, while the IAE value 
in the ordinary controller was only 60.9. 
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I. INTRODUCTION 
A proportional–integral–derivative (PID) controller is one 

type of controller that is widely applied in industrial control 
processes [1]. Although PID controllers have a simple structure 
as well as are easy to understand and apply to various control 
systems [2], PID controllers still has drawbacks. The PID 
control system’s performance is primarily determined by 
tuning the PID parameters, namely Kp, Ki, and Kd. Improper 
tuning will cause the performance of the controlled system to 
be suboptimal or even cause instability. 

Recently, researchers have developed various methods of 
tuning the PID parameters. The development of various tuning 
methods aims to get optimal responses according to the desired 
design specifications. There are various tuning methods such as 
the Ziegler-Nichols method [3], ant colony [4], fuzzy [5], 
iterative feedback [6], and observer [7]. Even though these 
methods have worked well, they are designed under ideal 
circumstances; it means that the built control systems will not 
work optimally when there is noise. In the field, a lot of noise 

will disturb the system. Noise can come from the vibrations of 
electric motor, inference of electronic components, or other 
noise sources. Thus, it is necessary to design a PID control 
system that can work optimally without being disturbed by 
noise. 

The factors that cause noise in the system are divided into 
two factors, namely external and internal factors. External 
factors are the sources of noise coming from other devices, as 
previously mentioned. Meanwhile, the internal factors are the 
sources of noise originating from Kalman filter which work 
like an estimator by considering covariance noise, both process 
noise and output noise. Kalman filter has a good performance 
in filtering noise. On the other hand, PID control will work well 
if there is no noise. The combination of PID control and 
Kalman filter is expected to overcome the decline in control 
system performance in the industrial world. 

Plants or actuators that are widely used in industry are DC 
motors. DC motors can be modeled with a second order system. 
In the industrial world, DC motors must work with a fast 
response time without excessive overshoot. Fast response time 
will affect the efficiency of production time. Meanwhile, 
overshoot must be avoided so that there is no backlash on the 
gear and component damage can be minimized.  

The control system performance that has been built must be 
tested and compared with other control systems. One of the 
parameters used to measure this performance is called integral 
of absolute error (IAE). IAE integrates absolute error over time 
[6].  

This research aims to minimize the noise in the DC motor 
PID control system so that the control system has better 
performance. This research designs a PID control system for 
DC motors. Kalman filter is utilized to handle noise problems 
that often arise in the field. The combination of PID and 
Kalman filter is expected to make the DC motor have better 
performance without being disturbed by the noise that appears. 

II. MATHEMATICAL MODEL OF DC MOTOR 
DC motors are the actuators that are mostly used in the 

industrial world. They convert electrical energy into rotational 
energy. When DC motors are combined with pulleys and belts, 
they will produce translational motion. Electronically, a DC 
motor consists of a field circuit and an armature circuit [8]. DC 
motor modeling based on [8] can be seen in Fig. 1. The torque 
(𝜏) generated by the DC motor is proportional to the current (𝑖) 
induced by the input voltage. 

 𝜏(𝑡) = 𝐾𝑚	𝑖(𝑡) (1) 

where 𝐾! is the armature constant which value depends on the 
motor’s physical properties, such as the number of turns in the 
conducting coil, the magnetic field strength, and so on.  

The electromotive force 𝑉"!#	that induces the armature is 
proportional to the angular velocity.  
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 𝑉"!#(𝑡) = 𝐾$	𝜔(𝑡) (2)	

where 𝐾$ denotes a constant of the electromotive force which 
value is determined by the DC motor’s physical properties. 

Newton’s law lowers the torque acting on the DC motor. The 
sum of all torque in the motor equals the inertia load times (𝐽) 
the derivative of the angular speed, as in (3). 

 Σ𝜏% = 𝐽		 &'())
&)

=	−𝐾#	𝜔(𝑡) + 𝐾!	𝑖(𝑡) (3) 

where 𝐾#	𝜔(𝑡) denotes the friction force. 
 The equation for the armature is derived by the voltage 

Kirchoff law as in (4). 

 𝑉%+(𝑡) − 𝑉"!#(𝑡) = 𝐿 &%())
&)

+ 𝑅	𝑖(𝑡).	 (4) 

By substituting (2) to (4), it is obtained (5).  

 𝑉%+(𝑡) = 𝐿 &%())
&)

+ 𝑅	𝑖(𝑡) + 𝐾$	𝜔(𝑡).	 (5) 

Two differential equations are obtained from the description 
above that describes a DC motor’s dynamic properties in Fig. 
1, namely (6) and (7). Equation (6) is the relationship between 
the change in the induced current to the input voltage (𝑉%+). 

 &%())
&)

= − ,
-
	𝑖(𝑡) − .!

-
	𝜔(𝑡) + 𝑉%+(𝑡). (6)	

Meanwhile, (7) describes the relationship between the motor 
rotation acceleration to the induced current (i) as can be seen in 
(7). 

 &'())
&)

= ."
/
	𝑖(𝑡) − .#

-
	𝜔(𝑡).  (7)	

The relationship between angular velocity (𝜔) and input 
voltage (𝑉%+) can be obtained by (6) and (7). 

In designing the control system, the plant model to be 
controlled is made in a transfer function or state space. By 

selecting current 𝑖(𝑡) and angular speed 𝜔(𝑡) as state variables, 
input voltage (𝑉%+) as system input and angular velocity 𝜔(𝑡) 
as system output, a DC motor state-space representation is 
obtained as follows.  
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		 𝑦(𝑡) = [0	1] 3 𝑖
(𝑡)
𝜔(𝑡)4 + [0]𝑉%+.  (9)	

III. PID CONTROL 
A PID control is a combined control system between 

proportional (P), integral (I), and derivative (D) control [9]. The 
PID control system in the time domain is stated as follows. 

𝐶(𝑡)	 = 𝑃 + 𝐼 + 𝐷	
(10) 	 = 𝐾1𝑒(𝑡) +	𝐾% ∫ 𝑒(𝑡)𝑑𝑡 + 𝐾&

&"())
&)

)
2 .	

C(t) indicates the control output, Kp indicates a proportional 
constant, Ki indicates an integral constant, Kd indicates a 
derivative constant, and e indicates a system error which is the 
input for the PID. 

Proportional control (P) functions to reduce the rise time or 
rise time, however it does not eliminate the steady-state error. 
Integral control (I) has a function of eliminating steady-state 
errors without affecting the transition response. On the other 
hand, derivative control (D) has functions including increasing 
system stability, reducing overshoot, but decreasing transition 
response. 

IV. KALMAN FILTER 
Kalman filter has been widely used in various applications 

such as robotics, navigation, and vehicle control systems [10]. 

 

Fig. 1 DC motor representation circuit. 

 

Fig. 2 Kalman filter algorithm. 
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Kalman filter itself is one type of estimator that is reliable in 
handling noise [11]. It uses a series of continuous measurement 
data which has noise and other measurement inaccuracies. It 
produces variable estimates which values tend to be more 
precise than the measurement results. 

The design of the Kalman filter depends on the plant model 
used. In this study, the DC motor model is represented in state-
space (8) and (9). In general form, discrete state space can be 
written as in (11). 

 𝑥3 =	𝐴𝑥340 + 𝐵𝑢3 +𝑤3. (11)	

A is the transition matrix used to derive the current state 
variable (𝑥3) based on the previous state variable (𝑥340). Then, 
B and 𝑢3 are the input vector and system input, respectively. At 
the same time, 𝑤3 is process noise, with covariance 𝑅". 

Meanwhile, the measurement results are modeled with 
variables 𝑧3. It can be seen in (12). 

 𝑧3 = 𝐻𝑥3 + 𝑣3 .		 (12)	

H is the output vector and 𝑣3 is the measurement noise, with 
covariance 𝑄" [12]. Each noise is good 𝑤3. Moreover, 𝑣3 is 

assumed to be independent and have probability of a normal 
distribution with a mean of 0 or called Additive white Gaussian 
noise.  

The Kalman filter algorithm consists of two processes, 
namely prediction and correction. The recursive algorithm of 
the discrete Kalman filter can be seen in Fig. 2. Decreasing the 
formula used in Kalman filter can be seen in [12]. 

V. SIMULATION 
The simulation design compares the usual PID control with 

Kalman PID + filter control. Fig. 3 is a block diagram of the 
control system using only PID, Fig. 4 is a is a control system 
that uses a PID + observer, while Fig. 5 is a control system that 
uses a PID + Kalman filter. The simulation was designed by 
adding noise to the control system and its output. Undesirable 
noise in the entire system would affect the output and cause the 
system not to operate optimally.  

In this simulation, process noise and measurement noise 
were assumed to be independent of each other and had a normal 
probability distribution with a mean of 0. The control system’s 
performance was tested through a step response so that the 

 

Fig. 3 System block diagram with PID. 

 

Fig. 4 Diagram of system block with PID + observer. 

 

Fig. 5 Diagram of system block with PID + Kalman filter. 
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reference signal was set at 1 rad/sec. The parameters Kp, Ki, 
and Kd were set at 5, 2, and 0.08, respectively. 

VI.  RESULT AND DISCUSSION 
The simulation was divided into four scenarios. These 

scenarios are the DC motor control system in ideal conditions, 
the PID control system that assumed there was process noise 
and measurement noise, the Kalman PID + observer control 
system, and the Kalman PID + filter control system that 
assumed there was process noise and measurement noise. The 
second until four scenarios were made to test the PID control 
system’s performance on a DC motor in real conditions since 
the noise will always interfere with the system in the field.  

As previously mentioned, a DC motor has two states, namely 
armature current and speed. In the first scenario, the DC 
motor’s armature current and speed response is shown in Fig. 6 
and Fig. 7. At the start of the time, the armature current rises 
sharply then slope to its nominal value of 0.2 ampere. Based on 
(3), the amount of torque is affected by the current. The increase 

in current at the beginning of the simulation time occurred 
because the motor requires a large enough torque at the 
simulation’s beginning. 

Ideal speed means that processing noise or measurement 
noise does not occur. The ideal speed in Fig. 7 shows that the 
PID control system can work appropriately, with a settling time 
of 0.1 second and an overshoot of 2.9%. Moreover, the steady-
state error also does not appear in this scenario. 

In the second scenario, there were the addition of 
measurement noise and process noise to the system. Due to 
noise, sensor readings were inaccurate. In the second scenario, 
the current entering the armature had a lot of ripples with a high 
enough frequency, as shown in Fig. 8. When implemented in a 
real plant, such control system will accelerate plant damage due 
to current ripples.  

The PID control has an input in the form of an error, which 
is the difference between the sensor reading and the reference 
signal. If the sensor readings are hit by noise, the PID input will 
not be accurate. Moreover, it will generate an incorrect control 
signal and tend to ripple.  

The ripple control signal plus the presence of process noise 
causes the motor speed to ripple, as shown in Fig. 9. If it is not 
handled properly, such control system will lead to instability. 
This motor speed response is eminently avoided in the 
industrial world since it is inefficient and accelerates 
component breakdown. DC motor power is channeled using a 
conveyor belt or gear set. The speed response, which has a lot 
of overshoots, will cause the gear teeth to wear out quickly. In 
addition to that, the electrical energy needs to operate a DC 
motor more, so it will be inefficient. It needs a control system 
which has characteristics such as resistant to noise or capable 
of filtering noise. Therefore, the arisen effects of the system can 
be minimized. 

Based on Fig. 9, the motor speed continues to oscillate with 
a reasonably high frequency. This response is not a natural 
response from a DC motor but the effect of noise. The sensor 
that reads the motor speed is boarded by the reading noise so 
that the motor speed continues to oscillate and does not go to 

 

Fig. 6 Ideal armature current flow chart. 

 

Fig. 7 Graph of ideal motor speed without noise. 

 

 

Fig. 8 Graph of armature current when there is noise. 
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the set point. Thus, this scenario’s DC motor speed will 
continue to have a steady-state error, and the settling time will 
never be reached. 

On the third scenario, an observer was added to system. The 
observer acted as an estimator to predict the amount of system 
when there were no noises. On this third scenario, the feedback 
was not taken from the sensor, but from the result of process 
from observer, as shown in Fig. 4. The output from the armature 
and speed can be seen on Fig. 10 and Fig. 11. 

The armature flows on the third scenario is showed by Fig. 
10. Same as before, the flux on this scenario had ripples but it 
became more limited if it was compared to the second scenario 
with PID controller. It occurred as the state estimation that was 
conducted by observer made the value more accurate if 
compared only with the results of the reading sensor. 

The speed on the third scenario showed by Fig. 11. Same as 
before, the flux on this scenario had ripples but it became more 
limited if it was compared to the second scenario with PID 
controller. It occurred since the state estimation that conducted 

by observer made the value more accurate if compared only 
with the results of reading sensor. 

In the fourth scenario, Kalman filter was added to the system. 
It functioned as an estimator to predict the amount of system 
output when there was no noise. In the third scenario, the 
feedback was not taken from the sensor, but from Kalman filter 
estimation results, as shown in Fig. 5.  

The armature current in scenario four is shown in Fig. 12. 
Unlike the second scenario, the currents in this scenario did not 
have ripples since the state estimation carried out by the 
Kalman filter produced a more accurate value when compared 
to the sensor readings alone.  

A better state estimation will produce a better control signal, 
which is reflected in the motor speed response, which tends not 
to ripple, as shown in Fig. 13. This speed response is similar to 
the speed response of a DC motor under ideal conditions. The 
resulting overshoot was less than 2%, with a settling time of 0.1 
second without any steady-state error. From these results, it can 
be seen that the PID control system designed can work well 

 

Fig. 9 Graph of motor speed with noise on PID controller. 

 

Fig. 10 Armature flow chart when observer is implemented. 

 

 

Fig. 11 Motor speed graph with noise on PID controller + observer. 

 

Fig. 12 Armature flow chart when Kalman filter is implemented. 
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even though there is process noise and measurement noise. 
Comparison between flows and speed with PID + KF controller 
and PID + observer controller can be seen on Fig. 14 and Fig. 
15. From Fig. 14, the comparison output from armature flows 
between Tapis Kalman and observer shows significant 
differences. It seemed that PID controller with Tapis Kalman 
showed a better result in minimizing noises on control system 
of DC motor. 

Based on Fig. 15, the comparison output from DC motor 
speed between Tapis Kalman and observer shows significant 
differences. It seems that PID controller with Tapis Kalman 
shows better result in minimizing noises on DC motor control 
system.  

Furthermore, it is necessary to test the Kalman filter’s 
effectiveness in the PID control system. The test was conducted 
by comparing the motor speed in second scenario with the 
motor speed in third scenario and motor speed in fourth 
scenario. The parameters used to test were the transient 

response (settling time and overshoot) and IAE. The 
comparison of the speed response in the third and fourth 
scenarios can be seen in Fig. 15. At the same time, the test 
results can be seen in Table I. 

VII. CONCLUSION 
The method of improving PID performance with Kalman 

filters on DC motors has been successfully developed. From the 
research results, in the form of simulations that have been 
made, it is concluded that the performance of PID with filters 
has a better performance than ordinary PID in minimizing the 
existing noise. Kalman filter can estimate the DC motor state 
correctly so that the resulting response also resembles an ideal 
DC motor. By implementing the Kalman filter in the PID 
control system, the motor speed response is better than the PID 
control without the Kalman filter. The test results showed that 
the PID control system had an IAE of 60.9. PID controller with 
the observer had an IAE of 31.0. Simultaneously, the 
combination of PID and Kalman filter was superior to the IAE 
with 25.5. 
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