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Abstract— This study accommodates the industry needs in 

monitoring a control system on a DC motor using LabView. The 

servomotor, which is usually used for position control, was 

replaced in this study with a DC motor coupled with a multi-

turn potentiometer sensor. The use of DC motors was carried 

out to reduce actuator prices while maintaining control 

objectives. The control method used is in the form of 

Proportional – Integral - Derivative (PID) and optimal control 

which are then compared with the output. PID tuning is done 

using the Root Locus method. Meanwhile, for optimal control 

using the Linear Quadratic Regulation (LQR) approach. 

Testing was done by looking at the results of direct 

implementation of the DC motor plant hardware through 

observations using LabView. By using the right zero variables 

in the PID control, the best performance is obtained until it can 

track references. Too large a zero value will result in even 

greater Steady State Error. The results of optimal control using 

different Q variables did not provide a significant change. The 

SSE value shows the same result. The results show that the 

optimal control can track the reference with lower settling time 

and overshoot than the PID control. However, the two control 

methods still produce relatively small Steady State Error.  

Keywords—labview, monitoring system, position control, PID, 

optimal, LQR 

I. INTRODUCTION 

Actuator systems in the industry use a lot of electric 

motors which of course have several advantages compared to 

other types of actuators, especially the use of electric motors 

using linear control [1]. The use of electric motors in the 

industry is usually to control the speed of a system using the 

Proportional-Integral-Derivative (PID) control method [2], 

[3]. PID control is a control method commonly used in the 

industry. Besides PID, DC motors can also be controlled 

using optimal control [4][5][6][7][8]. The use of optimal 

control is intended to minimize energy use. Of course, the 

industry wants every process to have an efficiency value, 

especially in terms of energy use which has an impact on the 

efficiency of production costs. 

For position control in systems in Industry, usually using 

servo motors [9][10][11]. The loads used in industry are 

usually very heavy, so they require a large servo torque [12]. 

In this research, researchers used a Direct Current (DC) motor 

to control its rotation position. The implementation of DC 

motors to control the rotation position [13][14][15][16] is 

done to replace servo motors which are relatively more 

expensive. Control on a DC motor, like a servo motor. The 

control method used is PID control and optimal control to 

compare the control results. Comparing the two control 

methods has been done [17] on speed control with the best 

results using optimal control. So the researcher wants to see 

the results obtained if the rotation position control is carried 

out. In addition to the control method, LabView is usually 

used to facilitate the process of observing and analyzing 

every physical phenomenon in the industry. This 

implementation has been carried out in monitoring DC motor 

position control using LabView [18][19]. 

II. DESIGN OF LABVIEW MONITORING SYSTEM FOR 

DC MOTOR POSITION CONTROL 

A. Front Panel of LabView Monitoring System 

Various measurement results from sensors can be 

displayed in LabView on the monitor using a Graphical User 

Interface (GUI) [20] and without contact with the plant [21]. 

The display design that can be directly observed by the 

observer can be seen in Fig. 1. This display shows a graph of 

the movement of the DC motor rotation position in both the 

real position and the reference position. The desired reference 

can be directly entered in the "Send Set Point". To select the 

desired type of control, it can be entered in "Control Mode". 

 
Fig. 1. Front panel design of LabView monitoring system 
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B. Block Diagram of LabView Monitoring System 

The block diagram design is a collection of block 

functions that are assembled to be used as a system flow in 

LabView. The advantage of this block diagram is in the form 

of a case structure, which is a function to determine the 

control method by the observer and any data obtained from 

the control system can be stored in a file save directory. The 

data acquisition system uses the Virtual Instrument Software 

Architecture (VISA) LabView protocol [22][23][24]. The 

following is a block diagram design. 

 

Fig. 2. Block diagram of Labview monitoring system 

III. DESIGN OF DC MOTOR POSITION CONTROL 

The design of the position control system on the DC 

motor is carried out based on the position of the DC motor 

rotation observed through LabView. The position sensor used 

in this study is a multi-turn or potentiometer with a total of 

10 turns [25], [26]. Multi-turn is connected directly to the DC 

motor so that each rotation can be directly observed. Arduino 

Mega is used as a device controller that can achieve a reading 

of 10 bytes so that the digital data obtained will be more 

accurate. 

The DC motor used in this study has been identified for 

the transfer function [18] using the Matlab Toolbox 

Identification System [27], [28] with the results in Fig. 3. 

 

Fig. 3. Matlab Toolbox Identification System 

Based on the identification system, best fits 92.12% were 

selected with the DC motor transfer function as follows. 

  𝐺(𝑠) =
83.54

𝑠2+13.81𝑠+83.54
 (1) 

Based on the transfer function in equation (1), the design 

for determining the PID and Optimal control parameters 

should be started. 

A. PID Control Parameter Design 

The position control system on a DC motor with PID 

requires control parameters by tuning the PID. The PID 

tuning used in this study used the Root Locus method, this 

was done because other methods did not meet the criteria. 

The Root Locus method is a way to analyze the picture of the 

pole position shift in a closed-loop system from changes in 

open-loop gain [29]. Based on the transfer function (1), the 

desired pole result is 7.85 ± 7.85i. From this pole, graphic 

mapping is made as Fig. 4. 

 

Fig. 4. The desired pole mapping graph of the DC motor transfer function 

Based on Fig. 4., then the gain value from plotting Root 

Locus is 0.428, the pole value is -7.85 ± 7.85i, and zero 0.5 

& 53.8857. Then the PID parameter search is carried out 

using the PID equivalent equation as follows. 

  𝐺𝑐(𝑠) =
𝐾𝑑𝑠

2+𝐾𝑝𝑠𝐾𝑖

𝑠
= 𝐾𝑑𝑠 + 𝐾𝑝 +

𝐾𝑖

𝑠
 (2) 

Based on Fig. 4 and the equivalence of equation (2), then 

the best parameter value is PID with Kp = 23.617, Ki = 

11.6999, and Kd = 0.4343. 

B. Optimal Control Parameter Design 

The optimization method for DC motors carried out in 

this study uses the Linear Quadratic Regulation (LQR), 

which is a method with the state space equation approach in 

linear systems by determining the K matrix from the optimal 

control vector [30], [31] in the following equation. 

 𝑢(𝑡) = −𝐾𝑥(𝑡) (3) 

Through Equation (3), the system can reach a set point or 

reference. Then by minimizing the performance index using 

equation (4) as follows. 

 𝐽 = ∑ {𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢 + 2𝑥𝑇𝑁𝑢}∞
𝑛=0  (4) 

where Q is the real positive symmetric matrix and R is the 

positive definite real symmetric matrix, while Nu is obtained 

from the control signal u in the following state space 

equation. 

 𝑥̇ = 𝐹𝑥 + 𝐺𝑢, 𝑦 = 𝐻𝑥 + 𝐽𝑢 (5) 

𝑥̇ is the matrix derivative of the state vector 𝑥, 𝑢 is the 

input vector matrix, 𝑢 is the output vector matrix, F is the 

Root Locus

Real Axis (seconds-1)

Im
a
g
in

a
ry

 A
x
is

 (
s
e
c
o
n
d
s

-1
)

-200 -150 -100 -50 0 50
-50

-40

-30

-20

-10

0

10

20

30

40

50

System: ol

Gain: 0.428

Pole: -7.85 + 7.75i

Damping: 0.711

Overshoot (%): 4.16

Frequency (rad/s): 11



Journal of Robotics and Control (JRC) ISSN: 2715-5072 334 

 

Devi Handaya, Proportional-Integral-Derivative and Linear Quadratic Regulator Control of Direct Current Motor Position 

using Multiturn Based on LabView 

system matrix, G is the input matrix, H is the output matrix, 

and J is the feed-forward matrix. 

Furthermore, the matrix 𝐾𝐿𝑄𝑅 = [5 0.3389] is included 

in the state feedback controller control design [32] according 

to the block diagram in Fig. 5. 

y
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Fig. 5. State feedback controller diagram block 

By using the principle according to the design Fig. 5., then 

the following equation transfer function (6) is obtained. 

 𝐷(𝑠) = −𝐾[𝑆𝐼𝐴 + 𝐵𝐾 + 𝐿𝐶]𝐿 (6) 

The use of an estimator is carried out to obtain all state 

variables because, in reality, not all state variables can be 

measured by the sensor. To get the estimator, it is necessary 

to look for the gain L value by placing the estimator poles of 

the desired dominant poles [32] and the 𝐿 =
[48.9806; −230.8219] value is obtained. Matrix I is an 

identity matrix and matrices A, B, C is transformations 

between the forms of the matrix F, G, H which are used to 

determine the compensator D(s). The gain matrix K from 

both control methods is given to the state feedback controller 

to be able to track the reference. 

IV. RESULT AND DISCUSSION 

Testing the position of the DC motor rotation in this study 

was carried out by directly implementing the DC motor plant. 

The results of the implementation of the plant are displayed 

on LabView as a monitoring system. Fig. 6 are the test results 

displayed on LabView. 

 

Fig. 6. Display of LabView monitoring system 

On Fig. 6 shows that there is a graph in blue which is a 

control signal graph as a reference signal and the red graph is 

a graph of the sensor readings which is a real condition at the 

position of the DC motor. Reference the desired position of 

the DC motor at an angle of 150o, then the sensor readings 

show that the DC motor has succeeded in tracking in 

accordance with the desired position as well. 

To clarify the reading results, it will be discussed 

according to the desired control method as follows. 

A. Tracking Position Control on DC Motor Using PID 

Control   

Position control testing on DC motor system hardware 

uses PID control which is tested at a position of 150o with a 

certain zero value. Fig. 7 is resulting the graphical form and 

data. 

 

Fig. 7. Graph of the results of testing the position of a DC motor with PID 
control 

Based on the test shown in Fig. 7 with the X-axis as time 

and the Y-axis as the angular position (o), the following data 

are obtained.  

TABLE I. DATA OF POSITION TESTING RESULTS ON DC MOTOR 
PLANT WITH PID CONTROL 

Zero 
Settling 

Time (s) 

Peak 

Time (s) 
Overshoot (%) Ess (o) 

0.5 0.75 0.53 15 1.3 

0.8 3.1 0.58 17 1.3 

1.25 0.78 0.53 17 3 

 

Table I shows that testing using zero 0.5 produces the best 

performance with the fastest settling time. However, it still 

has a Steady State Error (SSE) of 1.3o. At zero 0.8 with the 

longest settling time also produces an SSE of 1.3o. Whereas 

at zero 1.25 it produces 3o, so it is not recommended to use a 

larger zero. 

B. Tracking Position Control on DC Motor Using Optimal 

Control 

The position control test on the DC motor system 

hardware uses optimal control to be entered in equation (5) at 

the 150o position by varying the R values. Fig. 8 is resulting 

the graphical form and data. 
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Fig. 8. Graph of the results of testing the position of the DC motor with 

optimal control 

Based on the test shown in Fig. 8 with the X-axis as time 

and the Y-axis as the angular position (o), then the following 

data are obtained.  

TABLE II. DATA OF POSITION TESTING RESULTS ON DC MOTOR 

PLANT WITH OPTIMAL CONTROL 

Q 
Settling 

Time (s) 

Peak 

Time (s) 
Overshoot (%) Ess (o) 

25 0.5 0 0 1.3 

100 0.5 0 0 1.3 

320 0.8 0.75 6 1.3 

 

Based on the results shown in Table II, testing using Q=25 

and Q=100 values result in the same performance with the 

fastest settling time. While testing with a value of Q=320 

results in settling time and overshoot. The test results of the 

three still have an SSE of 1.3o. With the difference in the 

range of Q values that are quite far, it does not produce SSE 

that is too large, it just affects the settling time overshoot. 

When compared to the best parameters based on the 

results of the tests presented in Tables I and II, it can be seen 

in the following comparison table.  

TABLE III. COMPARISON OF POSITION TESTING RESULTS ON DC 
MOTOR PLANT WITH PID AND OPTIMAL CONTROL 

Control 

Method 

Settling 

Time (s) 
Overshoot (%) SSE (o) 

PID 0.75 15 1.3 

Optimal 0.5 0 1.3 

 

Based on the Table III, it can be seen that both have 

different settling times and overshoots. PID control requires 

a longer settling time of 0.25s to be able to track references 

with an overshoot of 15%. Compared to optimal control, 

settling time is faster and produces no overshoot. This is what 

the optimal control does, such as minimizing the settling time 

so that it does not produce overshoot. However, the two 

control methods both have an SSE of 1.3o. This error occurs, 

of course, comes from the nonlinearity factor of the multi-

turn sensor, but in reality, if you use a very capable sensor, 

the nonlinearity factor can be minimized so that the system 

can track references very well. This is proven based on 

validation with simulations using Matlab that there are no 

errors and the system can track references with settling time 

and overshoot according to the test results. 

V. CONCLUSION 

The DC motor rotation position control system has been 

successfully implemented using PID control and optimal with 

the LQR method approach. To be easily observed according 

to those used in the Industry using LabView. This is usually 

done in the Industry so that it can be observed in real-time. 

The value of the overshoot produced by the PID has quite a 

difference compared to the optimal control, this happens 

because the optimal control tries to minimize the energy used 

to track a reference. Likewise, the PID required settling time 

is greater because this control method still performs 

calculations, especially when summing the errors received 

from the multi-turn sensor. Both control methods have the 

same SSE value, this is because the multi-turn sensor has a 

nonlinearity condition. The nonlinearity factor is proven after 

validation using a simulation on Matlab which can track 

references, but the values of settling time and overshoot are 

the same as testing using hardware. 
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